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PREFACE

This report is an appendix to the Urban Runoff and Basin Drainage
Study. It contains general information on each of the regional drainage
sub-basins within the Green and Cedar River Basins (State of Washington
Water Resource Inventory Areas 8 & 9) and specific descriptions of all
alternative drainage plans considered, including costs and environmental
assessments.

The Urban Runoff and Basin Drainage Study is part of an environmental
management program for the Green and Cedar River Basins in King and Snoho-
misn Counties, Washington, and has been conducted under the auspices of the
i River Basin Coordinating Committee (RIBCO). Four principal studies comprise
| the RIBCO Environmental Management Program: Part I - Water Resources; Part
Il - Urban Drainage; Part III - Water Quality and Part IV - Solid Waste.

The Urban Runoff and Basin Drainage Report presents a comprehensive
plan for meeting the existing and long range urban drainage needs within
the Green and’Cedar’River Basins. The study recommendations address drainage
facilities, capital cost, methods of financing and institutional arrangements
for effective drainage management. The recommended plans are conceptual and
are intended for use by local governments as a guide in the future planning
of drainage systems.

The published report is composed of the following documents:

Technical Report

Appendix A - Regional Sub-Basin Plans

Volume 1 - Cedar River Basin
Volume 2 - Green River Basin

Appendix B - Urban Storm Drainage Simulation Models
Appendix C - Storm Water Monitoring Program
This report is submitted in compliance with the terms of contract

DACW67-73-C-0022 between the Seattle District, U. S. Army Corps of Engineers
and KCM-WRE/YTO.
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PRESENT DRAINAGE SYSTEMS

NATURAL SYSTEMS
The underlying and basic drainage system within the Green and Cedar River
Basins is a complex of streams, rivers, lakes, ponds, wetlands, and Puget
Sound. The Urban Runoff and Basin Drainage Study has focused on 27 regional
sub-basins and their stream systems, although numerous other named and unnamed
streams make up this system. The two major river basins, the Green and the
Cedar, have oriqins in the snowpack of the west slopes of the Cascades. The re-
maining stream courses and water bodies, while receiving precipitation in the
form of snow, are primarily dependent upon rainfall as their source of water.
The significant rainfall occurs from late fall to early spring. While winter
flows in the streams are usually higher, perennial flows are experienced by
all streams serving a drainage area of approximately 1.5 square miles or more.
The wetlands and ground water stored in permeable soils provide the main source
for summer flows.

The lush natural vegetative cover of the region has an annual capability
for returning water to the atmosphere through evapo-transpiration in excess of
the amount of precipitation that actually falls.

EMI-DEVELOPED_ SYSTEMS
Every stream system has sore type of man-made improvement. All streams
ive at least a few culverts and bridges and the sub-basins in which the streams
are located nave some impervious surfaces such as roads, houses, businesses,
etc., many of which are drained by conduits to nearby watercourses.

Uther man-made features commonly found are rip-rapped and concrete-
lined channels, diversion structures, storage ponds, fish ladders, gutters,
catcn basins, settling basins, weirs, water-supply intake pipes, and reser-
voirs.

These additions to the natural drainage system have been made primarily
as urbanization of natural and rural areas has occurred. These have been
made because tnhe very process of urbanization has so altered the runoff charac-
reristics within the watersheds that the streams need to be controlled in order
to prevent major flooding, erosion and siltation.

While some of the changes to the natural streams have not resulted in
any significant adverse impacts, the net effect of continuing changes is a
steady degradation of the natural stream system. This degradation has pro-
gressed to the point for some streams that significant fisheries resources have
been lost, annual flooding is commomplace, and summer flows have become non-
existent.

FULLY DEVELOPED SYSTEMS
When a stream channel can no longer withstand the rapid runoff atten-
dant with advanced urbanization, it is often completely encased in a pipe or
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conduit of sufficient size to accommodate any flow and is buried beneath
the ground or possibly placed in a concrete channel. A stream also may be
piped underground by an insensitive landowner or developer who wishes to
increase the “usable” square footage of his property. The Study Area now
has a significant amount of the once-natural streams in pipes and conduits.
The distances that stream systems are piped varies: former Streams in
Seattle are now totally enclosed in pipe, but streams such as May Creek on
the east side of Lake Washington have little or no pipe.

The drainage system serving the City of Seattle has a second unusual
characteristic. The majority of the City has been served by combined sewers
in which sanitary and storm sewage flow in the same pipe. However, the prob-
lems resulting from this method are now being corrected by a relatively
costly separation program that will place almost all storm drainage systems
underground.

As a basis for comparison of natural and man-made systems, the follow-
ing table shows the existing lengths of natural streams storm drainage pipes
of 30 inches in diameter or larger, and combined sanitary and storm sewer
systems 30 inches or larger for each regional sub-basin and demonstration
areda.

Of the 977 miles of streams identified in the Study Area*, approxi-
mately 147 miles or 15% are now in pipes and conduits. The extent of these
installations is related to the amount of impervious surface present in the
Study Area which presently is approximately 17% of the total area.

The Water Quality Management Study Report has categorized the streams
according to the existing level of urbanization. These categories are:
(I), Rural - Undeveloped; (II), Rural - Agricultural; and (III), Urban -
Suburban. The assignment of these categories to the various named strouns
in thne Study Area can be seen in the regional sub-basin descriptions in
this Appendix. While these categories accurately reflect existing conditions,
there is little hope that they will remain valid for many of the streams
after the next few years.

* Excludes the Upper Green River and Upper Cedar River Sub-Basins and the
main stems of the Green and Cedar Rivers.




TABLE 1
EXISTING SYSTEM INVENTORY

REGIOHAL SUB-BASINS
(excluding demeonstration areas)

Natural Stream* Pipe/Conduit** Combined System**

C-2 Lower Cedar River 55.2 miles = =
C-3 Issaquah Creek 63.6 0.1 miles -
C-4 Lake Sammamish 2t 542 -
C-5 Evans Creek 75.0 0.2 -
C-6 Bear Creek 26.2 0.1 -
C-7 WNorth Creek 21.8 0.1 -
C-8 Swamp Creek 3022 [iF%2 -
C-9 Sammamish River 38.9 1.9 -
C-10 Juanita Creek 15.4 0.7 -
C-11 Lyon Creek gis3 1.0 -
C-12 McAleer Creek 10.2 2.0 -
C-13 Thornton Creek 3.4 2.0 -
C-14 Mercer Slough 20,3 4.6 -
C-15 Coal Creek 14.9 0.5 -
C-16 May Creek 2002 - -
C-17 Lake Washington East 19.7 8l -
C-18 Lake Union - - 30.90 miles
C-19 Lake dasnington Vest 8.4 3.8 21.4
G-2 Newaukum Creek 32.8 Ut -
G-3 Big Soos Creek 65.8 - -
G-4 IMiddle Green River 70.4 - -
G-5 Lower Green River 38.1 8.8 -
G-6 Black River 33.5 4.5 -
G-7 Duwamish ktstuary 10.3 11.6 12.0
P-1 Upper Puget Sound 20.3 5.2 -
P-2 iiddle Puget Sound 9.7 0.4 350
P-3  Lower Puget Sound _18.5 2.0 6.0
SUB-TOTALS 773.1 63.1 72.4
DEMONSTRATION AREAS
Thornton Creek 5 4.1 -
Kelsey Creek 15.0 1555 =
May Creek - See C-16 May Creek above -
Mi1l Creek 20.1 2.8 "
Miller Creek 9.6 ol <
SUB-TOTALS 56.2 11.8
TOTALS 829.3 miles 74.9 wiles 72.4 miles

* Excludes main stems of the Green and Cedar Rivers.
** Pipes and conduits 30 inches or larger.
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PRESENT AND FUTURE URBAN DRAINAGE PROBLEMS
PRESENT PROBLEMS

During the inventory process, there also was an examination made

of problems relating to drainage. There were found to be problems within
existing drainage systems, such as conduits and natural systems, and also
problems associated with some of the isolated lowlands or wetlands, typical
of the Puget Sound geology. Problems of all types related to drainage were
given consideration in the study. The same agencies which provided infor-
mation on existing facilities also were asked to furnish their information
on problems and damage losses resulting therefrom. In most instances, the
inventory process of conditions and practices was conducted simultaneously
with the examination of problems.

A complete record of all recorded and reported problems were compiled
for each sub-basin. Table 2 indicates problem data sources by agency, citi-
zen report, newspaper, or field observation for each sub-basin.

The public was asked to tell of their problems, and to give their
opinions about how problems could be solved, at a series of community meet-
ings conducted at nine locations throughout the Study Area during November,
1972. Problems were tabulated from the questionnaires completed by attending
citizens. The total number of questionnaires returned and used in determin-
ing responses was 170.

Nearly all who attended the November, 1972 meetings lived in the Study
Area, while two-thirds lived in an incorporated city or town. Nearly 90
percent of the citizens owned their homes. Most residents were aware of the
problems involved with urban runoff during periods of heavy rainfall, while
approximately 80 percent believed that these problems existed in their im-
mediate neighborhoods. It was the consensus of 87 percent that temporary
storage of stormwater runoff in their neighborhoods would be acceptable, with
open fields, golf courses, roadside ditches, parking lots, and picnic areas
the locations preferred, in the order listed. Very few believed that the
water should be allowed to stand in the streets or their lawns and driveways,
but about half were willing to permit temporary storage of stormwater else-
where on their property.

Public opinion was overwhelmingly against the use of concrete linings
in streams in order to lessen damage by stormwater runoff, while the use of
a rock or boulder lining was more environmentally acceptable.

Attendees overwhelmingly favored the use of tax money to pay the cost
of stormwater runoff control and believed that the cost should be shared by
residents of both hillsides and low-lying areas.

Most of the attendees believed that existing control measures are
insufficient to protect natural stormwater runoff channels and that zoning
should be adopted for the purpose, although development of presently vacant
land should not be completely halted, and streams, swampy areas, and other
natural areas where development was limited should be opened for public re-
creational use. 6
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They believed that building should be restricted in low-lying areas
subject to seasonal flooding, out that changes to more intense use of urban
or suburban lands would not be completely stopped, but rather controlled in
some way. Citizens' opinions were mixed with regard to the level of govern-
ment which should be responsible for control measures, but spoke most affir-
matively of regional organizations, sucn as ietro.

Streams were considered to be important urban assets, while swamps
and seasonal swampy areas were also believed to be valuable assets to the
environment. iMost attendees considered that building should be restricted
within 100 feet of natural water runoff features, except lakes and major
rivers, while streams, swamps, and seasonally swampy areas should be used
for both active and passive recreation.

From the inventory process, the above described questionnaire results,
and from additional problem input obtained from the public at the January,
1973, series of community meetings, maps were prepared that indicate problem
location and type. These maps were used at the June, 1973, round of communi-
ty meetings to show citizens the wide range of drainage problems in the
Study Area.

A summary of reported problem types is listed by sub-basin in Table
3. Additional problems found during the hydraulic analysis of the existing
drainage systems are included in the table.

The only water-quality problems reported by citizens were those of
turbidity, and they are grouped in the table with sedimentation problems.

The most frequently reported problem was ponding or standing water,
which accounted for 25% of the total problems reported. Second most fre-
quently reported was slides, 24% of the total. The problem of slides is
over representative of type and frequency due to a large amount of data
received from one source, the Small Business Administration.

The ranking of documented problem types by reported events is:

Ponding 93
Slides 91
Stream Flooding 37
Ditch Flooding 35
Structural Failure 37
Sedimentation 27
Erosion 43
Home Flooding 21
Debris 10
Gutter Overflow 4

TOTAL EVENTS 398
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0f the reported problems, the occurrence by type of drainage system
is as follows:

Open Channel (include natural
streams, ditches, channels, etc.) 245

Combined Sewers 39
Storm Drains 64
Curb and Gutter Systems 6
Others 11
Overland Flow I
TOTAL 366*

* This differs from the total problems reported because in some cases, more
than one type of problem occurred at the same location.

The total number of problems is rather small by comparison to the
Study Area, but are considered typical. Review of the reported problems
seems to indicate that the major problems occur in open channel conveyance
systems. Mostly problems occur in natural creeks or creeks that have been
altered or impacted by urban runoff. Problems cited above are normally very
short-lived, less than a few days.

Generalized findings are:

1) Existing storm sewers were found to be adequate except in those
instances where the land use was not realistically projected at the time the
storm sewers were designed.

2) Most storm sewers outfall directly to a natural channel, regardless
of the channel's capacity or sensitivity to increased flows.

3) Many roadside ditches have 12-inch diameter culverts at driveways;
flow capacity is not considered, Usually, the property owner or developer
installs the smallest culvert as per local-agency regulations.

4) Many roadside ditches are at grades too steep to control erosion
of native soil, thereby causing erosion and eventual sedimentation.

5) The number of reported problems by area are believed to be an
indication of public concern and awareness, not the magnitude of problems.

The reported monetary damages obtained from local agencies are also
listed in Table 3. These amounts represent damages from storm events that
occurred during the years 1972 and 1973. During March, 1972, a storm with a
recurrence interval of approximately 25 years occurred and caused roughly
90 percent of the reported damages for this two-year period.

The total reported damage amount of $1,506,300 probably encompasses
only a small portion of the actual damages, as considerable damage was not
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estimated or reported. This amount, therefore, should be considered a
lower limit for any two-year period.

Within each of the demonstration areas, estimates were made of the
annual damage from floods and drainage waters under existing land-use and
drainage-system conditions. This information is presented in Table 4. Agri-
cultural inundation damage was estimated to be $25 per acre per year for crop
and pasture lands. A1l other damages were either from reported amounts, or
from estimates based upon 1973 cost levels.

Because of a lack of data, it was not possible to define the extent
of flood plain lands within each demonstration area. Therefore, for com-
parison purposes, damages per square mile of total watershed area are pre-
sented instead of the more conventional method of relating damages to only
those lands within flood plains. The annual direct and indirect damages
per square mile are indicated in Table 4, and totals ranged from a low of
$1,200 for Kelsey Creek to $4,600 for Miller Creek. The average per square
mile for all five demonstration areas was $2,700.

The demonstration areas represent a composite of the types of land-
use and development conditions found throughout the Study Area. The average
annual damages provide another rough estimate of total annual damages that
are experienced with the existing developed and partially developed urban/
suburban lands of the Urban Runoff and Basin Drainage Study Area.

Total Annual Damages: 730.5 sq. miles x %$2,700/sq. mi. = $2,000,000

fhe figure of $2,000,000 per year is an estimate. The almost total
lack of accurate data, and the enormous time and cost efforts of flood
hacard appraisals make further refinement impractical at this time.

In addition to problems which have affected individual property
owners, a whole series of problems plague the natural stream system.

Most notable among these are:

P

1. Loss of fisheries: This is due to a combination of urbanization-
induced factors; siltation of spawning beds; intolerable increases in water 3
temperature and decreases in dissolved oxygen content from vegetation re- ;
moval; low flows which impede fish passage and reduce water quality (attri-
butable to filling in of wetlands and paving over of natural ground surfaces);
and construction and placement of culverts, fences, wiers, etc., which do not :
allow fish passage. 1
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* See footnote page VI

2. Loss of wetlands: As economic pressures build within urbanizing
areas, wetlands, which were previously considered unbuildable because of
excessive construction costs, are developed. The nigh construction costs
are offset by potentials of economic gain which the wetlands offer as the
last undeveloped properties within the urbanizing areas. When the wetlands
are drained or filled, their water retention and purification function is
destroyed. The watercourse must then endure highly variable silt and pollu-
tion-laden runoff volumes unaided.

3. Degradation of water quality: Water quality problems occur in
two general areas: (1) As streamside vegetation is removed, an increase in
water temperature and decrease in dissolved oxygen content is experienced.
(2) Pollution loads carried by streams during and after storms can be of
short-term duration but of long-term consequenca. Parking lot and roadway
runoff (high in hydrocarbon and heavy metal pollution), runoff from ferti-
lized lawns, and silt laden runoff from unprotected construction sites, all
enter the streams during storms. Depending upon the severity or frequency,
the introduction of these pollutants can have a devastating effect on the
aquatic biota and dependent terrestrial fauna.

4, Loss of stream aesthetics: It is difficult to assign a dollar
cost to the aesthetic value and enjoyment provided by a natural stream,
and yet, pleasant moments have been provided to ‘hose people who have exper-
ienced the beauty of a rushing stream or the peaceful solitude of an upland
marsh. These natural benefits disappear when streams are placed in conduit
or cease to flow because a wetland area has been drained and filled over for
a new housing development. Unfortunately, this type of 10ss occurs contin-
ually on the streams within the Study Area.

FUTURE PROBLEMS

The drainage problems that exist today begin to establish the pattern
and format for problems that can be expected in the future. Unless remedial
measures are taken, future drainage problems will tend to build upon and
intensify drainage problems that now exist. And, in all likelihood, new
problem areas will be created which do not exist at this time.

In order to help identify the magnitude and probable location of i
future problems, the present drainage system has been analyzed with the aid ]
of the computer models under runoff conditions from projected future land use.
This has resulted in a definition of areas where the present system will be
inadequate for future land-u e runoff conditions.

e

The general pattern which occurs begins with upstream development that
does not have adequate runoff control. This leads to an overtaxing of down-
stream facilities which may be characterized by flooding, an accelerated
erosion rate, sediment deposits on stream beds, and the formation of offshore
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deltas. Many of these problems can then be transmitted further downstream
in an attempt to correct them at the initial place of occurrence. Rip-
rapping, dredging, diking, and channel realignment are typical of "correc-
tive" measures which, in fact, transmit a problem further downstream.

One way to gain an easy understanding of what might happen to a stream
system is to make a comparison between a sub-basin which has experienced con-
siderable development (in excess of 15% impervious surface) and one which
has experienced little development (5% impervious or less). The sub-basin
which has little development usually will contain few man-made structures
(culverts, retaining walls, etc.) within the stream and display few signs of
erosion, siltation or past flooding. Conversely, the sub-basin which has a
higher degree of development often will contain numerous control features
including rip-rapped or concrete sided channels, stream sections completely
enclosed in conduit, check dams, etc. and show definite signs of erosion and
siltation. If the undeveloped sub-basin begins to develop without special
runoff controls, the probability is quite high that it, too, will eventually
require control devices and begin the gradual process of deterioration.

The following listing presents regional sub-basins and demonstration
areas by the severity of drainage problems that are likely to occur by the
year 2000 if corrective measures are not taken. Group One is for those
basins currently experiencing severe drainage problems and in which an in-
tensification of problems can be expected: Group Iwo for those that orob-
ably will experience severe damage by the year 2000; and Group Three for
those expected to have less severe drainage problems by the year 2000.

GROUP ONE
Black River
Miller Creek Demonstration Area Mercer Slough*
Middle Puget Sound Thornton Creek Demonstration Area
Duwamish Estuary Thornton Creek*
Lower Green river* McAleer Creek
Lake MWashington East Lyon Creek
Kelsey Creek Demonstration Area Juanita Creek

GROUP TWO
Lake Sammamish

North Creek Mi11 Creek Demonstration Area

* See footnote page 15 <14
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Swamp Creek Upper Puget Sound
Lake Washington West Lower Puget Sound*

GROUP THREE

Lower Cedar River Coal Creek

Issaquah Creek May Creek Demonstration Area
Evans Creek Newaukum Creek

Bear Creek Big Soos Creek

Sammamish River Middle Green River

*Regional sub-basins do not include the demonstration areas located therein.

The loss of additional fisheries resource and stream aesthetics can
be expected if existing trends continue. Also, the educational value of
the natural stream ecosystems will be lost or further removed from those
who wish to make use of them. Economic costs to the community to accommo-
date runoff from projected future growth must be weighed against any poten-
tial economic gains the growth itself may bring. If citizens agree to spend
a portion of available revenue, the use of the money (i.e. schools vs. police
vs. roads vs. drainage, etc.) must be made judiciously because the correction

of a problem in one area may lead to the worsening of a problem in another
area.

The last major area for which future problems can be anticipated is
with water quality. A gradual degradation of water quality can be expected
running parallel to the pace of urbanization. Pronounced changes probably
would not occur over the short-run, but can be expected to ultimately elimi-
nate fish productivity and lower water quality in those sub-basins where
significant growth is projected to occur.
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ALTERNATIVE DRAINAGE PLANS

INTRODUCTION

The alternative drainage plans, described in this section, repre-
sent reasoned approaches for each of the regional sub-basins and demonstra-
tion areas. They report the existing and projected land-use and drainage
situation and they reflect a consideration for what is possible, feasible
and desirable in view of the general goal to obtain the greatest benefits
to the community and its environment. The alternative plans are not intend-
ed to be final plans for the design of specific physical facilities, but
they are based upon an accumulation and integration of facts that are neces-
sary prerequisites for design and implementation, including community action.

Plan development processes from which the alternatives are derived
are explained in more detail in the Technical Report.

LAND-USE PROJECTIONS

The alternative drainage plans have been developed to provide methods
for accommodating runoff from land under use conditions projected for the
year 2000. Each of the regional sub-basins and demonstration-area projections
were based upon common methodology for population, economic and land-use
allocation forecasting, and are consistent with forecasts used for other
RIBCO studies. These land-use forecasts were provided by the Puget Sound
Governmental Conference (PSGC) on the basis of census tracts through the use
of an Activity Allocation Model (AAM) which distributes region-wide forecasts
of population and economic activity to a number of small districts. The AAM
output was not directly usable for the Urban Runoff and Basin Drainage Study
because the reported districts were not based upon drainage sub-basins. Local
Planning Agencies reworked the land-use projections provided by the AAM to
conform with sub-basin boundaries.

The land-use projections for the year 2000 were prepared for two alter-
native growth concepts, designated as the Comprehensive Plan and the Corridor
Plan. The PSGC defines these concepts as follows:

Comprehensive Plan

This concept assumes continuation of the past decade's growth trends
and development policies, but with some accommodation for plans to reach land-
use goals in an orderly manner. Major features include:

1. Acquisition of open space as demands rise and finances permit, but
with acquisition concentrated in the urban area for specific purposes, rather
than as dictated by natural factors that bear upon construction costs;

2. Location of new employment in new centers only when it cannot be
accommodated by existing centers, and then with regard to plans for transporta-
tion (including high-speed mass transit) and residential development; and
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3. Location of residential development relative to existing service
centers instead of encouraging the establisiment of new, automobiie-dependent
satellite communities that result from real estate speculation and promotion.

Carridor Plan

This concept assures that new development wili be concentrated in
corridors radiating outward from larger cities along major transportation
lines. Open space separates the corridors. The concept calls for:

1. Conservation of land based upon suitability analysis of natural
factors;

2. Location of new employment activities along transportation develop-
ment routes (including a high-speed mass transit system); ad

3. UDevelopment of residential units witnin existing residential areas
with high-density around transit terminals and central business districts.

Land use was designated in the following categories:

- Single Family - Parks and Dedicated Open
Residential Spaces
- Multi-Family and - Agriculture

Other Residential

Special: Airports,
Railyards, Freeways,

- Commercial Services

Highways
- Government/Lducation/ - Unused Land
Institutions
- Industrial - Water

Existing and future land-use plans are shown in the Technical Report
on Figures 9 through 11.

Analysis of runoff characteristics from either development concept
produced little or no substantive change in the required drainage system
except in a few isolated instances.

Storms that nave lU-year recurrence intervals have boen used to determine
the type of problems that would be encountered by the existing drainage systems
of each regional sub-basin under future land-use projections.

FORMULAT 10N
The procedure for developing alternative drainage plans began with

a field inspection of each regional sub-basin, and particularly the drain-
age systems.
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hstructions to flow in channels were located, as were flooded areas and
other drainage problems. With the field information, the reported drainage
problems, and citizen preferences in mind, drainage-system modifications were
formulated and several alternative approaches were developed. Considering
agency and citizen review comments, two alternatives were selected for
further study.

Once the two alternative plans were scoped, potential modifications to
the existing drainage system were listed. These modifications were then
entered as input to the computer models and simulation runs were made. The
results of this first simulation identified those elements of the system
that were not correctly sized to accommodate the runoff expected under tne year
2000 land use.

In the case of the alternative tending toward a non-structural approach,
additional runoff controls or flood-plain zoning modifications were identified.
In the alternative more closely related to a structural approach, it was often
found that increasing the capacity of the conveyance system in the upstream
portion of the sub-basin created a new flooding problem in the downstream
reaches of the drainage system.

With an evaluation of the results of the first simulation, additional
runoff controls, holding ponds, enlarged conveyance facilities, and other
adjustments were proposed and a second computer simulation run was made. If
the results of this second simulation indicated that all problems from the
previous simulation were eliminated, no further computer runs were made.

However, if problems did remain the process was repeated until they were
solved.

Combinations of various elements from each of the three general
drainage concepts were utilized in every sub-basin and demonstration area.
Flood-plain zoning was appropriate at the farthest downstream reaches of
several streams due to the physical features of the sub-basin. These flood-
plain zones can be in the form of a flood plain available to the stream as
in nature, or an artificial flood plain adjacent to the natural stream so
that the area is available to the public for use at times when the artifi-
cial flood plain is not needed to accommodate peak rates of flow.

Runoff controls were considered in those sub-basins where a substantial
portion of the land is projected to change from undeveloped to developed by the
year 2000. For those sub-basins where 1little urban growth can take piace due
to the present high level of urban development, runoff controls were considered
inappropriate.

Holding pond sites are available in almost all of the sub-basins,
and the use of holding ponds proved to be beneficial in simulation through-
out the Study Area. Wetlands and bogs also can be utilized in most of the
sub-basins as runoff storage areas.

Bypass pipelines parallel to natural channels have application in areas
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where the natural stream can no longer accommodate large flows. These pipe-
lines, or diversions, will take only peak rates of flow, leaving low and
natural flows in the stream.

Each alternative drainage plan developed by the URBD Study utilizes
a combination of drainage concepts. However, one alternative was developed
to rely more heavily upon constructed facilities, whereas the other placed
a greater emphasis upon runoff control and the preservation of the natural
drainage system.

The alternative plans were developed to provide methods for accom-
modating without flooding the storm runoff resulting from a rainfall with
a 10-year recurrence interval.

In many sub-basins, existing flow restrictions, such as undersized
and blocked culverts and channels, presently cause flooding and results in
moderated peak flows. When these restrictions are removed as part of an
alternative plan, the flooding is alleviated but the peak flow rates are
increased due to the entry of additional waters to be conveyed by the im-
proved drainage system. This increase peak-flow condition occurs in at
least one alternative plan for almost all sub-basins.

For each alternative plan, the water quality concentrations at peak
flows are presented for five constituents on the basis of runoff resulting
from a 10-year storm. These concentrations were simulated by the computer
models and represent conditions that would exist when a 10-year storm was
preceded by five days with little c¢r no rainfall.

EVALUAT ION

Each alternative drainage plan was field checked by a two-man assess-
ment team to determine if the proposed plan was environmentally and socially
sound. An evaluation matrix containing 34 separate elements, which were grouped
into the following five general categories, was used by the assessment team
and was filled out in the field:

1. Effectiveness - considers system's (alternative plan) ability to
handle runoff.

2. Human Values - considers human uses and impacts of the systems.

3. Environmental Factors - considers system's natural environmental
benefits and impacts.

4. Implementation - considers program mechanisms to accomplish the
alternative.

5. Resource Requirements - considers expended or committed resources
necessary to physically realize the alternative.
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Relative weights from one to four were assigned to each element
indicated on the evaluation matrix, because each element did not repre-
sent equal benefits or impacts.

The evaluation of each element, as it applies to the various drain-
age alternative plans, was done on the basis of a positive, negative, or
neutral rating. Positive (+1) indicates that the alternative has a bene-
ficial (least negative) impact on the element being rated. Negative (-1)
indicates that the alternative has a non-beneficial (most negative) impact
upon the element. Neutral (0) indicates that the alternative does not sig-
nificantly affect the element. The sum of the 34 weighted elements when
all receive a positive rating is plus 108, and when the elements all receive
a negative rating,the sum is a minus 108.

The total score assigned to each alternative should be considered a
guideline only and must be tailored by local decision makers and their
staffs to reflect subsequent changes in data, conditions and values. Table
5 contains the ratings for each of the alternative drainage plans developed
for the 27 regional sub-basins and five demonstration areas.

These evaluation ratings to be meaningful must be related to the
descriptions and alternative drainage plans for each regional sub-basin.
Although these ratings provide a general guide to the overall acceptability
of an alternative, the real value of the evaluation process has been the
opportunity it provided for continuous evaluation during the planning pro-
cess itself.

Existing Conditions

An existing-conditions rating has been shown for each sub-basin in
an attempt to give an overview of the relative condition of the natural
drainage systems. This rating, while using the same range of values as the
alternative matrix, is not based upon the numerous factors used for alter-
native plan evaluation and therefore should only be considered a general-
ized rating when compared to ratings for alternative plans. The rating is
entirely subjective but was accomplished after field checking each drainage
system.

High scores were assigned to streams such as Newaukum and Big Soos
because of the relative absence of man-made drainage facilities or encroach-
ments. Ratings in the neutral range (-27 to +27) indicate strong influence
upon the stream system by man-made drainage facilities or development.
Streams in this range are in a critical condition and require immediate
attention if they are to continue as positive elements of the drainage sys-
tem, while at the same time remaining environmertally stable. Thornton
Creek, Lyon Creek, Mill Creek, and Kelsey Creek all fall into this range.
Ratings below -27 indicate that little of the natural stream system remains
or that extensive modification has been made. McAleer Creek and the Black
River represent streams in this latter category.
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Year 2000 Alternative Draipage Pians

The evaluation ratings applied to the alternative drainage plans
indicate how tne stream would be influenced by tne various features of the
plan. A stream which already has experienced impacts from urbanization
presents a more difficult problem to solve with regard to the development
of drainage plans, and is often reflected in a lower score for the alter-
natives considered. Conversely, a stream such as Newaukum Creek is still
far enough anead of the impacts of urbanization that solutions to control
runoff cover a wide range of choices amongst which usually exists environ-
mentally sensitive alternatives. The resultant alternative ratings are
therefore generally nigher than the alternatives in sub-basins where ur-
banization has already occurred, but lower than existing conditions due to
the fact that substantial urbanization is projected for the next 25 years.

tvaluations were not made for the condition of no additional drainage
improvements with continued urbanization. However, with that condition, the
evaluation ratings for the year 2000 iand use would be much lower than the
ratings of the alternatives presented in Table 5.

The range of values in the rating for a given alternative plan re-
flects the severity or sensitivity of the solution needed to control runoff.
As an example, where the plan suggests the channelization {channel is
reqgraded and realined with new side slopes, and possibly a change in depth
and widtn) of a stream, it must be assumed that at least for the short term,
and possibly for the long term, much natural stream-side vegetation would be
eliminated, aquatic habitats wouid be damaged, wildlife habitats would be
reduced, water quality would be impacted, and stream aesthetics would be
irreversibly lost. Additionaily, cost of channelization is relatively
high when compared to other less structural controls such as ground water
recharge and flood-plain zoning.

Channelization may allow greater land utilization by providing a more
convenient stream aligrment and a greater channel capacity to prevent over-
topping, but this comes at the expense of an open greenway and the loss of a
natural outdoor laboratory. Channelization to meet ever-increasing runoff
from new impervious surfaces accomplishes little in promoting aground water
recharge and may result in unacceptable low-flow conditions.

An exampie of how a higher rating could be obtained would best be
represented by an alternative plan utilizing runoff control. Runoff control
envisions either storage (detention) or recharge (where soil types permit)
of peak flows to allow the natural stream system to continue functioning
without incurring erosion and overtopping. Utilizing runoff control, stream-
side vegetation, aquatic habitats, and wildlife habitats can continue to
exist undisturbed. Water quality is enhanced through filtering or settling
of sediments and general stream aesthetics remain unspoiled. Even as new
impervious surfaces are developed, stream flows can remain fairly constant.
Low flows are enhanced by water which has been introduced into the ground
or released from detention sites. The cost of runoff control is usually
less than the cost for those solutions involving extensive structural work,
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TABLE 5
EVALUATION RATINGS

Regional Sub-Basins (excludes Demonstration Areas)

Year 2000 Conditions

Existing Alt. Alt. Alt. Alt.

Regional Sub-iasin Conditions I 11 101 IV
C-2 Lower Cedar River +28 to + 54 -9 +28 +16
C-3 Issaquah Creek +28 to + 54 +14 +14
C-4 Lake Sammamisn 0 to + 27 -25 +28
C-5 Etvans Creek +33 to +108 +41 +53
C-0 Bear Creek +55 to + 82 +10 a. 423 a.

+19 b. +32 b.
C-7 Horth Creek Q0 to + 27 -40 + 6
C-8 Swamp Creek 0 te £ 27 -34 a. + 3a.

-3 b. + 3b.
C-3 Sammamisn River +b5 to + 82 +39 +64
C-10 Juanita Creek 0 to + 27 -2 +50
C-11 Lyon Creek =27 to 0 -36 + 3 +11
C-12 McAleer Creek -54 to - 28 -47 a. +14 a,

-47 b, +14 b.
C-13 Thornton Creek =27 to 0 -26 -4 +24
C-14 tiercer Slough =27 to ¢ =35 +54
C-15 Coal Creek +55 to + 82 +16 +63
C-16 May Creek +55 to + 82 -14 +32
C-17 Lake Washington East -54 to - 28 -15 +<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>