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PREFA CE

Th i s report is an appendix to the Urban Runoff and Basin Drainage
Study . It contains genera l information on each of the regional drainage
sub -basins within the Green and Cedar River Basins (State of Washington
dater Resource Inventory Areas 8 & 9) and specific descriptions of all
alte rnative 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 Ri ver Basins in King and Snoho-
mish Counties , Washington , and has been conducted under the auspices of the
Ri ver Basin Coordinating Conini ttee (RIBCO). Four principal studies comprise
the RIBCO Environmental Management Program: Part I - Water Resources ; Part
II - 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
tri e Green ~ 4-’te~~r~Ri ver Basing . The study reconinendations address drainage
facilities , capital cost, methods of financing and institutional arrangements
for effective drainage management. The recommended plans are conceptua l 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:

Tecnnica l Report

Appendix A - Regional Sub-Basin Plans

Vol ume 1 - Cedar Ri ver Basin
Volume 2 - Green Ri ver 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
UACi467-73-C-0022 between the Seattle Distri ct, U. S. Army Corps of Engineers
and KCM-WRE/YTO .
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‘t I U B A L  S r S T E N U

Th,~ under l y ing m d  r i s  i c Ur~ inaie s v S t r u i  w i th in  the Green and Cedar River
~~ ,ns is a ~ oi il e~ af s t r e d i r  • ‘i v ers , lakes , or.ds , wet lands , and Puqet
S ‘ The L ’ r i n  ~u’io ff  ~nu1 Bas ii )ra i r ia ’~e ituif i has focused on 27 regional

i .  -~
)as)ns mi their st ream sys s , al t : u ~~ I nume rous other named and unnamed

r i , : : ,  ikj~ 0 U~ t’lis c’s te l , The t~ o ma jor river basins , the Green and the
e 1~ - , Live o r ij i n~ in ~hi~ ~ii~ )dL k j i  t i c  ue:; t slopes of the Cas ~~d~~ . T h e

~ r inq St ’  : c~’jr’,e, and a l t e r . o l i e ~~, s~u ile  receiving precipi tat ion in the
H r ~ U ot  snow , are p r i r ;a r i l y f e u : n J ’it ~iflin ra~nfa 1 l as their source of water .

I gni fi c~ r1t rain ía I I  ~ cu r  f r r i  ~at~ ~sl 1 to e a r l y  spring. Whi le  w i nte r
flur’~ in t : e  S t r s ~il lS ar ’e us~a , ~ii ihc’ r , :)C’ rerl:lIal flows are experienced try
a ll streams serv ing a ir inaije ar~ d uf approximately 1.5 square miles or more.
Trie wetlands and ground watr~r stored in penneab le soils provide the main source
for S J i l i C r’ f l o w s .

lU1p lush natura l ~~ ‘ at i ye ~~ r of t:~e reg ion has an annual capab ility
: r  re t rni .q wa t e r  to tn: 1t r r i i ;~ ihere  ~n - r ,~~qh evapo—transpiration in excess of
the a~ rur t of ~r~n i p it a t i on t ria t o~ t ual1 y fafls.

L~~1 -D EVE LO PE~ UY STE 5 1

[very S trej i:i sys te m ias ‘~“~~‘ ype of man—made improvement. Al l  streams
.e at least  a few cu lver ts  a n i  uria cles and the sub-basins in which the stred l :s

~~ loc dteU iave s o.tle imperv ious i - f a c e s  such as roads , houses , businesses ,
etc  . ,  : l ’i j  of w i i c h  are irained ~ :endiits to nearby watercourses.

Utoe r :lrdn-rflade features coinm’)nly f und are rip-rapped and concrete-
i r re d  ~oa~) r O ] s , d i ’ i~r~ inn s t ruct i re  . s torage ponds , ish ladders , qutterS ,
catc n basins , set t l ing  basins , w eirs , water—suppl y  intake pipes , and reser .
vol rs.

The se additions to thr natura l drainage syst e m have been made primari ly
as u rb a n i .rat ion c~ natura l and rut-a i a reas eas occurred . These hav e cen

ade because t r ia ve ry process ‘1 u ro a i j z a t i o n  has so altered thc runoff char~ c-
r i s t ic ’ , w i t h i n  the 4ate r ’~:eds t n ’ t  the s t r€ 3ns need to be con t ro l led in order

to i ’OvH’t major f looding, er rsrc ) i  anti s i lta t ion.

~ i le soi r’ o t o  r~~~~ ie~ to t :c  natura l s t r e a n~ iave not rr’’~u l  t e l  i n
any S i Itil r cant a ~er e i m p a c t . ; , t~ e net e f f e c t  ~f .irntinu i :q chan ’~rs is a

steue~ d lr. a a t l L r r  (if tli~ n I e t i  ~ ~r ,rn: ,
~~ 

,tn ,i . This ~i .atiun 105
q r r ~Ss ci to t ‘a i’nint ~‘ir ~Oi tc s ~ t t d i i , L r a  t ; j~ ni fi c,i r it fj - fl r as reSeurc i’ ’ . id ’s ’
L~~u l o t , ii cal  floo diri : ~S n i  ~~~~ l ace, ar id ~ur:1:cr f low s O a v e  iCco r i t non-
e’ i~~te t .

FU LLY DEVI i Ui ED ‘s Y S J L ’ ~’~
~ ~ a s t re-i~: r i - i nC  I can PO u i  or wi ths t rrid trio ‘nipi d runoff at ten -

dint w i f ’  advanced urean ~at ion , it is ~f t e i  c~’mij le te y encased in a pipe or

L
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nanilu it ~f su f ic ien t  s i z e  to a c e a t f i t e  any f low and is buried b en i -m th
trio ground or possibly placed in a concrete channel. P~ stream also m ay be
piped rmr Jer ij rou rm ii by an insensi tive landowner or de veloper who wishes to
increase the “usable ” squire footage of his property. The Study Area now

~-as a si gnificant amount i tt the once-natural streams in p ipes and conduits.
Tn e dist ances toot  stream systems are p iped varies: former streams in
Seatt ’e are now tot ally enclosed in p i pe , but streams such as May Creek on
toe east side of Lake ~ashington have l~-ttle or rn pipe.

The drainage system serving the City of Seattle has a second unus ua l
c la rac te r is t i c .  The majorit y of the City has been served by ccxnbined 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 rel atively
costly separation progran i that will place almost all storm drainage systems

lor irounti .

As a basis for comparison of natura l and man-made systems , the follow-
in g table shows the existing lengths of natural streams storm drainage pipes
of 30 li- c oo s in diameter or larger , and combined sanitary and storm sewer
systesrs 30 inches or larger for each regional sub-basin and demonstration
- it-e d .

Of the ~77 miles of streams identi fied in the Study Area*, approxi-
mnd tel v 147 miles or l5~ 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 exist ing level of urbanization . These categories are :
(I), Rural - Undeveloped; (II), Rura l - Agricultural; and (III), Urban -

e~:urb an . The assi gnment of these categories to the various named str.. os
i n  the Study Area can be seen in the regional sub-basin descriptions in
tois Appendix. Whi le these categories accuratel y reflect existing conditions ,
t iere is little hope that they w i l l  remain val id for many of the streams
after t:~e next few years .

* Excl udes the Upper ciroen River and Upper Cedar Rive r Sub-Basins and the
main stems of the Green and Cedar Rivers .

-4-
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TABLE 1

E X I S T I ~1G SY STEi ’~ L~VE N T0RY

REGIONAL SUB—BASINS
(excluding demonstration areas)

~atura l Stream* ~fpe/Conduit** Combined Syste,n**

C-2 Lower Cedar Ri ver 35.2 mi les - -
C— 3 Issaquan Creek 63.6 0.1 miles —

C-4 Lake Samamish 27 . 0 3 .2 -

C-S Evans Creek 75.0 0 .2 - :1

C-6 Bear Creek 26.2 0.1 -

C-7 ~1ortn Creek 21 .8 0.1 -

C-8 Swamp Creek 30. 2 1 .2 -

C-9 San~namish River 38.9 1 .9 -

C— lu Juanita Creek 15 .4 0.7 —

C-li Lyon Creek 9.3 1 .0 -

C-l2 :lcA leer Creek 1-3 .2 2.0 -

C- l3  Thornton Creek 8.4 2 .0 -

0—14 Mercer Slough 26 .3 4 .6 -

C-iS Coa l Creek 14.9 0.5 -

C-l6 May Creek 22 .2 - -
C-17 Lake Washington East 19 .7 8.1 —

C-18 Lake Union - - 30.0 miles
C-U Lake .fasnington West 8.4 3.8 21.4
G—2 Newaukuin Creek 32.8 1.1 -

G-3 dig Soos Creek 65.8 - -
3-4 1-l id Ji e Green ~iver 70.4 - -
G-5 Lower Green ~ive r 33 .1 8.8 -

G—6 ~1ack ~i ver 33.5 4 .5
3-7 Duwamish Estuary 10.3 11 .6 12.0
P— l Upper Puget Sound 20.3 5.2 —

P—2 ili ddle Puget Sound 9.7 3.4 3.0
P-3 Lower Puget Sound 19 .5 2 .0 6.0

SUB-TOTALS 773.1 63.1 72.4 5

DE lI0NSTRATI0~I AREAS
Thorn ton Creek ll .o 4.1 -

Kelsey Creek 15 .3 1 .8 -

hay Creek - See C-16 May Creek above -
- h ill Creek 23 . 1 2 .3  -

Mil ler Creek 9 .b 3.1 -

SUB-TOTALS 06.2 11 .8

TOTALS 829.3 miles 74.9 miles 72.4 miles

* Excludes maui stems of the Green and Cedar Rivers .
** Pipes and condui ts 33 inches or larger.

—5—

_  
~~~~



-~~~~~~~~~~ 
~~~~~~~

---—
~~ ~~~~~T T T  

_- - -_ -

~~~~

-- . - ------

~

----- -.---

~~

.— - 
-

PRESL cIT ANd FUTURE URBA~’4 DRAINAGE PROBLEMS

PR E SENT PROBLEMS

da ring the inve ntory process , there also was an examination made
of oroblems re la tin q to dra i nage.  There were found to be problems wi tnmin
existing dra inage systems , Such as conduits and natura l systems , and also
problems associated with some of the isolated lowlands or wetlands , typical
ef toe Puget Sound geology . Prob l ems of all types related to drainage were
given considerat ion in the study . The same agencies which provided infor-
i.;otion on existing facilities also were asked to furnish their information
on problems and damage losses resulting therefrom. In most instances , the
inve ntory process of r-ondit ions and practices was conducted simul taneously
a it’i the examination of problems .

A complete record of all recorded and reported problems were compiled
for each sub-bas in . Table 2 ind icates problem data sources by agency , citi-
ze n report , news paper , 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 coninunity meet-
ings conduc ted at nine locations throughout the Study Area during November ,
1972. Problems were tabulated from the questionnaires completed by attending

L citizens . The total n umber of q uestionnaires returned and used in deterniin-
F ing responses was 170 .

-~ear1y all who attended the November~ 1972, meetings lived in the study
Area, wh ile two-thirds live d in an incorporated city or town . Nearly 90
percent of the citizens owned their homes . Mos t residents were aware of the
problems involved with urban runoff during periods of heavy rainfall , w h i l e
appr oxi oately 80 percent believed that these prob l ems existed in their im-
med i ate ne i ghborhoods . It was the consensus of 87 percent that temporary
sto rage of storn~ ater runoff in their neighborhoods would be acceptable , w i th
open f ields , golf courses , roadside ditches, parking lots , and pi cni c areas
the locat ions preferred , in the order listed. Very few believed that the
water snoul d be allowed t i  stand in the streets or their lawns and driveways ,
but about half were willing to permi t temporary storage of stornw~ater else--.-~ ere on their property

Pub l ic opinion wa.  overwhelmingl y against the use of concrete linings
ii ;treams in -ai der to les en j ir hmoge by storniwater 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 storowater runoff control and believed that the cost should be shared by
res i dents of both hillsides and low-lying areas.

Mos t of the attendees believe d that existing contro l measures are
i ns u ff icient to protect natura l stonnwater runoff channels and that zoning
sho uld be adopted for the purpose , although development of presently vacant
la nd should not be completely halted , and streams , swampy areas , and other
rr.i t:j ri l arias where deve1opme n~ was li mited should be opened for public re-
c;’ t i r inal use.
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They believed that building should oe restricted in low-lying a reas
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 mi xed wit h regard to the level of govern-
ment which should be responsible for control measures , but spoke most affi r-
metive ly of regional organizati ons , sucn as hetro.

Streams were considere d to be important urban assets, while swamps
and seasonal swampy areas were also believed to be valuable assets to the
environment. Most attendees considered that building should be restricted
within 100 feet of natura l water runoff features, except lakes and major
ri vers, while streams, swamps , and seasonal ly swampy areas should be used
for both acti ve and passive recreation.

From the inventory process, the above descri bed questionnaire results ,
and from additional problem input obtai ned from the public at the January,
l973~ series of comunity meetings , maps were prepared that indicate problemlocation and type . These maps were u sed at the Jun e, 1973, round of comuni-
ty meetings to show citizens the wi de 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 hydrauli c analysis of the existing
drainage systems are inc lude d in the table.

The only water-quality problems repor ted by ci tizens were those of
turbidi ty , and they are gro uped in the table with sedimentati on 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
recei ved 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
Debri s 10
Gut te r Overflow 4

TOTAL EVENTS 398
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Of tro reported problems , th~ occurrence by type of drainage sy stem
is as follows:

Oper- Channel (include nat -iral

~iitches , channels , e t c . )  245
CuI1~Ii ne- i ~ew~rs 39
Storm Drains 64
Curb and G utt er ~v ’~ten~ 6
Others 11
Overland Flow

TOTAL 366*

* This di ffers from the tota l problems reported because in some cases, more
than one type of prob lem occurred at the same location .

The total number of problems is rather small by comparison to the
Study Area , but are consider~d typical . Review of the reported probl ems
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 di rectly to a natural channel , regardless
of the channel ’s capacit ’ or sensitivi ty to increased fl ows.

3) Many roadside ditches have 12-inch diameter cul verts at dri veways ;
flow capacity is not considered. Usua l ly, the property owner or developer
installs the smallest culvert as per local-agency regulations.

4) Many roads i de ditches are at grades too steep to control erosion
o ‘ve soil , thereby caus ing eros i on and eventual sedimentati on.

) The rmu ”ner of r~~orted pre~-l cn e~ by area are believed to be an
indication of public concern and awar~ ics~, 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 interva l of approximately 25 years occurred and caused roughly
90 percent of the reported damages for this two-year period .

The total reported damage amoun t of $1 ,506,300 probably encompasses
only a small portion of the actua l damages , as considerable damage was not

- 10-
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estimated or reported. This am ount, therefore, should be conside red a
l ower limi t for any two-year period .

Within each of the demonstrati on areas , estimates were made of the
annua l damage from floods and drainage wa ters 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 . All other damages were either from reported amounts , or
from estima tes based upon 1973 cost levels.

Because of a lack of da ta, it was not possible to define the extent
of flood plain lands within each demonstration area. Therefore, for coin-
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 annua l di rect and indirect damages
per square mile are indi cated 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 deve lopment 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. CC $2,000,000

he fi gure of $2 ,UU O ,000 per year is an estimate . The almost total
luck of accurate data , and the enormous time and cost efforts of flood
} iu.a rd wp ra isa ls  make further refinement impractical at this time .

In addition to problems which have affecte d individual property
owners , a whole series of problems plague the natura l stream system .

Most notable among these are:

1. Loss of fi sheries: This is due to a combination of urbanization -
induced factors ; siltation of spawning beds ; intolerable increases in water
temperature and decreases in dissolved oxygen content from vegetation re-
moval; low flows which i mpede fish passage and reduce water quality (attri-
butable to filling in of wetlands and paving over of natural ground surfaces);
ani d construction and placement of cul verts , fences, wiers , etc., which do not
al low fish passage .

— 11 —
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2. Loss of w e t )~j oJs : C C S  ~~COfl Otll~~C pressu re- ; bu i ld  .- i t h in  ur~uniz inq
a reas , ~c-tlands , ~-hi .h .‘er~ previously considere d Ui u i~~ iL~1e n - c ~~ use of
excess ive construction costs , are de ve l oped. The h i gh Lc r Str uc t i on cos ts
are offset by potent ia ls of economi c gain which the w~A t la n d s offe r as the
las t undeveloped properties within the urbanizin g areas . When the wetlands
are drained or filled , their wate r retention and purification function is
dest royed . The watercourse must then endure h i qhl- ~ varl a”)e si lt and pollu-
tion-laden runoff volume s unaided ,

3. Degradation of wa ter quality : Wate r qua lit y prob l ems occur in
two genera l areas: (1) As streams i de vegetation is removed , an increase in
water temperature and decrease in dissolve d oxygen conten t is experienced.
(2) Pollution loa ds carried by streams during and after storms can be of
short-term duration but of long-term consequenc~. Parkinq lot and roadway
runoff (nigh in hydrocarbon and heavy metal pollu ti on), runoff from ferti-
l ized l awns , and silt laden runoff from unprotected construction sites , all
enter the streams during storms . Depending upon the sever ity or frequency ,
the introducti on 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 assi qn a dollar
cost to the aesthetic value and enjoyment provi ded by a natura 1 stream ,
and yet, pleasant morients have been provided to 1 hose people who have exper-
ienced the beauty of a rushing stream or the peaceful solitude of an upland
ma rsh , These natura l benefits disappear when streams are placed in conduit
or cease to flow because a wetl-~~ -~rc~a has been drained and filled over for
a new housing development. Unif~ rtunat .e1y, this type of loss occurs conti n-
ua l l y on the streams within tie Study Area.

FUTURE PROBLEMS
F

The drainage problems that e x i s t  today beg in to estab l ish tnc pattern
and format for problems that can ic expected in thn future . Un1c~ss remedialmeasures are taken , future draina ge problems will tend to build upon and
intensify drainage proulem s that now exist. And. in all likeli hood , new
proolem areas will be created which do not exist at this t i l e .

In order to help i dentify the ma qnit -i dn am~ probable 1 ocation of
future problems , the present drainage systeill has been a’~ily z ed 1-C i th the aid
of the computer nodels under runoff conditions fi-chi orojecte d future land use.
This has resulted in a definit ion of areas where the orC lCen t system will be
inadequate for future land -u e runoff conditions .

The general pattern which occurs begins with u; tr~~~~~
- deve lcpnn~nt that

does not have adequate runoff contro l . This lead s to an c~~’r1 -tX 1)iC ~ of down-
stream f ac i l i t i es  which nay be character ize d by floodi nq , an th-c-elerated
erosion rate , sedi ien :. deposits cii stream beds , an tb . ~~rmat ion  C-)f offshore
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deltas . Many of these problems can then be transmitted further downstream
in an attemp t to correct them at the initial place of occurrence . Rip—
rapping, dredgi ng, diking , and channel realignment are typical of “correc-
t ive ” measures wh ich , in fact, transmi t a problem further downstream .

One way to gain an easy understanding of what mi ght happen to a stream
system is to make a comparison between a sub-basin which has experien ced con-
siderable development (in excess of 15% i mpervi ous surface) and one which
has experienced little deve l opment (5% impervious or less). The sub-basin
which has little development usua l ly will contain few man—made structures
(culverts , retaining walls , etc.) within the stream and display few signs of
eros i on , siltation or past flooding . Conversely, the sub-basin wh i ch has a
nigh er degree of development often w i ll contain numerous control features
including rip-rapped or concrete sided channels , stream sections completely
enclosed in cond ui t , check dams , etc. and show definite signs of eros i on and
siltation . If the undeveloped sub-basin begins to develop without special
runof f  controls , the probability is quite high that it , too, w i l l  eventua l ly
require control devices and begin the gradua l process of deterioration .

The following listing presents regional sub-basins and demonstration
ar eas by the sever i ty of dra in age p rob lems that are l i ke ly  to occu r by the
year 2030 if corrective measures are not taken. Group One is for those
basins currently experi encing severe drainage prob l ems and in which an in-
tens ification of problems can be expected: broup two for those that Drob-
a b ly wi l l  ex pe ri ence severe damage by the year  2000; and Group Three for
toose expected to have less severe draina ge problems by the yea r 2000.

GROUP ONE

Black R i ver

tii lle r Creek Demonst rat i on Area Ilercer Slough*

Middle Puget Sound Thornton Creek Demonstrati on Area

Duwamish Estuary Thornton Creek*

Lower Green ‘~iver * McAlee r Creek

La ke ~-a si~~ogton East Lyon Creek

r~elsey Creek Demonstration Area Juanita Creek

GROUP TWO

Lake Sanniamish

hort li Creek Mill Creek Demonstration Area

See tu t ’ t . no t p paqn 15 — 1 4— 
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Swamp Creek Upper Puget Sound

Lake Washi ngton West Lower Puget Sound*

GROUP THREE

Lowe r Ce dar Riv er Coal Creek

Issaquah Creek May Creek Demonst rat i on Are a

E vans Creek Newaukum Creek

i~ear Creek Big Soos Creek

Saninarnish Ri ver Middle Green River

*Regional sub-basins do not include the demonstrati on areas located t h e r e i n .

The loss of additional fisheries resource and stream aesthet ics can
be expected if existing trends continue . Also , the educational va l ue of
the natural strea m ecosyste ms w i ll be los t or f urther remove d from th os e
wno wish to make use of them. Economic cos ts to the community to acconino-
date runoff from projected future growth mus t be weighed against any poten-
tial economi c gains the growth itself may bring. If citizens agree to spend
a port i on 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 p rob le m i n one a rea may lea d to th e wo rseni ng of a p ro b lem in an othe r
area .

The last major area for which future problems can be anticipated is
with water quality . A gradua l degradation of water quality can be expected
running parallel to the pace of urbanization . Pronounced changes probabl y
would not occur over toe short-run , but can be expected to ultimately elim i - C

nate fish producti vity and lower water quality in those sub-basins where
significant growth is projected to occur.

— 15—

-CC----- -



ALT [RN .A r~ VL -JRAI i i~-Gi i L A ~~

Toe dlte rn ar,ive drainage plans, descri bed in thi s secti on . reprr- —
sent rea~ oi:eJ app~ o~ crtes r eacn of t i e  reg iona l sub-b asins and d,.~;~~r~ t ra-
t i o n  areas . They report the existin o and projected land-use and ~i -~inage
situation and t~iey reflect a consideratio n for what is poss ible , ~‘asib1e
and desirable in viei’~ of the genera l goa l to obtain the greatest te r ief it s
to toe conunun i ty and its envi ronment. The alternative plans are not in tend-
ed to be final plans for the design of specifi c physical fac i1i t i- ~ C . ~ut
they are based upon an accumulation and integration of facts that are neces-
sary ~re re~uisites for design and ia4i)ementati on, including collinunity act ion .

rlan development p”~-ci -~ses from which the alternatives are derived
are explained in more detail in the Technical Report .

LAt~D- USE PROJECTIONS

The a l ternat ive drainage plans h. ve been developed to provide methods
for acconunodating 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 fo r population , econom ic 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 distribu tes region-w i de forecasts
of population and economi c activity to a number of small districts . The AAM
o .tput was not di rectly usable for the Urban Runoff and Basin Drainage Study
because the reported districts were not based upon drainage sub-basins . Local
Plan ning Agencies reworked the land-use projections provi ded by the AAM to
conform -with sub—basin boundaries.

The lan d-use projections for the year 2000 were prepared for two alter-
native growth concepts , designated as the Comprehens i ve Plan and the Corridor
Plan . Toe PSGC defines these concepts as follows :

C~~p~’ehensive ~1an

This concept a~s-j~e~- cont inuation of the past decade ’s : t owt b  trends
and develo pm en t po~icie s , but with some accomodati on for plans to reach land-
use goals in an orderly manner. Major features include:

1. Acquisition of open space as demands rise and finances penni t, but
with acquisiti on concentra ted in the urban area for specific purposes , ra ther
than as dictated by natura l ~ a~~tors that bear upon construction costs;

2. Location of new employme nt in new Centers only when it cannot be
accommodated b y existing - n t ~~’~ ., and t h ~”i with regard to plans for transporta-
tion (includin g high-speed mass transit) and residential development; ;rnII
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3. Location ci residential deve lopment re~at ive to ex i sting servic e
centers instead of encouraging the estat I ishinent of m w , automobile-dependent
satellite co~ nuniti e~ that result from real estate speculation and promotion .

1~~C~~ cler P m m

This Concept assures that new development will be con centra ted in
corridors radi ating outward from large r cities alon g major transportation
lines . Open space separates thc corri dors . The conce )t ca l ls  for:

1. Conservation of l and based upon suitability analysis of natural
factors;

~~. Location of new emp loyment activities along transportation develop—
macnt routes ( inc luding a nigh-speed mass transit system): :um ,i

3. Development of residentia l units witnin existing residential areas
wi th  high—dens ity around transi t  terminals and central business d is t r i c ts .

Land use was des ignated in the following categories:

-- Sing le Family - Parks and Dedicated )pen
Residential Spaces

- Multi—Family and — A griculture
Other Residentia ’

- Commercial Services - Sp ecial: Ai roorts ,
Railyards , Freeways,
III qhways

- Government/ Lducat ion/ - Unused Land
Inst itutions

- Industrial - Water

Existing and future land-use plans are shown in t o - T r imi . .~al Report
on Figures 9 throuqh 11 .

Anal ysis of runoff characteristics fro-’i ci t h o r  J e v o l - . l~ - ‘;f concep t
pr -oJuccd lit t le  or no substantive ch a nge in the required ~.: na — ; system
except in a few isolated instanc es .

.t o ru~~ ~ - m m t  - a ~~ i d —- ca r- r- - mmc ’~ in~ ’ i - ~~’s - m - m - ~.- ‘,o - . ~a- .i to -~er inc
toe ty pe of prcb lems that would be encountered by toe ‘xishn q d r amnaIe SySt eim s
of each regional sub-basin under futaro laid- use project~n n .

~ m-~ML 
_ AI ~ l ) - ~

Ti me proc~ dure for mt ’icloping a I t r r nit ~ yr Ur a l  ‘1,1 10 o~ans  na qmn ml tO

-‘ nel U insp ect ion o f each r oli ora l sub -bas in , and a r t  m o a l a r l y  t ie  dra i n—
i~~t’ Sy S ’~o mm S -
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i ) ’ , CIi L L 1 l t i S  f low rn c~anne ls .-ie re located , as - acre flooded areas and
other drainage prob l ems . With the field information , the re ported dra in age
problems , and citizen preferences in mind , drainage—system modifications were
formulated and severa l alternative approaches were developed. Considering
agency and citizen review comments , two alternatives were selected for
further study .

mince the two alternative plans were scoped , potential modifications to
the existing drainage system were listed. These modi f i cations were then
entered as input to the computer models and simulation runs were made. The
results of this firs t simulation i dentifie d those elements of the system
that were not correctly sized to accommodate the runoff expected under the year
2000 land use.

In the case of the alternative tending toward a non-structura l approach ,
additional runoff controls or flood-plain zoning modifications were i dentified.
In the alternative more closely related to a structura l 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 tne drainage system.

W ith an evaluation of the results of the f i rst s i m u la t i o n , addit iona l
runoff  con t ro l s , h o l d i n g  ponds , enlarged conveyance facilit ies, and other
adjus tments were proposed and a second computer si mulat i on run was made . If
the results of this second simulation indi cated that all prob l ems from the
previ ous simulation were elimin ated , no further computer runs were made .
Howeve r, if problems did remain the process was repeated until they were
solved.

Combinations of various elements from each of the three genera l
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 physica l features of the sub—basin. These flood-
plain zones can be in the form of a flood p la in available to the stream as
i n nature , or an artif i cial fl ood plain adjacent to the natura l stream so
that the area is available to the publi c for use at times when the artifi-
cial flood plain is not needed to accommodate peak rates of flow.

Runoff contro ls were considered in thos e 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 little urban growth can take place due
to the present high level of urban development , runoff controls were considered
inappropriate.

Holding pond sites are available in almos t 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 util ized in most of the
sub-basins as runoff storage areas .

Bypass pipelines parallel to natural channels have application in areas

-1 8-
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whe re the natura l 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 deve l oped by the URBD Study ut i l izes
a combination of drainage concepts . However, one alternati ve was developed
to rely more heav ily upon constructed facilities, whereas the other place d
a greater emphasis upon runoff control and the preservation of the natura l
drainage system.

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

In many sub— basins , exist ino flow restrictions, such as undersized
and blocked culverts and channels , presently cause flooding and results in
moderated peak f lows. When these restrictions are removed as part of an
alternat ive plan , the flood ing 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-fl ow condition occurs in at
least one alternative plan for almos t all sub-basins.

For each alternati ve plan , the wate r quality concentrations at peak
fl ows are presented for fi ve constituents on the basis of runoff resulting —

from a 10-year storm . These concent rations were simulated by the compute r
models and represent conditions that woul d exist when a 10-year storm was - -

preceded by fi ve days with littl e cr no rainfall.

EVALUATION ‘ -

Each alternative drainage plan was field checked by a two-man assess-
ment team to determine if the proposed plan was environmentally and soc ially
sound . An evaluati on matrix containing 34 separate elements , which were grouped
into the follow ing five genera l categories , was used by the assessment team
and was filled out in the field:

1. Effecti veness - cons i ders system ’s (alternat ive plan) abilit y to
handle runoff.

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

3. Environmental Factors - considers system ’s natural env i ronmental
benef its and impacts .

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

5. Resource Requirements - considers expended or committed resources
necessary to physicall y realize the alternative .

-19-
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Relative we ights from one to four were assi gned to each element
indicated on the evaluation matri x , because each element did not repre-
sent equal benefits or impacts.

The evaluati on of each element , as it applies to the various drain-
age alternative plans , was done on the basis of a positive , negative , or
neutra l rating. Positive (+1) indi cates that the alternati ve has a bene-
ficial (least negati ve) impact on the element being rated. Negative (- 1)
indicates that the alte rnative has a non-beneficial (most negative) impact
upon the element. Neutral (0) indicates that the alternati ve does not sig —
nifi cantly 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 thei r
staffs to reflect subsequent changes in data , conditions and values. Table
5 contains the ratings for each of the alternati ve drainage plans deve loped
for the 27 regional sub—basins and fi ve demonstrati on areas .

These evaluation ratings to be meaningful must be related to the
L descri ptions and alte rnative drainage plans for each regional sub—basin.r Although these ratings provide a general guide to the ove rall acceptability

of an al ternati ve , the real value of the evaluati on process has been the
opportunity it provi ded 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 condi tion of the natura l
drainage systems . This rating, while using the same range of va lues as the
alternati ve matr i x, is not based upon the numerous factors used for alter-
native plan evaluation and therefore should only be considered a genera l-
ized rating when compared to ratings for alternati ve plans . The rating is
entirely subjecti ve but was accomplished after field checking each drainage
system.

High scores were assigned to streams such as Newauk um and Big Soos
because of the relative absence of man-made drainage facilit ies or encroach-
ments. Ratings in the neutral range (-27 to +27) indicate strong influence
upon the stream system by man-made drainage facilities or devel opment.
Streams in this range are in a critical condition and require immediate
attenti on if they are to continue as positive elements of the drainage sys-
tem , while at the same time remaining environmer~ally stable. Thornton
Creek , Lyon Creek , Mill Creek , and Kelsey Creek all fall into this range .
Ratings below -27 indicate that little of the natura l stream system remains
or that extensive modification has been made . licAleer Creek and the Black
Rive r represent streams in this latter category .

-20-
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- . The eva luation rat ings ~- pp lied to the alternat i ve drainage plans
indicate ~~ toe s t re  ‘: would be inf luence m~ by t u e  various features of the
plan. I s t ream ~hic- already has experienced impacts from urbanization
presents a more li fficult prob l em to solve with rega rd to the development
of drainage plans , and is of ten ref lected in a lower score for toe alter-
natives conside red. Conve rsely, a stream such as lewaukum Creek is still
far enough anead of t O e impacts of urLidnization that solutions to control
runoff cover a m’~ide range ot c boices amongst whi ch usually ex i s ts  environ-
k- r -tdll y sensiti ve aJtm ’ rna tivc~

,. T he resulta n t alte rna ti ve rati ngs a re
t mm e r e f m rr ~ener- i l l y higher thai t i e  a l t~ rnat ives in sub—bas ins  where ur-
buim i za t i a n  -; - m -, alm ’ i y o cc urroJ , h:~t lower than ex is t ing  condit ions due to
tb fact  t a t  s -uj r t

~ t ial ur t -oni zati or is m roje c ted for tie next 25 years .

Lva luation s m-i e re not made for t o o  conditi on of no additiona l drainage
ii :) rovci e; ts w i t r i  continued -urban iza t io n . Howeve r, wit b that condition , the
eva lua t i on  ra t im io  fir the - a r  2000 m i:id use would be much lower than the
rati n~ s of the a terri it i  yes pro - r~iitv- .l in Table 5.

T oe v-ani le of va l ue s in the rat inq ~or a given a l ternative plan re-
flects the severity or sen~ it i v ty of toe solut ion needed to control runoff.
As an examp le , w ee- re 1 e  O l in s a q - j o - ,tt the cha nnel izat ion (channel is

- ‘eq,aded and rOl 11 ~- i t h  rev; s i - Jr slopes , a-’id poss i b l - - a change in depth
and widtn) of a 5 t r - -~~i, it -1 t O~ as sume d t hat  at least tor the short term,
and possibl y for tn~ in nq t~ r-i , ;n~- -’ m natur al stream—side vegetation would be
eliminated , aquatic meb itats -~~~ d o~ damaged , wi ldl ife habi tats would be
reduced , w a te v -  qua l it j  ‘~mou 1d be i mI ’Uacted , and stream aesthet ics would be
irreversibly lost .  imJd it i~ - i ~ i y, cost of channe iizat ion is re l a t i vely
high orion co m icared to other le~ s structura l controls such as ground water
recnarge and f lood pl- i i r. zonin g .

L ’ mJn r l L l iz,it ion may a l lem - .- greater land ut i l izat ion by providing a more
conveni nt stream a ’ i r ’ r r t  ac-c ~ - m m -eate r channe l capaci t y  to prevent over-
topp ino, but this ClILS a t t - e expense of an open greenway and the loss of a
na tural outdoor 1 l t — c - r a t - ’ r , .  Uhanr eljzatjon to meet ever-increasing runoff
from r e -i i miloe rv -ous su~ f - ’cr- accompl’shes little in promotin g qround water
recharge and may re ilt in ina ccomit ~b1e low-flow condit ions.

bn ex iumi ; i e of now a h im ihe r rating could be obtained would best be
represented by an al te r - i ative plan utilizin g runoff contro l . Runoff control
e nv is ions e ither storo ge (detention ) or recharge (where soi l types permit)
of ge - i k f l ows ti a l low  the natura l etreil in syste t ’ t o  cont inue functi nn inq
w i t n o u t  incurring m ’ r - ~~ion and ov c r topp i r m j .  Ut i l iz ing runoff control . stream-
side ve ;etdt ion , aqu atic habi tats , and w~ ldl i fe habi tats can continue to
ex is t  und is tm rbed.  ,‘Jate r q ualit y is enhanced throug h filtering or settling
of sediments and genera l stream aest~n’t ics remain unspoiled. Even as new
impervious surfaces are deve ln i me - l , st r eam f lows can remain f a ir l y  constant.
Low flows i re enha n ced h~ wate r -~-~~ch 115 been introduced into the q round
or re l -a sed tror detenti on s it r r . T he cos t of runoff contro l is usually
less Loan the  cos f~ r Loo-o so lt i t  ~~ins invo lv ing  ex tens ive  st ructura l  work ,
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TABLE 5

EVALUATION RATINGS

Regional Sub-Basins (excludes Demonstration Areas )

Year 2000 Conditions
Existing Alt. Alt. Alt. Al t.

Reg i onal Sub-basin Conditions I II III IV

C-2 Lower Cedar River +28 to + 54 — 9 +28 +18
C -3 Issaquah Creek +28 to + 54 +14 +14
C-4 Lake Saninamiso 0 to + 27 -25 +28
C-5 Evans Creek +33 to +138 +41 +53
C-ô ~iear Creei~ +55 to + 82 +10 a. +23 a.

+19 b. +32 b.
C-i north Creek ii to + 27 -40 + 6
C-8 Swamp Creek 0 to + 27 —34 a. + 3 a.

-34 b . + 3 b .
C-9 Sanimamisn River +55 to + 32 +39 +64
C- id Juanita Creek J to + 27 - 2 +50
C- l l Lyon Creek -27 to 0 -36 + 3 +11
C-12 HcMeer Creek —54 to — 28 — 4 7  a .  +14 a.

-47 b. +14 b.
C-13 Thornton Creek —27 to 0 -26 - 4 +24
C- 14 f-e rcer Slougn -27 to 0 -35 +54
C-iS Coa l Creek 455 to + 82 +16 +63
C- l6 i-lay Creek +55 to + 82 -14 +32
C- 17 Lake Washington East -54 to — 28 — 15 +12
C-lS Lake Un i on - - -
C-l 9 Lake Washington West 0 to + 27 -15 + 4

G-2 lewaukum Creek +83 to +108 -26 +73
G-3 aig Soos Creek +83 to +108 + 6 +74
G-4 Mi ddle Green Rive r +83 to +~33 +24 +75
6-5 Lower Green River -82 to - 55 -49 -37
~i-6 dlaC k ~iver -82 to - 55 -51 -28
G-7 Duwamisn Estuary -54 to - 28 - 4 a . 0 a .

- 4 ii . —

P-i Upper Puget Sound 0 to + 2 7  -22  - 2
P-2 ~-liddie Puget Sound -27 to 0 -21 + 8
P-3 Lower Puget Sound 0 to + 2 7 - 2 + 4
Located Within Demonstration Areas

C-l3 Thornton Creek Demo -27 to 0 -31 —35 +16 +21
C-l4 ~-.elsey Creek Demo -27 to 0 -32 +67
6-5 liii Creek Demo 0 to + 27 -47 + ~
P-3 f-tiller Creek Demo -27 to 0 -12 -14 + 3

May Creek demo (See C-16 above as Demonstrati on Are a enconipasses entire
regional sub—oasir i )

a. Comp rehensive Land Use Plan
u. Corridor Land Us~ Plan -22— 
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sucn as channelization or conduits.

Other factors which infl uence the rating of an alternative are less
dependent upon the type of solution being considered and more dependent upon
the j urisdictional, economic , and legal framework within which the stream
system exists and therefore tend to be more equal for various alternatives
considered.

The five demonstration areas, Thornton Creek, Kelsey Creek, May Creek ,
Mill C reek and Miller Creek , each represent different natura l conditions ,
di fferent levels of human encroachment and obviously di fferent problem/
solution relationships . The process for evaluation was the same as that used
for the other sub -basins although the detail of the alternative plans was
greater and the solutions somewhat more intri cate.

The pre ferred alternative for each of the demonstration areas regis-
tered a positive rating while only May Creek and Mill Creek had been con-
side red as having a positive natura l existing condition . This indicates
that solutions to drainage problems , in these areas, can have a positi ve
effect. The greater detail of study in the demonstration areas resulted in
a s omewhat more tailored solution and may have been reflected in higher
scores for the preferred alternati ves.

-23-
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COSTS

Cap~ta1 Costs

The estimated capital expenditures needed to accomplish the alter-
native plans for the various regiinal sub-basins are shown in Table 6.
These costs are based upon actua l construction costs in the Seattle area
for June , 1973, and represent an Engineering New Record construction cost
inde x of 1760. The costs included 50 percent for contractor profit , en-
gineering, legal and contingencies. In addition , land costs , at 1973
prices , are included plus 50 percent for severance and acquisition . A
detailed listing of unit prices is presented in Appendix B.

The total of the highest cost alternatives for each of the regional
sub-basins is $102,100,000 based upon the Comprehensive land-use plan. The
total drops to $98,400,000 for the Corri dor land-use plan . Totals for the
lowest-cost alternative for the comprehensive and corri dor land-use plans
were $67,500,000 and $66,800,000, respectively. Unit cost per square mile
based upon 686.4 sq. miles , requiring separate drainage improvements , for
h ighest and l owest cost plans amount to $149,000 and $97 ,000, respecti vely.

For the demonstration areas , the unit costs range from $123,000 to
$46 ,000 per square mile for May Creek to $775 ,000 to $528 ,000 per square
mile for t M J le r  Creek . These va l ues reflect the impact of urbanizati on
upon storm drainage costs as May Creek is relatively undevel oped and
Miller Creek is nearing complete development.

In all cases , the estima ted capital costs are for trunk drainage
systems only (accommodating 20-30 cfs). Depending upon the configuration
and use of the land surface , the smallest element of a trunk drainage sys-
tem would serve a watershed of roughly 30 to 100 acres.

The costs for building and house drains, storm water inlets , col-
lecto r pipes , di tches , and laterals would vary from approximately $300 per
acre for low dens i ty res i dent i al to $5 ,000 per acre for conventi onal storm
sewer pipe systems in coninercial areas, and would be in addition to the
cost of the trunk drainage system.

Operation and 1-laintenance Costs

All of the drainage systems set forth in the alternative plans mus t
be operated and maintained. The operation and maintenance for each system
within the region al sub-basin and demonstration areas is esti mated to cost
annuall y one percent (1%) of the capital cos t of the alternative drainage
plan . Inc 1 uded in the cost are all personnel , equi pment , supplies , and
administration and general expenses necessary to operate and maintain
channels and pipes , such as the removal of debr is and sediment, unclogg i ng
of culverts , and veq~tation and erosion control.

Th is one percent annua l cost would be in addition to the annual costs

_ _  —~~~~-~~~~~~~~~~~~~~~~~~~~~~ -



I
ESTIMATED CAPITAL COSTS

OF A L T E R N A T I V E  D R A I N A G E  PLANS

TABLE 6

R E G I O N A L  SUB B A SIN S  a

Drainage Area
Regional Sub - Basin (Sq. Miles ) b Alternat ive I Al ternat ive II A lternat ive I l l  Alternative IV

C 2  L w -  ( ( i i  O s-’  72 S 800 000 S 1 , 100 ,000 $ 1 800 000
C 3 I ,-,,, h C - - k  58 500, 000 500.000
C k - S. i i i rn ,ni cI’ 35 2 , 200 ,000 1 . 700 ,000
0 5  E s - c C -k 49 1 , 700 .000 900 .000
06  6 - u  k 17 2 ,000 ,000 c 1 , 600 ,000 c

1 100 000 d 700 ,000
C / N- - h  C --k 29 9 , 100 , 000 2 ,900,000
C 3 ~~~~~~ ~~~~~~ 24 10 ,600 ,000 c. 5 , 200,000 c.

8 , 200 , 000 a 5 ,200 .000 d
C 3 ~~~~~~~ , , i  ~l, 1) 7(i 900 , 000 700 ,000

i i.) Juanita C i - ~ 7 1 ,900 ,000 1 ,800, 000
. II 2 - . ” 38  400 ,000 600,000 400,000

2’ I. ~.1 A - - i  ( i , -~ k 8 3 , 200 .000 c. 1 700 .000 c.
3 , 200 , 000 d 1 . 700 ,000 ii

C 13 Th i r i t i ,, C i ’ ’  k 51 1 700 , 000 3 , 700 , 000 1,400 300
C I-I  M- -i ~~ C I i h 7 4  5 ,600 ,000 700 .030
C 15 Coal C r - k  7 2 2 1 0 0 ,000 700 ,000
C 1 ‘1, .  C - - k  (Si’ ’ Dery- ror rs t ,at io i ,  Are a Be low
C 1 7  Lake A ici r iqt i in I id 32 2 , 700 ,1300 1 .600 000
C 18 3 k,- U,r ,,ii -1 - - N Alte niat ui- s Developed
C I-  I k . -  $J~ c l i - r  qt . u  W . - c I  28 I 1 , 100 ,000 1 . 700 ,000

0 2 i -- .~ ,i ki ’r l i - - k  27 400 ,000 300 . 000
03  Big Sons C -i-k 72 900 ,000 200 , 000
1; -2 ‘ (di ll .- Gr i ’ i ’ i r  8 :0 - 67 100 ,000 100 , 000

• 0-5  L u - i  0 - u  Rv i ~ 23 10 ,800,000 9 ,300 ,000
0 3  ( k  R v,-r 27 19 . 100 , 000 17 , 700 ,000
o 7 1) s.i,’i s Ii [ s t a y  25 i~ 2 , 300 ,000 c 2 ,900 ,0130 c ,

2 ,500 ,000 1
P 1 11 0 1 ’  ‘i v y ’ ,  So 22 6.500 ,000 4 .000,000
I’) 11 ( I I - Pul l Si,ruird 16 h 2 ,400 .1300 1 ,300 ,000
P3  I i’ . ’ P,iq,-r h , s i l  29 8,700 .000 8,600 ,000

1 )  T A L  730 5 T i l . u I  ii t v -  Hig hest Cost A It .’ , nat ives Comprehens ive 102 .100 .000
Con do, 98 , 400 .000

Total i t  I hi ’ 1 w - c t  Cost Al t - nat ives Com~, reherrsi v r-  67 . 500 , 000
Con do, 66.800,000

DEMONST R AT IO N AREAS

Located Within

C 13 T hsu , nt o ,,  - ‘ - 3 6.9 7.900 , 000 4 .500.000 2 ,500 ,000 3 , 500 ,000
C 2 k- - I c ,’5 C u - k  3 - 2  4 ,000 , 000 900 ,000
2,. 16 Mi, C u - - k  13 1 ,600 .000 600 ,000
C S  M,s Cu - -k 6 ,400 , 000 6,700 ,000 5.800 ,000
P 3  M u - ,  C u -- k 8 9  4 , 700 , 000 6 ,300 , 000 6 .900,000

(2 (AL hI.?

FOOTNOTES

a i t , . . , ,  al s I r  I rdc, iu c u s s ar id i - s  s u y u . u c  miles ) I i  not in l iii )hr- l i s t s  •i,,d iii’ s ,t the der, i o , ,st i at io ,s ar —as l i v  i t - u I

Ii I .. ‘ i i i - - , ‘ i - i  c i i  I _ u  i - i - _ c i t  Lair ,’ 1’,~i~l , c u r ;  1 u k , ’  I;. i , inn i _ i i u , , -. I i  1 _ k i -  I_ Jo i n , u i — c l  ( i ii la i r , ’
V , ,, 71)111) ( ‘ u r r u i r i  ‘( i r i s  vi ’ la u d s,

ii ‘I’ . - 511111 ( ‘ ‘ lii, I i i  i s ’  pla,, -
lii , . u r i , t  m u - u  l s . i u u i i a r y ’ ,l u m i m i ’ . u ’ \ i ’ i - ,v c t , .,.i

Ii’ h u h - - , I t  - c - a c . - i~ iit  $ hi , ic ur,) n u n  s ,, i r I, c ’ y  - - Iii, , ’ s
Ii,, I i , - 0,2 c i i i - , . ’ r’ in( u ’c c, - , v . ’vl ~~~~iini  m i i i  5 , i i t ,  i i - , _ I , r’ 5~ Wt’

I l iy r, ,u—, l  ‘it - i t  c i , - I - ‘ i , ,  - ., -a - i ’,S ’ , I -  iii

l,,n I , v l , ’ s h t  - i - _ u , .  rniI,.ç , i - 5 u - b l 5 -  m u  t i c . h c , n i , , t . i , ,u ,~~, i , i  u - c  .1 -i ,
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now being expende d by local agencies for operati on and maintenance of their
respective drainage systems as they now exist. The present and past opera-
tion and maintenance costs are not well documented , but are report ed to be
very small.

Alternative drainage plans utilizing ground water recharge facilities
and holding ponds may have a slightly hi gher operation and maintenance cost
than alternati ve plans comprised primarily of land-use restrictions , na tu ra l
lakes, and closed pipe systems. However, because of the lack of site
details and the preliminary nature of the alternative plans presented herein,
operation and maintenance costs have been considered to be a uniform percent—
age of the respecti ve alternati ve plan capital costs.

In addition to the operati on and maintenance cos t descri bed above ,
there are two regional sub-basins and one demonstrati on are a that have
pumping plants in connecti on with the alternative drainage plans. Gravity
flow alternati ves were not possi ble in any of these three areas because of
the high water level in the Green River. The estimated annua l operation ,
maintenance (including overhaul , repair and part replacement), and power
cos ts for these three are as follows:

Alternative Al ternati ve Al ternati ve
P l a n  I P lan  II  P lan  I I I

Lower Green Ri ver Reg ional $ 70,000 $ 60,000 None
Sub-Basin (exc ludes ilill
Creek Demo Area costs)

Black Ri ver Regional Sub- $140,000 $140,000 None
Basin (includes existing
P-i Pumping Plant)

Mill Creek Demonstrati on $ 90,000 $ 70,000 $90,000
Area

The above pumping -plant omounts were added to the previously described one
percent costs to arri ve at the total annua l operation and maintenance cost
s hown i n Table 7.

These estima ted costs are for trunk drainage systems only, and do not
i nclude costs for the operation and maintenance of collector pipes and dit-
ches , and laterals. These operation and maintenance costs do not include the
cost of drainage management , short and long-range planning, runoff quantity
and qua l ity monitoring, accounting and billing, and other associated tasks
requ i red if a public utility drainage management organization was established.

3 The formulation of, and the estimation of costs for, a comprehensive drainage
util ity organization are complex and beyond the scope of this study .
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ESTIMATED OPERATION AND MAINTENANCE COSTS
OF A L T E R N A T I V E  DRAINAGE PLANS

TABLE 7

R E G I O N A L  SUB BASINS -•

Dr.r,,,agt’ Ar u i
Reg ional Sub Basnn (Sq Mil es l b Al te r nat i v e  I A lternai,r,- I t  Al ternat ive III Alternative IV

C? I ‘ ,S i ’ i  Ccc l,,, Rcv, , 7? S 8 000 S 11(100 S 18 ,000
C 3 I , c a d l c c , i t c  c ’ , -  58 5,000 , 11119
C 4 I ,ik - - Sansnsamcsiu 15 77 ,0913 1)000
CS I ~. ruc s Cu -k -2’~ t / , 000 9,000
CC Bear C,r- ,-k 17 20 000 111,000 c

1 1 ,000 ul 7 ,000 vi,
C] Nin th Cre ek 29 91 , 000 29 , 000
C R  Swar,ip i ’ m ,  24 106 , 000 c 52 000 c

112 ,000 ul 52 , 000 d~
C 9 Sarrsrnansisk, Bum, 25 9,000 7 .000
C t O  Juau ic ta Creek 7 9, 000 18 ,000
C 1 1 1 ycu , ,  C,eek 3.8 4 ,000 6 ,000 4 ,000
C- 12 McAIe,’ r Creek 8 32 ,000 c. 17 ,000 C ,

32 ,000 d 17 , 000 d ,
C 13 Thum b ,, Creek 5,1 17 ,000 37 ,000 14 , 000
C - 14 Mercer Slough 7 4  56 ,000 7 , 000
C 15 Coal C , c ’ ’k 7 .2 21 ,000 7 , 000
C - t6 May C c u - u . k  ISec ’  Demo nsl uatc on A r c ’ ., Bumh i,w l
C - 1 7 Lake Wash ,u ,g tor m Eas t 32 27 ,000 16 ,000
C 18 Lakc ’ U,rcon 14 e , N,, A lu i - u ’ s , u c s u ’ c  IJi ’S ’ Ic i pu ’ i I
C - i 9 Lake Wa sh ,uugt in n W , c t  28 I - 11 , 000 17000

G-2 Newa u ku im Creek 27 4 , 000 3,000
03 Brg Soos Creek 72 9.000 2 ,000
04  Mid dt i - One ,, R cv i ’ ,  67 2 ,000 1 ,000
05 L c ’ .c u-u Cnu ,- .-n River 23 178 ,000 153 ,000
G-6 )ilac- k Hive , 27 331 ,000 317 ,000
o 7 Dcaw am cs h I c u d, , ;  25 g- 23,000 29,000

25 ,000
P- I Upper P, qn-l Sou nd 22 65 000 40 000
P 2 Mcd dt n ’ Puget Sound 15 h 24 ,000 13 , 000
P3 i c ’ w , - c  Puget Snru’ud 29 r 87 ,000 86 ,000

TOTAL 730,5 Tot a t  of tSr’ t l , q l i - ’ c t  Cost A l t , ’ , , i at iv es Cor n pueh er ,m ive 1 , 231 , 000
Corr ido , 1,194 ,000

Total it  th e Lowest Cost Al ter  natc ues Comprehensive 875 , 000
Corridor 868 .000

DEMONSTRAT ION AREAS
Located Within

C 1 3 Th u ’ r r, t u nn I i , ’ , ’ k 6 - 9 29 , 000 45 , 000 25 ,000 35 .000
C 14 kelsey Creek 9.4 40 , 000 9,000
C - IS M w  Creek 13 t 6 , 000 6 , 000
c- s ~t Il Cr. ’ ,- k 13 154 , 000 137 , 000 148 ,000
63  ~t Sn Cr i ’,’k 8,9 -t 7 ,000 63,000 69,000

TOTAL 51,2

FOOTNOTES

a Rr-gu ~rnal su ib bas rn Costs and ‘c u- is I square m c l i ’s ’ dcr not c,rc lude in h r  - ,  c u d  c a,nni areas of the demonstlat non, areas I,u,- ,n t r - ,$
ihere,,, -

1,~ F uc l ur les w at r-r  Sc, ,  u i .  ,,r u- _ is of I air -- Wash ,ruqto r, , ( als r ’ Sarnmanwc$ c - I .rkn’ Union, , arsu ) Gri -er u Lake
C Ye _ i , 21)130 Cuui ~,tn u. ’ I in ’ ucs i  v i- tar ,,) d ci ’
vi ‘u’ ‘ r u  2(1(30 Cor u , r t i u u  Ian ,,) site pl a, u
e~ Ern I r re  i i i ’,, se, ved i ry eom i-r c r r i- nl  s anuta ,y stor m ci ’ s ’, .‘ i c~

- sum’ ’ ,’
I~ lrr c lna i (es Ii sr l c , , rm n — miles s en uf—ri I ,v u’ c ,,,it m u i r ’ ,  I c i r c u l a r  y s t ,n m n i cu ’vv i ’ i  sys)efl l
q I, ’, l, ,ml ,—c 02 c ur r Y , ’  m ,Iec \ ‘ ‘ ‘ s ’ u $ l iy i c i u y u  I u i - c  I San t i 5  s t ,, rml su w ,-u c v _ t i ’r,i
ft Inc l udes 5.5 sr td r a r e ur i c  I ‘~~~u ’, ~u ’’ l Iiy r:on, b,ned sa n, t ary ‘, r cm u , n  si-we , sys t i ’ r r u

l c c , Irc 54  cOi n U’ iii; l,’c 5,’, vi—,) ‘m, cc,nclus ’ r ,-vI s af i u t .muy s t uu ,n r  sewn ’, syc iu—i l u

A l t  costs nfl this table are c c, , r i t u l ’  uu ~i ’ i c i  $,~ , r r u u c u  il c , , t d  c i ’ ,  I u ’ v r q  ‘ s iv ’ urd ed by local ,v 1i- u; c - c i ’ c  for nrp erat ioi h a,rd
i , u . i i u 0 i - , r , , cu , r- of the ir , i u ,u ,iq,- sy ’ dn ’ u~rc as l hn ’y u c i u w n’~~ , s I
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QUALIFICATIONS

The alte rnative plans presented in this appendi x represent a con-
t I ’ Luat ion of the efforts of King arid Snohoniish Counties and local agencies
to deve l op drainage plans which respond to projected land use and future
runoff characteristics on a watershed by watershed basis. The land-use
allocation procedure which formed the basis for runoff projections is at
best , preliminary . The fi rst concern is that land use has never been aggre-
gated or projected on the basis of watershed boundaries . This results in a
questionable basis for compari son with future land use. Secondly, the
Activity Allocation Model distributed future population and economi c activi-
ty (and resultant land use) on the premise of growth trend continuation .
This p remise is highly questionable and subject recently to close scrutiny
by many elected public officials , organizations and the genera l public.
~hi le this study did not attempt to reallocate land use based upon the run-
off problems it forecast, the value and need for such a study is apparent.

Another area where the alternative plans need refinement is in the
definiti on of the existing drainage systems. Many man—ma de improvements
are a matter of public record. Unfortunately, many more are not , thus
making the task of mathematically describing the system for computer analy-
sis that much more uncertain. The record of natura l stream, floodway and
wetland conditions is almos t unwritten.

Closely associate d wi th this problem is the lack of stream-fl ow
gages, water—qualit y monitoring stations and rainfall gages , a l l  of wh ich
are needed to gain an accurate idea of actual and probable future runoff
problems within the various watersheds .

The alte rnati ve plans do establish the order of magnitude of the
runoff problem under projected land use condi tions and can serve as the
basis for deve loping more specifi c drainage plans in the future . They have
helped to i dentify the sub-basins of high priority drainage needs and have
established the runoff contro l and water-quality improvement functions of
wetlands and natura l storage sites .

The process that has starte d must be improved upon and continued if
the region is to seri ously pursue the preservation of its many stre ams and
wetlands .

The results of the water quality model simulation for each of the sub-
basins are useful to compare between basins. Before extrapolating to other
uses, however, the limitation shoul d be reviewed as described in Appendix B,
Urban Storm Drainage Simulation Models, and Appendix C, Storm Water Monitor-
ing Program .
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REGIO NAL SUB-BASINS

This section contains descriptions and possible alternative drainage
plans for each of the following nine regional sub—basins. These sub—ba sins ,
plus the Upper Green River Sub_Basin *, provide the drainage network for the
entire Green River Basin and those sub—basins draining to Puget Sound (bound
fo l lowing page 31).

GREEN RIVER
G—2 Newaukum Creek

G-3 Big Soos Creek

G-4 Middle Green River

G— 5 Lower Gr een River

G-6 Black River

G-7 Duwamish Estuary

PUGET SOUND
P-i Upper Puget Sound

P-2 Middle Puge t Sound

P-3 Lower Puget Sound

Descri ptions and alternative drainage plans for the regional sub—ba sins
w i th i n the Cedar River Basin are presented in Volume 1.

DEMONSTRATION AREAS

In addition to the development of alternative drainage plans for each
of the 27 regional sub-basins , five areas were selected by RIBCO for more
detailed analysis , greater local citizen involvement , and additional use of
drainage simulation models. In all , a total of 39 separate areas were pro-
posed by local , state and federal agencies , consulting fi rms , and individuals
for special consideration . From these 39 proposals , the following fi ve demon-
stration areas were chosen:

1 . Thornton Creek (North Fork) - part of Thornton Creek Sub-Basin

2. Kelsey Creek - part of Mercer Slough Sub—Basin

3. May Creek - the enti re regional sub-basin

*Because of extensive public ownership, this sub-basin is not considered
developable.

-29-
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4. Mill Creek - part of the Lower Green River Sub-Basin

5. Miller C reek - part of the Lower Puget Sound Sub—Basin

For each demonstration area , more detailed data was obtained regard-
ing the existing dra ina’~e system and the existing land use. With the
add iti onal data , it was possible to obtain more detailed analysi s of urban
runoff w ithin the demonstration areas.

Special public meetings were conducted within the various demonstra-
tion areas for the purpose of examining alternative approaches to drainage
design . Based upon the results of these meetings , alternative plans were
develope d which best satisfied the physical requirements of the area and
the preferences expressed by local citizens.

Follow i ng plan development , citizens and local agencies again re-
viewed the alternatives . The al ternatives were evaluated using the matrix.
A completed ~II,~t r ix is presented for each of the alternative plans considered
for  the demonstration areas.

For each demonstration area , certain features of the alternative
drainage plans are desirable for early imp l ementation . These features, or
faCiliti es, are needed to correct present problems , and those predicted to
occur dur ing the next ten years , that are urgent and severe . The present
and future drainage problems were identified as previously described . Com-
puter simulat ions of existing drainage systems under existing l and use were
made to determine peak fl ow rates, to verify the reported problems , and to
better determine the extent and severi ty of the problems .

The phys ical facilities suggested for early action have been placed
into the th ree categories defined as fol l ows :

1. CA TE~~PY I - COMMON ALTERNATIVE ELEMENTS. Certain provisions for
dra i~ áge~contF TTh~e coIilrnon to aT’1 reasonable al ternatives proposed for
~I 1lt der”onstratio n area. E a r l y  ac ti on can beg i n for these features as it
is reasonable to assuu;e that they eventually will be necessary and are
therefore ~;cil1 p~ tib 1e to any future course of action.

2. CATEGORY II - ALT [RNATIVE ELEMENT S COMMON IN SCOPE. In each demon-
s r j tl or ’ virea are elements that are common to all alternatives H-
- et ~o~~tr - . b u t  w h i c’~ d i ffer onl y in the size of facility required. For
exanip le , if onr-r a l’ - i t iut ive p roposes a r d th ree_ harre luu culvert  at a certain
locat~on - 1 SIJ the  ouI’r a l te rnat ive  would have two , then i t i s reasonable
to a s s u r 1~ - ~~~ one or two ‘hdrv ’ els installed to miti gate an urgent prob—
1 es wCu d ,~ I t~i~e to he usefu l in t H long terni .
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~~~. CATEGORY III - RESPONSE TO REPOR ED DRA INAGE PROBLEMS. A prob lem
that might be minor , relative to the overall alternative drainage plans ,
both In terms of cost and potentid i consequences , can be a major problem
for an individual or group of residents . Each jurisdiction should
esta bli sh a tempor ary procedure for respo nd i ng to reports of problems
and ci ti ze n comp la in ts un t i l a perma nen t ma in tenance and operations arm
o~ -J future “dndqe~ ient entity can be formulated and funded.

‘ ne der ’unstration area descriptions also contain an estimate of
t-e~Ior ted annua l property damages as obtained from local agencies. These
est i ; ates probably are far from complete and tend to greatly underpl ay
t r u ’ magnitude of the real finan cial and property loss.

hi - 5 section contains descriptions and possibl e alternative plans
~- -r tIle followin g two demonstration areas within the Green River Basin
and drainin g directl y to Puget Sound. They are bound following the
Region al Sub—Basin descriptions.

Mi ll — l Mill Cree k :e ” c~ ’ , - , t u ’ j~~iar Area
Miller — i Miller CI’ee 1~ )eI’1nn~~’ rati on Area

a
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REGIONAL SUB-BASIN G-2

NEWAUKUM CREEK

GENERAL DESCRIPTION

The Newaukum Creek Sub-Basin is located south of the upper
Green River Valley . The headwaters of Newaukum Creek are springs in
the Enumclaw Mountain area east of Enumc l aw . The creek falls over its
14-mile length from an elevation of over 2500 feet above sea l evel to
an elevation of approximately 200 feet where it joins the Green River
(see Sub-Basin G-4). Most of the sub-basin is within the Enumclaw
Flood Control Zone District.

Stream Category Drainage Area Discharge

Newaukum Creek II 27.0 sq . m i . Green River

Land in the sub—basin is used predominately for timber produc-
tion and agricultural purposes . The City of Enumclaw is presently the
only significant urban area . Future development probably will result
in mainly rural -residential and agricultura l l and uses.

PERCENT OF SUB-BASIN AREA IN SPECIFIED LAND USE

P.S.G.C. Land Use Projection
Land Existing -

~~

Use (1970 -72) Comprehensive Corridor

Single Family 20 30 30 - ‘

Multiple Family

Coni-nercia l/Services 2 2 2

Govt. and Educ.

In d u s t r i a l

Parks/Dedicated Open Space

Agriculture 30 30 30

Airports , Ra ’ilyards ,
Freeways , Highways

- 

_ _TI
1
, _ , ~__~ _ _ _ _

~~~
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P.S.G.C. Land Use Projection
Land Existin 9
Use (1970-72) Comprehensive Corridor

Unused Land 48 38 38

Water

Total 100 100 100

Total Impervious Area 5 15 15

NATURE OF EXISTING DRAINAGE SYSTEM
- 

The main feature of the existi ng drainage system Is Newaukum
Creek. All runoff leaving the sub-basin is eventually conveyed by the
creek. Newaukum Creek begi ns in a fai rly steep zone, passes through a
moderately-sloped pastoral zone north of Enumc l aw, and enters a deep
steep—sided ravine before reaching the Green River. The creek is
considered by the Department of Fisheries to be the second most impor-
tant salmon and steel head spawning creek in the Green River system.
There are several areas along the creek where the severity of erosion
is Increasing as the sub-basin urbanizes .

The major man-made drainage facilities in the basin are wi thin
Enumclaw . A partial storm drain and roadside ditch system drains
storm water from Enumclaw to Newaukum Creek.

DRAINAGE PROBLEMS

Because of the rural nature of the Newaukum Creek sub—basin , it
has not presented major flooding problems . Those problems that have
occurred are mainly localized flooding in the Enumclaw area and some
erosion along the creek itself. However , because the flood plain of the
creek generally has not been bui l t upon , major flooding has not occurred .

As the sub-basin develops further , the magnitude and frequency
of flooding could increase substantially. The problems that will develop
can be classified into two major types: 1) floodIng and erosion along
the natural creek system and 2) continued , l ocal off-stream flooding
due to clogged culverts, high groundwater and mild slopes. Alleviation
of the latter type of problem Is dependent more upon maintenance pro-
cedures and site selection for development than upon basin—wide drain-
age planning . The first type of probl em, however, can be reduced
greatly by effective drainage planning. The section of the creek which
will be most subject to flood damage is the mildly-sloped region north
of Enumclaw.

The results of hydrologic analysis indicate no significant
difference between the Comprehensive and Corridor Land Use Plans .

G-2-2
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Therefore , the drainage alternatives presented herein are applicable to
both plans.

Both the year 2000 Comprehensive and Corridor land-use plans
project an increase in imperviou s land area from the existing 5% to
approximately 15% . This represents a sizable increase over existing
land use and will be reflected in noticeable increase in runoff that
must be carried by Newaukum Creek. This level of development , however ,
is far behind that expected for the more urban basins of the Puget
Sound Region and should allow the stream to continue to be the main
carrier of storm-water runoff . Model simulation indicates that the
main channel in the area north of Enunclaw wiU be overtopped in a
10—year storm with year 2000 land use . In addition , erosion in the
steeper sections of the creek downstream will become more severe .

BASIC ISSUES AND STATUS OF DRAINA GE PLANNIN G

No area-wide drainage plan exists for the Newaukuni Creek Sub-
Basin. A regional wastewater collection and treatment plant has been
developed for the Enumclaw-Buckley area . This will do much to elimi-
nate contamination ot ~jrface waters, but fl ooding problems will con-
tinue ir the Enumc l aw area . The City of Enumclaw has tentative plans
to use t.ource springs for Newaukum Creek as a source of water supply.
Should this occur , low flows in the creek could be substantially
reduced ,~

Representatives from the Enumclaw Flood Control District and
the King County Department of Public Works , Hydraulics Division , were
consulted during development of the alternative plans described below
to assure that the existing system and problems were properly identified
and that the proposed solutions were compatibl e with stream capabilities
and runoff-control potentials within the sub—basin.

ALTERNATIVE PLANS FOR PROPOSED DRAINAGE CONTROL

The existing drainage system of the sub-basin , as described by
local agencies was evaluated by computer simulation that appl ied the
region ’s 1 0—year storm to P.S.G.C. year 2000 land use . Dra i nage prob-
lems thus identified were analyzed and possibl e solutions were provided
for development of alternative plan s for drainage control as described
below .

ALTERNATIVE PLAN I

Genera l Conce pt

This alternative makes use of a conventional approach to stream
flooding problems . Development will be allowed adjacent to the existing
open watercourses and the main channel of Newaukum Creek will be enlarged .

G-2 -3
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Major Features

The most important aspect of this al ternative is the channel-
ization and streambank protecti on along Newaukum Creek. In some places
where low banks ex ist , d i k i n g  may be necessary .

Cost

The cost for this alternative is estimated to be $400,000.

ALTERNATIVE PLAN II

General Concept

This alternative emphasizes the preservation of Newaukum Creek
in its present condition .

Major Features

The major aspects of this alternative are flood—plain zoning,
streambank protection , and a holding pond in the vicinity of S.E. 416th
Street to control runoff entering the creek.

Cos t

The cost for this alternative is estimated to be $300,000.

-PEAK FLOW COMPARISONS

The following table indicates 10-year peak flows with existing
facilities , and with alternative drainage management solutions for the
year 2000.

COMPAR ISON OF 10-YEAR PEAK FLOWS
(Cubic Feet Per Second)

Existing Alternative Al ternative
Location Faci l i t ies Plan I Plan II 

—

Entering Grei n River 850 950 700

S.E. 400th Street 600 700 500

Enumc law-Black Diamond Rd. 500 550 450

ENVIRONMENTAL ASSESSMENT OF ALTERNATIVE PLANS

As part of tr ;e process of developing sys tem proposals for the
various regional sub -basins in the RIBCO study , field Inspections were

G-2-4
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made to judge applicability of the suggested alternatives for each sub-
basin. The inspections were made on the basis of the alternative evalu-
ation procedure which identified 34 unique criteria under the genera l
categories of 1) Eff ect ivene ss , 2) Human Values , 3) Environmental
Factors , 4) Implementation ,and 5) Resource Requirements . In addition ,
projected land uses were reviewed for compatibility with the proposed
systems. The variou s structural solutions were chec ked against the
appropriate evaluation criteri a and the various non-structura l solutions
were reviewed for their relationship to existing and probable future
land-use developments.

The Newaukum Creek criteria rating total for Al ternative Plan I,
which empl oyed channel i zation and streambank protection , was a minus 26
on a scale ranging from positive 108 to a negative 108. The criteria
rating total for Alternative Plan II , which employs storage and flood-
plain zoning , was a plus 73.

In all five categories , Al ternative Plan II received a higher
rating , although impl ementation difficulty for the alternatives is con-
sidered to be about equal . The effectiveness of Al ternative Plan II ,
which employs the major storage pond , is clearly superior to Al terna-
tive Plan I and the human values fostered by Al ternative Plan II , which
al lows Newaukum Creek to be untouched by any structura l solution , is
again clearly superior to the structural solution contemplated in
Alternative Plan I. Al ternative Plan II received a nearly perfect score
for environmental factors as opposed to Al ternative Plan I which requires
extensive alternation of the natural system and potentially disastrous
effects upon wildlife , vegetation and aquatic life .

Alternative Plan II relies upon fl ood-plain zoning and storage
to achieve the controllable volume s within Newaukum Creek. Al terna-
tive Plan II, should it be chosen for implementation , would require
early action to protect the major storage area and the projected flood
plain from encroaching development.

CONCLUSIONS

Because of the relatively undeveloped nature of this sub-basin ,
I : Al ternative Plan II is clearly superior to Alternative Plan I. There

is a certain urgency about impl ementing Al ternative Plan II , should it
be selected , as it relies on flood-p lain zoning and the availabilit y of
storage within the sub-basin.

Both King County and the City of Enumclaw should work towards
agreement for ‘avelopment of a master plan that incorporates the provis-
ions of Al ternative Plan II and both agencies within their own jurisdic-
tion should move to implement the requ i red flood—plain zoning.

G-2-5
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CCL L I  URBAN RUNO EF AND BASIN DRAINAGE STU DY
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-
~:ll~i04 depth

- 
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4 ’  depth
2:1 side slopes
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2: 1 side slope s
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- 
Streambank protect ion
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RIBCO URBAN RUNOFF AND BASIN DRAINAG E S T U DY

I Sot, II.,, - ~~~ 
Soos

EX I STI NO IA(:,L IFI[S I’l IllI ( L I D  FA L I L  T IES

PIPE DIAMETER CHANNEL MAX
I n \ ~l ’ ,T OR CHANNEL S L OE SLOPES D E P T h  ill I , I 1 M A I E I L

-
~~ ‘n rC ‘I  - ,P1 B O T T O M  W I DTH LENGTH Ho,,0 Vert I d IANN E L TYP E CAPITAL  I

1 5 ’  w idt h
8 Channel 10 ’ 1 .600 ’ 2 :1  3 ’  Channel 4 ’  deptll $60 ,000

2: 1  s id e slopes
1 ,000’ bank protect ion

11 t Channe l 30’ 7 ,000’ 2 : 1  4’ Channel 4 depth
2:1 side slopes -

_______ ____________ _______ ____________ I 3,000’ bank protect ion - n

8’ w idth
1 5 Channel 5’ 3.600’ 2:1 2’ Channel 2’ depth $25 ,000

2:1 side slopes
1 )00’ bank protection

17 Channel 20’ 5 ,500 ’ 2:1 4’ Channel 40’ width $275 , 000
4’ dept rl
2:1  side slopes

— - •,, ________ 1000’ bank protection -____________

21 Channel 15’ 5,500’ 2:1 4’ Channel 30’ width $75 ,000
4’ depth
2 : 1  s i de slopes

22 Channel 15’ 4,400’ 2:1 4’ Channel 30’ width $60,000
4’ depth
2 : 1  sIde slopes

26 C hanne l 10’ 3 ,200 ’ 2 : 1  3 ’  Channel 14 ’  width $50 .0003 depth
2: 1  side slopes
1,200’ bank protection

30 Channel 10’ 2.000’ 2:1 3’ Channel 3 deptu $25,000
2:1 side slopes -- - 700 ’ bank pro tec tion

38 Channel 10’ 2,900’ 2:1 3’ Channel 12’ wid th $20,0003 depth
2:1 side Slopes
500’ bank protection 

_____________

39 Channel 10’ 1 ,900’ 2:1 3’ Channel ~~~~~~~~~~~~ $20 ,000
2 : 1  s Ide slo p es
500’ bank pro tec tion

41 Channel 30’ 1 ,200’ 2:1 4’ Channel 1 .200’ bank protection $50,000

I be Est in,nated Caort. I Cost toe each Clement includee Contractor Drof ,t , Total E,t ,rrnated Cap,taI Cost $860 ,000erhglelernnq IeQaI and contnnn9enctes. Ifs add (son , lend purc hale lend Roon, o $9 00 ,00058,rbnc. co BS Me ,nCladed w here lend i required All CCIII are bud
vsoe i r e  197 3 em cee ,

G - 3 - 1 J
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REGIONAL SUB-BASIN G-3

BIG SOOS CREEK

GENERAL DESCR IPT ION

The Big Soos Creek Sub-Basin is located between the urbanizing
southern portions of the metropol i tan Seattl e area (Kent and Auburn)
and the rural/agricultural upper Green River Valley . Most of the sub-
basin is in unincorporated King County , except along the western boun-
dary , which is wi thin Renton , Kent and Auburn . The City of Black
Diamond is to the east.

The sub-basin consists of a complex system of streams tribu-
tary to Big Soos Creek. Several drain relatively large areas and
become significant watercourses before entering Big Soos Creek . A num-
ber of sign’ificant lakes form a part of the natural drainage system.

Stream Category Drainage Area Discharge

Big Soos Creek I 72.0 sq. mi. Green River

Little Soos Cr. I 4.0 sq. mi. Big Soos Creek

Covington Creek I 20.4 sq. mi. Big Soos Creek —

Jenkins Creek I 15.1 sq. mi. Big Soos Creek

Rock Creek I 1.5 sq. ml. Lake Sawyer

Land use in the sub-basin is predominantly rural—residential and
agricultural . Much of the area is vacant , forested land , but the sub-
basin includes a rapidly developing suburban area. Future l and use will
be mainly single-family residential with accompanying comercial areas.

Development directly adjacent to Big Soos Creek itself has been
limited somewhat by soil conditions . In several locations , the Creek’s
flood plain is composed of poorly-drained organic soils that are unsuit-
able for septic tank drainfield systems . As a result, very littl e
development has been allowed on land directly adjacent to the creek.
This may change , however, as was tewater collec tion systems are installed.

G- 3-1 
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PERCENT OF SUB-BASIN AREA IN SPECIFIED LAND USE

P.S.G . C . Land use Projection
Land Ex isting
Use (1970-72) Coniprehensive Corridor

Single Fam ily 33 40 40

Mult iple Family ~ 1 < 1

Commercial /Services c 1 < 1 <1

Govt. and Educ . ( 1 <‘ 1  <1

Industrial < 1 <1

Parks/Dedicated Open Space 5 5 5

A gr iculture 20 10 10

Airports , Railyards,
Freeways, Highways

Unused Land 43 42 42

Water 1 1 1

Total 100 100 100

Total Impervious Area 10 15 15

NATURE OF EXI STING DRAINA GE SYSTEM

The existing drainage system consists almost entirely of natural
streams , roadside ditches , and culverts . The only storm-drain systems
are wi thin individual subdivisions and these drain to nearby streams or -‘
lakes .

The watercourses in the sub-basin are In a rel atively natural
cond i tion , althoug h indications of increasing flow ra tes and eros ion are
evident. Big Soos Creek is the most important salmon producing stream
in the Green River System. The clear water and gravel beds in the creek
and its tributaries provide an environment necessary for spawning and
rearing of anadromous fish. The Green River State Fish Hatchery is
located along the l ower Big Soos Creek and captures many of the spawn-
ing salmon on the creek . However , in addition to hatchery production ,
the creek upstream of the hatchery accommodates runs of coho salmon ,
steelhead , and sea-run cutthroat trout.
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Numerous lakes and swamps that are especially important for
limiting runoff rates exist throughout the sub-basin . Lake Sawyer,
Lake Meridian , Lake Morton , Pipe Lake , and Wilderness Lake are the
major lakes. There has been extensive development around these lakes ,
but since the developing areas drain to the lakes , changes in downstream
f lows have been mitigated somewhat.

Because of the remaining wetlands and the limi ted encroachment
upon the creek system , the watercourses have remained sufficiently
undisturbed so that they are important fisheries streams as well as an
aesthetic natural asset.

DRAINAGE PROBLEMS

Existing drainage problems in the sub-basin have been observed
by King County maintenance personnel and f ield study investigators . The
major problems are debris deposition , occasional fl ooding, and erosion
along Big Soos Creek and its tributaries. Specific problems have been
reported along portions of Little Soos, Jenkins Creek , and along the
Lake Meridian waterfront. These problems most likely will worsen as
urbanization progresses . If major developments install conventional
storm drain systems that discharge to the small streams and ditches,
erosion and flooding could damage salmon production and aesthetic values
si gnificantly. Al so , construction directl y adjacent to the creeks
could cause similar effects .

The results of hydrologic analysis indicate no significant
difference between the Comprehensive and Corridor Land Use Plans .
Therefore , the drainage alternatives presented herein are applicable to
both plans . As described in the table of existing and projected land
uses , a relatively small increase in impervious area is expected for the
Big Soos Creek Sub-Basin. Development is expected to increase the im-
pervious land area from an existing 10% to approximately 15% in the
year 2000.

BASIC ISSUES AND STATUS OF DRAINAGE PLANNING

Presently, there are no major storm-water management plans for
this sub-basin , Plans do exist for extending wastewater collection
through most of the sub-basin. It is within the Metro service area and
portions at the north end of the sub-basin already are served by Metro
facil ities.

The initial al ternative plans were developed for the Big Soos
Sub—Basin after consul tation with staff members from King County Public
Works Department , Hydraulics Division .

ALTERNATIVE PLANS FOR PROPOSED DRAINAGE CONTROL

The existing drainage system of Big Soos Creek Sub—Basin as
described by local agencies was evaluated by computer simulation that

G-3-3
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appl ied the 1-ecior l ’s l0-~~ -i r- stor m to P .S.G.C. yea r 2000 land use.
Drainage problems thL IS  identified were analyzed and possible solutions
were provided in ce’ielopment of alternative plans for dra i nage control
as described bel ow.

ALTERNATIVE PLAN I

G e ne - al ~~L f l  ~~~~~~

This al te rn ative consist s of enlargement of channel capacities
w ith no facilities fo b- reduction of runoff rates or management of deve—
l opment. It is assumed that the lakes in the sub—basin will be main-
tained at as near to constant level s as possible and no provisions will
be made for storage during major storms .

Major Featu res

The nost significant features of this alternative are channel
excavation and streambank protection . Also included are improvements
to the Lake Me r id ian outlet charnel to allow better control of the lake
level

This alte rnative will reduce flood i ng problems , but also will
alter the stream channel to an exten t that fisheries values wil l be
impa i red . Increased sediment load during excavation and higher resul-
tant veloc ities could signif icantly interfere with spawning .

Cos t

The cost for Alternative Plan I is estimated to be $900,000.

ALTERNATIVE PLAN II

General Concept

Th is alterna tive is directed towards preservation of existing
stream cha nnels by controlling runoff rates and maintaining a natural
flood pla in.

— 

~~~~j,!~tures

This alternative ut i l izes runoff control in the upstream por-
tions of the sob-basin and flood—plain zoning along most of the major
creeks. Where runoff control cannot substantially reduce existing
problems , some channel work is requ ired . Runoff -control facil it ies
cons ist mainly of improved outlets for lakes throug hout the sub—basin
so tha t the level s of the lakes can be varied in a controlled manner
during i ntense storms . The amount of variation required is never more
tha n two feet, and less where development has encroached closely upon
the lakeshore (such as at Lake Meridian).

L;-3-4 
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This alternative would reduce flooding and preserve most of
the existing stream system . In addition , further flow and damage
reduction can be achieved by requiring runoff control from individual
developments that drain directly to streams .

Cost

The cost of this alternative is estimated to be $200,000.

PEAK FLOW COMPARISONS

The following table indicates existing and probable future
stream flows under the al ternative drainage plans for year 2000 land use .

COMPARISOIII OF 10-YEAR PEAK FLOWS
(Cubic Feet Per Second)

Existing Al ternative Alternati ve
Location Facilities Plan I Plan 1L

Big Soos Creek 2,000* 2,200 1 ,650

Covington Creek 470 470 430

Jenkins Creek 570 720 650

*This calculated flow is higher than the gaged peak flow of
1 ,090 cfs. This is due to the lack of data regarding the
natural drainage syscem which includes many lakes and wetlands
that retard runoff . For developing alternatives , however,
these fl ows are relative and indicate the proper order of
magnitude .

ENVIRONMENTAL ASSESSMENT OF ALTERNATIV E PLANS

Field inspections were made to judge the app licability of the
suggested alternative plans for this basin . This procedure was followed
throughout the RIBCO Study for development of alternative plans for the
variou s regional sub-basins. The inspections were based upon the alter-
native evaluation procedure which identified 34 unique criteria grouped
in general categories as follows : 1) Effectiveness , 2) Human Values,
3) Environmental Factors, 4) Impl ementation, and 5) Resource Require-
ments . The various structural solution s were checked against the appro-
priate criteria and the various non-structural solutions were reviewed
for their relationship to existing and probable future developments .
The criteria rating total for Al ternative Plan I , which employs channel-
ization and streambank protection , is a plus 6 on a scale ranging from
a positive total of 108 to a negative total of 108. The total evalua-
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tion rating for Al ternative Plan II, which employs storage , flood—p lai !
zoning , some channelizat ion and streambank protection , was a plus (3i

While both alternatives provide effective control of storm run-
off , Al ternative II is judged to be superior because of the positive
pre vent ion o f erosion and sedimentation , the lim i ted consequences of
ove rcharge due to flood-plain zoning and the basic reliability of the

- 
- 

system. Human values are promoted by both alternative plans. Again ,
however , Alternative Plan II has a higher rating . It should provide
maximum aesthetic enjoyment in an urbanizing area as well as offer
high potential for multipl e use and strengthening of community cohe-
sion through the potential for linear open spaces throughout the entire
sub-basin . A greater disparity between the two alternative plans is
seen in the analysis of environmental factors. While Alternativ e Plan
I does not necessaril y destroy or diminish natural conditions within
the sub-basin , it does not have the positive enhancement features
associated with Alternative Plan II. Alternative Plan II positively
will affect water quality , low -flow conditions and should preserve or
enhance the already high fishery potential s of the Big Soos Creek.
Implementation of both alter -native plans is considered to be difficult
because of the multiplicity of jurisdictions invol ved . Resource
requ i rements for Alternative Plan II are significantly less than Al ter-
na ti ve P l an I, result ing in a positive rating for Alternative Plan II.

A critical element in Al ternative Plan II is a proposal to use
flood-plain zoning along the Big Soos Creek and its tributaries .
This treatment , if it is to be part of the chosen alternative , should
be implemented as an early organized effort of the Involved agencies .
Any development which  occurs wi thin the designated flood-plain areas,
will force the use of more complex drainage-control features than
Al ternative Plan II contemplates. Alternative Plan II , in addition ,
relies upon control of runoff in new development not to exceed 25%
over existing conditions. This provision , again , requires immediate
attention by the involved agencies. These issues should be brought to
the attention of all affected citizens and their local governments .
It should also be understood that Al ternative Pl an II , because it
suggests flood-plain zoning, would effectively remove that portion of
the sub-basin within the designated flood-plain zone from any future
intensive land uses typical of urbanized areas.

CONCLUSIONS

While both alternatives received positive ratings, Al ternative
Plan II is superior to Al ternative Plan I because it does not require
extensive structural work within the sub-basin and it insures water
quality and l ow—fl ow conditions in the various tributaries.

King County , Cities of Renton , Blac k Diamond , Kent and Auburn
should establ ish an effective agreement for a master drainage plan ,
incorporating the cond itions of Al ternative Plan II. All agencies

G-3-6
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involved should then move to implement and enforce the required flood-
plain zoning within their own jurisdictions and make provisions to
ensure that runoff contro l is part of future development . Because of
the extensive land area within the sub-basin controlled by King County ,
the County should have responsibility for control of drainage and
flood damage within the Bi~j Soos Sub-Basin; and the cities of Renton ,
Black Diamond , Kent and Auburn should have control of zoning, including
flood-plain zoning, within their respective boundaries and concurrent
jurisdiction in the outer fringe areas of the cities .

G-3-7
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RIBCO URBAN RUNOFF AND BASIN DRAINAGE STUDY

I I Sub Bisir i  New ~uk urn Creek

E X I S T I N G  F A C I L I T I E S  PROPOSED FACIL IT I ES

PIPE UIA MI T E R  CHANNEL MAX 1
ELEM E NT~ OR CHANNEL - SID E SLOPES DE PTH OF E S T I M A T E D
‘.L ’ T IBEH T Y P E  BOTTOM WIDTH L E N C T H  I H Or i /  Ver l CHAN NFL TYPE C A P I T A L  COST

39 Channel 6 900 2 :1  4 Holding 21 AF storage aloni $182 ,000
Pond ditch and rai l road

t racks

5 Channel 15 3,000 2 : 1  4 Channel 3 depth $70 ,000
Streambank protect ion

_ __  H

.

_ _

The Est im ated Cap i tal Cost for eac P eleimsent in cludes Co rt trac t u. i ro l i t , To r i :  Est im ated Cup i tal Cos t $252 ,000
engineering, lega l and contin genc ies In addition , land purchase amid 

Round To $300 000sever ance costs are included w her e land is required . Al l  costs are liasrid
upon June 1973 prices 

---- - - - - -~~~-- 
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RINCO URBAN RUNOFF AND BASI N DRAINAGE STUDY

A mi-m i i i ~~i’ 
I I  S Ot B ,~~ , i Si g Soon

XL/T ING FACILITIES PROPOSE U FA CILITIES

PIPE DIAMETER CHANNE~i~~
T 

M AX  
-- ___________________

ELEMEN T OR CHANNEL SIDE SLOPES DEPT H OF ESTIM A T EI ,
NUMB ER T r P E  BOTTOM WIDTH L E N G T H  (HQ riZ Ve im I CHA T ’ INEL T Y P E  CAPITAL COST

8 Channel 10 1,600 2:1 3 Detention 20 AF $46,000
Pond 5 acres

15 Channel 5 1  3,600 2:1 2’ Channel 6 width $25,0002 depth
2:1 side
1 ,000 bank protect ion

26 Channel 10 3,200 2:1 3 i  Channel 14 width $50 0003 i  depth27 2 :1 si de
1 ,200 bank protection

25 Pond and Runoff 15 AF of storage in $12,000
Wet lands Detention ex is t ing  pond and

Basin wetl a nds

33 Shadow Runoff Imp rove la ke out le t $12 ,000structure and operateLake Detention
Ba sT n to provide 15 AF

_______ _________ _____________ _______ _____________ _________ 
storage 

___________

37 Wilde r— Runoff Improve lake outlet $12 ,000
ness Detention str ucture and operate
Lake Basin to provide 5 AF

s tora ge

40 Lake Runo ff Improve lake outlet $12,000Detention structure and operateLucer ne Basin to provide 10 AF
s tora ge

47 Lake Runoff Improve lake outlet $22,000
Detention structure and operate
Basin to provide 62 Al’Sawyer 

storage 

-

~~

The Estimated Capital Cost for each ele m ent incl udes Contractor profit , Total Est im ated Capital Cost $ 191 ,000
enginee rmnq , legal and contingencies . In addition , land purchase and Roand To. $200,000
severance costs are included where land is requited All costs are based
upon June 1973 prices.
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REGIONAL SUB-BASIN G-4

MIDDLE GREEN RIVER

GENERA L DE SCRIPTION

The Middle Green River Sub-Basin includes the lands draining
directly to the river from below the Howard Hanson Reservoir down-
stream to Auburn . The major topographic feature of the sub-basin is
the Green River Valley . The upstream portions of the valley have a
relatively wide floor that narrows downstream to form the scenic
Green River Gorge . Downstream of the gorge , the valley widens again
to form a broad , relatively flat , river bottomland . The major streams
in the sub-basin , in addition to the Green River , are Coal Cree k,
Deep Creek and Crisp Creek . Both Coal and Deep Creeks are unusual in
that they discharge to lakes that have no surface outlets but rather
drain to the Green River through underground aquifers and emerge as
springs.

The Newaukum Creek Sub—Basin enters the Green River in the
lower gorge section and is a major tributary that could have a marked
effect upon water quality in the Green River. Due to the size and
importance of the Newaukum Creek drainage , -it is treated separately by
the RIBCO program and this study . The following table describes the
category of streams within the Middle Green River Sub-Basin.

Stream Category Drainage Area Discharge

Green River I 67.0 sq. ml. -

Coal Creek I 14.2 sq. ml . Fish Lake

Deep Creek I 4.2 sq. mi. Deep Lake

Crisp Creek I 2.6 sq. mi. Green River

Present development in the sub—basin is scattered . The krgest
portion of the sub-basin is undeveloped open space.. East Auburn com-
prises most of the urban area that presently exists within the sub-
basin. A substantial portion of the western half of the sub-basin is
used for agriculture . Future development probably will continue in a
Der ern s imilar to tha t which is already established . Most of the river
t,~~’~om Ian-~ will be used for agriculture and areas of higher elevation

be I 4 -
~~ d for further residential development .



PERCENT OF SUB—BASIN AREA IN SPECIFIED LAND USE

P.S.G.C. Land Use Projection
Land Existin9
Use (1970-72) Comprehensive Corridor

Rural Urban Urban

Single Family 10 15 15

Multi ple Family

Commercial /Services 1

Govt. and Educ.

Industrial

Parks/Dedicated Open Space 10 10 10

Agriculture 15 10 10

Airports , Railyards ,
Freeways , Highways

Unused Land 64 63 63

Water 1 1

Total 100 100 100

Total Imperv ious Area 3 7 7

NATURE OF EXISTIN G DRAINAGE SYSTEM

The major feature of the existing system is a 27 -mile portion of
the Green River . The river begins in a moderately-sloped zone, enters
the steep boulder zone of the gorge , and then flattens to a floodway zone
with a braided channel . Flows In the ri ver are con trolled to a lar ge
degree by the Howard Hanson Dam upstream .

Drainage systems in developed areas consist predominately of
roadside ditches and culverts .

DRAINAGE PROBLEMS

The cons truc tion of Hanson Dam on the Green River has substan-
tial ly decreased flooding probl ems In this sub-basin. Because the area
is generally agricultural or Is undeveloped , major damage seldom occurs .
There are several areas where floo di ng problems do occur , however .

G- 4-2
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Some development has taken place and occasional fl ooding problems
have occurred along Crisp Creek , Coal Creek , and Deep Creek in the
community of Cumberland . The City of Auburn has had some slide prob-
l enis in steep-sloped residential areas , but since most of the river ’ s
fl ood plain is agricultural land or open space , major fl ood damage
does not occur . However , if substantial development were allowed to
encroach upon the river , severe flooding probl ems could result.

As the sub-basin urbanizes, the effects of storm water run-
off upon the Green River probably will be more significant in terms of
quality than quantity . The river fl ow is high enough so that the
added i ncrease , brought about by residential development , will not be
significant. However , the pollutants found in urban and agricultur al
runoff could degrade water quality in the river , especially during l ow-
flow periods.

Minor drainage problems , such as culvert clogging and small -
stream erosion , are presently at several sites in the sub-basin and
will be continued with further development if more effective manage-
ment is not provided . In order to prevent fl ooding in developing
areas , conventional storm-drain systems probably will be installed .
If not planned well , these systems could result in erosion and fl ood-
ing problems along the small streams draining to the river.

The results of hydrologic analysis indicate no significant
difference between the Comprehensive and Corridor Land Use Plans ,
Therefore , the drainage alternatives presented herein are applicdble
to both plans.

Land-use projections for the year 2000 indicate that a large
portion of this sub-basin will remain forested . The total impervious
area in this basin , with either land use projection , will increase from
existing 3-~ level to approximately 7%, as shown in the table of projec-
ted land uses.

BASIC ISSUES AND STATUS OF DRAINAGE PLANNING

Drainage planning that has been done for this sub-basin is con-
tam ed in a study prepared by the King County Department of Planning in

- S 1970 and titled , “The Upper Green River: An Ecological Study .” This
study is fairly compl ete and includes find i ngs for flood control and
storm drainage . The major recommendation of the study is that land use
in the upper Green River Valley generally should be desi gnated for agri-
culture rather than urban development. Al so, the study recommends that
individual development should be l ocated so that the quality , quantity
and velocity of storm runoff will approach natural conditions prior to
entering surface watercourses .

Staff members from King County Public Works Department , Hyd rau-
lics Division have been consulted during preparation of the initial
alternative plans for the Middle Green River.

G-4-3
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ALTERNATIVE PLANS FOR PROPOSED DRAINAGE CONTROL

The existing drainage system of the Middle Green Ri ver Sub-
Bas in, as dedcr ibed by local agencies was evalua ted by computer simu-
lation that applied the region ’s 10-year storm to P.S.G.C. year 2000
land use . Drainage problems thus -identified were analyzed and possi-
ble solutions provided in devel opment of al ternative plans for drain-
age control as descr ibed below.

ALTERNATIVE PLAN I

General Concept

This alternative consists of structural improvements to the
creek channels and flood-plain zoning along the Green River.

Major Features

Improvements to the stream channels include cleaning, widening ,
and streambank protection in erosion-prone locations. Flood-plain
zoning entails restrictions upon structural improvements directly adja-
cent to the Green River within the area of inundation by the most

S severe storm (100 year).

Cost

Cost for this alternative i s es timated to be $100,000.

ALTERNATIVE PLAN II

General Concept

This alternative utilizes upstream runoff control rather than
enlarged stream capacities. Flood-plain zoning is included for the
Green River .

Maajor Features

The runoff-control facilities consist of both existing and new
hol ding ponds. The existing pond is along Cr i sp Creek . The new ponds

S are adjacent to the railroad embankment al ong Coal Creek .

Cost
The cost for this alternative is estimated to be $100,000.

PEAK fLOW_COMPARISONS
The follow ing table indIcates 10-year peak flows with existing

facilities and with the alternative plans and year 2000 land use.

G-4-4
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COMPARISON OF 10-YEAR PEAK FLOWS
(Cubic Feet Per Second)

Existing Al ternative Alternat ive
Location Fac i l itie s P l an I P lan II

Crisp Creek 50 80 40 

—

Coal Creek 150 220 150

Deep Creek 80 110 60

ENVIRONMENTAL ASSESSMENTS OF ALTERNATIVE PLANS

Field inspections were made to judge the applicability of the
suggested alternatives for this sub-basin. This process was followed
throughout the RIBCO Study for development of alternative plans for
the various regional sub—basins. The inspections were based upon the

S alternative evaluation procedure which identified 34 uniqu e criteria
grouped in general categories as fol l ows : 1) Effectiveness , 2) Human
Valu es, 3) Env i ronmental Fac tors , 4) Implementation ,and 5) Resource
Requirements.

The various structural solutions were checked against the
appropriate criteria , and the various non-structural solutions were
reviewed for their relationship to existing and probable future deve-
lopments. The criteria rating total for Al ternative Plan I, which
employs channelization and flood-plain zoning, was a plus 24 on a scale
ranging from a positive total of 108 and a negative total of 108. The
total eva l uati on ra ti ng for Al terna tive Plan II, which employs storage
in the upper sub-basin and flood-plain zoning, was a plus 75.

Both alternative pl ans were judged to be effective in control-
ling drainage . Both plans also registered positive ratings for human
values and environmental factors . Neither al ternative is part of the
present planning of the involved agencies and therefore a cooperative
effort is required before either plan can be real ized . Both of the
alternative plans involved limited commitment of the use and management
of natural resources as they are basically non-structural in character.

One critical element in both al ternatives is the proposal to
use flood-plain zoning along the Middle Green River . This treatment ,
if it is to be part of the chosen alternative , should be implemented
as an early organ ized effort . Any development that occurs within the
flood-plain area , w i l l  force the use of a mor e struc tural treatmen t
than either alternative contemplates. This issue should be broug ht to
the attention of all affected citizens and their local agencies. It
also should be understood that both alternatives , because they suggest
flood-plain zoning, would effectively remove that portion of the sub-
basin wi thin the zone from any future intensive land uses typical of
urbanized areas.

G-4-5
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CONCLUS IONS

Al ternative Plan II is superior to Alternative Plan I becau se
it does not require more costly structural work along the streams in

S the basin. It does require immediate action , as It relies upon flood-
plain zoning.

King County and the City of Auburn should develop master drain-
age plans, that incorporate the provisions of Al ternative Plan II.
Both agencies should then move to implement and enforce the requ ired
flood-plain zoning and make provisions to secure through acquisition ,
if necessary, the required storage areas.

King  County , because of its extensive jurisdictional control ,
shoul d have responsibility for control of drainage and flood damage
within most of the Middl e Green River Sub-Basin; and the City of Auburn

S and King County should have control of zoning, inc’uding fl ood-plain
zoning, within their respective boundaries.

Develo pment of the plan will benefit from coordination between
the City and the County , but formal agreements are not mandatory since
impl ementation of the plan in both City and County areas is generally
independent of actions in the other jurisdiction .

G-4-6
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RIBCO URBAN RUNOFF AND BASIN DRAINAGE T I I UY

Al  ~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~ ~~I Ba s s  Mi dd le Green P.

EXIST ING FACILITI E S r I 0 III I) 1- ACILII  I I ’

PIPE DIAMETER [ C H A N N H .  M~~x
ELEMENT OR CHANN EL I SIDE ;l lIE PT II OF I ‘ 1  MC. D
NUMBER TYP E BOTTOM W I D T h  U 4 l4 ~~I,~ Vin i CIIANNI I. “U CAPITAL  COST

22/23 Channel 8 1 ,000 2:1 2 Ch ann e l 10 w i d t h  I 523 , h1O
portion 2.J , s jde ~1opep
onl 2 5 aepte wits 500

s reanlbank prote ctlwl

42/43 Channe l 8 7,400 2:1 3 Channel 12 width
ort ion 2.1 si de slope s

onl 3 depth with 2,000
streambank protect ion

- -
~~~~~~~~~

-
~~~~~~~

- - - - - -
~~~~~~~~

--
~~~~~ 

53/54 Channel 8 5,000 2:1 2 Channel 101 wIdth
ortion 2:1 side slopes

2 depth wb th 5,000
- streambank protection

_ _ _ _

The Est im ated Cap iTal COST for each ele vent includes Contractor ii, hi T ota l  F sl ’ i ’a t r , l  Capital C - , $1 30,000
engineering, l egal and cont ingencies In .1,Id, icc , land purchase and 

Ho ml lo $100 000severance COSTS are included where land is required All costs are t,ased
upon June 1973 or ,ces
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REGIONAL SUB-BASIN G-5

LOWER GREEN RIVER

GENERA L DESCRIPTION

The Lower Green River Sub-Basin is located between South Seattle
and Auburn . This reach of the Green River flows from a point 1.8 miles
downstream from the confluence of the Big Soos Creek and Green River to
approximately the mouth of the Bl ack River at Renton where it becomes
the Duwamish River. Mil1 Creek , which drains the western third of the
sub-basin , discharges to the Green River near Kent.

The Lower Green River Valley is a broad flat flood plain with
steep hills bordering its west side and the Black River sub—basin on
the east side . Terraces, lakes and marshy depressions characterize
the upl ands. The valley is composed of fertile alleuvial soils that
have been deposited by the meandering Green River. Since agricultural
and urban /industrial development have taken place in the valley , revet-
nients and dikes have been constructed to maintain the existing river
alignment. 

I
The drainage basin consists of 36 square miles. Mill Creek has

been designated as a demonstration area and has received a separate
evaluation in this Appendix.

Stream Category Drainage Area Discharge

Green River Major River 23.0 sq. mi. Duwamish River

Mill Creek II 13.0 sq. m l. Green River

Approximately 40 percent of the sub-basin is utilized for vege-
tabl e and berry production , beef, dairy and other comercial farmi ng .
The trend has been to industrial i zation since the completion of the
Howard Hanson flood-contro l dam . The changes in land use began with
the Boeing Space Center and are typified by Andover Industrial Park and
Southcenter in the City of Tukwila. A large percentage of the resi-
dential use is rural low—density development. These and other land uses
are shown as percentages of total land area in the following table.
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PERCENT OF SUB—BASIN AREA IN SPECIFIED LAND USE

P.S.G.C. Land Use Projection
Land Existin 9
Use (1970-72) Comprehensive Corridor

Single Family 50 64 64

Multiple Family 2 2

Commercial/Services 1 3 3

Govt. and Educ .

Industrial 1 20 20

Parks/Dedicated Open Space 2 10 10

Agriculture 40

Airports, Railroads ,
Freeways, H i ghways 1 1 1

Unused Land 5

Wa ter

Total 100 100 100

Total Imperv ious Area 15 45 45

The year 2000 Comprehensive and year 2000 Corridor land-use plans
have negligible differences. Future land-use projections indicate that
industry and comerce will occupy nearly all of the central valley or
existing flood plain , and that suburban residential development will
increase in the uplands and around urban centers. Commercial farming ,
in all likel i hood, will be completely elimi nated . The plans for inten-
sive development of the Green River Valley have been the subject of much

— pub lic and official criticism and considerable conflict.

NATURE OF EXISTING DRAINAGE SYSTEM

The Lower Green River system i s primar i ly a pastoral river wi th
sinuou s natural tributary channels. Urban and upland developments have
incorporated standard closed-conduit storm systems that discharge into
the nearest natural channel . Within the Green and Black river systems,
there are 2700 acres of wetlands and 700 acres of brushy wildl i fe habi-
tat. The Lower Green River primaril y is a floodway and a princ ipal
passageway for migrating fish . Major chinook spawn ing areas on the
Green River are above Auburn in the small tributaries. Some tributaries
to the Lower Green River , such as Mill Creek , are important spawning

G-5-2L ~~~~~~~ __________________________
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areas for coho salmon and game fish.

The industrial and comercial businesses in Tukwila have deve-
-~~ loped storm dra i nage systems that rely upon a pumped drainage outlet.

Because of the high water profiles of the Green River and prevalent
flooding within the valley , pumped drainage appears to be the only
solution if the valley is to be developed .

DRAINAGE PROBLEMS

Major problems have been noted by county and munici pal agencies .
Extensive fl ooding of agricul tural lands including about 10,500 acres
in the Black and Lower Green River systems occurs during high flood
stages. Losses of seed and crops and extensive road damage is caused
by prolonged inundation during floods. Seasonal high-water table in
the flood plain due to poor subsurface dra i nage reduces crop produc-
tion. Erosion and sloughing of mainstr eam and tributary channel embank-
ments , mudslides on steep unprotected slopes , washout of storm drainage
structures , and debris accumula tion in channels and cul vert inlets
cause extensive l ocal flooding while sedimentation in streams and the
river poses a serious water qual i ty problem .

The year 2000 Comprehensive and year 2000 Corridor Land Use
Plans for the basin are identical and designate extensive industrial
development in the valley and residential development on the hills ide
plateaus. The total impervious area in this sub-basin under either
land -use projection will increase from an existing 15% level to approx-
ima tely 45% as indicated by the table of land uses.

The results of hydrologic analysis indicate no significant
difference between the Comprehensive and Corridor Land Use Plans .
Therefore, the drainage alternatives presented herein are applicabl e
to both plans .

Open , unprotected areas will experience greater flooding problems
without proper drainage facilities. Hillside streams will receive a
several—fold increase in runoff, and severe gully erosion can be antici-
pated if the present policy of utilizing natural streams for urban
storm drainage collectors is continued . Storm-drainage systems in
Auburn already are under-designed for the 10-year storm and nearly all
systems would need to be repl aced . Likewise , nearly all drainage
canals in the valley are undersized for expected runoff .

— BASIC ISSUES AND STATUS OF DRAINAGE PLANNING

The West Side Green-Duwami sh Watershed Work Plan , under Public
Law No. 566, has been adopted as the comprehensive drainage plan by its
sponsoring agencies . Funds for construction have been authorized by
Congress but construction cannot begin until the Environmental Impact
Statement has been approved . King County currently reviews all proposed

5-3
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drainage projects that are related to development projects within the
valley , and the State Department of Ecology has ultimate authority to

-

- grant permits for dra i nage construction . By this system of permi t, It
has been possible for the County to insure that drainage channels and
structures are consistent with the proposed watershed plan. Sponsors
of the watershed plan are the cities of Kent, Renton , Tukwila , and
Aubu rn , King County, the Green River Fl ood Control Zone District , and
the King County Soil and Water Conservation District. An Environme n-
tal Impact Statement is scheduled to be completed in early 1 974 and
construction could begin in 1975.

King County and Tukwila are requesting advance approval to con-
struct a pump station and canals to give immediate protection to a
200-million dollar industrial complex at Andover Park .

The City of Auburn is currently conducting a storm drainage
improvement study which will be contingent upon the selection of alter-
native systems for both the Lower Green River Sub-Basin and the Mill
Creek Demonstration Area .

ALTERNATIVE PLANS FOR PROPOSED DRAINAGE CONTROL

The existing drainage system of the Lower Green River Sub-Basin
as described by l ocal agencies , was evaluated by computer simulation
that applied the region ’s 10-year storm to P.S.G.C. year 2000 land use.
Drainage problems thus identified were analyzed and possible solutions
were provided in development of alternative pl ans for drainage control
as described below.

ALTERNATIVE PLAN I

Genera l Concept

The present trend of development is assumed to the level indica-
ted by the 2000 Comprehensive Plan . No on-site runoff control is con-
sidered and drainage facilities are sized to prevent all potential
flooding and erosion along main collector channels. Valley drainage
would be pumped into the Green River . Generally, c hanne l s w ill be
enlarged and hillside streams will be lined to prevent gully erosion .
It is assumed that all upland drainage would be collected and discharged
into hillside channels.

Major Features

Pumped drainage systems are a principa l element in this scheme.
The pumped drainage systems as projected by the Soil Conservation Ser-
vice in the Westside Green River Watershed Plan are utilized with modi-
fication to exclude the Mill Creek area of the Lower Green Sub-Basin.
Mill Creek is modeled as a separate demonstration area .

G-5-4 
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Hillside streams are lined with rip-rap or concrete in critical
sections where expected flows exceed flow rates under existing condi-
tions. Intercepting storm-drain collector pipes are used where county
road right- of-ways have been established or in ravines in which con-
struction would be accomplished.

Municipal and industrial systems would be enlarged where neces-
sary with parallel storm drains. The P-l 7 system of the Westside Green
River Watershed Plan deserves special attention because it must be built
to accommodate runoff from an exi sting industrial park that rel ies upon
an undersized , temporary pumped drainage system. Runoff entering the
pumped drainage system has been substantially reduced by a pressure
hillside drainage interceptor that was constructed by the Department of
Highways and King County .

Nearly all of the capacities of storm drains in the City of Auburn
need to be increased . Parallel conduits would be most appropriate for
this purpose.

Cost

The cost for Al ternative Plan I is estimated to be $10,800,000.

ALTERNATIVE PLAN II

General Concept

Development of d-rainage facilities for this alternative is based
upon the assumption that an on-site runoff control pol icy is adopted
which would limit the increase in peak discharge to 25% more than
existing conditions.

Major Features

Valley pumped drainage and hillside systems are similar to tnose
discussed in Alternative Plan I, but generally are less costly. Hold-
ing ponds would be used in upland areas to retard runoff. Diversion
pipes are used to reduce runoff into natural streams in ravines.

Forebay pond storage is developed as an integral part of the
channel systems.

Cost

The cost for Al ternative Plan II is estimated to be $9,300,000,

PEAK FLOW COMPARISONS

The followi ng table indicates 10-year peak flows under existing
facilities and under al ternative drainage management solutions for the
year 2000. The peak flows are given for various locations as noted .

G-5-5
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COMPARISON OF 10-YEAR PEAK FLOWS
(Cubic Feet Per Second)

Existing Alternative Al ternative
Location 

-~~~~~~~~~~ Facilities Plan I Plan II

South Center 220 500 420

Tukwila , P-17 System 210 430 280

Andover Highway Bypass 70 120 110

P-6 Pump Site 60 160 160

P-24 Pump Site N/A 50 45

Mullen Slough 350 770 560

83rd Avenue N/A 300 190

Auburn Main Street 40 300 250

ENVIRONMENTAL ASSESSMENT OF ALTERNATIVE PLANS

Field inspections were made to judge the applicability of the
suggested alternative plans for this sub-basin. This procedure was
fol lowed throughout the RIBCO Study for development of alternative plans
for the various regional sub-basins . The Inspections were based upon
the alternative evaluation procedure which identifIed 34 unique cri-
teria grouped in general categories as fol lows: 1) Effectiveness,
2) Human Va l ues , 3) Env i ronmenta l Factors , 4) Implementa tion,and 5)
Resource Requirements . The various structural solutions were checked
against the appropriate criteria and the various non—structural solu-
tions were reviewed for their relationship to existing and probable
future developments . The criteria rating total for Al ternative Plan I,
which empl oys the pumped systems, new channels , channel lining and
diversion , was a minus 49 on a scale ranging from a possible positive
tota l of 108 to a negative total of 108. The total evaluation rating
for Alternative Plan II , which employs pump stations, new channels ,
channel protection , runoff control , storage and diversion , was a
minus 37.

Both alternatives received negative rating for effectiveness,
primarily because of the need for pump stations , the difficulty in main-
taining such systems , the difficulty in changing these systems and the
consequences of over-charge especially In the valley area where It is
assumed tha t industrial and commercial uses would front on the Green
River . A l so , the cost/benefit ranking of both alternatives is extreme-
ly low except to those who may own properties which could be utilized
for Industrial or commercial development after Installation of the
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system. Neither alternative was superior in terms of human values and
both were given negative ratings for environmental considerations ,
primarily because of their potential for disruption of wildlife , aquatic
life and marshland vegetation . The period of construction disruption
would be rather extensive for either alternative . Both alternatives
also received equally negative ratings in both implementation and re-
source requirements . Except for the fact that the Soil Conservation
Service portion of the alternative plans has been approved and funded ,

4 the remaining systems for the upland areas requ i re funding and joint
agreement by the affected agencies prior to implementation . Both alter-
natives are believed to be extremely consumptive of natural resources
and capital . The use of runoff control as a premi se for Al ternative
Plan II requ ires smaller man-made facilities , but because of the exten-
sive development anticipated in the sub—basin , runoff control alone
cannot alleviate the need for extensive man-made systems.

CONCLUSIONS

The systems necessary to accommodate projected land use for the
Lower Green River involve major sacrifices in terms of both environ-
mental factors and general human values. There would be some benefit
from Alternative Plan II because of the runoff control provided in new
development and the attendent l ower costs of the necessary man-made
systems. It is assumed that the Soil Conservation Service Plan will
be impl emented in a form near that now proposed , and therefore, the
portion of the Al ternative Plan presented that requires coordination
is that dealing with the upland and hillside areas. King County , City
of Auburn and City of Tukwila should move to implement and enforce the
necessary runoff control s suggested in Al ternative Plan II if this
alternative is to be part of the runoff control system for the Lower
Green River Sub-Basin.

The basic issue in this sub—basin is the comitment to total
developmen t of the Lower Green River fl ood plain and the environmen-
tal and monetary costs of accomplishing this development. There also
is the issue of the use or extent of use of runoff control from future
development. This will require coordination between the City of
Auburn , the City of Tukwila and King County . King County should have
responsibility for overall control of drainage and flood damage within
the Lower Green River Sub-Basin ,and the City of Auburn and City of
Tukwila should control new development and zoning within their respec-
tive boundaries.
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IiIBCO URBAN BUNOFF AND BASIN DRAINA GE STUDY

‘,~~ ~~~~ 
Lower Green River

F X I’,T NC, I I  T I F ’ , I’HDPDSI C) I A CI C  l I E S

P~~~~~~AME T E N  C N A N N E L ~~~~~ MAX 
- - -

~~~~~~~
EL CM ENT OR CHANN El 

- 
S I DE SL OPES DE PTH - II ES 1 I M A I F  D

NI IMBE R TYPE BOTTOM W I D T H  I F - , , ,  -H, , Ve,t CHANNEL TYPE CAPITA L COST

127 P ipe 54” 2 ,100 Parallel 30”
Pipe

149 Pipe 24” 500 Parallel 24” 521 ,000
- Pipe

5 j

~~~

p

~~ 

30’ l ,OOO~ - Parallel 36” 
- _ _ _ _ _— - 

$66,000
Pipe

10 Pipe 24’ 1 ,800’ Parallel 3Y’ 
— 

$97.000
Pi pe

9 Pipe 48” 1 .600 - Paral lel 60” $192,000
Pipe

3 Pipe 48” 1 ,500 , Parallel 60’ $180,000
P ipe

15 Pipe 42” 500’ Parallel 54” $53,000
Pipe

- _ __

16 Pipe 36” 500 ’ 
- 

P a r a l l e l  54” $53 ,000

-

- 

Pi pe

_ _ _  _ _ _  _ _ _ _ _  _ _ _

~~

— _ _ _  _ _ _ _ _ _ _ _ _  _ _ _ _ _

17 P ipe 30” 800 ’ Parallel 48 $53,000, Pipe

19 Pipe 42” 1 ,000’ 
- 

Parallel 3J” 
— 

$54 ,000
Pipe

20 Pipe 36” 800 Parallel 36’ $53,000
Pipe

13 Pump 22 cfs (To be re- Pump P-l7 pump station $254,000
Outlet placed) 115 cfs

26 Pipe 5’ 800’ Parallel 66” 
- 

$243,000
45 540’ Pipe
5 • 5 1  570 ’

24 i, ne r (pa ra1l ~ ls Pipe 23) 1 Diversion 72” $375,000

170 None (para11~ ls Pi pe 32) DIversion 72” $120,000
Pipe

171 None Channel 2,500 wldtii $33,000
4 ’ depth
2: 1 Side slopes

___________________ ____________ _______ _____________ ________ _________ 
4 , 

___________

28 r Channel 4’ 3,400 2 : 1  5’ Divers ion  48° 
— 

$74 ,000
- Pipe

~~- 1J

- ‘5 . 

- - -- - -5  -5------ —— -5--- - - - 
- -
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RIBCO URBAN RUNOFF AND BASIN DRAINA GE STUDY

AIo-,,,,l,v, 1_ _  ‘ i ,  u~~ - Lower Green River

FX I~ TIN~, 1-A CILITI E S PTFOP(ISE D ~AC ILI TIFS

1 — ______  _________ —

PIPE D IAMETER CHANNEL MAX
F M I  ‘~ OR d IANNE I 

- 
SIDE SLOPES DE PTH OF E S T I M A T E D

-, - MCI II I YI’E BOTTOM WIDTH LE NGI H (Ho,,, Ve, , I CHANNE I I ~ PE CAPI I A t  COST

520 None Channel  ~~ , ~~~~~ $1 8,000
2:1 side slopes
5,000’

37 Channel 3’ 50’ 3:1 3 Pump P-6 pump station $184,000
Ou tlet 80 cfs

37 Channel 3’ 300’ 3:1 3’ Fo~-ebay 4 AF $43 ,000
Pon d I acre

521 None Channel
2:1 si de slopes
4,000 ’

43 Channel 4’ 4,000’ 2:1 3 Channel 4 width I $88,000
2 depth
2:1 side slopes

_______ ________ ____________ _______ ____________ ________ ________ 
channel lining 

____________

43 Channel 4’ 500’ 2:1 4’ Levees 12’ top width $26,000
5’ h i g h
3:1 s ide  s lopes

522 None Pum p P-24 pump station $46,000
20 cfs

522 None 
— 

Forebay $35,000
I Pond 1 ,500 ’

_ _ _ _ _  _ _ _ _ _ _  I _________  _ _ _ _ _  _________  _ _ _ _ _ _  _ _ _ _ _ _  

1.4 AF

523 None Pipe inverted siphon $19,000
3 diameter
200

524 None Channel 3 w idth $16,000
3 ’  de p th
2:1 side slopes

45 Channe l  Open o u t l e t  o Green ~ iver Levee l2  top w i d t h  I $3 1 ,000
4 ’ h i g h
3:1 side slopes
1,500 ’ 

_________

800 Channel Open outlet 0 Green iver Pump P-4 pump station $945,OO0~~
450 cfs

800 Channel 10’ 1 ,000’ 2:1 6’ Forebay 170 ’ width $237,000
Pond 1 ,000’ length

23 AF

801 Channel 10’ 2,500’ 2:1 4 Channel 10 wi dth $126,000
8’ depth
2 :1 s ide  s lopes

803 None Channel ~;12 .~ h~nnel $109 ,000
6’ depth
2:1 s ide  slopes 

____________

802 None Channel P-4 system $33,000

6 depth
________ __________ _______ ___________ _______ ________ 

1,000’

:1)4 None Channel P-1 3 system $109 ,000
I 10 widt h
I 6’ dep th

_______ ________ ___________ _______ ___________ _______ ________ 
3,300’ 

____________

Represents that port ion of the total  pumpin g plant cost  required to aCCmTTl nOdate runoff from the Lower Green
River Sub-basin . The other portion is included in the Mill Creek Demonstration Area ListS .

0-5-11
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CIRCE) URBAN CUNO FF AND BASIN DRAINAGE ST U DY

~~~ 
Lowe r Green River

I -‘~ 11111:, PHOPUSE D ~ACI L I I IF I ,

0 .\MI 1 1 1 1  ~HANNE I M A X  J
E L I  VI \ (  OH )) ‘) ‘-~S1 I - SIDE ‘ :  ‘ I I I’ , :111 1’)), GE F ~~! Is- ’ ;- I- I)
\I S’BI ‘1 I~~I’F BUTT I’M 

~~~~ 
LI \ - I H  ,,,,~~~

. s - i  I IAN5f ~ T Y P E  ~ A I l l ~~ I ( ‘( ‘S I

57 - - _ T-I r l 1, I 
- 

4 I 1 .1,011 1:1  3.5’ C hannel P 1 3  Systeni
8 wIdth

I 6’ depth
- : - ~‘H sTde Slopes

-~~ ~ 3 : 1  
- 

4 
- — 

Channel l~~~~~ j
em $ ) 3 ~~~Q

5’ depth
I 

J_
2: l side s lopes I

t4 Channel -I 0 ’ ’ 2 : 1  4’ Diversion 30” $11~ .111(1

- 

Pi pe 3,000 ’

_  - --— _ _

49 ,sannel 2’ 2 ,0130 ’ 2 : 1  4 ’  Channel
- 2:1 side slopes -

Channel lining 
____________

53 ba nne l : 2’ 3,000’ 3:1 4’ DiversIon 30” $162,000

- — 
Pipe

52 Channe l 2’  2 ,000 2:1 4’ Dlver sion~~~O” $108,000

- 

Pipe

2’ 4,200’ 2- 1 4 ’  DIversion 30” $216,000
Pipe 4 ,000 ’

125 Cb ~ nnel 4’ 
- 

4 .200’ 2 :1 4 ’  Channel $64,000
I - 3,000

- Channel lining

f~ C h anne l  
‘ 

~~
‘ 

I 3.800 ’ 2:1 - 4’ Channel 3 width $53 ,000
2 depth
3.000’

______ _________ ____________________ ________ 
Channel lining 

___________

840 l stlet Open outlet ~o Green Piver Pump P- i  pump station $450,000”
- 

- 

: 200 cfs .

841 h3nfle l 8’ 1,600 ’ 2:1 5 Forebay lO AF $151 ,000
Pond 2.2 Ac,

842 Sone  
~~~~~~~~~~ 

Channe l  $91 ,000
843 - 2:1 side slopes

- 
_______ - 

3,000 combined length

S44 INone l 1 Channel wi d th  $58 ,000

- 

-
~ 2 :1  side slopes

- 
2,800’

— 

Channel ~ w i d  $67 ,000
846 - 2:1 side slopes
847 6, 100’ combIned length 

____________

89 Cha nnel F ~~ ‘ 

— 

5,500 ’ 1: 1 4 ’  Channel $ 131 ,000
4,500

_______ ________ 
Channel l ining

210 Channel 4’ 3,000’ 1:1 4’ Channel 4 ’  w idth $39,000
2’ depth
2,000 ’

_______ ________ ____________ _______ ____________ ________ _________ 
Channel lining 

____________

211 ( Channel 4 ’  4 ,000’ 1: 1 4’ DIversion 24” $189,000
I Pipe 4 ,500’

• Represents that portion of the to tal  pumping plant cost required to acconinodate runoff from the Lowe r Green
Rive r Sub-basin. The other portion is Included in the Mil l Creek Demonstration Area costs,

0-5-12
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RIBCO URBAN RUNOFF AND BAS IN DRAINAGE STIJ L) Y

AIie,,s,I,se I Sob II ,,~~ , ,  Lowe r G reen N i  ~er

I X I ’,I 151, F A C I L I T I E S  PROPOSE D 1 /( 1 II

PIPE DIAME T E l ’  CHANNEL I MAX
E l  ( M I N I  OR CHANNI I SIDE SLOPES DEPTH LII I’ MA I I I
51-M CI H TYPE BOTTOM WIT) I H L I  51 (4 IH,,r , Ve~I I CI4A NNI I T Y P E  CA P ITA l  COST

146 Pipe 18” 2 ,000 ’ Parallel 42” $158,000
Pipe

103 Pipe 1 2 ’  1 ,300’ Parallel 60” $156,000
Pipe

_ _  _ _ _ _ _

104 (pc 18” 1 ,800’ Parallel 24”
Pi pe -

212 Channel 6’ 4,000’ 1 :1 I ~~
‘ Diversion 36~ 

— 

$ 34 J ,004
- Pipe 5,200’

102 Pipe 18” 1,100 ’ Parallel 66” $149,000
Pipe

101 Pipe 18” 800 ’ Parallel 72” $119,000
Pipe

100 P~~e 30” 2,200’ Pa~~ 1le1 72” $328 ,000
I Pipe

99 Pipe 36” 500’ Parallel 72” $75,000

I Pi pe

98 ~Pipe 36’ 1 ,400’ Parallel 72” $209,000
Pipe

T~ ~~~~~~pe , 42” 900 ’ 72” $134 ,000

42” 4,500’ Parallel 72” $571 ,000
Pipe

- - -
147 ‘ P ipe  15” 1 ,500’ Paral lel  24” $63,000

ipe

12” 2,500’ ra l le l  24” 

-- 

~~O~~0OO

110 Pi pe 18” 3 ,800’ arallel 54” $403,000
- ‘ipe

109 Pipe 18” 1 ,600’ ‘arallel 60” $192,000
Pipe

108 Pipe 30” 2,000’ Paral lel  60” $240,000
Pipe

107 Pipe 30” 1 .200 ’ Para llel 
— 

66” 5162,000
P ipe

0-5-13
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RIBCO URBAN RUNOFF AND BA SIN DRAINAGE STUDY

Lower Green R iver
A l , , ’ ,  “ t  - s - -__ - - — — Sub Bds,o __________________

E X I S T I N I ,  F A C I L I I 1 E S PROPOS E D F A C I L I T I E S

- j P(PE DIAM E I EH~ I H A S NI 
~~~~~~~ 

MAX
C II V l  ‘.1 - OH 1 H A N N I  L 1 SIDE i--I LIPES DEPTH OF EST IMA 1(11

C TYPE ~81II T oM 1, 1) I, L I  5 , 1 , 4  l,~~,1 V ’  C HANNEL TYPE CAPIT A l  COST

106 Pipe 30” 300’ I Paral le l  66” $41 ,000
Pj pe

_  -5 — _ _--5—

118 Pipe 30” 1 ,500’ - P a r a l l e l  66” $203 ,000
- 

- 
P ipe

12i )  PI pe  12” 
- 

2, 300 ’ I Parallel I 48” $214 ,000
Pipe

119 Pi pe 12” 1 ,300 ’ Pa ra l l e l  48” $121 ,000
Pipe

117 Pi pe 36” 1 ,200’ Parallel 72” $179,000
Pipe

116 Pi pe 60” 1 ,900 ’ Parallel 66” $257 ,000
P ipe

_ _ _ _  -

~ 

_ _ _  

1—
~~~~~~~~~~

_ 

~~~~~~~~~~

— 

_ _  _ _ _ _ _ _  _ _ _

Ct,,- fsc,n,afl-d Cap~raI Cost I,,, each ,‘le-r ’e,,i - ‘,.,,des Coolraet ,, r p 01,1, Tota l Est roaTed Cap~taI Cost $10 ,750 ,000
~‘~ q~~,-el nq legal and co’s i~ngencles In ,oSI t I,’I land purchase and Round T I,

“costs are - - , I , , , h- , (  where Ia,,d ,s reqo.red A ; ,  costs a,, ,,,,‘ , (  $10,800 ,000
uPon June 1 l) . I (~r ’ l C ’

0-5-14
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RIBCO URBAN RUNOFF ANT) BASIN DRAINAGE S T U D Y

- Sob ((as,,, Lowe r Orcer l  Ri ver

I XIS (NO T A C I T  ( T I E S  ‘III IF, NI U FAC I L I T I E S

: 1  A5’ I TE R CHANNI I MAX 
1

‘~I( N I  I’ l l ,l ’ANNF I SIDE SI II(’( 1, DEPTH 01 - I I  ‘ M A I  El)
NI-SICI  H IYPI BO tTOM 5411 11(1 1 1  N , , T H  III,,, , ’ 5~ .’ .  I CHA NNEL I)  (‘I 1 AI ’ I lA I  I

5 Pi pe 3’)” 1 ,000’ Parallel 36” $66,000
Pipe 

I

~

- - -- - ——-5-5 —-—

-1-0 (‘i pe 34 500 ’ Parallel 24 ”  $21,000
P ipe

3 ~~~~~pe 413 1 ,500 ’ Parallel 60” t $ l S O .113’ll
Pipe

I -
~~~~~~~~~~~~~~~~

_ -__4 —- - - - -
~~~~~~
_ _  _ _

10 I P i pe 24~ 1 ,800’ Paral lel 30” $97 ,000
Pipe

0 - Pipe 48’ 1 ,600’ Parallel 60” 5192 .0110
Pipe

IS Pi~~~~~~~~~~~~ 42” 500 ’ 
— 

Para l le l  54 ” $53 ,000
Pipe

16 Pipe 38 ’ 500’ Parallel 54” 553 ,000
P I pe

- - n

17 “i~ C 30” 800’ Paral le l  , 45” 574 ,001)
Pipe -

1~ I Pi pe 1 42” 1 ,000’ Paral lel  30” 554 ,000
Pipe 

-

20 Pipe 36” 800 ’ 
— 

Para l lel  36” - 553 .0011
Pi pe

13 Pump 22 cfs (To be replaced) Pump P-l7 pump station $165 ,000
Out let 75 c fs

26 Pi pe 5’ 800’ Parallel 36 ” $ 1 19 ,000
4.5’ 540’ Pi pe
5.5’ 740’

24 ~~ None (paralI~ Is Pipe 23) Diversion 60’ 1

I I Pi pe -

_ _  _ _ _  _ _  _ _ _ _   ~~ - 5 - -
170 None (parall ls Pipe 32) D iver sion 60” $% ,13)I)l

- Pipe ‘I

17 1 None C ha nn el 2’ eid th 5211 ,0011
4 ’ depth
2:1 side slope s

_______ ________ ______ ______ __________ _______ ________ 
o,500 ’ 

_________

28 Channel 4’ 3,400’ 2:1 5’ High 42” 5 8 3 ,01311
Press . 800’
Pipe

31 Channel 3’ 50’ 3:1 3’ Pump P -6 ‘Um) ’ s ta t i o n  $184 .0111)
0j t l e t  80 c f s

0-5-15 
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RIBCO URBAN RUNOFF AND BASIN DRA INAGE , , I I I I I Y

A l H ’ , — , ,,t - - - — -,,I, IF s’ , L ola’? O c I e,I (1 ly E- I

X I S  1 IN~ I Al II I I - E S  1111 (‘1 I’,l D I A C I  l I l I E S

PIPE ; I I A’ ,l I T F~~ J 
- 

CI IA N-\ i I ‘ MA X
Ill MI ‘.1 OH CHANNE L SIDE SLOPES ’  ~‘, ) I  PT H OF Ii, 1 Ii,’A T F D
N MCI IF 1” P1 BOTTOM WIDTH II 5 , ! , ,  H,, o I ‘ ‘ ‘  IOFA NN(  L T Y PE 

- 
( A P I  IA  I COST

- I
1 1  ,. ‘LI f l?IeJ ‘ 3 ’  

- 300 ’ 3:1 3 ’  F,7 r ’eb,Iy 4 AF $43 ,000

1 ! Pond I

-5---—- , - - - -~ - - -—— - --~~~ - ~~~~~~— * - - ~~~~~~~~~~~~~~~~~~~~
-- - - —— - -5- -— - -  - 5- -

520 ‘ ‘o’ - Channel I 0 113 ,1100
- , 2 :1 si de s lo pes

- , 5 ,000’
I - - —- 5 --— -- - - 

--- _ _ _ _

521 ‘411(10 - Channel I 
4 ’  w idth $15 ,000

- , 4 depth
- 2 :1 s ide  s lo pes

- 4 ,000 ’ 
4 .5 _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _

I H i l l s i de  4 ’  4 .3,30 ’ 2:1 ‘ 3’ Channel 4 ’  w id th  $88 ,000
2 ’ depth
2: 1 side slopes

I - Channel l ining 
____________

43 V i l l e y  4 ’  500’ 2 :1  I 4 ’  Levees 12’ top width $26 ,000
5 ’  high

- I 3:1 side slopes

TOO -N r ,e I r Pum p P-24 pump Station $46,000

- 
I - 2O cf s

522 None 
- 

Forebay ~: width $35 ,000
I Canal 

h~~~
th

- l .4 AF 
__________

52 3 ‘ ‘ne - Pipe Inverted Siphon $19,000
siphon 36” diameter

- 200 ’
I _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _

524 None I Channel 3’ width $16,000
- - 

I 3 ’  depth

I 2 : 1  s ide s lopeS 
-

-3~ ~~ Channel 
- 

4 ’  
— 

1 ,500’ 2 : 1 3’  Levee 
~~

‘
h
c0
~ 

w idth 
-

~~ $31 ,000

- 3,1 side slopes
- 1 ,500’

800 C hann el 
- Open outlet t-3 Green ‘iver - Pump P-4 pump s tat ion $683,000

325 cf s

800 1 Channel 10’ 1 ,000 ’ 2 :1  ~~~~6 ’  Forebay 35’ width $129,000
I - Pond 10’ depth
I lO A F

801 l,,nnel - 10’ 2,500’ 2:1 4 Channel 10’ wi dth $83,000
6’ depth
2:1  s i d e  s lopes

903 
- 

‘,J ’?e Channel 4 w Idth $73,000

- :l side slopes
- 

- 

4 ,000’
I — I

802 None - I 
Channel 10’  width $33, 000

- 6’ depth
- 1 2:1 side slo pes

- 1 .000’

131)4 None - I Channel ~: ~~~ $100,000
2:1 side slopes

_____________________ _______________________ _ _ _ _ _ _  
3,300’ 

_________

I Channel 4’ 1,600’ 3:1 3 5 ’  Channel 8’ wIdth $19,000
I 6’ depth

______________________________ 1 ________ 

2:1 side slo pes 
____________

0-5-16

- -- - - -- 
. —  -- 5 - - —
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RI BCO URBAN RUNOFF AND BASIN DRAINAGE STUDY

A lTe rnatw e Bass, Lower Green River 
—

I EXISTING FACIUTIES PROPOSE D FACII h ItS

I’IPE DIAMETER CHANNEL MAX
E L EME NT OR CHANNEL S I DE SLOPES DEPT H OF EST I MAT ED
NUMBER TYPE BOTTOM WIDTH L E N G T H  1 1-10,11 Ve rt I CHA NNEL TYPE C A P I T A L  NIN,l

64 Channel 4’ 8,000’ 2:1 4’ Diversion 24” $96,000
Pipe 3.000’

-5 — -—— _______  __________ ______  __________ _______  _______  __________

ol Lake 500’ 2,000’ 3:1 5’ Outlet 24” $8,000
1- ) - ) ’

53 Channel 2’ 3,000’ 2:1 4 ’  Diversion 30” $162 ,000
P ipe 3,i)~)’~)’

52 Channel 2’ 2,000’ 2 :1 4’ Diversion 30” $108,000
Pipe 2, 131’

54 Channel 2’ 4,200’ 2 :1 4’ Diversion 24” $168,000
Pi pe 4 ,000’

125 Channel 4 ’  4 ,200’ 2: 1 4 ’  Channel 4’ w i d t h  $64 ,000
2’ depth
3,000’
Channel l i r ing

62 Pond 300’ 800’ 10:1 5’ Pond 11 .5 AF $38,000
5 Ac.

840 Outlet 8’ 100 ’ 2:1 6’ Pump P—7 pump station $270,000
120 c f s

341 Channel 8’ 1,600’ 2:1 6’ Forebay 8 AF $121 ,000
Pond 2 Ac.

Channel 6’ w~ 1th 
— 

$82 ,000
843 I C dept~i

I 2:1 s ide s lopes
- 

3.003’

844 None Channel ~ ~td $37 ,000
2:1 s ide slop e s
2 ,800 ’

None Channel d $ 4 i  .01)1)

847 2:1 side slopes
848 6,100’ ‘5

8 9 1  Channel 4’ 5,500’ 1:1 4’ Charlf le l 3 w i J t h  

- - 

$8)’ ,OOO 

~

-

1-~ U i l l  It I
Channel l i n i ng  -

210 Channel 4 ’  3 ,0OO~~~ 1:1 4’ Channel 4’ width t $39 ,00 0
- 2 dep t ~
I 2 .1)111 - 1 ( 0 13 1, 4

211 Channel 4’ 4,000’ 1: 1 4’ ~iver s~~~T 
24 ’  $l’i ’ l ,OOO

Pipe 4 .500 ’

212 Channel 6’ 4,000’ 1 :1 4’ 0 1 P l ’ , ’ T 1~~ 1 i - I 
Pipe ‘ .2 1 -

146 Pipe 18” 2,000’ , r,i I I  * - - 1 
-

P T

0- 5 - I ?

-- - ‘--5—-- -5- -5- - -5 -  — — —  
~~~~~~~~~~~ ~~~~~~ ~~~



RI BCO URBAN RUNOFF AND BASIN DRAINAGE STUDY

A Ite, ,aI,~ ,’ -— _ _ _._ _, _ Sub Sal,” Lower Green River

EXI STING FACIL IT IES  PROPOSED F A C I L I T I E S
r ’  - -

PIPE DIAMETER LI4ANNI I MAX
ELEMENT OR CFIA NNE L SIDE I I  OPE L DEPTH OF I’ , I IW,4 III)
NUMBER TYPE BOTTOM W I DT H LENGT H Ho,,: V,’,t I CHANN EL TYPE CAPI TAL COST

103 Pipe 12” 1 ,300 ’ Parallel 60” $156,000
Pipe

104 Pi pe 18” l ,oOO ’ Parallel 24” $76,000
Pi pe

__ _  --—--- 5----— 

102 Pipe 18” 1 ,100’ Parallel 66” 6148,000
Pipe

101 Pipe 18” 800’ Parallel 66” $108,000
Pipe

100 Pipe 30” 2 ,200’ Parallel 72” $328 ,000
Pipe

99 Pipe 36” 500’ Parallel 72” $75,000
Pipe

98 P i p e  36” 1 ,400’ Parallel 72” $209,000
Pipe

97 Pipe 42 900’ Parallel 72” $134 ,000
Pipe

95 Pipe 42 ” 4 ,500’ Parallel 72” $671 ,000
Pi pe

147 PIpe 15” 1.500 ’ Parallel 24” 663.000
Pipe

111 Pipe 12 ” 2 ,500 ’ 
— 

Parallel 24 ” $105 ,000
P ipe

110 Pipe 18” 3,800 ’ Par allel 54” $403,000
Pipe

109 PIpe 18” 1 ,600 Parallel 60” $192 ,000
Pi pe

108 PIpe 30” 2.000’ Parallel 60”
Pipe

107 PIpe 30” 1 .200’ Para llel 66” $162,000
Pipe

106 PIpe 30” 300 ’ 
I 

Parallel 66’ $41 ,000

I 
Pipe

118 PIpe 30” 1 ,500’ Paral lel 66” $203,000

- 

- 

Pipe

u-5- l8 

-5 . - — --.--.——---—_ -—--—----_--- ---.---—- — --5—- - - ’ -  —5 — . 5 —  — -  5—.—— - 5 - 5- - — — ,-— — -5 -- ~~~~~~~~ 
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RIBC O URBAN RUNOFF AND BASIN DRAINAGE STUDY

AIte ,natwe Sub Bas , ,, Lowe r Green Rive r

EXISTIN G FACILITIES PROPOSED FA CIL IT IES

PIPE D IAMETER CHANNEL MAX
ELE MENT DR CHANNEL SIDE SLOPES DEPTH OF ESTIMATED
NUMBER T YPE BOTTOM W IDTH NENGT H IHo,,i Veer ) CHANNEL TYPE CAPITAL COST

120 Pipe 12” 2.300 ’ Parallel 48” $214 ,000
Pipe

119 Pipe 12” 1 ,300 ’ Parallel 48” $121 ,000
Pipe

117 Pi pe 36” 1,200 ’ Parallel 72” $179,000
Pipe

116 Pipe 60” 1 ,900’ Parallel 66” $257,000
Pipe

I’I,e EsI,r,,ate,l Cap ,tah CosT I,,, each element Includes Cootr actoc prollI , Total EsI,maled CapItal Cost $9,292,000
heqal and coflt~rl~p-nc,es In add,T,on , land purchase and No nO I $9 300 000se v e,a,,c e costs are ,ncbudr,l ssl,e,e land is required Al l  COS T S are bated

‘I” Jun e 1973 pI ces

0-5-1 9 

-“~~~~~ ‘ s . .



- - ~~~~~~~
_

~~~~~~
---—

~~~
- 

5-5-
—-- - - - - -- - . 

_. 
- - - -

Ui) ,

N

I 

-

-
~ 

~~j~~j

* 

- 

- 

Il-” 
—

.5,
.

~~~~ 
L~~~~~~~~~~~~ f ~~ I ~~~~ 

“

/ 
)~~ ~~~~

—- -

- - - 

‘

~~~~~ 

K ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I 
~~~~~~~~~~~~ 

‘ ) ~

‘.5 a P

4 
\ \ ‘- 

0

~ ,
0
0

~~ 
a

IL - -5— —  ‘ -—5----— -—--5- - — — - - 5 - -  - 5 -  - -  
=5,— - - ,s.as .-- —



________________________ ~~a;~ T:-

-
~ 

- -  —5- 

1

S
~ ~~~ ~~~

.
.

‘~
‘

0
9 0  -

~~~~

- IT

1’. - ‘ 
~~

1 ,, 4 
-

.5 - —

I 0 1 1  ~~~~

a 

Cl

/

S:: 

C

’

-

.5

a~~’~~~~~~~~~~~~~~~~~~~~~~~ l --
—

~~~~~~~~~~~~~~~~~~~~~ - - ) , J -

~~~~~
S 

%
*.• •~~

‘
~~ .5— ~~~~~~~~ M~~ 

-

,0 ~~~~~~~~~~ -
- -

~~ -

~..* .~~ - - 

L 
- 

,,1 ’, - 
.5

~1~~, ‘ 

- .5
~
i —

I 
-

,~~~~ 
:~, 1 

, 
~ I I ’

I ~

-

5- 2::~~~~~~ -,~~~ ’,

- 5 - - -  - - ‘ — - 5 -



________ .5- 
---

-
~~~~

\~~ 

‘~~~~v:

- 

- 0

S 

—
‘

1~
5- 

N‘-5 
N‘

II 

‘I/
/ 

4

IS , ‘
~~~~~ 

, 

/
/ 

J

I

—- --

~~~ 

5-— - -  ‘ -—.5- -‘a



— :~~ ‘~ 
—

I —

‘- 
_ &~~ 

- 

-
a

, I  - ‘
- ~~~~~~~~~~~

~ ~~4 LU ~~ ‘- — -
5- > ~

-
~~~~: ~~~, i

—.5--
—.5---” 

.5’ z 
~~~~~~ ;

- - ~~ LU o , ,~- - 4 LU Z Z ‘
‘.5

4 ! ; ~!L ,:‘ ~- - — ——5- - - - —  - -. .
~~~~~~~~~~ ~~ $ 5 :

j -  - 
~~ — _~ . / D 0 o~~~ -

.5 — .  
-J

: - ~ 
, : ~ V ’-’--

~~~~

. 
: 

‘ “

~~~~
- : ,

‘

~~~~~~~~~~~~~~~~~~~~~~~~ T 

- 

;—
- -

~~~~~~~

~~~ - z -  ~~
b —

I’)
‘5? -

~~ ~~ 7

_
-

_

~~~ - -

-- 
_ 

- - - _  - _ 

_ _ 1_~~~~~~~~_



_ _ _ _ _ _ _ _ _ _ _ _ _ _  

—-- -5

-

- -  - ----

.

- - - - -- - ---- --- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

.5, ’

I

~ 1 
c _

___-5____’\\ —
.5---

- 

\\

7 I C
I I 0• / I (

.5

0~~~~~~~~ ~ 
~~~~~~~ ‘1

L - 
~~~~~~~~~~~~~~~~~~~~~~~ 

—I

L ) 

- 

- 
-- 

N
, 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

.

- — - — 
/

- J - -
~ 

“5

r~~~~~~~~~~~~~~~
1 

I 
~~~~~~~~~ J11 _

I 
Iff~~”

_—.:e:.iiTI.ltiE57 , “  

— 
‘
~ 

‘ , - :. ...~.T...... ... .............. . : - 4, ) t

(
S - - / 

~
_ L~~~~

_ 
- 5- --- 

-

—

- - - - - 

~~~

- - - L — 
~~~~~~ a

N -

r 
N - *

- - 5 - — - - - - -  — - - -—--—~~~~~~~~~~~
- - - - - - - - - - - - - - -S - - - - - - --— - -  - ~~~~~~~

- 

-

~~~~~~~~~~



-- --5--- — —5--— -- —-.5 - -5

r - - - - .5

— 
- 

5” .5
- , , , :

-, OT ~~~~n LU ~ 5

4 1 

Z

4 
7;,— ; ;

(
-

~ ~~~ ~~~~~~~~ ~
~~~~

‘
, -

~
‘
~~~

/ 
~~ I

- r ’ 
~~~
L

~~~~~~
i
” 

-
I

, 

- - -—

, 

— r ’~ — -- ,.4.I ,4r1P ‘ ,
,,

______ - i.~ ~~~~~~~~~iII~~~~~~ ~~~~~~ 

~~~~~~~~~~~~~

_ 
_ _ _  _ _  

i

i

i 

_
M~~~~II o \ ’ 5  ~~~~~~~~~ 

‘
~~~~~

‘ 

~~~~~~~

- - 
Si 

L

! i i ~~~~

-

~~ 

t C:

~ ; ‘
~:;~ :



--
~--~r:~~ 

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

‘
~~~~~~~~

5-’ — 

~~~~i- ~~
- “ i.J T :.~~~~~

-- -~~~~ —- ‘— -—-~~~~ 1’~~~~ 7TT

-1

-

~~~~~ 

- - ---—— - -
~~~~~~~~~~ 

-

I) 
K I

/  

~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~
I 

0
0 

~~~~~~~~~

-

~~ ~~~~~ H~

- - - 

__3 
0

0
~~ 

~~~~~~~~~~~~~~ 

‘

~

-

~ -
‘I
”

\ 

(
~, 

- 

~~

~~~~~~~~~ ~

4 ~~~~~~~~~~~~~

-. ~~~~

_ - _

I

—--5

~~~~~~~~~~~

-i_-



- --5- - . — — 

~~~~~~~~ 
- ‘ ‘~~~~E’ ‘:: ~:::: ~=:_~‘ -

~~~

—-‘-5

~~

- -  - _ -~~~~~~~~

~~ 

°~~~

~~~~~~~~ -~~~~~
~ 0 I”~~~ ’ ~~~

~J 
~~~~~~~~ 

,--  -

z ~~~~ — ‘ir

~~~~~
~~~~~~~~~ 5 5 *

I 
:
~i~:::’ - ~ 

- _ _ ___
~
,,

~
_ 

I 
,~ ~

Th

- 

~
-_-1 - 

_ j 
- 

.5
•

0 * a~4pi~ 4ic,iL ~~~~~~~ IZ ’  -~~~~~~~~

0 __ uT~1I ~~~~ ~~~~

~ 

- 
-~~

- 

r -~~

.5

~~~~~~~~~~~~~~~~ 

()



--

a

S.

I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

1 .5

-5

- —-5 -- - -  -5 — -5 -  5-—— - - -5-- — — — --~~~~~



_ _  S 

— — - - --- 
-—.5-

- 
- r

o ~T ~~~~ 
:‘~- -, LU •‘L~

> -~~~~-

.5-.
’- 

1 -
~

- -  _ T n  - —
5 , - - -

‘1
-- ci:

(9 1,

5 -

)T~~~~~~~~~~

11

~~~~~~~~~T 

1— ~~‘~~I 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

‘

~~ 

\~ 

__Iii: ~~~~ 
~~~~~~~~~ 

\
— 

I
I
,

. 5 ,- 
1. - * ‘ ‘ 5  

—

4 
I

, 
0 

I

) ~~~
,,

~~0 

-

.‘ t

L
II

‘1 ‘~ 
S 

- 
—

S 

— 
—

.5 -

-.5

-‘5-; ‘
.5 - a -

‘ ~~ :-‘ ‘5’ - -

‘5. 

- : ‘ :

-- - - - --5- -



--. ‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~
“

/ 11 /• \\0 \
a
, ~~~~~~~ \ /

S i - - -
~~~~~~ 1 ’

7 1 ~• / /
I

C - -.- - (
o —  I ~ N I

‘5 - / ~
- -— ‘5 I ‘-N I

t I

H L , ,•‘ 2:—N (  Y
L - - f - 

I’

- -  

- 

E 

- ~ j ç ~
I
- /~~~~~~~~~~~~

“ ( 1 T 1 ’ 

: -~~~---- ~~----
-

~~~~~~~~~~~

( ~~~~~~~~~~~~~ \,_~~L5~1/ 
.5-~~~ - 

~~~~~ ‘

.5

~~ 
~~~~~~~~~~~~~~~~~~~~~ 

.5

S 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~ 

-

H___ 
I 

I -
i

-

- “‘,N
-
‘.5

S

--5 -—- - -5- -— ’- - --- -5 -. -- -- . 5 - - - -



— — -- 5 - ----- - --—- --5---—--- - 5 - -—
__- _ _ _ _ _ _ _  

_ _5- --5-- - - _ _ _

~~~~

‘
I J ~ , ~ ~~: ;- ;

/ 4 
-- > 

~~

- - - - 
-

1 I
_ 1

I / 
.
- -

~

(-2—

~

—i

~~ I-——1~:-——Lr 

~, LU f ’  -/ 4 
z 2 -

< L U  -~~~~~ 
.5-

4

‘4 I 
- -

4 
ci: ~T ’T , ,

‘

4 1 
LU ~~~~~~~~~~~~~~~~~ 

-

-
5 4 (

5 ~~

4 
_;~~~~~

_

~ 
? -

‘
1. \4 ~ 

*1 :::; ~ i
- 

4 
/ 

-1

I / ~~~~~~~~~~~~ 

- -  — -  
_ i_ ~ - 

-

-

I
: 

~~~~~~~~~~~~~~~~~~~~~~

- - .- . - ~~ ~I~__

I 
V~,Ns N I_ Il _ I L ~~~~~

— _______ - ,

H - 1 
-

• 
Z: ‘

I

-- - - - - - 5- - - --
- -5- ‘- - - - 5 - - - -- --- - 5 - -- - - - - S . _ _ _ _ _



.5--- .i ~
—::::-- i iiii ~~~i’ 

--- - --—--.5 -- —‘-‘----~-- - — .5
: 

—-5- -

- 
- -

N I

/

1 ~
- 

-

~ ~~~~~~~~~~~

--

‘N

~~J~v 
-

~~~~~~~~~~

Ha-

: 

-5--

I
’ 

,0
0
/

” 

;/
~L~~~~

S ~_ — ~~~~~ ““——S ~ I
N, 

,\J 

~~~~~~~~~~~~~ ~~~~~~~ 5
-
~ii~

_
~ :~ 

—-- - -
~~ I ~~~~ “ N 

4 ,~

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ / - \
4 

\ ~5
\

~~~~~~~~~
-
~

N - 
~ 

0 -

• 
0’ -,

4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~ a
,

t .- ‘ ~~~~~~~~~~~~~~

a-

I-



-5-. - -— --5-- - -5- -- — ——‘~~~~~~~~~~T — - - --5----- -,-.5 - 
5-_il -5 -’- -.  

‘ -

- 

~ i ~~~~~~~~~~

0/ I

:~ ~. ,
a*~~*

• 
~~~~~~~~ •( (~ - 

,
__

~_~ 57 

- 

- ‘ -

‘•‘

~~~~~~ ~~~~~ •
1 ~~~~~~~ 

C 
CL

I, 

~~~~~ - 
~~-.~_Y 

1- ~~~ .5~~~~~~~__~~~~~~~~~~~~~~
#S

__._______ ) 
. ‘5,

- 

~~~~~~~~~~~~~~~~~~~ -
‘ - - -- 

-5

j  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - 
~~

-.5 ) 
- 

-I ,~ -
~ 

——--5-  

.5
I 

— . —
- 

- 
- S 

- 

-
H - - 

~~~~~~~~~~~ I -

0’ 

.5

0~~~~ 
I ~~~~~ ~~~- ~~~~~

S
I0 

- 
~~~~~~~~~~~~~~~~ 

- 

0 
.5 

-5

- 
L r~~~~~~~~ . 

- .5
L. 

- - 1 

‘5 
. 

[

I 

- -

- I - - j .5

vj  
• H.

-~~ 

-/r 
_ ) 

~- 1

3 
I , 

7 ’  -. -

.5—- - -.- -5-  -------—-- ------ - — - . 5



-- - ‘ TJ’ _i~~~il ‘ ‘ ‘~~~~~~ -

“
5u1

~~~~~~~~~ 

‘

~~ • - ~~~~~~~~~~~~~~~~~
N 

- - 

\

~~~~~

-- 
- - 

‘5 

- -

- 
‘ 5 _ i  ~~ 

1, 
‘
\\ ~

r
1
~~~~~~~~~~~~~~~~~ L 

~~~~~~~~ 
“-—~~~~~~~ 

~~ 

1;

/ ’ -

~~

’

I 

\
\

-

‘5 

‘.- ‘
~~~~~~ N ~~~~~~~~~~~~~

\~~~~~~~~~~~~~~~~~~~~~~~~~

/ 

I

‘ I 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _-5 - - -  --- - - -_- — -- - -5- _ _ _ _ _ _ _ _ _ _ _



H.

I 
~~~~~~~ .T 

“
5

- 
0 ~~ ~

~ 
-
~ < W a~~,

I Z > -:

~~- iz ~/ 2 -‘
- - LU o—-‘.5-’- - I ~ ~~:~

- - -

- 

~~~

-

~~~~~~~ 

•5
~~0~~ 

— — - —- —

N 
t•4 

I

- . ,
—I

% N-

1 .5

“5 
-

~~ ‘z - ~~ .5

~ 
I)

a ’

~ : : ‘ ~~

‘--5- - -- --4

- -5 - -
~~~~~~-



— -5- - -- “~ 1~~~

I
S

0
0 /

,
5 I

0~~ 
S

a
, ,

0 I
- - 

\ /
/ N4 ---.5’---- 1

1 4 
_ ___ ‘
\ .5—, \._*,-

_ 1
j 1~ /

r -- 
I
, 

1”
I 

i~~
_—.4 \ ~\~\ ) 4 \~~~~~

0~ 
‘N~ - - ,

‘a, I

L, H, ,
-
,
~~ ~~~~~~~~~Ni-- N, -

i_. ~~

— - 

-5-- - 
I g,

f
O
•• 

j
/~5’

_____ 

- r
- -5

-
— __

_/

: ~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~

• ....... e .n•ee.e ......• .1 
— 

~__,,_.!iiiiiiiiii ~iiiii~ii~iiiEI

~ 

L , ~~~~~~~~~~~~~~~~~~~
_

~~~~~~
_5- T

- - 

,~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- 

-



- -‘ - i._i_.~~ — - . 5 —  ----5-5- 

-

- -
~~~

-~ I .
~~ 

-‘

.5 
~~~~~~~~~~~~~~~~~ 

-

4 ~ 
~~ 

- C .

,. / 
-

\ I 4 1~~ 

A ~~ ~~~~~

4 / 

‘

I 
;:

)
- 

-
‘ 

~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I

- ‘ .. . .L••.~.* **~

_ ±
~ 
IIL~ z 

I L

.5 7

5- - -5 - - 

-— 

~~~~~~~~~~~~~~~~~~



iI
__
__i-,--- - ‘_ii 5-_ ‘ ‘Tilil —.5’-

,

REGIONAL SUB-BASIN G— 6

BLACK RIVER

GENERA L DESCRIPTION

The Black River Sub-Basin is located between the cities of
Renton and Kent in the Green River Valle y . The western boundary is
defined by the l ower Green River and the eastern boundary is the
high1ands drainage divide east of Panther Lake . Mill Creek, a tribu-
tary to the Black River , originates near Kent, flows through the valle y
and joins Garrison and Springbrook Creeks to form the Black River ,
north of Longacres Racetrack. The Black River discharges into the
Green River through the recently constructed P—l Pump Station at Tuk-
wila. Panther Creek, which originates at Panther Lake , also discharg —
es i nto the Black River near Longacres. The area lying west of Hi ghway 167
is a relatively flat flood plain. The eastern two-thirds of the sub-
basin is in a steep hillside and upland plateau interspersed with
several ravines and natural stream channels.

The principal streams, which drain a total area of 27 square
miles , are categorized as follows:

Stream Categ-~ry Drainage Area Discharge

Black River I’ll 5.0 sq. mi. Green River

Mill Creek at III 9.4 sq. mi. Mill Creek
Kent Valle y reach

Garrison & Spring- 111 6.2 sq. mi. Black River
brook Creek Obrien

Panther Creek III 2.0 sq. mi. Black River
near Longacres

Present development is predominately agricultural and residential
Urban and industrial land use is concentrated near the cities of Renton
and Kent. The l ower reaches of streams entering Black River constitute
a significant area of wetlands that are indicated as Hunused il in the
following table of land—us e percentages.

G-6-l
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PERCENT OF SUB-BASIN AREA IN SPECIFIED LAND USE

P.S.G.C. Land Use Projection
Land Existing
Use (1970-72) Comprehensive Corridor

Sing le Family 58 59 59

Multipl e Family 1 1

Commercial/Services 3 5 5

Govt. and Educ . 1

Industrial 3 30 30

Parks/Dedicated Open Space 2 2 2

Agriculture 25

Airports , Railyards ,
Freeways, Highways 1 1 1

Unused Land 7
—I

Water 1 1 1

Total 100 100 100

Total Impervious Area 20 55 55

Future development trends indicate the continued conversion of
agricultural lands to commercial and industrial uses . The municipali —
ties of Renton , Kent and Tukwila have jurisdiction over development of
nearly all the flood plain west of SR-l67 . King County , however , con-
trols the permits for drainage development in the Green River flood -
control zone and also have jurisdiction over the major portion of up-
land areas.

NATURE OF EXI STING DRAINAGE SYSTEM

The Black River Sub-Basin , together with the l ower Green River ,
includes 2700 acres of wetlands and several hundred acres of brushy
wildlife habitat. Panther Lake is located in a marshy depression In
the uplands and provides habitat for waterfowl . Much of this upland
area is poorly drained by natural streams or roadside ditches . These
streams converge to form perennial creeks that discharge to the major
fl ood-plain channels. The creeks , such as Mill Creek, have steep
gradients ai~d are subjected to severe erosive velocities from urbanrunoff especially during heavy rainstorms . The P-l channel will be

G-6-2
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aligned along the main course of the existing Black River and el imi-
nate nearly all associated wetlands .

A small portion of the Black River , has been channelized to pro -
vide a forebay to the recently constructed Black River drainage pump
station . This pumping facility has the capacity to discharge approxi-
ma tely 3000 cfs against flood stages of the Green River to maintain
the Black River system at a normal water-surface elevation. The pump
station and the channe l were constructed by King County and were
credited with preventing several thousands of dollars in flood damages
during the flooi of March , 1972. A fish passage within the dra i nage
structure enables spawning salmon and game fish to migrate upstream
and it provides downstream passage for juvenile fish.

DRAINAGE PROBLEMS

Problems were inventoried with use of records of the municipal
and county agencies and by field surveys . Most frequent problems are
local flooding in flat upland and lowl and areas. Frequent flooding and
siltation of channel s have occured in the City of Kent. Severe erosion
of channels and debris accumulation have caused considerable costly
flood damage . Greater stormwater volumes and velocities will be pro-
duced as the sub—basin transforms from rural/agricultural to urban!
industrial use. The main problem with the Black River col l ection
system is that channel P—l has not been completed and existing stream
channels do not have sufficient capacity to transmit greater flood
fl ows to the pump station without overbank fl ooding .

Hillside drainage systems are mostly open channel s which are
subject to very high flow velocities. Erosion on steep slope s and sed-
imentation along flatter channels are common problems . The problem of
ponding in the pl ateau areas is typified at Panther Lake where a small
pi pe outlet system causes fl ooding of several acres of pasture annually.
Hillside erosion and plateau ponding in the Kent-Mill Creek sub-area
have been the subject of at least two other studies and may be consid-
ered typical of hillside drainage problems in an urbanizing basin.
The mouth of the canyon is constricted by a closed conduit in a com-
mercial sector , while more and more water is being disc harged to an
already overloaded natural stream from the developing uplands.

Both the 2000 Comprehensive and Corridor Land-Use Plans indicate
extensive urbanization of the Black River Sub-Basin. The results of
hydrologic analyses indicate no significa nt difference between the Corn-
prehensive and Corridor Land-Use Plans. Therefore, the drainage alter-
natives presented herein are applicable to both plans. The existing
drainage problems will become more severe because of increases in
impervious areas and faster runoff . The total imperv i ous area in this
sub-basin with either land use projection , will increase from the
existing 20% level to approximately 55’~ as shown in the table of pro-
jected land uses.

L - -  
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Under future land use conditions , nearly all valley channels
have insufficient capacity to discharge the 10-year storm runoff with-
out surcharging . rt is noteworthy that much of the ponding in the sub—
basin occurs in depressions , both nian-made and natura l , which do not
have wel l -defined drainage system .

The most critical problems within the sub—basin , that of valley
ponding, can be alleviated only by a system of drainage channels. The
proposed PL-565 East Side Watershed Project is such a channelization
scheme . Since completion of the P—l pump station in 1972, considerable
effort has been made to have the balance of the project implemented .
The magnitude of cost, together with adverse environmental impacts , and
land negotiati ons have held up the project since it was authorized for
construction in 1964. The Department of Fisheries has urged the preser-
vation of coho and chum salmon spawning beds in Mill and Garrison
Creeks. No comprehensive drainage plan has been adopted for the hill-
side and plateau areas. However , the City of Kent has developed some
alternatives to improve the Mill Creek drainage system.

BASIC ISSUES AND STATUS OF DRAINAGE PLANN ING

The sponsors of the East Side Green River Watershed Project have
adopted the basic PL-566 drainage pl an that was authorized by Congress
in 1966. The sponsors are the cities of Kent, Renton , Tukwlla and
Au burn , King County , Green River Flood Control Zone District and King
County Soil and Water Conservation District . A draft Environmental
Impact Statement will be forthcoming in early 1974. Substantial 

—

development within the sub—basin has taken pl ace during the interim
period . City and county agencies are permitting limited development
of industry , but no major expansion can be permitted until the collec-
tion system has been constructed . The Mill Creek study was sponsored
by the City of Kent and alternatives for future urban development are
being considered in an effort to preserve some of the natural charac-
ter of this major tributary . Both Renton and Kent have adopted corn-
prehensive planning policies , adherence to which could conserve natural
upland areas , lakes and streams to enhance the growth of suburban resi-
deritial areas without loss of those amenities.

ALTERNATIVE PLANS FOR PROPOSED DRAINAGE CONTROL

The existing drainage system of the Black River Sub-Basin as
described by local agencies , was evaluated by computer simulation that
applied the region ’s 10-year storm to the year 2000 land use . Drainage
problems thus identified were analyzed and possible solutions were pro-
vided in the development of alternative plans for dra i nage control as
described below .
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ALTERNATIVE PLAN I

General Concept

The major improvement in the Black River Sub-Basin would be
channelization in the valley . These channels coupled with non-restrict-
ed hillside dra i nage systems constitute Al ternative Plan I. The basic
system would be sized to allow systematic development of the commercial!
industrial complex in the valley and residential development on the
hillside and the upland plateaus.

Major Features

The SCS East Side Green River Project would be the major feature
within the valley . In addition to the existing pump station , the system
would include 25 miles of channels. Channel s in the valley would extend
the full length of the sub—basin from Renton to Kent. These systems
would convey storm drainage primarily from industrial and commercial
developments . These channels also would intercept hillside drainage ,
primarily from residential development .

Storm drainage systems within both Renton and Kent would need
to be enlarged to accommodate the 10-year storm runoff under future land - 1
use . Streambank protection or diversion pipes are prescribed for
hillside drainage systems.

Cost

The cost for Al ternative Plan I is estimated to be $19 ,100,000.

ALTERNATIVE PLAN Ii

General Concept

Hillside drainage-system improvements may be substantially re-
duced in magnitude and their natural character preserved through estab-
lishment of a runoff—control policy . Provisions of this pol icy were
appl ied throughout the sub-basin , including the valley , to determine -:
resultant flow rates. Holding ponds were specified at possible upland -

‘sites to reduce peak—runoff rates to hillside streams . Al ternative Plan
II i ncorporates these policies and natura 1 elements , but assumes that a
channelization system equ ivalent to the SCS Watershed Project would be
implemented .

6-6-S
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Major_ Features

The channeliz ation system was assumed to be the same as for
Al ternative Plan I. Required system capacities , however , would be con-
siderably less.

Several holJ ing ponds are incorporated for the upl and plate aus.
Generally, storage requ i red to reduce outflow rates to 10-20 cfs are
1 0 acre-feet or less. These ponds would be located in existing de pres-
sions or road embankrnents that already constrict flow .

Divers ion drains are specified along Mill Creek and other streams
where road right-of-way s can be used for construction . Some streams
would still need streambank protection against erosive velocities.

Cost

The cost for this al ternative is estimated to be $17 ,700,000.

PEA K FLOW COMPARISONS

The follow ing table indicates 10-year peak flows with existing
facili t ies and land use , and with al ternative drainage management solu-
tions for the year 2000. The peak flows are given for various locations
along the Black River and for the proposed channels as noted .

COMPARISON OF 10-YEAR PEAK FLOWS
(Cubic Feet Per SeL Dnd)

Exist ing Alternative Al ternative
Location Facilities Plan I Plan II

P-i Pump Station 780 2500 900

Main Outfall , Renton 370 380 370

P-b Channel 60 550 320 .5- ’

P-9 Channel N!A 680 410

P-l Channel at Longacres 450 2200 700

P-2 Channel 140 1150 390

P-3 Channel N/A 400 80

P-l Channel at Ori l lia 250 820 310
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Existing Alterna tive Alternative

Location Facil ities Plan I Plan II

Garrison Cree k 200 640 240

P-i Channel at Kent 300 570 310

Mill Creek at Kent 410 500 260

ENVIRONMENTAL ASSESSMENT OF ALTERNATIVE PLANS

Fiel d inspections were made to judge the applicability of the
suggested alternative plans for this sub-basin. This procedure was
fol lowed throughout the RIBCO Study for development of al ternative
plans for the various regional sub-basins. The inspections were based
upon the alternat ive evaluation procedure which identified 34 unique
criteria grouped in general categories as follows: 1) Effectiveness ,
2) Human Values , 3) Environmental Factors , 4) Implementation ,and 5)
Resource Requ irements . The variou s structural solutions were checked
agains t the appropriate criteria and the various non-structural solu-
tions were reviewed for their relationship to existing and probable
future developments . The cr i teria rating total for Ifl ternat ive Plan I,
which empl oys channel ization , stream bank pro tect i on , enlar ged condu i t,
pump sta t ions , and diversion channels, was a minus 51 on a scale rang-
ing from positive 108 to negative 108. The tota l evaluation rating
for Al ternative Plan II , which emp loys runof f con trol , stora ge , chan-
nel i zation , s tream ban k protect i on , enlarged conduit , pump stations
and diversion , was a m i nus 27.

Both alternatives received negative ratings for effectiveness ,
although they both were judged to properly control flood damage . The
basic reason for the negative rating for effectiveness was the ques-
tionable reliability of the pump station and the amount of maintenance
required for both the pump station and the numerous channels. Al ter-
native Plan II received a positive rating for promotion of human values
based because it increased the amount of usable l and available within
the sub-bas in and it did not require displacement of people. Alterna-
tive Plan I was rated slightly behind Alternative Plan II in human
values , primarily because of the extensive channe lization necessary in
the upper pl ateaus that might destroy the natural quality of the exist-
ing streams . Both alternative plans received negative ratings for
environmenta l factors as it was believed that they would have question-
able impacts on wildlife , aquatic life , and natural vegetation . How-
ever , Al ternative Plan II does appear to promote water quality as well
as to assure low-flow conditions . Importantl y, both alternative plans
require extensive alteration of the natura l system . Implementation of
either alternative plan is considered to be difficult. While the Soil
Conservation Service channel i zation element within each alternative
plan is approved as to funding and authority , the mechanics for imple-
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men t~n-4 this pa ticula r project have proven to be extremely difficult.
Those p Hons of both altern ative plans that relate to the upland
and r~~ ’in e  -3rea-c of tne sub-basin , re quire coo peration of mo re than one
jur i sdic t ion an d , therefore , could be d ifficult to accomplish. Both al—
tL - iat lve ~id~S rece i~~- d the maximum neg ative- score for resource re-
q ui ’~- - -- , - :~ as t~ej both commit extensive resources, land , capital and

Alternati v e P1- i n II, because of runoff control and upper sub—
basin s t o r -a u~ , does result in a lesser requ irement for channe l ization
w itn in the va lley floor of the Black River. The savings in cost for
system constr uct ion are si g if icant seca use of this storage potential
and runoff control . This treatment combination , if it is to be part of
the chosen alternative , shou ld be implemented as an early organized
effort. Any additiona l portion of the sub-basin that develops without
these combined c-~ntrc~s will requ i re more structural treatment than
Al ternative Plan II can accommodate in the upper sub—basin. This issue
should be brought to the attention of all cit izens and their local
agencies.

Because bot alternative plans assume that a project similar to
the Soil Conservation Service Plan wi l l  be implemented , a major environ-
mental sacrif ice will ~e the loss of the extensi ve wetlands still pre-
sent on the val ley floor . An economic gain wil l  be realized by valley -
floor property owners who wi l l  lOW be able to develop their property to
the full allowance of existing or future zoning .

CONCLUSIONS

Ne ither alternative plan is superior to the other , nor is either
al ternative plan necessarily desirable in light of the tremendous econo-
mic cost of construction and the almost immeasurable loss of the natural
environment of the Black River Valley . Al ternative Plan II, because it
does require runoff control at or near the existing rates for any new
development , and because it does provide upland storage , does reduce
the cost of the sys tem necessary for the valley floor . This portion of
the alternative , if it is to be part of the chosen method of drainage
cantro l , does require immediate act ion .

Ki na County and the cities of Renton and Kent should extend the

~ic) r- Kin’~ agreci re ri t that aided in creation of PL-566 for a master drainage
plan , incorporating the provisions of Alternative Plan II as they appl .,
to the upland portions and ravine portions of the sub-basin. These
agencies then shot~ld move to impl ement and enforce the requ i red runoff
controls and acquire rights to the ne essary storage areas within their
own jurisdictions.

Two basic i ssues ex ist; firs t, the controversial sacrifice of
natura l wet Lird~ and agricu ltu r’ - l are a in favor of high—intens ity indus-
trial and commerc ial development and secon dly, determinatio n of which
local agency n~ agencies will have jurisdiction and responsibility for
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control of urban drainage and related flood -damage problems . The land -
use question has been an issue between local governments and the Puget
Sound Governmental Conference . The second issue could be resolved by
g iving King County the responsibility for control of drainage and flood
damage within the Black River Sub-Basin.
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RIBCO URBAN RUNOFF AND BASIN DRAINAGE S T U D Y

I & II Black Rive r
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534 No ex ist i  19 chant, 1 Channel

- 3:1 side slope s
1 ,800’

535 No existi}1~ chan ne~l Channel 
-

~~ 

- - —

I 3:1 side slopes -
- 2 ,000 ’

536 No exist i  9 ch ann ~ l Channel  
- —

I 3 :1 side s lopes
2.800’

537 No existi 9 chann~1 I Channel ~ 
—__________

3:1 side slo pes
1 ,000’

_________ __________ _______________ 

I 
_________ ________________________ __________ ____________________________

The Est, ma ied Cap,ta l Cost f o r each elerr,er,i ,nc !udes Con i,ac ior proGi Sub-Total SCS Channel Sys tern ’ $14,000,000
enq riee,Inq, legal and contrngencres In addItIon , land purchase and 

(as per SCS Preliminary EIS for the La stseverance costs are ,ncluded wher e land is requ ired A l Ic o sts  are based Side Watershed Project)upon June 1973 prICes

I

G-6- 14
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~1E1IRCO URBAN I I I INI I IF A N!, I ,\OIN - t - , ,I ’ . 5 , - ,I S T L I I I V

I B T s 1  ‘ i , ’ - ’A l l  ‘ I I - I’ ,,- — _____________ - I Ii ,,- - - - —

I 51 St INC I Al  I L  I T O  S i”- - 1 - I- -I  I) FA CIL l I EN

DIAM I ~~~~~ - ii’,’ , ‘I ,,

F I 51’ N ’) - ‘H I IIANN E 1 1,1 III ’’: I II’l ’ , i 1 - ’ ’~ I I  151 IMA I I I
‘1111 H ~ I’ , B , l 1 , M  W I D T H  L l N- H ,,,,

~ / ~~~~~~ - I I ) \ ’,I ( 11P1 c:A€’II.S I 1)’ !

7 Pipe 8” 500’ iOA~~a —  el 21”
Pipe -

• , , - , ‘
6 P pe’ I ,4o- 1U r J , I e$ j” $66o30 0

6 - 
‘II”’ ’’ I 4 2 , 2 1 ) ) ’  

- 
2 :1 

- 
4’ , ‘-Ui l I IL ’ ’ L( ,i’I proI,L’ Lt i l Ix  

— 

$ 1 4 ,11 1- I

9 Pl~~ 12” 

I 
, 

Pa~~~~~l , 3O” 
- 

$~ 4 . D~~P l pe 
-

11 
- 

Y ’ - ,p  lB ’ 2,200’ Parallel 30” 3 119,000
Pipe

______ —- I -~~~~~~~-~~~~~~ -- -- -—

13 Pipe 24 2,000 ’ Parallel I 30” 3 10)1 ,1300

I 
Pipe

_ _  _ _ _ _ _ _  __ -—- 4 _ _

~~~

_ -- _ _ _ _

12 Pipe 24” 3,61 4’ Parallel if ” $237,000
Pi pe 

-

4 Pipe 60” 4 ,000 ’ Parallel 6’ width $l,lb ,311I1
Channel 6 ’ depth

2:1 side slopes

20 Channel 3’ 3,000 ’ 2:1 3 ’  Channel 4 W~ d tll 35 .3 ,110 1
e depth IBank p ro tec t ion

____ ____ ______ ____ —- -5.-—- ---—--5— -5—---—- -- - - - 5---—

18 Pipe 48” 1 ,600 ’ Paral lel  66” 32 16,011 1

Pipe

87 Pipe 48” 100 ’ ~~~i~~j 7a ’ - 325 ,1111 0
P ipe Includes inlet and

85 Channel 3’ 3 ,500 :1 1 2 ’  
— 

Ch a nnel ~~~~~~~~~~ $67 ,101
I 2 : 1  s ide  slopes -

Bank p ro tec t ion
- L---—~~~~ -

100 Pipe Two 30” 1 ,300’ Parallel 42” 3103,000
Pipe

10 1 ~~~~~~~~~ 

- —______ — — 
Channel 4 ’  wi d th 5 3 T ,000

4’ depth I
2 :1 side slopes

_______ - _______ ___________ ________ ________ 
3.000’

19 Channel 3’ 3,000 ’ 2 :1  4 ’  C h a n n e l  6’ wIdt h I
- 4’ depth
I 2 :1 stde 510 110- ,

- -____  ____  _ _ _ _ _ _  ____  ____  --—-4-- - _ __

21 Channel I i’ 1, 400’ 2:1 3’ Channel 4’ wIdth $7 ,000
4’ de pth

I 2 :  1 side s l o p ’ ’ , -
______________ - - - — 5- -— _____ _________ 4~~~~~~

__ ______ —- ——-5- - - -- — --  -~~~~~~~~~~

25 Channel - 4’ 2,500’ 2:1 3 ’  Channel 5’ width - 3~ l ,0O0
- I , 3  (lPQt ,h -

I - 2:1 sldB slopes
______________________ _________ L Pank Protect ion

‘ - 1- -IS

_ _  .5-—- —-‘-5 -5--’- -- - -- - - - - --- ‘- - -~~~~
‘ -
-—-----
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RIBCO URBAN RUNOFF AND BASIN DRAINA GE STUDY

- I . ‘(el H,~ e- Black River

— 
EX I S I  IN(3 I “1 11TH s I’ I l l ,I’ l)Sh I) I - A C I L I I  I F ’ ,

~5-~~~~ T ~~~~l -- - — - -

PIPE :) lAsl l III! 1 ,l,1. ’.Nl l I MAX
f t  I M IN I  OR L! IA NNF I SID E S LOPES DEPTH 01 11,1 MA I ED
NI Mlii A TYPE BOTTOM A 1 1 1 1 1 1  1 1 0 1 1  H I I , , , - ,  V , - ,  i d IANNE L T Y P E  C A P I T A L  COST

28 Channel 2’ 1 .5(10 ’ - 5:1 
I 

2’ Cha nnel 4’ width $4 .003-
I 3’ depth

3:1 side slories

- 
— ____ 1- - --

~~~~~~~~ 
--5-— — - -— - -—--5— -

27 P~pe 18” 500’ Parallel I~ 
48” 34 1,000

- 
Pi pe -

26 Channel 3’  3 ,000’ 2: 1 4 ’  Chan nel - 4’ width $81 ,000
4 ’  de pth

- 2: 1 side slo pes
Bank protection

24 Channel 6 ’ 4 ,000 ’ I 2 : 1 2 ’ Channel 7 ’  width $95 ,0002 ’  depth
2:1 side slopes
Bank protection

32 Channel 4 ’  2 ,500 ’ I 2:1 3 ’ Channel $62,000

I I 2: 1 side slo pes
_______ 

I 
_________ ____________ _______ 

I 
____________ ~ _Bank protec t ion 

____________

37 Channel 5’ 6,300 ’ ~
‘ 

2 :1 2’ 
— 

Channel 6 ’  width $130 ,000
2’ depth
2: 1 side slopes
Bank pro tection

39 Channel 5’ 5 ,000 ’ ~

‘ 
2:1 4’ Channel 6’ width $108,000

2 ’  depth
- 2:1 side slopes
- Bank protection

4 1 Channel 4 ’  3,000 ’ 2: 1 2 ’  Channel 5 Width $59,000

2 :1 side slopes
Bank protection

42 Channe l 4’ 2 ,000’ 2:1 2 ’  Channel 5’ width $39 ,000
2 ’ depth
2: 1 side slopes
Bank protection

40 Channel 5’ 2,500’ 2:1 3 Channel 6’ width $54,000
2’ depth

- 2: 1 sIde slopes
Bank protection

38 Channel 5 ’ 2 ,500 ’ 2 - 1 4 ’  Channel 6’ width $78 ,000
4 ’ depth
2:1 side slopes
Bank protection

36 Channel 6’ 2 ,000’ 2:1 4’ Channel 7’ wIdth 
— 

$66,000
4’ depth
2 :1 side slopes
Bank protection

35 t~ hannel 4’ 3 ,500 ’ 2 :1 2’ Channel 5’ w i d t h  $69 ,000
2 ’ depth

— 2 : 1 side slopes
I I ~. Bank protection 4

~~~T1~~ipe 30” 2,000 ’ Parallel 54” $212,000
Pipe

53 PIpe 30” 2, 000’ Parallel 60” $240,000
I 

- 

Pipe

I —
I i- —

105 Pipe 18” 1 , 600’ Parallel 48” $149 ,000
Pipe

104 Pipe 30” 1 ,000’ Parallel 48” $93, 001’
Pipe

1,- C- 16
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RIBCO URBAN R U NOFF AND BASIN DRAINAGE NilltJ Y

A0,’,,,,,l,,,’ —________ - 
,,,,~, ~, , , B l a c k  I ( i ve - r

l x IST I N~, I A L I L I T I E S  I’III,1-1l’,l 0 l A I r ‘ 11111
‘ I  

~~~~~~~~ 
- — — - _ _ _ _ _ _ _

- PIPE I I IA MI 1 III I I I I IA1. ’,l I
El  ‘ \‘~ I OR LH,\NNI I~ 

- 1,1 1)1 ,LOPE1, D E PT I I  111- E S T I M A T E  tI
H - InI’l BOTTOM ,‘IIDIll H 1~~~~ - 

He, ,  ,,-‘ ‘ I  i L, IAI ,l I  I I - i - i  CA P I T A L  COST

Pipe  ‘ 36” 2,000’ I Parallel 54” $212 ,000
Pi pe

68 tP ip e  1 Id” 1 ,4014 ’ ~I P a r a l l e l  - 30” 376 ,000

I 
I I Pipe

-- - -~~~~~~ -- - -
107 I Channel 1 3’ 5,500’ 2:1 I 2’ Channel 4’ width $40,000

- I 4 ’  iep~h I
I 2:1 ~ lUH s lo pes

108 Channel 3’ 3,000 ’ 2:1 2 ’  Channel - 4 ’  width ~~~~~~~~~~~~~~~~ 00
I - 4’ depth
- 2:1 side 510 :1 ,-s I

_ _ ___ _ _- -~~~~~~ — -- --5-

Ill Pipe 18” 3,200 ’ I-ar ,, lel 24” $134 ,000
I PIp~

_ _ _ _ _ _ _ _ _ _  ____  _ _ _ _ _ _  —- -- ____

71 - Pipe  - 24 ”  800 ’ I Paral le l  24 - $34,000
I Pipe

— 

‘1 1~ 
— —-——

1
73 Pipe 18” 1 ,000 ’ Paral le l  ( 18” $30 ,000

Pipe

ff~ h an~~~~~~ 6’ 1 1 ,50w 2: 1 6 Channe1~~~~~ 8’ wi
5-

~~~~~~~~~~2,O~0
- 

I I ‘ 4 deptn
Bank protect ion

74E ~Channel I 10’ 5,200 ’ I 4:1 4’ Diversion 48” 1 3605.000

- 
Pipe 6 ,500 ’ I

74W ~~~~~~~~~~~~~ A long R~~~~n Road on west side~~ Diversion 27” $329,000
I 

- 

Pi pe 7,000’

~~~~~~~~ C h a n f l & 8 ±~~0QO~~~ 4 : 1 
- 

~~~ 4 ’  ~~ver~~on 4? 
- - - 

$395 ,000
Pi pe 5 ,000’ 

~~~- — — - - —— - - —~~ - C - - - — — - ———~~~~~~ - - — - — -  — — -5-—
17 -Channel 6’ 1 ,600’ - 4 : 1 - 4’ Cha nnel 7’ wid th $ 50 ,000 

.5 depth
I - I 4 : 1  side slopes

I I Lnlbanknlent p ro tect ion

~ t p~p~ 36” 200’ 
~ 

- 

Para~ le1 ±24” 
- - - 

$1~~ OO0 
-

I P ipe Includes in let  and -

- out le t

96 Slo ugh no da t a 
- 

Pump 50 cfs $ l ) 5 , Ilor I

- 
Sta tion I

I’ ,. I 0 e’ ,? -, I I I,,t ’ ’tal I C’,l ~i~~t ‘ , l . ’ ’ ’ ’ . - , - , , , ,  l,,,I,’i l ‘C I’,’ l i , ,  ‘,,,jt,—Tot al 55 ,11 1 1 1 1(14
‘ I ’ ’ -  I

~ ’~ ip ’ l~~~’ ’ ’ - , In i’ l l’ ’  ‘ ‘ ‘ - ‘  I ., ’,,! I I’  I,,’,, ‘‘‘‘‘ I SC S CtianI ,c’l C ys tetrr 14 ,l_’Ill l .llI)II- ,,—u ’’ , .,,u,’ ’ - - .l’,e,,’ - ‘ - ‘I,eI,’ ,l,n’ ‘ ‘ i ’  I, ’eI ‘ ‘ , ‘,‘,1,e’ , , 1  A l l , , , 5  Is ,,’ ,- l,.,u’,I I_ N  - N i l  $1 1 .11 7 1
I,,,~.- ‘I l Ii, , , , ,’i Round To $19 ,100 ,000

l,- I, - 1 7  —

-- 
—-
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RIBCO URBAN RUNOFF AND BASIN DRAINAGE STUDY

A o, -, ,  ,,,,,, ‘ _______—— Sub Bas , ,, Black Rive r

EXI STING F A C I L I T  IS PROPOSED F A C I L I T I E S

- ~PIPE D I A M E T E R  I C HANNI I  MAX
EL F MINT - OR CHANNEL SIUIF SLOPES DEPTH OF E S T I M A T E ) )

I 
\(,STII E II T Y P E  BOTTOM WIDTH L E N G T H  fI ,,,o Ve, l  - CHANNEL TYPE CAPITAL COST

7 Pipe 18” 500’ Parallel 27” 524 ,000

________ ______ -— ——__________ ________ 

~~pe

6 Pipe 24 ’  1 ,40 0’ Parallel 27” - $6 6 ,000
I 

I Pipe

_ ___ - I

5 Channel  1 ~ ‘ 2 ,200 ’ 2:1 4’ Channel Bank protection $57 ,000

9 Pipe 12” 1 ,000’ Paral lel  30” $54 ,000
I Pipe

I- -~~~~ -—-- — 1-
11 Pipe 18” 2,200’ ‘ Parallel 30” $119 ,000

Pipe I
____ ______ 

I 
_____ ______ ____________-—____

13 Pipe I 2 4 ’  I 2,000’ Parallel I 30”
- 

I Pipe

12 Pipe 24” 3 ,600’ Paral lel  36” $238,000
- Pipe

__  __-_

4 Pipe 60” 4 ,000 ’ - Parallel 4’ width $98 ,000
Channel I 6 ’  depth

I 12 :1  side slopes

20 Channel 3’ 3,000’ I 2 :1 3’ Channel ~~ , ~~~~~~~~ 553 ,74, 1

1 2:1 side slopes
I Bank protection

18 Pipe 48 ” 1 ,600 ’ - Parallel 66” $216 0?:’
Pipe

87 Pipe 48” 100 ’ 
— —  

Parallel 78” includes inlet and $29 ,000
Pipe  ou tle t

-
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~85 Channel 3’ 3,500’ 2 : 1 2 ’  DI version 24” $63,000

- “ )e 1 ,500’

19 fchannel 3’ 3 .000 ’ 2:1 J 4’ Channel 6’ wIdth $8,000
4’ depth
2:1 side slo pes

21 Channel 3’ 1 ,400’ 2:1 t3 ’ Channel 4’ wi d th $6 ,000
- I 4’ depth

2:1 side slopes

100 ~Pipe Two 30” 1 ,300’ Parallel 42” Si , 3 ,I)1)0
- Pipe

101 None 
—— 

hannel 4 ’  width $33 ,000
4 ’  depth

I 2:1 side slopes
________________ ___________ _______ ____________________ ________ 

3,000 ’ 
____________

25 Cha nnel 4’ 2,500’ 2:1 3’ hannel Bank protection S36.000

G— 6-l 8
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RIBCO URBAN RUNOF F AN[1 110015 DRA INAG I 011111 ,

AIte,r,at ,ve — i±__ _ ‘;,l, l’ -o- ’ - 
Black River

I XI ’ i INI.I F A C I L I T I E S  I’FIQI’l 101 I’ F A C I L I T I E S

PIPE DIAME TER CHAN” ,l L ‘ iAX F
I L l  MI N I  1 1111 (1IIANNEL SIDE SLOPES DEPTH (If - 11, 1 ‘i”, I’ l l

Ii 
- 1 ‘ ( ‘1 li 1 1  ,,M 0 0TH L E N G I  H (Ho, ,, 5,-il l CHA NN EL I,  I L  LA P I T A L  COST

28 Chan nel 2’ 1 ,500’ 5:1 2’ Outlet ~4 $( .000
40 ’ I

- L,jrL I embankment

26 Channel 3’ 3,000’ 2:1 4 Channe l w1 ,Itn

2 :1  O I l Y  s lopes
_______ — 

Bank protection -

3? Channel 4’ 2,500’ 2:1 3’ Outl et .4” 
- 

$9 ,71j0

Lar th embank ment -

37 Channel 5’  6,000’ 2: 1 2 ’  Divers ion - 24”  5231 ,000
piUle .( ,?00 ’ I

_ __ _ __ _ __ _

~

ou’ I
102 T None Holding 4 AF $5 ,000

- 
Pond 1 acre

_ _ _ _ _  _ _ _ _ _  _ _ _ _ _  ___ A _ _ _ _ _ _ _ _

4] I Channel 4 ’ 3,000’ 2 :1 2’  I- folding I 
~ AF $5,000

- Pond - 1 acre

42 Channel 4 ’  2 ,000’ 2: 1 2 ’  Holding I 4 Al $9,000
Pond 1 acre

-1 - 
~~~~~~

-- —-

105 Pipe , 18” I 1 ,600’ Parallel I 48” I 5 1 49 ,00-:
Pi pe -

104 Pipe 30 ” 1 ,000’ 
— 

Parallel 48” 93 ,000
Pipe

58 Pipe 36” 2 ,000 ’~~ Parallel 54” $21 ,: 030
Pipe

68 Pipe 18 ” 1,400 ’ Parallel 30 ” 5 / 0 (100

Pipe I

- ‘- A---
96 Slough I No data Pump I 50 ~ts  $ l l5 ,OuO

I

I 

I I (estimated)

lfl 5-
~~Pe jThSH3.2OO ’ 

_ _ _ _  

Parallel 
- t

$~~ 4 ( ~ 
-

11 Pipe I~ 24” 800 ’ Paral lel  24” $ id ,~j I1II

Pipe -

73 Pipe 18 1 000 

~~ 
531 1 1 ( 1 1 1  

—
72 Channel 6’ 1 .500’ 2 1 ‘ Lh~~iIl11 i 4 ’  depth $4.3 -

- 
Bank protn’ ,t l,ln 

I

A l o n g  1H~9 fen Roa I on west side ~~~~~~~~~ 21”  5 1 ,
1 7 ,000 ’ -

_ _ _ _ _ _ _ _ _ _  I _ _  L , _

- 1 ‘I

---



R IBCO URBAN RUNOFF AND BASIN DRAINAGE STUDY

,5 I,-,,,,,,,,, ’ I I  Sub e,,s” Black River

- 
E \ I S T I N , L  FA C I L I I I E S  PROPOSED F A C I L I T I E S

PIPE D IA M E T E H ~~~~~~~~~ - I ( A N N (  L MA X
E l EMI  NI OR CHANNEL SIDE SLOPES D E P T h  OF I :,IIMA I Li
N- MAI l - TY PE BOTTOM WIDTH LI NOT 1I  UAo’~i H’II - CIIA NNI I TYPE CAPITAL COST

74L - ‘ H’ lneI 10’ - 
D ,,(07 4:1 4’ Diversion 36” $42A , C3~- 

, 
I Pipe 6,500’ 1

_ _ _  

~~~~~~

--

~~~~~~~~~~~I Channel  8’ 3,000’ ’ 4 : 1  4’ Diversi on 36” $330 000
- Pipe  5,11,3 ’  I

91 I Chann el 2’ 5 ,000’ ~~~~~:1 
I 2 ’ Holding 8 AF T 530.000
- Pond 4 acres

32 1 Slough 200’ 700 ’ 2’ hol ding 10 AF $25,000

_ _ _ _ _ _ _ _ _  ______  ____  ______  _____  

Pond - 

f

acrzs 

-____  _ _ _ _ _ _ _

I ~~~
—-—-

~~~~
—— — - —- _____ _____________

_ _  _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  —

The Esi,rnaied Cap ia1 Co~t To, each ele-neni ,ncludes Coot ,ac w, ‘1, 1 0 Sub Total :  $3 ,697,000
eog ’r ’eeri nq , IP5LrI :,nd cont~ngenc~es IC add,t ,o’~. c-n I “ ‘ c I ~~o~’ i l  SCS Channel System: $14 ,000,000
-,,‘,,-,,,‘I,’ 0 ,1515 ,,‘,‘ ,nc lade d where land -, ,,,ie -elI A - I  COST S are base d Project Total : $17 ,697 ,000 ‘1
-I J ,,ee ‘313 15’~0CS 

Round to: $1 7,700,000

a

G-6-23 
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REGIONAL SUB—BASIN G-7

DUWAMISH ESTUARY

GENERAL DESCRIPTION

The Duwamish Estuary Sub-Basin encompasses the highly industrial
and urbanized sector of South Seattle that extends from Elliot Bay up-
stream to the Municipality of Tukwila. It has an area of approximately
25 square miles and includes Longfellow Creek , an area of two square
miles, that runs through the West Seattle Gol f Course and discharges to
the West Waterway near Harbor Island .

The Duwamish River form s the l ower reach of the Green River
below its confl uence with the Black River. The length of the river from
Elliot Bay to the mouth of the Black River is 10.8 miles. The l ower
five miles of waterway is a dredged ship channel that extends upstream
to the southern end of Boeing Field. The major flood flows to this
river are discharged from the Green and Black rivers . The watershed
on either side of the river is intensely developed and rises steeply to
north-south ridges between Lake Washington and Lower Puget Sound drain-
age basins. Storm-drainage channels are fairly short, from one to two
miles long, and runoff to the river is very rapid.

Present development consists primarily of residential , indus-
trial and comercial uses. Land-use categories for existing conditions ,
2000 Comprehensive and 2000 Corridor Plans are estimated by percentages
in the following table.

PERCENT OF SUB-BASIN AREA IN SPECIFIED LAND USE

P.S.G.C. Land Use Projection
Land Existing
Use (1970-72) Comprehensive Corridor

Single Family 51 38 37

Multipl e Family 3 5 5

Comercial/Services 10 5 20

Govt. and Educ . 2 2 2

Industrial 25 40 30

Parks/Dedicated Open Space 2

Agriculture 5
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P.S.G.C. Land Use Projection
Land Existing
Use (1970-72) Comprehensive Corridor

Airports , Railyards ,
Freeways, Highways 2 5 5

Unused Land 5

Total 100 100 100

Total Impervious Area 60 65 70

Future land-use estimates indicate significant increase in indus-
trial and manufac turing development , wi th some loss of single-family

‘ development. There is seven percent of open and undeveloped land in the
sub-basin presently and this will be preserved essentially In both land-
use plans. The sub-bas in lies within the jurisdictions of Seattle ,
Tukwila and King County .

NATURE OF EXISTING DRAINAGE SYSTEM

The Duwamish Waterway is the prima ry transportation link for
Seattle—based industry with ports throughout the world. Ships use the
channel even during high flood stages. Therefore, the channel has been
widened and deepened to accommodate barges and ocean-going vessels.
The channel also is the gateway to the Green River for migrating salmon ,
steelhead and other fish having both commercial and sport value . The
upper reach of the waterway, from Boeing Field to Tukwila , has been
channelized and adjacent development is protected from flooding by
dikes and revetment along the cour~~ of the river.

DRAINAGE PROBLEMS

Major floods have occured along the upper reach of the ri ver in
spite of the fact that the channel has extensive flood protection and
that Green River flood flows are controlled at Howard Hanson Dam.
Flooding has occured during high-water stages in Allentown and adja-
cent industrial development due to inadequate storm drain outlets .
Flooding also has occured in the l ower reach of Longfellow Creek near
i 3 e th lehem Steel Company . In addition to high peak flows from runoff
within Longfellow Creek basin , debris often clogs storm drain culverts
and bridges to cause local flooding of property and homes. The City
of Seattle , King County , the Corps of Engineers and private indivi-
duals provided specific i nformation about flood problems and costs .

Future problems can be deduced from the history of problems
under existing conditions. Flood flows from the Green and Black river
basins can be expected to increase . Although flows are normally limi ted
to approxima tely 9,000 cfs at Auburn , it is certain that a maximum
legal discharge of 12 ,000 cfs at Auburn , combined wi th runoff from
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tributary areas below Auburn and a maximum discharge of 3,000 cfs
from the Black River pump station would exceed the capacity of the
existing Duwamish River channel in Duwamish Estuary , at high tide con-
ditions. If development of tributary areas takes place as indicated
in future land use plans for Green River , the flood problems will bej increased even more . Development within the Duwamish Estuary Sub-
Basin will not increase flood fl ows in the river signif icantly.
Local flooding however , would be worsened due to increased runoff

- I from developed areas and higher stages within the river that would not
permi t gravity discharge from tributary areas.

Both the 2000 Comprehensive and Corridor Land—Use Plans indicate
that further urbanization of the Duwamish Estuary would use up all
land and would leave no dedicated parks or open space. The existing
drainage problems will become more severe because of increases in im-
pervious areas and pasture runoff . The total impervious area under the
2000 Comprehensive Land-Use Plan will increase from the existing 60%
to 65% and in the 2000 Corridor Land—Use Plan will increase to a level
of 70% as shown by the table of projected land uses .

The results of hydrolo gic analysis indicate a slight diFference
between the Comprehensive and Corridor Plans; however , the drainage
alternatives required similar system improvements . Some systems under
the 2000 Corridor Plan would be slightly larger than under the 2000
Comprehensive Plan .

BASIC ISSUES AND STATUS OF DRAINAGE PLANNING

Presently, the two agencies that have urban drainage planning
authority in the Duwamish Estuary Sub-Basin are King County and the
City of Seattle. There are two current plan s for improving the Duwa-
mish River flood control . The Green River Watershed Project by the
Soil Conservation Service was published in 1 965. Currently, the Pre-
liminary Draft Environmental Impact Statement for this project is
being reviewed by its various sponsoring agencies which are the cities
of Kent , Renton , Tukwila and Auburn , Green River Flood Contro l Dis-
trict , King County Soil and Water Conservation District , and King
County .

Current plans by the Corps of Engineers to increase channel capa-
city of the Duwamish River are being reviewed by severa l public agen-
cies to insure that the project meets mutually acceptable goals and
objectives of all pl anning bodies. The City of Seattle also has long-
range plans to preserve Longfel l ow Creek as an open stream. Cotistruc-
tion already has been initiated on an 11-dam detention project within
the West Seattle Golf Course . The City ’s long-range plan for storm
drainage development and street improvements will affect runoff charac-
teristics considerably.
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Current public attention has been focused upon storm drainage
. problems within Longfellow , Puget Ridge and Duwamish sub—areas.

Citizen sub-comittees have been formed to represent the people ’s
interest. Generally the residents along Longfellow Creek want to

¶ retain the natu ral character of the existing creek . They are protest-

~ ing the inLreased use of it as a storm drainage facility for paved

~ 
areas, which increases surface runoff and contaminates the water with
oil and grea~e. Remnants of other streams through the Duwami sh sub-

I basin which already have been transformed into storm-drainage channel s

~ 
would be considered desirable amenitie s to the comunity . The City of

- i Seattle has studied a pl an of improvements for Longfel l ow Creek which

~ 
would add several detention ponds alon g the recently completed Genesee

- Street dam . Relatively few trunk storm-drainage facilities exist
throughout the sub-basin and , as street improvements are made , oppor-
tunities may be available to intercept this runoff and discharge it
directly to the Duwamish River. Burlington Northern is currently con-
structing an interceptor drain above Al l entown that will relieve
some of the drainage problems in that comunity. Other industries
have constructed pump drainage facili ties , dikes and other protective
wor ks.

ALTERNATIVE PLANS FOR PROPOSED DRAINAGE CONTROL

The existing drainage system of the Duwamish Estuary Sub-Basin ,
as described by local agencies , was evaluated by computer simulation
that applied the region ’s 10-year storm to the year 2000 land use .
Drainage probl ems thus identified were analyzed and possible solutions
provided in development of alternative pl ans for drainage control as
described below .

Two major plans were studied for solving the Duwamish Estuary
dra i nage problem . The first enlarges channels and culverts as needed ,
and the second enlarges channels and culverts and provides diversions
together with runoff control . The description of these two alternative
plans follows .

ALTERNATIVE PLAN I

General Concept

This alternative considers traditional solutions to existing and
anticipated flooding problems within the sub-basin. Where culverts or
storm drains have inadequate capacity , they are enlarged . No diversions
or proposed trunk lines are considered . The systems would alleviate
problems of flooding along the trunk drainage alignment but would not
resolve probl ems such as ponding which occurs along laterals and streets
that were not modeled .

L ii. .  ~~~~~~~~~~~~~~~~~
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Major Features

The Lon gfellow Creek drainage system presently consists of open
channels and culverts , nearly all of which would need to be enlarged
under future land use conditions. This syteni will continue to be open
and to be the only receiving stream for lateral storm-drainage systems

: as the sub-basin develops .

- ~ Dra inage systems along the Duwamish are generally affected by
small hydraulic gradients associated with high-tide and flood-flow
conditions. Several major trunk drains would need substantial enlarge-
ment . Much of the intensely developed area east of the river and Inter-
state 5 would be expected to drain to trunk systems , but were not
defined for this study .

Cost

The total estimated capita l cost for making all the required
enlargements and protective works under this al ternative is $2,300,000 .

All systems proposed in this alternative are gravity drains and
would have only mi nimal operat ion cos ts. Main tenance would inc lude
removal of debris and sediment from debris and catc h basins .

The City of Seattle has completed construction of the Genesee
Street dam and holding pond and the cost estima te stated above for
Al terna tive Plan I does not include any additional cost at this facili-
ty . This holding pond will reduce capital costs for additional down-
stream enlar gements by ap proximately $360,000. The existing conduit
through the Bethlehem Steel p lant wil l  be abandoned and a new condu i t
will carry the entire flow of Longfellow Creek.

These improvements reflect the requirements for the 2000 Compre-
hens ive land use plan. Approximately 20 elements would need to be
sli ghtly increased in size for the 2000 Corridor land use plan if it
became a reality . The additional capital costs that would be required
for enlarging these elements would be approximatel y $200,000.

ALTERNATIVE PLAN II

General Concept

The principa l consideration in this alternative plan is to limit
peak discharges under futu re land use conditions to 25~- greater than
that experienced under existing land use . This would be accomplished
by on-site runoff controls. Unfortuna tely, much of the existing land
area within the sub-basin already has been hi ghly developed and ap-
proaches the levels set forth in the 2000 Comprehensive p lan. Never-
theless , peak flows would be reduced somewhat in comparison to Al ter-
na tive Plan I and more of the natural stream elements would be preserved .

1~~_ 7 _ 5
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Major Features

Trunk drainage system alignments and type of improvements are
similar to those discussed under Al ternative Plan I except for Long-
fel l~w Creek . The system proposed under this plan would incorporate
a diversion conduit along Delrid ge Way to intercept most of the runoff
from the east slope and discharge into the Genesee Street pond . It is
recommended that the channels along Longfel l ow Creek be mai ntained in
their natural state .

Cos t

The total cost estimate for capital improvements for Al ternative
Plan II is $2,900,000. Significant reductions in costs would be rea—
lize~ in the Longfellow Creek sub-area by runoff control and set-back
restrictions. However , the diversion trunk along Delridge Way makes
the total cost of the alternative greater than that of Al ternative
Plan I.

Runoff control will significantly reduce enlargements of systems
and costs in other major systems along the Duwamish River as reflected
in the cost estimates.

Operation and maintenance requirements of drainage systems
would be somewhat reduced as compared to Al ternative Plan I. Reduction
of runoff would also result in less sediment and debris accumulation .

PEAK FLOW COMPARISONS

The following table indicates 10-year peak flows with existing
facilities and l and use and with alternative dra i nage management solu-
tions for the year 2000.

COMPARISON OF 10-YEAR PEAK FLOWS
(Cubic Feet Per Second)

Comprehensive
Corridor & Corridor

Comprehensive Land Use_ Land Use Land Use

Exis ting Alternative Al ternative Al ternative
Location Facilities Plan I Plan I Plan II

Longfellow Creek North
of Spokane Street
a) with Genesee

Street dam 230 420 420 - --
b) without Genesee

Street dam --- 670 820 620
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Comprehensive
Corridor & Corridor

Comprehens ive Lan d Use Land Use Land Use

Existing Al ternative Al ternative Al ternative
Location Facilities * Plan I Pl an I Plan II

‘ Longfellow Creek
Above Genesee 190 580 700 520

Trunk drain along
Idaho Street 140 160 170 140

W . Marginal Way
Outfall 20 20 90 20

Highland Park & W.
Marginal W. Outfal l 130 180 180 180

Outfall at
Orchard Street 20 50 40 30

Outfall at 92nd
‘5 Street 40 400 440 360 V

“ Outfall at 96th
Street 220 230 240 220

Outfall at Pacific
Hwy. Crossing 110 110 110 110

* Peak discharge may be l imited by existing system capacity .

ENVIRONME NTAL ASSESSMENT OF ALTERNATIVE PLANS

Field inspections were made to judge applicability of the suggest-
ed alternatives for this sub-basin. This procedure was fol l owed throug h-
out the RIBCO Study for developing alternative plans of the various
regional sub-basin. The inspections were based upon the alternative
evaluation procedure which identified 34 unique criteria grouped in
general categories as fol lows: 1) Effectiveness , 2) Human Values , 3)
Environmental Factors, 4) Impl ementation,and 5) Resource Requ i rements.

The various structura l solutions were checkr~d against the appro-
priate criteria. The various non-structural solutions were reviewed for
their relationship to existing and probable future developments . The
criteria rating for Al ternative Plan I for both the Comprehensive and
Corr idor lan d use , which enlarges channels and culverts , was a minus 4
out of a possible range from a positive total of 108 and a negative
total of 108. The total evaluation rating for Al ternative Plan II ,
which employs the enlargement of channels and culverts , construction of
diversions and runoff control , was a 0.
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Both alternative plans were judged to be effective in control—
ling drainage . Both plans involved certain sacrifices of human values
and human uses of the plans once they were bui lt. Environmentally,
both alternatives have a relatively low rating . Alternative Plan II
receives a slightly l ower rating because of the construction disruption
caused by building of the diversions along Deiridge Way . Neither alter-
native is part of present planning of any of the involved agencies ,
however, because of the independence of the concerned streams littl e
cooperation is required between Seattle and King County to real i ze
this plan . Both of the alternative plans involve comitments of the
use and management of natura l resources because they rely upon certain
structural treatments for all or part of their solution . Therefore,
neither alternative can be said to be clearly superior to the other in
this concern .

In Al ternative Plan II , the diversion along Dei ridge Way would
provide for maintaining the natural condition of Longfel l ow Creek.
Al ternative Plan II also relies on control of runoff from future land
development. This treatment , if it is to be part of the chosen alter-
native , should be implemented as an early organized effort. Any por-
tion of the sub—basin that develops without these control s will require
more structural treatment than Al ternative Plan II can accommodate .
This issue should be brought to the attention of all citizens and their
local agencies.

CONCLU SION S

Nei ther alternative is superior to the other in the streams that
feed directly into the Duwaniish waterway; however, Alternative Pl an II -

‘is clearly superior to Alternative Plan I along Longfellow Creek for
Al ternative Plan II will preserve the natural open stream of Longfellow
Creek. However , Alternative Plan II does require imediate action to
protect and preserve the natural values. As pointed out above , this
action would requ i re runoff control at or near existing rates for any
new develo pment .

King County and the City of Seattle should establish a master
drainage plan that incorporates the conditions of Alternative Plan II.
Both agencies should then move to implement and enforce the required
runoff controls within their own jurisdiction .

6-7-8
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RIBCO URBAN RUNOFF AND BASIN D R A I NA I ! S IL IDY
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~~~~~~~~~~~~~~~~~~ - 

~i~I - ~~aSIIl 
Li u~~ r i ~ I ~ Pi ~ ~ t~~ ~ y

I: x is I IN( FACt L I T I E S  ~H( Po E  I) FAd L IT IES

PIPE D I A M E T E R  CNANN [ L MAY
E LEMENT OR CHANNE L SIDE SLOPES DL P I H O~ E S T I M A T E D
NUMBER T ’ , P E  BOTTOM W I D T H  LENGtH IHo ,I1 Ver ~ I CI~A N N E [  TYPE CAP ITAL  O~ T

2 P i pe 72 ~5O Pa rallel 42 $19 ,000
Pipe i r c1 ~.des inlet and

Out let

3
~~~~~

Pipe One 48 and f 350 P a r a l l e l  ~ 18”~~~~ $70.000
: one 30 P i pe ~ YILiLI U I~~ in let and

- Outlet -
_ _ _  ____ -----—-5—— ___ ___

~~~~~~~

-

~~~~~~~~~~~~

— — —

~~~~~~~~ 

~~~~~~~~~ -~~~~~ -- - . _ _ _

4 Pipe 42” 1 .100 Pa rallel 9U $213,000
Pipe I

5 Cha nnel 10 1 ,000 2:1 31 (hannel I L~ Wl j~ I $8,000
41 dent i
2:1 side slopes

7 ~~~~~~~~~~~ 8 4 ,000 ’ 2:1 3 Channel d~ I~~I~ $230 ,000
.~:1 -~IJ ~ slopes

~ Streanibank ~~
61 Pipe 48” 100 Pa rallel 60 $ 2.000

Pi pe Includes inlet ~n-~
O u t ]  ~t

62 Channel 6 I 1 .300 I 2: 1 4 I Channel 1i~~~~~ dth 
I

- 
41 depth

I 
~ 2 : 1  side slopes
Strearnbank ,~rotec tioII

8 Pipe 48’ 100 Parallel 78’ ~2~~,U~uIJ

Pipe Includes inlet and
Ou tlet

9 Channel 5’ 2,000’ 1:1 3’ Channel 10’ width $20,000
I 41 depth
2:1 side slop e s

64 Channel 5’  1 ,100 1 2: 1 3’ Channel ~~
‘ w i d th $9 ,000

4 ’ depth
2 : 1 si de s l o pes

66 Channel 5’ 800 2:1 3’ Channel ~~~~~~~ $42 ,000
4 depth
2:1 side slopes
Streanibank protection

10 Pipe 36” 100 ’ Pa rallel 60” $22,000
Pi pe Inclu des inlet and

outle t

11 Channel 4’ 400 2:1 3’ Channel 
~- :  w i d  - $16,000

slo pes
- - LI ediiIbaIi p’-otect ion

_ _  _ _ _  _ _  _ _ _  _ _  _ _  _ _

12 Pi pe 30’ 100 ’ Parallel 54 $l9 ,OflO
I n c l u d e s  i n l e t  and

V o,~t~et

13 Pipe 36” 700’ Parallel 3~ 
— 

$52,000
Pi pe Includes n I t  and

out 1 e t

14 Channel 4 ’  500’ 2 :1 3’ Channel ~ , ~~~~~~~~ $l7. II II)

2: 1 s~ dc ~Io pes
____________ _______________ _____________________ ________________ 

St red - li e Ii k protec t on

15 Pipe 36” 100 ’ Parallel 54

I,- 7 - l l
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HIBc O URBAN RUNOFF AND BASIN DRAINAGE STUDY

A l - —  ________ a, Bas,,, DlJwamlsh Es tuary

~Ii~r ING FACIL I T IES PROPOSED FACILITI ESF PIPE D I A M E T E R  d IA NNE L MAX
E L ~r ’ ENT  OR CHANNEL dHiI SLOPES DEPUL OF ESTIMATED
\~ MhE II f r  PE BOTTOM W ID 1 i~ 

LE \D T M 1  THor,i yen CHANNEL TYPE CA PIIAL COST

16 Channel 4’ ~~~~~~~ 2:1 3’ Channel $12 ,000
• 2:1 side slopes

19 Pipe 36” 1 ,000 Parallel 36” $66,000
Pipe

21 Channel 4’ 100 1:1 4’ Channel 4’ width $33,000
4’ depth
2 :1 s ide slopes
Streambank protection

27 Pipe 24” 250 Parallel 54” $35,000
Pipe Includes Inlet and

outlet

68 Pipe 36” 400 Parallel 54” $51 ,000
Pip e Includes Inlet and

outlet

29 Pipe 18” 4,100 Parallel 60” $492,000
Pipe

30 Channel 3’ 2,100 1:1 2’ Channel ~~
‘ width $12,000

3’ depth
2 :1 side slopes

32 Pipe 30” 3,200 Parallel 42” $253,000
Pipe

33 Channel 3’ 1 ,100 1:1 2’ Channel 8’ width $23,000
5’ depth
2:1 side slopes

34 Pipe 30” l ,3OO ’~ Parallel 48” $121 ,000
Pipe

35 Channel 3’ 2:1 3’ Channel Streambank protection $101,000
Lowe r 3,000’

46 Channel 6’ 4,600’ 1 :1 3’ Channel ~ 
$172,000

2 :1 sIde slopes
Streambank protection

36 Channel 6’ 2:1 4’ Channel Streambank protection $66,000
Lower 3,000 ’

The ~I,nsaIed Cap,taI C,,~t I,,, each element ,r,cludes C,,,rt r a’, or ,r,,f t Total Eat rnat.d Capitel Coil $2,309,000
enLq nreer rrq. legal ar,d ,‘Or,I,nqenLc,es In add,t,o,, , land purch ase and Round in $2 300 000levenanc e r,S R are ,ncl,,de,j where la,,d ,s required Al l costs are based
‘‘Poe j,,n~ i~ 1J pr ,,:ec
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RIBCO URBAN IIUN OIF AND BA SIN I H I A I N A G I  STUDY

- - - _ _L!___ _ _ , . ai~ss h  Es tuar y

E X I STIN ’ , EA CI IITI FS 1 ,1 1 ,1 0 FA C I L I T I E S
_ _ _  _ _ _  - - . _ _ _ _

PIPE D I A M E T E R  CHANNEL MA T

MI \  OR CHANNEL SID E SLOPES DEPT H 31 E S T I M A T E D
N1’MHI 1 TYPE BOT T OM W I D T H  LENGTH (Hor,, Ve rt CHANN E L TYPE CAPITAL COST

2 Pipe  72” 150 ’ P a r a l l e l  42 ”  $19,000
P ip e  I n c l u d e s  i n l e t  and

O u t l e t

3 Pipe  One 48” and 350 ’ P a r a l l e l  78” $70,000
one 30” pip e In c lu d e s  i n l e t  and

o u t l e t

4 Pipe 4 2 ’  1 ,100 ’ P a r a l l e l  90” $2 13 , 000
Pipe

5 C hanne l  10’ 1 ,000’ 2:1 3’ Channel 12’ wi dt h $8 ,000
4 ’ depth
2:1 side slopes

61 Pipe 48” 100’ Para llel 42” $15,000
‘ ipe Include s inle t and

Outlet

8 Pipe 48” 100’ Parallel 60” $22,000
Pipe  I n c l u d e s  i n l e t  and

1 o u t l e t  
- _____________

10 Pipe 32” 100 ’ Parallel 42 $17 ,000
Pipe Includes inlet and

outlet

12 Pipe 30’ 100 ’ Parallel 42 $17,000
Pipe Includes inlet and

outlet

13 Pipe 36’ 700 ’ Parallel 36” $46,000
Pipe

15 Pipe 36’ 100 Parallel 4 ”  $15 ,000
Pipe Includes inlet and

ou t l e t

l7A None D~~ersion 2/’ $71 ,000
1 ,500’

_ _  _ _ _ _

16A None L ive rsion ( 36’ $264,000
Pi pe 4,000’

9A , 8A None Diversion 48’ $530,000
Pi pe 5 ,700’

JA None Divers ion 42” $261,000
Pipe 3,300’

19 Pipe 36” 1 ,000’ Parallel 36” $66,000
Pipe

27 Pi pe 24’ 250 ’ Parallel 54’ $35,000
Pipe  I n c l udes i n l e t  and

ou t le t

68 P I p e 36” 400 Parallel 54” $51 ,000
P i p e  I nc l u des i n l e t  an d

ou t l e t

G- 7—l 3 

- -~~~ —~~ 
—---

~~~~~~~
••

~~~~~~~~
-- .- .——-

~~~~~~~~~~ -~~~~~~~~~ ~~~~~~~~~~~~~



-- 

~~~~~~~~~~~~~~~~~~~ 
- -  — ‘ “

IlIIS1:U I S T A N  II IJ N(S FF A Nt ’  BASIN I)RA INA LL I “, IIJ I~Y

S , I ,  IF,, , L’ .~~~’ ’ ~~rt Lstuary

I ‘ I S ’ ’, , -  I OF - - I S ‘ I t t ’ I , ,I 1 FOUl I t t E ~

F L ) , A M F ’ I H  ‘‘ .,‘,\I ~~‘,. 
I

GO O t I A ’ , \ t  
~ D 4I~~/ ’IS LII I’ t , S  OF , I ’ . I I M A [ F D

i 1~~PL I .’ , ’ ’, 15 1 1 1 4  1 1 1 1 , 1 4  4 1 0 ,  5 . ’’ ’ i’ ’’”. ’,~.I I SI’I I,A I’ I IA I  (1157

j P’ pe 18” 
‘ 3 , 120 ’ Par ’ , l le l  60 ’ l4 9 ? , t ( I I I

~i pe

30 , s,I r ’e l  I 3 ’ ~, 1 ) Q ’  - ‘ 2 ’  ‘~~ lL ’ I A l  4’ w l J LI I $12 ,000
3’ l o i ’t ’

s~ d~ slopes

32 L’ipe 
- 

30 3 ,200 ’ ‘ a ru, , 1 2 / ”  
- - 

5l50.0 00 
- -

p i pe

33 Ch annel  3’ 1 , 100 ’ 1:1  - 2’ Cha~ ’:, i 2 ’ w t j U ,  $20 ,000
5 ’  depth

side s lopes

34 Pipe 30” 1 ,300 ’ .,,~~~~~~~ . 45: ’ $121 ,000

35 Channel  3’ 2:1 3’ Cha n ne l  St reamb ank protect ion 510 1 , 000
- Lower 3,000’

45 I Ch an n e l  6 ’  4 , 600 ’ 1: 1  3’ Channe l  $172 , 200
2: 1  side slopes

- 
- St rea nbank  protect ion _____________

36 ~~ Chann e l  6 ’ 2 : 1  -~ 4 ’ Ch anne l  2 ’  St reambank $66 ,000
protection
Lower 3 ,000 ’

- 

__Hil _ 
_ _

Ihe Es(,rvs,tr d C,p~t~~I Cost b ‘0,1’ ‘I~ ~e, I  ‘ “,‘ L I , ’, Cc,r ,t racto , proI t Tot~ I I,,”.,s-, ’ Co,,,1’ ,I Cost ’ $2 .854 ,000
eq i 

I F I 
I~ I To $~ 

51 [l~~
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REGIONAL SUB-BASIN P-i

UPPER PUGET SOUND

GENERAL DESCRIPTION

The Upper Puget Sound Sub-Basin is the northern-most drainage
sub-basin of the Study Area adjacent to Puget Sound . The sub-basin is
bordered by Puget Sound , Muki lteo , Paine Field , Highway 99, and the
King County-Snohomish County line.

The sub—basin is characterized by a plateau area on the east that
descends steeply to Puget Sound . Steep ravines form the natural drain-
age system that collects runoff from the plateau area and the hillsides .
A few of the streams cross small tidal pla ins , but in most cases the
streams enter the Sound across the beaches . Each stream crosses under
the Burlington Northern railroad track that is parallel to Puget Sound
at the water ’s edge .

Typical streams in the sub-basin and some of their characteris-
tics are:

Stream Category Drainage Area Discharge

Big Gulch III 2.0 sq. mi. Chenault Beach

Lake Serene system III 2.6 sq. mi. Picnic Point

Lunds Gulch III 2.2 sq. ml. Meadowdale Golf Course

Shell Creek III 1.7 sq. mi. North Edmonds

Shelleberger Creek III 2.2 sq. mi. South Edmonds

Deer Creek III 0.5 sq. ml. Woodway Estates

There is sparse residential development in the area from Muki lteo
south to Lunds Gulch. Most of the area between Big Gulch and Lake
Serene drainage streams is undeveloped and it offers numerous residen-
tial sites. Two public beaches are in this area , but most of the shore-
line offers little beach area and consists of mud flats or a narrow
rocky strip of land .

From Lunds Gulch south , the area is extensively developed with
single-family homes. The Ed monds area contains numerou s multiple -family
dwellings , some commercial enterprise and industry . There are severa l
recently-constructed school buildings. Woodway (Deer Creek basin) con-
sists of large multi -acre private estates.

P-i-i
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Land—use categories and percentages of area have been deter-
lIm ed far’ exist ing and potential fu ture conditions as indicated by
the following table.

PERCENT OF SUB-BASIN AREA I N  SPECIFIED LAND USE

P.S.G.C . Land Use Projection
Land Existing
Use (1970-72) Comprehensive Corridor

Single Family 35 68 55

Multi ple Family 2 5

Comercia l/Serv-jces ~ 1 5 5

Govt. and Educ . 1 5 5

Industrial ~ 1 5 5

Parks/Dedicated Open Space 5 10 10

Agriculture

Airports , Railyards,
Freeways , Highways 5 5 5

Unused Land 53 10

Water

Total 100 100 100

- 
Total Impervious Area 15 40 35

Snohomish County has jurisdiction for approximately 60 percent of
the sub—basin , includ ing Paine Field. The cities of Muki lteo , Lynnwood ,
Ednionds and Woodway have separa te jurisdictions over the rema i nder.

Industry presently uses Flafly of the larger , former Air Force
hangars located between the r ’ullway s in the center of Paine Field as well
as the eastern and southern perinleters of the ~ie1d . A number of com-
munity services and some college classes also are l ocated in the south
complex of former Air Force buildings.

Mainly coni’nercial enterprise is located on Highway 99 and it
extends back from the highway in certain locations. However , peopl e
living in choice water areas such as Lake Serene , are not likely to
tolerate infringement by business. Industrial growth is expected in the
Edmonds l owlands around Shelleberger Creek.

P- 1— 2
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NATURE OF EXISTIN G URAINAGE SYSTEM

Wit h few exceptions , the se’•’~ara1 small st ’eaIa~
, u ri gin at e in the

upland plateaus then dro p steeply through ravines to the Sound . The
upland regime is characterized by mild slopes with sandy and gravelly
channel beds. Storm drainage from the portion of Paine Field within
the sub—basin discharges into Bin Gulch Creek . Ti’se t;pical drainage

• pra’ tice of residential developments througout the :uU-Gas in is to
discharge storm runoff directly to adja corlt stre-3~’is which often causes
serious erosion problems . The City of Edmonds has constructed trunk
lines for storm drainage through the Central Business District and for
the larger residential area bordering .sQ”sI’~~J. The City has made an
effort to preserve natura l streams , such as Shell Creek and Deer Creek ,
for environmental enhancement of the community . Shelieberger Creek has
been extensively landscaped by individual property ‘JI-IIIers and is used
for irrigating lawn s and gardens. Small detention ponds have been con-
structed on smaller streams by individual land owners . The l ower
reaches of most streams are fed by springs and they flow perennially.

DRAINAGE PROBLEMS

Major problem areas are in the urbanized sectors of Edmonds and
Lynnwood . Ponding is a common occurrence because storm drains and
culverts do not have adequate capac i ty to discharge the runoff result-
ing from increased development. Substantial erosion is occurring in
natural streams and will become worse as runoff is increased . Steep
bluffs along Puget Sound , and several ravines within the sub-basin ,
have high slippage potential , and several cases of sliding have been
noted. This problem is a consequence of soil and geologic conditicns , j
but is compounded by the saturation of soils along the bluff and by any
construction that undercuts the slopes or denudes t~’e soil .

Simulation of storm drainage with future land -us e projections
indicates that major storm drains and culverts will be surcharged .
This is reasonable since the City of Edmonds sizes Lh eir facilities for
accommodating runoff for a five-year storm , whereas this analysis is
based upon a 10—year storm . Marly culverts have inadequate capacity for
even existing land-use conditions . Significantly, the system along
Edmonds Way will need to be enlarged even more than is specified by the
Edmonds Comprehensive Plan. The Shell Creek and Olympic Boulevard sys-
tems also will be surcharged . Anticipated problems in natural systems located
north of Edmonds and Muki lteo will be pri m arily erosion and sliding.

Both the 2000 Comprehensive and Corridor Land—Use Plans indicate
a general urbanization of the upper Puget Sound area . The existing
drainage problems will become more severe because of increases in imper— 7

vious areas and faster runoff . Mnre extensive flooding will occur in
the upper reaches. Greatl y increased erosion and sedimentation will
occur in the l ower reaches. The tota l impervious area in this suh-t~sin
under the 2000 Comprehensive Land—Use Plan will inc l- -dse from the
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exi~ t’ng 15 level to a 45~ i~ vei ~nd under the 2000 Corridor Land-Use
plan to a 35c level , as shown by thr table of projected land uses .

The results of hydrologic analysis indicate no significant dif-
~~-a ice between the Comprehensive and Ccrr~doy’ Plans . Therefore , the
dra inage alternatives presente i herein ~rE applicable to both p lans .

BASIC ISSUES AND STATUS OF DRAINAGE PLANNING

No regional plan has been formulated for this sub-basin. The
Snohom ish County WASH-USE -i study did not provide a plan for this area .
The City of Edmonds developed a Comprehensive storm-drainage plan in
1 965 and th is plan is being implemented as development takes place.
Lynnwood also has a Comprehsive Drainage Plan for the city which addres-
ses part of the sub-basin ’s drainage needs .

Planning preferences for this area were inferred from planning
documents obtained from the cities of Edmonds and Lynnwood and Snohomish County .
Ponds such as Five Corners Lake , Lake Serene and several other upland
ponds are bein g used for recreation and wildlife habitat. Natu ral
streams , such as Shell Creek and Shelle ber ger , are neighborhood ameni-
ties and in some cases these have been landscaped to enhance adjacent I
properties. Lunds Gulch and Big Gulch are natural areas that are very
sensitive to chan ge. Alternatives were developed with provisions to
preserve these natural elements and to alleviate other anticipated
flooding and erosion problems .

ALTERNATIVE PLANS FOR PROPOSED DRAINAGE CONTROL

The existin g draina ge system of the Upper Puget Sound Sub-Basin
as described by local agencies , was evalua ted by computer simulation
that applied the region ’ s 10-year storm to the year 2000 land use .
Drainage problems thus identified were analyzed and possible solutions
were provided in development of alternative plans for drainage control
as described below.

Two major alternative plans were studied for solving the Uppe r
Puget Sound drainage problems ; the first employs holding ponds , d iver—
s ions , streambank protection and some fl ood—plain zoning~and the second
employs the same structural elements together with land-use controls.
Description of these two alternatives ~ol 1ows.

ALTERNATIVE PLAN 1

Genera l Concept

Al ternative Plan I uses traditional solut ions to storm drainage
problems . Emphasis is placed upon disposal of runoff in the most direct
manner , with some holding pond detention . Both costs and enviu~r Inenta1
cons iderations were secondary to drainage Iffic iency.
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Major Features

Drainage from this su b-basin includes ten major and several minor
stream systems . Improvements were many and varied because the existing
drainage systems woul d be inadequate for future land use conditions.
Large or parallel drains are specified . Diversion drains are provided
as an alternat i ve to stream bank p ro tect i on where ex i sting right-of-ways
or drainage area considerat ions permitted . Existing ponds also were
utilized , althou gh to a lesser extent than in Al ternative Plan II.
Several additional drainage systems were provided in those areas that
are presentl y undevelo ped where substantial single-family housing and
industri al development is indicated by the future l and-use plan .

Add itional storm drainage system enlargements to those currently
being made will be requ i red for the Edmonci s way trunk system . Al so the
Olympic Boulevard system essen tially will require all new pipe , and the
Perrinville Canyon Stream is provided with strearnbank protection.
Di version drains are specified for placement along both ridges of the
Shelle berger Creek to p res erve the na tural stream .

From Lund s Gulch northward , extensive new dra inage system im-
provements will be required since most of this area will go from un-
developed vacant land to subur ban residential and industrial land use.
Advantage is taken of a pond site at the head of Lunds Gulch to divert
runoff from areas east of 52nd Avenue into a holding basin. Another
divers ion extends from 52nd Avenue westward along Norma Beach Road
directly to Puget Sound . These diversions would preserve the natural
features in the l ower reaches of Lun ds Gulch and in the stream that
proceeds eastwardly from Norma Beach.

Similarly , a trunk d rain from Lake Serene along Picnic Point
Road to the Sound would intercept the major portion of runoff to that
ravine and would allow full development of the uplands in a corridor along
Beverly Park Road. A pipe could be constructed in the l ower reach of
the ravine along an existin g road . In the next ravine north of Picnic
Point , extens ive channel protection would be required . A major trunk
drainage canal would be constructed to Chenault Beach Road from the
head of this ravine to interce pt upland runoff which would otherwise be
dischar ged into the Picnic Point Road ravine .

The uplands of the head of Big Gulch are already substantially
industr ialized with Paine Field facilities and further industrial expan—
sion is expected there . Therefore , im provements to the l ower reach of
Big Gulch are requ i red for streambank protection . An i~~erceptor trunk
drain woul d take runoff from the more developed areas and would discharge
directly to the lined channel . The holding pond at Paine Field would
reduce flows to the upper stream end of Big Gulch.

The uplan d s ncrth of B ig Gulc h to Muki lteo would be provided with
two trunk drai nage systems . The first would intercept runoff from south

I - i  _~~
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of Nels or ’s Corner an d discharge dire ’ :tly to the Sound. The second
woul d follow Mukilteo Boulevard up to delson ’ s Corner and prov ide drain-
age to most of that corridor. The several smaller very Ln Tt able
rav ines south of Muki iteo would thereby ~ given much more p r - t ’ - ’ ction
from infiltration and storm - tj nn f f .

c~~
The total cost of drainage improvements is estimate’i to be

$6, 500 ,000 in Al ternative Plan I.

ALTERNATIVE PLAN II

General Concept

On-site runoff contro l is assumed throughout the sub-basin as
a primary consideration for this alternative . This condition app l ies a t
peak runoff rates under future land use and would be l imi ted to 2h’
of that under existing conditions. Also , some diversions and holding
ponds are specified so as to preserve most of the existing natural
streams . Future development con trol should be exerc i sed with respect to
the instability of soils along the steep bluffs and ravines and the need
to divert storm drainage away from these areas.

Major Features

Opportunities for runoff con trol and holding ponds are limited
in the suburban areas of Edmonds and Lynnwood , therefore , system en-
largement and diversions are similar to those discussed in Al ternative
Plan I . At present , the area from Lunds Gulch northward to Paine
Field are relatively undeveloped and improvements to these drainage
systems could be lesser in magnitude . The major expense for this sys-
tem would be for improvements to the systems in Edmonds and Lynnwood .
A holdin g pond is included in the system along Olympic Boulevard to
reduce peak-flow rates to the Perrinvil le Canyon system .

A diversion along 52nd Avenue is specified as per Alternative
Plan I . A detention pond at a site upstream from the existing box
culver t , at the head of Lunds Gulch reduces the requirements for down -
stream improvements . Diversions a c ~ ~ 1 48th also would 

i~ke disrup-
tions to the stream at Norma Beach unn e~e~ sary .

The Picnic Point stream ~y :.tcr flowi iy to 1.ake Serene would
requ i re only a few improvements it a runoff-control policy were impl e-
mented . A diversion along the l ower reach that would discha rge the
combined flow from the confluen ce of the two streams , proceeding up-
land from the Picnic Point area ,would he desirable .

The Big Gulch and Muki lteo syste~~ rrqu i re enlargement to accom-
modate dra inage from existing deve lop~u’~r t. Draina ge from that portion

p-i -F
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of Paine Field , which lies within the Upper Puget Sound Sub-Basin , dis-
charges through an existing culvert . If this existing culvert is used
to create a pond with 27 acre feet of storage, only the l ower reach of
Big Gulch needs to be lined to stabilize the channel above the railroad
crossing . Other lesser ravines and streams would be protected from
increased runoff by provision of a diversion drain along Mukilteo Boule-
vard . The holding pond near Nelson ’s Corner would further decrease peak
flows i nto that ravine .

The total estima ted capital cost for this alternative is
$4,000,000.

PEAK FLOW COMPARISONS

The following table indicates 10-year peak fl ows with existing
facilities and with alternative drainage management solutions for the
year 2000 .

COMPARISON OF 10 -YEAR PEAK FLOWS
(Cubic Feet Per Second)

Existing Al ternative Al ternative
Location Faci lities * Plan I Plan II

Pressure drain outfall ,
Edmonds 180 360 340

Pond outfall in Edmonds
wi th control 130 130 130

Pond outfall without
con trol 240 290 270

Shell Creek outfall 60 230 210

Outfall at Ocean Ave . 30 90 80

Perrinville Canyon
outfall 40 440 170

Lunds Gulch with diversion
at 52nd Avenue - 190 130

Lunds Gulch withou t diver-
sion at 52nd Avenue 380 390 270

Outfall at Norma Beach 170 170 110
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Existin g Alternative Uternative
Loc at ion Faci lities * Pl an I Plan II

Outfa ll a~ Picnic Point 220 590 60

Li g Gulc~i w t h  com ’t rol
at Paine Field • 320 40

4 B ig Gulch wi thout co n-
trol at Paine Field 330 620 310

Outfall at Muki lteo
without diversion on
~iukilteo Blvd. 30 60 60

* Peak di scharges for existin g systems may be limited hecaus~
of upstrram control facilities.

Ei~V IP~uNMENTAL ASSE SSMENT OF ALTERNATIVE PLANS

Field inspections were made to judge the app licabil i ty of the
sugges~eci alternat ive plans for this sub-basin. This procedure was
followed throughout the RIBCO Study for development of alternative plans
for the various regional sub-basins. The inspections were based upon
the al ternative evaluation procedure which identified 34 unique criteria
grouped in genera l categories as follows : 1) Effectivermess , 2) Human
Values , 3) Env ironmental Factors . 4) Implementation ,and 5) Resource
Requ i rements.

The var ious structural solution s were checked against the appro-
priate criteria. The variou s non-structural solutions were reviewed
for their relationship to existing and probable future developments .
The criteria rating total for Alternative Plan I, which employ s enlarge-
ment of conduits , channeliza tion , diversions and holding ponds, was a
minus 22 out of a possible range from a positive total of 108 and a
negative tota l of 108 . The total evaluation rating for Al ternative Plan
II, w hic h emp loys all the same el ements a s Alterna t ive Plan I, together
w i t h  runoff co~~~ro 1 , was a minus 2.

Bot~i al tern at i- ~e plans were judged to be effective in controlling
dra i nage . Both plans involved certain sacrifices of human values and
human uses of the land once the system is built. Environmentally,
Al ternative Plan II clearly offered more resource preservation potential
than Al ternative Plan I which requ i res considerable more construct ion
than Al ternative Plan 11 .

Both alternatives include parts of present planning efforts by
the cities of Edr~oads and Lynnwood . xten sive cooperative effort would
be requ i red with Snohomish County before either plan can be fully re-
alized . Both of the plans involve comi tments for the use and manage-
ment of natural resources because they rel y upon certain strisctu~a1
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treatments for all or part of their solutions. Therefore, neither al-
ternative can be said to be clearly superior to the other in this
regard . Al ternative Plan II requires considerably less construction ,

4 particularly in the northern undevel oped areas of the sub-basin , thus
considerably decreasing the environmental damage done to this area .

Alternative Plan 11 relies upon runoff control for future land
development. This treatment , if it is to be part of the chosen alter-
native , should be implemented as an early organized effort . Any por-
tion of the sub-basin that develops withou t these combined controls
will requ ire more structura l treatment than Al ternative Plan II can
accomodate . This issue should be brought to the attention of all
citizens and their local agencies.

CONCLUSIONS

Al ternative Plan II is clearly superior to Al ternative Plan I
because of the relatively undeveloped nature of much of this sub-basin ,
but it does require iniiiediate action to protect and preserve the nat-
ural values. This action would require runoff control at or near
existing rates for any new development.

Because of runoff control provided by Al ternative Plan II , fl ow
rates are drastically reduced from those set forth in Al ternative Plan
I for those streams in the northern section of this sub-basin. There
are many opportunities to implement runoff-control policy . Peak flow
rates could be substantially reduced from existing conditions in pre-
sently developed urban areas of Edmonds , Lynnwood and Mukilteo by the
use of detention ponds in the drainage systems as they are improved .
The l ower cost , together with environmental amenities , make Al terna-
tive Plan II a desirable solution to storm drainage problems in the
Upper Puget Sound Sub-Basin. Snohomish County , Edmonds , Lynnwood
and Mukilteo should establish an effective agreement on a master drain-
age plan incorporating the conditions of Al ternative Plan II. All
agencies should then move to implement and enforce the required runoff
controls within their own jurisdiction .
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RIBCO URBAN RUNOFF AND BASIN DRAINAGE STUDY

Al t, ,~~, l~u-, ±_ Sub ~ Upper Puget S~ i~nJ

I XIST !‘4~ I At:, - ES PROPOSE D EA Ch

ILP U [)IA M F T E N  C HANNEL MAX
EL EMENT 08 C HANNEL SIDE SLOPES DEPTH OF
NUMBER TYPE 801 TOM WI DTH I E N ~ 1 1  lH~ r,, Ve .l j CHANNE I ~ PE CAPt I At  COS T

4 Pipe 36” 2,000 ’ ~a .al le ] 60” $240,000
Pi pe

2 Pipe 36” 1 ,300’ Par allel 24’ 555 ,000
Pipe

3 Pipe 42” 3,300 ’ Parallel 42” $261 ,000
Pipe

6 P i p e  One 36 ” 2,300 Parallel 42” $182 ,000
One 42” Pipe

7 Pipe 54 700’ Parallel 42” $55,000
Pipe

9 Pipe 54 ’ 900’ Parallel 42” $71 ,000
Pipe

16 Culvert 24” 100 ’ Parallel 36” $12,000
Pipe Inc ludes Inlet and

ou t l et

17 Channel 6’ 400’ 2:1 4’ Channel 2’ depth $6,000
Streamban k prot ect ion

18 Culvert 3’ 200 ’ 0 3’ Paral lel  36” 519.000
Pipe Includes inlet and

outlet

19 Channel 6’ 600’ 2:1 4’ Channel 2’ depth $9,000
Streambank protection

20 Pipe 30” 100’ Parallel $17 ,000
Pipe

22 Pipe 36” 900 Parallel 36” $59,000
Pipe

24 TL4kP E ,is t in ~~~ rea 1 - re Holding 15 AF $40,000
Pond 8 acre s -

+ _ _  _ _ _

33 0l pe ~~ 100 ’ Parallel 30” I $10,000
- Pj

~e

4 -~~~~~~~~~~
_ _ _-~~~~

_

34 Channel ‘

- 

8’ l,~JO Li 6’ Ch~nne 1 2 depth
Streanbank 1 ’~~ t e L t l o n

_ _ _ _  _ _ _  _ _ _  _ _

36 Channel 8 1 .411 2:1 6’ Channel 3’ depth
Stre am bank “c~~r t ~ uL

____ _____  ______  - - * 
_______  _____  ~~~~~~~~~~ —-~~~-_____ f-—-

331 None 
- Dlv ers to n 27” I $212,000

Pipe 4,500’

P - l - l 2
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RIBCO URBAN RUNOFF AND BASIN DRAINAGE STUDY

— S~,I, Rj s, ,, Upper  Puget SOUnd

\ I ’ , I  N I ,  F A l i t  II I  ‘1 PROPOSE I) F A I lI  l i l t

A X’I  I t  ( I I A N N I  I M A X  J
I t - M I N I  , ‘ * *  ‘- ,\ N l  I - 511) 1 L I l i F I L, ‘ D E P t H  OF F ’ , l : l, l , i T t I )

‘.1111 8 I+PI  *1* 1 1  i I ’M A l I ) I H I  N ,,l ~~ 
I 

L I I I ~~ “ l  L CIIAN NII I~~Pt ( A 1 ’ 1 A 1  ( * 1 S t

i~ .7 Non e Divers ion 27’ 51(0,000
Pi pe 3,200’ 

-~~~~~~~~~~ -— ---~~~~~~~~~~~ - - - -——---—

351 ‘i , i i t ~ ’ Diversion 24” - $ 11 .  , L I - I J
Pipe 3.000’ 

--- — - — - - - — -

352 ‘.n.’ I D i v e r s i o n  2 1”
- PT pe 2,500’ 

37 Pipe L 30” 700’ Diversion 27” SI1~- ,000
Pi pe I 1 .800’ -

4b~~~~~~~5~~rie 
- 

t Divers ion 3
~~ 

- - - - _ _ _ _ _

Pi pe - .7,8131)’

_________  - - - _ ___________  ______—--

~~~

______

46 - Pi pe I 14 100 ’ Parallel 
- 
14” - $1, 00U

- Pipe Include s inlet and
o u t l e t

48 Pipe 1 8” 100’ Para llel 36” 511 ,000
Pi pe

_ _ _ _ _ _ _ _  ___- - -~~~~~~~~~~ — — _ _ _ _

50 Channel 6’ 500 ’ 2:1 
- 

4’ Channel 2’  depth $‘.OOO

I Streatnbank pro t ec t i o n

- _ _ _ _ _ _ _ __ _ _

49 Pipe .74 ” 100’ Parallel 24” $19 ,000
Pi pe

51 Pipe 36” 100 ’ Parallel 48” $ 1 i ,00i
Pipe

~~~~~~
-— - 

~~~~~~
- - - - -- - f 4 --- - _ ___  -

~~~~~~~
—- 

~~~~~~
-.-—-—-—

~~~
-- 

52 Channel I 6’ 400’ 4’ Channel 2’ depth Sh. LI : l l I

I 
- St ream bank  p ro tec t ion

53 ~~Pipe ~ 30” t 2,600 ’~ Parallel 21” 59-1 ,000

54 ~~P i p e  t l .800’f 
-  

P a r a l l e l  21” 
-- - 

$ t’5. LlO i l

55 Pipe 48 600’ 
-— - —

~~~~~~~~~ Parallel 
- - 

54 /  01111
Pi pe

_______ - 

99 PIpe 18” Parallel 41” 5 1 9 ,11011
Pipe 4.800 ’

98 Pi pe 18” Parallel 48” - $40’T ,IlIII l

Pi pe 4 ,400 ’

____  _ _ _ _ _ _  ____  ____  ____  — -~~~--- - -

56 Channel 8’ 4,200’ 2:1 4’ Channel 3’ depth $9
S t reainban k ( ‘ * 1,1 ~~ 11 ~‘Il

- 1 - 1 3

- -~~~~~--- -~~~~~~~ -~~~~~—.~~~~~~~~
- - -
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RIFIC (I OI4BAN RUNOFF AND BASIN DHA INAGI StUDY

.5 l,.,- - ‘ I ’ ,,- SvI, I1,,~ -

I ~ I~~’ IN(j I Al  1 1 , 1 1 1 5  I’IIIII’lil,I U F A C F L I T I I S

~PIPE ‘ - A M I  l i i i  I* I A N N I  I

I OR l ” -1\’.I ’ SIt l F 7,L -I’ ( 5 1 1 1 1 1 1 0 1  I

H T\PI BOTTIIS’ A (‘ i l l  lINt,I ’’ II, ’ . V , - , !  ‘ l l ’.NI I T Y P E  
I (A ”I TA L COST

57 P ipe  30’ 
1 

100’ 
- 

Par 3ll e l 18’ - $29 ,000
Pi pe Inc1u3 ,’-~ inlet and

- 
- 

,utlet

- - --~~~~--~~~~~~ -- - - - _ _ _  - -

58 “ II I! t I  8 ’  , 300’ 2:1 4 Chann el 3’ Je 1 )t ’~ 51 ,11011
,t rea l’ ,b,ilIk r , t c ~ T I

61 I Pi pe 14 I 100’ - Parallel 14’ inc ludes inlet and $8,000I Pi pe out l e t

- Channel 6’ 1.01)0’ 2:1 4’ Channel 2’ depth $10 ,000
I St r ea i ~,t ,ank pi, tec t i~~ri

~~3 ‘tone I D i v e r s i o n ~ 27” $132 ,000
- Pipe 2,800’

1.72 ‘,~ n,, Div ersion 30” I $135, 000
Pipe 1 ,530 ’

721 ‘t ’ie Diversion 30’ $24 3 ,300
Pi pe , 4,500 ’

- -- - - --~~~ - - - - - - - -

‘3 3  ‘*yt e - Dive rsion I 30” $189,000
Pi pe ‘ 3,500’ .4

41 Nc’se 
- 

Diversion 30” $189 ,000
P i p e  3 .500 ’

‘4 1  None Diversion ’ 36” 519 ,000
Pipe 4,500 ’ -

P i p e  36” 200’ P a r a l l e l  54” 52 6. 000
- Pipe Includes inlet

78 Channel 9’ 2,600 ’ I 2:1 6’ Diversion 54” 5276.000
Pipe  I- I

_ _ _  - - -— ~~~~~~~~-- - -— --—~~~~~~~~~ —---- — -t -
~~-‘9 ‘ Pipe - 54 1 100’ I Diversion 60’ Sll. 000

- Pi pe 
I 

~~~~~~~~~~~~~~~~~~~~~~~~~ - -  — —-- - -— — - — - - -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ——  - - -- — - -
~~

— - - - -
~~~~~~~~ IChannel 9 ’  700’ 2:1 4 D i v e r s i o n  60” $t- 7 .000 —

Pi pe I

82 I Channel I I Channel 6’ w i d t h  
- 

547 , 0111’
4’ depth
3.000’

83 Channel P 3.700’ I 2:1 4’ Channel 3’ depth 5119. / Oil
I . 0 1 _I ’

I I v t t e , I i i I t ’a rik ‘l~~! tL-( t Ion
_ _ _ _ _ _ _ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _ _  ---~~~~~~~~~ - - - - _ _ _

861 None I - D i v e ’ s i ii, 48” I 5 1 7 1  .1101’
I - Pi pe I ~7 ,  ‘011 ’ I

‘- 1 - 1 4

-  ---— - - - - - - -_— —  - — - 
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RIBCO URBAN RUNOFF AND BASIN DRAI NAGE STUDY

A lIe,n,I ,ve I 
- Sub Bat , Upper P u g e t  So und

EXISTING FACIL IT IES  PHIiPI ‘ I  II PA C I L I T  I F S

PIPE D IAMETER CHANNEL MAX
I L I M I N I  OR C H A N N E L  SlOE SLOPES DEPTH OF E S T I M A t E D
\ 1 IMBI  H TYPE BOTTOM WIDTH L FNGTI I  IHo,,, V~ ,I I C H A N N E L  TYPE CA PII AL COSI

86 Channel 4’ 2,800’ 2:1 4’ Channel 4’ depth $79,000
Streambank protection

89 PIpe 24” Holding 16 AF $23,000
Pond 4 acres

91 Channel 6’ 2,800’ 2:1 4’ Channel 3’ depth $57,000
2 : 1  s ide slopes —

Streambank protection

912 None Diversion 36” $165 ,000
PIpe  2.500’

911 None Diversion 27” $259,000
Pipe 5,500’

961 None Diversion 30” $270,000
Pipe 5,000’

97 Channel 4’ 2.400’ 2:1 4’ Diversion 27” $150 ,000
Pipe 3,200’

691 None Diversion 36” $330,000
Pipe 5,000’

69 Box 4’ 4’ HoldIng 14 AF $24 ,000
Culvert Pond and 3.5 acres

Box Inlet

71 Channel 6’ 5,800’ 2:1 4’ Channe l 3’ depth $61 ,000
3.000’
Streambank protection

- - - - r-- - — - -t - —-
~~~~~~~~~

-- - ____ ______— -_____ ____- — —- - -~~~~~~~~ - - ---~~~~~~~~~ -- -~~~~~~~ - - -

-s

Th,i F tI*u,,.I,-d Cap,t,I Cost for each element ,ocludes Contractor pr o Fit I ,,ta l F st ,o ,al pd C , ,p * T.,l Cos t $6 • 543.000I~’qaI and cc,nt,,,,~’nr,es In ,dd,f,o,, land porchase and Ro,,,,,I I ,, $6,500,000- ‘ SR ,.,e ‘ncluded where land is req.i,red All COSTS are based
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IFIBCO URBAN RUNOFF AND BASIN DRAINAGE STUDY

- - 
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- - 
, ,~~

, , , ,  Uppe r Pay et  Sound

EXISTING F A I I L I T I E S  PI** I l ’ I I ’ ,F ( I  FAd E T I E S

[PIPE D I A M E T E R  f IHA NNI L MAX
El I MINI OR CHANNEL 511 11 SLOPES III E l i  OF ES) IMA 1 1 1 1
N. MB F FT TYP E BOTTOM W I D T H  Li  N~ ,1 H Il l, ? V ert I CHANNEL TYPE CA P ITAL C O S T

3 k~pe 36” 2,000’ Parallel 60” $240 ,000
Pipe

_ _  _ _ _  _ _  _ _

2 Pipe 36” 1 ,330’ Parallel 24’ 555 ,000
Pipe

3 Pi pe ~~~~~~~~~~~~~~~~~~~~~~~ ~ •
1el 4~~ 

-— - - 

$26~~000

6 Pipe One 36” 2,300 ’ Parallel 42” $182 ,000
One 42”

7 Pi pe 54” 700’ Parallel 42” $56,000
Pipe

9 Pi pe 54 900’ Parallel 42” $71 ,000
Pipe

16 Culvert 24” 100’ Parallel 36” includes inlet $12 ,000
Pi pe and o u t l e t

17 Channel 6’ 400’ 2:1 4’ Channel 2’ depth  6,000
Streambank protection

18 Culvert 3’ 200’ 0 3’ Parallel 36” Inclu des inlet $19 ,000
Pi pe and outlet

19 Channel 6’ 600’ 2:1 4’ Channel 2’ depth 59.000

- 

Streatnbank protection

20 I Pipe 30” 100’ Parallel 48” $17 ,000
I I Pipe

22 P ipe  36” 900’ Parallel 36” $59,000
P i p e

04 Lake Exi stin area 1 cre Holdin g 15 AF $40,000
Pond 8 acres $

34 Channel 8’ 1 ,000’ 2:1 6’ Channel 2’ depth $15 ,000
Strea ni bank pr otect ion

36 Channel 8’ 1 ,400 ’ 2:1 6 ’ C h a n n e l  3’ dept h $29, 000
Streambank protection

331 None DIversion 27” $11 ,000
Pi pe 4,500’

332 None Diversion 27” $150,000
Pi pe 3 ,2 )~/

P-l -16
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RIBCO UR BAN RUNOFF AND BASI N DRAINAGE STUDY

AIte,,*aT,ve —- 
II 

S I ’  li t , - , U pper Puget *uurid

EXI STING F A C I L I T I E S  PRUPOSI U F Al 1 1 1 1 1 1  1

PIPE D IAMETER CHANNEL MAX ]
E l  EMENT OR CHANNEL SIDE SLOPES DEPTH OF I ‘,TIM,S i 1
NUMBER TYPE BOTTOM W I D T H  L E N G t H  IH,I,,I V~~* !  I CHANNEL TYPE j CAPITA l  COST

351 None Diversion 24” $12b ,0j ’
Pipe 3,000 ’

352 None Diversion 21” $‘tij , ijlj s
Pi pe 2,500 ’

37 Pipe 30” 700’ Diversio n I 24” 5 /L uLl’
Pipe  1 ,800’

451 None Diversion 27” $132 ,000
Pi pe 2,800’

48 Pipe 18” 100’ Parallel 21” includes inlet $7 ,000
Pi pe and o u t l e t

49 Pipe 24” 700’ Par allel 24” 529,000
Pi pe

50 Channel 6’ 500’ 2:1 4’ Channel 2’ depth $7 ,000
Streambank protection

51 Pipe 36” 100’ Parallel 48” $17,000

1 Pipe

52 C h a n n e l  6’ 400’ 4’ Channel 2’ depth $6,000
Streambank protection

53 Pi pe 30” 2,600’ Parall el 21” $94,000
Pipe

99 Pipe 18” Parallel 36” $317 ,301)
Pipe 4,800’

98 Pi pe 18” Parallel 42” $119 ,000
Pi pe 1, 500’

302 None Holding 10.6 AF $16,000
Pond and 2 acres
Out l e t

300 Pipe  18” Pa r a l l e l  24” $84,000
Pipe  2,000’

56 Channel 8’ 4,200’ 2:1 4’ Channel 2’ de pth $61 ,111)
Streanlbank protectio n

57 Pipe 30” 100 ’ Parallel 54” inclu des inlet
Pipe an d ou t l e t

58 Ch annel  8’ 300’ 2:1 4’ Channel 3’ depth
Strea mbank p ro t ec t io n

P-l -17 
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RIBCO URBAN RUNOFF A ND BASIN DRAINAGE STUDY

A Ilr , , , aT ,ve — ________ Sub P,, - , - 
Upper Puget Sound

I X~N I IN I, FACILITIES PIIIIP’ I’ ,i I) EAC h I TI I - -

P I P E  DIAMETER I 1 CHA N N ~~~~
1
~~~~A P

- Vt NT OR CIIAN NE L I Vo l  SLOPES - oF PTH Ii l- ’~ I IMA III
T H H I  TY PE BOT TOM A I I ) l I I~~~~~~~~ III V ! ‘ I I5 ~~) I L  

Para l lel ~8 i u ~~~des Tnle t 6OOO

67 Channel 6’ 1 ,000 ’ 2:1 - 4’ Channel 2’ depth I $10,000

I ‘ Streatnbank protection

691 None Diversion 21” $180,000
Pipe 5.000’

69 Culvert 4’ 0 4’ Holding 10 AF $18,000
Pond and 2 .5 acres
BoxI 

~~, Inlet ______________________ 4
71 Channel 6’ 5,800’ 2:1 4’ Channel 2’ depth $44,000

3,000’
Streambank protection

723 I None Diversion 21” $101 ,000
Pi pe 2 .800’

722 None Diversion 24” $105,000
Pipe 2,500’

721 - None I I Diversion 24” $189 ,000
I 

- - 
Pipe  4,500’

77 . 78 1 Refer ~o A lthrn~tive I Diversion 36” $238,000
‘9 , 80 I Pipe 3,600’

Lake 
I 

Outlet 24” 54,000

I Structure 20’

83 Channel 6 3,700’ ’ 2:1 4’ Channel 2 ’ depth l $ 2 2 .000
- 

I I 1 ,500’ I

— -  
I 

— 

I S tr ea mbank  p r o t e c t i o n  
________-

89 ~~~ Pipe 24” - Holding 27 AF $32,000
I ~I Pond 5.5 acres

9l~~~~~~~~annel 6’ ~~~2.800’ 2:1 4’ 
- 

Channel 2’ depth $41 ,000 
-
,

I j Streambank protection 
I

93 1 Pipe 24” Holding 
‘ “ l ’ $l ,OOO

Pond .25 acre

961 None 
- 

I Diversion 27” $235,000 
-

I Pipe  5,000’

97 Channel 4’ 2:1 4 Diversion 24” $134 ,000
Pipe 3.200’

I I , , -  I - ! ,‘‘ I,,~,-,I I .,i,,i,,I (1~ S ! l~,, ,- ,,, l i - i , - , ~ ,,-,, I ‘ ‘ ‘ I  I,,’l,’~ I -,,’ ! -ii 1 * ’  pro l * t  1 , 1 , 1  Fst ,mate, I  I 
~~~~~ Cost $3,999 ,000

1 , 1  , l l , l - ! - , , ,I land purchase ,.~‘,l li ,,o,,, I 1,, 54 0111 000
,‘ - v ’ - r , ’ ” . ’ , ’ - - ’ - . ,i,i’ - - , , I ,~J ,9 *1,,-,,’ ,,,,I 5 , ”  ‘ ““*1 All , * , s , s  ,, ‘p 1,ased

1913 prices
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REGIONAL SUB-BASIN P-2

MiDDLE PUGET SOUND

GENERAL DESCRIPTION
I ’ The Middle Puget Sound Sub-Basin area generally can be described

as a strip of land approximately one mile wide and 12 miles long , that
extends south from the King-Snohomish County line to Magnolia Bluff and
the U, S. Naval Reservation on Elliot Bay . The area encompasses such
landmarks as For t Law ton , Carkeek Park , and the Seattle Country Club .
The topography of this area can be classified as steep; slope s are
almost vertical along Magnolia Bluff. The highes t point in the sub-
basin is approximately BOO feet above sea level in the vicinity of
Shoreline Community College .

The beaches in this sub-basin are a valuabl e resource for the
urban community as a whole and contain several miles of clam beds and
a waterfowl gathering place . Much of the shoreline is used for recrea-
tional purposes , includin g boating facilities at the Shilshole Marina ,
open beach facilities at Carkeek Park and a pathway along the Burling-
ton Northern Railroad track that runs along the entire perimeter of the
beach north of Salmon Bay .

Land use in the sub—basi n varies from dense , single-family resi-
dential along the eastern divide of the sub-basin , to light residential
development in the Highlands . The Metro Sewage Treatment Plant is
situated at West Point south of Shilshol e Bay and an oil-s torage faci li-
ty occupies a portion of the beac h at the northern end of the basin.
Land within the basin will continue to be primarily residential in
nature with the greatest growth occuring in the relatively open areas
in the north end .

A summary of land use within the sub—basin is presented below .

PERCENT OF SUB-BASIN AREA IN SPECIFIED LAND USE

P.S,G.C . Land Use Projection
Land Existfnq
Use (1970-72) Comprehensive Corridor

Single Family 55 71 67

Multi ple Family 5 6 7

Coninercial/Services 5 5

Govt. and Educ . 10 3 5

Industr ial 4

Parks/Dedicated Open Space 5 4 5

P-2-l
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P S G C  Land Use Projection
Land Exist ing
Use (1970-72) Com prehensive Corridor

Agricul ture

A irports, Railyar ds ,
Freeways , Highways ~ 1 ~.l

Unused Land 15 5 5

Water ( 1 <1

Total 100 100 100

Total Imperviou s Area 40 45 45

There are a number of jurisdictions in the sub-basin. The great-
est area lies within the City of Seattle with smaller areas within unin-
corporated Ki ng and Snohomish Counties . The jurisdictional breakdown
in percent of the total basin is Snohomish County 5%, King County 40%,
and City of Seattle 55%. Also , the area is almost entirely within the
Metro boundaries. In fact , three of Metro ’s five sewage-treatment faci-
lities lie within the boundaries: the West Point Treatment Plant , Rich-
mond Beach Treatment Plant , and the Pipers Creek System which discharges
to Pi pers Creek about 2,500 feet upstream from the beach. The other
plants discharge through deep-water outfalls to Puget Sound ,

NATURE OF EXISTING DRAINAGE SYSTEM

Because most of this sub-basin is highly developed , there is
little draina ge through natural channel s. Pipers Creek , which runs
through the center of Carkeek Park , and Boeing Creek in the north end of
the sub-basin , are the only natura l creeks of significant value , and
their drainage boundaries primarily inc l ude residential areas . The
physical characteristics of these two creeks are as follows:

Stream Category Drainage Area Discharge

Pi pers Creek III 2.1 sq. mi , Puget Sound

Boein g Creek III 2.9 sq. mi. Puget Sound

In the Pipers Creek bas in , the City of Seattle has just com-
pleted a series of check dams through Carkeek Park and Pipers Creek.
Carkeek Park is a rela tively heavily used park and is a pleasant part
of an otherwise urban environment,

There are a number of other open channels that discharge to
Puget Sound , but they are fairly small drainage areas. The remainder
of the area is served by storm sewers that outfall on the Deach or Into

P-2-2 
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one of the open channels. For Pipers Creek the City of Seattle has
just completed a storm-sewer improvement project that has succeeded in
collecting runoff from the residential areas in the upper end for dis-
charge to the Pipers Creek ravine about three miles upstream from the
beach.

DRAINAGE PROBLEMS

Sub-basin drainage problems are scattered . Slides have caused
some concern along Magnolia Bluff . In the streets of the commercial

- 
- districts that are low in the sub-basin , and in the uppe r residential

areas, some flood i ng and ponding has been recorded .

Of greater importance in this sub-basin , however , is the impact
of heavy runoff, created by development in the uplands , upon the two
remaining natural creeks. In Pi pers Creek , this impact has been
especially noticeable. Erosion of the creek beds , because of increased
and uncontrolled discharge to the ravine , has caused erosion and sed i-
mentation and the formation of a cons iderable delta along the beach.
in an attempt to halt this erosive action , the City of Seattle has con-
structed a series of chec k dams in the channel to slow velocities. A
check-dam system was used ins tead of a drain line to the Sound primari-
ly to maintain the natural beauty of the rav ine . The full effect of
these check dams for controlling erosion has not been full y evaluated ,
but with the completion of the storm-sewer improvements that discharge
to the creek at i ts source , the concept of a dam system will be put to a
ri gorous evaluation .

One problem that occurs in the sub— basin , which results in more
of a nuisance than in any physical damage , is that of floodin g upstream
of the culverts on Pipers Creek. The cause of the problem appears to be
debris clogging the four large culverts under the railroad track and
the trash rack ininediately before it. Because this is a maintenance
problem rather than a structural problem , and the inundated land is
limited to low wetlands within the park boundaries, no correction
action is needed .

~-oeing Creek has problems comparabl e to those of Pi pers Creek ,
largely because of development along Aurora Avenue . Flooding problems
are due to the fact that upstream development has caused greater run-
off than the creek channel can accommodate .

The resul ts of hydrologic analysis indicate no significant dif-
ference between the Comprehensive and Corri dor Plans . Therefore , the
drainage alternatives presented herein are applicable to both plans.

BASIC ISSUES AND STATUS OF DRAINAGE PLANNING

Ex isting plann i ng in the area includes: 1) a Comprehensive Plan
for King County , prepared in 1 964, tha t descr ib es pol i cy and projec ted

P-.2-3
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land use for areas within the county , but doLs riot present solutions
to any specif ic problems , 2) a Comprehens ive Drainage Plan for the
North Ci ty Area , prepared by the County in 1 967 that describes pro-
posed pipe systems for various districts but covers only a small por-
tion of the northern end of this sub-basin; and 3) an Urban Trails
Plan , develope d by the King County Planning Department in 1971 , that
illustrates the routes of proposed trail systems throughout the county .
The plan calls for a trail system along the beach that follows the
Burling ton Northern right-of-way and interconnects with a trail from
the Shoreline area . South of Salmon Bay , a beach trail , around Fort
Lawton from the Aurora Bridge to Pier 91 , is proposed .

A plan was prepared by the City of Seattle for Pipers Creek
which eventually led to construct ion of a storm-sewer system that dis-
charges into the ravine , and a system of check dams in the creek. King
County is now developing a plan for solv ing erosion problems in Boeing
Creek that incorporates dredging out silt-l adden Hidden Lake and
restoring a port ion of the creek ups tream through the use of irop
structures and channel repair. No formal study has been undertaken to
date for the entire drainage sub—basin.

Staff members from King County Public Works Department , Hydrau-
lics Division , reviewed the initial alternative plans. Officia ls from
the City of Seattle and Snohomish County were not involved because there
either were no problems in their portion of the sub-basin or the major
problems had already been solved .

ALTERNATIVE PLANS FOR PROPOSED DRAINAGE CONTROL

The existing drainage system of the Middle Puget Sound Sub-Basin ,
as described by local agencies , was evalua ted by computer simulation
that applied the region ’ s 10-year storm to year 2000 land use . Drainage
problems thus identified were analyzed and possible solutions provided
in development of alternative plans for drainage control as described
below .

Two major alternative plans were developed for solution of the
M iddle Puget Sound drainage problems . The first provides enlarged cul-
vert s, a diversion along the major portion of Boeing Creek and some
streambank protection , and the second mostly provides stream-bank pro-
tect ion , enlargment of some culverts and use of two small holding ponds
in the upper portion of the Boeing Creek watershed . A description of
these two alternatives fol l ows .

ALTERNATI VE PLAN I

General Concept

Al terna tive I approaches urN n drainage in the conventional
manner. Where present systems are inadequate to handle future flows ,

P-2-4
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parallel pipes have been provided . Protection of Boeing Creek is
accomplished through storm sewers, but for Pipers Creek , where the City
of Seattle already has impl emented a check dam system , no further work
is projected for the fu ture .

Major Features

The largest s ingle project in this sub-basin entails the con-
struction of a diversion storm trun k line paralleling Boeing Creek.
The line woul d protect the creek from the presently severe erosion that
is occurring during heavy rainfall . The diversion line would allow
nom inal flow in the creek to maintain the natura l stream env i ronment
but peaks for all but unusual storms would be held to a minimum .

Other elements of this alternative include construction of
parallel storm sewers and increased capabilit y for a number of culverts .

Cos t

The estimated cost for the work included in this alternative is
$2 ,460,000. This cost figure assumes the comprehensive land-use pat-
terns for the year 2000. Under the corridor concept , there would be
sl ightly more impervious land with the need for slightly larger drain-
age fac i li t ies and , consequently, a greater capital cost. The facili-
ties for the corri dor plan are estimated to cost $2,400,000 but because
the recommended trunk lines for both plans differ so slig htly the cor-
ridor plan is not recorded in this description.

ALTERNATIVE PLAN 11

General Concept

Except for the Boeing Creek dra i nage area , Al ternative Plans I
and II are identical; they both would provide parallel pipes for systems
with presently inadequate facilities . For the Boeing Creek Al ternative
Plan II , holding ponds with subsequent controlled release , and protection
of the stream with rip-rap and drop structures to reduce flow ve loci —
ties and minimizing erosion , were included.

Major Fea tures

As with Al ternative Plan I , the major features in this pl an
would be found in the Boeing Creek drainage area . These fea ture s woul d
includ e three holding ponds , one in the commercial area east of Aurora
Avenue , one in the north end in Kings Garden , and the last at 1-lidden
Lake . Check dams , cascades and rip-rap would be bui lt on Boeing Creek
to protect its banks and all control structure s would be designed to
hold discharge rates to the creek to nominal amounts except during
extreme ra infall conditions.

• P- 2—5 
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Other el ements of this alternative include construction of
parallel storm sewers and increasing the capability of a number of cul-
verts .

Cost

The estimated cost for the improvements in this al ternative plan
is $1,300,000 or about 50% less than Al ternative Plan I. As before,
this is for the comprehensive land use concept; for the corridor plan
the capital cost would be about 2% greater.

PEAK FLOW COMPARISONS

The following table indicates 10-year peak fl ows with existing
facilities and with alternative drainage management solutions for the
year 2000.

COMPARISON OF 10-YEAR PEAK FLOWS
(Cubic Feet Per Second)

Existing Alternative Al ternative
Location Facilities Plan I Plan II

Boeing Creek 300 50 250

Boeing Creek Diversion 0 600

Pipers Creek 450 450 450

N.W. Neptune Place 85 100 100

ENV iRONMENTAL ASSESSMENT OF ALTERNATIVE PLANS

Field inspections were made to judge the applicability of the
suggested alternatives in this sub-basin. This process was fol lowed
throughou t the RIBCO Study for development of alternative plans for
the various regional sub-basins. The inspections were based upon the
alternative evaluation procedure which identified 34 unique criteria
grouped in genera l categories as follows : 1) EffectIveness , 2) Human
Va lues, 3) Environmental Factors, 4) Implementation , and 5) Resource
Requirements .

The various structural solutions were checked against the appro-
priate criteria . The various non-structural solutions were reviewed
for their relationship to existing and probable future developments .
Criteria rating for Al ternative Plan I, which employs enlargement of
many conduits , some streambank protection and a divers ion along much
of Boeing Creek , was a minus 21 out of a possible range of a positive
total of 108 and a negative total of 108. The total evaluation rating
for Alternative Plan II, which employs streambank protection , enlarge-
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lent of cu lv er ’ts , ~n-l some holding pond s i n the upper areas of Boein g
Creek , was a plus 8. Both LI ltern ative plans were jud ged to be effec—
t ive for Ler t ro l ling drainage Both plans inv o1~ ed sacrifices of human
value and human uses of the 1 und once they -~v~re bu i l t .  Envi ronmental —

ly, A l te riieti ve Plan II offered more resource-preservation potential
than A1 tern~ tive Plan I, which r-o~uired a diversion line along a large
portion of lomt~r Boeing Creek and a large amoun t of serious excavation
work . N~-ither alte rnative is part of present planning for any of the
involved a-ic c ies, and therefore extensive cooperation on their parts
is required . c-wt -ver , a ‘jr -eat majority of the construction w i l l  need
to be done wi th in King Co unt 5 - - Both of the al ternative plans involve
comm itrient~ of the use and ~i ’ e ~ e~rent of natural resources because they
rely upon certain stru c~ er~ l treatl Ients for all or part of their solu-
tions. Therefore , neither alternati ve can be said to be clearly super-
ior to the other I” t hj s  concern .

A1 te rnat i~ c Plan II makes use of ho lding ponds and requ ires
dredging of the si lt-ladderi Hidden La le  for use as a holding pond .
This alter n ative is quite u: ie r iab le to supplemental land uses , such as
park and recreati :n use. The holding ponds also have a small effect
in raisiny the groundwa ter level

Neither Al ternat ive Plan I or II re l i es  upon either flood-p lain
zoning or runo - f  control for future land development. Streambank
erosion is a serious problem at several points along Boeing Creek and
action should be taken in the near future to allevi ate this problem.

CONCLUSIONS

Al t o r r ic i t i ve  Plan I is a direct a pp r -oa~J to th- - solut ion of prob-
lems in the Middle Puget Sound Sub-B asin , but it is nit the mos t econo-
mical means available. The diver sion line around Boein q Creek w~l1 be
both costh ~nd difficult tu Lanstruct , especially in one area w !er-e

trench excavation could e~ceed 25 feet. Although certain of providing
rel ief to e ros ion problems , the co st  of this plan makes i t s  implemen-
tation SOMI W Il I t tenuous . One i -o -ich for the diver s ion 1 inc around
Boeing Creek would be to implement A ltern at i ve Plan II arid construct
facil it ies in phases beginni ng ;v if h the channel protection , and
followed by an evaluation of the effectiveness of that v~o’~ ~e ior to
the col lm~ t tm r~ -: any further f unds. Al ternat  :ve Plan II is cons ider -
ably less c os t ly  than Al ternative P an I and presents the advantage ,
at least  for the- proble’I s in Boeing K reek , rsf bei nj amenable to phased
const ruct ion.  PLa- ,e I could in clude channe l improvements to be followed
by the devel cn :er lt of storage facilities and trun k li t es. The to tal
storage pr ovid l-d could be balanced against the e f fec t i veness  of the
channel pro t*’etion once a de termination was made of th e - flow that
Boein g Cre1 -~ could handle in its improved condition . The other improve-
ments in the sub -basi n could be constructed in an independent schedule.
It should h I - recognized here t h a t  the largest portion of the ~~t — r ~r ’ j e

costs are for land purch ase . and the land could be leased or used fur

H / -i  
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a mult iple purpose such as recreation or open space . Capital costs
- 

- could be reduced or shared among several agencies that would benefit
from the use of the land when it is not inundated .

From the standpoint of cost-effectiveness , Alternative Plan II
is superior to Al ternative Plan I for the latter also presents a less
conventional and hence more risky approach.

Both Seattle and King County should have responsibilit y for
control of drainage within their respective jurisdictions. Each of the
drainage systems within the Middle Puget Sound Sub-Basin is independent
and , therefore, better coordination would be necessary to implement a
drainage program .
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RIBCO URBAN RUNOFF AND BASIN DRAINAGE STUDY

-_______________ Sub B a s , ,~ 
Middle Puget Sound

EXIST ING FACILITIES PH(IIUSI Ii FA c I L I r IEs

PIPE DIAMETER CHANNEL MAX
ELEMENT OR CHANNEL SIDE SLOPES DEPTH OF I T IMA I I
NUMBER TYPE BOTTOM WIDTH LENGTH (Ho , , .’ Ver t CHANN EL IYP E 

~~~
j ±AIITAL COST

4 Pi pe 21 1,550’ Parallel 21 ’ $~~6 ,UUU
P ipe

3 Pipe 24 350’ Paral lel  18 $11 ,000
Pipe

8 Pipe 24 200 ’ Parallel 21 $ 1 1 ,000
Pipe Includes inlet

and ou tl e t

5 Pipe 24 350 ’ Parallel 24 519,000
Pipe Includes inle t

and outlet

24 Pipe 24’ 3,500’ Parallel 48 5326,000
Pipe

23 Pi pe 24 1 ,100’ Parallel 48 $102,000
Pipe  -

20 Pipe 48 1 ,400 Parallel 48 5130,000
P i p e  -

19 Pipe 48 1 ,300’ Parallel 60 I ~i~~,ooüPipe

72 None 500’ DIversion 6O~ $60,000

73 None 2,000 Diversion 96 $414,000
Pipe  2 ,000

74 None 1 ,000’ Diversion 60 $120 ,000
Pipe 1 ,000

75 None 1 ,200 DIversion 72
PIpe 1,200

76 None 
— 

300 ’ 
- 

Diversion 60 $36 ,000
PIpe 300

77 None 200’ Diversion 48 $26,000
Pi e Includes Inlet and

outlet
200

78 None 2,000’ Diversion 60 5240.018)
PIpe 2,000

79 None 1 ,200 Diversion 5 Q I  $144,000
P i p e  1 ,200

80 None 
- 

1 ,200’ DiversIon tb
- Pipe ‘00’

P -2 - 1  1
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RIBC O URBAN RUNOFF AND BASIN DRAINAGE STUDY

A l te mat ,ve ________________ Sub Bas,n M i d d le Puge t  So und - 
-

EX IST IN G F A C I L I T I E S  PROPOSED F A C I L I T I E S

PIP E DIAMETER CHANNEL MAX
ELEMENT OR CHANNEL SIDE SLOPES DEPTH CF EST IMATED
NUMBER TVP BOTT OM WIDTH LENGTH (Ho ,,. ’ Ve ,t  I CHAN NEL TYPE CAPITAL  COST

33 P i p e  30” 1 ,400 Parallel 30 $76,000
Pipe

34 PIpe 27” 700’ ‘aral lel 27” $33 ,000
II pe

36 PIpe 24” 200’ arallel 18” $9 ,000
Pipe Includes inlet

and outlet 
_____________

6 Channel 15’ 2,500’ 2 : 1 10 Channel Streambank protection $20 ,000

9 Chan nel 6’ 3,800’ 2:1 10’ Channel Streambank protection $36 ,000

52 Channel 51’ 2,500 ’ 2: 1 5 ’  Channel Streambank protection $11 ,000

____  ____ ____— ____ _____ L~~ -____  _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _

The EsI mated Cap,tal Cosi for each eleme nt nc ) udes Contra c to r ;~ n f -1 Tota l Est niat ed Cap~ta I Cost $2,377,000
,mq,nee,,n~ legal and Co ntlngeTcles In add t ,o n . land pu,c has e and Round To $2 400 000
sn-~, - ance costs are ncluded where land -s regu rod All costs are based
upon June 1973 PrIces
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RIBCO URBAN RUNOFF AND BASIN DRAINAGE STU DY

A Iter , ,a t ’ ue _ _ ‘ Sub B ,S ,, Middle Puget 50,lrld

EXI STING F A C I L I T I E S  PROPOSL D FA C I L I T I E S

PIPE D I A M E T E R  CHANNEL MAX
ELEMEN T OR CHANNEL SIDE SLOP ES DEPTH OF E S T I ’ , IA I I D
NUMBER TY PE BOITOM WIDTH LENUTH Ho,1, V~ .i CHANNEL TYPE C A P I t A L  ( l I N E

4 P i p e  21” 1 ,550’ Paral le l 2 1  $5L ,IJuO
Pipe

_ _ _ _  _ _ _ _  _ __ __ _  

- I

3 Pipe 24 350 ’ Parallel 18 5 1 1 ,0011

I 
Pipe

8 I Pipe 24” 200’ Parallel ~ 2l” 
- - - 

$11 ,000
Pipe inc ludes inlet

I and ou t le t

5 Pi pe 24” 350’ Parallel 24 519 ,000
Pipe  I n c l u d e s  i n l e t

I and outlet
—1-—--—

20 Pipe 48” 1 ,400’ Paral lel  24” $59,000
Pipe 

-

23 Pipe 24’ 1 .100 ’ Parallel 30’ $59,000
Pipe

19 Pipe 48’ 1 ,300 ’ Parallel 36’ $86,000
Pipe

33 Pipe 30” 1 ,400’ Parallel 30” $76,000
Pipe

34 Pi pe 27’ 700’ Parallel 27” $33 ,000
Pipe

36 Pipe 24” 200’ Parallel 18” $9,000
Pipe Includes inlet

and o u t l e t

18 Channel 6’ 2,000’ 2:1 10’ Channel Drop s t ruc tu re  c h a n n e l  $64,000
r estor a t~ on and bank
pro tec t ion

10 Channel 4’ 700’ 2:1 7’ Channel Drop structure channel 514 .000
restoration and bank
protection

14 Channel 6’ 1 ,300’ 2:1 5’ Channel Drop structure channel 529,000 a
rest oration and bank
protec t ion 

-‘

12 Channel 10’ 1 ,100’ 2 : 1  5 ’ Channel Drop structures and $~C ,ll0ll
bank p ro tec t ion

11 Channel 20’ 2,500’ 2:1 20’ Channel Drop structures and 502 , 11) 1
bank protect ion

85 None Holding 7AF $150 ,000
Pond

86 None Holding SA l - $20 ~ , l N )
Pond

____ _____  _______  ____ _______  _____  _____  I. _____________________
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RIBCO URBAN RUNOFF AND BASIN DRAINA GE STUDY

II Middle Puget SoundAlte,, ~a t, u e  ___________________- Sub Basa, __________________

EXI STING F A C I L I T I E S  PROPOSED F A C I L I T I E S

PIPE DIAMET ER CHANNEL MAX
ELEMENT OR CHANNEL SIDE SLOPES DEPTH OF E S T I M A T E D
NUMBER TYPE BOTTOM WIDTH LENGTH Hor a Verl I CHANNEL TYPE CAPITAL COST

13 Hidden Holding I6AF $239 ,000
Lake Pond

6 Channel 15’ 2,500’ 2:1 10’ Channel Streambank protection $20,000

9 Channel 6’ 3,800’ 2:1 10’ Channel Streambank protection $36,000

52 Channel 5’ 2,500’ 2:1 5’ Channel Streambank protection $11,000

The Est ,m ated Cap ital Cost for each ele-, ~ent ocl udes Contractor p r o f ,t . Total Estimated Cap ,ta l Cost $1 .261 .000
engI neer Ing . l ega l and cont Ing enc Ies In add ,t ,o n , land purchase and 

Round To $1 ,300,000
- - seserance CostS are Included where land s requ ,red All costs are based

upon June 1973 pr ,ces

P.2.14
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REGIONAL SUB-BASIN P-3

LOWER PUGET SOUND

GENERAL DESCRIPTION

The Lower Puget Sound Sub-Basin is located adjacent to Puget
Sound , and it extends 19 miles south from Elliot Bay (Seattle) to
Poverty Bay. The sub-basin width varies between one mile and three
m i les , the watershed boundary is delineated along the plateau crest-
line that exists between the major geographical features of Puget Sound
and the Duwamish River.

Most streams within the sub-basin flow westerly into Puget Sound
or fl ow into natural land sinks to form lakes and bog-marsh areas .

The geography of the sub-basin is variable. The sub-basin
itself is basically a plateau area, with eroded valleys along the sea-
ward side that were created by overland flow . The sub—basin also has
numerous land sinks or depressions , an ancient glacial feature that is
predominate throughout the Puget Sound area . The sub-basin itsel f has
boundaries delineated primarily by natural features , such as hill crest
lines and saddles. Where the sub—basin boundary passes through urban-
i zed areas, man—made features (street gutters , etc.) align the water-
shed boundary .

There are numerou s streams that flow into Puget Sound and/or the
natural sinks within the sub-basin. Of these , two major streams drain
the m id-uppe r portion (Miller Creek) and the mid-portion (Des Mo i nes
Creek) of the drainage basin.

Stream Category Drainage Area Discharge

Miller III 8.9 sq. mi. Puget Sound

Des Moines III 5.8 sq. mi . Puget Sound

M iller Creek may be considered a floodway zone throughout most
of its reach , wi th a pastoral zone in the upland bog and marsh areas.
This creek drains from Arbor Lake sou therly to Tub Lake , then south-
westerly to its outflow into Puget Sound . The drainage area is approxi-
mately nine square miles and the stream extends throug hout its entire
length. Principal features of the Miller Creek sub-area are the Burien
Coninercial area . Sea-Tac Airport , and the highway system SR509 and SR518.
There is no gaging station for this stream , and its change in elevation is
about 400 feet as measured from the Arbor Lake area to Puget Sound . The
Miller Creek drainage basin has been designated as a RIBCO demonstration
area , and is presented separately in this Appendix.

P- 3-l
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The second major stream in this sub-basin , Des Mo ines Creek,
also can be considered a floodway zone stream . It drains from the
Seattle-Tacoma Airport south and southwesterly to its outfl ow into
Puget Sound .

Land-use development is tabulated bel ow for existing conditions
(1970-1972), and for the projected year 2000 Comprehensive and Corridor
Land Use Plans. Single-family residential development is the predomi-
nant land use for all three categories. The projected trend will be
for a 10-percent reduction in single-family units , and an Increase in
multiple -family 4%, retail 1%, industrial 2%, open l and 3% and govern-
ment and education 2%. All existing vacant land (2%) will be altered
by development before the year 2000.

PERCENT OF SUB-BASIN AREA IN SPECIFIED LAND USE

P.S.G.C. Land Use Projection
Land Existin9
Use (1970-72) Comprehensive Corridor

Single Family 80 70 70

Multi ple Family 1 5 5

Commercial/Services 5 6 6

Govt. and Educ . 2 .4 4

Industrial 2 2

Parks/Dedicated Open Space 5 8 8

Agr icul ture

Ai rports, Ral ‘I yards,
Freeways, Highways 5 5 5

Unuse d Land 2

Water

Total 100 100 100

Tota l Impervlou s Area 35 40 40

Jurisdictions In the sub—basin are numerous, consisting of King
County 40%, Port of Seattle 5%, City of Seattle 50%, City of Normandy
Park 5%. Only the northern and central eastern portion of the drainage
sub-basin is serviced by Metro . The districts of White Center , Des
Moines , Redondo , Federal Way, and Burien are within the sub-basin.
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Small special-interest groups and concerned individuals in the sub—
basin have expressed interest in helping to plan future action to curb
detrimen tal effects upon the natural streams such as water pollution
and land erosion . One such citizen agency is the King County Environ-
mental Development Commission . Another that is working with King County
on drainage problems is the Miller Creek Drainage Basin Committee .

NATURE OF EXISTING DRA INAGE SYSTEM

The nature of the drainage systems are fairly similar throughout
the entire sub-basin. This is due to the predominate land-use of
sing le-family residences. There are several large lakes and numerous
“pot holes ” or sinks that act as storage ponds during wet weather.
There are wetlands within the sub—basin, consisting of marshes and bogs
in level lowlands and around lake perimeters that act to moderate runoff
rates. As mentioned earlier , there are nun~e~’ous streams that flow intoeither Puget Sound or land depressions.

Man—made facilities in the drainage system consist primarily of
street culverts and storm sewers. There is a fish l adder in Des Moines
Creek , and some lakes have outflow controls. Presently, the Port of
Seattle , is constructing a large holding pond northwest of the Seattle-
Tacoma Airport . For the most part, man-made drainage systems are in-
complete and depend upon the natural system for final transport of
storm-water. These partial systems often create erosion and water-qual-
ity problems .

It is qu i te obvious that within this predominately residential
area, streams are important recreational and aesthetic assets. Some of
the streams are used , in part, as dumps by thoughtless individuals in
both residential and commercial areas. This careless action destroys a
potentially valuable and attractive amenity in both the social and
natural environment.

DRAINAGE PROBLEMS

Problems in the drainage sub—basin are numerous . In brief , the
basic problems stem from the fact that urban development has been al-
l owed to occur without regard for its impact upon the hydrologic process
of the natural drainage system . Major problems are ponding, flooding
near the streamway, sliding of unstable soils durin g wet weather , sil-
tation of the natural drainage network , increase of surface-water runoff
due to increased land development and percent of impervious surfaces
(reduction of groundwater infiltration), and stream pollution due to
dumping of commercial and residential sewer wastes. These problems have

-
- been identified by concerned individuals and by several research papers

dealing wi th Miller Creek. (Miller Creek Watershed , by the Department
of Landscape Architecture , University of Washington , September, 1973).
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The Lower Puget Sound Sub-Basin has two major creeks , Miller
Creek and Des Moines Creek , and several smaller streams . Mil ler Creek ,
located within the Lower Puget Sound Sub—Basin has been studied as one
of the five RIBCO demonstration areas; therefore , Miller Creek has been
excluded from this sub-basin.

The following discussion mostly pertains to Des Moines Creek ,
the second of the two major creeks in Lower Puget Sound , with additional
comments about many other streamways. This description organization ,
which highlights Des Moines Creek , does not mean that the other streams
and watersheds are of less importance .

The Lower Puget Sound Sub-Basin now is highly urbanized , with
only a 2 percent unused land area . Both the 2000 Comprehensive and
Corridor Plans indicate that the entire area will be urbanized by the
year 2000. The existin g drainage problems in this sub-basin will become
more severe because of increases in impervious areas and faster runoff .
The total impervious area in the sub-basin under either land use projec-
tion will increase from the existing 35% level to a level of approx i-
mately 40%, as shown in the table of projected land uses.

The results of hydrologic analyses in this sub-basin indicate no
significant difference between the Comprehensive and Corridor Plans.
Therefore the drainage alternatives presented here in are applicable to
both plans.

BASIC ISSUES AND STATUS OF DRAINAGE PLANNING

The four agencies that have urban dra i nage planning authori ty
in the Lower Puget Sound Sub-Basin are King County , the Port of Seattle ,
City of Seattl e , and Normandy Park . Presently , the Port of Seattl e is
conducting a study of Miller and Des Moines Creeks . The interim report ,
entitl ed “Sea-Tac Communities Plan Interim Report 52, Water Quality
Analysis ,” investigated water quai~ ty, b iological conditions , and hydro-
logic capacities of the two streams . No planning recomendations were
presented . The final report will be issued in June .

Presently, King County has a comprehensive drainage plan for
Miller Creek that has been stopped by a citizen suit due to concern over 4environmental damage .

During November, 1973, a RIBCO community meeting was held in Bur-
ien to discuss various alternative methods to alleviate fl ooding in
Miller Creek and adjacent streams . Five genera l alternatives were pre-
sented and they include the following : 1) Continuation of present
trends , 2) storm water diversion facilities , 3) fl ood—plain management ,
4) channel i zation , and 5) watershed management. Of the five alterna-
tives presented , watershed management was preferred , followed by storm-
water diversion facilities.
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Staff members from the King County Public Works Department , Hy-
draul ics Division , and citizens from the RIBCO Stream Advisory Committee
have jointly reviewed the initial alternative plan s for drainage devel-
oped by this RIBCO Study for the Lower Puget Sound Sub-Basin.

ALT ERNATIVE PLAN S FOR PROPOSED DRAIN AGE CON TROL

The existing drainage system of the Lower Puget Sound Sub-Basin
as described by local agencies , was evaluated by compu ter simulation
that applied the region ’s 10—year storm to the year 2000 l and use .
Drainage problems thus identified were analyzed and possible solutions
were provided in development of alternative plans for drainage control
as described below.

Two major alternative plans were studied for solving the Lower
Puget Sound drainage probl ems . The first consists primarily of
two elements , holding ponds and a diversion pipel ine , and the second is
identical to concept one except for one major addition which is land
use control in the Des Moines watershed . Their descripti on follows .

ALTE RNATIV E PLAN I

General Concept

This concept is one that deals primarily with holding ponds ,
diversion pipelines and a certain amount of streambank protection . No
future land use controls to restrict runoff would be required in this S

al ternative .

Major Features

From computer model simulation of Des Moines Creek , flooding
begins just below Bow Lake and progresses downstream . To alleviate
flooding the first of two major holding ponds was created at Bow Lake .
One other holding pond al so used in this concept was located near the
end of the runways at Sea—Tac Airport . Location of the holding ponds
was selected so that they occurred in natura l wetland depressions , were
distant from major residential areas and were located near roads to - 

—

facilitate ease of construction , operation and maintena nce .

For the excess flows that the holding ponds cannot contain , a
diversion pipel ine concept was used with the downstream channels. In
this manner , flow exceeding the natural flow of the channel is diverted
into a parallel pipeline which conveys the flow until the creek has a
large enough capacity to handle its present flow plus that of the divert-
ed flow . At this point , the diversion pip eline directs the flow back
into the creek. This concept has the advantage of preserving the
natural stream as it does not requ i re enlarging or rip—rapping it.

P-3-s
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The diversion from the west into Bow Lake is for storage pur-
poses. The 48-inch pipe at the south end of the second holding pond
near the end of Sea-Tac runway should be throttled down so that only a
l imited amount (50 cfs) of its present flow rate capacity (100 cfs) is
used .

In regard to the rest of Lower Puget Sound Sub-Basin , only d iver-
sion pipelines were used wi thout any holding ponds to alleviate flood-
ing . Streambank protection is also required for many areas of the
Lower Puget Sound Sub-Basin and flood—plain zoning is required around
and downstream from Arrow Lake .

c2~
The total estimated capital cost for this alternative plan is

$8,700 ,000.

ALTERNATIVE PLAN II

General Concept

This concept is identical to Al ternative Pl an I except for one
major addition which is land use control in the Des Moi nes Creek water-
shed, and a holding pond used with the Salmon Creek dra i nage system.

Major Features

The mos t significant feature of this alternative is that of l and
use control . Essentially, development is control led so that runoff is
limited to approximately the same runoff that would occur under present
conditions .

Presently, King County has storm drainage policy for land deve-
lopment that states , “ ... dra i nage plans shall provide storm water retention
facilities so that peak discharge from the site will not be increased by
more than 25% due to the proposed development. ”

Even with this policy, holding ponds and a diversion pipeline
will be required in this sub—basin.

The holding ponds at Lake Garrett, at Bow Lake and near the end
of the Sea-Tac runway will be resized to generate adequate capacity so
that the diversion pipeline in some reaches of the drainage sub-basin
will not have to be as large as that designed in Alternative Plan I.
Streambank protection and flood -plain zoning are identical to that des-
cribed in Al ternative Plan I.

Cost

The estimated cost for this alternative is $8,600,000.
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The f o l l — - -n! q ~Thle indicates 10—year ~~~ f l ows .~n~~-r ~x i~ c in~-fa c i i i t~es ~~id -also u -d ~r alternative draina ge manageme~it so~ut ons fc-r
the yc~c 2()O~

). U ese peak fl ows are given for the Des Moines C~- K  ~~~~-

for th ? :~-en~ o~~ r of ~t~e Lower Puget Sound Sub— }3~sin .

- -
~ P A RIS 0 N OF 10—YEAR PEAK FLOWS

(Dubic Feet Per Second)

Existing Al tern~ti v~ Al ternat~v~-
Location Facilities Plan I Plan II

Des Moines C-e~

Urstre~ In -~~ ~~- :  200 ‘it. 120 70 70

Bce: L~-~ ~ribu~ary 150 170 l~+u

~ r i - ~~~ o~ ~01~ ~t. 33 290 230

208 St. 70 360

216 St. 340 630

Mouth 100 630 530

Pc r;-~ j n~1e~ 

-

C~il i n-~n creek Mou~b 300 490

Sal t ~
- -!- ~ ter Sta ~ ~~ -k 250 510 51u

~J - ’--~ rn~~t ~~ach 280 800

Creek S. W. of -‘ - - - ord~ 124 290

E N V I R O i
~ - ‘IT AL 1

- i ~~ NENT OF ALTERNATIVE PLANS

Field io~oections were made of the suggesto .1 alternative - ~ans
~or H i s  sub--ba-* . This process was followe d throu~~o~t the ki~ ’L~.
Stuly io dev el ooiri i alternative plans for the var-~o~i :- regional sub-
ha~~ ~~ . Th ~~ 

i spe~tion s were based on the alterna tiv~. o-ialu atL-~ pro-
‘-~~~~- i ~~~ wh i ch ~i~-~n~ ified 34 unique criteria grouped i n general ~otegories
ic f.~ Iow c: 1~ E’fectivene ss , 2) Human Values , 3) Envi ronm~r t -~1 Fa~.-
fo r ; .  ~) ~~~~~~~~~~~~~~~ -and 5) Resource Requ i rcinont-~.

P-3— 7 

~~~~~-- - - - - ~~~~~~~~~~~ ~~



_ _  
-

The various structura l elements in the alternative plans were
checked against the appropriate criteria. The various non-structural
elements were reviewed for their relati onship to existing and probable
future developments. The criter ia rating for Al ternative Plan I , which
uses holding ponds , diversions , streambank protection and some flood-
plain zoning , was a negative 2 out of a possible range from a positive
total of 108 and a negative total of 108. The total evaluation rating
for Al ternative Plan II, which employs the same concepts as Al ternative
Plan I pl us land use control on Des Moines Creek~ was ~ posit ive 4 .

Both alternative plans were judged to be effective in controlling
drainage . Both plans involved certain trade-offs of human value and
human uses of plans once they are built . Environmentally, Al terna tive
Plan II offered some more resource preservation potential than Al ter-
native Plan I which did not involve land use control for the Des Moines
Creek area . Nei ther alternative is part of present planning of any of
the involved agencies and therefore , extensive cooperative effort on
their parts is requ i red before either plan can be realized . Both of
the alternative plans involved extensive commitments of the use and
management of natural resources because they rely on certain structural — 

-~

treatments for all or part of their solutions . Therefore , ne ither
alternative can be said to be clearly superior to the other in this
concern .

Alternative Plan II relies on flood- plain zoning and land use con-
trol from future land development. This combined treatment , if it is to
be part of the chosen alternat ive , should be implemented as an early
organized effort. Any portion of the sub-basin that develops withou t
these combined controls will require more structural treatment than
Al ternative Plan II can accommodate . This issue should be broug ht to
the attention of all citizens and their local agencies. In this case ,
the flood-pl ain zoning around Arrow Lake would serve to limit future
development.

CONCLUSIONS

In these two alternatives , the combination of parallel pipelines
to handle peak water flows that exceed the natura l capacity of the pre-
served natural channel provides a valuable alternative for a predorni-
nately developed sub-basin which is located near the metropolitan area
of Seattle. The holding ponds provide not only a retention facility for
peak flows, but also improves the qual ity of the water by reducing the
~-~ount of silt carried in the runoff waters .

Runoff control , as used in Alternative Plan II , offers advar i —
in the alleviation of drainage problems . First , they reduce the

i-.! ‘ proposed facilities significantly, by about $100,000. Secondl y,

~~iu~~’d flow rates lessen the damage due to flooding and also im-
- ~~~ ~~!.‘r i’j ä l  1 • 

/



Probably the major disadvantage in both of these two alterna-
tives is that of erosion in the natural streamway . This , unfortunately,
is una- oidable unless channels are enlarged to reduce the water velo-
city or lined with concrete so that high vel ocities may be maintained
without scouring the channels.

King County, the Port of Seattle, the City of Seattle and the
City of Normandy Park should establ i sh an effective agreement on a
master drainage plan incorporating the conditions of Al ternative Plan
II. These agencies should then move to implement and enforce the re-
qu ired runoff controls and flood—plain zoning within their own jurisdic-
tion .
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RI BCO URBAN RUNOFF AND BASIN DRAINAGE STUDY

A IIe,nat iv e ________________ Sub Bas ,n Lowe r Puget  Sound . excluding Mfl ler - -

EXIST I NG FAC I L IT IES PROPOSE D F A C I L I T I E S

PIP E D I A M E T E R  CH A N N E L  M A X
ELEMENT OR CHANNEL SIDE SLOPES DEPTH OF £51 IMATEL )
NUMBER TYPE BOTTOM WIDTH L E N G T H  (Hone V~~ t CHA NNEL TYPE C A P I T A L  COST

Des Channel 13.7’ 1 .000’ 3.5:1 2 Diversion 96” $228,000
Moines  1.5 :1 Pipe

5 Channel 13.7’ 200’ 3.5:1 3’ Diversion 84” $36,000
DMC 1 .5:1 Pipe

6 Culvert 4’ 250’ 0 6’ Diversion 60’ $30,000
DMC Pipe

22 Channel 8.1 • 1 ,000’ 5.1:1 5’ Diversion 72” $149,000
DMC 2.9:1 Pipe

23 Channel 8.1’ 800’ 5.1:1 1’ Diversion 72” $119 ,000
DMC 2 .9:1 P ipe

43 PIpe 4’ 300 Diversion 60” $36.000
DMC Pipe

100 None Diversion 72” $149,000
DMC P Ipe 1 ,000’

22 None Inlet! 10 72” parallel $1 1 ,000
DMC Outlet diversion p ipe

23 None Inlet! To 72” parallel $6,000
I~ 4C Outlet diversion pipe

36 Pipe 4’ 100 Throttle down existing $3,000
DMC flow rate capacity

43 None Inlet! To 60” parallel $10,000
DMC Outlet diversion p ipe

100 None Inlet! To 72’ parallel $6,000
DMC Outlet diversion pipe

2 Channel 9.5’ 400’ 3:1 2’ DIversion 84” $72,000
DMC 3:1 Pipe

3 Box 18’ 110’ 0 2’ DIversion 48 $10 ,000
D~C Culvert Pi pe

55 None Holding 26 Al 6125 .000
DMC Pond 11 acres

56 None Hol ding 38 Al $1 ,993,000
DC,t Pond 20 acres

2 None Inlet! To 84” parallel $13,000
Outlet diversion pipe

I - 1- 1 3 
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RIBCO UR8A N RUNOFF AND BAS i N DRAINAGE S T I ’ I ) Y

A Ii~,,,aI,ve 
I 

-- - 1 *  Bas ,,, Lowe r PA ~Je L i.OuIL d , n~ c ~Oi~~-j M ‘ - - r •

EXISTING r A C I L ’T I E S  PROPOS ED FA C I L L I I I ’ ,

I ~~~~- -—— ----~~~---~~~~~~~~~~~~~~~~ --— - - - - I-

GI~~ME ‘ L P 1 CHANNEL %I:,x
.1 MI ‘-L T - L I P  ( ANr ’~F SIDE SLOPES DEPTH OF 1, 1 I LL  - U

N MPI N Pt - i ~~r.1 ~5 IDT ~ 
LI- \~~, III (Ho,,z ye, CHANNEL TYPE CMPI I,,j UO’i T

; 
- : p ~nn  Inlet! To 45 par alle l

1_i. ,- . - Outl et diversion p i~ e

— — - - -~ - — —  —~~~ - ------1-———-—- —--—— __
~____- - _ _ _ __ _ ~~~_ 

-i Inlet/ To 95 parallel ~-~- ,~~?L-DMC - 
- Outlet ii.cr ~ IOiL P1i’~

5 None Inlet! To 84’ paral lel
DMC Outlet diversion pipe

6 None Inlet ! To 60” parallel t 5~ - .-~~ -~~
DMC Outlet diversion pipe

Lo~~r 
Channel 2’ 2,000’ 2:1 2’ Channel Streambank protection ~~~~~

with loose rip-rap
(L PS) 

_____  _______  ____ _______  _____  _____  _____________  -

89 Channel 2’ 1 .000’ 2:1 2’ Channel Streambank protection ¶ L . ,~”)
LPS with loose rip-rap

11 1 Channel 4’ 3.000’ 2:1 3’ Channel Streambank protection ~~~8 O : ~
LPS wi th loose rip-rap

234 Channel 2’ 2,100’ 2:1 2’ Channel Streambank protect ior . ~ -t
L (5 with loose rip-rap

112 Channel 3’ 7 .000’ 2:1 3’ Channel Streambank protection -~ ~- 3 ’ ~- ~~ - . -

IPS w ith loose rip-rap -

113 Channel 7’ 2,500’ 2:1 3’ Channel Streambank protection ‘-H-L . 1(11)

LPS with loose rip-ra p

114 Channel 4’ 2,500’ 2:1 2’ Channel Strearnbank protectior , - -

LPS with rip-rap

17 Channel 4’ 3,000’ 2:1 3’ Channel Streambailk protection $13, 
LPS with loose rip-Ta p

201 Channel 3’ 5,500’ 2:1 3’ Channel Streanbank protection - 
E23~ .C:

LPS wi th loose rip-rap

____________ _____ ______ ______ ____

1 8 Channel 4’ 7,000 - 2 : 1 3’ Channel Streambar ik pl ’ o t r ’ c t ? L)II

LPS - 
- - 

wi th loose 1(1-I ~lIJ

--——~~~~~~~~~~ — _____ ______ ______ ______ ______________-- -
~9 Chmr.~1 4’ 4 .5 - IP 2:1 3’ Channel Streain bank protect io n

L~~ w i t h  loose r ip-rap -

23 Channel 3’ 3,700 ’ 2: 1 3’ Channel Streamba nk protect ion 55’ 0151
LPS with loose r Ip-rap

—~~~~~~~ - -~~~ - -~~~~~~~~-- - - - V  ____  ---—-- - -  - --~~~~~~ - - - —-- -~~ -

202 - Lhlr,’4e l 2’ 2, 000 ’ 2:1 2’ Ch~n’Ie1 Strean:bari l protection
LPS - - 

- 
w i t h  1~~ ’ - ~€ rip-rap

P (- 14
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RIBCO URBAN RUNOFF AND BASIN DRAINA UF ST UDY

A It’.,n.,T,~e __ _  ‘,,,~ ~~~~~~ 
L - _’wer P~sJi- t Sound excluding M T 1 1 , -r L eek

EXI S I INI - I A c i l  I I I ’, I’FII)PGLI U AC IL IT IES

PIPE DIAM I I I  iJ ‘AN NI  I MAX
I IEM FN T OH C I IANNI l  SIDF ‘,I-jPI :, D E p lil Of I1 ,TI5~A l 1  ,

NOMBE H TYPE BOTTOM L5 ’ I ’ I  L I  N( - ¶ H ,,j,,, , 
~~~~ - I (:iiANN ~ L TYPE - A I - I A COST

203 C h a nn e l 2 ’ 2,000’ 2:1 2 ’ Channel St reamban~ protect ion 528 .00 ,
LP S I w i th  loose r ip-rap

--- -

~~~~ 

- - ---- -4—
~~~~~~~~~ 

---
~~~~~

- - - -~~~~~~ -~~~~~~~~~~~~ - - - - -  

.70 NorIe I n l e t 4 inlets to 24” $8,000
LPS parallel diversion

pi pe

111 None t Inlet 3 inlets to 48” $12 ,000
LPS p a r a l l e l  d i v e r s i o n

pi pe

112 None i Inlet 7 inlets to 36” $20,000
LPS para ll el d i v e rs ion

r1 pe

204 None Inlet 2 inlet s to 36” $6,000
LPS parallel diversion

p ipe

113 None I n l e t  3 i n l e t s  to 72’ $1 7 ,000
LPS pa r a l l e l  di v e r s i o n

PiPe

114 None Inl et 3 inlets to 36” 59, 00 :
LPS pa ra l l e l  d ivers ion

pi pe

117 None I n l e t 7 i n l e ts to 48 ’  $27 ,000
LPS parallel diversion

p ipe

11 2 Channel 3’  7,000’ 2:1 3’ Dive rsion 36”
LPS Pipe —

204 Channel 2’ 2,100 ’ 2 :1 2’ Divers ion 36” $139,000
IPS Pipe

113 Channel 7’ 2,500 ’ 2:1 2’ Diversion 72” - $372 .- ’ - - -
LPS Pi pe

114 Channel 4’ 2,500 ’ 2:1 2’ Diversion 36” $165. ’ : ,
LPS Pipe 

- — — -~~~~~~ _ _ _ _ _  — - —-- - — ____-— ——

~~ 

— - -~ - — - - - a
1 1 - ’ Channel 3’ 6,500’ 3:1 3’ Diversion -l~ 

- SrC ’14 .( Icn -
LPS Pipe -

18 None Inl et ~~~7 i n l e ts to -~~ ~~~h) , I ,

LPS ‘,I rall el div er ,ior,
V I pipe

_____ _______ ____ _____ -— — - —---+ - - - - -- - -—-——-- - -
~~~~~~

- -— -  

1-) None In let  5 1 1 1 1 5 - C s  to i i -  I
l I e ) d iv is IO n

P T ;’’-
_____ _________ _____ ~~--- ~~~~~~~~ ______ — ____  -

18 Channel 4 ’ 7.000 ’ 2 : 1 - 3’ Diversion 411 - $ 1 - I  I ll)

LI’S P i p e

_ _  -__-~~~~~~~~~~~~~~~~~~ - - - - - - - - - - -- - - - -- -~~ 

II Channe l  4’ 4 ,’sl,)’ 2:1 3’ is, ’~ 1511 31 ,
II’ . - -

_ 1

I _ _ _ _ _ _ _  _______ — _______________

I -3 -1 5
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RIBCO URBAN RUNOFF AND BASIN DRAINAGE STUDY

, ‘ ‘ _ _ , i _ v , _ 
~~~~~~~ Sub Bay,,, Lowe r Puget Sound eac lud ing ‘~ l l r I

EXISTING FACILITIES PROPOSED FACILIT IES

PIPE DIAMETER CHANNEL MAX.
V ELEMENT OR CHANNEL SIDE SLOP ES DEPTH OF EST i MA T ED

N U M B E R  TYPE BOTTOM W I D TH LENGTH IHor ,z V e rT . (  CHANNE L TYPE CAPITAL  ~ I) S1

20 Channel 3’ 3,500’ 2:1 3’ Diversion 24” $147 ,000
LPS Pipe

205 Pipe 30” 40’ Parallel 24” 52 ,000
LPS I P i p e

LPS ~~ 21” 30’ Parallel 24” $1 ,000

93 Pip e 24” 30’ Parallel 24” 61 .000
LPS Pipe

ill Channel 4’ 3,000’ 2:1 3’ DIversion 48” $279,000
LPS Pipe

117 Channel 3’ 
- 

6,500 ’ 3 :1 3’ Channel Streambank protection $351 ,000
LPS wIth loose rip-rap

118 Channel 3’ 2,500’ 2:1 3’ Channel Streambank protection $87,000
LPS with loose rip— rap

123 Channel 3’ 6,000’ 2:1 3’ Channel Streambank protection $259,000
LPS with loose rip-rap

124 Channel 3’ 6,000’ 2:1 3’ Channel Streambank protection $259,000
LPS with l oose rip-rap

_ _- -_ __ _  _ _ _ _ _L

~ 

_ __ _ _ _ __ _ _

The EsT,o, a led Capital Cost for ,,avh ,v ,--,~,-,-1 ,,,-I,,,Ies Coraracto, I”o~’’ Total FsI,rr,at,rd Cap ’tal Cost $8 ,674 ,000
erig~’.eer~rrg legal arid conTirige nc~es In add,t,or, land purchase and R0~ -,,I To $8 700 000se’4e,ar,ce costs are ,,rCIs,ded where land s req,e,,d All costs are based
upOn Jun e 1973 pr ,c es

P-3-16
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RIBC(V) URBAN RUNOFF AND BASIN DRAINAGE STUDY

A lter nat ,v e Sub Bas,n Lowe r Pug e t Soun d , exc luding Mi l ler  C reek

EXISTING FACIL IT IES PR OPOSED FACIL IT I ES

PIPE DIAMETER CHANNE L MAX
ELEMENT OR CHANNEL SIDE SLOPES DEPTH OF ES1 IMATED
NUMBER rY PE BOTTOM WIDTH LENGTH Iflo,,z V e rt I CHANNE L TYPE CA PITAL COST

100 None None for propose fac i l i t y  Inlet! To 72” paral lel $6,000
DMC Outlet diversion pipe

2 Channel 9.5’ 400’ .3:1 2’ Diversion 84” $72,000
DMC 3:1 PIpe

4 Channel 13 .7’ 1,100’ 3.5:1 2’ Diversion 96” $228.000
DMC 1.5 :1 Pipe

5 Channel 13 .7’ 200’ 3.5:1 3’ Diversion 84” $36,000
DMC 1.5:1 P ipe V

6 Box 4’ 250 ’ 0:0 6’ Diversion 60” $30,000
DMC Culvert Pipe

22 Channel 8.1’ 1 ,000’ 5.1:1 .5’ Diversion 72” $149 O00
DMC 2 .9: 1 P ipe

23 Channel 8.1’ 800’ 5.1:1 1’ Diversion 72” $119 ,000
DMC 2.9:1 Pipe

4 None Inlet! To 96” parallel $8,000
DMC Outlet diversion pipe

___ ____ ____ — ___ _ _ _ _ _  _ _ _  _ _ _ _  _ _ _ _ _ _ _ _ _  _ _ _ _ _

5 None Inlet ! To 84” parallel $7,000
DMC Out let  d ivers ion pipe

6 None Inlet! To 60” paral lel $10 ,000
DMC Outle t diversion pipe

22 None Inlet ! To 72” parallel $11,000
DUC Outlet diversion pipe

23 None Inlet ! To 72” parallel $6,000
DMC Outlet diversion pipe

36 Pipe 4’ 100’ Thro ttle down existing $3,000
DMC flow rate capacity

43 None Inlet! To 60’ parallel $10,000
DMC Ou tlet diversion pipe

113 None Inlet 3 inlets to 72” 517 .00 ,:
PS para l le l  d ivers ion pipe

114 None Inlet 3 inlets to 36” 59, 1( 0,1
LPS parallel dive n-sion pipe

11 7 None Inlet 7 Inlets Ce 4,1 ’ $27 1111: ,
LPS - rr - ifl e l d i v e r s i o n  pipe

P V 3 - 1 1  
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RI BCO URBAN RUNOFF AND BASIN DRAINAGE STUDY

Alternal ,ve _________________ Sub Bay ,,, Lowe r Puget Sound, cv.. ~d m g  Ni l IC ’ C’

EXI STING F A C I L I T I E S  PROPOSED FACIL IT IES

PIPE DIAMETER CHANNEL MAX
EL EMENT OR CHANNEL SIDE SLOPES DEPTH OF ESTIMATED
NUMBER TYPE BOTTOM WIDTH LENGTH lHor,z Vert . )  CHA NNEL TYPE CAPITAL COST

21 None Holding 2AF $375 ,000
LPS Pond 6 acres

55 None Holding 21 Al $117 ,000
JMC 1 Pond 11 acres

56 None - 
- 

HoldIng 27 AF 51.982,000DNC 
- 

Pond 20 acres

2 None - Inlet/ To 84” para l l e l  $13 ,000
DMC 

- 
Outlet diversion pipe

23 Channel 3’ 3,700’ 2:1 3’ Channel Streanibank protection $65,000
LPS with loose rip-rap

202 Channel 2’ 2,000’ 2:1 2’ Channel Streambank protection $28,000
LPS with loose rip-rap

203 Channel 2’ 2 ,000 ’ 2:1 2’ Channel Streantbank protection $28,000
LPS wi th loose rip-rap

87 Channel 2’ 2,000 ’ 2:1 2’ Channel Streambank protection $56,000
LPS with loose rip-rap

89 Channel 2’ 1 ,000’ 2:1 2’ Channel Streambank protect ion $28,000
LPS with loose rip-rap

111 Channel 4’ 3,000’ 2:1 3’ Channel Streanrbank protection $138,000
LPS with loose rip-rap

204 Channel 2’ 2,100’ 2:1 2’ Channel Streatrrbank protection $56 ,000
LPS with loose rip-rap

43 Pip e 4’ 300’ Diversion 60’ $36,000
ONC Pipe

100 None Diversion 72” $149,000
OMC P i p e 1 ,000’

____ ______ ______ _____ _________ —V____ ______ ________________ ——- - --——

206 None Pipe 18” $3,000
LPS - 100’

17 Channel 4’ 3,000’ 2:1 3’ Channel Streambank protection $1~ 8,00-’
LPS with loose rip-rap

201 Channel 3’ 5,500’ 2:1 3’  Channel Streatnbank protection $238,000
LPS with loose rip-rap

18 Channel 4’ 7 .000’ 2 : 1  3’ Channel Streambank protection $41 ,lJ,I1L
LP S with loose r ip-rap

I’ - 1- 1 3
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RIBCO URBAN RUNOFF AND BASIN DRAINAGE STUDY

A Itr- ,,, at ,u e I I  
—~~~~ Sub Has ,,, Lo wer Puge t So und , excluding Ni l ic r  , 

~e’

Ex Is r i No  F A C I L I T I E S  PROPOSED F A C I L I T I E S

PIPE D IAMETER CHANNEL MAX
E L E M E N T  OR CHANNEL SIDE SL OPES DEPTH OF ESTIMATE D
NUMBER TYPE BOTTOM WIDTH LENGTH Ho,,, Ve r t . ( CHANNEL TYPE CAPITAL  oosi

19 Channel 4 ’  4,500’ 2:1 3’ Channel Streatnb ank pro t ec t i on  $9 2 ,000
LPS with loose rip-rap

18 Channel 4’ 7.000’ 2:1 3’ Diversion 48” $651 ,000
LPS Pipe

205 Pipe 30” 40’ Parall el 24” $2,000
LPS Pipe

88 Pipe 21” 30’ Paral lel 24” 51,000
LPS Pipe

93 Pipe 24” 30’ Parallel 24” $1,000
LPS Pi pe

111 Channel 4’ 3,000’ 2:1 3’ Diversion 48” $279 ,000
LPS Pipe

112 Channel 3’ 7,000’ 2:1 3’ Diversion 36” $462,000
IFS Pipe

204 Channel 2’ 2,100 ’ 2:2 V DIversion 36” $139 ,000
LPS Pipe

113 Channel 7’ 2,500’ 2:1 2’ Diversion 72” 5373 ,000
V 

LPS Pipe

114 Channel 4’ 2,500’ 2:1 2’ Diversion 36” $165,000
LPS Pipe

117 Channel 3’ 6,500 ’ 3:1 3’ Diversion 48” 56 05 ,1,,,,
LI’S Pipe

18 None Inlet 7 inlets to 48” $27,000
LPS pa ra ll el d i v e r s i o n  51l’e

a
_ _ _ _  _ _ _ _ _— - -— — - .- - -~~~~~~ __ _ _  _ _ _ _—V -

~~
-.-
~~

. - . -- - t- - - - -
~~

-——
111 None Inle t 3 inlets to 48’ $11,000
LPS parallel diversion pipe 1

112 None Inlet 7 inlets to 35 ” $20 111 11 1
LPS parallel d r v e , - S 1 , - ri ‘1”

204 None Inlet 2 inlets to 36” $s,00r
LPS parallel diversion

112 Channel 3’ 7,000’ 2:1 3’ Channe l  Streambari l  p ro tec t ion  $303,000
LPS wi th  loo se r ip - rap

113 Channel 7’ 2,500’ 2:1 3 ’  Channel Strean ib an l pro tect ion $ 1 0 ,000
LPS with loose rip-tap

P- 3-l .
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RIBCO URBAN RUNOFF AND BASIN DRAINAGE STUDY

v,,, — 
11 N,,I, Bas,,, Lower Puy e t  ,,, u~ -J , c ’x v l ud ing  M i l l e r  I

I 515115 ,  FACIL IT IES PROPOSED FACILITIES

PIPE DIAMETER I CHANNEL  M A X

ELEMENT OH CHANNEL SIDE SLOPES DEPTH OF ESTIMATED
NUMBER TYPE BOTTOM WIDTH I L  ‘ss IC I H,,r,, Svr ~ CHANNEL T , P E  C A P I T A L  COSI

114 Channel 4 ’  2 ,500 ’ 2:1 2 ’  Channel Strea in ba nk protect ion $il O ,LI,I,,
LPS w i t h  r ip- rap

117 Channel 3’ 6,500 ’ 3:1 3’ Channel Streambank protectIon $351,100
LI’S w ith loose rip-rap

118 Channel 3 ’ 2 ,500’ 2:1 3’ Channel Streambank protection $87,000
LI’S with loose r ip-rap

123 Channel 3’ 6,000’ 2:1 3’ Channel Streambank protect ion $259,000
LPS with loose rip-rap

124 Channel 3’ 6,000’ 2:1 3 ’  Channel Streambank protect ion $259,000
LPS with loose rip—rap

The Est ,,nated Cap~ta I Cost fo r each elen,ent includes Contract or prol, r . Total Est ,r r,ated Capital Cos T $8,554,000
eng ineer ,ng, legal and co nt, ngen c ,es Irr addition, land purchase arid Hound To $8 600 000Seve rance costs are included wh ere land is required All costs are based ‘ ‘
apP” June ¶973 pr,ces

P~ 3 - 2 i
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REGIONAL SUE3.-BASIN G—5

MILL CREEK DEMON~1RATION AR EA

GENERAL DESCRIPTION

The Mill Creek sub—area drains the western third of the Lower Green
River Sub—Basin and is located between Kent and Auburn . The Lower Green
River Sub—Bas in has been evaluated separately from this d~iionstration area .

The Mill Creek valley is a broad flat flood plain with steep hills
and upland s bordering its west side and the Green River sub—ba sin on the
east side. Terraces, lakes and marshy depressions characterize the uplands.
The valley is composed of fertile alleuvial soils that have been deposited
by the Green River and Mill Creek. Both agricultural and urban/industrial
development have taken place in the valley.

Mill Creek discharges to Green River near Kent, and extends up
through Peasley Canyon to originate at Lake Dolloff.

Stream Category Drainage Area Discharge

Mill Creek II 13 sq. mi . Green River

Approximately 40 percent of the sub—area is utilized for commercial
farming , princ i pally dairy . Substantial industrialization , freeway develop -
ment and railway facilities exist in the valley . A l arge percentage of
the residential use is rural l ow—density development. These and other land
uses are shown as percentages of total land area in the following table.

PERCENT OF SUB-AREA IN SPECIFIED LAND USE

Land Existing P.S.G.C. Land Use Projection
Use (1970—72) Comprehensive Corridor

Single Family 40 50 50

Multipl e Family

Commercial/Services 5 10

Govt. and Educ.

Industrial 10 30 30

Parks/Dedicated Open Space 5 5 5

Agriculture 20

Airports, Railyards ,
Freeways, Hi ghways S 5 5

_ • i  11 — 1
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Land Exjstin9 ~~~~~~ Land Use ProjectionUse (1970—72) ComprehensIve Corridor

Unused Land 15

Water

Total 100 100 100

Total Imperv i ous Area 20 55 55

The year 2000 Comprehensive and year 2000 Corridor are exactly the
same. Future land—use projections indicate that industry and commerce will
occupy nearly all of the valley , and that suburban residential development
will increase in the upland s and around Auburn . Coimiercial farming, in
all likelihood will be l imited to very Intensive greenhouse culture and
possibly some dairy industry. Future land use plans for intensive industrial
development of the Mill Creek sub—area have been subjected to much public
and official criticism but are now accepted projections by regional planning
agencies.

NATURE OF EXISTING DRAINAGE SYSTEM

The Mill Creek sub—area drainage system consists of a pastoral section
within the greater Green River flood plain and an upland system of streams
and lakes serving the area immediately west of the Green River flood plain
at Auburn. The portion of Mill Creek within the flood plain contains both
natural channel s as well as portions of man—mad e channel ization and diver—
slon . The Peasley Canyon stretch of Mill Creek has been lined in several
places to prevent channel erosion. Several smaller upland tributaries also
have been realigned and channel ized through problem areas. Small natura l
wetland storage areas exist in the upper sub—area as do two major lakes ,
both being at the headwaters of the major tributaries of Mill Creek.

Mill Creek has recognized spawning areas for coho salmon and various
other game fish.

DRAINAGE PROBLEMS

Flood i ng in the Mill Creek Valley continues to be the most prominent
annual problem . The l ower reach of Mill Creek and adjacent land s are
subject to backwater from high stages in the Green River . The combination
of high river stages , and rainfall from within the sub—area compounds the
flooding problem and causes ponding of other poorly drained areas. The
general extent of flood i ng from these two causes is indicated on the
attached problem map. As a consequence of flooding and poor internal
drainage, the flat valley also sustains a very high water table throughout
the winter season.

Ponding has been noted in several rural locations which are not a
consequence of the general flood problems along Mill Creek but rather due
to inadequate drainage facilities and flat slopes. Also , severa l areas
In Auburn such as along Au burn Way North , along Main Street and open areas
north of 1 5th St. N.W. are commonly ponded . Ponding also has been experienced

1i 11— 2
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in the uplands. Immediately below Lake Geneva, the strewn gradient is
flat and this reach receives runoff from the adjacent hills ide development.
Downstream culvert capacity and stream grad ients are Inadequate for preven—

• tfon of pond ing.

Erosion problems are prevalent on the steeper slopes and channel
reaches, and without runoff control , more erosion can be expected . Several

• reaches of Mill Creek within Peasley Canyon have been lined to prevent
channel erosion. The steep hills ide , whict~ runs through the drainage sub-area has a high slippage potential.

The results of hydrologic analysis indicate no significant difference
between the Comprehensive and Corridor Land—Use Plans. Therefore, the
drainage alternatives presented herein are applicable to both plans. The
table of projected land uses indicates that total imperviou s area within the
Mill Creek sub—area will Increase from an existing level of 20% to approx i-
niately 55% by the year 2000.

Under future land—use conditions , probl ems will be substantially
increased. Nearly all the channels north of SR—l8 would be inadequate.
Several storm drains along Auburn Way North would surcharge. Capacities of
several culverts in Peasley Canyon would be exceeded.

Reported property damages obtained from local agencies placed the
average annual loss for the Mill Creek sub—area at $44,100.

BASIC ISSUES AND STATUS OF DRAINAGE PLANNiNG

Several drainage alternatives have been suggested for alleviation
of the area ’s drainage problems . In November the public suggested the
following alternatives for investigation.

1. Divert Mill Creek to the White River .

2. Construct a flood gate on the mouth of Mill Creek and pump
into the Green River .

3. Divert Mill Creek adjacent to the freeway (SR-.167 ) and enlarge
the creek.

Other drainage solutions considered , some of which were included in
the alternatives evaluated , were as follows :

• 1. Continuation of present trends includin g channel realignment
dredging , and similar works;

2. Storm water diversion facilities to transport runoff directly
to the Green River;

3. Flood plain management with buildin g constraints and flood
proofing;

4. Channelization and streambank protection; and

M i ll —3 
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5. Watershed management to provide on—site storage for runoff ,
especially In the uplands.

The West Side C~een-Duwam1sh Watershed Work Plan , under Public Law
No. 566, has been adopted as the comprehensive drainage plan by its spon—
soririg agencies. Fund s for construction have been authorized by Congress
but construction cannot begin until the Environmental Impact Statement has
been approved . The City of Auburn is comitted to support the PL—566 plan
and would benefit from construction of two major systems which lie within
the Mill Creek sub—area . Other sponsors of the watershed pl an are the
cities of Kent , Renton , and Tukwila , King County, the Green River Flood
Control Zone District , and the King County Soil and Water Conservation
District. The Environmenta l Impact Statement is scheduled to be completed
in 1 974 and construction could begin in 1975. The City of Auburn , mean-
while , is conducting a storm drainage study together with a storm separa-
tion study.

Engineering staff members from Auburn and King County were consulted
during the preparation of the alternative plans presented herein.

ALTERNATIVE PLANS FOR PROPOSED DRAINAGE CONTROL

The existing drainage system of the Mill Creek sub—area as described
by local agencies , was evaluated by computer simulation that appl ied the
region ’s 10—year storm to P.S.G.C. year 2000 land use. Drainage problem s
thus identified were analyzed and possibl e solutions were provided in
development of alternative plans for drainage control as described below.

ALTERNATIVE PLAN I

General Concept

Channelization and construction of a pump station at the mouth
of Mill Creek would eliminate flooding in the valley. All laterals and
storm drains would be enlarged where necessary to accommodate the peak
flow from the 10-year storm with negligible surcharge in the systems.
Upland storage in Lake Dolloff and Lake Geneva would control flows into
downstream channels.

Major Features

Pump Station: A major pump facility with fully automatic controls ,
glood gates, and fish passage would be constructed on the mouth of Mill
Creek. The pump would be designed to discharge to the Green River at
flood stage.

Channeljzat-jon: The main reach of Mill Creek would be widened
and cleared . Some reaches would be deepened to grade as defined by invert
elevations on bridges and culverts on the main reach. Also several bridges
and culverts would need to be enlarged to accommodate peak flows . Embank-
ments of the main channel would be gravel lined in reaches where grass
itn in g is Inadequate.

~1ill -4 
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Urban Systems; Open channel systems within the urban—industrial
zone in the valley would be enlarg ed and lined with concrete. Flat slopes
preclude utilization of buried storm drains in many of the existing open
channel reaches. Existing storm drains would be suppl emented wi th paralle l
lines where necessary.

Upland Channels: Streambank protection will be required because
of extremely steep stream gradients. Existing lined reaches of Peasley
Canyon would be preserved . The lower reach In Peasley Canyon would be
provided with concrete energy dissipators to reduce velocities where the
creek enters the flood plain.

Cost

The cost for Alternative Plan I is estimated to be $6,400,000.

ALTERNATIVE PLAN I I

General Conc~p~
The floodway drainage plan would preserve the existing stream

channel and utilize set—back levees to protect the adjacent land from the
Green River backwater. The natural vegetation along the main stream would
be preserved, and the channel bed would be unchanged to maintain fish and
wildlife habitats. Pumped drainage canals and storm drains would alleviate
local flood problems and lower the water table. Detention ponds would be

• incorporated into the uplands drainage system to reduce peak flows to
upland channels. A major feature of this plan is that all up land drainage

• from Peasley Canyon , Al gona and areas west of Main Street would be routed
into the floodway thus el iminating the necessity of pumping these flows
into the river . Drainage system improvements in Auburn and Algona are the
same as for Alternative Plan I.

Major Features

Floodway: Earth levees join the existing Green River levee
- system and follow Mill Creek on grade to protect adjacent land s from

periodic backwater flooding from Green River. Some culverts and bridges
would need to be enlarged to prevent excessive flow—through velocities.
The levees would have 20-foot top widths with gentle side slopes. These
could be planted with trees and natural vegetation while the berm would be
maintained as an open grassed surface.

Lateral Drains and Pump Stations: Existing lateral drainage
canals would be intercepted by pumped dra inage canals that parallel the
toe of the levees. A total of eight pump stations with a combined peak
flow rate of 790 cfs are necessary to provide storm—drainage peaking
capacity. The pumps also could be utilized to lower groundwater tables
in the non—flooding season. An advantage of this alternate is that any

-‘ individual pump station could be constructed independently of the others
whenever it is deemed that the additional protection Is necessary. Until
that time, a simple flood gate would provide as much protection in the
flood plalns’as In the existing system.

~i 11-5
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H Urba n Syst ems ; The system s in Au burn and Algona are the swne
as proposed in Alternat ive Plan I. Grassed channel s could be utilized ,
however, instead of asphalt —l ined channels in the industrial sector.
Runoff control in the uplands would be provided by four detention ponds
with a range from 5 to 20 acre feet of capacity. Outflow during the 10—
year storm Is reduced to downstream channels. Specifically, the proposed

• detention ponds are as follows:

Storage Capacity
Acre Feet

1. Mi ii Creek at 322nd crossing 20

2. Unnamed stream above 51st Ave . So. 4

3. Unnamed stream above Mt. View Cemetery 4

4. Stream below Lake Geneva 5

Minor improvements are made to channels and facilities to accommodate
direct hillside drainage.

Cost

The cost for Alternative Plan II is estimated to be $6,700,000.

ALTERNATIVE PLAN III - PL-566 WATERSHED PROJECT

General Concept

The West Green River Watershed Work Pl ans were prepared by the
Soil Conservation Service in 1 960 and were authorized for construction
by Congress in 1 966. None of the project has been built in the Mill Creek
sub—area , however. The genera l plan and grade lines have been adopted
for location of culverts in highway construction and storm—drainage outlets.
The pl an incorporates pu~p stations and extensive channel i zation which
would provide storm drainage and flood protection to the valley . Alternative
Plan III reflects approximate alignment of the channels , and the final plan
has not yet been completed by SCS.

Major_ Features

Pump Stations: The P-4 pump station , having a capacity of 1250
cfs , will be located on Mullen Slough. The P-4 channel will intercept
Mi ll Creek and divert flows during flood stages to the pump station . A
flood gate will be provided at the mouth of the existing Mill Creek to
prevent waters in the Green River from flowing into Mill Creek. The P—7
pump station will discharge a neak flow of 225 cfs at a point near the
Auburn Way North bridge across the Green River.

Channels: The P—4 channel will follow the alignment of SR—l67
on the west side of Algona, and will intercept flows from Mill Creek at
Peasley Canyon . The P—4A channel will fol l ow the east side of SR—1 67

!1j 1 1—6
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• and intercept existing drainage canals. The channel also drains a substan-
tial area outside the Mill Creek watershed . The ~— ll and P-7 channels• would conform to the exjsting creek alignment .

Cost

The cost for Al ternative Plan III is estimated to be $5,800,000.
based on 1 964 cost estimates for the SCS channelizatlon project. This
estimate does not include land acquisition cost.

PEAK FLOW COMPARISONS

The following table indicates 10-year peak flows with existing
facilities and l and use, for the three alternative drainage management
solutions for the year 2000.

COMPARISON OF 10-YEAR PEAK FLOWS
(Cubic Feet Per Second)

Existing
Land Use

Existing Existing Al ternative Al ternative Alternative
Location Facilities Facilities Plan I Plan II Plan III

At Green River 200* 300* 1400 1000 1340

37th Street N.W. 180* 260* 1370 850 1000

Algona Channel 50 140 270 270

At Peasley Canyon 1 70* 290* 420 290 420

Auburn Way North
Storm Drain 50* 60* 170 170 310

*Surcharge occurred upstream and actual discharg e would be greater.

ENVIR ONMENTAL ASSESSMENT OF ALTERNATIVE PLANS

Field inspections were made to judge the applicability of the
• suggested alternative plans for this sub-area . This procedure was fol l owed

throughout the RIBCO Study for development of alternative plans for the
various regional sub—basins and demonstration areas. The inspections

• were based upon the alternative evaluat ion procedure which identified 34
unique criteria grouped in general categories as follows : 1) Effectiveness ,
2) Human Values , 3) Environmental Factors, 4) Impl ementation, and 5) Resource
Requirements. The various structural solutions were checked against the
appropriate criteria and the various non—structural solutions were reviewed
for their relationshi p to existing and probable future developments. The
criteria rating total for Al ternative Plan I, which employs check dams ,
streantank protection, construction of new channels and pump stations ,
was a mInus 47, on a scale ranging from positive 108 to negative 108. The
total evaluation rating for Al ternative Plan II , which employs enlarged
channels, storage, and flood—plain zoning , was a plus 10. The total

~1i 11-7
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evaluation rating for Al ternative Plan III , which employs drop structures ,
streambank protection , construc tion of new channels, and pumping , was a
minus 30.

Al ternative Plan II r-~ce ivi1 a i~’jsit ive rating for effectiveness ,
whereas both A lter nutive Pldr~ I and III received negative totals in this
category. All three alternative plans were jud ed to provide adequat’~flood damage reduc ti on , but only Altern ative Plan II provided erosion and
sedimentation cohtro i as •.~~ll as protectio n from overcharge of the system.
Alterna tive F’~~n IT also received a positive rating for promotion of
human values , in contrast to Alternative Plans I and III wh ich received
negative ratings in this category . The positive score for Alternative
Plan II was attri buted tL the multiple use potential of the main channel
for flood -plain zoning and the potential for community cohesion offered
by the preservation of open space adjacent to the main channel of Mill
Creek . Al ternative Plan II received a positive rating for environmenta l
factors, with both Alternativ e Plans I and 111 receiving low negative
scores in this category . Alternative Plan II should have positive effects
upon aquat ic life and vegetation as well as assuring low-flow conditions.
Al ternat ive Plans I and III were not able to positively effect any environ-
mental factors.

Alterna tive Plan III, the Soil Conservation Service Plan , was the
only alterna tive receiving a positive rating for implementation. This is
based upon the fact that this SCS plan is approved and has funding and
requires now only the filing of an environmenta l impact sta~~nent priorto construct ion . Both Alternative Plans I and II require jur isdict ional
coord ination and financing. All three alternat ive plans are judged to
be relatively consumptive of resources and all received negative ratings
in this category . Alternative Plan II which has mult iple use potential
had the best rating.

Alternative Plan II has two crit i cal elements associa ted with it .
They are: 1) use of flood—plain zon i ng and 2) the designation of storage
sites within the upper sub—area . This treatment combinat ion , if it is
to be part of the chosen alternative , should be implemented as an early
organized effort of the involved agencies. Loss of the storage areas and
encroachment upon the flood -pla in zone would force the use of a more
structura l treatment than Alternative Plan II can accommodate . This issue
should be hr’JuLlht ~u t he attenti on of all cit izens and their local agencies.
Alternat ive Plan III , a lthou~ h it does have funding and author ization .
involves sacr -

~f H ~s ~I1 terms of t b~ natural environment. Much of the land
which was to be protected by t L i s  system , is no longer destined for agri - -:
cu itura l use.

CONCLUS IONS

Alternative Plan II is clearl y superior to either Alternative Plan
I or Al ternat ive Plan III because of the potential for use of existing
storage areas and the ab i l i ty to contain Mill Creek in a floodway that
preserves the natural stream c our ~-~~. Al ternative Plan II would require
immediate action , however , to protect and preserve these natura l amenities.
This action would require coord in~ t ion  of both Auburn and King County in
the Mill Creek sub-area .

I —
~~~
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King County and the City of Auburn should establish an effective
agreement for a master draina ge plan , that Incorporates the provisions of
Alternative Plan II. These agencies then should move to acquire rights
to land for the necessary holding ponds within their own jurisdictions ,
and designate the necessary floodways. Selection of Alternative Plan II
is , of course , contingent upon the decision of the sponsoring agencies of
the PL—566 project.

j  The City of Auburn has major jurisdictional and economic responsi—
b lility for control of urban drainage and related flood damage problems
in the sub—area . Therefore, it is recommended that Auburn and King County
share primary responsibility for con trol of drainage and flood damage i n
the Mill Creek sub—area .

— EARLY ACTION

In addition to the immediate need for development of a drainage
master plan and designation of jurisdictional l eadership with in this
demonstration area , certain physical features of the alternative plans ,
presented herein , appear to be generally applicable to any drainage plan
which may be forthcoming as well as both suitable and desirable for early
implementation within the next ten-year period. These features are pre-
sented in the three categories previously defined .

FACILITY RECOMMENDATIONS

The basic recommendation for this demonstration area is that of
providing a pumping plant, or plants , to discharge runoff waters into the
Green River. The properties along Auburn Way North are periodically
flooded and require immediate action . However, a decision by local
citizens must be made as to the alternat ive they want to pursue before
action can be taken on either of these items .

Design and construction could proceed for the fol l owing elements
prior to deciding upon either of the foregoing items.

Category I - Common Al ternative Elements
Estimated

El ement Number Proposed Facility Capital Cost

506 30” pipe — 780’ $ 42 ,000
339 36” pipe - 280’ 18,000
505 36” pipe — 340’ 22,000
338 42” pipe — 2000’ 157,000
508 361 pipe — 260’ 16,000
378 36” pipe — 100’ 12 ,000

TOTAL $267,000

t1ill -~
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Category II - Al ternative Elements Common in Sco2~

None

Category III - Response to Reported Drainage Problems

None in addition to those reported in Category I.

I
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HINCO U R B A N  RIINOI ABE) BASIN t ) I I A I N A~ ,I  ST U D Y

— N t , Ii ,- ,- - h I ) Lre/’) J/A l~ ,fl i ’ l t W I I  ;,r, ,~

STING FACIL IT IE S CI/~ I I I  1) FAC I I  I

PIPE DIAM EIEB CHANNEL
L t \ ’ L  N I - OR CHANNEL SIDE I,LU)’) - - - :1 / ‘ I  ii OF F ST MA EL)

H : YP E BUT) OM W I D E  H LEN~~) H /o , , t  V,’,I 

- 
~- - - ‘-i F L 1 LoIN I ;~~ cosi

311 r Cnannel 23’ 1 ,2) 3 ’ - 2 : 1  20’ ~ra r i l w l  4 j ’ w i d t - ,  - I • - J

2 ’ dept h

üutie t 
- i:~~~

1

~

0

~~~~ _ ~~~~~~~~~~~~~~~

) t d t i O l E  - ,~~ d)  On 2UIIJtJ S~~,,t 1OI)
3 11

- 
Channel~~~ 20 5 , 35 - ) ’  2:~ 7 Cou nne l 20 ’ width 

- - 
$~~3 ,000

- 10’ depto
- 2 : 1  si de s lo pes -

- 
I - Bank protection -

314 Cnannel P ~~~~~‘P 2 :l ~~~~~ 7’ Channel 2O~~~~dth $215 ,000

- 

- 

- 

2: 1 side slopes
- Bank orotection

30 Channel 3’ 2,ul-J ’ 1:1 7’ Channel 20’ w i d t n  5 1 37 .000
- 10 depth

- - 2:1 side slopes

317 Culver t 14’ 203’ 0 81 Paralle l l4’~~ 8’ 598.000
Culvert

67 Channel 10’ 1,100 ’ 2:1 8’ CIlanne l 20’ w idt h 566 ,811
9’ de pth

- 2:1 side slope s

320 Culvert 12 1 190 ’ 
- 0 7’ Parallel 12’ x 7’ $80,000

Culvert

80 Con duit~~~ 1.5 1  200 ’ - 0 0 Paral lel~~ 6 ’  w id th  - $12 ,33 3
- Channel 51  depth

1: 1 si de slopes
Bank protection 

______

322 Conduit 4’ 
- 

500’ 3 - 0 Parallel 6’ width 52 ’) , ~Channel 5’ dents 
-

1 :1 side slopes 
-Bank p rotect ion 4

__________________ _______ ______

323 Condui t 4 ’  i l l) ’ 0 0 Parallel 6’ vidt ll - $44 ,iji

Ch annel 4’ Jest .-

- - 1 :1 s ide slopes
__________ ________ Bank nrotect~~~~~. — ~~~ . - -

82 - Conduit 4 ’  r 1 ,103 ’ 0 0 Paral le l  6’ width 553 , ~~~ )
- Channel 4’  depth

- 1: 1 side slope s
Bank protect ion

83 
— 

- Condui t 4’ 500’ 0 0 Para l le l  6’ w idth ~24 ,U3U 1
Channel 4’ depth

— - 1:1 s ide slo pes
35rI 1. protect ion 

)- _ - _ - - ___
~~~~_ — . -i- -- - - -- — . ———-—---.—-- ——- -------—---.- -~~~~--- —-— ____ ---——------— -

~~

-— —
34 - Conduit 3.Y 2 ,:;))’ 11 - 3 Paral le l  6 ’  w id th  5121 ,33)

Channel 4’ dnt - t
- 1:1 S I l ’  s)~~~~~-~

_________ ___________ _______________ _______________— —________ Bank pr l ’ t cc L i ;  
__________

331 P i pe 36’ 1,201 ’ - Para l le l  48’ $i iJ ,JJ~
)

Pi pe

332 Pi pe 30” 13-) i~sra l le l  48”  $b4 ,13T ’1
85 Pi pe ~~~~~~~~~~~ Para11~~~~ t~ 

C 5 , ;.~

‘‘ 11



RIBCO URBAN RUNOFF AND BASIN DRAINAGE STUDY

A It e,,, , . t ,ve _______________ ~~~~ ~~~ 
Mill Cree k Liemonstration Area

I , xi: ;I NI FA CI L I1  IES PROPOSE D FAd E IT I ES

PIPE D I A M E T E R I  CHANNEL MAX
E L E M E N T  OR I IAN NL  I I SIDE SLOPES DEPTH OF E S T I M A T E D
NUMBER TY PE .80 3 SliM W i U l  LI NIh ) II lHo r ,i Ver i I CHA NNEL TYPE CAPITAL  COST

334 Pi pe 27 ” I 350’ Pa ra l l e l  42 ” $28,000
Pipe

~~~~~~~~~ PI~ e L 51  1,100’ Paral le l  42” 
- -  — 

$58 ,360

Pi pe 1’ 1 ,1 13’ Parallel 36”
P i pe 

—~~~~ — — ———. ——— — — ___________________________ ___________________ ———~~~~~~~~ I
328 P i pe - 2’ 603 ’ Parallel 42” $470))

Pi pe

329 Pipe l . ij ’ 1 ,683 Parallel 42”
I Pipe

334 Pipe 1.75 ’ 30’ Parallel 54” 3.~1U~)

- Pipe 50’
- I nc ludes in let  & outle t

501 - Pi pe 60” 100’ Parallel 54” 511 ,000
- Pi pe

3/5 j Channel 4’ 1 ,0001 3:1 4’ Channel 8’ w i dth $49 ,000
- 5 ’  depth
- 1:1 side slopes

- Bank protection 
_____________

376 Pi pe 43” 30’ Parallel 121 x 5’  $19 ,000
Culvert 50’

76 Channel 4 1 2 ,500’ 3:1 41 Channel 6’ width $121 ,000
4’ depth

- 1: 1 side slopes

L , 
________ ________ 

Bank protection 
________

336 P e ’ )8”~~~~~~~~~ 33’ Parallel 8’ x 41 
- 

$13 ,000
- Culver t 501

338 Pipe - 18” 2 ,00))’ Parallel 42’ $157 ,000
- - I P ipe

-

~~~~~~~~~~

-

~~~ 

-~~~~~--- - - +- - - -~~~~~~~~~~~~~ -- -~~~~~~~ -— -~~~~~~~~~~~~~~ - _ _  _ _

505 Pipe 18” : 340’ - Pa ra l le l  36” $22 ,000
— Pi pe

339 Pipe 
- is~~~~T 280’ I t Par a fl~~ 36” $18 ~0O

Pi pe

506 Pipe 12” 780 1 Parallel 30” $42,000
Pi pe

~R Cha nnel 7 1 2 ,200’ 3 :1 6’ Channel 181 width $62,000
- 81 depth I

I 
- 2 ; )  side slo pes
____

~

— -  ~~~~~~ — - 3-~~~~~~~~
~3 ) Culve rt 13’ 53’ 0 7’ l’u ral l e l 13’ 7’ $22,000

- Culve rt

11 17

--____
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HIBC() URBAN RUNOF F ANt ) BASIN DRAINAGE STUDY

A l t , - ;,,- I - - - ‘ ,,,II Hd~
,,, Mi l l  Creek Bemo rls trat lon Are a

I TIN)  1311 -  T A ’  I I  I l l - S P l l l ) I ’I  1 ) 0  FA C I L IT : I S

D I A M E  i~ 
- 

1, , I AN N I  I - M A’ .

ELEMENT 131 CHANNEl 
- SIDE ‘ I l l S  [ G i l l  LII I I S I I M t . E L L-

NUMBER TYPE [BOTTOM WI DT I-l LEN , 1 1 ’  ) I), ,’ ;~ V ,’I t 1 , l lA ” ,- N l  L T YPE ( :43- ’ ‘ 4 )  CII); :

342 Channel 7’ 2 , 1) ) ’ 3 :1 6 1 Channel 18’ width - $1 ’ . - )  -

8’ depth -

- 

2 : 1  s ide slopes 
- 

~~
-
~~~~~~

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ A -

343 Pipe -36’ ‘ 2 3 3 ’  P a r a l l e l  Tw o -96” w i t l l  inlet & 5l14 ,Jhi
- 

I 
Culver t  outlet -

69 Channel 6’ 2,bJ j ’ 1: 1 6’ Channel 18’ width ; 57-3 ,103
- 81 depth

- I 2:1 side slo pes

344 Cnannel 8’ 131’)’ I~ 
Vertical 6’ Pa rallel 12 1 x 6’ - $72,333

Culver t

345 Channel 5’ 4,31 1 -3 ’ 1:1 
- 

6’ Channel 18’ width $239 ,303
8 ’ depth

- 2:1 side slopes

378 Pipe 18” 1 -30 ’ Paral lel  361 512 ,333
p ipe Includes inlet & out leti

508 Pipe IS” 2b O’  Parallel - 36” $16 ,303
Pi pe -

__  - - - - I
347 C hannel 2 ’  l, 3 ’  2:1 - 1 ’ Replace- 24” $71 ,300

n~ nt I

Pi pe
_ _  _ _  

~~~~~ --- - 
_ _  _ _  _ _ _ _ _ _ _  _ _

355 Pipe 96” 150’ Parallel 18’ x 6’ $80,303
C u lver t

356 Channel 10’ 70 ’ 2 : 1  8’ Channel Bank protection $5, 000

_ _  --~~~~ - -- -- - _ _~~~~~~~~~-.-- 

71 Pipe 96” I 310 ’ - Paral lel  18’ x 6 ’  : $165 ,~’J.;
I Cu lver t

_ _ _  _ _ _  _ _ _ _ _  -___ ‘
~~~~~~~~~ .-- -

512 Pipe 36” 330’ — Parallel 8’ x 4’
I - Culvert

514 Channel 3’ 1113)U ’ - 1:1 4’ Channel 41 w i dth
I 4’ depth

- - 
2 :1 side slopes 

-

572 ~~~~ Chan ne1~~~~~~~~~~~~~ 2~)i)
’ 8’ Channel Bank protection

— I —~~~~~~.-

509 - Channel I P 3 , 54 - 2 : 1  I 7’ Channel Bank protection $11 4 ,,) 13

__________________.,--— ___________ _____ __________  —_-—

12 1 I PIpe 36” ‘61’ - Parallel 42” -
- I Pi pe

— _______-- - ---- --~ — —---- - -

510 Channe 8’ 3,1,-H ’ I 3: 1 I 4’ Drop 14 drop inlet hox $4 1 ,000

- 
I inlets structure s

‘~i 11-ic

---- - -  - - - - -- _ _ _
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RIBCO URBAN RUNOFF AND BASIN DRAINAGE STUDY

I 
- Sub B,,ur , Mil l Creek Oerrlonstration Area

EXI STIN G F A C I L I T I E S  PROPOSE D FAd ) 1 ) 1 1 3 ,

PIPE D I A M E T E R  CHANNEL MAX
1 1 1  M IN I  - OR CHANNEL 

- - 
SIDE SL OPES DEPTH OF E S T I M A T E D

N,, IMI- ILIT - t , I ’F B OT T O M  W I DT H  L E N G T H  II,,, , ,  V et) I CHANNEL TYPE CAPITAL COST

360 
I 

Channel I ~~
‘ 5.000’ 2:1 41 

- 
Drop 16 drop inlet bo x 547 .000
Inlets Structure s

369 Channel ~~~~~ 8’ 3,600’ 3 :1  4’ Drop 16 drop i n let  box $47 ,000
Inlets structures

— I  ~~~~~~~~
- - - i~~~~~~~ -- .- -~~~ -~~~~-- - ---- ~~~~~~~~~~~~ - -- - --~~~~~~~~~~

_ _

622 Lake Dollo ff I utl~ t - Outlet Concrete weir & $4,000
I 

- 
spil lway with 2 ’
gated outl et

621 Lake Geneva Outlet Outlet Concrete weir & $4,000
spi llway with 2 ’

- 
- gat ed out le t

_~~__ ±_  

-

--- --_  _ _ __

1he(st ’ rn , , I , - , I I ap ltaI Cost l~~r each ele,,Ier,I ,,,cludes COt31IaC,Or p ro l~t . 
— 

T otd I Ist ,,,,,, t ed Caiul ,,I COU $6,429 ,033
‘ - I ’ ’ ’ ’ ’’ - ‘ ‘ - I  Ieqal ,,ncI , - II~~~, - I I I - ~ In . 1,1, 1,;  ~II’I - ~~~~ ),L,tClt i$l’ and Ii, I F $6 400 000

. 111 (1  1 , 1 _ IS ,It, U,, I ,, , I , .,I W I,,’,, . 1 j1~~I 5 r1 ’ ’IIIIII’l I All l , _,S l S , I , , ’ I lOsel l  ‘

1111)11 June I ’ ll .) 

- .~~~~~~~~~ _ _



HIRCO URBAN RUNOFF AND BASI N DRA INA( ;E STUDY

,I II , - ,  ,,I,~~I — _
~..L - - 6,111 Ba511, Mill Creek Demonstration r,’a

L X I ’ - - 151;  f~~sl ~1 T I E S  PROPOSED FACIL I S  I T ) .

~~~~~~~~~~~~~~~~~~~
)I A I I E R I  ~~~~~~~~ c l ’A 5 N l  I I MA X

‘ L I ’ ,’’ N T  - OR CHANNEL A S h  “I 1115 DEPTH III- L, i ‘ ‘ ‘ / -

A l - M I - D R T Y P E  B I ) I I I) ’ . % I N T I I  I N  1 1 1 , 1 1 L  A - - I ; ) 1. 1 1 4 53 1 1 )  ( y IN  - C A P I T A L  51 151

3 1 1 
— 

Channel 23’ 
- 

1 ,200’ 2:1 20’ Channel 130 ’ width - 595 ,3 1  -I 4.5’ dept h
- 

3 :1  s ide slopes
_- - - -- --- ---~~~~~~~~~~~~~~~~ - --_-- -~~~~~~~~~~ --- -

oo Channel 20 ’ 5,353’ 2:1 7’ Channel 60’ wl dt n $tYu , IJJ
7’ deptn

I 3:1 side slopes

3N 
- - 

Channel P 1 ,603’ 
- 

2 :1 
- 

7’  
- 

Channel r60 width 
- -

7’ depth
- 3:1 side slopes

-_ _ _ _-~~~~~~--- - - I  - -__-  ~~~~~~~~~~~~~~~~~ --- 

316 Channel - 20’ 653’  3 :1  7’ Channel 60’ w i dt i $ 72 ,330
7’ deptn
3:1 side slo pes

500 Channel 9’ - 2 , ; L I ) ’  1 :1 7’ Channel 20’ width 5137 ,3,13
I 10’ depth

2:1 side slopes

317 Culvert 14’ 200’ 0 8’ Para l le l  - 14’ x 8’ 
- 

$96 ,330
I Culvert  -

318 Channel 19’ I 500’ 3:1 7’ Channel 60’ width $65,000
- 

- 7 ’ depth
3:1  side slopes

67 Channel 10’ 2 , 100’ 3 :1  8’ Channel 60’ width - $2 7 4 ,))) )
7’ depth

- 3 :1 s ide slopes

32.) Culvert 12’  1-33’ 0 7’ Par allel 12’ x 7’ 5110 ,3,33
Culver t

68 Channel 7’ t2 ,2001 3:1 6’ C~~~~~l 40’ w idth $201 ,330
3:1 side slo pes

6’ width $1’ ~ 3 180 P i pe Id” I 200’ Paral lel 
~~

, ,~Cha nnel
- I 1:1 side slopes
I 
- Bank pr otect ion

322 ~~~~ pe T 48” 500’ - Para l lel 6 ’  w id th
- 

- 

Channel ; 5’ depth

I - 1:1 side slo pes -
Oan k protection

323 1 Pipe - 48” - 31)1) ’ Parallel 6’ w idth 544,0- i l  
-

I Channel 4 ’  depth
- 1 :1  s ide slopes

- Bank p ro tec t ion
---——~~~~~~~-- .-~~~~~~~~ ~~~~~~~~~~~~~~~~82 Pipe - 48” - 1 ,100 ’ Parallel 6’ widtn -

Channel 4’ depth
- 1: 1 side 510)115,

I , Bpnk prp tectip~
83 Pipe 48” - 500 ’ - Pa ra l l e l  I 6 ’  w i d t h  $24 ,000

- - Channel 4’  depth -
I 1 :1 side slopes
I Bank protection

84 PT~e 47” 7~~30’ Parallel 6 ’ w id t h  ~~ $121. l)Ii.)
- Channel 4’ dept ll

1 :1 side slopes
B a r ~~~~~~~~~~~~~~~~ - 

331 Pipe 36” 1 ,200 ’ ar ,i ) lel 431 510), 1 ) 1)

- I I ; I I ’ l - I u l L  -

___________ 
_ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  

j

I I) 

—-- — -- - -- —- -- -——_-  —-- —-- _—_— ----_ — - -  --------— 
_ _ __ __J ____ _j_  -_ -
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RIBCO URBAN RUNOFF AND BASIN DRAINAG E STUDY

A l t , ’ , , ., Ii~ ,’ - - . ‘; I I I ’  Bas,,, Mi ll Creek Demonstration Area

E ’ I ’ , ’ IN , ,  I A I l I  IT I I  ; CHI IP I I ’ ; I I> FAd E IT I F S
- .  ~~~~~~~ ~~~~~ - - - 

~~~~~~~~P I P E  L I - A S H  T E R  I SAI,’,I L S lA Y

M I NI  0 8 1  ‘ ‘A N S i  I 1,511 1 1 1 1 1 , DEPTH II F S I I M A I I O
5, 15111131 i ’ L l  B)): ( ‘ I S ’  1 5 5 ( 1 1 1 L E N , . I I l  ‘H, ., t , .’ , ,‘ ‘ t  CHANNI L T Y P E  I LAI’ I I . - I  (III,)

332 )“,e 33~ I l ’) ’  Paral lel 48” 564 ,000
I Condui t 

3i ~~L 7 C  ~4 1 ,1 ) 0 ’ Para l le l  48” $l3~ , )0U
Pipe

334 IX 2 l ” ~~~~~~~~ 35 1 3’  
‘ - - 

Pa r a l le l  42 
- 

$28 ,00u
P pe

335 I’ is e 10” 733 ’ 
- - -

~~~~ 

- 

Para l~~~~ 42 $bs, 1-10 
-

Pipe 

----- _ _ _

~o Pipe 12 ” 1 ,1)3 ’ 
I Paral le l  36” I $72,000

Pipe 
- -

328 
‘ 

Pipe 34 ” oOO’  Para l le l  t 42” $47 ,000
P i p e  I

-_- -~~~~~~~ ---- .-- ~~~~~~~~-- - -~~~~~~~ - -- - - - --, —- - - ---~~~~~~~~~~~~~~~~~~ -

329 Pi 1’e 3 ) ’  , 1 .~ 33’ - Para l l el 42” I 51 26 , 01 ;
- - 

I 
F l o e I

324 Pipe 2 1” 30’ 
- 

1 .7 5 ’  P a r a l l e l  T54” 
-— 

513 , 300
- 

P i ,e 53’
- 

- 

I 

, Includes inlet & outlet

s~ l 
- 

Pi L’e 
- 

60” 100’ Paral lel  54” $1 1 ,000
- - - Pipe

3/a L I l a I l ne l  4 ’  1 ,00(3 - 3: 1 I 4 ’  Channel 8’ w id th  $49 ,000
5’ depth

I 
1 : 1  side slopes

____________ - Bank protecti on
376 Pi pe 48” 30 ’ Paral le l  12 ’ x 5’ $13 ,303

C 

- 
- Culvert  50’

Is Channel 4 2~500’ 3 :1  
- 

4 Channe l 6 ’ w id th  $12 1 ,000
I 4 ’ depth I 

1 :1  s ide slopes I

______-- I ~ - , ~~~~~~~~~ - - 
8
~~~pr~~.~!’9~

_ —
ii i, Pipe - 18” 3 1 ’ Parallel 8’ x 4’ $13 ,000

- C u l ve r t  50’

338 Pi pe 18’ 2 , ) ) ) ) ’  I Para l le l  42 ’ 5 15 / ,000

- 
Pipe -

Pipe 18” ~40’ Para l lel  3~~L - - 

~~~$22 000 — _
Pipe

- _ __ _ _ _-,._ _ __ _ _  _

3 ,, )  Pipe 15 ”  280 ’ Para l le l  36” $18 ,001)
P i p e

-
~~
----

~~~~~~~~~~
- - I  ------- - - - - .

~~~~ 
-- - _  _ _ _

501, Pipe I 12” 7813’ Para l le l  30” $42 .00_ I
I Pipe

I _________________________ I _____ ________________________

‘‘ 11 - / I
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111 311 (1 Ill-t I- IAN F I I I N I I I  I AND BASIN DRAINAGE STUDY

II Mill Creek De m o n s t r a t i o n  Area  
— —  Sub Has ,, ______________

I - X I S !  ING I- a h I L  l i l l  , PROPOSED F Ad

1 1 1 1 L I , A M I  I I”  ‘‘ANSI I

1 I E M E N I~ -H  I HA NNI I I A l ) ) )  S L s 1 ’ f ’ , 1, 1 1 1 1 ,  OF E S T I M A T E D
NIIUd ) ~ I 1Y PF ~1 . 4 I l I  1DM A ’O T ” 1 

L I - S I l l  5,,,,~ S t - t i  I I 11.155) L TYPE CAPITA l  ( . 1,6 1
I- 

‘ . u l v e r t  13 ’  
I ~~~~ 

)I ’ r t ,c , , )  7’ Parallel 8’ x 7’ $l9 ,00~
Lula er t  I

- 

343~~~~~p~ 
- t - n - - — 

~~ral le1 96” with inlet & 55 i , )J j 
- -

Pipe outlet

I —
~~~~~~~~~~~~~~~~~~~~~~~~~~

-- - —-—— 
~~~~~~~

—- 
~~~~~~~~~

- — ---- ,

344 ~.,,lvort 8’ 180 ’ I 0 6 ’  Para l le l 10’ x 6’

- 
Cu lve rt

342 Cnannel - 7’ 2 ,/30’ 3:1 6’ Channel 40’ w i d t h  $224 ,330
5 ’ depth

I 3:1 s ide slopes
I --— —

~~~~~
- -

~~~~~~~~~ ‘ I -- _ _ _

60 Cha n nel 6 ’  - 2 ,ou-i ’ 1:1 I 6’ Ch a n n e l  40’ width $12 2 ,000
I 3’ depth

3: 1 s ide  slopes

345 
‘ 

Channel 5 ’  4 , :~) i ’  ‘ 
1 :1 6’ Channel 40’ w id th  $224 ,000

3’ depth
I 3: 1 Side slopes

378 Pi pe 18” ~ Paral le l  36” wi th inlet & $12 ,000
Pi pe outlet

508 Pipe 15” 260’ Para l le l  36” $16 ,000

— 
P ipe

355 Pipe 96” Paral le l  Tw o -96” $93 ,300

I P i p e

356 r Channel 10 ~~~~~~~~ 2 1 8 

rJ
...IT te~~

t b 0n

__—

~~~~~ 

$5 330

71 - Pipe 96” 310’ I Parallel Two-96” t $l2b .)00
Pipe

_ _ _ _ _ _ _ _  _ _ _  ---~~~~~~—~~~~~~ -- - ---1 -- - -- -~~~~~~~
512 - Pi pe I 36” 330 ’ I Parallel 8’ x 4’ $‘II.i,j IIO

Culvert

5 14 ~~~~~nnel 3’ 1 ,300’ I 1 :1 4’ Channel 4’ width
I 

- 

I 

4’ depth

I I  2:1 sIde slopes

~~~~~~~~~~ ~~~~~~~~~ -.-~~~~~~~~~~~~~~~~ —~~~~~~~~~~~
__ _ _

6413 lone I Chann~ i 4’ width S:,. .~ 1

- - 
4’ deptn

I 
I I 2 : 1  s i de  slopes -

_______ ______________________________________ _______ 
4,000’

641 None 
— 

c~anrei 4’  wid th  
- 

~.lIj , I I~ 
—

I 4 ’ depth
- 2 :1 side slop’s

_ _ _ _  _ _ _ _  _ _ _  _ _ _ _  
4,&D0’ 

— - - -  ___

642 h one - 

- 

- 

Cna nne l 4’ wId th $52 113
I I 4 ’  depth
I - 2 : 1  s i de  slopes 

-- -~~~~~~~~ -----644 lone - Channel 4 ’  w id th  $34 ,111.1 1
- - 4’ depth

- 
- I 2 :1 side slopes

________________ _______________________ ________ 2.600’ ____________ 

—--“ -- — -  -----—- --~~~~~~~~~~~—---.. — - ‘-- ‘ - -  - _ _
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RIUCO URBAN RUN OF F AND BASIN UHAINAL OE ‘1 lI ll y

A l ! - , , , ,  A ”  ~. S,,l, Bas h ’ Mi l l Cre e l-. Deo u rl strat ion Are a

F ‘ -~~ 1 INs F A C I L I T I E S  PIL Il’ I ‘Al II F ACI I 1 1 1 1 ’ ,

- ‘ - ‘S  I’AM t ( I -  lbj  ) l l A \ N )~~~~~~~ M A X
I :  ‘.5’ . ’ - I l l LIHANNIL (‘I ‘1 , 1 , 1 1 1 ’ , DI PT II OF E S T IM A I I D

‘.511 ‘ 1  L I r E  BO TTOM 5 5 1 1 ( 1  1 1 5 5 ) 3 1  - 1 1 , , , , !  MCD I I l5’INNI I III’) C A P I T A L  1 )1),!

u4s  11111,! Channel 4 ’  w id t n  $136 ,000
6’ depth

~‘ :l s ide  s l o n es
1 _______ 

5 ,500’
u4~ ~~~~~ 

I~~~ Channel 4 wi dt h 
- 

54:1 ,30,) 

-

- 6’ depth
I 2: 1 Side slopes

- - 4-— — -- 4 --- -
~~~ 

- - — - - - - .j ~~~ Q~- - - --- -- . 4

‘lone I Channe l I 4 widtH $3 ~
I 6 ’  depth -

2:1 side slopes I 

--~~~~~~~~~~~~~~~ ——- - — -~~~-- - - - -—-~~~~~~~ —-~~~~~~~~~~
- ____— ~~ 0_00~ -- ____——

04) tu lle - I Cllannel 4 ’ oldEn $ 1/ 3 ,003
- 6’ depth

- 2 :1 s ide s lopes
_____________ _________ 

640p lone Pump 30 c fs  $66, 1-3 - I

I Sta t i o n  

~~~~~~~~~~~- - - - -- - - - --_ _ _  _ _ _  _ _ _ _ _ _

4l~ I-h I ll,) - Punp 7)) cfs $151 , ‘ I ’ ) J
S ta t ion

642o lone - - I Pump 60 cfs
- S t a t i on  

- 
- - -~~ -- - - - --- -~~~~ -~~~~~~~~~~~~- —- -~~~~~~~~~~~~~~ -— - -- - —.~~~~— 

I ~~~ IOI1tI I Pump 50 cf s I 5) 0 8 ,3 3 - 1
Sta t ion

-- 

OUFIP 
-- 

Pump 80 cfs $172 ,000
S t a t i o n

540 ,1 ~~~ 4 e  T~~ 
- -- -

~~~~~~~~~ 

- 

r~~mp ~~U cfs  

-

I 

- 

S tat ion

~~~~~~~~~~~~~~~~~~~~ —-
±

-- 
I 

- - L- —-— - - - - - - - - - 

041 p lone ~ I I Pump i 160 cfs 5 344 . 1-10
I Stat ion I

648p~~~~~~ne 
~~~~~~~ 

- - 

~~~~~~~~~ Pump 170 cfs
I I S t a t i on

- f - - - 

Uut let 
- 

Conc~~te we ir S $4 ,~I.IJ

I I sp i l lway  I -
~

- - C
(.Itke JJff 

- - — - 

u~~ et Concrete w~~ r &  
- 

~- 54 ,10,1

- 
s p i l lw ay

A T  ~~ldI I,I)’T~~~~~ 6’ ,lSO’ 1 :1 
— 

3’ f o ld i nq 
— 

S~~r 
- -

~~ 5 , 1 , 13,)
ond 1 ,83 acres

655 l’,ne 
— - ______ ______ _______—— 

Holdinl) 
— 

30 A T 533 , 1 1.1

I Pond 3 acres

_ _ _  -- 

~~~~~~~ 
)l ’ldI r I 3 4 A F  

- - -- 

$. ‘h ,- P ) . I 

- - -

I I Pond 1 )13 ~, r,’s I
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  I _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _

‘ 1 1-/i
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HIBLO IIHHAN RUNOFF A ND BASIN DRAINA GE STUDY

A Ite, , ,a t ,s,, 11 — 61 l) .,X,I ’ M i l l  Creek Dell l on s trat lo n Ar ,  .1

EXl: , l I ’-, I A C , i I I  Il- S PROPOSE D I h I l l  Ii II’;

1 1 1 6 5( 1  ‘ I - I l )  l .,1 ,\\\l : 
1 

M A’ r 1
ELI - ME - N I 1 1 1 1 .  ‘ - l ’

~
- 5Fl I 611 )1 S L , I I ’ F S  I 11 1511  OF I ) ‘ , ‘ I MA I E D

NUMBE R TYPE 111)1111’ .! 5r,II l ) l~~ L 1 \ I , 1 ) l  - Il ,’- .- VII I  ‘ - ‘‘ ‘ . 5 5 1 1  TYPE I I A l ’ I T A )  COST

oól lone I h o lding 4 liT $2 ’. .3-3-3 
Fo n d 1.83 acres

-

~~~~~~~~~~~~~~

—-- - - ---

~~~~~ 

-

~~~~ 

_ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _

I - _ _  _ _ _

Tb,’ Est,n~ated C,,p , z , , I C,,sI I,,’ each eIe~we,,I ,r,, I,,des C1” ,l,ac ~“ I’l’Y ’ I Total Est ,mated CapItal Cost $6 , 748,000
,‘nqlneerlnq. ,q,~I and clI l l Ingenclec In sIll ,, - ‘i, land l,,,,cl’ ,,s,’ .1,1,1 

Ho nd To $6 700 000
“A l’ 1 ,’ COStS are ,,,, Iu,Ipct where t I  Is “I” ,,‘II A l l  1,1111 l’I 1,1w-li 

U

June ‘II) 
~~~~
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HLB CU URBAN RUNOFF AND BASIN DRAINAGE SIUDY

- - __,i.!,,~.__ ___ __ ,,,l~ Bas,,, M i l l  Creek J e rniot ’ s t rat i on Area

~l l  IN, , F A 1 I ) l t  l I - S  PHI lI-S IN) 0 I A) I I 1 ( 1 1

r PIPE I) l- ’,S’I 1 1 1 1 1 r 1 . I IANNI  - MA’  I
I - L I - M I - N h  ,11 l L’I I A N N ,  I I  I ‘.~)l ) (Ihll’l i 1)11 1’!,) OF I ) ‘ , I I M A I I  L I

BOT i I IM  ,5 : I I 1 ’ h l  1 1 ~~5 5 1~~ 111 ,11 , /  Vt-u I 11, 5 5 5 1 )  ISPI 1 AI’ I T A I  COSt

“ - -5 -~ I ‘SAIl  . e (  i’L’Soh , ) t1,’ry~~-d l’ t’II)~~~t - J I l l) ’ 1 ,,‘5i cfs $1 ,543,000Al ,,,1.,i~~’ ,1 to i l l  Lr ’l!L’t ~ “L itt On
Pump
S t a t i o n s ’ 

-

P-4 -. 
- 

Propos ed PL-5t~- W at e~~’jd l’rc ’juc ~t Channe l I Includes P-4, 4,’, 4B , $~‘.h93 ,iuJ ’
P — I  - A l l o c at e ,~ El) 1 1 1 1  CreekI I I 13, 14 . 11 , 1~~, It, ,
ClIal It re I - 1’ — / and I’ —

A t  ~‘IlhS 
- — - — - 4 -

dOs 1 i~ e - ~~~ U 
)~~~~~ ar- ,tll e l I rue -  It,” 5 1 3 3 ,1 1 1

-- ‘ - - - -  - - - --- - -- - - -~~~~~~~~~~~~~~~~ - - - - - _ _

350 C U’ute I 10 ’ 70’ OH 8’ Channel ),a~ l protection 55,00’)

—

~~~~~~ 

- I - - ------ ‘ - - - - - _ _  _ _ _ _

11 I Pipe , - 11,’’ 3 113 ’ I’ara l Id l ul l- II , $l28.,l bO
I P i pe

512 - C nan nel ~~
‘ 2-0 ) ’ 2 :1  11 353,ltI, ’l I,r I I F  l l ro te c t io t t

_ _ _ _  I

503 
- 

L IJ I I I IP 1 3’ , ,4 I ’ 2:1 7’ CIlatlnel l i i i)  p ro tec t i  on - 51 1 4 ,,1,)3

- 
5 1 1 0 1 1 , 1 , ) 

- 
4 t,.JJJ~~~~ :1 

- 

~~~~~~~ Drop ~~~~~~ r~~~~ nlet box $47 , 133
- In lets structures

- 5 ’ head loss

0.1 ,,- ~‘siSti)iq outl et LorIt ~’,lI - Lal-~e Celle va I lut1~~t Concrete we i r  s p i l l w a y  $4,000
gated 2 ’ dianeiter

- o u t l e t  

—k— -‘. - - - - -i -— —_ _  _ _ _  _ _ _ _

121 - ri ,’, Jo ” 25s ’ 
- 

Para l le l  I 1 2 1  520,000
I - 

Pi;’e -

- 

~~o ’ i ’, . ’ l  14 ’ ti,ooo ’ 3:1 4’ Drop 14 drop inlet box 541 ,3,1,)
I n l e t s  I structures

I I I ~~
‘ head loss

11, 3 - - , ’ , - )  - 1’  ‘1 ,350’ 2:1 4’ Drop 16 drop inlet $41 , 113,)
I I box structures I

5’ head loss

622 I,~ exi St lIl ) ‘U t l l’ t IAI,l tr ol - L,l k~ ’ 1111110ff 
f 

Outl et Concret e we i r  s p i l lw ~~~~ 54 , 1,111

w i t h  2 ’  qa ted outlet

- - 5 - I -- —-—- - - - -
~~ 

-—- —_—— - - - 1- - --

318 11110 - lii” I 1013 ’ Parallel 30” w i t h  i n l e t  and oF, : , 13)

I ‘ 1 II’ ou t l e t

- - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I , , 
I -- - - - - -- - — -—_ _ _ _ _ _ _ _  -

~~~~ 
-5,1,1 ‘ ipe I II, - ._ b,l I a ra ’ Id 30 ~~lt - , 113 

_______  

~~~~~~~~~~~~~~~ h p’

34/ L- ,, itlrlul 2’ 
- I - 1 1 ) ’  - 

,‘ - 1 1’ L I I  vl’ rs ior i  24’’ $~ 1 ,,II, I

- 

I 

Pipe 

L-- ----3--__ - - -~~ 4 - ------ ¶ _____- -
i3~I Pipe 113” 1 .‘ ,- . I I - I ’  - Paral lel 4. ’ ”  $ 157 . I I I

I Pipe

—— ____________________________________________________ _____________________________________________

111 11 l”’i - ’I I t - , t l l a t  ,~~‘ri. l,,n Of (I,’ to t  il I lL l I l l l’ I I l I: L -  1-i ll ’ an d channel
e,,~~t , rt ,1ut r’sj to t h _ ,)Ill ’Irbllll,I t, “111111) )  ‘ rIr r I  1 1 ( i , I ’ I - 4 , Ihe ,,LI,, ’r
o lIrt l on I, inc lude, ) 111 III, ’ I .s~,’r , r l ’ l ’ll ‘l I ve r  Sub—-t in ,l’,t’.

‘It  11—25

_
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IUHl. II  URBAN - ‘5111 1 ANtI  BASIN ( IRA I NAGE STUDY

A, ’l’ , , ,  I. .’ - - lU ll 
-Ii 1) Creek Demonstr-i 5~~ o1, Ar ea

F ’  151  FA C I L I T I I S  PRDPIJSF D F A C I L I ( - ) - -

i ’ IPF L,IA M ’ .T L H  l 0 l - ’ ’~ ’.. - . . - . I -
E L E M E N t  , I N  1, 1 5 , 1,1 I (‘IDE SI - I I ’, I T’ l l’  I ll- F ’ I ’. tOL ( I D

NUMBE R T I l l  H I lT  15,’ . V 1 ’ Il ~~ ru ‘ - l s ’,N IL tYPE IP’l ’’’ ,A, CO ST

505 P i pe 1)3” . 4 1 ’  ‘ ,lrallt -l  3,, ’ I 3/2 ,30-i
11 11 1’

- - -

339 Pipe I 15” 280’ Parallel I 36 $lo ,v O-) 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ 4 I
Pi pe 1 12” 780 ’ Parallel I I

Pi pe -

_ _ _ _ _  ‘- -- -- - -~~~~~~~~~~ -~~~~~ -- ---~~~-.~~~~~~~~~~~~~~~~~ -- 

ci2 Pip e - 48” l ,l,H ’ i’j ra i lc ’ I 6 width ) $53
- 

~ l 1 I 4 dept n
I 1:1 S h e  slopes

________ ____________________ B~nI, orotection -. - -
83 Pipe 48” - 53-3 ’ Para l le l  6 ’ w id th  ~ ,‘$ ,.I 1,1

Channel I 4 ’  depth
I 1: 1 s ide Slopes

_______ _________ ___________ _______________ 
I Bank p ro tec t io n  

__________

84 Pipe 42” ..‘.500 ’ 
‘ - 

~~~~~~~~~‘T ”~~: w i d t h  ~i ,,’1 ,000
Cha nnel 4 depth

I 1 :1 side slopes
I Bank protection

331 Pi pe 36” 1 ,23 3 ’  Parallel I 48” 5101 ,330

I I Pipe -

__________ ____________________________ ___________________________ — ____________________________ — —-____________

332 Pipe 30” 700’ - Para l le l  48” $64 ,000
I . 

- Pipe

85 Pi pe 1 24” ‘ 1,200’ Paral le l  48” 5109 ,000
I Pi pe

_  - -~~~~~---- -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --- 

334 Pi pe I 21” 3 5 3 ’ Paral lel 42” 528 , 11) 0

I I Pi pe

335 Pipe - 18” 7)0’ 1 Pa rallel 42” $55 ,000
Pipe

““

~~~~

“—‘ ‘-‘ -
~~

—-—-ff— ’i~~ 1,100 ’ 
- - — — 

Paral le l  36” $72,000
Pi pe 

1 
-:-Hi

ii: - 

I_i 

It

I- -~~~ ~~~~~~~~~~~~ 
_

_ _  __  -

I --- -i -  
~~~~~~~~

—--- — -____

I t ’ ’, ,,! ‘ , l ’ ~~~~,’ l , ’ Cost ~~~~~~ -I,’,’ P, ’’ - ‘ ‘ ‘I•” , I ,,l’I’ ‘I!’’’ I’’ ’’ 1 ,1 Toi, a l I s -  - . .,,-,! 1:,~ ,, ill I,,’,, 55, 765 . 11 1)11
q ,I . .n-,~~~l; nIh I . ,? b Olt ,tlent ,,- It , ., ,I.I ! - ‘n . i ,l.,,l ‘ ‘ ‘ - ‘‘~~~‘- I 1,1, 1 ,1  i~1 $5 ,800 , 000

,&‘st ’t ’,’4 ’’ , , - j S  ,wP ,,tcI,~~,I *‘,‘n ,‘ - . ,‘,,) ‘ S ’ ’ ’ 1 1 ’  - . 1  A l l , - ,,‘,I, ‘I,’

I,,’,, ( F I I pft eS

‘Ii 1
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REGIONAL SUB —BASIN P—3

MILLER CREEK DEMONSTR ATION AREA

GE N LRAL DESCRIPTION

The Miller Creek sub-area is located on Puget Sound north and west
of the Seatt le-Tacoma Ai rport .  The stream flows south and southwest and
drains the mid --upper portion of the Lower Puget Sound Sub—Basin (see
separate evaluation for the Lower Puget Sou nd Sub—Basin).

The geography of the sub-area is variable. There is a plateau
area , with eroded valleys along the seaward side that are created by over-
land flow. The sub—area al so has numerous land sinks or depressions , an
anc ient glacial feature that is predominate throughout the Puget Sound
area. The sub—area boundaries are delineated primarily by natura l features ,
such as hill crest lines and saddles. Where the su b—area boundary passes
through urbanized areas. man—made features (street gutters , etc .) align
the watershed boundary . Numerous small streams flow into Miller Creek and/
or the natural sinks within the sub—area .

Stream Category Drainage Area Discharge

Mi ller I I I  8.9 sq. mi. Puget Sound

M iller Creek may be considered a floodway—zone stream throughout
most of it s reach , wi th a pastoral zone in the upland bog and marsh areas.
Th is creek drains from Arbor Lake southerly to the northwest corner of the
airport , then southwesterly to its outflow into Puget Sound . Principal
features of the sub-area are the Burien comercial area; Sea—Tac Airport ,
and the highway system SR509 and SR518. There i s no ga g ing stat ion
for this stream , The draina9e area is approximately nine square miles and
the stream extends the entire l ength of the sub—area , chan ging in elevation
about 400 feet as measured from the Arbor Lake area to Puget Sound .

Land-use development is tabulated in the tabl e below for existing
condit ions (1970-1972), and for the projected year 2000 Comprehensive and
Corridor Land Use Plans. Single-family residential development is the
predominant land use for all three categories. The projected trend will
be for a 3 percent reduction in single-family units , and 3 percent increase
in mult iple fanli ly use. All existing vacant land (2%) will be altered by
development by the year 2000.

~i 1 ler-1
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PERCENT OF SUB-AREA IN SPECIFIED LAND USES

Land Existing P.S.G.C. Land Use Projection
Use (1970-72) Comprehensive Corridor

S i ng le Family 7 5 72 72

Multiple Family 5 8 8

Coninercial/Services 7 8 8

Gov t. and Educ . 2 2 2

Industrial 1 1

Parks/Dedicated Open Space 5 5 5

Agriculture

Airports , Railyards ,
Freeways , Highways 3 4 4

Unused Land 2 0 0

Water

Total 100 100 100

Total Impervious 35 36 36

Jurisdictions in the sub—area are King County , Port of Seattl e,
and the City of Normandy Park. Only a small portion of the sub—area is
serviced by Metro. The comunity of Burien is within the sub—area .
Small special-interest groups and concerned individuals in the sub—are a
have expressed interest in helping to plan future action to curb detri-
mental effects upon the natural streams such as water pollution and land
erosion. One such citizen agency is the King County Environmental Deve-
lopment Conii~iss ion. Another (that is working with King County on drainage
problems) is the Miller Creek Drainage Basin Comittee.

NATURE OF EXISTING DRAINAGE SYSTEM

The na ture of the drainage systems are fairly similar throughout
the entire sub-area . This is due to the predominate land-use , sin gle-
family residential. There are several lakes and numerous “pot holes ” or
sinks that act as storage pond s during wet weather . There are wetland s
within the sub-area consisting of marshes and bogs in level l owlands and
lake perime ters tha t ac t to moderate runoff rates .

Man—made fac ilities in the drainage system consist primaril y of
street culverts and storm sewers. The Port of Seattle is constructing a

III ller— 2
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l arge holding pond northwest of the Seattle-Tacoma Airport . For the most
part, man—made drainage systems are incomplete and depend upon the natural
system for final transport of storm—water. These pirtia l systems often
create erosion and water—quality problems.

It is quite obv ious that within this predominately residential
area , streams are important recreational and aesthetic assets. The stream
is used , in part however , as a dump by thoughtless individuals in both

I ‘ residential and comercial areas. This careless action destroys a poten-
tially valuable and attractive amenity in both the social and natural
envi -0 ‘ -‘ent

DRAINAG E PROBLEMS

Major probl ems in the Miller Creek sub—area are wide—spread , exist-
ing not only along the creek (flooding , sedimentation), but also in natural
sink or land depression areas l ocated some distance from the natural
drainage course. It is significant to note that the probl ems that presently
exist are of a magnitude similar to those anticipated for the year 2000.
This ‘is because the projected change in percent imperviousness from present
conditions to future conditions is insignificant.

Flooding , ponding , soil erosion and sedimentation problems are dis-
tributed over the entire sub-area, but are most severe near the ma in
channel of Miller Creek and in the lower reaches of the stream. Tub Lake
has received oil seepage from an old dump site. Reported property damages
obtained from l ocal agencies placed the average annual loss for Miller
Creek sub—area at $40,440.

The results of hydrologic analysis indicate no significant difference
between the Comprehensive and Corridor Land Use Plans. Therefore, the
drainage alternatives presented herein are applicabl e to both plans.

BASIC ISSUES AND STATUS OF DRAINAGE PLANNING

The planning agencies that would plan and eventually take action
to alleviate or rnininiize the above mentioned problems consist , in part, of
the jurisdictional agencies in the Miller Creek sub—area plus the State
Highway Department which has constructed , and may eventually extend free-
ways in the sub—area . The Port of Seattle conducted a study of Miller
and Des Moines Creeks , in which the water quality, biological conditions ,
and hydrologic capacities of the two streams were investigated .

King County has a comprehensive drainage plan for Miller Creek
that has been stopped by a citizen suit contending that the environmental
damage is unacceptable.

At a Miller Creek RIBCO Coniuunity Meeting , November, 1973, variou s
alternative method s to alleviate flooding in the Miller Creek sub-area
were discussed . The following five general alternatives were presented : 

- -- U 
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(1) continuation of present trends, (2) storm water diversion facilities ,
(3) flood-plain management , (4) channel ization , and (5) watershed
management.

Of the five alternatives presented , watershed management was
sel ected as the most favorable alternative. Storm water diversion faci-
lities , continuation of present trends , flood plain management , and
channelization were rejected .

In view of the above preference, the alternatives considered for
this sub—area are quite similar.

Staff members from the King County Public Works Department , Hydraulics
Division , and representatives of the Citizens Stream Advisory Committee
have reviewed the initial alternative plans for drainage developed by this
RIBCO Study for the Miller Creek sub—area . A third alternative has been
developed with suggestions received from the City of Normandy Park and the
Water Quality/Drainage Committee of the Sea-Tac Communities Plan.

ALTERNATIVE PLANS FOR PROPOSED DRAINAGE CONTROL

The existing drainage system of the Miller Creek sub—area as descri bed
by local agencies , was evaluated by computer simulation that applied the
region ’s 10—year storm to P.S.G.C. year 2000 land use. Drainage problem s
thus identified were analyzed and possible solutions provided in development
of alternative plans for drainage control as described below.

ALTERNATIVE PLAN I

General Concepts

This alternative makes use of seven holding ponds , combined with
limited improvements along the creek to accomodate fl ows in excess of the
capacity of the natural stream. From computer model simulation , it was
found that the holding ponds alone , with no channel improvements , did not
have sufficient capacity to prevent major flooding along the creek. There-
for e, both holding ponds and improved channel sections are necessary to
alleviate flooding.

Major Features

Major features of this system can be grouped into three broad cate-
gories: holding ponds , enlarged conduit capacities (or parallel pipelines) ,
and enlarged natura l channel capacities . Rather than “rebuild” the existing
natural channels to accommodate flows , a diversion structure and pipel ine
were used . In this manner, flow exceeding the capacity of an existing
natura l reach of the creek will be diverted to a parallel concrete pipeline ,
which will later discharge the excess flow into the creek where the capacity
of the natural creek will be sufficient to handle the tota l flow. Use of
combined flows was selected primarily because the citizens of Miller Creek

?-1i l’Ier-4

— —



-- - - —
~~
‘---

~~~ 
— ------ - —- ---- -U-- - --

_~~~~~~~
—

~~~~~~~,
-

~~~~~~~~
---- - - - -  

~~~~~~~~~~~~~~~~~~ ~~~~~~~T. 
- -

voted unanimously against chann elization (concrete lining and rip—rapping )
of na tura l stream courses. A second reason this limited d’ivers i&n was
selected was because the natural channel , in reaches located northwest of
the Seattle Tacom a Airport , would need to widened 40 to 60 feet. This
widen ln li , required to accommodate the design flows , would require the re-
moval o f homes or other struc tures .

Cos t for Alterna t ive Plan I is es t ima ted to be $4 ,700 ,000.

ALTERNATIVE _PLAN II
¶ General Concept

This al ternat ive is ident ical to Alternative Plan I, previously
mentioned , exc~~It tha t a major trunk line (78 inch conduit) intercepts flow in
the “five corner s” area of Burien , and carries it southwes terl y alon g
Sylvester Road to Puget Sound .

Major_ Features

Most features of this alternative are the same as those of Alter-
native Plan I , except , that instead of directing flow from the “five
corners area into Miller Creek . the f lo w is directed into a trunk line
which conveys the flow to Puget Sound . By diverting 335 cfs from Miller
Creek. the reaches of Mille r Creek to be improved southwesterl y of 1st
Ave. So. need rot he sized as large as designed for Alternative Plan I.

Lost

The cost for Al ternat ive Plan II is estimated to be $6,300,000.

ALTERNATIVE P L A N  I I I

Gc ne ro i ~,L)r1ç ,çJ t

This alternative is identical to Alternative Plan II , previously
mentioned , except tha t the Port Pond is increased in capacity, two addi-
tional holding ponds are located downstream from the Port Pond , and the
mo’~t. downstr r’ar’ r~~ ch  of Miller Creek ut i l izes flood plain zoning. The
two addi~ ion,il Hlding ponds not only reduce the peak f lows in the lower
portion of ~~ll ’-r - ~~~~~~~ but also eliminate the need for diversion pipe-
l i ne -  and enllu- I~ 1d conduits downstream from the Port Pond to the inter—
s
~
ction o~ Fi~’’,t A ’~,nue South.

The numb er of pa~a l le l  pipelines required along Mil ler Creek be-
t w ’ ~n Ar t o r  ~~~~~~~ and the Port Pond , especia l ly  the reach downstream of
the Freeway (State Highway 509) could be reduced by utilizing holdin q

‘
~ i 1 l c r_ ,
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ponds along or adjacent to the creek . To ~ore fully invest igate the
possibility of addit iona ’ hol ding ponds in this reach , the avai la bil i ty
of approp”~at~ l a n a ~er holding pond sites wou ld have to be studied .

Major Features

Most of th - 
f e a t u re~ f- r ~O is alternat ive are the same as those

of A it~ r~’~tive i~ . n~-:~~t f r  t’e fol1~ ,.Iing changes or addition s :

T~~ Port Pond (Element 41) is increased in capacity from its
-~s~-n~ tota capacity ~~~C 32 AF to a total capacity of 160 AF.

2. ~ 4~ ho diny pond (EleI ent 29) ~s to be located about 0.7m i e  ‘ nstream from ti e Po’t. Pond .

3. A 4 AF ho1d in~ pond (Element 44) is to be located about 1-1/2
m il es downstream from the Port Pond.

4. The diversion to conduit at the mouth of Miller Creek , as
shown in Alternative II, wi 1 l not be required because the lands immediately
adjacent to the creek wi ’l be a~~owed to flood for short dura ti ons during
heavy storms .

Cost

The cost for this alternative is estimated to be $6,900,000 .

PEAK-FLOW COMPARISONS

The follow ing table indicates 10-year peak flows with existing
fac i l i t ies  and land use , a d  with — 3lter native drainage management solutions
for the year 2000 .

COMPARISON O~ 10-YEAR PEAK FLOWS
(Cubic Feet Per Second)

Ex isting Exist ing Alternative Alternative Al ternative
Locat ion FaJiitieY Faci lities * Plan I Plan II Plan 111

S. 136th St. & SR509 165 165 250 250 250

SR 518 200 200 350 350 350

S. 160th St. 70 70 240 240 40

* ~lows shown are lnw- r than i\itern ative Plan flows ~~ause of restriction sin  streamwa~s which cred~,e uncontrolled flooding . Alternative Plans
have been fcrr- ’~’ated to elimina te all floo di n j .

M ’l le r - - 6
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~\ist ing Existing Al ternative Alternative Al ternative
Loca - --’ ~ - - - ~a .Hi ti e s * 

- ~c i l i t i e  * Plan  I P l a n  I I  Plan III

ls~ A— i c. S. 4oO 480 520 310 120

S~orebrc -oK Dri~ e 110 110 160 165 160

100 iuO - - 440

Sylvester Rd. Trunk line - - - 260 260

EN VIRONMENTAL ASSESSMENT Sr ~L. ~E R NA TI VL PLANS

Field inspect ions ~1t’i’e r~oIi e to judge the applicability of the sug—
ges~t~a alternati ie plans for this sub-area . This procedure was followed
~hrouq hout the RIBCO Study for development of alternative plans for the
var ious regional sub-bas ins. The inspections were based upon the alterna-
tive evaluation procedure which identified 34 unique criteria grouped in
general categories as follows: 1) Effectiveness , 2) Human Values,
3) Environm ental Factors , 4) Im plementation , and 5) Resource Requirements.
The vari o us structural elements in the alternative plans were checked
against the appropriate criteria and the various non-structural elements
were reviewe d for their relationship to existing and probable future
develo pments . T he cr iter ia rat ing to tal for A lterna ti ve Plan I, which
employs storage , diversion , and -

~ew conduit , was a nega ti ve 12 on a sc ale
rangin g from posit ive 108 to negat ive 108 . The total evaluation rating
for Alternative Plan II , wnich empl oys storage, divers ion , new conduit ,
and a major tn  A n~- l ine , wa s a negativ E’ 14 . The tota l evalua ti on ra ting
~or Alternat ive Plan III, wh ich employs maximum storage , l i m ited stream-
side diversion , new condu it and a major trunkline , was a posit ive 8 .

Alternat ives I and 11 rece ived negati ve ratings for effect iveness ,
al tr iou Th both are believed to be successful for controlling flood damage
wit n ir the design level storm . Alternative Plan III received a positive
‘ - i t i n :j  Fur effectiveness based in part on erosion control potential and
derieral rel i ability . All three alternatives allow development adjacent
to ten- streams, ~~rJ therefore may result in serious consequences to
streao side properties due to flooding beyond the design le”el storm .
All three alternatives present rather difficult maintenance problems .
Re l i a bil it - i of Alternat ives I and Ii is questionable due to the extensive
r-el iance on divers ion systems.

All three alternative plans received positive ratings for promotio n 
in -i ues as they will allow ‘ia dmum development of land wi thin the

i U O ~~à r O à  a r d they do not requ i re displacement of people. Noire of the
alternat ives,  nov~ever , provide oul ti pie use potential nor would they s’i gni-
fic intly ~nhance cosir in ity cohesion through the preservation or designation
of broad greenways .

~eyative ratings w e re received by both Alter natives I and u
nv i ronmenta l actors. The pr in~~-j basis  i-or this rating was tne r x  t i n —

si~’e -ilte ra tion of the na~ar ’il system as wel l as the poten t ia l f
upon ~- i1dl ife and vege ta t ion . A lternative Plan III received a ~jo~ it ive
rating for environmental f - -i - I P’s due to minima l al terat ion of th’~ natural

/ ~~~~~~~ All thr~~- al t’ -r ’r~- it ive p1 - i ns should enhance a uat ic  l i f e  pot en t ial
o - w i l l  as improve wa ter ~i~o lit ~ and assure low flow conditions.

~~~ M il ler-7
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The implementation possibi l i ty of all alternative plans is judged
to be relatively difficult hecan~e of the degree of jur i sdi c t ional coope-
ra tion necessary, the significant land acquisiti on involved and the
necessity to accomplish drainage control within this sub—area in the
immediate future.

All plans incorporate , to some degree , dra inage concepts supported
by the general public in the sub-area . Negative ratings for resource
requirements were given to all alternativ e plans because of the high
energy and material requirements necessary , as well as the extensive
capital outla y needed to accomplish either alternative plan.

One important element in all alternatives is the proposal to use
storage areas in the upper sub—area . This treatment , if it is to be part
of the chosen alternative for Miller Creek sub—area , should be implemented
as an early organized effort. Any one of the holding pond sites designated
in the alternative plans that is eliminated by development will necessitate
the use of a more structura l treatment than the alternative plans can
accommodate. This issue should be brought to the attention of all citizens
and their local agencies.

The extensive use of diversion pipeline in the natural areas of the
stream , as contemplated in both Alternative Plans I and II , would need to
be accomplished with extreme care . The diversion pipelin es do not impact
the stream channel per Se, but could have potentially harmfu l effects upon
the wildlife and natural vegetation typical of the natura l stream course
along which they must pass.

CONCLUSIONS

Al ternative Plan III is superior to either Alternat ive Plan I or
Ii , because of its ability to control stream flow without Impacting
natural channels or streamways. Benefits received from the major trunk-
line diversion alone as suggested in Alternative Plan II are relatively
insign ificant when compared to the tremendous cost for this facility. The
designati on of necessary storage areas must be accomplished if any of the
alternative plans are to work effectively and if the sub—area is to avoid
chanr ielization or divers ion of the entire stream course.

King Cou nty, the Port of Seattle, and the City of Normandy Park
should establ ish an effective agreement on a master drainage plan , that
incorporates the cond itions of Al ternative Plan III . Both agencies then
should move to implement those por ti ons of the p lan falling wi thin their
own jurisdiction.

The basic issue appears to be which local agency or agencies will
have jurisdiction and responsibility for control of urban draina ge and
related flood damage problem s in the Miller Creek sub-area . The County
should have responsibility for control of drainage and flood damage , and
the City of Normandy Park and the Port of Seattle should participate in
drainage master plan development and I -ecut ion of necessary solutions
within their jurisdiction.
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I
EARLY ACTION

In addition to the inrnediate need for development of a drainage
master plan and designation of jurisdictional leadership within this
demonstration area , certain physical features of the alternative plans,
presented herein , appear to be generally applicable to any drainage plan
wh ich may be forthcoming as well as both suitable and desirable for early
implemen tation wi thin the next ten-year period. These features are pre-
sented in the three categories previously defined .

FACILIT Y RECOMMENDATIONS

The business district in Burien has experienced frequent flooding
and it is recommended that the present inadequate dra inage system be
improved .

The second , and equally important , recommendation is that of pre-
serving the existing natural drainage system. Early implementation in
this regard should be to construct holding ponds , or improve existing
lakes and holding ponds.

The following specific early implementation items encompass the
above described recommendations , and include two additional recomendations

• to correct reported drainage probl~iis.

Category I - Common Alternative El ements (as per Al ternative I)

Estimated
Elemen t Number Proposed Facility Capital Cost

41 ~iol ding pond , 39.5 Acre—Feet $380,000
205 holding pond out let 11 ,000
55 holding pond , 7 Acre—Fee t 47,000
200 holding pond outlet 5,000
64 holding pond , 2.8 Acre—Feet 35,000

204 holding pond outlet 7 ,000
221 holding pond , 3.5 Acre-Feet 18,000
206 holding pond outlet 11 ,000
34 holding pond , 110 Acre-Feet 44,000

207 holding pond outlet 4 ,000

TOTAL $562,000

Ca tegory II - Alternat ive Elements Common in Scope

None

Mill er - .9
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Category III — Response to Reported Dra i nage Problem s

Estimated
Element Number Propçsed Facility Capital Cost

201 holding pond , 5.5 Acre-Feet $ 35,000
202 30” pi pe - 4500’ 240,000
128 42 h1 pipe — 550’ 43 ,000
158 42” pipe - 650’ 51 ,000
220 24” pipe - 900’ 37,000
219 30” pipe - 2600’ 139,000
218 36” pipe — 1800’ 117 ,000
217 42” pipe - 2400’ 189,000
216 30” pipe — 3200’ 171 ,000
215 36” pipe — 500’ 33,000
214 60” pipe - 1000 ’ 119,000
213 33” pipe — 1000’ 59,000
212 64” pipe — 3400’ 359,000
211 42” pipe — 1 500’ 118,000

TOTAL $1,710 ,000

I-Ii 1 l~~r — l )
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~~ 8” 1 , 3 ) 3  ‘ . i r a l l e l  30” $‘ - ‘ -

‘I,’’

4 Pipe 8’ 1.33 ~~~~~ l 1  ‘I ’ 
- 

~~~~~ S1 . i ’)0 
- 

-

61 Cna nne l l , j - ’ _
~~ 1 ‘~ v C- ,I~~)fl 4 j ’

~ 
I I I  

- - -- - -U-- - - - _________ 
i ”  ------- ~~ . - - -~~~~ -_ _

- - - -  - - - -U’ -



AIBCO URBAN RUNOFF AND BASIN D R A I N A C I F  STUDY

- — - Sot , Ba, , , ‘Ii 11c r Creek M’I,lIfl, t r d  II Oil ,,r -1- ,,

- - - SI I A C I I  1 L1) PROPOSF L) F A ~. i I  T I ES

F - - - - - - - - - - 
~~~

- - —
~~~~~

- - -- — - - - - - — - -- -_ _ _

- (IP I 0 -,M l IF 11 , - -,IS N( L -

I L E15 ’ l I I I  - ‘ ,AN~~~( SIDE SI l I F t S  DEPTH OF , I- SI  , M A I
N ’ ’ M ’4 ’ ~ T F ~~ E 1 ’  ‘ - \ ‘  L5 1 0 1 1 4  - b .  ~ - lb , , , , t  V e ,t  I , ‘A N S l  I 1 5 (0  ( C ’ I ( A (  (1021

S I  ( s i t s ,  - In let!  To 12 SC , JJJ
. Out le t  I

-
- _ - - - -~~-- _ -U’-- -~~~~~~-_U---_~~~~~~~~~~~~~ ---- -U- - -

41 lOld irtO 
- 

3 5  At - b l o J d i r , q  39 .5  IF ( a c t i v e ) ~3&J , I s )
P0,1(1 - ( a s t i v e )  Pond

IJ-a - w V  - Pipe 54 ( t h ro t t l ed )  51 1 . 331)

1 -30 ’

_ _ _ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —-~~~~~-U’—- --

1., Lsj ’i’i~ I I I’ I 3 .2- I - I  - 2. 5 I 2 u ’ Di version 35” 521 .~~ 13
1. 4 : 1  . Pi pe 1 32 13’ 

--- ‘-U—- -- -_ _  _ _ _-_ _ _ _ _ _  
,

- Cr, (One - Inlet! For 36” St ,  (I i
Out le t  

-

- - --------~~~~~~~~ -~~~~~~~~~~~~~~~~ - - - -

3 1  Chain -t e l 9 ’  3513 ’ L0:1 1.6’ Divers ion - 54” - $37, J3~)

L7:1 Pipe

4 -~ Cri an ne l 4 ’  ‘ 3 ,000’ 2:1 2 Di vers ion 63”
Pi pe -

- - — - - - i 
~~~~~~~~~~

—--—

~~~~~~~~~~~~~~~~~~~~ I
45 ~ - r ~~ In l e t f  For 60”

- 
Ou t l e t

44 L,flvert 4’ 130 0 - 4’ Parallel 30” - $5 ,30.J
Pipe -

- -~~~~~~ — _ _  _ _ _

43 - . ‘ia nni’ 1 1’ u T) ’ 1 :1 2 3 ’  D i v e r s i o n  
- 
54”

2 :1 Pi pe 
F

- - -. .- - - - - — -

-I ,,n.- I I  l I ’ t /  Ti, 54’’ 5 - 1 , 131
I_i t  1~— t 

—-—-U-U- - - - - - ~ —-  - - -

is’ - 1 1 3 0’  (‘ara 1 Id ~ 84” il ,r). ( 1

- ‘ -
~~ Pill,’ t i) ’’ $ 1 1 - I . ’., ’

1 , 11).) ’

I I  . , s - - P1V,’ 4, - - - 21 14 .,l
1 ,5 111 ’

r - - — -‘—— ——- -——  — -~~~~~ — U- - - 1_ —

Ii, , r r  Pipe 31 ’ $ I 3 , . ( (- I

- V - - - - -~~~~~~~~~ - - - ---_ _ _  --a- 
I - ii ~- n ( i v -  I 30” I $1 /1..).).)

12 - - n  (‘ 1 (1’ - ‘ , - l ’ I’ - ’ , I I I

I ’ l l ) ’

________________________.

~

_

~

1 — — ______ ___________

0 l l n r — I R

- U--U’- - - - - - -U—---— - - - - - - ---
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RIACO URBAN RUNOFF AND BASIN DRAINA GE STUDY

All ,- , ,., 
~~~ _.... _ _i _.. __ __ OsI , Bas,n Mi 1 l~ r C reek Ut’,:tuns trat I or, Sri- ,,

EL- I 101. FACILITIES I’IlI,I’ ,II,I U F A C I L I T I E S

1 PI PE U AMI 1 (11 1 C H A N N E L  MAX
E l i  \ ‘ I N 1~ FIR I , - ‘~N N I  I I SIDE SI OPFS I DEPTH F~I ESI IMAT I  0
N’ \‘HI H TYPE Cot  TUM 1, 1 1 , 4  L E N O T I I  (Horn- V ’ ’  C H A N N E L  TY PE CAPIT AL  ( 021

2 17  i ‘lone Pipe - 42’ $lo ( ,JU.1
‘‘ .4- _ I l -

- - -- ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ - - ~~- - - - - - 

/Id F lone I - P ipe 36” $ ll l .J ) i
F 

- 1 F 1 ,3.10’ 

~ — _ _ _ __ _ _ _ _! _ _ _ _ _ —-U—— — - — —

~l3 (O I l S  F P i p e  - 33” 5~~~~~
j (  I- I 

I

I ~U’tt ’ - ‘. Pipe~~~~~~~~~~~~~~~~
2.600’

220 ;lone F - - Pipe 24” F 537 ,03. 1
- - ‘300 ’ -

211 — lOiIi’ - F In le ts  V a r i e t y  o f  i n l e t s , - $52 . 13-)
22,1 : - 3 500’ i n te rva ls

- F 35 to ta l

/21 lone 
- I Ho l d i ng 3. 5 1~F 5(1 , , ]-],)
- Pond 1 .2 acres

/06 (one F - F Pipe 54” $11 ,000

3 4 i ~~~n~~ Holdin g ~~~~~
Pond 37 acres -

- -- I ‘ -4- - - -
~~ 

- -U-- -

(i i  - ((Ill,’ , Pipe 24 ” I 54 ,3-1,1

- 100 ’

___ - . - - I ‘ - - -
~~~~

- - — --—

130 P 0*- 3b ” 2 , 130 ’ - 
- 

- Parallel - 30-’ 51 1 2 ,3,1.)

- 

F 

Pipe -

- r - — — — —  - - 4 - - -—v- - — — — - -— —

C u l v e r t  - 7’ 5 / 3 ’  I~ 0 1 2.5’ Parallel 54” $50,000

- F Pipe

~nanne1 1 2 3 ’ ~~O’~~~~~~ 2: 1 2.~~ ~~ve Nthn 72” 
-- 

~~l8 ,JO) 

L _ J  

3 1  

- 

Pipe 

_ _ _ _ _ _ _

/5 ‘ i s  - I Inlet ! To 72” $11 . 3 11, 1

-

‘ 

Ojtlet 
-

24 Channel 1 ;‘)‘( ~ 7 ( iv  r ion Two 61) 3/ F I l

- 

(‘Il, ~ ’ b idin g 1 lt.b At $, ‘
~ ( , 1 1 , 1

Po nd 8. 4 acre s I

- ~~~ .. . - - -~~~~~~~~~~~~~ - - - -- - -—- - - - -
ii) - lone I P ip E ’ F 1’ , ’’  5’~ 

1 , - l
I 2 , 1 ( 1 ’

I _ _ _ _ _ _ _  _ _

‘01 l,- r - 

- 
. .:~~ - -~~~~~~~~~~~~~~ — -  

- - - -
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RIBCO URBAN RUNOFF AND BASIN DRAINAGE o l U o ,

— Sub Bas,r, mi l ler  Creek De tIlonstrati or , A rea

I - s ’ , l NsI  F - L 1 I L I T I ( 0  I’RI .IPIjS[ D F A C I L I T I E S

~~~ E DIA M F ~~~~~~~~~ ~~~~~~~~~ S H A N N E L  [ MAX
E l  E M E N I F  OR - - -5551  -,lDb ‘ ; ( O I ’ Fs  DEPTH OF ES T I M A I L D
NI MBI , IL’ l , BOTT(’NI W ( L ( I I I I  ‘ 1 ’ s - b  ( ( 1 , - i  V ert I CHA NNEL TYPE CA P I IAL LUST

142 TI ,e 36” 100’ - - Para l le l  - 24” $20 ,000
- P ipe 

-

“I fFIpe ~~~ 36” +~~~~~ 5 C ~~~~~ 
— 

~~~~~~- t 24 s - -

Channel 6’ 330 ’ 1:~ 1 . e o  
- - - - 

$ I2~OO0 
-

F 7 :1  1 P ipe

bi) lone I - Inlet! To 24” $4 ,000
I - Out le t

F -U— I —— — — — -______________ — —-

145 Culvert 2 .8 ’  100’ F 0 I 2 ’  Paral lel 42 ” $8 ,000
F 

Pipe

83 Culvert  2 .8 ’  150’ F 1) 2 ’  Paral lel  30” $8 ,000
I P i pe

81 Channel 1. 7’ 1 ,000’ 2 :1 - 1.6’ Diversion 60” $119 ,000
I Pipe

_ _ _ ___- -~~-~~~~ _ _ _ _ _ _ _ __ _ _

81 1-lone I - Inlet! To 60” $9,000
Out let

FE,, ’ I ,r ,,,rared Cap,ta C c i  I-or cash e(e,rlenr ‘ -, I, :1 , -s (1,’- 0,I: ,, (:~~ ‘ I  Total I -d,,,, ,,rl’,l Cap,Ia I Colt $4, 721 ,000
,-,-q~r:~’c ’ - ~~q Ieqal and ~~~~~~~~~~~~ ‘ ,- ,,I, l:  I,,-,, ansi ‘1 ’’ i , ,s ,. I Rou,,sI Io 54 ,700 ,000OS, ’, _t ’Se 4,1515 or,’ :,,,,I,,,I.-,(  wl,e r ,- ,,,,,, I ,s , - ‘ I , , , - , - , I  A ll cosic ,,r, I~ ,s, ‘I

J,,,,,- 1973 t’r’cei

l le r-/1)

- — - - ~~~~—— U’  —---U~~~~~~~— —— -— — — -U  —-—--- --~~~~~U’ — 

U’

~~~~~~~~~ ~~~~~~ 
- .
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RIBCO URBAN RUNOFF AND BASIN DRAINAGE STUDY

A I I,’ t ’  l,,I,,s ______________ —_ So t’  Bas,r, 
Mi l ler  Creek Den t on s trat i  on 1,,- ,-,,

FAC ILITIES PROPOSED FACILITIES

- PIPE 1I,\Ml I ElI ’ I CHANNEL MAX
E L E M E N T  OR CHANNE L - - - SIDE SLOPES DEPTH OF E S T I M A T  I I’
NUMBER T Y P E  BOTT OM W I DT H~ 

LEN GT H lHor’z Van I I CHANNEL TYPE C A P I T A L  COST

el I Pipe I 1/” F 390’ ‘ Parallel 36” $20,000
F 

- 
P i p e

I Pipe 1 1/” 300’ I F Parallel 36” I $23 030

_ _ _  ~~~~~~~~~~~~~

- Pi lte -

i 

36” 28:)’ I F Para l le l  42” $22 ,033
I F P ipe

F 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I -

~~~~~~~~~~~~
__ _ _ _

55 lone 
- 

I , ho ld ing  7 At $47 ,000
F Po nd 2 .3 acre s

200 ,~one Pipe 27” 55,000

F —U’-—— 4-—-U’——-——-U——
53 Pi pe 30” 100’ Para l le l  33” 52 ,300

Pi pe

_ _ _ _ _ _ _  _ _ _ _ _  _ _ _  _ _ _ _ _  _ _ _  _ _ _  _ _ _ _ _ _ _  - I
2/ Pipe 42” 700’ I Para l le l  36” 546 ,3 1,1

- 
- - Pipe

_ _ _ _ _ _  _ _ _ _  _ _  _ _ _  _ _ _ _ _  - -U- .--.
-

51 I Pipe 54” 2.600’ Parallel 42” 5234 ,31),]

1
’ Pi pe

-- F F
23 1 F lone - 

Ho l d ing 5 .5  AF - 535 , 3)0
F Pond .9 acre

_ _-  ~~-- -- - - . I _

232 I lone Pipe 30” 524-1 ,300I - 

I 4 ,500’

________ - - - - - ~~~~~~~~ - ______

128 - b’ t j e  36” 553’ 
- Para l lel F 42” $43 ,000

Pipe -

l~ 8 I Pipe 36” F 650 ’ P a r a l l e l  42” $51 ,000
Pipe F

- --- -

~ 

- - - - - - ----~~~~~ - - .

14,] Crlannel 5’ l .2,jIt ’ 3 : 1  4. 5’ ‘Jiversion 41)” 5 1 1 1 ,11 III

Fi pe ‘ 
-

- — -~~~~~~~~~ -
14 13 - lone Inlet! To 48” F 51 .11-11

Out let

1 38 Cn a n n e l  3~~ ’ - 1(I) - I ’  1. 5:1 3’ ili vers ion  - ‘JO” $43, 1 1:1

- Pipe

_ _ _  _ __ _  -
1 ))) - lone 

- Inlet ! To 3 ) ”  - 54 , lU- I
- Du t l p t  

F
I ;- ~~~~~~~~ 

33 I Cnannel 3 ,5’  1 , 1-) I ’  1 .5~ 1 3’ ,‘~ ve rs ion 48” 1111 1 , j O n ~J i n l e t !  F 5111, ’,,),] 1

- 
( ‘ l I , l  ou t le t  struc .

‘ i l l , ’ , — , ’

- ---U’-- - U’ - —  - -- - - ------~~~~~~ -- -——-—— -- - U- -
~~~~~~~
-

~~~~~~~
--



_ _ _ _  _ _ _ _ _  - 
-- 

-~~~~~
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~~::i ~~~~~
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- 
-

~~~

(4IB CO URBAN RUNOF F AND BASIN DRA INA I3 I S I L o S

A ‘I, ’,,,I :,,- — _ j ±  ,,, l, b,,s,’- _L!i,iJ,.8L~~,rV.S~_, Deinonstrat i on ‘T rea

I. 51 ST 1011 ( A l  L I l I E S  l’II1ll ’~ F,’ I I A ,  , , : i  U I,

PIPE l) IA MI 1 141 l r ,A \ N l  I MA c 1ELEMENT OR C HA N NI  1 - SIDE - I I  ‘I’l ’- ill R I  I, E S T I M A T E D
NUMBER TYPE 

j
BOTT OM W I C  - H L E N G T H  (Ho,,, ~~ IIAN r5I- I T y P E  .41 ,1  A l  COST

136 Pipe 24” 100’ - Parallel 54” 51 1 ,1330

I P ipe

135 Channel 3 .5”  233 ’  1 . 5 : 1  3’ D iver s ion 48” I $ 1 3 3313- 
Pipe - 

—+ ——-—~~~~ -~~~~~~~~~~~~~ - 5 --——— —~~~~~~~~— ~~~~~~—— - —— -U 

134 I P r 1,,,, 413-’ 100’ I Pa ra l l e l  48” $9 ,000
Pi pe

133 Cha n ne l 3.5’ 253’ 1.5:1 3’ Di version 48” $23 ,000
Pipe

49 Channel 5.1’ 600’ 1:2 3.5’ Diversion 48” $55,000
1: 1 Pi pe

49 1~~
’- Inlet! To 48” F $7 ,030

- Out let

131 Culvert 9.8’ 246 ’ 0 7 ’  Cu lver t  Extension of 84” $54 ,000
cu lvert to Port Pond

___________ _______ ________ 

(500’) 
___________

65 Channel 2’  700’ .5 : 1  2 ’ Diversion 30” 537 ,000
Pipe

65 lone Inlet ! To 30” - $4 ,000
Outlet

-
‘ 

156 Pipe 24” 100’ 
—

~~~~~~~~~~~~ Parallel 36” 
-- 

$1 ,000
Pi pe

157 Channel ~~~~~~~~~~~~~~ 1 0O0~~~ 

- 

5 1 2 Divers ion i ~~~ 

- ~~1~ 

~~~~~~~~

64 h one Holding 2.8 AF $35 ,030
Pond 1.4 acre s

204 ~~~~~ ~~

-U

I PIpe 36” $ 7 , 103

F 
100 ’

____- —- --~~~~~~~~ --~~~~~--  ~-—-~~~~~
66 Pi pe 24” 1-00’ Par a llel 30” $5,000

- P ipe

/3 Pipe 18” 1 ,000’ Parallel 3D” 553 .1)30
Pi pe

40 PIpe 18” 1,) ’ ) ’ 
- 

‘~~~a I 1~ 1 36” 51 ,i),)l)
11 ‘I’

51 Channel 6’  ~~F 1~) ’  . 5 : 1  T~~~~~~e;’:~~ ~~~~

-- - - -- --~~~~~~~~~~ - -  
— - -— - - U- - U’ 

~~~~~~~
- — -  — —

~~~~~
—-—
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RIBCO UR BAN RUNOFF AND BASIN ORAI NAGF S i (J DY

A tier ,lat ,sc II 
— bo’t, Bo l l, , M i l le r  C reek Demon s t rat  run, Art ’,,

1 X ISTING I Al ‘ L I l IES  P14 ,lP, ISl D F ACI I  I ’ l l  S

PIPE 1TIAMF TE R ~~~~~~~ C HANN1 I I
E L E M E N T  OR CHANNEL SIDE ‘0 (( PP ’ ‘ D E P T H  OF I Fil l (MAi ED
NUMNE ~ I TYPE IBI ’  11GM WIDTH L E N G T H  II,,, -~ Sc,l I CHA NNE I l u l l  CAPITAL I I  Si

67 (one F let !  To 42” 56 , 300
Iut lpt  

-

~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- - - 

t 39.5 At (ac t i ve )
F Pond ( a c t i v e )  F Pond

-U . - -- -  --

~~
---• 1---- -  1-

- - - -- -

~~ 

---- -- --- ~ -- - - - - -- —-- . - -4-—-- - - - - - -
2U~ (one I I P ipe 54” (throttled) $11 ,000

100’

4,1 C,~ann e1 F 1 1 ’  3 ,200 ’ 2 . 5 : 1  2. 6’  Divers ion 36” $2 1 ,300
1 .4 :1 Pi pe 320’

48 done I n l e t!  To 36 ” $6,303
Outlet

29 Ch annel 9’ 350’ L0:l 1 .6 ’  Diversion 5 4” $37 ,000
1 . 7: 1 Pi pe

45 Channel 4 ’ 3 ,300’ 2 : 1  2’  D ivers ion 60” 5356 ,000
Pipe

4 lone Inlet!  To 60” 59 ,03,]
Outlet

44 Culvert 4’ 100’ 0 4’ Parallel 30” $5,000
Pipe

43 Channel 7’ 600’ : 1 :1  2 . 3 ’  Diversion 54” 563 ,000

1 
2: 1 Pipe

43 lone 
I Inlet! To 54” $8 ,090

Out let

42 Pipe 72” 100’ Para l le l  84” 518 . 300
Pipe

210 
- 

t~~~
e 

- - - -— - - 

I

F 13 , 31)0 ’

________ _____ ~~~ - -U--- --

2 11 done - Pi pe 42” $11 11 , (((I)
1 ,500’ 

I
_____  _______  ____ ____ * - --- --U - - - -~~~

- - -_______ _____

2 15 ,lone ‘ I Ph - 36’ F 533 , 1 1 - 1- .)

- 
- 500’

____ • — . - -+- - _ ____  _____  ____________  ___

2 16 ~~~~~~ 
I - Pipe 30” 5 1 7 1 , 1 (1 1 )

F 3,200’ 

—~~~~. - - - .,- - -- . t - - - -— H
21 ,’ l,Iite - ‘ lIl t  I sn’ ’  $354 ,,FII 1

3 ,11)0 ’
— I _ _ _ _ _  I. _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _

Ur l l p r . ’ 3

----U- -- -U - -  ---U - - - - - —--U’———--
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RIBCO UR BAN RUNOFF AND BASIN DRA INA (, I  S I , : , - r

Al u-, ,,, r,,’r _ _,,~~~~~~ Sub Ras ,,, Mt 11i’r~~~r,-, ’~ Detain’,:’ l’s, , ‘Irr a

- 15151 01, FACIl ITIES PROPOSE D I A CII 1 1 , 1 : -

IPIPE 11,AMI T I  CHANNEL MAX .
F L - Ml i l If  OR ,. ‘ I A N N (  L I  SIDE SLOPES DEPTH OF E S T I M A T E D
\LMS ( l  N I rPI  BOTTOM ,‘, l : T H f  LENGTH IHon,, Men I CHANNE L TYPE C A P I T A L  COST

211 F ,, ,,ne ‘ ‘f Pipe 42” 5189.000
2,400 ’

218 ‘
~~~IIl - F 

- -— - 

Pi pe 36” $117 ,300
1,800 ’

2l~~~~~ ,lo n~~~~~~ 

— -

~ ~~ pe 

- -

219 lon e Pipe 30”
- I 2,600’

22 - TI lone P i p e 24” $37 ,000
900 ’

211 - J lone Inlets Variety of inlets , $52 ,301)
12,) @ 500’ intervals

35 total
-U_ _-~~~~~~~~~~~~~~~~~~~~~~~~~~

_  - _ _ _-U

221 lone F Ho l d i n g  3 .5 A F $18 ,300
I Pond 1.2 acres

2-Op lone Pipe 42” 50 ,000

3-I lone blo lding 110 At $44 ,030
37 acres

231 lone Pi pe 24” $4 ,000
- 100’

_  _-U—__ __ --U-U--U-U

l3s) Pi pe 36” 2 ,100’ - - Parallel 30” $112 .30,)
Pipe

129 Culvert 7’ 
— 

570 ’ 
— 

0 2.5’ Parallel 42” 545 ,11130
Pi pe

____ ____ ____ _______  -~~~~~~~~~~ 
____ — —-  F - - -

25 IChannel 12 .5 ’  800’ 2 : 1  2 . 5 ’  D iversion 54” SL (5 ,:IJ:)
3 :1  Pipe 

I
I ~~~~~~~~~~~~~~~~~ 

—-U—-
~~~ ~~~~~~~

--
~~~

-
~~~~~~~~~~~~~ 

—- -i-- --—

25 lone lnlet/ To 54” - $9 , 030
Outlet F

24 Cnanne l 7’ 1 ,303’ 3 :1 2 ’  D i ve rs ion  T I-,o -54” I $212 .33’)
Pipe I

208 lone llol d ln q 16,5 At 513 , 153
I Pond 1~. 4 a c r e s

---U-— ___ _ _ _ _  _ _  _ _ _  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_____-. - —— --- --
2 ) )  lone 

‘ 
N ~~~ 1 5’’ 5511 ,3,]’)I 

1 - ’ , ( A T ’

~i l 1e r -24

— ~~~~~ - ---——- -U- —— - --- -  -V - -U’-   -U-- -U-—--- - --U’ - ~~~~~~
-- —— -
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R1BC,) URBAN RUNOFF AND BASIN DRAINAGE STU DY

A II,-,nj i ,v ,- _____________ SOIl 80$”, Mi l ler Creek Den lon strat t on Are a

I F SI l T IN -  - I A l l  1 IT IE S PROPOSED FA CIL T I P S

F PIPE I” SME I I  R f  J CHANNEL MAX I
I - i$, NI ,(R C I , A N N .I ‘ I SID E SLOPES DEPTH OF 1 3 1  IMA I D

0l’MiII R - T Y P E  BOT T I  IM ‘. 5 1 1 1 1  ,. ‘ I E III , ,H,,ll/ Ve il I CHAN NEL TYPE CA l’ ’ 14 1  COST

52 F F i , , p  36” - /i )) - - Paral le l  24” $29 ,330
F - P i p e

131 ~~~Pj ,,t’ ~ 1J0~ 

I 

- - Paral le l  24”
I Pipe

loi u’ ,a ,, r~el i, ,~ 333 ’ - 1 :1  1. 13 ’ Di ve rsion 24” 512 ,003
7: 1 

1 
Pi pe

150 lone - F F Inlet! To 24” $4 ,000
1 Outlet

l4s Culvert  I 2.8’ 100’ 0 2 ’  Paral lel  42” $8 ,003

5-3 Cu lvert 2 .8 ’  150’ 0 2’ Pa rallel 30” 58.000
Pipe

_ _  _ _  _ _ _  _ _  _ _ _  __  __  --U _ _ _

81 Channel 7 .7’  1,000 ’ 2: 1 1.6’ Di vers ion 60” $119 ,000
Pi pe

81 lone In let / To 60” 59 ,000

I 
Ou tlet

_ _ _ _  - ~~~~~~~~~~~~~~ _ _ _ _ _ _  _ _ _ _

Il” F s r , , ’ -  ,,r --,I Csp ~raI Cod I , , , ,- , , , - I -  ,‘ l, - , , , ’SI ,r.cludes Contracion ,,,,l,, 1,,r ,,I tsr ,rruaied Cap~i,,l Cosi $6, 334 ,003
~~~~~~~~ ‘~ (~,I or,d coni,,rqer.c vs In .8,1,1,,,,, land porchas~ ar,t1 

P ‘ ‘vi P ‘ 3 ) ]  I I Ia-v ,-, ,’’,, ’ ’ , , ,
~ IS Il l’ ,ncluded where land ,s requl~ed. A l i , , , s rs , , , , -  11,19-11 0 . . - , ‘I -

tpnn June 1973 p,,cec

‘11

Mi l l e r - 2 5  

- - - -. - - -~~~~~~--
. - - -  -— — --U’
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RIBCO URBAN RUN OFF AND BASIN DRAINAGE SiU II Y

111 ?-‘, r l l e r  Creek tIenlonstration Area
Al- - - , ,, lv,’ —— Sub B asil , __________________ —

‘ ( S T I N G  I -S’ ’ ’ L l T  115 PROPOSE D FACIL IT IES
- - - - _ _ _ _  _ _ _ _ _ _ _ _

PIPI L ’ ’ -( MI I ,  1 - A ~.-.1  I MAX
( ( ( M I  ‘ I d l ,  AN~ - E ,  F 1,1111 ‘, L I J P E S  DEPTH (IF EST IMATED
SI M’(l- P I T i  PE BOTTOM ‘. 1 ~‘ - LEN’  I H (Roil, Ven i I CHANNE L TYPE C A P I T A L  COST

61) I P1(10 12” - 31)0’ Parallel 36” $20 .30’)
Pipe

-U . -~~~~~~~~~~ _ _ _ _ _  _ _ _

-,~ -l Pipe 12” 1 3~0’ , I Parallel 36” $20,309
Pi pe

58~~~~~~~~pe~~~~~~ 3b~~~~~~~~~ 2130 

_ _ _ _

~~~~~~~~~~~~~~~~~~ 

- 

$22 010

ItS -lone F Ho ld in g 7 Ar $47 ,000
Pond 2 . 3 acres F

1301) (one Pi pe 27” 55 ,333

_ _  _ _ _- ~~~~~~ .. _ _  _ _ _ _. -

~~~~

-.

~~~~~~~~ 

_ _ _  

100’

5-3 Pipe 1 3~13’ 100’ Pa r a l l e l  3D” $5 ,sIJJ
Pipe -

__  F ~~~~~~~~~~~~~~~~~ -.~~~~~~~~~~~~~~~~ - . - -

s2 Ptpe 42 ” l i ,]  Paral lel 36” $46,033
P i p e I

________ __________ 
I

- --U--.-- _ _ _  -—-U.-- - -— -- . —--- .~~~--—- — ___ ____—. - - -  - -~~~~--U - - 

~l Pipe 54”  2 ,600’ F Para l lel 42” - SI 14 ,. ) - ) ’ )
Pipe

301 lone - h old i n g 5,5 Ar $35 .03-]
P ond - I acre 

-

- - -U-. — _ _ _ _  _ _ _ _ _ _  _ _ _ _

~~~~~~~~~~~

--U .
+

.. -U.— . .- . .- .-— . . -. - .- U  . . - . -U -- - - - -U. . I -_ _ _ _ _

132 (one 
F (‘th e 30” I 524,0,303

I 
I 

~~~~~~
‘ 1 

-U—~~~~ - -—— —~~~~~~~~ - - - . —--- ~~~

128 P ipe 36” 550 ’ F Parallel 41’ 543 ,0’3 3
F ) ‘ ipe

158 Pipe 36” 65~~~~~~~~~~~~~~~

U’ 

F ;:flel 42” 551 , 11)’,]

14,) Cnannel 1 ~~
‘ ~ l ,I’)] ~ 3:1 4 .5’ Diversi on i 4o ’ - 

$1 1-I , 1 ,5)
I 

Pipe -

- - ~~~~- - - - -U. - --— _ _ _ _ _  __________—

~~~~~

- . - - -U
4,) ‘ Ion,,, F F In let! To 48” Si • 103I Outlet

- U 1 ” 05~ ”1 ’ 3 .5 ’  800’ 1 , 5 . 1  3 ’ Divers i on 30”
F - Pipe

_ _ _ _ _ _  
‘ -U—_______ ___ ——-U—— I - —

138 lone 
F 

In l e t !  To 31)” 54 , 3-, )
I ‘ I Ou t l e t

-
~ 
U’— . ___________________ - -— - -U—- . --___________________________________

50 Criannel 3,5’ 1 , ’ ) ) ’  1 . 5 : 1  I 3 ’  i - T v r r S 1 , ,
~ 48” includin g inlet ! 511,2 ,000

I F ‘ 1 ,,,-’ out le t  s t r u , . -

_ _ _  I ~~~~~~~~~~~~~ _ _ _ _ _ _ _

----U -U-- - -__-
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RIBCO URBAN RUNOFF AND BASIN DRAINAGE STUDY

A Iie,r,ai,se - - ,I,I, I4 ,s,,’ Ml Her Creek Demonstrat i on Are a

I SITTIN G FACILITIES PROPOSE D FACILITIES

F”~~F D (AMEi E
~T 

ChA N’ NL~~
’ ”  

M A” ,

( I L  M IN T  
- OR CHANNEL SIDE SLOPES DEPT H OF I 11, ! ‘MA III,

N1,MBF N 1’, Pt BOTTOM WIDTH LENGTH (Ho ,,, Va n I CHANNEL TYPE I,AE ’ IT  AL 11( 1ST

136 I )‘,(1e - 24” 100’ Parallel 54” 511 .0,11)

135 Ch;n~~ l1 3~~ ” 200 1~~ I ~ ~~~~:rs ion~~~~~ 
--- H -

-

54 - Pl o , ’  1 48” - Ii,]’ 
- Para l le l  48” $9 ,000

- 
1 1 P ip e

- — F _ _ _ - —
~~~~~~~~~ 

_ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _

.13 L’t d nnc l  ~~
‘ 250’ 1 1 .5: 1 3’ Diversion 48” $23 ,000

Pi pe

43 Channel 5.1’ 61)0’ 1:2 3.5’ Diversion 48” 555.000
1 :1 PiTle

4 4  Ion.’ 
— - — 

I Inlet! To 48” $7 ,000
Out let

~u Iv e r t  9 .8’ 246 ’ 0 7’ Culve rt Extension of 84” $54,000
c u l v e r t  to Port Pond

- 
(500’)

u.s , T’a’lrle I 2’ 700’ .5:1 2’ Diversion 30” 537,000
Pipe

65 1 lone I I l let/  To 30” $4 ,300
I Outlet

156 Pipe 24” 100 Parallel 36” $7,000

157 Channel 2’ 
‘

1 ,030’ .5:1 2’ Di::rsion 30” 
— -  

~~~~~~ $~~ ,OOO
I I Pipe

—----- 1 - -~~~ - H --___ ___ ___ ________ ___ —
64 F (one I llo ld i ng 2 .8  At $35,000

Pond 1. 4 ac res

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ —- - -  ~~~~~~~~~~~~~~~ —— —— - -  —— --—

304 ‘lone F I Pipe 33” $7 ,000
I 100’

I t  
_ _ _ _  -~~~~~~~~~~

---
~~~~~~~~~~~~~~~~~ -__  “~~~~~~~~~~~~~~

_ __ _ _ _ _  --

66 Pi pe - 24” 100’ Parallel 30” 55, 1110

I 
Pipe

13 Pipe 18” 1 ,011’ 
— — 

Para l lel 30” 553 , 11-8)
P i p e

~~ ‘ I P ipe 18” 
— 

11)0’ 
- 

Para l le l  36” 57 .000
I F Pi pe 

_ _ _- _ _ _ _  
~~~~~~~~~~ — - -—- —-U—-- ______

61 Channel 6 ’  1 l ,)I)Il’ .5 : 1 I ’  D ivers ion 42 ” 579.000
I (‘ipe

_ _ _ _ _ _ _  I _ _ _ _  _ _ _ _ _ _ _ _ _  _ _ _ _ _

‘1 ( 1  1n ’r-l 7
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HIBCO URBAN RUNOFF A ND BASIN DRAINA GE ii CI- ”

A l ,l’,’ ,a l ,ve JIL_ SuIt Bus, ,’ Mil ler Creek Demonstration Area

1 EXISTING FACILITIES PROPOSED FAC ILITIES
_ - __ _ _  _

PIPE DIAMETER IIFI,~ NNF L MAX
ELEM E NT OR CHANNEL SIDE SLOPES DEPTH OF ESTIMATED
NUMBER TYPE B OTTOM W ID1 I I  ~~ NI,, II, (Hor,z 3/e r r  I CHANNEL TYPE CAPI PAL COST

67 None - Inlet ! To 42” s~ ,ooo
Outlet

41 Holding 18 .5 At 1 ( ( v T j i ny  160 AF (active ) $1 ,600 ,000
Pond 4 .3 acre s Pond

(ac t i ve )  F

205 None F F Pi pe 30” 55,000
1 100’

2 10 don e Pi pe 84” $1 ,810 ,000
10 ,000’

211 None Pipe 42” 5118 ,000
1,500’

215 None Pipe 36” 533 .000
500’

216 lone Pipe 30” $1 71 .000
1 3 .200’ I

212 None Pipe 54” 5359 ,000
3,400’

21 7 lone Pipe 42” 5189 ,000
-

‘ 

2,400’

_ _  _ _  _ _—

~~~~~~~ 

_ _ _

218 None Pipe 36” 5117 .000

I

I 

1 ,800’

_ _  _ _ _  _ _ _  U’--—- ___ __ _ _—

~~~~~~~~~~

- - -~~~~~~~ - 

213 lone 1 Pipe 33” I $59 ,001

- 
1 .000’

‘I _ _  _ _  _ _ _ _ _

219 None I ‘ Pipe 30” 5139 ,30,1
I 2 ,600’

______ ______ _______ ——-U -U- _______

220 None F Pipe 24 ” - $37 ,000
F 900’ -

211.- clo ne 
—

~~~~~~~~~ In lets Variety of in lets , $53 ,000
220  

~I 
@ 500’ intervals
35 tota l  I

221 (lone ‘ Holding 3.5 At 518,000
Pond 1.2 acres

206 None Pipe 42” 58 ,18)0
100’

34 lone Holding 110 At 544 ,000
I Pond 37 acre s

11 1 1 ler— 2B

- -U’ — ---- - - - — - - ---- --—- -~~~~~- --- --- ----- -- - U’--- 
- ‘-- - --- ---

~~~~

--
~~~~

--—- - - —--

~~~~~
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.

RIBC O URBAN RUNOFF AND BASIN DRAI NAGE STUDY

Al ,  ,‘“ ,,1,~ l’ III SuIt BuslIl Mil ler Creek Demonstrat i on Area

EX ISTING FACILITIES I’ROPOSEO FACILITIES

PIP E D IAMETER I .llArINI I MAX 
~~~~~~I ~l MENT DR CHANNEL SIDE SLOPES DFPT FI OF F EST IMATED

NUMBER TYPE BOTTOM WIDT H LF N , , , , H  Ho, ,, Ve , r  I I I  I IA N I3 IL  “ Ph I

’ 

C A P I T A L  ( ,‘ ITf

20 7 Hone Pi pe 24” $4 ,033

130 Pipe 36” 2 , 100’ 
— 

~~~lle l 30” 5l12 ,00u

25 Channel 12 5’ 800 ’ 2 :1 2 .5’ 1ivers7~T 24” $34 ,000
3: 1 Pi pe

______ ____________--U-- —

25 lone Inlet/ To 24” $4.0’]u
Outlet

208 -lone Hol ding 16 .5 At $23.O~~~~Pond 
- 8.4 acres

209 (lone Pipe 15” 550,000F 2,000’

_ I ___ _ _  _ _ _ _ _ _ _ _ _ _

152 Pipe 36” 700 ’ Parallel I 24” ,

I 

$29 ,000
Pipe

151 Pipe 36” 100’ Paral lel  I 2 4”  54 ,3311

P i p e  -

150 Channel 6’ 300’ 1 : 1  I 1.8~ Diversi on 24” 512 ,000
7: 1 Pipe I

150 Hon e 
-~~~~~~~~— I~~~~~~~~~~~~~~~~~~~

———- 

In let/ ~~~~~To 24” 
— - 

$4 ,300
F Outlet -

—-U-U-
~~~~

- - -- - - - -

~~~
-U-—- ---— -U-- --+- .-- --U -U --- - --U-- 

145 - Cul,ert - 2, 8 ’  100’ 0 2’ Parallel 42”I Pipe

- ~~~~- -U—--~~~~~~- ----- ---—-U-— -~~~~~~~~~ -~~~~~~~~~~ _ _ _ _- 

83 I Culvert  I 2 .8 ’  150’ 0 2 ’ Paral lel  30” 511 ,5,1,1

F 
Pi pe 

-

- - - - 4~~~~
- - -- - . ± - - - - - -- - - - --- - - -- - 

81 Channel 7 . 7 ’  1,000 ’ F 2:1 1.6’ Diversion 60” - $ l1~~, l I )  -
I I Pipe

—1--
81 l ilone F ~~

‘ - - - -U 

inlet~~~~ f~~~~ o~ $d ,3~I,) 
-

- 
Ou t le t

~~~~-U —-U. -—)  — -
~~ 

—--U- -
~~~~~~~~~~~~~ 

— -— - U’—.

154 lone ( b I ding 1 3 At $ ( I I ,1 1 i  -

Pond 1 a rn-

44 ~~~~~~~~~~~ ( h old in g 4 A l - $1 1. 1 ,,l - Ih(

F F Pon d 1 .ic n’

- - 

I 

-

lh ,. I ,~,,,,ai,,I ~~~~~~ (. ‘,si I ~~~~~ ,- I , - - , , , - , , , ,r,, I,,de~ , - ‘ I .  ,, io, 0,-’~~
, 1 , 1 1  SI ’ , ’n,l, - , I ( ,,,.,r ,,l I t - _ I $l, , ’ l/3 . ( I I )

- ‘ ‘ ‘ I ,~ ’ ’ ” ’ ’ ’ , ’ ’ I ’’ , l ,,I ‘ ‘ , l  ‘‘‘ fl l , ’n~ -‘ in ,,l,l,1 ‘‘.,, ~~~ n,, - l,, ,s,- ,,nI I n, S6. ’ I _ i b ,~ I I I  ,,,,, ,- , , , S r - , He ‘enr,sledwh,’,,- ’ ev l  ‘s . . ’’~ ‘ - ‘ - ~r All , , ,s i - . ,, , , - ( , , ,u - , I
I,,.,,- r’* ; I 
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243. I~1PACT OF i~ ILAL fli .T. - \R tLG ON PLAN

As a resul t  of the two b c : o r i n ~~s on the propo:~ed P I I S 1 f l  Pl -~n the

C oor d i n i t i~’~ Cc ,,, l it t ec  ~n L , - i er s  ~:et and r( :v i I~~~~
-cd c1le~ I st 11i(~ony . The

intense locel and con~ r’1si.~L oTn ; t l  ~:~~pOsitioi1 is bescd on t:1:e very u , i d e r —

steedeble d’o s ire of the i n hab i t a n t s  of t he  valley not to be cIi: ;p laced

frc,a their  ho :oes ~ nd l ivel ihood.  Th is type of cl~~)p o -. 0it ’)J) n  was

and is t y p ical in 1.-acer  rescurce p ro jec t s .  I t  hes not  been a bar to

projects  \-; ‘ai-~rc ocilet i tS  are  reali-, .  ~d by others , which , in the ~ r i i ~~ ( i lent

of policy :;a~-~ecs ou tc-~’eight the  di  VanLvj - . s to those h~~~ng d i i ~, ~~~~~~~

T” :L -Jc-r , in the cc..;e of this  proj  cot , no 3a: ,’)po r t  w — os e:-:1;re:: ’ocd b y those

to
who stn a d  ~~

- b- :- a ci~ it  Prc 1 i ts  co u~~truct i on .  Ac c l)r d iag ly ,  the ecri i~d ii -i - a t —

in3 C c : 1 1 : t tC C  conc l lr, !cs ;  t h a t  th~~v ~cEer  to foego the bton- f~~~, rca l ,i . L-n~

that  the recrc— ~t ion , pe’ .c ’c aa-3 ‘ ter  qu - s l i ~ y n”a ’L-; th ’at  could lease been

3,: ot  b y the p~ o jcc t  :3,1,1 go u n f u l f i l l e d  or wil l  be 1ICcc~Ip llrh1cc1 111 -:cae

o ther  u cy ,  at sc, :e g r ea t e r  econo - -t ic  cos t .  The coordinat : in~ cc- - - I i t l:ee ,

t he re fo r e  f u r t h e r  concludes t ha t  t ’ c p ro jec t  should be defc-rr cd  fr on

being recc . , :.l e Ildcd as p3r t  of the earl y--actio n ~eo ,’~ra-~ . ~ lY11’ ove , because

it ~,‘as the consensus of the :~c ,:bars that  Per t - 1~~e i -i an e::ccil . e -1t  s i te

f o c  a C u l t  f .p l e— purpo se  roscrvoir  d.:~’Je ior u”nt , ar- I bee ’u :; ,~ a iat~ ’c pai: t

of the Ba;Ii. IT ’ s ‘1CC3I ’j  wil l  net be -let , a . ! dj t l c a Il i  n iudios  . ip p a . l r  I -:/ t r ra n t , O I I.

Thc ’ sj ci s tudies shou ld inc lude  p osaible a l tar :- ,tt i ;’a s~ tes for ~-z , ec-- or l cn t e d

a smaller scale of r c e i a a ti on a l  dc’~’e~ o-~, i t , develo~- - :  ‘ n t  of

f -1 p ~ice by o t h e r  t han the Federa l  ~~e’-.’~ ’ r r-  ,~ r i t , C “5 : s i ’ -’t e  ,1~~ri, :rIlt1’ r:T 1

If~~1n ”,C t  stud y :111 1 hios:; ible t ia e for  other  p u r p e - ;C ’ s nuch as u-n tcr I t 1 F ~ i~’ 
ly

_ _ _ _ _ _  -‘~~~~ ~~~~~~~~~~~~
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244. ‘i’hc S t a t e  of ~~~I I I  Y er ~ : a l l  L I I  SaI .r e i al  coun t i e s  of the Ccaae ce

Pa- sin have sI lb ~~cqu ’nt to t i l e  1~ebi ic lic ~r i n ~ s f o r -u i the Ganuse -a  c— s i n

Re~~ional F ,oard .  T h i n ;  P~card  -a ’~c i i l d  a laie ~I t 5~h p r i o ri t y  to th e  r e— .wl lua~ ioa

of Portage.

245. The l I e l r i n - ; a  ~k .:o n , ;t c ,~ted t 1 ( l t  the o ther  re o : IaenI ,~a tions  of the

proposed flee ii I ’J aa  uCCO , in ~ c-a e r al ,, accc~ t~ b1c to t h e  ~eblic .  There fore ,

the cenee1:us of the  Cooed L u a t ,~n:~ Cc.. Ii t t c e  was to inc lusle these ~teas

in the  early — a c t i o n  p lan fo r  r ccc  - a - e l a t i o n .
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