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Executive Summary

The Cedar River Current and Future Conditions Report provides a comprehensive
assessment of the current conditions and predicts future trends in the Cedar River Basin
Planning Area (BPA). Its primary purpose is to identify significant conditions and issues to
be addressed in the Cedar River Basin/Action Plan. The Basin/Action Plan will
recommend solutions and management programs for the significant, and often
interrelated, problems related to flooding, erosion and deposition, water quality, and
aquatic habitat.

The BPA encompasses approximately 66 square miles, or the lower one-third of the
entire Cedar River drainage basin (see the location map on the following page). The BPA
is primarily within unincorporated King County, with only six percent of the area in the
City of Renton. The middle basin includes all areas that drain into the Cedar River
between the Landsburg diversion dam and Maple Valley; the lower basin covers the area
from Maple Valley to Lake Washington. There is a diverse mix of land use and land
cover types, ranging from urban impervious areas to rural forestry lands. Major
communities include the City of Renton—the only incorporated area—and Maple Valley,
Fairwood, Maplewood Heights, Summit, Ravensdale (in part), and Georgetown.

The City of Seattle owns 80 percent of the upper two-thirds of the entire Cedar River
Basin and manages the lands to maintain high-quality drinking water. The Seattle Water
Department (SWD) manages water supply facilities, including the Masonry Dam, to
provide 70 percent of the municipal and industrial water needs for the City of Seattle and
surrounding metropolitan areas, and for hydroelectric power for 8,000 homes. Currently,
SWD diverts an average of 191 cubic feet per second (cfs) from the river. State, tribal,
county, and city agencies are concerned with maintaining adequate flows in the Cedar
River for Lake Washington's water supply, operation of the Hiram Chittenden Locks, and
to maintain fish and wildlife resources.

In the BPA there is a unique and extensive surface-water system that drains the broad
plateaus, steep slopes, and river valley. This system includes 65 miles of mapped streams,
892 acres of inventoried wetlands, nine major lakes, and 23 miles of the Cedar River
mainstem within a broad floodplain. This natural system, if conserved and enhanced, will
contribute to high water quality, valuable fish and wildlife resources, flood storage in the
basin, and improved water quality entering Lake Washington.

For its size, the Cedar River system supports one of the largest salmon populations in the
state. Nearly pristine habitat areas are found in the Rock, Peterson, and Taylor Creek
subbasins, with diverse and abundant wildlife. Elk, black-tailed deer, numerous small
mammals, and birds use both the BPA lands and the adjoining upper basin. In addition,
the Cedar River shoreline has been designated as a Shoreline of the State from its mouth
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to its headwaters and, in combination with the surrounding basin, provides a wide variety
of recreational resources. These recreational resources and the natural beauty of the
Cedar River Basin are dependant on conservation of the surface-water system.

The BPA has been subject to rapid growth pressure in recent years, and the population is
estimated to increase by one-third between 1990 and 2000. Increased intensity and
duration of stormflows, resulting from the loss of forest cover due to development, have
overwhelmed the natural ability of the surface-water system to adequately convey peak
stormwater discharges, maintain water quality, and sustain healthy aquatic habitat and,
therefore, viable fish resources.

Historically, the basin supported large populations of several salmonid species and
currently produces one of the largest remaining runs of sockeye salmon in the contiguous
United States. However, in the highly urbanized areas the water quality and aquatic
habitat have been severely degraded, leaving only remnants of the once excellent
pre-development habitat and fish populations. In rural areas, habitat will continue to
degrade as development and stormflows increase, unless corrective action is undertaken
to reculate development and restore damaged stream channels and wetlands.

The Cedar River Basin's valuable resources have drawn a high degree of interest in the
basin planning process from numerous state and local agencies, the Muckleshoot Indian
Tribe, and from many citizens. Staff and citizens recognize the importance and value of
resolving existing drainage, flooding, sedimentation, habitat, and water quality problems in
the basin to save public funds and resources and to reduce the likelihood of future
problems. However, choices regarding future actions will be complex and difficult to
make because there are underlying regulatory and social factors to consider in addition to
the physical problems. These include insufficient land-use planning and development
impact regulations, limitations on the effectiveness of regulatory agencies, and the need
for more public education and involvement. Therefore, restoring and protecting the
basin's resources will require the collective commitment of all interested parties to
coordinate an effective basin plan.

SUMMARY OF KEY FINDINGS
Current Conditions

Land Use and Hydrology The total basin population is approximately 55,400, with
40,000 people living in unincorporated King County, primarily in the high-density,
single-family residential areas on the upland plateaus. Land development in these
urbanized and lower density residential areas, has resulted in substantial deforestation,
leaving only 56 percent of the basin currently in forest cover. The more urbanized
subbasins in the lower part of the BPA (Ginger, Maplewood, Molasses, Madsen, Orting
Hill, and Cedar Grove) have experienced an average increase in peak discharges, or
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"flood peaks," of 87 percent over pre-developed, forested conditions. Development has
been less intense in the middle BPA (Cedar Hills, Webster Lake, and Taylor, Peterson,
Dorre Don, and Rock Creeks); consequently, flood peaks have only increased there by an
average of 26 percent.

The natural stormwater storage and conveyance elements in the Cedar River mainstem
and the lower tributaries have been modified extensively. The Cedar River mainstem has
been subjected to a particularly wide variety of human manipulation along its length
including dams, revetments, diversion, and channelization. The Seattle Water
Department's operation of the Masonry Dam has significantly reduced the peak flows in
the lower Cedar River, while water supply diversions at the Landsburg Dam have reduced
the mean monthly flows at Renton by 9 to 40 percent less than their natural levels
between July and October.

In the lower BPA, well over half of the headwater wetlands have been cleared or filled,
and tributaries have been piped or substantially modified and encroached upon by
development. Madsen Creek exemplifies the results of these alterations including
increased stormwater volume and velocities, reduced flood storage, destabilized channel
and banks, and degraded water quality and habitat. The tributaries in the middle BPA
have not experienced severe modification. However, increased stormflows from
development have increased flooding, erosion and deposition, habitat, and water quality
problems.

Flooding Regional, large-scale flooding, generally on the Cedar River mainstem, has
significantly damaged or destroyed levees, roads, and residences. Homes at Elliot Bridge,
Lower Jones Road, Cedar Grove, and the SR-169 bridge at Maple Valley are within both
the 25-year and 100-year floodplains. Above Maple Valley, flooding from both high
flows and the natural migration of the river have damaged some riverside homes.
Primarily in the tributaries, local, small-scale flooding, beginning at 5-year flood
intensities, has damaged structures, roads, or habitat or has threatened public health and
safety by preventing access for emergency services.

Erosion and Deposition Prior to development, the tributary channels were generally
stable, with relatively low rates of erosion. The most severe erosion problems currently
occur on tributaries that enter the Cedar River downstream from Maple Valley,
particularly creeks that flow through high-density residential areas in the lower end of the
basin. Most of the channels have downcut, with associated bank erosion causing local
bank failure and landslides. Tributaries to the middle mainstem have had less
development, lower flow increases, and so show less erosion and deposition.

Human modification has greatly changed the erosion and sediment transport pattern of
the Cedar River mainstem. Masonry Dam has reduced flood flows, which appear to be
the cause of a 30 percent decrease in channel width over the last 80 years. Levee and
revetment construction further narrowed the river's width by an equivalent amount and
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have prevented the normal migration of the river within the floodplain. The 1912

- diversion of the lower two miles of the Cedar River into its artificial channel has resulted

in sediment being deposited in the lower channel and Lake Washington, which in turn
has made this section of the river prone to flooding problems.

Aquatic Habitat Many fish habitats in the Cedar River system have been significantly
degraded by increased stormflows, erosion and deposition, and water pollutants from
development. Reduction in the quality and quantity of riparian vegetation and loss of
large woody debris (LWD) have further destabilized aquatic habitats. The habitat quality
in three major fish-bearing tributaries—Madsen, Molasses, and Maplewood creeks—has
been severely affected by urbanization, which has nearly eliminated coho and sockeye
use of these creeks. In the less urbanized part of the BPA, Taylor and Peterson Creeks
show early signs of habitat degradation, while Rock Creek has excellent habitat and is one
of the most outstanding streams in King County.

Fish habitat in the mainstem Cedar River has been reduced by approximately 56 percent
in the last 80 years due to water diversion and flood control activities in the past century.
The river has unexpectedly low number of large pools, LWD, and has been extensively
disconnected from the historic floodplain. These changes have simplified the diversity of
mainstem habitats.

The Cedar River Basin has a high diversity of wetland resources, including some of the
largest and most pristine bogs in western King County. However, a high proportion of
the identified wetlands have undergone some degree of buffer removal, clearing,
drainage, or filling, especially on the plateaus of the lower basin. Dozens of other
uninventoried wetlands are particularly vulnerable to damage because of the lack of
awareness of their existence.

Water Quality The historically high water quality in the BPA is being increasingly
degraded by land-use activities and associated nonpoint pollution. High concentrations
of typical urban pollutants can be found in the tributaries and in some locations in the
mainstem Cedar River. Suspended solids, nutrients, and fecal coliform bacteria from
failing septic systems are especially severe in the higher density residential areas of
Maplewood and Briarwood, around Lake Desire, Shady and Peterson Lakes, and along
the lower Cedar River mainstem. Noncommercial animal keeping is another major source
of fecal coliform, nutrient, and sediment pollution in the Taylor Creek Subbasin. Relative
toxicity of metals, primarily from road runoff, is elevated by the soft water of the Cedar
River. Copper toxicity is a particular concern because of its extreme toxicity to
salmonids. Various sites in the Renton commercial area exhibit semivolatile organics,
PCBs, and extremely high concentrations of metals, and pH levels. Other sources of
nonpoint pollution in the basin include forest conversion, composting, metal recycling,
gravel mining, and home businesses.
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Future Conditions

Land Use and Hydrology Based on the growth estimates in community plans within the
BPA, the total basin population in 2010 is projected to be 93,000 (a 68 percent increase
from 1990) with approximately 12,548 new housing units. This projected population
increase will result in continued clearing and development of forest land, until only an
estimated 28 percent of the BPA will remain in forest cover. Stormflows will increase,
degrading stream resources, unless mitigation measures are successfully implemented.
The largest increases in tributary flood peaks will occur in the more rural
subbasins—Taylor, Peterson, Dorre Don, and Rock Creeks—as a result of low-density,
residential development that under current regulations could be built without peak flow
controls. Those subbasins that are currently near build-out, such as Ginger or Madsen
Creeks, will not show a significant change in the future. Increased development in the
BPA will have a minimal effect on Cedar River mainstem flood peaks, but will increase the
duration of floods. This occurs because the majority of maximum mainstem flows above
4,000 cfs in Renton are primarily caused by peak inflows of similar magnitude from the
upper basin.

Flooding Flood problems are not expected to increase significantly for either the 25-year
or 100-year flood along the Cedar River mainstem. Tributary flooding problems will
experience an increase, particularly in the Maplewood, Molasses, and Taylor Creek
subbasins. Without increased detention, these increased flows will 1) destabilize some
stream channels that are presently stable, 2) exceed culvert capacities at many sites,

3) increase sediment-related problems, and 4) increase frequency and extent of damage.
These problems are the direct result of the cumulative effects of increased development.

Erosion and Deposition Without appropriate management, future development will
increase the frequency and magnitude of flows, and thus channel erosion in the
tributaries. Under anticipated flow increases, erosion problems in some currently unstable
tributaries will increase, and erosion will most likely destabilize streams that are currently
stable in the following subbasins: Cedar Hills, Dorre Don, Rock Creek, the north fork of
Taylor Creek, and Webster Lake.

Major future issues with the Cedar River mainstem include migration patterns and
sediment load. In order to protect many homes located on the Cedar River floodplain,
frequent maintenance of revetments will be required in zones of major historic river
channel migration. The potential exists for the river to switch channels, affecting
development between Maple Valley and Arcadia/Noble. Although the river does not
carry an "excessive" sediment load, chronic and localized deposition in the reach in
Renton may require periodic dredging to prevent flooding.

Water Quality Changes in land use will increase stormwater flows and thus

concentration and transport of nonpoint pollutants to the basin's streams, lakes, and
wetlands. Current pollutant concentrations —especially total suspended solids (TSS), fecal
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contaminants, nutrients, and metals—are expected to increase dramatically in the future as
urbanization and development increases. Average pollutant loading increases are
predicted to increase by 30 to over 100 percent. Lead concentration increases, already
high in the more urbanized catchments, could cause acute toxicity. In less developed
areas, such as Peterson and Rock Creeks, increased lead levels could result in toxic
concentrations for the first time.

Aquatic Habitat The quality of future aquatic habitat in the BPA depends on restoring,
where feasible, damaged habitat and preserving existing habitat. Without proper controls,
development will continue to damage stream, wetland, and lake habitat. Habitat that is
now in nearly pristine condition will be degraded without adequate protection, such as in
the Rock Creek Subbasin where flows may increase up to 67 percent.

Wetlands will be impacted by buffer clearing, filling, trash, noise, and pollution. For
example, Wetland 23, at the headwaters of Molasses Creek, will be encircled by a 77 unit
subdivision and Wetland 58 will be impacted by expansion of SR-18, including buffer
removal and filling. These impacts will continue to affect the natural flood storage, water
quality, and habitat functions of these vital resource areas.

Along the Cedar River mainstem, many of the peripheral or "fringe" habitats, such as small
wetlands, side channels, and spring-fed tributaries will be highly susceptible to human
impact. Their small size or ephemeral nature will make them appear as insignificant to
fish production or other aquatic functions even though they are often critical for certain
life history stages of many salmonids.
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Chapter 1: Introduction

1.1 BACKGROUND AND PURPOSE

BACKGROUND

During the past century, land uses in the Cedar River Basin have changed dramatically
from historic logging of forests and mining of coa' sand, and gravel to ever-expanding
urban and semi-rural communities. Impervious suriaces accompanying this urbanization
have radically altered the basin landscape from one with a stable continuous complex of
stream, wetland, and riverine habitats into one with numerous fragmenting and degrading
systems. These conditions not only affect the quality of the natural environment, they are
also taking their toll in flood damages and the quality of life for those who live, work, and
recreate in this basin.

The effects of these landscape changes are most readily apparent in the response of its
streams and wetlands to peak storm events. In many cases the runoff from these events
has more than doubled storm discharges, introducing pollutant concentrations that greatly
exceed established standards. These flows have also accelerated stream channel erosion,
which have, in turn, degraded instream habitat and damaged private property. In some
cases, increased stream flows have undercut stream banks causing landslides. Eroded
sediment from these sources can suffocate salmonid eggs, bury and cement spawning
gravels, and fill stream channels. As channel capacity is lost, flooding problems are
aggravated. In other areas, frequent peak flows scour stream channels, which can
increase salmonid egg mortality and reduce available habitat, especially in combination
with high pollutant concentrations. Thus, increases in peak flow volume and magnitude
have had commensurate and interrelated effects on erosion and sedimentation, flooding,
habitat loss, fish mortality, and declining water quality throughout the basin. Many of
these effects are expected to intensify with future development unless steps are taken to
stem runoff and improve the condition of aquatic environments.

PURPOSE

The interrelated nature of surface water issues in the Cedar River Basin requires a broad
interdisciplinary analysis to understand the problems and to identify long-term solutions.
Hence, this Current and Future Conditions Report (Conditions Report) is a comprehensive
assessment of surface water management problems in the Cedar River Basin Planning
Area (BPA) as analyzed through several key disciplines. These include effects on flood
damage, aquatic habitat, erosion, sedimentation, and water quality conditions. The
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analysis is based on extensive staff observations throughout the basin, together with
information gathered from the public and other agencies.

The Conditions Report marks the completion of the problem identification phase, the first
of two stages, in preparing the Cedar River Basin Plan and Nonpoint Source Pollution
Action Plan (Basin/Action Plan). While this report includes an inventory of known surface
water management conditions in the BPA, the discussion focuses on the most significant
among these conditions. As such, the Conditions Report forms the basis for the issues
that will be addressed in the Basin/Action Plan.

In the second stage, the solutions phase, the technical team responsible for the
Conditions Report will be working with the project committees; local, state, and federal
agencies; and the public to identify recommended actions to solve these problems.
Basin/Action Plan recommendations can include capital facilities for detaining stormwater
or enhancing fish habitat, development standards or changes in land use to reduce
excessive runoff and pollutants, or programs to encourage public involvement and
stewardship. The Draft Basin/Action Plan is expected to be published for public comment
late in 1993. Throughout 1994, the Draft Basin/Action Plan will be revised based on
public and agency comment. Early in 1995, it is scheduled to be forwarded to the King
County Council, the City of Renton, and other affected entities for adoption. The
adopted Basin/Action Plan will then be implemented through capital improvement
projects, development permits, and other programs administered by these agencies.

1.2 REVIEW OF CONTENTS

Seven of the eight chapters in this report (Chapters 2-8) describe the current and future
conditions in the tributary and mainstem systems of the BPA through several disciplinary
perspectives. These disciplines include geology and groundwater, hydrology, erosion and
deposition, water quality, aquatic habitat, and the public and governmental forces
affecting the basin's resources. Conditions are discussed from basinwide and subbasin
points of view. Where appropriate, each chapter includes a description of concepts
needed to understand the issues, data collection and analysis methods, key findings, a
reference list, and an appendix.

Chapter 1: Introduction
Discusses the background and purpose of the report, its organization, and how the major
biophysical and cultural elements in the basin have formed its present landscape

Chapter 2: Geology and Groundwater

Describes the effect of geology, glacial history, and groundwater resources on basin
conditions
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Chapter 3: Surface-Water Hydrology
Discusses streamflow conditions in relation to current and future land use as analyzed
using a continuous simulation model

Chapter 4: Flooding
Identifies areas currently prone to flood damage, where flooding is expected in the future,
and causal factors

Chapter 5: Erosion and Deposition
Describes the effects of current and future stormflows on conditions in the tributary
systems and on erosion and sediment deposition patterns in the Cedar River mainstem

Chapter 6: Water Quality
Describes water quality conditions, current and anticipated future nonpoint source
problems, and water quality impacts on aquatic habitat

Chapter 7: Aquatic Habitat

Discusses landscape processes in relation to fish population trends and habitat, describes
current and future conditions of stream, riverine, and wetland habitats, and identifies
significant habitats

Chapter 8: Private Actions and Public Agency Response

Discusses the underlying factors affecting conditions in the basin and the roles of public
agencies in managing natural resources, including development activities and regulatory
programs

Appendix A: Observed Conditions Summary
Details all conditions identified in each subbasin from staff observations and complaints

Appendix B: Cedar River Basin Maps
Includes all maps referenced in the document

1.3 REPORT DEVELOPMENT

King County's initial effort to document surface water conditions in the Cedar River Basin
was made in 1987 for the Lower Cedar River Basin Reconnaissance Report. That report
assessed conditions in the only portion of the BPA within the Surface Water Management
(SWM) Division Utility Service Area at the time, the area between the City of Renton and
Maple Valley.

Since 1990, more detailed data for the BPA has been collected from precipitation records,
drainage complaints, hydrologic modeling, reports and studies from local and state
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entities, current research, citizen observations, and substantial field studies. Field work
entailed stream gaging; habitat, erosion, and sedimentation surveys of the tributaries and
Cedar River mainstem; stormwater and sediment sampling for water quality pollutants; an
illicit stormwater hook-up survey within the City of Renton; and a groundwater and
aquifer recharge study.

The Current (1991) Land Use/Land Cover Map (Map 3, Appendix B) is the basis of the
hydrologic simulation model used to determine the current risks from flood discharges in
the basin drainages (see Chapter 3: Surface-Water Hydrology). The Future Land Use/Land
Cover Map (Map 4, Appendix B) was derived by assuming the maximum level of
development allowed under current zoning by the comprehensive land-use plans for
Newcastle, Soos Creek, Tahoma-Raven Heights, and the City of Renton. This map
includes significant changes in future land use that have resulted from the Washington
State Growth Management Act (GMA), which required the County and cities to delineate
the extent of their future urban growth areas. Modeled current and future flood
discharges are used in the disciplinary discussions to describe changes in flows with
urbanization and to identify threshold discharges at which flood, erosion and
sedimentation, and aquatic habitat have been, or are expected to become, problematic.

1.4 PUBLIC INVOLVEMENT

In May 1992, information gathered from field work, hydrologic modeling, and other
research was supplemented by two public open houses. These meetings, held in Renton
and Maple Valley, identified citizen surface water-related concerns in the BPA. The
technical information and the results from the open houses were used to develop this
Conditions Report. When the Draft Basin/Action Plan is published, additional community
meetings will be held in the basin to solicit public comment.

There are three committees established for developing the Basin/Action Plan: Watershed
Management Committee (WMC), Citizen Advisory Committee (CAC), and Technical
Advisory Committee (TAC).

The WMC is a policy-making body appointed by agencies and community groups to
direct development of the Basin/Action Plan. The WMC duties are to 1) oversee its
preparation, including the work program, budget, and schedule, 2) oversee public and
agency involvement in the planning process, 3) recommend the proposed Basin/Action
Plan to the King County Council, the Renton and Seattle City Councils and affected
federal, state, and local agencies, 4) resolve policy conflicts that may arise, and 5) ensure
that agencies with jurisdiction in the basin are aware of the requirements in the adopted
Basin/Action Plan.
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The WMC represents the following agencies or organizations: the King County SWM
Division; City of Renton Planning, Building and Public Works Department; the City of
Seattle Water Department; the US Army Corps of Engineers; the Muckleshoot Indian
Tribe; the King Conservation District; Washington State Departments of Fisheries, Wildlife,
Natural Resources, and Transportation; representatives of area businesses and farm
forestry, an environmental representative, and the chairman of the CAC.

The CAC was appointed by the WMC to provide a local perspective on problems and
solutions throughout the planning process. CAC members, many of whom are long-time
residents of the basin, represent a broad spectrum of the basin community including the
environment, business, law, fishing, and farming. The committee's primary duty is to
provide a conduit between the basin community and the WMC by discussing surface
water issues with neighbors and variety of affected interest groups in the basin. The CAC
incorporates the concerns raised in these discussions into its Basin/Action Plan
recommendations to the WMC. The CAC also develops and participates in Basin/Action
Plan-related public involvement activities.

The TAC includes technical staff from WMC member agencies and other affected entities.
The TAC makes technical recommendations to the WMC and SWM Division staff and
discusses a variety of issues, including hydrologic modeling for the flooding analysis,
criteria for determining significant problems, and Basin/Action Plan recommendations.

1.5 WATERSHED CHARACTERIZATION

PHYSICAL OVERVIEW

The Cedar River Basin is located in the southeast region of the Puget Sound Lowland,
curving eastward from the south end of Lake Washington to the crest of the Cascade
Range (Map 1, Appendix B). The entire basin is within King County and drains 188
square miles. The BPA, the primary focus of this report, consists of approximately 66
square miles (42,240 acres) drained by the Cedar River below the Landsburg Dam.
Eighty percent of the upper Cedar River Basin, above the Seattle Water Department's
(SWD) Landsburg Dam, is owned and maintained by the City of Seattle to protect the
quality of the city's water supply.

The climate of the Cedar River Basin has moderate temperatures with annual precipitation
ranging from 30 to 50 inches in the BPA, 100 to 200 inches in the upper basin, and
snowfall in the Cascades averaging 500 inches per year. Streamflows are highest during
periods of high precipitation (November to February) and during high snowmelt (April to
May) or during episodes of prolonged precipitation, warm temperatures, and snowmelt.
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For planning purposes, the BPA is divided into eight subbasins, or groups of subbasins, of
variable topography, land cover, and land use. These are named 1) Renton Reach, 2)
Lower Cedar River Mainstem, 3) Lower Cedar River Subbasins, 4) Middle Cedar River
Mainstem, 5) Peterson Creek, 6) Taylor Creek, 7) Middle Cedar River Subbasins, and 8)
Rock Creek (Map 2, Appendix B). The middle subbasins, which drain into the Middle
Cedar River Mainstem between Landsburg and Maple Valley, are primarily forested with
some low-density residential use. In contrast, the lower subbasins, which drain into the
Lower Cedar River Mainstem downstream of Maple Valley, contain a wider variety of
land uses and land-cover types, including high-density urban areas, such as the City of
Renton, subdivision development on the plateaus east of Renton, and the rural
community of Maple Valley, 15 miles upstream.

There are eight major BPA tributaries flowing into the Cedar River along its 21-mile
course from Landsburg Dam to Lake Washington: Walsh Lake diversion ditch, Taylor
(Downs), Rock, Peterson, Ginger, Molasses, Maplewood, and Madsen creeks (Maps
17-28, Appendix B). These creeks and numerous smaller tributaries drain the broad, flat
plateaus that rise 100 to 300 feet above the Cedar River valley floor and flow over the
steep bluffs into narrow ravines before reaching the Cedar River. The Cedar River flows
through a fairly narrow valley from Landsburg to a mile above Maple Valley, where the
valley floor broadens. Downstream from Maple Valley the river winds through the valley
floor, but is almost entirely constrained by revetments or steep bluffs. For the final two
miles, the Cedar River flows in an artificial canal in the industrial section of the City of
Renton before discharging into Lake Washington.

The BPA's complex drainage system includes several large lakes and wetlands. Lake
Desire and Spring (Otter) Lake are on the plateau to the south of the lower Cedar River,
and Walsh Lake is located in the middle basin. Shady, Peterson, Webster, Francis, and
Retreat Lakes, and Lake No.12 are smaller lakes located on the plateaus. The artificially
created lakes in the upper basin are Chester Morse Lake held by the Overflow Dike and
Masonry Pool behind the Masonry Dam. There are a total of 74 inventoried Class | and
Il wetlands (767 acres) and many uninventoried wetlands scattered throughout the basin.
Extensive wetlands abut the shorelines of Lake Desire and Spring, Peterson, Webster, and
Francis lakes. Large wetlands are also found in the upper reaches of Taylor and Molasses
creeks.

HISTORICAL LANDSCAPE AND SETTLEMENT PATTERN

Prior to twentieth century settlements, the Cedar River Basin was densely covered with
stands of cedar, fir, and hemlock trees with a thick understory of vine maple, alder,
crabapple, dogwood, devil's club, hazel, salal, and wild grape. Elk, black-tailed deer,
black bear, cougar, red fox, coyote, river otter, and beaver were common throughout the
basin (Bodurtha, 1989).

Chapter 1: Introduction 1=6




The basin settlement pattern began its transformation from Indian settlements to the
present landscape with the Georgetown to Renton railroad in 1874. This led to the
incorporation of Renton in 1901. At that time the Black River was the southern outlet for
Lake Washington, with the Cedar River flowing into the Black about a mile downstream
from the lake. Between 1911 to 1916, the Hiram Chittenden Locks were built, the water
level of Lake Washington was lowered, the lower end of the Cedar River was diverted
into an artificial canal ending at Lake Washington, and the Black River dried up and its
channel was filled (Chrzastowski, 1983). The diversion of the Cedar River was to both
reclaim land for the growing Renton community and to provide fresh water to operate
the Locks.

The lower basin was settled by homesteaders, coal miners, and farmers. Homesteaders,
shortly after arrival in the late 1800s, cleared 40 to 80 acres or more per family for their
homes. Dairy farming was also established at the turn of the century with cows grazing
the valley floor in the present area of the Maplewood Golf Course and Jones Road. Coal
was discovered around 1870 and, soon after, a small coal mining town was built at Cedar
Mountain. Railroads built in the area for the coal towns also provided transportation for
people and goods through the valley. Mining continued in this area until 1947 (Slauson,
1967).

Settlement of the valley and plateaus proceeded slowly along the railroad route due to
the difficulty of travel through the thick forest. The roads of the late 1800s and early
1900s were often impassable, but early bridges were built at Renton, Elliott, and
Landsburg. By 1920 a reliable road was built between Renton and Maple Valley and the
Maple Valley community began to grow rapidly. Roads were built to Hobart and Black
Diamond, further expanding transportation of goods, people, and services. Logging roads
soon joined these major routes and the virgin forest was clearcut throughout the lower
basin, opening the plateau land to development.

The upper basin (above Landsburg) was not developed because the City of Seattle
purchased this area for water supply in the 1800s. In 1904, the City of Seattle built a
timber crib dam on the Cedar River that transformed a natural lake (Cedar Lake) into
Chester Morse Lake. This water was then piped into Seattle. Most of the land
downstream from the crib dam was logged by the 1930s, and the dam was replaced with
the Overflow Dike in 1988. In 1916, the Masonry Dam was built forming Masonry Pool.
In addition to water supply, the City of Seattle began the operation of the Cedar Falls
hydroelectric project in 1904, which now supplies more than 8,000 homes with electrical
energy (Slauson, 1967).

In the 1920s settlement increased on the valley floor, despite its flood-prone nature,
because of the flat open spaces and easy access to the river and the adjacent highway.
The 1936 aerial photographs show that the river upstream from the Renton channel was
mostly unconstrained, except for a few local levees and revetments built to protect the
railroad and roads. After a large flood in 1959, King County's Department of Public
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Works built extensive levees and revetments, most of which were completed by the late
1960s. The majority of the river bends between Renton and Maple Valley are now
constrained by levees or revetments.

The Cedar River is a very significant regional water supply. The upper basin provides
70% of the municipal and industrial water needs for the City of Seattle and surrounding
metropolitan areas. The river provides 54% of Lake Washington's water supply, which is
important to the operation of the Hiram Chittenden Locks for commerce, for ship
passage, and control of salt water intrusion (URS, 1981). State, Tribal, and County
agencies managing fish and wildlife resources are concerned with maintaining adequate
flows in the river to enhance the habitat for anadromous (migrating) salmonids and
resident fish.

1.6 LAND USE / LAND COVER

The Cedar River BPA has a diverse mix of land use and land-cover types, ranging from
urban impervious-surface areas to rural forestry lands (Map 3, Appendix B). Major
communities include the City of Renton (the only incorporated area) Maple Valley,
Fairwood, Maplewood Heights, Summit, Ravensdale (in part), and Georgetown. The
population was estimated using the percent of 1990 census tract areas within the basin.
There are approximately 15,400 people within the City of Renton's limits and 40,000
people in unincorporated King County, for a total basin population of approximately
55,400 in approximately 18,450 housing units (King County, 1991a).

Conversion of forest cover to urbanization and other development has increased the
amount of impervious surface area (e.g., roads, parking lots, roofs, sidewalks,) and grass

cover in the BPA. These land covers have increased the volume of stormwater runoff and

stream flows (Figure 1-1), with related increases in erosion and sedimentation, habitat
degradation, flooding, and nonpoint water pollution problems. The problems are most
severe in or surrounding the lower tributary channels and the lower Cedar River
mainstem, but they do exist throughout the basin. Areas that are currently affected by
these problems, and other areas that are presently unaffected, are expected to see an
increase in the frequency and magnitude of problems in the future unless preventative
measures can be instituted.
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CURRENT LAND USE

Residential, industrial, and commercial land uses are currently dispersed throughout the
BPA. Residential land-use tends to decrease in density eastward from the urban area of
Renton to rural and medium-densities around Maple Valley, to forested, low-density
residential areas in the middle basin. The area of Renton within the Cedar River Basin
contains multi-family or high-density, single-family residential uses. The high-density,
single-family residential pattern extends beyond Renton's city limits onto the plateaus to
the east and along the lower reaches of the river, including the large subdivisions of
Maplewood, Fairwood, and Maplewood Heights. About halfway between Renton and
Maple Valley, residential land use on the plateaus decreases to a mosaic pattern
interspersed with forest and grass cover. South of Lake Desire and Cedar Mountain the
residential areas become low density, primarily in forest cover, with higher residential
densities surrounding the small communities of Maple Valley, Summit, Georgetown, and
Retreat Lake and Lake No. 12.

Industrial and commercial land use dominates and creates expansive areas of impervious
surface along the lower reach of the Cedar River in Renton. Other areas of major
industrial use are located along Cedar Grove Road, including a gravel pit, the King
County Cedar Hills landfill site, Cedar Grove Composting, and the Queen City Superfund
site. Along SR-169 there is a metal recycling business and there are several small
quarries. Interspersed with rural residential uses, there are small farms, small quarries, and
rural home occupations.

Commercial forestry is a major land use in the BPA upstream of Maple Valley. The City
of Seattle owns extensive forest lands within the BPA to the south and north of the
diversion dam at Landsburg. The Rock Creek Subbasin is primarily private forest lands,
with large sections of recent clearcut. Below Maple Valley, the City of Seattle owns forest
lands around Lake Youngs. There are also private forest lands north of Cedar Mountain.

FUTURE LAND USE

Future land use in the BPA was mapped assuming the maximum level of development
allowed under current (1992) zoning by the comprehensive land-use plans for Newcastle,
Soos Creek, Tahoma-Raven Heights, and the City of Renton (Map 4, Appendix B). The
mapping also includes significant changes in future land use that have resulted from the
Washington State Growth Management Act (GMA), which required the County and cities
to determine the extent of their urban growth areas. Based on the percent of growth
estimated in the above comprehensive plans, the total basin population in 2000 is
projected to be 73,250 (32% increase from 1990) with approximately 6,000 new housing
units. In 2010, the total basin population is projected to be 93,000 (68% increase from
1990) with 12,548 new housing units (King County, 1991a).
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Most of the new housing units will be in unincorporated King County and are expected
to occur on the plateaus within the urban growth boundary (UGB) established under the
GMA. Impervious-surface areas and multi-family residential uses are anticipated to
approximately double within the UGB by the year 2000. The plateaus will be almost
entirely built out in single-family, high-density residential uses. Only the steep knolls and
bluffs above the river will remain in forest. Significant future areas of mixed commercial
and high-density residential use will be on the plateau northeast of Renton and along the
SR-169 corridor between SR-18 and Summit. Future industrial expansion along Cedar
Grove Road will approximately double its current area of industrial land use. All of this
high intensity development will add significantly to the impervious surface area that sheds
stormwater and urban pollutants. Only the upper areas of the middle basin are planned
to remain as undeveloped forest.

In response to the GMA, the area upstream of Maplewood Heights was redesignated
from high-density to low-density, residential land uses. Another result of the GMA is
that the Georgetown area, in the Rock Creek subbasin, is to remain rural with a small
commercial center. The County Council is reviewing the Briarwood area, between 156th
and 183rd Street, to determine future residential densities.

STATE SHORELINE DESIGNATIONS

The Cedar River shoreline has been designated as a Shoreline of the State from its mouth
to its headwaters. The Shoreline Management Plans of King County and the City of
Renton define two environments, "Urban" and "Conservancy," for the designated
shorelines. These environment classifications provide a uniform basis to apply policies
and land-use regulations within distinctly different shoreline areas. The Urban designation
extends from the mouth of the Cedar River to river mile (RM) 2.1 on both banks and
from RM 2.1 to RM 3.4 on the right bank (looking downstream). The objective of the
Urban designation is to ensure appropriate use of shorelines within urbanized areas by
providing for public use, especially access to and along the water's edge, and by
managing development so that it enhances and maintains shorelines for multiple urban
uses.

The Conservancy environment is on the left shoreline from RM 2.1 to RM 3.4 and on
both banks from RM 3.4 to the river's headwaters. The Conservancy designation consists
of shoreline areas that are primarily free from intensive development. It is the most
suitable designation for shorelines areas of high scenic or historical values, for areas
unsuitable for development due to biophysical limitations, and for commercial forest
lands. The objective of the Conservancy designation is to protect, conserve, and manage
existing areas of irreplaceable natural or aesthetic features in essentially their native state,
while providing for limited use of the area. The preferred uses are those that are
non-consumptive of the physical and biological resources of the area.
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According to the 1979 King County Shoreline Management Master Program Supplement,
approved by the Washington State Department of Ecology, the lower reach of Rock
Creek is a Shoreline of the State, designated as Conservancy from the intersection of the
County road, railroad right-of-way, and Rock Creek, (approximately RM 0.1) downstream
to its confluence with the Cedar River. To be designated a Shoreline of the State, stream
reaches must have a mean annual flow greater than 20 cubic feet per second (cfs). The
natural mean annual flow of Rock Creek exceeds the 20 cfs mean annual flow up to RM
1.7. However, two major diversions (only one of which is permitted) and several smaller
diversions have decreased Rock Creek's mean annual flow, as measured between 1948
and 1973 by the USGS gage at RM 0.1, to less than 20 cfs above RM 0.1.

RECREATIONAL USE

The natural beauty and recreational resources of the Cedar River Basin are dependent on
conservation of the natural system. As the basin continues to develop, park systems
could serve as natural community separators (formerly termed "greenbelts") while
contributing to the health of the natural system. The Cedar River Basin provides a wide
variety of recreational resources through its system of parks, hiking, biking, and equestrian
trails. In the lower and middle basin, the park and open space system is interconnected
with an abundance of streams, wetlands, and lakes, as well as the Cedar River, within a
green, open corridor that extends into the Cascade Range. This natural system provides
active recreational opportunities, such as swimming, walking, and fishing and passive
recreational opportunities, such as picnicking, educational or scientific study, and views of
the Cedar River corridor.

The Cedar River Trail was chosen in September 1992 as the top pedestrian-bicycle
project to receive regional funding. The trail will run 15 miles from Renton to Maple
Valley following the river along the former railroad right-of-way. It will connect existing
parks located along the lower reach of the river and could provide a major link in the
regional trail system proposed by King County and in the proposed and existing
community trail systems of the Tahoma-Raven Heights, Soos Creek, and Newcastle
community plans (King County, 1991b, 1984, 1993). Community trails provide access to
natural areas and parks, as well as creating linkages between the residential areas and
commercial centers. Many of the trails are on early mining, logging, or settlement roads,
giving them historical significance as well as recreational value.

In addition to the Cedar River Trail, land near Lake Desire and Spring Lake was acquired
through the King County Draft Open Space Program to provide public access to open
space for recreation. The wetland corridor and potential shoreline access along Lake
Desire qualified the area as one of twelve sites to be acquired in the Open Space Plan
(King County, 1988). Currently, the King County Department of Parks and Recreation is
developing a comprehensive parks plan that will identify additional recreation and open
space sites in the county. The plan will update and expand the 1988 Open Space Plan.
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Chapter 2: Geology and Groundwater in the
Cedar River Basin

2.1 INTRODUCTION

The Cedar River drainage basin is unique of the basins in King County because it
traverses the landscape from the foothills of the Cascade Range almost to Puget Sound.
Extending 15 miles from east to west, it lies directly across the southerly advance of the
great ice sheet that covered the lowland 15,000 years ago. The geology of the basin
(Map 5) thus displays a variety of glacial deposits, covering environments from near the
ice-sheet margin in the east to the ice-sheet interior in the west. These deposits now
mantle most of the land surface in the basin, particularly the upland plateaus that flank
both sides of the Cedar River valley.

In this basin the structure of the underlying bedrock has exerted very little influence on
the modern form of the basin. This stands in marked contrast, for example, to the
adjacent Issaquah Creek basin just to the north (King County, 1991a; Booth and Minard,
1991). Although the gross trend of the Cedar River, with eastern headwaters and a
western mouth, reflects the uplift of the Cascade Range bedrock, the river itself has
carved almost entirely through glacial deposits without any significant constraint from the
topography of the bedrock surface. Indeed, drillers' logs suggest that the major east-west
bedrock valley, with a maximum depth in excess of several hundred feet below the
bottom of the modern Cedar River valley, actually lies about two miles north of the
present course of the river.

The Cedar River drainage basin also provides some of the best glimpses into the older
glacial history in this part of the Puget Lowland. Along much of its length the Cedar River
has sliced through several hundred feet of sediment that predates the last glaciation,
offering many examples of the complex sequence of deposits that underlie most of the
Puget Lowland but are only rarely displayed at the land surface.

The characteristics of the surface and subsurface deposits control the infiltration,
movement, and storage of groundwater. Infiltration at the surface depends on the
permeability of the surface sediments and the accessibility of those sediments to
precipitation. Thus outwash deposits, consisting of silt-poor sand and gravel, provide the
best opportunities for infiltration where exposed at the ground surface. Till, in contrast,
has a much higher percentage of silt and clay and so offers significantly more resistance
to flow. The soil layer developed on top of the till, however, has much greater infiltration,
but the movement of water is largely restricted to that thin upper soil zone ("interflow").
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Although groundwater exists by definition in all saturated geological materials, it is
accessible for water use or discharge to surface-water bodies only where it can move
freely through subsurface deposits. These freely transmitting deposits are characterized
by relatively large pores and are known as aquifers. In this basin, the various outwash
deposits of the last glaciation form the most common aquifers. In contrast, deposits that
restrict the movement of groundwater are called aquitards (if they are moderately
restrictive) or aquicludes (if they are strongly restrictive).

Not only the presence but also the sequence of layered aquifers, aquitards, and
aquicludes affects groundwater movement. Aquifers exposed at the surface provide not
only areas of easy infiltration but also shallow zones of groundwater storage and
movement. [f shallowly underlain by an aquiclude or aquitard, typically till, then the
groundwater is "perched" above deeper zones and may locally appear at the surface as
springs or wetlands. Aquifers at greater depth may have less direct access to surface
waters, with recharge occurring only by slow percolation through overlying aquitards.
Discharge from these deeper aquifers is most commonly at hillside springs and along
hillside drainage courses, where the groundwater reemerges along the exposed edge of
the deposit. During the course of a year, that discharge may fluctuate, as the water level
in the aquifer rises and falls with seasonal precipitation patterns. Conversely, aquifers that
are well-isolated from surface recharge areas may show very little seasonal variation in
either water-table level or baseflow discharge, because the rate at which water reaches
the aquifer is so slow.

In addition to the mapping of geologic materials across the basin (Map 5), the distribution
of recharge zones was mapped as well (Map 6). These results were based on the
geologic map, SCS Soil Survey maps covering the same area, estimated depths to the
water table, and hillslope gradient (EMCON, 1992, unpublished data). Although this map
provides little information about where the water goes once it is infiltrated into the
ground surface, it does provide a useful starting point for more site-specific studies of
groundwater recharge and storage.

The surficial geology of the Cedar River Basin was mapped for this basin plan in 1988,
1990, and 1991 using road cuts, stream exposures, valley sidewall exposures,
construction excavations, and selected well logs. Previous work, notably Mullineaux
(1965a,b) and Rosengreen (1965), is of particularly high quality and so provided a
valuable introduction to the area. Additional information on the bedrock lithology and
structure was compiled from Vine (1969) in the eastern part of the basin and from Walsh
(1984 and unpublished data). Additional sources include mapping for the adjacent Soos
Creek (King County, 1991b) and Issaquah Creek (King County, 1991a) basin plans,
Frizzell and others (1984) for parts of the eastern basin planning area, and recent
unpublished data by EMCON Northwest on the occurrence of groundwater in the basin.
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2.2 REGIONAL HISTORY AND STRATIGRAPHY

BEDROCK LITHOLOGY AND STRUCTURE

The entire east-central Puget Lowland is underlain by Eocene (about 40 million years old)
volcanic and sedimentary rocks. In the Cedar River area these rocks are exposed at the
surface along the valley bottom near Renton and again near Cedar Grove, and in the
uplands east of Ravensdale. Near Renton they are overlain locally by younger
sedimentary rocks; and just east of Lake Desire they are intruded by younger volcanic
dike rocks.

This sequence of rocks, which is many thousands of feet thick, has been regionally folded
along northwest-trending horizontal axes. The dominant fold affecting the basin is the
Newcastle Hills anticline, whose axis and corresponding bedrock uplift trend
west-northwest to form the Newport Hills. The Cedar River drainage basin thus lies on
the southwest limb of that fold. Farther to the southwest, away from the anticline axis
and out beyond the edge of the basin, bedrock is buried progressively deeper by glacial
sediment and is not exposed at the surface. In the eastern part of the basin, a complex
sequence of minor folds and faults, documented by Vine (1969) because of the
significance to tracing coal beds for mining, gently warps the bedrock strata.

Although the overall form and trend of the basin are determined by the bedrock
structure, even the main Cedar River valley itself is not controlled by that bedrock.
Instead, erosion in the underlying rock surface forms a much larger subsurface valley
extending southeast out of the Issaquah Creek basin, running beneath what is now the
plateau of Cedar Hills, Lake Kathleen, and Maplewood, at a maximum depth of over 500
feet below ground level (Hall and Othberg, 1974; Walsh, unpublished data). The
northwest part of the Cedar River Basin lies on the southwest flank of that valley,
presumably an infilled arm of an ancestral Puget Sound.

The Eocene sedimentary rocks have been actively mined for coal for about a century.
The most recent mine, the John Henry coal mine, lies just west of Lake No. 12 near the
southern edge of the basin. Although most of the historic mining activity has taken place
just south of the basin planning area, past mining within the basin has occurred just south
of Lake No. 12, between Lake No. 12 and Ravensdale Lake, between Ravensdale Lake
and the Cedar River, just south of Cedar Grove Road at and beneath the Maple Valley
Highway, near Lake Desire, and east of Retreat Lake on the slopes of Sugarloaf Mountain
and on the plateau just to the northwest.
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ICE OCCUPATION OF THE BASIN

Early Glacial Advances

Multiple invasions of glacial ice into the Puget Lowland have left a discontinuous record
of Pleistocene glacial and interglacial periods. Originating in the mountains of British
Columbia, this ice was part of the Cordilleran ice sheet of northwestern North America.
During each successive glaciation it advanced into the Lowland as a broad tongue called

the "Puget lobe" (Bretz, 1913).

The Cedar River drainage basin contains some of the best exposures of multiple glacial
advances in the entire east-central Puget Lowland. In particular, the valley sidewalls and
ravines adjacent to Jones Road SE, just north of the Cedar River, display multiple
exposures of three glacial tills and intervening layers of glacial and nonglacial sediment.
The uppermost till lies at or very near to the ground surface of the upland plateau; it was
derived from the most recent glacial advance, named the "Vashon" by Armstrong and
others (1965), and it was deposited about 15,000 years ago (Booth, 1987).

The two lower tills are not as readily assigned to particular glacial advances because no
absolute ages have been determined for either of them. However, the lower till has

magnetic properties that place its age at less that 700,000 years old (D. Easterbrook, pers.

commun., 1989), suggesting a correlation of the lower Cedar River valley tills with named
drift units ("Possession” and "Double Bluff') on Whidbey Island (Easterbrook and others,
1967).

In between these various till layers are sediments that were waterlain in a variety of
environments. Their thicknesses vary from a few feet to a few tens of feet, and none can
be traced continuously for more than a mile or two (and most for much less). Some are
clearly associated with glacial streams, because the grains are sand and gravel composed
of a wide mixture of different rock types indicating transport from outside of the river
basin. Others reflect lowland nonglacial conditions, with fine sediment and peat beds.
Most of the valley walls of the Cedar River display a mixture of the coarse- and
fine-grained sediment, which renders the exposed slopes very susceptible to landsliding
and greatly impedes the vertical descent of percolating groundwater. In a few areas,
sandy sediment clearly dominates and slopes there are well drained.

Some groundwater is pumped from these sediments of older glacial and nonglacial
intervals. These deposits are not extensively exposed and have not been penetrated by a
large number of wells, and so the details of their lateral continuity and potential
productivity is not well known. Groundwater yields are not terribly high and generally
require a substantial depth of penetration, except where those wells are started from the
relatively low elevations of the Cedar River valley floor (EMCON, 1993, unpublished
data). In general, such groundwater is well isolated from surface recharge and therefore
is substantially protected from contamination.
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The Vashon Ice Advance

The most recent ice-sheet occupation of the Puget Lowland climaxed about 15,000 years
ago (see Booth, 1987, for a summary of current age data). At maximum stage ice
covered the region to a depth of about 3000 feet, with the ice advance progressively
filling drainages and then low-lying upland areas in the north.

Blockage of northward lowland drainage was followed by deposition of river-lain
sediments as southerly drainage was established in front of the advancing ice sheet. At
any given locality deposition of sand commonly gave way to gravel, reflecting the
increasing gradients adjacent to the approaching ice sheet. These "advance outwash"
deposits therefore typically coarsen upwards. They form the primary aquifer across much
of the basin, with good yields from relatively shallow wells. Protection of the
groundwater from surface contaminants in these deposits is generally provided by
overlying glacial till. In this basin, these deposits are well exposed on the south side of
the Cedar River along Molasses and Madsen Creeks, on the north side of the river below
Lake McDonald southeast to Cedar Mountain, along Taylor Creek just east of Maple
Valley, and in quarries just southeast of Lake Youngs and just west of the Cedar Hills
landfill.

As ice covered the region, lodgment till was deposited by the melt-out of debris at the
base of the glacier. This heterogeneous, compact sediment discontinuously blankets the
area to depths of, at most, several tens of feet. Where present at the surface it provides a
low-permeability cover to underlying aquifers, reducing recharge but also offering
protection from surface contaminants. Elsewhere, it is overlain by more permeable
sediment, but the till is still present at depth and so slows groundwater migration and
recharge. That layer is nearly continuous across the upland plateaus in all but the far
southeastern part of the basin and where locally breached by excavations for gravel pits
or landfills.

The Vashon Ice Retreat

Recession of the ice sheet was accompanied by both outwash deposits and ice-dammed
lakes, analogous to those formed during the ice advance. Water from the melting ice
sheet and the Cascade Range drained southward and westward, spilling over divides that
were later abandoned as the ice pullback exposed lower routes farther north.

Deposits in the Cedar River drainage basin span much of the recessional period and
provide graphic illustration of the withdrawal of ice from the region. Six discrete stages
can be distinguished in this basin, with the earliest deposits generally in the east part of
the basin and the younger deposits progressively farther west.
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Stage 1 is represented in the basin only by ice-contact deposits on the flanks of Taylor
Mountain above Walsh Lake. These deposits lie between about 800 and 1200 feet
elevation, over 1500 feet below the ice-maximum level in this area. During this time
drainage from the Snoqualmie River basin was forced south and east by the ice sheet,
flowing through the gap between Rattlesnake Mountain and the main Cascade rangefront,
a gap now occupied by Rattlesnake Lake eight miles east of Walsh Lake (the "Cedar
Spillway"). South of this gap water reencountered glacial ice and was diverted just east of
the basin towards Howard Hansen Reservoir up a valley east of the town of Selleck.

Stage 2 reflected the first drainage of water over ice-free ground in the basin. The
dominant water flow was still from the Snoqualmie Valley through the Cedar Spillway, but
the ice front had withdrawn to the vicinity of Retreat Lake. Water thus flowed on both
sides of Sugarloaf Mountain southwest towards the Green River, with hummocky
ice-contact topography stretching in a broad band between Walsh Lake and Retreat Lake
to mark the location of the ice margin during this time.

Stage 3 required about three miles of ice-sheet retreat from the Stage 2 position,
probably taking a decade or less. It allowed drainage southwest out of the basin through
the areas of Georgetown and Ravensdale Lake (just west of the basin), Summit, and just
north of Wilderness Lake (2.5 miles south of Maple Valley). This stage was a time of
massive drainage and deposition both for the Cedar River Basin and the adjacent Soos
Creek basin, during which many square miles of nearly flat, very permeable gravel and
sand deposits were spread across the landscape. Across this area surface-water channels
are very limited because most of the water today can easily flow through the subsurface.

Stage 4 deposits are distinguished from those of Stage 3 because of small, but critical,
changes in the ice front on both sides of the basin. To the southwest, ice withdrawal
allowed a lower drainage route to open near Auburn, rapidly allowing a broad valley to
incise 100 feet into the Stage 3 deposits one mile south of Maple Valley. This valley now
contains Jenkins Creek; it also provides the route for SR-18 as it leaves the Cedar River
valley towards the south. Northeast of the basin, ice was retreating north from the upper
Issaquah Creek valley and exposed spillways from that valley east of Hobart that drain
into the Taylor Creek Subbasin. The area around Francis Lake, including active gravel pits
immediately northwest, was deposited during this time.

Stage 5 includes the time of first drainage down what would eventually become the path
of the modern Cedar River. Instead of its modern elevation, however, that flow was
perched on top of the till uplands, descending from nearly 400 feet elevation near Cedar
Grove to about 300 feet elevation just east of downtown Renton. At this lower level, the
flow entered Glacial Lake Russell (Thorson, 1980), consisting of the interconnected
channels and major lake basins of southern Puget Sound with a southerly spillway near
Tumwater into the Chehalis River and then to the Pacific Ocean. The ice margin, at
about the latitude of Seattle during this time, blocked northerly drainage out of the
lowland. Other drainage channels during the early part of this stage include broad
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flat-bottomed valleys that drain south out of the modern Cedar River Basin from near
Madsen Creek into the head of Lake Youngs and from the Fairwood area into upper Big
Soos Creek.

Stage 6 is represented more by the topography of the basin than by specific deposits
found within it. Drainage of Puget Sound was reestablished to the north as ice evacuated
the lowland, and so the level of Lake Russell fell in two stages back to sea level. The
"base level" of the Cedar River thus dropped almost instantaneously by 250 feet,
precipitating a rapid downcutting of the river that would have progressed upstream from
its mouth at Renton, where the drop was first felt by the water flow. The resulting
downcutting has left the modern form of the Cedar River valley, a 2000-foot-wide cut
through the glacial landscape and in places over 300 feet below the upland surface.
Subsequent to that downcutting, the Cedar River has swung to and fro across the valley
bottom, scouring and redepositing its modern floodplain and obliterating any remnant
deposits in the valley that might have recorded this time of initial incision. Only along
Maxwell Road, between Cedar Grove and Maple Valley, are low terraces preserved,
suggesting an intermediate level of the river between its Stage 5 flow, on top of the
glacial uplands, and its modern level through the valley-bottom floodplain.

2.3 POSTGLACIAL PROCESSES AND DEPOSITS

DEGLACIATION AND LANDSCAPE CHANGES

In the Cedar River drainage basin, emptying of the regional glacial-age lake was an event
of major geomorphic, and ultimately human, importance. As a result of that lake
drainage, the Cedar River incised through a complex sequence of glacial and non-glacial
deposits, leaving high and steep valley sidewalls that line both sides of the river for over
10 miles. Because of the multiple glaciations represented in these valley-side deposits,
the modern Cedar River obviously has not reoccupied its pre-Vashon course, which likely
lies a few miles north in the Issaquah and May Creek basins.

Following initial downcutting, the Cedar River has filled part of its present-day valley, and
the broad plain on which downtown Renton is located, with thick deposits of sand and
gravel. Because of high permeabilities and easy access of Cedar River water into these
deposits, groundwater yields are very high and the depth to the water table is minimal,
although seasonally fluctuating (EMCON, 1993, unpublished data). The absence of
overlying sediment, however, leaves this groundwater source at risk from surface
contaminants.

Flanking the river, the valley sidewalls are the scene of particularly severe landsliding and
erosion, a consequence of their steep gradient and complex stratigraphy. A prehistoric
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landslide, in excess of 100 acres, lies on the south side of the Cedar River above
Maplewood. Another zone of discrete landslides lies in the Dorre Don area upstream of
Maple Valley, where recent meanders of the Cedar River have further undermined the
valley walls and initiated very recent movement. Elsewhere in the Cedar River valley,
deposits of mass movement, including landslides, are readily identified and line both sides
of the valley between Maplewood and the old King County shops three miles upvalley,
and again near Cedar Grove. Individual landslides in these areas are too old, too small,
or overly obscured by vegetation to individually map.

Valley-side erosion and stream incision are also common in this environment. Almost
any discharge over the lip of the valley wall is erosive, because of the gradients; and
where sandy deposits of either the Vashon advance outwash or older deposits are
encountered, severe erosion results. The major prehistoric ravines of the basin, such as
Molasses Creek, Madsen Creek, and Peterson Creek, are testament to this process in the
natural environment. In the human-affected environment, increasing runoff has yielded
even more rapid erosion in some of these and other tributaries.

On the surrounding uplands, soil formation has proceeded slowly but with profound
hydrologic consequences. Bare, unweathered till absorbs water only very slowly; in
contrast, the several feet of soil that has developed on that surface since deglaciation
have high infiltration capacities and a large capacity to store and slowly release subsurface
runoff (see Chapter 3: Surface Water Hydrology). This till-derived "Alderwood" soil
blankets the majority of the upland plateau. Its hydrologic properties differ dramatically
from its underlying parent material, and so the compaction or removal of that soil during
typical urban or suburban development result in commensurately large hydrologic effects.
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Chapter 3: Surface-Water Hydrology

3.1 INTRODUCTION

This chapter describes the surface-water hydrology of the Basin Planning Area (BPA),
which includes approximately sixty-six square miles draining to the Cedar River below the
Seattle Water Department's (SWD) diversion dam at Landsburg. The BPA represents
approximately the lower one third of the entire Cedar River Basin; consequently mainstem
flows are greatly affected by inflows from the upper basin (above Landsburg) and some
analysis of the upper basin, albeit less detailed, is relevant. The discussion focuses on the
past (pre-development), current, and future magnitudes of flow rates in the mainstem of
the Cedar River and its tributaries within the BPA.

At its mouth in Renton, the Cedar River drains an area of approximately 188 square miles.
Average annual precipitation generally increases in the upstream direction (southeast)
with increasing elevation, from 42 inches in Renton to 54 inches at Landsburg. In the
upper basin, average annual precipitation continues to increase with elevation up to a
maximum of 200 inches per year. Elevation in the basin reaches a maximum of 5,400
feet at Tinkham Peak. Snowfall represents the dominant portion of precipitation in
approximately the upper third of the basin. Oceanic storms lasting one to three days
cause major floods to occur on the Cedar River between the months of October and
June. Storms may cause sufficient increases in air temperatures to produce significant
melting of snowpack. Upper basin snowmelt combined with rainfall-induced runoff
causes many of the largest flood events in the basin. The City of Seattle's Masonry Dam
impounds waters from 78.4 square miles of the upper basin, which is approximately 65%
of the basin area upstream of the BPA and 42% of the entire basin. Dam operations are
primarily for purposes of water supply via the Seattle Water Department (SWD) diversion
near Landsburg. Dam operations and flow diversion are significant determinants of both
the high- and low-flow regimes of the river from Landsburg to its mouth in Renton.

3.2 HYDROLOGIC CONCEPTS

Runoff can be divided into several related, yet distinct, components. Hillslope runoff that
causes high rates of channel flow (i.e., discharge) within a day or so of rainfall is usually
classified as storm runoff. Precipitation that percolates to the water table and reaches the
stream slowly is called groundwater or baseflow. Storm runoff, in turn, can be generated
by one or a combination of several mechanisms: Horton overland flow, saturation
overland flow, shallow subsurface flow (interflow), or groundwater flow.
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HORTON OVERLAND FLOW

Horton overland flow is generated when the rainfall intensity is in excess of the current
infiltration capacity of the soil, which is a function of soil type and antecedent moisture
content. Over the Puget Lowland, the 100-year, one-hour rainfall is about one inch per
hour. Most undisturbed, vegetated soils in this area have a limiting infiltration rate of two
to six inches per hour. As a result, under natural conditions little Horton overland flow is
generated, because even the maximum rainfall intensity is easily exceeded by the
minimum infiltration rates. However, once the land surface has been disturbed by
removal of vegetative cover or compaction of the permeable surface soil layer, the
probability of Horton overland flow is greatly increased.

SATURATION OVERLAND FLOW

Saturation overland flow is produced by rain falling directly on saturated soils. In this
case, unlike Horton overland flow, the water is failing to soak into the ground because
the ground is already full of water, not because the soil has low permeability. This
mechanism commonly occurs under moderate to wet antecedent conditions in
topographic hollows and wetlands and adjacent to stream channels, where the land
surface becomes saturated by a rising water table. Irrespective of soil infiltration rates, the
ground cannot absorb any additional precipitation, and all additional rainfall will flow over
the surface.

INTERFLOW

Interflow is shallow subsurface flow generated by the rapid infiltration of rainwater and
subsequent movement of this water through near-surface soil layers. This runoff
mechanism is commonly associated with hillslopes underlain by nearly impermeable
substratum (typically glacial till or bedrock) covered by shallow, much more permeable
soils. The flow rate is proportional to the slope of the restricting layer. At breaks in slope
or topographic convergences, water can reemerge to the surface (return flow), resulting in
a 10- to 100-fold increase in flow velocity.

GROUNDWATER FLOW
Groundwater flow is generated by the infiltration and transmission of precipitation via

flow paths that are modeled as much longer than those followed by shallow subsurface
flow. Groundwater is a dominant runoff mechanism in areas where permeable soils are
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underlain by glacial outwash. The flow rate is proportional to the slope of the water
table, which is generally low in outwash deposits. The longer flow paths, lower driving
gradients, and generally larger storage capacities result in dramatically attenuated flow
responses when compared to those of shallow subsurface flow or overland flow.

3.3 METHODS OF HYDROLOGIC DATA COLLECTION AND
ANALYSIS

For purposes of the hydrologic analysis, the Cedar River Basin was partitioned as shown
in Map 1 (Appendix B) into the upper basin and the BPA. The upper basin is largely
owned and controlled by the City of Seattle as a watershed for water supply purposes.
The middle and lower basin, or BPA, has been further partitioned into a series of
subbasins and the subbasins into catchments. The subbasin arrangement is shown
schematically in Figure 3-1, (note that these subbasin boundaries were used only for
purposes of hydrologic modeling and may be different than those used elsewhere in this
report). Land drained by each major tributary to the lower Cedar River is treated as a
distinct subbasin. Additionally, land areas immediately adjacent to the Cedar River itself
and labeled MS-0 through MS-16 are also treated as a subbasin. Subbasins have been
further subdivided into catchments in order to distinguish and analyze flows in specific
subbasin drainage components such as particular stream reaches, tributary branches,
wetlands, ponds, or lakes.

In order to characterize flows in the Cedar River and its tributaries within the BPA for
past, current, and future conditions, several statistical descriptors common in
surface-water hydrology are utilized in this report. These include mean annual or mean
monthly flow, annual maximum flow frequencies, and flow duration analysis among
others. In order to be meaningful, these descriptors must be calculated from stream flow
records of sufficient detail, quantity, quality, and consistency. The analysis of
surface-water hydrology in this report relies on both measured climate and stream flow
data. The most important climate data include rainfall and evaporation. In recent years,
King County Surface Water Management (SWM) Division has collected
contemporaneous, short-term records of both precipitation and stream flow on several
tributaries in the BPA.

Ideally, accurate field measurements at all the locations and for all the situations of
interest would provide the best flow records for analysis. However, such comprehensive
data do not exist and would be impossibly time consuming and expensive to collect.
Consequently, this report relies on the technique of hydrologic simulation modeling to
extend limited field data in both space and time and to investigate stream flow behavior
under different scenarios. These stream flow records, paired with the rainfall data, were
utilized mainly for adjusting parameters in the Hydrologic Simulation Program-Fortran
(HSPF) model to reflect site-specific conditions in subbasins of the BPA (KC-SWM
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Figure 3-1
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Cedar River Basin Model Calibration Report, 1993). Long term precipitation and
evaporation records collected by the National Weather Service (NWS) and United States
Geological Survey (USGS) were used as data input in simulations of flows by the
calibrated HSPF model. Additionally, historical records of both river discharges and
diversions were utilized to characterize the general hydrologic behavior of the mainstem
of the Cedar River.

HSPF MODEL

HSPF (EPA, 1984) is a general, continuous, hydrologic model. Surface, shallow subsurface
(interflow), and groundwater flows can be simulated, lagged, and combined as discharge
into a drainage network. In application, the basin to be modeled is divided into a
number of catchments connected by channel reaches. This subdivision is based on
topography, hydrological characteristics, the channel network, and locations of desired
model output. The primary model output of interest in this report is a decades-long,
continuous, hourly time series of stream flows, which can be used in flood frequency and
other hydrologic analyses. This contrasts with event-type models, which only provide
flow information about runoff from single storm events.

Individual catchments are further divided into pervious and impervious land segments.
Impervious land segments represent the effective impervious area (EIA) within the
catchment. The EIA is the total impervious surface area that is connected directly to the
drainage system. Pervious segments are assumed to be homogeneous with respect to
soils, vegetation, topography, and precipitation. Individual segments are simulated
separately, with the results combined with other segments to yield the total catchment
discharge.

Flows from catchments are combined and routed through the drainage network using a
storage routing routine. Any conveyance system with a fixed relationship between depth,
surface area, volume, and discharge can be modeled. This includes stream channels,
lakes, retention/detention ponds, and reservoirs.

Model Application to the Basin Planning Area

Application of the HSPF model to the BPA required several steps. These may be
classified as follows: basin segmentation, identification and quantification of
hydrologically homogeneous land types, calibration of land-type parameters, hydraulic
characterization of channels and impoundments, and definition of upstream flow
conditions on the mainstem. Additionally, model input changes reflecting
pre-development and future conditions had to be established.
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Basin Segmentation and Land Type Calculations The segmentation of the BPA into
tributary subbasins and the subbasin segmentation into catchments was described earlier
in this section. As mentioned previously, each catchment is assumed to drain to a single
hydraulic drainage element such as a stream reach, channel, lake, pond, or reservoir.

The total surface area belonging to each land type within each catchment was computed
for input into the HSPF model based on zoning, topographic, soils, and surficial geology
maps (see Chapter 2: Geology), aerial photos, and field reconnaissance. A summary of
these computations is shown in Table 1 of the Hydrology Appendix at the end of this
chapter. The model computes hydrologic response of each land type within a subbasin
on a per-unit-area basis and apportions the amount of surface runoff, interflow, and
groundwater entering the drainage element of each catchment consistent with the
computed land-type area totals. Consequently, the model represents the hydrologic
effect of spatial distribution of land types to the extent that land-type composition varies
among catchments of a subbasin. However, it ignores the effects of the landscape
position of land types within individual catchments.

There are three primary determinants of the hydrologic response of a system: soils, land
cover, and slopes:

Soils: For hydrologic modeling purposes, all soils were classified as either till, outwash or
wetland. Till deposits contain large percentages of silt or clay and have low percolation
rates compared to outwash soils. Only a small fraction of infiltrated precipitation reaches
the groundwater table. The rest moves laterally through the thin surface soil above the till
deposit (as shallow subsurface flow), often re-emerging at the base of hillslopes. Soils
may become saturated in large storms and produce significant amounts of surface runoff.
The peak runoff rate from till areas is therefore generally much higher than from outwash
soils.

Outwash soils consist of sand and gravel deposits that have high infiltration rates. Rainfall
in these areas is quickly absorbed and percolates to the groundwater table. Creeks
draining outwash deposits often intersect the groundwater table and receive most of their
flow from groundwater discharge, unless the channel bed is located above the water
table. Even for the largest storms, stream-flow response is slow, with peak flow often
lagged up to several days.

Wetland soils remain saturated throughout much of the year. The hydrologic response
from wetlands is variable depending on the underlying geology, the proximity of the
wetland to the regional groundwater table, and the bathymetry of the wetland. Generally,
wetlands provide some baseflow to streams in the summer months and attenuate storm
flows via temporary storage and slow release in the winter.

Land Cover: Four land cover classes were considered in analyzing the BPA hydrology:
forest, grass/pasture, impervious, and saturated. The percentages of each catchment
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belonging to these four classes were determined from land-use delineations, which
mapped nine land uses in the BPA. The relationship between the nine mapped land uses
and the four HSPF-modeled cover classes are shown in Table 3-1.

Table 3-1 Land Use and Percentages of HSPF Cover Classes

Land Use Percentages of HSPF Cover Classes
% Forest % Grass % Impervious %Saturated

Commercial Uses 0 15 85 0
Residential Uses
Multi-Family (7-30 0 56 48 0
du/ac)
High Density 0 75 25 0
(3-7 du/ac)
Medium Density 0 90 10 0
(1-3 du/ac)
Low Density-Grass 0 96 4 0
(0.2-1 du/ac)
Low Density-Forest 96 0 4 0
(<0.2 du/ac)

0 100 0 0
Grass/Park/Pasture

100 0 0 0

Dedicated Forest

0 0 0 100

Lake/Wetland

Forested areas generate the least amount of surface runoff. Forest cover is most
significant in regions of glacial till where tree root systems open pores in low-permeability
soil, allowing for increased infiltration. Forest litter provides additional soil-water storage
and protects against compaction of near-surface soils. Interception of rainfall by leaves
and removal of soil-water by evapotranspiration is also greater in forested areas than in
the other cover categories.

Grassed areas produce more surface runoff than forested areas. When forest vegetation
is removed to create grassed areas, surface soils are generally compacted during clearing,
reducing infiltration capacities. Furthermore, because grass is shallow rooted, it does not
contribute to infiltration as forest cover does. Grassed areas therefore saturate more
quickly and produce more overland flow in large storms than forested areas.

Impervious areas consist of roads, rooftops, sidewalks, parking lots, driveways, and other
constructed surfaces. They produce the most surface runoff of all cover categories. The
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infiltration rate in impervious areas is zero and water storage in surface depressions is
minimal. As a result, virtually all rainfall runs directly off to produce high peak flows.

Saturated areas such as stream channels, lakes, and wetlands also affect the runoff
characteristics from a given area. These features store flows and release them slowly,
thus reducing the flow peak. The degree to which these flows are reduced depends

- upon the roughness, slope, volume, and shape of the drainage element. Of these,
volume has the most effect on reducing peaks. Thus, wetlands and lakes by virtue of
their larger storage volume are typically more effective than channels at reducing flow
peaks.

Slopes: Slopes influence the rate at which runoff discharges to the creek in till and
bedrock soils. Slopes in these areas were grouped into three broad categories: flat
(0-6%), moderate (6-15%), and steep ( >15%). Steeper slopes have faster responses
than moderate slopes. This allows the thin surface soil in steeper sloping areas to drain
faster than soils in moderately sloping areas.

In outwash deposits, groundwater flow rates are proportional to the slope of the water
table, but the water table is usually only mildly sloping in these deposits. As a result, no
slope classification is used for outwash soils.

The Hydrology Appendix at the end of this chapter contains tables that summarize both
the land-use (Table 2) and HSPF land-type composition (Table 1) of the BPA.

Calibration of Land Type Parameters The HSPF uses eighteen different parameter values
affecting different components of the hydrologic computations to distinguishes the
different hydrologic responses of each of the ten land types. Twelve of these parameters
are assumed to take on typical values estimated for the lower Puget Sound region
(Dinicola, 1990). Six parameters were calibrated using short-term rainfall and stream
discharge records. Calibration data allowed the estimation of subbasin-specific parameter
sets for the five till and outwash land types. Regionally constant parameters values were
used for the wetland (W) and impermeable (l) land types. A detailed discussion of
calibration procedures and results for the BPA is given in a separate calibration report
(K.C., 1993).

Hydraulic Characterization of Channels and Impoundments HSPF computes outflows
from all channel segments, ponds, reservoirs, and lakes using a level pool routing method.
The model user must input a storage-outflow table for each element of the drainage
system in order for the model to perform unsteady flow routing. Ponds and reservoirs
with engineered outlets usually have well-defined relationships between water level, and
storage volume and discharge. For lakes and ponds with natural stream outlets, the
storage-outflow relationship was estimated based on field observations and weir
equations (Chow, 1959). The storage-discharge relationship for subbasin stream reaches
with no obvious control point was computed from field estimates of cross-sectional
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geometry and channel roughness that were used as inputs into the Manning equation for
uniform flow to determine discharges at different flow depths. For the mainstem Cedar
River catchments, a series of HEC-2 backwater computations were used to estimate the
storage-discharge relationships for each catchment river reach (see Chapter 4: Flooding).

Upstream Inflow at Landsburg: HSPF simulation of flows in the mainstem of the Cedar
River within the BPA required the routing of flows from three sources: BPA tributary
streams, BPA mainstem catchment runoff, and upper basin inflow at Landsburg. Tributary
discharges were computed by making separate hourly time-step runs for the 40-year
precipitation record on each of the tributary subbasins. Flows from the upper basin were
computed using the Seattle Water Department's Seattle Forecasting Model (SEAFM)
(Marino, undated). SEAFM is a hydrologic model that has been expressly customized for
the Cedar and South Fork Tolt River basins and includes components that simulate natural
hydrology of the upper Cedar River Basin as well as the City of Seattle's operations at
Chester Morse Lake and the Landsburg Diversion Dam. SEAFM's hydrologic algorithms
are almost identical to HSPF's. SEAFM was used to create an hourly time series of flows
at Landsburg that reflect the Seattle Water Department's current operational procedures
(R.W. Beck, 1988). The SEAFM-simulated hourly flows were used in BPA simulations
instead of the USGS gaged flows at Landsburg. The City of Seattle's operations have
changed at intervals over the years with the most recent changes occurring in 1988 when
major improvements to the Masonry Dam outlet works were completed. Consequently,
the SEAFM-simulated flows were judged to be more consistent and more representative
of current flow conditions than the historical record.

Pre-development, Current, and Future Conditions Continuous hydrologic simulations in
the BPA were carried out under three separate development scenarios: pre-development
(forest), current, and future.

Pre-development or forest condition simulations provide statistical indices by which
current and future hydrologic conditions of BPA streams and the Cedar River can be
judged. Field observations show that streams draining catchments and subbasins where
forest cover has been undisturbed for several decades tend to be more geomorphically
stable, provide more and better aquatic habitat, evidence higher water quality, and have
much lower flood peaks than catchments where forests have been cleared.
Consequently, the pre-development stream flow regime is assumed to represent a
benchmark from several points of view. For the purposes of hydrologic simulations,
pre-development stream flows were generally represented solely by converting all
currently observed grass and impervious land-type areas to forest cover land-types.
There were two notable exceptions to this rule. First, in the Cedar Hills Subbasin, both
forest cover and outwash soil replaced mined areas modeled as grass-tills under current
conditions because of the past removal of outwash by mining operations. Second,
existing, constructed sediment or retention/detention ponds are eliminated from flow
routing in a few subbasins such as Madsen Creek.
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Current cover conditions in the BPA were determined primarily from aerial photos taken
in July, 1989. Photogrammetric data were supplemented to determine catchment
land-type composition using zoning, soils and topographic maps, as well as field
reconnaissance during 1990 and 1991.

Future conditions in the BPA were modeled by assuming the maximum level of land
development allowed under current (1992) zoning by the comprehensive plans for
Newcastle, Soos Creek, and Tahoma-Raven Heights in King County and the City of
Renton Comprehensive Plan, as well as the Growth Management Act (GMA).

Future conditions were modeled with two scenarios, development with mitigation and
development with no mitigation. The mitigated scenario included the following
assumptions:

1 Future development in medium or higher density zones is mitigated by
construction of retention/detention (R/D) ponds that are designed to maintain
2-year and 10-year return period storm discharge levels at their pre-development
levels (King County SWM Design Manual, 1990).

2. Future development in all low-density zones includes no mitigation because most
of this development is expected occur as projects that would be too small to be
governed by R/D pond regulations.

Under the unmitigated future scenario, R/D ponds are not included regardless of zoning.

The same (current conditions) SEAFM simulated record of hourly inflows at Landsburg is
utilized for all development scenarios in modeling BPA mainstem flows. Thus, current
and future simulation results in the lower Cedar River reflect past and anticipated future
changes within the BPA given constant conditions in the upper basin.

3.4 CHARACTERIZATION OF BASIN STREAM FLOWS

GENERAL

The focus of this section is stream flow in the BPA tributaries and the mainstem of the
Cedar River below the SWD's diversion at RM 21.6. However, conditions in this part of
the mainstem are greatly affected by inflows from the upper basin. Consequently, the
discussion of stream flows in this section is divided into three parts: upper basin effects,
BPA tributary stream flows, and BPA mainstem flows.
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UPPER BASIN EFFECTS

Flows in the Cedar River are greatly affected by the City of Seattle's water supply and
power generation facilities in the upper part of the basin. A schematic of these facilities is
shown in Figure 3-2. The Overflow Dike and Masonry Dam, located at RM 37.2 and
35.6 impound stream flows in Chester Morse Lake from an area of 78.4 square miles,
which represents 65% of the upper basin and 42% of the total Cedar River Basin area.
The water surface elevation-storage relationship for these dams is shown in Figure 1 of
the Hydrology Appendix at the end of this chapter. The area above the dams is mostly
mountainous, forested terrain that receives substantially more snow and rain than lower
areas. Over 50% of the water yield of the entire basin passes through the reservoir
(Chester Morse Lake). At RM 21.6, above Landsburg, a diversion dam allows the SWD
to withdraw up to 340 cfs from the river, although the amount of water actually
withdrawn depends on seasonal municipal and industrial demand, instream flow
requirements, and the amount available from upstream. On average the SWD diverts
190 cfs, which is somewhat in excess of the amount of the average flow contributed by
the BPA between the diversion and the mouth of the river. Thus, the average Cedar
River flow as measured by the USGS gage in Renton (638 cfs) is somewhat less than the
average flow as measured by the USGS upstream of the diversion near Landsburg (682
cfs).

Table 3-2 shows the relationship among the upper basin flows, SWD diversions, BPA
flow contributions and Renton flows on a monthly basis. On average, 77% of the Cedar
River's flow at Renton is contributed from the upper basin and 23% comes from the BPA.
Historically, the SWD has diverted an average of 28% of the flow of the upper basin for
water supply purposes.

Seattle may release water from Chester Morse Lake via several outlets depending on
upstream inflows, reservoir levels, and downstream needs. These outlets include power
generation penstocks with a total capacity of approximately 750 cfs, a low level outlet
with a maximum capacity of 650 cfs, a service spillway with a maximum capacity of
4,400 cfs, and three gated emergency spillways with a combined maximum capacity of
70,000 cfs.

The emergency spillway gates were installed as part of the "Headworks Improvement
Project” (R.W. Beck 1988) completed by Seattle in 1988. This installation was required by
the Department of Ecology, Dam Safety Section to allow Masonry Dam to pass the
probable maximum flood (PMF) without exceeding safe water surface elevations or
overtopping. Since the PMF is supposed to represent the largest flood event theoretically
possible, its probability of occurrence is vanishingly small. Thus, the installed emergency
spillway capacity of 70,000 cfs is many times the maximum discharge of record on the
Cedar River (14,200 cfs, USGS, 1992), which occurred in 1911 at Landsburg as a result
of flashboard failure at the timber crib dam (a precursor to the current Overflow Dike).
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Figure 3-2
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Table 3-2 Mean Monthly Flows and Diversion Rates

Month Upper Basin' (CFS) Diversion’ (CFS) BPA® (CFS) Renton' (CFS)
January 1020 186 284 1118
February 940 186 248 1002
March 802 193 237 846
April 765 195 169 739
May 774 192 112 694
June 727 215 98 609
July 450 252 68 266
August 366 239 56 183
September 344 163 56 236
October 397 130 67 335
November 630 153 133 610
December 966 181 235 1020
Mean

Annual 682 190 147 638

'From USGS gage data, 1962-1989
’From Seattle Water Department (SWD) data, 1962-1989
*From flow balance (BPA = RENTON + DIVERSION - UPPER BASIN)

Water released through Masonry Dam via the spillways or low-level outlet flows directly
into the Cedar River channel immediately below the dam whereas flows released through
the power penstocks return to the Cedar River below the power house at RM 33.7.

City of Seattle Water Rights and Instream Flow Targets

Seattle claims a water right to divert an average annual flow of 300 MGD (464 cfs) from
the Cedar River (URS, 1981). As shown in Table 3-2, this claim is more than twice the
rate of diversion that has been made in recent decades. However, in drought years, even
historical average diversion rates may pose problems for downstream fish resources,
water levels of Lake Washington, and the operations of the Hiram Chittenden Locks. In
recognition of these issues, the City of Seattle cooperates with interested parties including
the Department of Ecology (DOE), Department of Fisheries (DOF), Department of Wildlife
(DOW), the Corps of Engineers (COE), and the Muckleshoot Indian Tribe to set minimum
target flow levels (instream flows) at Renton. The purpose of these flows is primarily to
protect fishery resources in the Cedar River, and secondarily to maintain a minimum
water surface elevation in Lake Washington (R. W. Beck, 1988), and to allow operation of
the Hiram Chittenden Locks for boat passage from Lake Washington and Lake Union to
Puget Sound. The minimum instream flow targets are presented in Table 3-3. By
consensus of the agencies involved, 1992 was designated "critical", and lower flow
targets were invoked in recognition of the prevailing drought conditions in the region.
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Table 3-3 Instream Flow Target Levels at Renton

Month Normal Minimum (cfs) Critical Minimum (cfs)
January 370 250
February 370 250
March 370 250
April 370 250
May 370 250
June 340 215
July 160 110
August 130 110
September 170 110
October 270 180
November 370 250
December 370 250

Limits on Masonry Pool Levels

The portion of Chester Morse Lake immediately upstream of Masonry Dam (Masonry
Pool) has exhibited leakage into porous glacial soils on the north side of the pool,
upstream of the dam (Bliton, 1989). Between 1916 and 1918 the pool was drawn down
and various techniques were employed to seal the leaks. These techniques were not
successful. In December of 1918, during the refilling of Masonry Pool, seepage caused a
build-up of pressure in the Cedar embankment, which was suddenly relieved by a
disastrous landslide and flood (the "Boxley Burst") in Boxley Creek, more than a mile north
of the dam in the neighboring Snoqualmie River basin. Ever since, Seattle has limited

Masonry Pool water elevations. In 1974, 1975, and 1976, the Seattle District U.S. Army
Corps of Engineers (COE) and the Seattle Water Department conducted a joint study of
the effect of Masonry Pool elevations on groundwater, stream (including Boxley Creek),
and lake levels in the affected area north and west of the dam (COE, 1979). COE
recommendations and selected data from this study were subsequently incorporated into
a geotechnical consultant's report (Shannon and Wilson, 1976) that concluded that
Masonry Pool levels should be limited to an absolute maximum of 1,570 feet during peak
flood conditions lasting up to a week and a maximum of less than 1,565 for periods of up
to a few months. These limits were one of the reasons for the installation of
PMF-capacity, emergency spillway gates, which was completed in 1988.

Compared to the original (1914) spillway elevation of 1,588 feet, the 1,570-foot limit has
resulted in a loss of approximately 44,000 acre-feet of storage, which would otherwise
have been available for water supply, power generation, or flood control purposes.
Coincidentally, 44,000 acre-feet is roughly the same amount of storage as is still available
under current flood-season operations between elevation 1,550 feet and 1,570 feet.
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Effects of Seattle Water Department's Facilities on Mainstem Flow Regime

The effect of the City of Seattle's facilities on river flows between Landsburg and Renton
depend in large measure on how those facilities are operated. These effects may be
broadly categorized as wet season, flood-flow effects and dry season, low-flow effects.
Under most circumstances, dams add to storage in a river system and consequently
reduce downstream flood discharges. However, structural or operational failures can
cause a dam to aggravate or cause a flood. Structural failure generally refers to a partial
or complete rupture of a dam or its abutments and results from improper dam siting,
design flaws, faulty construction, or other factors. Operational failure refers to sudden
increases in reservoir outflows caused by overly rapid or excessive opening of flood gates.
Electrical, mechanical, or logical malfunctions of gate control systems, as well as human
error, can all contribute to operational failure. Such failures can cause reservoir
discharges that are larger than peak reservoir inflows during a flood event and thus
increase downstream flooding.

Flood operations for the Masonry Dam are defined by Seattle's "Operations and
Maintenance Handbook - Cedar Falls Headworks Masonry Dam and Overflow Dike"
(R.W. Beck, 1988). These operational instructions are designed to preclude most failures
of the operational type from occurring at Masonry Dam. Basically, the handbook
stipulates that during the flood season (October 1-March 31) the service spillway gate
(4,400 cfs capacity) is to remain fully open. According to the handbook, this spillway is
designed to pass floods up to the 100-year event without exceeding a reservoir level of
1568 feet. The emergency spillway gates (70,000 cfs capacity), however, are to be
opened only under very infrequent, well-defined circumstances in which high reservoir
elevations (greater than 1,560 ft) coincide with high rates of increase in reservoir level
indicating extreme flood conditions. Under these conditions, the emergency spillway
gates are to be opened only enough to arrest excessive increases in reservoir level and
thus protect the dam's stability.

Masonry Dam spillway configurations are somewhat problematic in that emergency spills
require carefully considered human intervention informed by continuous monitoring of
reservoir levels. Additionally, emergency spills require the reliable functioning of complex
circuitry, large electric motors, and machinery under what are likely to be less than
optimal environmental conditions. Though the physical plant and associated procedures
outlined in the handbook appear adequate to protect the dam from unsafe water levels
and excessive discharges, the emergency spillway system at Masonry Dam is significantly
less reliable than a free overfall spillway like the service spillway (with gate open).
Unfortunately, the service spillway does not have sufficient capacity to accommodate
emergency conditions.
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Figure 3-3
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Estimated Effect of City of Seattle Current Operations on Mainstem Floods

The COE has studied alternative operating scenarios for Masonry Dam for the purposes
of reducing flood damage in Cedar River (COE, 1990). Part of that work included a
computer simulation study of the effect of current dam operations on annual flood
frequencies at Renton. The COE estimated that the 100-year flood is reduced by
approximately 33% from 18,000 down to 12,000 cfs and the 10-year flood is reduced by
46% from 12,000 down to 6,500 cfs for pre-dam conditions as compared with current
dam operating conditions (see Figure 3-3) . According to this analysis, the flood
attenuation effects of Masonry Dam and the Overflow Dike are substantial; however, it
should be noted that the pre-dam analysis (upper curve in Figure 3-3) did not account
for storage effects of Cedar Lake, a natural, smaller impoundment (some 25,000 ac-ft in
size) that was inundated by Chester Morse Lake when the timber crib (precursor to the
current Overflow Dike) dam was built in 1904. If it is assumed that the active storage in
the lake was small in comparison to its volume, then the effect of Cedar Lake on
pre-dam flood flows was probably minor, especially for larger and less frequent flood
events. Thus, the pre-dam curve in Figure 3-3 would be only slightly high as a result of
ignoring the lake's effect. Another factor to consider in evaluating the apparent flood
reduction benefits shown in Figure 3-3 is the potential for significant human errors in
dam operations and/or mechanical failures to degrade flood protection performance
below what is implied by the difference between the two flood frequency curves. These
types of contingencies are rare and very difficult to model.

Potential for Additional Flood Mitigation by Masonry Dam

In spite of the partial flood mitigation benefits of Seattle's current and past operations of
Masonry Dam, substantial flood damages still occur between Landsburg and Renton (see
Chapter 4: Flooding). Consequently, there has been a continuing interest in recent years
on the part of both citizens and public agencies in securing additional flood protection for
the lower Cedar River. Responding to these concerns, in 1986 the city of Seattle began a
cooperative study with King County, the City of Renton, and the DNR. The cooperators
contracted the COE to evaluate alternative operations of Masonry Dam to reduce flood
damage along the Cedar River. Although the COE study was never completed,
preliminary results illustrated several important points that should be addressed in the
analysis of any proposed operational alternative:

a. Masonry Dam has limited potential to control flows in Renton, because some flood
waters enter the Cedar River downstream of the dam. The COE used the
Streamflow Synthesis and Reservoir Regulation (SSARR) model to investigate the
feasibility of changing Masonry Dam flood operation to limit discharges at Renton
to less than 4,000 cfs. They found that the dam could only maintain this level of
control up to a 20-year return period rainfall event because of inflows to the
Cedar River from tributaries downstream of the dam.
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b. Changes in dam operation to reduce the frequency of very high annual flood
peaks may increase the incidence and duration of lower, but still damaging,
discharge levels. For example, the COE investigated one scenario that controlled
flows in Renton at 4,000 cfs, but as a consequence the frequency and duration of
discharges approaching the 4,000 cfs level increased. This resulted from the
stipulation that flood storage taken up by an initial storm event should be rapidly
recovered by power penstock and spillway discharges in order to provide storage
for a subsequent flood event. The scenario was not acceptable to the City of
Seattle and its cooperators because of anticipated flood and resource damages of
discharges approaching the 4,000 cfs level.

0 Flood storage behind Masonry Dam is constrained by Seattle's primary obligation
to provide its customers a reliable water supply. The COE found that annual peaks
at Renton ranging from the 5-year to 100-year events could be significantly
reduced without increasing the frequency of smaller flood peaks if reservoir levels
were dropped from 1,546 to 1,540 feet during the flood season. Additionally,
flood peaks in Renton could be controlled to less than bankfull discharge (5000
cfs) for events up to a 50-year return period. The SWD analyzed the effects of
the COE's proposed scenario (Greenburg, 1990) and found that the firm yield of
the reservoir would be reduced from 116 MGD down to 113 MGD. The cost of
this loss was estimated "at a net present worth of $3 million for the project life"
(COE, 1990).

d. The benefits of controlling flows to specific levels in Renton are dynamic. The
COE (1990) noted that sedimentation of the channel between Interstate 405 and
the mouth reduces channel capacity and lowers the threshold of nondamaging
discharges. In contrast, dredging the channel would potentially maintain or
increase that threshold (see Chapter 4: Flooding and Chapter 5: Erosion and
Deposition).

King County (Bean, 1991) has made a preliminary analysis of an alternative flood-season
operational strategy for the Masonry Dam that differs from previous approaches. This
option would utilize a series of flood target discharges instead of a single one. Analysis
suggests that both improved floodplain and fish resource protection might be possible
given 45,700 ac-ft of fully controlled flood season storage at Chester Morse Lake.
Although this analysis is very approximate in that it made no attempt to specifically model
Masonry Dam's outlet works or to consider flood effects of uncontrolled local inflows
downstream of the dam, the concept of a series of target dam releases may bare further
investigation.
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Based on past experience, the following points must be addressed in the evaluation of
alternative flood control scenarios for Masonry Dam:

1.

Any losses of power production and firm water yield resulting from changing
Masonry Dam operations must be quantified, evaluated and reviewed by the City
of Seattle and other agencies involved in water resources concerns on the Cedar
River.

Hydrologic routing analysis should be utilized to account for modification of floods
between Landsburg and Renton when comparing current Masonry Dam operation
with alternative scenarios.

Benefits of flood control levels in Renton should be judged in relation to channel
capacity, which is potentially changeable due to continued sedimentation or future
dredging.

Durational analysis of flood flows resulting from current and alternative operational
scenarios should be performed to assess comparative benefits for fish resources
and sediment transport regimes of the mainstem.

Safety and reliability ramifications of service and emergency spillway gate
procedures need to be evaluated for both current and alternative flood operation
scenarios.
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Figure 3-4
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Estimated Effects of City of Seattle Facilities on Low Flows

The current and potential future effects of SWD diversions on low flows in the Cedar
River can be estimated from current stream flow gage records. Figure 3-4 shows a
comparison of mean monthly discharges at the river's mouth for the following scenarios:

1. Pre-dam, pre-diversion conditions (triangles)

2. Current, 123 MGD diversion (pluses)

3. City of Seattle water claim, 300 MGD diversion (asterisks)
4, Normal instream target flows (squares)

Pre-dam, pre-diversion conditions in the lower Cedar River were estimated by
reconstructing the pre-dam, mean monthly flows from the upper basin and adding mean
monthly flows from the BPA. The upper basin, pre-dam, monthly flows were estimated
based on an annual mean flow of 682 cfs with a monthly distribution based on USGS
gage records for natural, uncontrolled streams in the upper basin. Two gages were used;
the gage located 1.4 miles upstream of Chester Morse Lake on the Cedar River, and the
gage on Taylor Creek (not the same Taylor Creek as in the BPA) near Selleck, which is an
uncontrolled tributary entering the river between Masonry Dam and Landsburg. The
resultant pre-dam, monthly distribution at the River's mouth plotted in Figure 3-4 reflects
a Cedar River system with neither active reservoir storage nor diversion of water.

The effect of current dam operations and water diversions on the mean monthly flow
regime at Renton is shown by comparing pre-dam (triangles) with current conditions
(pluses) curves in Figure 3-4. Aside from the obvious reduction in flow throughout the
year, current operations have had the effect of eliminating the second, May peak from the
natural hydrograph, which had resulted from the melting of the winter snowpack in the
Cascades. Less dramatic, though perhaps more important from the standpoint of fish
resources, current condition low flows from July through October are on average from 9
to 40% less than pre-dam conditions.

The line connecting the asterisks in Figure 3-4 represents a hypothetical hydrograph of
mean monthly flows in Renton with a diversion equivalent to the City of Seattle's water
right claim of an average annual withdrawal of 300 MGD. This hydrograph was
constructed assuming that the future monthly flow diversions would be distributed
through the year in the same pattern as they are currently and that no additional reservoir
storage would be added in the upper basin (the City of Seattle Watershed). The resultant
hydrograph shows that mean monthly flows would routinely violate the normal instream
flow requirement from June through October. Additionally, from July through September,
the diversions would require more water than the current total river flow at Landsburg for
those months. Thus, without additional upper basin storage, the 300 MGD diversion is
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not even physically possible in a water year with average monthly flows. Thus, increasing
diversions on the Cedar River, or for that matter significantly enhancing the reliability of
both the current 123 MGD diversion and instream flows, depends on additional storage.
Although definition of the amount of additional storage required to accommodate the
300 MGD diversion is beyond the scope of this study, it would certainly be considerable
in comparison to the amount of storage currently available at Chester Morse Lake.

BPA TRIBUTARY STREAM FLOWS

Continuous HSPF simulations of over 42 years of stream flows in each BPA subbasin
tributary were conducted to characterize flow regimes under pre-developed, current, and
future conditions. Simulations produced a 42-year time series of hourly discharges for
each modeled flow element of each subbasin.

Water Yield

Average annual water yield of a basin is the portion of precipitation that discharges as
stream flow. Expressed in another way, it is the remaining portion of average annual
precipitation after evaporation, transpiration and deep percolation below the surface
drainage system have been subtracted. In the absence of water diversions from a basin,
average annual water yield equals the product of mean annual flow (e.g., cfs) and time
(e.g., the number of seconds in a year) divided by the basin area (e.g., ft’). Water yield is
usually reported as depth in the same units as rainfall or as a percentage of rainfall.

Average annual simulated water yield for each of the tributary subbasins is tabulated in
Table 3-4. For current conditions, water yield varies among the subbasins from 48 to
60% of precipitation. Water yield variations among subbasins depend on basin
characteristics such as soils, cover, and the presence or absence of lakes. Land
development and urbanization generally increase water yield in a basin. Areas cleared of
forest cover infiltrate and transpire less water and produce more frequent and higher rates
of surface runoff. Consequently, total evaporative loss from the subbasin diminishes and
surface water yield increases. A fair correlation (¥ = 0.67) exists between clearing and
development of forested till soils and increases in water yield as shown in Figure 3-5.
The percentage increase in water yield over pre-developed, forested conditions rises
linearly with percentage of the basin that has been deforested. Scatter about the
regression line is largely the result of differences in land-type composition of deforested
land among the subbasins. Conversion of forested land to impervious surface causes a
larger increase in total subbasin water yield than does a forest to grass conversion.
Likewise, conversion of forest to grass cover causes a larger water yield increase on till
soils than on outwash soils.
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Table 3-4 Catchment Water Yield (based on HSPF simulations)

Forested Current Future
Conditions Conditions Conditions
Mean water water water water water water
Area  Annual Rain yield vyield yield yield yield vyield

Catchment (acres) (in) (in) (%) (in) (%) (in) (%)
Ginger 634 419 19.2 45.8 26.0 62.1 27.4 65.5
Maplewood 1099 43.1 20.6 47.7 25.3 58.8 29.4 68.4
Molasses 1161 453 254  56.1 29.2 64.4 319 703
Madsen 1419 45.7 23.9 52.2 294 64.3 31.2 68.3
Orting Hill 650 45.7 26.7 583 30,6  66.9 32.1 70.2
Summerfield 140 45.7 25.8 56.4 27.0 59.1 30.5 66.8
Cedar Grove 723 457 26.4 57.8 28.8 63.1 30.9 67.5
Cedar Hills 805 44.4 248 56.0 28.1 63.3 30.1 67.8
Webster 596 444 24.8 55.9 26.2 59.1 28.8 64.8
Taylor 3311 48.7 27.4 56.3 29.6 60.8 315 64.7
Peterson Ck 4043 444 19.3 43.6 21.1 47.5 24.7 55.7
Dorre Don 860 51.4 29.8 58.0 31.0 60.3 35.5 69.0
Rock Creek 7695 54.1 30.3 55.9 31.0 57.4 38.5 710
Walsh Lake 4218 54.1 28.0 51.8 28.0 51.8 28.0 51.8

Mean Annual Flow

Mean annual flow is used to determine whether the filling of woodlands adjacent to a
channel is subject to U. S. Army Corps of Engineers (COE) "Nationwide 26" permits (flow
less than 5 cfs) or COE "Individual Section 404" permits (flows equal to or greater than 5
cfs). Channels with mean annual flows greater than 20 cfs are considered a "Shoreline of
the State" and are designated Class 1 under the King County Sensitive Areas Ordinance,
and as Type 1 in the King County Surface Water Design Manual. Map 7 (Appendix B)
presents mean annual flow at the outlets of all modeled tributaries and at upstream
catchments where mean annual flow is at or above the COE's 5 cfs threshold under
current conditions.

As shown in Map 7 (Appendix B), Rock creek Exceeds the 20.0 cfs shoreline threshold
from its confluence with the Cedar River upstream to approximately RM 1.7. This is
based on the natural mean annual flow of Rock Creek. Gage data (USGS, 1985)
spanning the 28-year period from 1946 to 1973 indicate a mean annual flow of 20.0 cfs
ar RM 0.1. However, two major and an unknown number of minor diversions lowered
the creek's mean annual flow and continue to do so today.

One major diversion directs a significant portion of drainage from Lake No. 12 and
Wetland 92 at RM 4.4, Tributary 0339 in catchment R-7. The ditch has partially drained
the lake and wetland to the Green River, at least since the early 1960s (Wolcott, 1965).
A field check in the spring of 1993 indicated that the ditch diverted approximately a third
of the flow (5.0 cfs) on that day.
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Figure 3-5
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The second major diversion of Rock Creek is make by the city of Kent at its Clark Springs
site (RM 1.7 of Tributary 0338 in catchment R-2). Kent has diverted water for municipal
use from this site since the early 1900s. USGS records suggest that diversions increased
form less than 1.0 to 4.0 cfs during the 1946-1973 gaging period. Kent's diversions
continue today and have averaged 6.2 cfs in recent years—26% of Rock Creek's mean
annual flow. More importantly, current diversions represent the majority of the creek
flow during the low-flow months of September and October. For example, for two
weeks in October 1992, only 1.7 cfs remained in the creek while the City of Kent
diverted 5.8 cfs (City of Kent, 1992). The depletion of flows in Rock Creek and
associated downstream fish resource problems have been a concern for several years

(DOF, 1984).

According to Department of Ecology records (DOE, 1993a, 1993b) Kent holds one
certificate of surface water right for 5.0 cfs, and two certificates of ground water rights-
one for 5.0 cfs and the other for 12.0 cfs associated with their facilities on Rock Creek.
Kent does not currently exercise the surface water diversion right because of water
quality concerns, but uses an infiltration trench to collect water directly under and
adjacent to the stream - as permitted by in their 5.0 cfs groundwater certificate. The
other groundwater certificate for 12.0 cfs permits pumping from shallow wells adjacent to
the Creek. These pumps have rarely been used because the sustained yield from
pumping is no greater than the diversion by gravity using the infiltration trench.
Additionally, the certificate that authorizes pumping also requires maintenance of
minimum instream flows while the two other certificates do not.

There are several outstanding questions regarding Kent's diversions on Rock Creek:

1. How much of Rock Creek's flow is allocated to Kent- i.e., to what extent are the
three certified rights additive or mutually exclusive?

2, What threshold activates the instream flow requirements specified on the 12.0 cfs
groundwater certificate? For example if Kent diverts more than the 5.0 cfs limit
specified on the infiltration trench certificate as they apparently have in recent
years (6.2 cfs), are the instream flow requirements specified by the pumping permit
supposed to be activated?

3. If an opportunity to augment Rock Creek minimum flows arose, would the
instream flow regimen specified in Kent's 12.0 cfs groundwater certificate be
adequate for maintenance of downstream fish habitat?

Maximum Annual Flow Frequencies

Maximum annual flow levels (quantiles) for 2, 5, 10, 25, 50, and 100-year return periods
were calculated for forested, current, future-mitigated (with standard detention ponds),
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and future-unmitigated (no detention ponds) conditions. For example, the 25-year
discharge at the outlet of Maplewood Creek (Q,;) is currently 97 cfs. This suggests that if
current conditions persist, the maximum discharge at the creek outlet in any given year
would have a 1 in 25 (or 4%) chance of equaling or exceeding 97 cfs. Flow quantiles for
the outlets of each subbasin in the BPA are shown in Table 3-5. More detailed
simulation results for all modeled catchments are tabulated in Table 3 of the Hydrology
Appendix at the end of this chapter.

Flood Intensity Index (FlII): The flow quantiles in Table 3-5 are individually useful for
hydraulic analysis and design; however, it is easier to characterize the flood-flow behavior
of each subbasin using a single number. For purposes of this discussion, the Fll is defined
as the 25-year return-period discharge divided by the subbasin area in square miles.

Table 3-5 Peak Annual Flow Quantiles of BPA Tributaries

Return Period

Tributary 2 5 10 25 50 100
Ginger Creek Forest 17 27 35 47 57 69
Current 63 86 101 121 137 152
Fut/mit 63 85 101 123 140 157
Fut./Un 69 93 111 134 152 172
Maplewood Creek Forest 20 33 42 54 64 73
Current 51 69 81 97 109 120
Fut/mit 65 82 94 109 121 133
Fut./Un 98 125 143 168 187 207
Molasses Creek Forest 35 56 72 96 116 138
(Fairwood) Current 96 131 153 180 200 220
Fut/mit 99 132 154 183 205 227
Fut./Un 130 171 200 238 268 299
Madsen Creek Forest 48 75 96 127 153 182
Current 132 182 217 262 297 331
Fut/mit 145 199 236 284 321 360
Fut,/Un 156 213 251 302 341 382
Orting Hill Forest 29 44 56 74 90 108
(Jones) Current 54 77 93 114 130 147
Fut/mit 52 73 89 112 131 151
Fut./Un 88 117 136 160 177 195
Summerfield Forest 5 8 9 12 13 15
Current 4 6 7 8 9 9
Fut/mit 6 7 9 11 12 14
Fut/Un 7 8 10 13 14 16
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Cedar Grove Forest 40 55 65 79 88 99
Current 59 79 92 109 121 134
Fut/mit 60 79 93 112 128 144
Fut/Un 84 110 129 154 174 196
Cedar Hills Forest 6 8 9 11 12 13
Current 8 11 13 15 16 18
Fut/mit 11 15 18 21 24 28
Fut./Un 11 15 18 21 24 28
Webster Lake Forest 5 6 7 8 8 9
Current 5 7 8 9 10 11
Fut/mit 7 7 10 12 14 15
Fut/Un 7 9 10 12 14 15
Taylor Creek Forest 105 142 166 194 216 236
Current 134 181 209 241 262 282
Fut/mit 150 209 251 308 353 400
Fut/un 150 209 251 308 353 400
Peterson Creek Forest 86 141 180 233 275 319
Current 104 171 218 281 329 377
Fut/mit 151 221 268 329 374 419
Fut/un 176 258 311 377 424 471
Dorre Don Forest 23 38 49 65 78 91
Current 34 53 56 85 99 115
Fut/mit 59 84 102 126 145 164
Fut/un 59 84 102 126 145 164
Rock Creek Forest 70 112 136 190 227 264
Current 80 130 158 221 264 308
Fut/mit 117 203 256 371 453 538
Fut/un 125 214 268 389 475 566
Walsh Lake Ditch Forest 79 95 103 113 120 127
Current 79 95 103 113 120 127
Fut/mit 79 95 103 113 120 127
Fut/un 79 95 103 113 120 127

Choice of the 25-year discharge is somewhat arbitrary; however past experience has
shown that it often approximates the mean of the 2, 5, 10, 25, and 100-year discharges.
The 25-year flow is divided by the basin area to facilitate comparison of the flood
characteristics of subbasins of different sizes. Thus, the Fll is useful both for tracking the
flood effects of development within a subbasin as well as for comparing the flood
behavior of different subbasins. Fll values for each subbasin under forested, current, and
both future conditions are given in Table 3-6.
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Table 3-6 Flood Intensity Index Values (Q,./Area in cfs/mi’)

Tributary Forested Current Future-Mit Future-Un
Ginger Creek 47 .4 122.1 124.2 135.3
Maplewood Creek 314 56.5 63.4 97.8
Molasses Creek 52.9 99.2 100.9 131.2
Madsen Creek 57.3 117.6 127.4 136.2
Orting Hill 69.4 107.0 105.0 150.1
Summerfield 54.9 34.3 48.0 57.2
Cedar Grove 69.9 96.5 99.1 136.3
Cedar Hills 8.7 11.9 16.7 16.7
Webster Lake 8.6 9.7 12.9 12.9
Taylor Creek 40.4 50.1 76.7 76.7
Peterson Creek 36.9 44.5 50.3 59.6
Dorre Don 48.4 63.3 93.7 93.7
Rock Creek 15.2 17.7 29.6 31.1
Walsh Lake Ditch 17.1 171 171 17.1

Forested Conditions: Under forested or 'natural' conditions, human impacts associated
with land development are removed and Fll variations among the subbasins are largely a
function of variations in geology, soils, slopes, rainfall, the distribution of lakes, and other
natural factors. Under forest conditions, the subbasins in the BPA can be divided into
three categories, depending on their Fll values: high, medium, and low.

The high category includes Cedar Grove, Orting Hill, Madsen, Summerfield, and Molasses
with forest Fll values greater than 50 cfs/square mile. These subbasins do not have lakes
to buffer flood runoff and they are strongly dominated by till soils, which exhibit much
higher storm runoff than outwash soils.

The medium group includes Ginger Creek, Dorre Don, Taylor, Peterson, and Maplewood
with values between 30 and 50. In this group, Peterson flood intensities are moderated
by the presence of Lake Desire, Spring (Otter) Lake, Shady Lake, and Peterson Lake
accounting for about 9% of the subbasin area. Taylor Creek Subbasin has a similar
percentage of its area in wetlands as well as 23% outwash soils. There are no obvious
physical differences between the subbasins in the high group and Ginger Creek, Dorre
Don, and Maplewood Subbasins of the middle group; however, simulation results
supported by field data indicate that they do in fact have lower flood peaks.

The low group includes Rock Creek, Walsh Lake, Cedar Hills, and Webster Lake. Rock
Creek peaks are greatly attenuated by the dominance of outwash soils, which cover 73%
of the subbasin area. Outwash soils combined with significant surface-water storage
from lakes or large ponds with highly restricted outlets account for the very low flood
intensity index values associated with Walsh, Cedar Hills, and Webster Lake Subbasins.
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Current Conditions

Current Fll values reflect both natural variations among the subbasins and hydrologic
impacts of land clearing and development. The effect of land development is dramatically
illustrated by the difference in subbasin flood index ranking between forested and current
conditions. For example, under forested conditions, the Ginger Creek Subbasin is
estimated to produce the sixth highest Fll, while under current conditions, it produces the
most intense flood peaks of all the subbasins. This is the direct result of the conversion of
84% of Ginger Creek Subbasin's area to high-density residential land use and 9% to
commercial use, making it by far the most urbanized subbasin in the BPA under current
conditions. '

As shown in Table 3-6, the more urbanized subbasins in the lower part of the BPA
(Ginger, Maplewood, Molasses, Madsen, Orting Hill and Cedar Grove) have experienced
an average increase in flood peaks of 87% over pre-developed, forested conditions. This
increase results from a conversion of 60% forest cover to 43% high-density residential,
14% low-density residential and 3% commercial development. Summerfield Subbasin is
exceptional- while urbanization has claimed 33% of its forest cover, its current flood
peak index value is 38% less than the value for forested conditions. This apparent
contradiction results from the recent construction of a storm water diversion pipe that
re-routes runoff from about the upper 50% of the subbasin. Consequently, the natural
stream channel drains only half the original subbasin area.

Development has been less intense in the upper part of the BPA (Cedar Hills, Webster
Lake, Taylor Creek, Peterson Creek, Dorre Don, and Rock Creek subbasins)-
consequently, flood peaks have only increased by an average of 26%. This increase
results from an average loss of 36% forest cover to 19% low-density residential, 14%
grassed open space, and 3% high-density residential and commercial uses. Walsh Lake
Ditch Subbasin represents another special case. The ditch only drains Walsh Lake and its
surrounding tributary area. This area has been in forest cover for an extended period and
is expected to remain so. Thus, peak flows for forested conditions are assumed also to
be valid for current and future conditions in the Walsh Lake Ditch. It should also be
noted that the lack of a difference in forested, current, and future peak flows in the ditch
is not as suggestive of stable channel conditions as it would be for the natural streams
draining the other subbasins (see Chapter 5: Frosion and Deposition).

Future Conditions with and without Mitigation

Future conditions assume full build-out or maximum land development consistent with
current zoning. This includes the conversion of forest cover to grass or impervious cover
in all areas not explicitly zoned for forest use. Under current regulations, land developers
are generally required to install retention/detention (R/D) ponds to mitigate the
hydrologic impact of urbanization on streams (King County, 1990). These ponds are
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designed to receive and detain the increases in surface runoff and interflow caused by the
replacement of forest cover with less pervious grass cover and impervious surfaces. The
ponds release storm water at a lower rate than the inflow rate but over a longer period of
time. Thus, potential increases in stream flood peaks caused by development can be
substantially reduced. '

For comparison purposes, future conditions simulations were conducted both with R/D
pond mitigation and without mitigation. Ponds were included in the future-mitigated
simulations by designing a series of typical R/D ponds using the modified, 7-day,
SCS-SBUH (Barker, 1992) procedure. This method is intended to limit 2-year and
10-year discharge levels after development to their pre-development levels. These
ponds may be larger by 100% or more than ponds designed using methods outlined the
1990 Surface Water Design Manual. Those methods have been found to be inadequate
in meeting post-development discharge standards (Barker, 1992) and the current
methods are likely to be superseded sometime in 1993. Thus, use of the larger ponds in
the simulations was judged to be more realistic in representing future conditions even
though it is recognized that some urbanization will have been vested under the 1990
manual. As a result, the future-mitigated simulation results may slightly underestimate
peak discharges. R/D ponds were inserted as storage routing elements in each of the
catchments and long term simulations of full build-out conditions were conducted.
Surface runoff and interflow from all areas converted to medium or higher urban density
were routed through the ponds. It was assumed that areas to be converted from forest
to low-density residential uses would not require detention because this type of
development does not typically exceed regulatory thresholds.

Simulation results for both the future-mitigated (with R/D ponds) and future-unmitigated
(no ponds) are also summarized in Tables 3-5 and 3-6 and in Figure 3-6. This figure
depicts ratios of current, future-mitigated and future-unmitigated 25-year flood peaks to
forested 25-year flood peaks for each subbasin. For example a ratio of 2.0 for a
future-unmitigated condition signifies that without R/D pond construction, the future
25-year peak flow will be twice as high as the forested 25-year peak flow.

The BPA subbasins fall into three broad categories with regard to future conditions:

il Subbasins that are currently almost completely built out: These basins are
characterized by large (>2.0) current-to-forested peak ratios. Future-to-forest
ratios are not much larger than current-to-forest ratios because most development
has already occurred in these subbasins. This category includes Ginger Creek and
Madsen Creek.

2. Subbasins that will experience substantial conversions of current forest cover to
intense land uses: Owing to existing drainage regulations, these conversions are
assumed to be mitigated by R/D ponds. Subbasins in this category include
Maplewood Creek, Molasses Creek, Orting Hill, and Cedar Grove. In Figure 3-6,
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current-to-forest ratios are less than 2.0 for these sub-basins.
Future-mitigated-to-forest ratios are similar in size to current-to-forest ratios
reflecting the effectiveness of the R/D ponds. Both of these ratios are significantly
less than future-unmitigated-to-forest ratios.

3. Subbasins that will experience substantial future conversion of forest land to
residential, low-density uses: Owing to existing drainage regulations, this
conversion is not expected to be mitigated by R/D ponds. Consequently,
future-mitigated-to-forest ratios are not much less than
future-unmitigated-to-forest ratios. Both future-to-forest ratios are substantially
larger than current-to-forest ratios. Cedar Hills, Webster Lake, Taylor Creek,
Dorre Don and Rock Creek are in this category. Both Taylor Creek and Rock
Creek may be of special interest in this regard. Residents living near Taylor Creek
are experiencing flooding problems under current conditions and simulation results
suggest that peaks may increase up to another 53%. Rock Creek is a large
subbasin that is rich in fish habitat; flows in this subbasin may increase up to 67%
over current conditions.

Peterson Creek Subbasin is by itself in an intermediate category between groups 2 and 3
above. It is projected to experience significant increases in both high-density and
low-density residential development. Consequently, mitigation will reduce future peak
flows to a level between current and future-unmitigated conditions.

Simulation and analysis suggest that the subbasins that are most at risk from the point of
view of increased flooding are those that may undergo substantial low-density residential
development. These are the subbasins in the upper part of the BPA. The apparent
paradox of greater flood increases being caused by lower density development results
from current regulatory thresholds that allow low-density development to occur without
R/D mitigation. In the lower part of the BPA where more intense development is
expected, mitigation will generally be required. In these areas R/D ponds are generally
expected to be successful in reducing peak flows if they are sized using the 7-day design
procedure or its functional equivalent.

Caveats Regarding R/D Pond Mitigation

Some cautionary observations regarding mitigation of hydrologic impacts of urbanization
by R/D ponds should be raised. Even under ideal conditions, R/D ponds can not
completely protect streams from changes caused by development because they do not
truly mimic the behavior of complex drainage pathways that are characteristic of forested
conditions. Additionally, there may be several situations in which ponds may not perform
as designed. Some of the imperfections of R/D ponds include the following:

i They are limited by design to maintain discharges of specified return periods at
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their pre-developed levels. For example, in this study 2-year and 10-year
pre-developed levels were utilized in the design of R/D ponds in the
future-mitigated simulation scenario. Inevitably, frequency and duration of pond
discharge levels below the 2-year level will increase substantially over
pre-developed levels. Additionally, peaks with return periods greater than the
10-year level will also increase in spite of the pond.

2. R/D ponds do not reduce the concentration of flow caused by development.
Under pre-developed conditions, subsurface storm influent to a stream reach is
generally diffused along the length of the channel. Urbanization reduces
subsurface flow and increases surface flow that typically discharges at one point to
the channel. Although peak flows may be mitigated, discharge and flow energy
are still concentrated at a point.

3. Ponds must be properly located, constructed, and maintained. Inadvertent
bypassing of constructed ponds because of poor siting or upstream drainage
design, poor construction practices, or clogging of pond outlets are just some of a
host of problems that can greatly reduce a pond's performance.

4, R/D ponds are generally not designed for mitigation of water quality impacts of
urbanization. Although some incidental water quality benefits may result, the
actual water quality effects are uncertain but probably limited at best.

L R/D ponds are subject to vandalism or other tampering that may impair their
performance under critical storm conditions.

BPA MAINSTEM FLOWS

Hourly flows in the BPA mainstem were simulated using the SEAFM and HSPF models.
Simulation results represent the period from October 1948 through September 1989, or
forty water years. These flows were characterized in terms of mean annual flow,
maximum annual flow frequencies, and peak-flow durations.

Mean Annual Flow

Simulated mean annual flow at Renton for the forty-year period is approximately 668 cfs.
This is within 2% of the published mean flow of 675 cfs for the USGS gage at Renton
(USGS, 1992). This agreement suggests that the simulations do a good job of representing
the long term water balance of the basin. Simulated mean monthly flows differ more
with the gage record because of differences in the historical operations of Masonry Dam
and the set of consistent operations assumed for the simulations as discussed earlier.
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Figure 3-7
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Peak Annual Flow Frequencies

Figure 3-7 compares maximum annual flow frequencies for Renton based on the
forty-one-year simulation record (1948-89) with frequencies based on USGS gage data
for the same time period. Differences between the two frequency curves are mainly
confined to maximum annual flows with return periods of 5 years or less. These
differences are to be expected given that the simulation results reflect constant land-use
conditions in the BPA and current handbook operational rules at Masonry Dam, while the
historical record does not. The similarity of the larger annual maxima is helpful because it
suggests that additional gage data for water years 1990 (5240 cfs) and 1991 (10,600 cfs)
may be combined with the simulated annual maxima without significantly impairing the
homogeneity of the data set. The 1991 water year peak occurred on November 24 1990
and was the largest flood of record at Renton. lIts inclusion in the frequency analysis
greatly improves the estimation of more extreme events such as the 25, 50, and 100-year
return-period peaks that are important parameters in floodplain planning and regulation.

Figure 3-8 shows the extended flood frequency curve. Based on this curve, the following
discharge exceedance levels are estimated for the Cedar River at Renton: Q,=3,800,
Q,=4,900, Q,,=6,100, Q,,=8,000, Q,;=9,700, and Q,,,=11,100 cfs.

Peak flows in Renton are most often, though not always, correlated with and caused by
peak flows entering the mainstem from the upper basin. Figure 3-9 shows all of the
simulated daily maximum flows at Renton that exceeded 4,000 cfs over the 40 year
simulation period plotted against Landsburg (RM 21.0) maximum flows for the same days.
Over the simulation period, there were 53 days with maximum flows in excess of 4,000
cfs. For 42 of these days, flows at Renton can be very well estimated (within 15% error)
by simply adding 450 cfs to the Landsburg flows. For 11 of the days, however, the
relationship is not as good. It may be inferred from these results that a substantial
majority of flood flows at Renton can be largely attributed to inflows from the upper
basin. Typical simulated peak lag time between Landsburg and Renton is approximately
5.0 hours. Peaks at Landsburg come from two sources, the 65% of upper basin area
controlled by Masonry Dam, and the 35% of the upper basin area downstream of the
dam, which is uncontrolled. Generally, flows from BPA tributaries cause lower, earlier
peaks in Renton, which are followed by larger peaks from the upper basin. A minority of
flood peaks above 4,000 cfs at Renton are caused by a combination of inflow from the
upper basin and local flows from the BPA.

Figure 3-10 compares flood frequency curves for pre-developed, current,
future-mitigated, and future-unmitigated conditions. These curves reflect only the effects
of land-use change in the BPA; i.e., upper basin inflows were the same for all four
scenarios. As illustrated by the figure, BPA urbanization has and will continue to have a
noticeable albeit small effect on peak flows in Renton because upper-basin inflows
dominate peak flows in the mainstem. Under current conditions, peaks have increased
7% over forested conditions and will increase another 8% after future build-out.
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Figure 3-8

EXTENDED FLOW FREQUENCY CURVE
CEDAR RIVER AT RENTON 10/48-9/91
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Flood frequency curves for future-mitigated and future-unmitigated conditions are nearly
identical. Much of the BPA future development is projected to be low-density housing,
which is assumed to require no R/D facilities. Additionally, even if R/D facilities were
required for all future development in the BPA, significant reductions in peak mainstem
flows below future-unmitigated levels would not necessarily occur. Although tributary
peaks are attenuated by R/D ponds, they are also delayed and extended in time. Thus,
additional storage in the BPA tributaries could theoretically increase mainstem peaks in
Renton by synchronizing BPA tributary and upper basin flow contributions; although this
is not expected to occur to any significant degree.

Peak Flow Durations

As discussed above, peak flood flows at Renton are generally only about 10% higher than
at Landsburg. In contrast, durations of these flood flows are significantly longer inRenton.
Four durational analysis curves reflecting current conditions at RM 21.6 (Landsburg), RM
16.0, RM 13.0, and Renton are shown in Figure 3-11. The number of hours over the
period of record during which flow levels are exceeded consistently increases from
Landsburg downstream to Renton. Flows above 3,000 cfs occur at Renton for two to
three times as many hours as at Landsburg. Based on these results and the relationship of
flood peaks at Renton to peaks at Landsburg, it appears that the typical flood wave
traveling downstream from Landsburg diffuses while simultaneously it is augmented by
BPA tributary flows. The result at Renton is a flood hydrograph with a marginally higher
peak and a significantly longer duration than the influent hydrograph at Landsburg.

The effect of BPA urbanization on flood flow durations in Renton is shown in Figure
3-12, which shows increases in current and future flood durations above forest
conditions. For current conditions, the number of hours during which the Cedar River at
Renton exceeds flood levels between 3,000 and 8,500 cfs has increased by an average of
12% over forested conditions. For future conditions, the number of hours above these
levels will increase an additional 15% over current conditions, for a total of 27% over
forested conditions. Similar to the flood frequency results, R/D ponds in BPA subbasins
have minimal overall effect on mainstem flow durations.
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EFFECT OF URBANIZATION ON RENTON FLOODS
SEAFM AND HSPF SIMULATION 10/48-9/89
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Figure 3-11

DURATIONS ALONG LOWER CEDAR RIVER
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3.5 KEY FINDINGS

UPPER BASIN

* A previous study indicates that Masonry Dam provides significant peak flow
reductions in Renton. The study assumed dam operations consistent with Seattle's
"Operations and Maintenance Handbook" and the absence of any mechanical or
operational failures that might aggravate downstream flooding.

* Past studies suggest that there is a potential to augment downstream flood protection
by operational changes at Masonry Dam; however both the costs and benefits of
changes require a more detailed and comprehensive analysis than has been
conducted to date. '

* Diversions at Landsburg cause mean monthly flows at the river's mouth to be from 9
to 40% less than their natural levels from July through October. Significant increases
in diversions will require additional upper basin water storage to maintain current
levels and reliability of instream flows at Renton.

BPA TRIBUTARIES

* Water yields have increased as a result of deforestation and land development,
especially in the lower BPA subbasins. Most of these increases occur during the
winter flood season in the form of increased peak discharges.

* Current mean annual flow exceeds 5.0 cfs at the outlets and in some upstream
reaches of Taylor, Peterson, Rock, and Walsh Lake subbasins. Wetland filling adjacent
to these reaches is subject to the U. S. Army Corps of Engineers (COE) "Individual
Section 404" permit process.

* The City of Kent's diversion on Rock Creek causes a significant depletion of the
creek's dry-season flows from RM 1.6 to the creek's confluence with the Cedar River.

* Based on estimates of natural flow, Rock Creek is a "Shoreline of the State" from its
confluence with the cedar River upstream to approximately RM 1.7.

* As urbanization and land development continue, the largest increases in flood peaks
will occur in the more easterly tributaries of the BPA because most of the low-density
development projected for these areas will not out require peak flow mitigation under
current regulations. Potentially large increases in peak flows are expected in Rock
Creek, Taylor Creek, and Dorre Don and to a lesser extent in Cedar Hills and Webster
Lake subbasins.
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BPA MAINSTEM

The 2-year and 100-year return period peak flows at Renton are estimated to be
3,800 and 11,100 cfs respectively based on forty years of simulations assuming
consistent Masonry Dam operations under current BPA land-use conditions and
gaged annual peaks for the 1990 and 1991 water years.

The majority of maximum daily flows above 4,000 cfs in Renton are composed largely
of peak inflows of similar magnitude from the upper basin and much smaller
contributions from the BPA.

Urbanization in the BPA tributaries has caused a 7% increase in mainstem flood peaks
and will cause an additional 8% increase as a result of future build-out.

BPA flows have a minor impact on mainstem peak discharges but do increase
mainstem flood durations at Renton significantly. Current levels of BPA urbanization
have increased flood flow durations at Renton by 12% over forested conditions.
Projected future land development will result in durations that are 27% longer than
forested condition durations.

R/D pond mitigation in the BPA subbasins has minimal effect on mainstem flood
peaks or durations.
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Table 1 HSPF Land Type

Land Use |Sub- Land Type (acres)

Scenario |Catchment |T-F-F T-F-M T-F-S T-G-F T-G-M T-G-S OF OG SAT IMP |[TOTAL
PreDev. 0 0 0 0 0 0 522 0 21 0 543
Current MS-0 0 0 0 0 0 0 0 180 21 342 543
Future 0 0 0 0 0 0 0 130 21 392 543
PreDev. 140 0 62 0 0 0 464 0 13 0 680
Current MS-1 46 0 57 71 0 3 71 226 13 193 680
Future 13 0 57 55 12 2 27 221 13 281 680
PreDev. 72 0 18 0 0 0 0 0 0 0 90
Current B1 11 0 12 39 0 6 0 0 0 22 90
Future 1 0 13 45 0 8 0 0 0 23 90
PreDev. 225 39 1 0 0 0 0 0 0 0 265
Current B2 44 1 1 138 28 0 0 0 0 53 265
Future 0 0 0 156 30 2 0 0 0 il 265
PreDev. 275 12 0 0 0 0 0 0 1 0 289
Current B3 2 0 0 208 9 0 0 0 1 68 289
Future 1 0 0 205 9 0 0 0 1 73 289
PreDev. 372 0 220 0 0 0 486 0 14 0| 1092
Current MS-2 23 0 145 228 0 65 82 301 14 233 | 1092
Future 2 0 130 213 0 76 62 192 14 404 || 1092
PreDev. ) 21 3 44 0 0 0 36 0 0 0 103
Current MW1 0 0 42 16 2 2 12 21 0 8 103
Future 0 0 10 16 0 36 1 28 0 12 103
PreDev. 367 12 10 0 0 0 3 0 0 0 392
Current MW2 160 3 8 144 8 1 0 3 0 65 392
Future 0 0 7 218 23 3 0 0 0 140 392
PreDev. 457 55 0 0 0 0 85 0 19 0 616
Current MW3 166 22 0 264 29 0 14 54 19 49 616
Future 2 1 3 338 21 3 1 63 19 164 616
PreDev. 60 0 29 0 0 0 210 0 4 0 303
Current MS-3 12 0 22 37 0 74 86 99 4 36 303
Future 0 0 27 42 0 15 80 99 4 36 303
PreDev. 109 5 23 0 0 0 93 0 0 0 230
Current F1 9 5 17 88 7 5 39 41 0 20 230
Future 2 0 12 95 1 10 37 45 0 29 230
PreDev. 178 84 15 0 0 0 35 0 0 0 312
Current F2 31 36 12 122 41 3 9 18 0 39 312
Future 0 0 1 116 38 11 2 28 0 115 312
PreDev. 73 62 5 0 0 0 3 0 43 0 185
Current F3 0 27 1 35 30 3 0 2 43 44 185
Future 0 2 0 54 27 7 1 5 28 62 186
PreDev. 294 25 85 0 0 0 24 0 21 0 449
Current F4 111 20 57 120 4 26 19 3 21 68 449
Future 37 13 11 157 19 42 1 22 21 126 449
PreDev. 1 0 95 0 0 0 245 0 25 0 367
Current MS-4 0 0 87 1 0 8 98 148 25 0 367
Future 0 0 31 0 0 59 27 206 25 19 367
PreDev. 0 0 15 0 0 0 85 0 0 0 100
Current M1 0 0 11 0 0 3 29 50 0 6 100
Future 0 0 10 0 0 1 28 40 0 20 99
PreDev. 85 0 61 0 0 0 41 0 0 0 187
Current M2 42 0 59 38 0 2 37 4 0 5 187
Future 7 0 30 58 0 31 9 29 0 22 187
PreDev. 146 0 7 0 0 0 11 0 0 0 164
Current M3 23 0 4 102 0 2 8 3 0 23 164
Future 0 0 2 117 0 9 2 7 0 28 164
PreDev. 221 75 0 0 0 0 1 0 6 0 303
Current M4 71 3 0 114 47 0 0 1 6 62 303
Future 71 2 0 109 47 0 0 1 6 67 304
PreDev. 221 14 0 0 0 0 60 0 3 0 297
Current M5 40 6 0 126 6 0 14 36 3 66 297
Future 3 5 0 139 7 0 9 45 3 86 297
PreDev. 183 123 9 0 0 0 45 0 16 0 375
Current M6 61 91 4 92 25 2 27 13 16 41 375
Future 17 8 4 111 119 i 17 22 16 54 375
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Table 1 HSPF Land Type (cont)

Land Use |[Sub- Land Type (acres)

Scenario  |Catchment [T-F-F T-F-M T-F-S T-G-F T-G-M  T-G-S OF oG SAT | IMP |[TOTAL
PreDev. 0 0 28 0 0 0 30 0 3 0 61
Current MS-5 0 0 24 0 0 3 15 12 3 5 61
Future 0 0 8 0 0 15 8 21 3 6 61
PreDev. 49 0 23 0 0 0 133 0 0 0 205
Current J1 11 0 22 34 0 1 36 75 0 26 205
Future 0 0 4 36 0 18 8 97 0 43 205
PreDev. 197 0 0 0 0 0 83 0 0 0 280
Current J2 113 0 0 78 0 0 13 54 0 23 280
Future 0 0 0 150 0 0 0 59 0 70 280
PreDev. 144 20 1 0 0 0 17 0 0 0 182
Current J3 51 13 0 82 5 0 17 0 0 13 182
Future 2 4 0 107 13 0 0 11 0 45 182
PreDev. 59 0 93 0 0 0 214 0 12 0 377
Current MS-6 33 0 73 23 0 12 102 84 12 39 377
Future 13 0 41 40 0 36 69 113 12 53 377
PreDev. 31 51 44 0 0 0 14 0 0 0 140
Current SuU1 9 43 42 21 6 3 14 0 0 2 140
Future 3 1 14 22 38 33 6 8 0 16 140
PreDev. 40 97 180 0 0 0 295 0 36 0 648
Current MS-7 16 19 145 22 51 21 M7 133 36 85 648
Future 0 0 104 28 62 44 64 167 36 141 648
PreDev. 0 4 12 0 0 0 49 0 0 0 65
Current CG1 0 2 4 0 2 6 40 8 0 4 65
Future 0 0 0 0 0 9 10 39 0 6 65
PreDev. 0 148 89 0 0 0 39 0 4 0 280
Current CG2 0 101 57 0 34 23 12 21 4 27 280
Future 0 0 0 0 118 65 0 33 4 60 280
PreDev. 0 39 5 0 0 0 34 0 0 0 78
Current CG3 0 15 1 0 18 3 26 7 0 8 78
Future 0 0 0 0 26 3 5 28 0 16 78
PreDev. 0 29 39 0 0 0 0 0 5 0 74
Current CG4 0 12 2 0 13 28 0 0 5 13 74
Future 0 0 1 0 22 29 0 0 5 17 74
PreDev. 0 166 57 0 0 0 1 0 4 0 228
Current CG5 0 63 20 0 83 27 1 0 4 30 228
Future 0 0 0 0 124 38 0 1 4 60 228
PreDev. 162 178 282 0 0 0 485 0 72 off 1179
Current MS-8 94 85 274 47 86 8 299 175 72 40 | 1179
Future 23 T 262 118 135 28 256 221 72 58 || 1179
PreDev. 412 171 247 0 0 0 334 0 20 0 1184
Current MS-9 251 151 190 153 105 49 150 74 20 39( 1183
Future 15 14 171 314 224 85 111 149 20 81| 1184
PreDev. 1 38 0 0 0 0 149 0 15 0 205
Current CH1 1 0 0 0 38 0 131 18 15 0 205
Future 1 0 0 0 75 0 18 92 15 3 205
PreDev. 135 74 0 0 0 0 0 0 0 0 209
Current CH2 79 25 0 47 49 0 0 0 0 9 209
Future 0 0 0 101 95 0 0 0 0 12 209
PreDev. 18 345 0 0 0 0 5 0 23 0 392
Current CH3 11 114 0 8 231 0 8 0 23 0 392
Future 0 8 0 8 351 0 2 0 23 0 392
PreDev. ] 17 84 0 0 0 128 0 0 0 230
Current MS-10 1 13 79 0 4 5 48 77 0 4 230
Future 8 1 73 2 17 7 23 87 0 13 230
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Table 1 HSPF Land Type (cont)

Land Use [Sub- Land Type (acres)

Scenario |Catchment |T-F-F T-F-M T-F-S T-G-F T-G-M T-G-S OF 0G SAT IMP [ITOTAL
PreDev. 12 4 5 0 0 0 77 0 3 0 100
Current Wi1 11 0 5 0 4 0 41 35 3 2 100
Future 0 0 0 11 19 4 1 62 0 3 100
PreDev. 6 53 0 0 0 0 31 0 4 0 93
Current w2 6 0 0 0 53 0 23 T 4 0 93
Future 0 0 0 3 70 0 1 14 4 1 93
PreDev. 24 0 0 0 0 0 79 0 3 0 106
Current W2A 13 0 0 11 0 0 49 29 3 2 106
Future 0 0 0 22 3 0 4 73 0 4 106
PreDev. 155 9 2 0 0 0 34 0 30 0 230
Current W3 153 9 2 2 0 0 12 21 30 1 230
Future 9 0 0 140 9 2 1 35 27 8 230
PreDev. 33 0 17 0 0 0 0 0 18 0 68
Current W4 33 0 17 0 0 0 0 0 18 0 68
Future 6 0 2 26 0 13 0 0 18 2 68
PreDev. 47 62 144 0 0 0 233 0 14 0 500
Current MS-11 46 31 130 0 30 13 100 125 14 11 500
Future 0 4 95 46 59 51 2 214 14 16 500
PreDev. 55 8 14 0 0 0 118 0 19 0 214
Current T1 41 6 14 13 2 0 91 23 19 5 214
Future 0 0 2 28 17 32 3 104 19 10 214
PreDev. 52 47 25 0 0 0 14 0 7 0 145
Current T2 34 22 14 16 19 8 13 1 7 14 145
Future 29 2 3 22 33 17 0 6 % 18 145
PreDev. 123 189 51 0 0 0 28 0 72 0 464
Current T2A 67 81 44 50 103 2 15 11 12 18 464
Future 0 5 34 44 225 9 13 14 72 47 464
PreDev. 579 294 149 0 0 0 336 0 145 0 1502
Current T3 398 145 96 159 141 48 230 95 145 44 | 1502
Future 241 5 0 195 475 47 33 300 145 61| 1502
PreDev. 63 109 29 0 0 0 10 0 5 0 216
Current T4 34 60 25 26 46 3 10 0 5 6 216
Future 0 1 0 0 182 6 2 8 5 11 216
PreDev. 74 88 47 0 0 0 110 0 41 0 360
Current T5 57 75 42 15 11 4 66 41 41 T 360
Future 0 25 7 77 56 24 9 110 41 11 360
PreDev. 18 0 0 0 0 0 85 0 1 0 104
Current T6 11 0 0 6 0 0 75 7 1 4 104
Future 0 0 0 18 0 0 0 81 1 4 104
PreDev. 191 41 12 0 0 0 145 0 2 0 391
Current T 152 34 9 35 6 3 87 54 2 9 391
Future 0 0 0 187 53 5 s 121 2 15 391
PreDev. 0 41 35 0 0 0 123 0 15 0 214
Current MS-12 0 41 29 0 0 6 40 78 15 5 214
Future 0 1 26 0 38 8 1 117 15 7 214
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Table 1 HSPF Land Type (cont)

Land Use |Sub- Land Type (acres)

Scenario _[Catchment |T-F-F T-F-M T-F-S T-G-F T-G-M  T-G-S OF oG SAT | IMP |[TOTAL
PreDev. 131 407 190 0 0 0 51 0 10 0 788
Current P1 85 301 184 43 99 4 48 3 10 11 788
Future 0 2 48 120 399 141 6 33 10 28 788
PreDev. 178 60 29 0 0 0 58 0 42 0 367
Current P2 111 50 16 63 10 13 40 18 42 5 367
Future 0 0 0 150 60 22 13 40 42 39 367
PreDev. 16 30 6 0 0 0 16 0 61 0 128
Current P3 11 29 4 4 0 2 1 15 61 1 128
Future 2 0 2 13 28 3 4 25 48 3 128
PreDev. 37 102 168 0 0 0 21 0 88 0 417
Current P4 32 98 155 3 1 8 9 9 88 13 417
Future 0 21 13 34 80 142 2 16 88 21 417
PreDev. 191 0 23 0 0 0 6 0 10 0 230
Current P5 189 0 23 1 0 0 6 0 10 0 230
Future 14 0 7 168 0 15 5 1 10 9 230
PreDev. 158 171 29 0 0 0 0 0 72 0 430
Current P6 152 159 28 3 8 0 0 0 72 8 430
Future 16 0 19 90 142 24 0 0 72 67 430
PreDev. 195 116 63 0 0 0 0 0 61 0 435
Current P7 109 112 61 78 0 2 0 0 61 12 435
Future 19 3 2 142 91 56 0 0 61 61 435
PreDev. 227 16 0 0 0 0 0 0 20 0 263
Current P8 147 16 0 71 0 0 0 0 20 9 263
Future 46 12 0 138 5 0 0 1 20 41 263
PreDev. 712 219 0 0 0 0 60 0 13 0 1005
Current P9 611 196 0 92 16 0 55 5 13 17 | 1005
Future 453 180 0 188 60 0 68 15 13 27 || 1005
PreDev. 240 110 96 0 0 0 715 0 44 0f 1204
Current MS-13 125 86 82 109 21 11 401 244 44 80| 1204
Future 4 2 59 240 107 32 123 391 44 202 || 1204
PreDev. 0 11 3 0 0 0 67 0 0 0 82
Current MV1 0 4 3 0 6 0 47 15 0 6 82
Future 0 0 2 0 10 1 20 42 0 7 82
PreDev. 300 106 4 0 0 0 10 0 4 0 428
Current MV2 212 94 7 82 11 0 1 7 4 10| 428
Future 22 0 0 249 111 8 0 10 4 24 428
PreDev. 247 0 55 0 0 0 20 0 28 0 350
Current MV3 219 0 53 25 0 1 4 16 28 2 350
Future 9 0 2 125 108 43 0 21 28 14 350
PreDev. 82 25 67 0 0 0 744 0 25 0 943
Current MS-14 50 17 63 31 8 3 624 91 25 32 943
Future 10 3 46 57 33 5 109 429 25 224 943
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Table 1 HSPF Land Type (cont)

Land Use [Sub- Land Type (acres)

Scenario |Catchment |T-F-F T-F-M T-F-S T-G-F T-G-M  T-G-S OF oG SAT | IMP [TOTAL
PreDev. 0 150 70 0 0 0 787 0 0 0| 1007

Current R1 0 150 70 0 0 0 630 94 0 62 [ 1007

Future 0 5 0 0 132 66 36 556 0 213 || 1007

PreDev. 0 208 126 0 0 0 127 0 5 0 466

Current R2 0 193 110 0 14 16 93 32 5 2 466

Future 0 92 70 0 110 45 93 40 5 10 466

PreDev. 55 139 197 0 0 0| 2940 0 35 0| 3366

Current R3 48 117 155 7 22 42 | 2652 270 35 19 || 3366

Future 56 68 50 40 90 145 734 | 2053 35 94 || 3366

PreDev. 0 4 120 0 0 0 276 0 0 0 400

Current R4 0 4 120 0 0 0 263 13 0 400

Future 0 0 103 0 5 11 144 130 0 7 400

PreDev. 0 0 0 0 0 0 120 0 2 0 123

Current R5 0 0 0 0 0 0 109 5 2 7 123

Future 0 0 0 0 0 0 51 63 2 74 123
PreDev. 0 0 0 0 0 0 217 0 52 0 269
Current R6 0 0 0 0 0 0 165 36 52 16 269
Future 0 0 0 0 5 0 2 185 52 25 269
PreDev. 67 150 338 0 0 0 807 0 54 0 1416
Current R7 26 144 338 41 6 0 735 59 54 13| 1416
Future 0 165 308 0 23 29 585 243 46 18 || 1416

PreDev. 26 176 356 0 0 0 342 0 147 0| 1047

Current R8 26 176 356 0 0 0 342 0 147 0f 1047

Future 30 138 328 0 23 28 342 9 147 2| 1047

PreDev. 34 69 86 0 0 0 210 0 18 0 417

Current MS-15 7 56 80 26 12 4 208 0 18 7 417

Future 2 0 64 32 63 28 58 142 18 11 417
PreDev. 179 215 127 0 0 0 533 0 10 0| 1064

Current WL1 175 169 126 4 45 0 520 11 10 6| 1066
Future 119 232 101 47 160 35 264 86 10 12 || 1066
PreDev. 201 102 50 0 0 0 183 0 31 0 567

Current WL1A 110 77 48 86 22 1 95 76 31 20 567

Future 68 9 10 139 92 27 25 142 31 25 566
PreDev. 20 177 1615 0 0 0 529 0 249 0| 2590
Current WL2 20 177 1615 0 0. 0 529 0 249 0| 2590
Future 20 177 1615 0 0 0 529 0 249 0|l 2581

PreDev. 42 102 174 0 0 0 823 0 27 of 1168
Current MS-16 39 60 146 2 41 27 710 97 27 20 || 1168
Future 37 46 52 26 60 94 559 230 27 38| 1168
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Table 2 Land Use
llLand Use [Catchment| C MF H MD | LD-G [20 AC/DU |25 AC/DU| GRASS FOREST WETLAND| TOTAL
l FUTURE B1 17 2 29 0 0 0 0 28 15 0 91
CURRENT 17 2 29 0 0 0 0 27 17 0 91
"FUTURE B2 24 0 226 0 0 0 0 14 0 0 264
CURRENT 2 0 203 0 1 0 0 13 45 0 264
[FUTURE B3 3 0 284 0 0 0 0 1 1 1 289
CURRENT 2 0 264 0 0 0 0 19 2 1 289
FUTURE MW1 0 0 43 0 36 0 0 15 11 0 106
CURRENT 0 0 32 0 0 0 0 17 57 0 106
FUTURE MW2 24 143 206 0 0 0 0 12 8 0 392
CURRENT 20 21 142 0 29 25 0 7 148 0 392
FUTURE MW3 14 50 510 0 10 0 0 5 7 19 617
CURRENT 0 0 157 0 212 35 0 24 169 19 617
FUTURE F1 0 0 112 0 13 0 0 54 51 0 230
CURRENT 0 0 78 0 0 0 0 82 70 0 230
FUTURE F2 85 1 169 0 4 0 0 51 3 0 312
CURRENT 17 0 100 0 0 0 0 107 89 0 312
FUTURE F3 33 27 87 0 0 0 0 12 3 28 189
CURRENT 33 0 64 0 0 0 0 21 43 28 189
FUTURE F4 43 52 271 0 0 0 0 0 62 21 449
CURRENT 34 8 124 0 23 79 0 28 131 21 449
FUTURE M1 17 13 0 0 0 0 0 31 39 0 100
CURRENT 0 13 0 0 0 0 0 47 40 0 100
FUTURE M2 8 0 47 0 64 0 0 23 45 0 187
CURRENT 0 0 20 0 0 0 0 29 139 0 187
FUTURE M3 8 0 88 0 y { 0 0 62 4 0 169
CURRENT 1 0 88 0 0 0 0 48 32 0 169
FUTURE M4 2 68 138 0 0 0 0 21 73 6 307
CURRENT 0 52 138 0 0 0 0 25 87 6 307
FUTURE M5 37 0 217 0 7 0 0 16 18 3 299
CURRENT 19 0 200 0 6 0 0 11 60 3 298
FUTURE M6 14 0 157 0 104 0 0 44 46 16 381
CURRENT 3 0 153 0 1 1 0 26 181 16 381
FUTURE J1 0 0 166 0 27 0 0 0 11 0 204
CURRENT 0 0 99 0 36 3 0 0 66 0 204
FUTURE J2 2 0 276 0 0 0 0 19 0 Oll 297
CURRENT 0 0 73 0 67 74 0 4 144 0 297
FUTURE J3 2 0 173 0 0 0 0 1 5 0" 182
CURRENT 0 0 47 0 61 9 0 2 63 0 182
FUTURE SuU1 12 0 14 0 46 0 0 45 23 0 140
CURRENT 0 0 10 0 0 14 0 23 94 0 140
FUTURE CG1 0 0 21 0 28 0 0 ] 10 0 65
CURRENT 0 0 13 0 2 11 0 5 34 0 65
FUTURE CG2 0 0 234 0 42 0 0 4 0 4 284
CURRENT 0 0 98 0 5 47 0 0 130 4 284
FUTURE CG3 0 0 69 0 11 0 0 1 2 0 83
CURRENT 0 0 31 0 0 2 0 5 45 0 83
FUTURE CG4 0 0 69 0 0 0 0 0 0 5 74
CURRENT 0 0 54 0 0 0 0 0 15 5 74
FUTURE CG5 6 0 210 0 0 0 0 0 1 4 222
CURRENT 2 0 102 0 34 20 0 0 59 4 222
FUTURE CH1 0 0 0 0 84 0 0 85 20 15 204
CURRENT 0 0 0 0 9 0 0 48 132 15 205
FUTURE CH2 2 0 34 0 57 0 0 117 0 0 209
CURRENT 1 0 30 0 0 0 0 74 104 0 209
FUTURE CH3 0 0 0 0 0 0 0 359 10 23 392
CURRENT 0 0 0 0 0 0 0 239 131 23 392
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Table 2 Land Use (cont'd)

Land Use |Catchment C MF H MD LD-G |20 AC/DU| 25 AC/DU | GRASS FOREST WETLAND|
FUTURE B1 18.9% 24% 31.4% 0.0% 0.0% 0.0% 0.0% 31.3% 16.1% 0.0%
CURRENT 18.2% 24% 31.4% 0.0% 0.0% 0.0% 0.0% 29.1% 18.9% 0.0%
FUTURE B2 9.1% 0.0% 856% 0.0% 0.0% 0.0% 0.0% 5.3% 0.0% 0.0%
CURRENT 0.8% 0.0% 77.0% 0.0% 0.4% 0.0% 0.0% 4 8% 16.9% 0.0%
FUTURE B3 0.9% 0.0% 98.3% 0.0% 0.0% 0.0% 0.0% 0.2% 0.3% 0.4%
CURRENT 0.9% 0.0% 91.4% 0.0% 0.0% 0.0% 0.0% 6.6% 0.8% 0.4%
FUTURE MWi1 0.0% 0.0% 40.9% 0.0%| 34.1% 0.0% 0.0% 14.2% 10.6% 0.3%
CURRENT 0.0% 0.0% 30.2% 0.0% 0.0% 0.0% 0.0% 16.1% 53.4% 0.3%
FUTURE MW2 6.0% 364% 52.6% 0.0% 0.0% 0.0% 0.0% 3.0% 2.0% 0.0%
CURRENT 5.0% 53% 36.1% 0.0% 7.5% 6.5% 0.0% 1.9% 37.7% 0.0%
FUTURE MW3 2.3% 82% 82.7% 0.0% 1.6% 0.0% 0.0% 0.9% 1.2% 3.1%
CURRENT 0.0% 0.1% 25.5% 0.0%| 34.4% 5.7% 0.0% 3.9% 27.3% 3.1%
FUTURE F1 0.0% 0.0% 48.8% 0.0% 5.8% 0.0% 0.0% 23.4% 22.0% 0.0%
CURRENT 0.0% 0.0% 34.0% 0.0% 0.0% 0.0% 0.0% 35.5% 30.4% 0.0%
FUTURE F2 27.3% 02% 54.0% 0.0% 1.2% 0.0% 0.0% 16.3% 0.9% 0.1%
CURRENT 5.4% 00% 32.0% 0.0% 0.0% 0.0% 0.0% 34.2% 28.3% 0.1%
FUTURE F3 176% 14.0% 45.8% 0.0% 0.0% 0.0% 0.0% 6.5% 1.5% 14.7%
CURRENT 17.6% 00% 33.7% 0.0% 0.0% 0.0% 0.0% 11.1% 22.9% 14.6%
FUTURE F4 96% 11.5% 60.3% 0.0% 0.0% 0.0% 0.0% 0.0% 13.9% 4.8%
CURRENT 7.7% 17% 27.6% 0.0% 5.2% 17.5% 0.0% 6.3% 29.1% 4 8%
FUTURE M1 16.8% 13.1% 0.0% 0.0% 0.4% 0.0% 0.0% 30.9% 38.7% 0.0%
CURRENT 00% 13.1% 0.0% 0.0% 0.0% 0.0% 0.0% 46.7% 40.2% 0.0%
FUTURE M2 4.5% 00% 25.3% 0.0%| 34.1% 0.0% 0.0% 12.2% 23.9% 0.0%
CURRENT 0.0% 00% 10.6% 0.0% 0.0% 0.0% 0.0% 15.4% 74.0% 0.0%
FUTURE M3 4.8% 00% 52.1% 0.0% 4.2% 0.0% 0.0% 36.8% 2.2% 0.0%
CURRENT 0.7% 00% 52.0% 0.0% 0.0% 0.0% 0.0% 28.1% 19.2% 0.0%
FUTURE M4 06% 22.0% 44.9% 0.0% 0.0% 0.0% 0.0% 6.8% 23.9% 1.8%
CURRENT 0.0% 168% 449% 0.0% 0.0% 0.0% 0.0% 8.2% 28.4% 1.8%
FUTURE M5 12.5% 00% 72.8% 0.0% 2.4% 0.0% 0.0% 5.5% 5.9% 0.9%
CURRENT 6.3% 00% 67.1% 0.0% 2.1% 0.0% 0.0% 3.7% 20.0% 0.9%
FUTURE M6 3.6% 0.0% 41.3% 0.0%| 27.4% 0.0% 0.0% 11.5% 12.1% 4.2%
CURRENT 0.7% 0.0% 40.2% 0.0% 0.2% 0.4% 0.0% 6.7% 47 6% 4.2%
FUTURE J1 0.0% 00% 81.4% 0.0%| 13.2% 0.0% 0.0% 0.0% 5.3% 0.0%
CURRENT 0.0% 00% 48.3% 0.0%| 17.8% 1.4% 0.0% 0.0% 32.4% 0.0%
FUTURE J2 0.6% 0.0% 93.0% 0.0% 0.0% 0.0% 0.0% 6.2% 0.2% 0.0%
CURRENT 0.0% 0.0% 248% 0.0%| 22.6% 2.5% 0.0% 1.4% 48.7% 0.0%
FUTURE J3 1.3% 0.0% 954% 0.0% 0.0% 0.0% 0.0% 0.4% 2.9% 0.0%
CURRENT 0.0% 00% 25.8% 0.0%| 33.5% 5.0% 0.0% 1.2% 34.5% 0.0%
FUTURE SuU1 8.7% 0.0% 9.7% 0.0%| 32.9% 0.0% 0.0% 32.0% 16.7% 0.0%
CURRENT 0.0% 0.0% 6.8% 0.0% 0.0% 10.3% 0.0% 16.1% 66.7% 0.0%
FUTURE CG1 0.0% 0.0% 32.8% 0.0%| 43.7% 0.0% 0.0% 7.9% 15.6% 0.0%
CURRENT 0.0% 00% 19.7% 0.0% 2.5% 17.4% 0.0% 7.2% 53.1% 0.0%
FUTURE CG2 0.0% 0.0% 82.3% 0.0%| 14.7% 0.0% 0.0% 1.5% 0.0% 1.5%
CURRENT 0.0% 00% 345% 0.0% 1.9% 16.6% 0.0% 0.0% 45.6% 1.5%
FUTURE CG3 0.0% 0.0% 826% 0.0%| 13.0% 0.0% 0.0% 1.7% 2.7% 0.0%
CURRENT 0.0% 00% 37.2% 0.0% 0.0% 2.9% 0.0% 5.8% 54.2% 0.0%
FUTURE CG4 0.0% 0.0% 93.4% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 6.6%
CURRENT 0.0% 00% 73.1% 0.0% 0.0% 0.1% 0.0% 0.0% 20.1% 6.7%
FUTURE CG5 2.9% 0.0% 946% 0.0% 0.0% 0.0% 0.0% 0.0% 0.6% 1.8%
CURRENT 1.0% 00% 46.1% 0.0%| 15.4% 9.0% 0.0% 0.0% 26.7% 1.8%
FUTURE CH1 0.0% 0.0% 0.0% 0.1%| 41.2% 0.0% 0.0% 41.6% 9.6% 7.5%
CURRENT 0.0% 0.0% 0.0% 0.0% 4.5% 0.0% 0.0% 23.3% 64.7% 7.5%
FUTURE CH2 1.0% 0.0% 16.0% 0.0%| 27.1% 0.0% 0.0% 55.8% 0.0% 0.0%
CURRENT 0.7% 00% 14.4% 0.0% 0.0% 0.0% 0.0% 35.2% 49 8% 0.0%
FUTURE CH3 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 91.6% 2.6% 5.8%
CURRENT 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 60.9% 33.3% 5.8%
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Table 2 Land Use (cont)

Land Use |Catchment] C MF = MD | LD-G |20 AC/DU |25 AC/DU] GRASS FOREST WETLAND| TOTAL
FUTURE W1 0 0 0 0 80 0 0 19 1 3 103
CURRENT 0 0 0 0 18 20 0 22 40 3 103
FUTURE W2 0 0 0 0 18 0 0 70 1 4 92
CURRENT 0 0 0 0 0 2 0 60 27 4 92
FUTURE W2a 0 0 0 0 98 0 0 4 4 0 106
CURRENT 0 0 0 o] 24 18 0 20 44 0 106
FUTURE W3 0 0 0 o] 191 0 0 2 10 30 233
CURRENT 0 0 0 0 16 19 0 7 161 30 233
FUTURE W4 0 0 0 o 43 0 0 0 8 18 69
CURRENT 0 0 0 0 0 0 0 0 51 18 69
FUTURE T 2 0 1 0| 146 0 0 0 4 2 155
CURRENT 2 0 1 0 39 60 0 0 51 2 155
FUTURE T2 16 0 27 o] 102 0 0 1 13 7 165
CURRENT 10 0 18 0 1 23 0 24 83 7 165
FUTURE T2a 34 0 1 o] 388 0 0 2 17 43 495
CURRENT 12 0 8 0 99 99 0 64 171 43 495
FUTURE T3 12 0 0 35| 1278 0 0 16 38 130 1509
CURRENT 6 0 0 0| 358 406 0 94 515 130] 1509
FUTURE T4 3 0 9 8] 204 0 0 0 3 5 232
CURRENT 0 0 9 0 64 23 0 8 123 5 232
FUTURE 75 0 0 0 o] 319 0 0 1 15 41 375
CURRENT 0 0 0 0 70 102 0 19 142 41 375
FUTURE T6 0 0 0 0| 105 0 0 0 0 0 105
CURRENT 0 0 0 0 14 80 0 2 9 0 105
FUTURE T7 0 0 0 o] 378 0 0 4 7 2 391
CURRENT 0 0 0 0 87 140 0 14 148 2 391
FUTURE P1 0 0 0 o] 710 0 0 12 56 10 788
CURRENT 0 0 0 o| 118 167 0 52 440 10 788
FUTURE P2 32 0 0 o] 291 0 0 12 16 42 394
CURRENT 0 0 0 0 80 44 0 42 186 42 394
FUTURE P3 0 0 0 0 71 0 0 0 8 48 128
CURRENT 0 0 0 0 5 20 0 17 38 48 128
FUTURE P4 0 0 43 38 250 0 0 0 15 89| 434
CURRENT 0 0 22 0 1 164 0 12 147 89 434
FUTURE P5 0 0 13 50| 133 0 0 0 30 10 236
CURRENT 0 0 0 0 2 3 0 0 221 10 236
FUTURE P6 18 0 194 0 75 0 0 36 19 73 414
CURRENT 2 0 0 0 8 156 0 3 173 73 414
FUTURE P7 6 0 211 0 90 0 0 55 24 61 446
CURRENT 2 0 32 0 3 56 0 53 240 61 446
FUTURE P8 0 0 158 11 26 0 0 0 34 20 251
CURRENT 0 0 24 0 56 34 0 0 117 20 251
FUTURE P9 14 0 35 35| 174 0 0 54 701 13| 1027
CURRENT 12 0 0 0 71 92 0 43 796 13| 1027
FUTURE MV1 0 0 21 1 39 0 0 0 20 0 82
CURRENT 0 0 21 0 6 2 0 0 53 0 82
FUTURE MV2 8 0 8 0| 387 0 0 0 3 4 409
CURRENT 0 0 8 0 78 103 0 0 216 4| 409
FUTURE MV3 0 0 0 0| 350 0 0 2 14 28 395
CURRENT 0 0 0 0 48 34 0 16 255 28 380
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Table 2 Land Use (cont'd)

Land Use |Catchment C MF H MD LD-G [20 AC/DU| 25 AC/DU | GRASS FOREST WETLAND,
FUTURE W1 0.0% 0.0% 0.0% 0.0%| 77.8% 0.0% 0.0% 18.7% 0.6% 2.9%
CURRENT 0.0% 0.0% 0.0% 0.0%| 17.7% 19.5% 0.0% 21.1% 38.7% 2.9%
FUTURE W2 0.0% 0.0% 0.0% 0.0%| 19.8% 0.0% 0.0% 75.3% 0.7% 4.1%
CURRENT 0.0% 0.0% 0.0% 0.0% 0.0% 2.2% 0.0% 64.5% 29.1% 4.1%
FUTURE W2a 0.0% 0.0% 0.0% 0.0%| 91.6% 0.0% 0.0% 4.1% 4.1% 0.2%
CURRENT 0.0% 0.0% 0.0% 0.0%| 22.4% 17.3% 0.0% 18.5% 41.6% 0.2%
FUTURE W3 0.0% 0.0% 0.0% 0.0%| 82.1% 0.0% 0.0% 0.7% 4.3% 12.9%
CURRENT 0.0% 0.0% 0.0% 0.0% 6.9% 8.3% 0.0% 3.0% 68.9% 12.9%
FUTURE W4 0.0% 0.0% 0.0% 0.0%| 61.8% 0.0% 0.0% 0.0% 12.0% 26.2%
CURRENT 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 73.8% 26.2%
FUTURE T 1.5% 0.0% 0.8% 0.0%| 94.0% 0.0% 0.0% 0.0% 2.3% 1.4%
CURRENT 1.3% 0.0% 0.8% 0.0%| 24.9% 39.0% 0.0% 0.0% 32.7% 1.4%
FUTURE T2 9.8% 0.0% 16.4% 0.0%| 61.6% 0.0% 0.0% 0.5% 7.6% 4.0%
CURRENT 5.9% 0.0% 10.7% 0.0% 0.5% 13.7% 0.0% 14.9% 50.3% 4.0%
FUTURE T2a 6.9% 0.0% 2.3% 0.0%| 78.4% 0.0% 0.0% 0.4% 3.4% 8.7%
CURRENT 2.4% 0.0% 1.6% 0.0%| 19.9% 20.0% 0.0% 12.9% 34.5% 8.7%
FUTURE T3 0.8% 0.0% 0.0% 2.3%| 84.7% 0.0% 0.0% 1.1% 2.5% 8.6%
CURRENT 0.4% 0.0% 0.0% 0.0%| 23.7% 26.9% 0.0% 6.2% 34.2% 8.6%
FUTURE T4 1.1% 0.0% 4.0% 3.5%| 87.7% 0.0% 0.0% 0.1% 1.3% 2.2%
CURRENT 0.0% 0.0% 3.9% 0.0%| 27.4% 10.0% 0.0% 3.4% 53.1% 2.2%
FUTURE T5 0.0% 0.0% 0.0% 0.0%| 84.9% 0.0% 0.0% 0.2% 3.9% 11.0%
CURRENT 0.0% 0.0% 0.0% 0.0%| 18.7% 27.3% 0.0% 5.0% 37.9% 11.0%
FUTURE T6 0.0% 0.0% 0.0% 0.0%| 99.7% 0.0% 0.0% 0.0% 0.0% 0.3%
CURRENT 0.0% 0.0% 0.0% 0.0%| 13.1% 76.4% 0.0% 1.4% 8.7% 0.3%
FUTURE TF 0.0% 0.0% 0.0% 0.0%| 96.8% 0.0% 0.0% 0.9% 1.9% 0.4%
CURRENT 0.0% 0.0% 0.0% 0.0%| 22.3% 36.0% 0.0% 3.5% 37.8% 0.4%
FUTURE P1 0.0% 0.0% 0.0% 0.0%| 90.0% 0.0% 0.0% 1.5% 71% 1.3%
CURRENT 0.0% 0.0% 0.0% 0.0%| 15.0% 21.3% 0.0% 6.6% 55.8% 1.3%
FUTURE P2 8.2% 0.0% 0.0% 0.1%| 73.9% 0.0% 0.0% 3.1% 4.0% 10.7%
CURRENT 0.0% 0.0% 0.0% 0.0%| 20.3% 11.2% 0.0% 10.7% 47.1% 10.7%
FUTURE P3 0.0% 0.0% 0.0% 0.0%| 55.9% 0.0% 0.0% 0.2% 6.1% 37.8%
CURRENT 0.0% 0.0% 0.0% 0.0% 3.6% 15.7% 0.0% 13.3% 29.6% 37.8%
FUTURE P4 0.0% 0.0% 9.9% 8.8%| 57.4% 0.0% 0.0% 0.0% 3.5% 20.4%
CURRENT 0.0% 0.0% 5.1% 0.0% 0.3% 37.8% 0.0% 2.6% 33.8% 20.4%
FUTURE P5 0.0% 0.0% 56% 21.2%| 56.2% 0.0% 0.0% 0.0% 12.6% 4.3%
CURRENT 0.0% 0.0% 0.0% 0.0% 0.7% 1.2% 0.0% 0.0% 93.8% 4.3%
FUTURE P6 4.3% 0.0% 46.9% 0.0%| 18.0% 0.0% 0.0% 8.6% 46% 17.5%
CURRENT 0.5% 0.0% 0.0% 0.0% 1.9% 37.6% 0.0% 0.6% 41.8% 17.5%
FUTURE P7 1.3% 0.0% 47.2% 0.0%| 20.2% 0.0% 0.0% 12.4% 5.3% 13.6%
CURRENT 0.5% 0.0% 71% 0.0% 0.7% 12.5% 0.0% 11.9% 53.7% 13.6%
FUTURE P8 0.0% 0.0% 63.2% 45%| 10.6% 0.0% 0.0% 0.0% 13.7% 8.1%
CURRENT 0.0% 0.0% 9.4% 0.0%| 22.2% 13.5% 0.0% 0.0% 46.9% 8.1%
FUTURE P9 1.4% 0.0% 3.4% 3.4%| 17.0% 0.0% 0.0% 5.3% 68.2% 1.3%
CURRENT 1.2% 0.0% 0.0% 0.0% 6.9% 9.0% 0.0% 4.2% 77.5% 1.3%
FUTURE MV1 0.0% 0.0% 25.8% 1.6%| 48.2% 0.0% 0.0% 0.0% 24.4% 0.0%
CURRENT 0.0% 0.0% 25.8% 0.0% 7.3% 2.7% 0.0% 0.0% 64.2% 0.0%
FUTURE Mv2 1.9% 0.0% 1.9% 0.0%| 94.7% 0.0% 0.0% 0.0% 0.7% 0.9%
CURRENT 0.0% 0.0% 1.9% 0.0%| 19.1% 25.2% 0.0% 0.0% 52.9% 0.9%
FUTURE MV3 0.0% 0.0% 0.0% 0.0%| 88.7% 0.0% 0.0% 0.6% 3.6% 71%
CURRENT 0.0% 0.0% 0.0% 0.0%| 12.6% 8.9% 0.0% 4.2% 67.0% 7.4%
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Table 2 Land Use (cont)

|[Land Use [Catchment] C MF H MD | LD-G [20 AC/DU [25 AC/DU| GRASS FOREST WETLAND| TOTAL
FUTURE R1 170 0 175 0 623 0 0 0 40 0 1007
CURRENT 60 0 32 0 6 76 0 56 778 o/ 1007
FUTURE R2 4 0 0 of 153 0 0 48 259 5 469
CURRENT 1 0 0 0 19 9 0 44 391 5 469
FUTURE R3 11 0 0 1| 2128 0 of 284 1119 30| 3572
CURRENT 0 0 0 o 131 536 0 215 2660 30 3572
FUTURE R4 2 0 0 of 149 0 0 3 247 0 400
CURRENT 0 0 0 0 12 1 0 9 379 0 400
FUTURE R5 6 0 0 1 64 0 0 0 49 2 123
CURRENT 6 0 0 0 4 29 0 0 82 2 123
FUTURE R6 3 0 40 71 114 0 0 7 2 52 289
CURRENT 3 0 40 0 0 95 0 3 96 52 289
FUTURE R7 12 0 0 14| 230 0 0 72 1058 46 1431
CURRENT 12 0 0 0 7 79 0 54 1233 46 1431
FUTURE R8 0 0 0 52 41 0 0 21 838 154 1106
CURRENT 0 0 0 0 0 0 0 0 952 154 1106
FUTURE WL1 0 0 1 of 286 0 0 53 708 10f 1057
CURRENT 0 0 0 0 16 138 0 44 849 10] 1057
FUTURE WL1a 0 0 41 o] 389 0 0 0 112 26 567
CURRENT 0 0 39 0 158 88 0 5 251 26 567
FUTURE wL2 0 0 0 0 0 0 0 0 2355 226 2581
CURRENT 0 0 0 0 0 0 0 0 2355 226| 2581
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Table 2 Land Use (cont'd)

Land Use [Catchment C MF H MD LD-G [20 AC/DU| 25 AC/DU | GRASS FOREST WETLAND
FUTURE R1 16.8% 0.0% 17.4% 0.0%| 61.8% 0.0% 0.0% 0.0% 4.0% 0.0%
CURRENT 6.0% 0.0% 3.2% 0.0% 0.6% 7.5% 0.0% 5.5% 77.2% 0.0%
FUTURE R2 09% 00% 00% 00%| 32.5% 0.0% 0.0% 103%  55.1% 1.1%
CURRENT 0.2% 0.0% 0.0% 0.0% 4.1% 1.8% 0.0% 9.4% 83.3% 1.1%
FUTURE R3 0.3% 0.0% 0.0% 0.0%| 59.6% 0.0% 0.0% 7.9% 31.3% 0.8%
CURRENT 0.0% 0.0% 0.0% 0.0% 3.7% 15.0% 0.0% 6.0% 74.5% 0.8%
FUTURE R4 0.4% 0.0% 0.0% 0.0%| 37.1% 0.0% 0.0% 0.9% 61.6% 0.0%
CURRENT 0.0% 0.0% 0.0% 0.0% 3.0% 0.2% 0.0% 2.2% 94.5% 0.0%
FUTURE R5 5.0% 0.0% 0.0% 0.8%| 52.3% 0.0% 0.0% 0.0% 39.9% 2.0%
CURRENT 5.0% 0.0% 0.0% 0.0% 3.3% 23.4% 0.0% 0.0% 66.3% 2.0%
FUTURE R6 1.2% 0.0% 13.7% 246%| 39.4% 0.0% 0.0% 2.5% 0.7% 17.9%
CURRENT 1.2% 0.0% 13.7% 0.0% 0.0% 32.8% 0.0% 1.2% 33.2% 17.9%
FUTURE R7 0.8% 0.0% 0.0% 0.9%| 16.1% 0.0% 0.0% 51% 73.9% 3.2%
CURRENT 0.8% 0.0% 0.0% 0.0% 0.5% 5.5% 0.0% 3.8% 86.2% 3.2%
FUTURE R8 0.0% 0.0% 0.0% 4.7% 3.7% 0.0% 0.0% 1.9% 75.8% 13.9%
CURRENT 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 86.1% 13.9%
FUTURE WL1 0.0% 0.0% 0.0% 0.0%| 27.0% 0.0% 0.0% 5.0% 67.0% 1.0%
CURRENT 0.0% 0.0% 0.0% 0.0% 1.5% 13.0% 0.0% 4.2% 80.3% 1.0%
FUTURE WL1a 0.0% 0.0% 7.1% 0.0%| 68.5% 0.0% 0.0% 0.0% 19.7% 4.7%
CURRENT 0.0% 0.0% 6.8% 0.0%| 27.9% 15.5% 0.0% 0.8% 44.3% 4.7%
FUTURE WL2 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 91.3% 8.7%
CURRENT 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 91.3% 8.7%
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Table 3 Flood Quantile Estimates for Each Catchment

GINGER CREEK

Forested  2-yr 5-yr 10- yr 25-yr 50- yr 100- yr

B-3 8 12 16 22 27 33

B- 2 14 23 30 40 50 61
B- 1 17 26 35 47 58 70
Current

B- 3 31 42 50 61 70 79
B- 2 53 73 87 107 122 137
B-1 61 84 101 123 140 158
Future (with R/D mitigation)

B-3 30 41 49 59 68 76
B- 2 54 74 87 106 120 136
B-1 63 85 101 123 140 157
Future (without R/D mitigation)

B-3 31 43 51 62 71 80
B- 2 60 81 96 117 133 150
B-1 69 93 111 134 152 172
MAPLEWOOD CREEK

Forested  2-yr 5-yr 10- yr 25- yr 50- yr 100- yr

MW- 3 12 19 24 30 35 40
MW- 2 7 12 15 19 23 26
MW- 1 21 33 42 54 63 72
Current

MW- 3 26 36 43 52 60 67
MW- 2 22 29 34 40 45 50
MW- 1 51 69 81 98 111 125
Future (with R/D mitigation)

MW- 3 33 41 47 55 61 67
MW- 2 28 35 40 47 52 57
MW- 1 65 82 94 109 121 133
Future (without R/D mitigation)

MW- 3 53 67 78 91 102 113
MW- 2 41 52 59 69 77 85
MW- 1 98 125 143 168 187 207
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Table 3 (cont)

MOLASSES CREEK

Forested  2-yr 5-yr 10- yr 25-yr 50- yr 100- yr
F-4

F-3

F-2 31 48 62 82 99 117
F-1 35 55 72 96 118 141
Current

F- 4 40 55 66 80 91 102
F-3 61 84 99 119 134 150
F-2 78 107 126 152 172 192
F-1 94 130 155 186 210 234
Future (with R/D mitigation)

F- 4 41 54 62 74 83 93
F-3 63 83 96 114 127 141
F-2 82 108 125 149 166 185
F-1 99 132 154 183 205 227
Future (without R/D mitigation)

F- 4 57 75 88 104 117 131
F-3 84 109 127 151 169 188
F-2 110 144 168 199 224 249
F-1 130 171 200 238 268 299
MADSEN CREEK

Forested  2-yr 5-yr 10- yr 25- yr 50- yr 100- yr
M- 5

M- 4

M- 3 28 44 58 79 97 118
M- 6 14 21 26 34 41 48
M- 2 48 75 96 127 153 182
M- 1 Hi Flo

M- 1 Lo Flo

Current

M- 5 37 50 58 70 78 87
M- 4 33 47 57 70 81 92
M- 3 91 125 149 180 204 228
M- 6 30 42 50 60 68 76
M- 2 131 182 217 262 297 333
M- 1 Hi Flo 116 168 205 253 291 329
M-1 Lo Flo 31 37 40 45 48 52
Future (with R/D mitigation)

M- 5 9 51 60 71 79 87
M- 4 32 46 55 68 79 90
M- 3 94 129 152 183 206 231
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Table 3 (cont)

M- 6 37 51 61 74 84 94
M- 2 145 199 236 284 321 360
M- 1 Hi Flo 130 186 225 278 319 362
M- 1 Lo Flo 32 38 42 46 50 53
Future (without R/D mitigation)

M- 5 43 57 66 78 87 96
M- 4 34 48 57 71 81 92
M- 3 100 136 161 193 217 242
M- 6 38 53 62 75 86 96
M- 2 156 203 25 302 341 382
M- 1 Hi Flo 142 201 242 297 340 384
M-1 Lo Flo 36 42 46 51 55 59
ORTING HILL

Forested  2-yr 5- yr 10-yr 25-yr 50- yr 100- yr
J-2 18 28 37 49 60 72
-1 29 44 56 74 90 108
Current

J-2 30 43 51 62 74| 79
J- 1 54 77 93 114 130 147
Future (with R/D mitigation)

J- 2 22 32 40 52 62 73
)-1 52 73 89 112 131 151
Future (without R/D mitigation)

J-2 43 57 66 77 86 94
J-1 88 117 136 160 177 195
SUMMERFIELD

Forested  2-yr 5-yr 10- yr 25- yr 50- yr 100- yr
SU- 1 5 8 9 12 14 16
Current

SU- 1 8 1 13 15 17 19
Future (with R/D mitigation

SU- 1 11 14 17 21 24 28
Future (without R/D mitigation)

SU- 1 13 17 20 25 28 32
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Table 3 (cont)

CEDAR GROVE

Forested  2-yr 5-yr 10- yr 25-yr 50- yr 100- yr
CG-5 14 19 23 28 32 36
CG-4

CG-2 16 22 27 32 37 41
CG-3

CG-1

CG OUTLET 39 54 65 79 90 101
Current

CG-5 22 29 34 41 46 51
CG-4 10 13 15 18 21 23
CG-2 22 29 34 41 45 50
CG-3 35 46 55 65 74 82
CG-1 24 32 38 45 50 55
CG OUTLET 58 78 92 110 123 137
Future (with R/D mitigation)

CG-5 21 27 32 38 44 49
CG- 4 10 13 15 18 21 24
CG-2 22 30 35 43 49 56
CG-3 35 46 54 64 72 81
CG-1 25 34 40 49 56 63
CG OUTLET 60 79 93 112 128 144
Future (without R/D mitigation)

CG-5 32 41 48 56 63 70
CG-4 11 15 17 21 24 27
CG-2 33 43 51 61 69 78
CG-3 49 63 73 87 98 109
CG-1 36 47 56 67 77 87
CG OUTLET 84 110 129 154 174 196
CEDAR HILLS

Forested  2-yr 5-yr 10- yr 25-yr 50- yr 100- yr

CH-3

CH-2

CH-1 6 8 9 L) 11 12
Current

CH-3 18 26 32 38 43 47
CH- 2 5 v 8 9 10 11
CH-1 8 11 13 15 16 18
Future (with R/D mitigation)

CH-3 | 30 36 42 47 51

CH- 2 6 z 9 10 11 12

CH-1 11 15 18 21 24 28
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Table 3 (cont)

Future (without R/D mitigation)

CH-3 22 30 36 42 47 51
CH-2 6 7 9 10 11 12
CH-1 11 15 18 21 24 28
WEBSTER LAKE

Forested  2-yr 5-yr 10- yr 25-yr 50- yr 100- yr
WEB LK

FRA LK

W- 2A

W- 2 PIT

W- 1 5 6 7 8 8 8
Current

WEB LK 1 1 1 1 2 2
FRA LK 3 4 5 6 6 74
W- 2A 5 7 8 10 11 12
W-2 PIT 4 5 6 6 7 8
W- 1 5 7 8 9 10 11
Future (with R/D mitigation)

WEB LK 1 1 1 2 2 2
FRA LK 4 5 6 6 7 8
W- 2A 7 9 11 13 15 174
W-2 PIT 4 6 6 7 8 8
W- 1 7 9 10 12 14 5
Future (without R/D mitigation)

WEB LK 1 1 L 2 2 2
FRA LK 4 5 6 6 7 8
W- 2A 7 9 11 13 15 17
W-2 PIT 4 6 6 7 8 8
W- 1 7 9 10 12 14 15
TAYLOR CREEK

Forested  2-yr 5-yr 10-yr 25-yr 50- yr 100- yr
T- 4 7 10 12 14 16 17
T-3 51 68 80 94 104 115
T- 2A 76 102 119 139 154 168
T-2 80 108 126 147 163 178
T-1 84 113 132 154 1773 186
T-7 9 12 14 17 19 21
T-6 1 2 2 3 3 4
T-5 22 29 34 41 45 50
T- OUTLET 105 142 166 195 216 236
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Table 3 (cont)

Current

T- 4 9 13
T-3 64 87
T- 2A 96 130
T-2 103 139
T-1 108 145
T-7 11 16
T-6 2 3
T-5 26 36
T- OUTLET 134 181
Future (with R/D mitigation)

T- 4 12 17
T-3 71 101
T- 2A 105 146
T-2 111 155
T-1 116 161
T-7 17 24
T-6 3 4
T-5 34 49
T- OUTLET 150 209
Future (without R/D mitigation)
T- 4 12 17
T-3 71 101
T- 2A 105 146
T-2 113 155
T-1 116 161
T-7 17 24
T-6 3 4
T-5 34 49
T- OUTLET 150 209
PETERSON LAKE

Forested  2-yr 5-yr
P-7

P-6

P-5

P- 4

P-3

P-9

P-8

P- 2

P-1 86 141
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Table 3 (cont)

Future (with R/D mitigation)

MV- 3 no mitigation from detention projected
MV- 2
MV- 1
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&
Current .
P-7 9 17 25 37 48 61 @
P-6 6 10 13 20 27 36
P-5 14 21 27 36 43 51 @
P- 4 5 7 8 9 1 12
P-3 10 14 16 20 23 26 .
P-9 16 25 31 38 44 49
P-8 60 91 115 149 176 206 ®
P- 2 77 131 170 224 266 309
P-1 105 171 218 281 329 377 [
Future (with R/D mitigation) .
P-7 17 28 35 44 50 55
P-6 9 15 28 33 44 58 W
P-5 24 34 43 54 64 74 &
P- 4 6 8 9 11 12 13
P-3 1 16 19 22 25 28 &
P-9 51 77 94 116 132 148
P-8 62 91 109 132 149 165 ®
P-2 107 162 194 229 252 272
P-1 151 221 268 329 374 419 .
Future (without R/D mitigation) o
P-7 20 35 44 55 63 70
P-6 9 16 23 37 51 71 [ )
P-5 28 41 51 66 79 93
P- 4 6 8 9 1 12 14 ®
P-3 1 16 19 22 25 28 %
P-9 26 35 41 48 54 59
P-8 79 115 139 169 192 214 &
P-2 133 195 232 274 301 326
P- 1 176 258 311 377 424 471 [ )
DORRE DON ®
Forested  2-yr 5- yr 10- yr 25-yr 50- yr 100- yr .
MV- 3 8 14 20 28 35 43
MV- 2 15 24 30 38 45 52 i
MV- 1 23 38 49 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>