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STORM DRAINAGE ARD URBAN 
REGION FLOOD CONTROL PLARN ING" 

by Darryl W .  Davis b 

Stomwater within urban regions has generally been considered a 

"comon enemy" so that the objective has been to dispose of the runoff 

as quickly as possible. In the past, disposition of stomwater has 

been by stomwater management systems that collect and convey the 

stom~~ater to some downstream location as rapidly as possible. The 

major components of stormwater management systems have consisted of 

stom sewers, open and closed conveyance conduits and occasionally 

detention storage and pumping facilities. The systems are expensive 

and have perfon2ed well in some instances and poorly J n  others. It has 

been reported ( I  )* that the investment i n  storm drains is three tirnes 

the invcstqent in works t o  protect the f l ~ o d  p l a i n  and the annual 

damages from inadequate storm dra ins  may well exceed the damage 

inf 1 icted upon urban flood piains. 

Famu1 a t i o n  o f  stomiater mifnacjemt?nt system i wcl udes defining the 

planning objec t ives ,  detemining the rainfall runof P characteristics n f  

the area, sef ectjng the perfomance cri t e r ia ,  developing and eval uating 

alternatives, and designing the fmplement~tion procedures, S t a m  

' ~ resen ted  a t  the 21-25 October 1974, course on Urban Region Hater 
Planning, held a t  the Board of Engineers for Rivers and t!arbsrs, 
Fork Gelvair, Vi rg in ia .  

b ~ h i e f ,  Planning Analysis Branch, The Hydrologic Engineering Center, 
Davis, California 

.A. 
References ;re t a b ~ l 2 t e d  a t  the end sf the paper, 



drainage systems are a major planning task because of the larye variety 

of management alternatives that are possible and because the i ~ p a c t  of 

works on communities can be very great. Cmpeti tion for space and funds 

and g ~ a d  planning requi reo that drainage systems be considered integral 

parts of a broader urban design and that advantage i s  taken o f  al l  

feasible joint development opportunities. In addition, there is  growing 

concern that many problems should be amenable to  nonstructural solutions 

that  do not necessarily require large scale disturbance of the landscape. 

a I t  i s  i n  this s p i r i t  that this paper has been prepared. Specifically 

this paper will attempt to (1) define the subject area and describe i t s  

characteristics,  ( 2 )  review past concepts i n  storm drainage, (3) describe 

the current context of planning these systems, (4)  describe the a l ter -  

natives available and the implementation requirements, (5) discuss 

institutional factors including the federal interest  and conclude w i t h  

some sbsewat$ons on current planning approaches. 



SCOPE OF URBAN STORM DRAINAGE 

The Public Concern 

Stom runoff i n  urban areas is of public concern because the movement 

and temporary storage of s t o m i a t e r  in f l ec t s  damage t o  public and private 

propertjes and disrupts normal camunity a c t i v i t i e s .  i t  has been stated 

(1 ) t ha t  most f l  sod damages in c i t i e s  occur along tr ibutary streams, often 

where drainage areas are even less  than 100 acres. An estimate (25) is 

tha t  $340 bi l l ion (replacement cost) worth of public and pri  vate capital  

investment is exposed t o  flooding by the 100 year exceedence interval 

event. Local government has ~ons t ruc ted  $22 bi 11 ion i n  drainage works 

for f a c i l i t i e s  tha t  have cost between .5 million and 2,5 million per square 

mile t o  construct. Another author (22) has put the economic consequences 

o f  s t o m  drainage and urban flooding i n  context i n  the following: 

"Consider the fol lawing figures ; direc t  economic costs o f  urban 
flooding are estimated by the Corps of Engineers a t  about one 
b i l l ion  dollars per year which increases t o  a t  least 1,6 b i l l ion  
per yettri i f  unobserved arpstreixm urban flood l osses are accountr3ci 
for .  Pmerican c i t i e s  spend a t  l eas t  112 b i l l ion  dol lars  each 
year for necessary drainage construction. S t o ; ~  drains bui l t i n  
conjunction wi th  new streets and higheays reqvf re 1.4 bi I1 ion 
dollars per year. Federal f lood  control construction adds a 
t idy construction sum afro .  1% Ss easy ka account for  d i rec t  
losses and expenditures aifiowntirtg t a  mrlre than 4 billion dol la rs  
per year. The c u r r e n t 4  3bjlfIon rate proj'ects t o  over 8 bi71ion 
per year within the next  30 years, By then t h i s  n a t i o n  will have 
spend a t  least 18C billion dollars fa r  construction or flood 
1 asses s 'j 

These f fgures ,  o f  course, inc lude both stsnn dra inage  and the  t~adDtfona1 

area sf  flood eorltrsl, The dis t inct ion tha t  w4 11 be made hereafter i s  that, 

" s t o m  dra inage and urban f l ood  control" refers to r e ~ o v e l  o f  excess wi?%er 



f r m  1 o t s ,  s t reets  and protection a1 ong smaller streams and tributary 

areas within urban areas as contrasted w i t h  f lood control required because 

of overf 1 ow of 1 arger streams onto adjacent lands. 

Storm Drainage Systems 

Management o f  urban stom drainage consists of the programs required 

to reduce, to a socially acceptable level, the disruption of man's 

ac t iv i t ies  caused by stomwater runoff . Urban dratnage managerilent systems 

can o'nclude both physical krorks and managenient measures. The traditional 

works tha t  have been used t o  collect,  transport and dispose of storm 

drainage are gui t e  expensive and construction frequently results  i n  

temporary major d i  sruption of services w i t h i n  the area. 

The physical system begins a t  the s i t e  whew the stomb5ater originates, 

and terminates a t  the "disposal" point; the locatton whsre sto:m*atc?r i s  

no longer of social concern. Storm drainage systems can be considered t o  

csttsist o f  two conceptual comporrents, One component is  designed t o  

prevent the disrupt ion o f  the normal social and ecsnsmic act iv i t ies  

d u r i ~ ~  relatively frequent stam events. This portion o f  the system, 

which has been tem~ed "the initial drainage" (21, csnfsims t o  the usual 

notien sf  storm dran'nagr! wou*ks. I t  i s  also referred to  as the storm 

sewer sys tm,  curb and gutter system, caiiareatence system and sjmply 

drainaye sys t e , ~ .  These sysf.@nis can rarely he ecoriorn%cal ~y designed t o  

handle %he Snfrequenl events because o f  the$ r high construction cost. 



Another component includes the system that transports the storm 

runoff f r m  rare and major runoff events and has been termed the major 

system. In many instances th is  system i s  unplanned and functions of 

i ts  own accord. More attention i s  currently being focused on the need 

to  plan for  the functioning of the major system by physical works and 

cmpl imentary nonstructural measures. 

The physical works begin a t  the urban lo t  which i s  graded t o  convey 

s t o m a t e r  t o  the street .  The s t ree t  i s  designed w i t h  curbs and gutters 

t o  transport s t o m a t e r  along the edge of the roadways t o  the collector 

system. The collector systenr is usually a network of underground 

conduits that discharge into the main storm drains, which may not be 

b u t  are also usually underground. The stomdater tha t  accumulates from 

a number of collector systems i s  then discharged through an outfa17 t o  

a major stream. In many systems the outfall discharges t o  remaining 

small natural channels that have been modffied t o  f u n c t f ~ n  a s  integral 

parts of  the storm drainage system. 

In some instances the major drainage system has not been planned 

or designed and themfore functions i n  un~redictable nays- In i! large 

number o f  cases, the isritlctl drainage system I s  designed for a frequency 

stonn (say of 5-year exeeedence interval) so t h a t  when a major runof f  

event occurs, the stomwater seeks t h e  path of  leas t  resistence (which 

f s not  the stonir sewers), wltlcln rrrearas i t  f i  wws b a a  streetsI over curbs, 

across yards, and a t  t f i i t ~ s  througft homes 4nto old dralnage channels. 

Rag'ar events ususlly inflict grezt domaye and cause considerel i t3 

icconvenjence i n  urban areas. 



Major drainage systems planned on a regional basi 5 are designed t o  

remove major runoff  events using s t reets  as primary conveyance f a c i l i t i e s  

(temporari ly disrupt ing t r a f f i c )  wi th  stormwater discharging i n t o  natural  

drainage channels tha t  have been preserved Zn t h e i r  semi-natural s ta te  by 

i n s t t l u t i o n a l  controls. Detention storage has proven especia l ly  valuable 

o r  s t o m  events. 

Scope o f  Planning, 

Planning o f  storm drainage systems i s  best performed w i th in  the 

context o f  the urban sett ing. The land use practices, whfch are a funct ion 

of publ ic  po l i cy  and t rad i t ion ,  have a substantial irrfluence on the amount 

o f  stomwater runoff. The transportat ion system has a considerab7e impact 

on the locat ion and intensity of set t le~ ten t ,  and,  inc identa l ly ,  on the 

hydrologic response of the system, and must be considered. Stoma dpainage 

planning must be fnteractfve w i th  these other planning a c t i v i t i e s  fn the 

urban setting. Considering other  components o f  the urban system as 

"given" can result i n  poorly planned stormwater systen~s. 

The Iwcation and type of stom drainage f a c i l  i t i e s  are very much a 

publie concern today bessuse the works becme pemanent features ad the 

c m u n i t y .  As a caasequenccJ the "people" sjde s f  developing and preparing 

a1 ternatities is  extl-emely ir.ipor%ant. Any construction tha t  disturbs the 

landscape has scnlc dsgree c f  impact on the envirstsmetrt aisd i s  therefore 

OF great  public and ad%in js t ra t i ve  concern. Good planning f o r  stom 

drat slagsr systerns i s  a very c~amplex process and requires appl icat ion sf 

the ski 11s and techniques developed for planning the more major  water 

a r r - - r k r . m r - r . t  P , , ~ + ~ R I c  
1 C3VPll L G J  J f J ht*Zllla r 
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URBAN WY DROLOGY 

Definition and Role i n  Planning 

The role  of urban hydro1 ogy i n  planning for  s tormwater management 

is tha t  o f  forecasting streamflow temporally and spa t i a l ly  throughout 

the urban watershed for  use in  establishing performance objectives and 

developing and evaluating al ternatives. Urban hydrology refers  to  the 

technical analysis tha t  is applied i n  order t o  develop the  needed hydrologic 

information. 

. Rainfall-Runof f Process 

The process of urban storm runoff can be conceptual ized by following 

the  movement of precipitation onto and through a watershed. During a 

storm event, precipitation f a l l s  upon a watershed in widely varying to ta l  

amounts and rates.  Each component of precipitation i n p u t  t o  a basin is 

partitioned a t  the interface w i t h  the surface of the ground into surface 

runoff tha t  may be termed overland Plow and inf i l t ra t ion .  She precipitation 

tha t  in f i l t r a t e s  through the so i l  is " lost"  t o  surface runoff, although i n  

a few cases i t  may appear l a t e r  i n  storm runoff. The overland flow accretes 

into small r ivulets  tha t  grow into small drainage channels, then larger 

ones. The smal'ler and larger r ivulets  continue t o  aggregate in to  major 

chant-iels and eventual ly  into streams. 

Water must have depth I n  order t o  f l o ~  and, a s  a consequence, 5w.e flow 

1s temporarily stored 02 the surface o f  the watershed. This  stoyage, temed 

natuiaa? storage, has an a t tenoatfng e f f e c t  an rianoff rateis. ZE well developed 

natural watersf-reds there are many smaller ar-icl larger streams tha t  provide 

csnsidesah!e natural  storage. Xn fheSr n a t u r ~ !  s t a t e ,  the channels are 

7 



qui te  hydraulically rough and velocities and flow generally are not excess- 

ive. Further attenuation of the flow occurs because runoff i s  detained 

where i t  f a l l s  by surface vegetation and natural swales. 

- .- - . -  - -  -- - - 

Effect of Urbanization 

tlhat happens when the watershed is  urbanized? A great deal of the 

surface tha t  previously was vegetation and natural ground becomes impervious 

by the addition of roofs, s t ree ts ,  driveways, walkways, and parking lo ts .  

The effects  of this imperviousness are numerous. The precipftat ion cannot as  

readily i n f  i l %rate through an impervious surface so the volume sf runoff 

increases. The surface is much smoother and thus t~ydraulically more e f f i c i en t  

so  tha t  runoff occurs faster.  In addition, less  natural storage i s  operable 

which further increases the rate o f  runoff. The calf ector  channels replace 

the natural channels w i t h  pipes tha t  convey flow eff icient ly.  The net 

e f fec t  on a watershed tha t  has considerable urban development as  compared 

to  i ts  natural s t a t e ,  is tha t  of an increased volume o f  runoff and increased 

speed of runoff. This resul t s  in generally higher peak flaws. 

There is another important effect  tha t  can be referred to  as the 

"sys t~m effect"  o r  "tirn-Lt!g e f f c c t , ' V T h  flow a t  a concentration point i n  

the system a t  an instant  i n  t i n e  i s  the sitq sf the flaw from the many 

components i n  the system. A watershed tha t  has been converted from natural 

t o  an urban s ta te  can have i t s  "timing1' a t  concentration points s5gnSficantfy 

altered. The system ef fec t  a t  any point can resul t  i n  e i ther  an increase 

or decrease i n  the flow rates  depending on the re la t ive  timing effects .  

A comprehensive tab1 e depicting the hydrologic effects  associated 



CHANGE IN LAND OR WATER USE POSSIBLE HYDROLOGIC EFFECT .- 

1. Transition from pre-urban t o  
early urban 

Remove vegetation - Decrease trans p i  ration. 

Scattered housing construc- - Increase storm flow sedimentation 
t i  on 

Drill5ng wells - iower water table 

Add sept ic  tanks o Increase s o i l  moisture, and 
ra i se  water tab1 e, some 1 ocal 
pol 1 ution 

2. Transition from early urban 
t o  middle urban 

Bulldozing land for  mass o Increase storm flow sedimentation, 
housing elimination o f  small streams 

Mass housing construction - Decreased i n f i l t r a t i o n ,  increased 
and s t r e e t  paving flood flows, lower ground water 

1 eve1 s 

We1 1 abandonment - Rise i n  xater table  

Streamf low diversion - Decrease i n  strearnf l ~ w  

Discharge poorly treated - Increase stream pollution, f i sh  
sewage k i l l s ,  infer ior  water quality 

and recreation 

3, Transition middle urban t o  l a t e  
urban 

Acldi tional housing, s t r e e t s ,  - Reduced in f i l t r a t ion ,  increased 
csnrneree and i ndus t ry  f lood flows, curbs and gu t te r ,  

l ewer base f 1 ow 

More untreated sewage .. Increased pol 1 ution 

More we7 1 aba~donrn2nt - Rise i n  wate i  table 

Increased popula t ion ,  water - f ncreased strearnfl ow 
From other watersheds 

Channels conrtri  cted - Increased f lood damage 

Construct sanitary drainage - Removal of water from area fzr- 
2nd t r e a % ~ e n t  p l an t  *I.,, ,..A,,,.2.*... :.- .z:l&%-%a:-- - - A  

uirl I C U U L I I I ~  I i i t  ~ ~ L I u L I U I ~  diiU 

recharge 



Improved s torn drainage - Reduced damages from f 1 oodi ng , 
increased stormwater flows 

Deepened commerci a1 we1 1s - Lower pizometric head 

Recharge we1 1 s ., Raise pi zometri c head 

Wastewater reclamation - Recharge aquifers 

Quantifying the Effect of Urbaiiization 

In planning storm drainage systems, one obviously has t o  plan f o r  

system performance fo r  the conditions tha t  will obtain when the system 

will be i n  existence. I t  i s  therefore qui te  important t o  have technology 

available for  determing the ef fec t  of urbanization i n  quantitative terms 

and t o  be  able t o  predict system performance under these conditions. This 

requires quite different  analyses from planning major projects becayse 

h is tor ic  streamflow records are no longer accurate iodisators o f  what can 

be expected t o  occur in the future. Quite  detailed and a t  times controversial 

analyses are required t o  develop the quantitative base needed fo r  the p l a n n i n g  

sf the storm drainage system. 

Tilere i s  agreement an t h e  general e f f e c t  o f  ear.ban%za%ian but 

considerable difference of ~ p l n S s n  as t o  the magnftude. Most, if  not  

a l l ,  4nvestSgators indicate S i t a t  runoff w f  11 i tac~zasc, but the spec i f l c  

raagnitude sf  the fncrease i s  debated, R -- , cczn t  iqspart (4)  prepared by 

the U. S. Geological Survey f o r  the Houston, Texas melropsfitan araa 

dndicatgts the, ge~era'8 order of !nagni"Lde o f  the e f fec ts  of crbanizata'cn 

an f f o c x k ,  The report s-tatcs t h a t  the peak f l o w  Sncre8sed by a factor 
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RATIO OF PEAK FLOW UNDER STATED CONDITIONS 
TO THAT UNDER EXISTING CONDITIONS 

Moderate Intense 
Watershed -- E x i s t i n g  Land Use Urbanization Urbanization 

1.7 m i .  2 1 * O  1,75 2,20 

15 mie2 1 ,O 1.2 1.5 
(without channel 
improvement) 

15 mi. 2 
(with channel 
improvement) 

These two examples indicate tha t  the amount of peak flow increase f o r  

urbanization is a function of the intensi ty of urbanization and o f  the 

interval of the event of interest .  The in tens i ty  of urbanization 

relates  t o  the amount of the watershed tha t  is covered by impervious areas 

and the amount of the watershed tha t  is storm sewered. The re la t ive  e f f e c t  

of urbanizatiot~ for  the less frequent events tends t o  dampen out fo r  the 

fol lowing reasons: (a )  fo r  the increasingly rare events the watershed 

under natural conditions would be more saturated; ( b )  the channels would 

bc more f i l l e d  or ~ v e r f l o ~ ~ i n g ;  and (c) the flow veloci t ies  would be greater  

and therefore conversion t o  Fore e f f i c i en t  man-made sys terns has i ncrerncntal ly  

less impact. In other words, under natural conditions when the watershed is 

saturated, i t  i s  i n  e f fec t  quite impervious. 

A n - i t i  cal T e m u e s  -- *-. 

?he general state-of-the-art i n  dew1 aping information for the sizing 

of t h e  i n i t i a l  drainage systems (sewer systems) i s  the simple concept 

termed 'the rational formula.'' The rational formula is based on the assump- 

tion t h a t  the an:ount of f l o ~ /  contribiiting t o  the peak riino-ff i s  direct ly 

proportional to the intensity of rainfal l  for a duration tha t  i s  equal 

12 



t o  the response time of the basin. T h i s  approach, while i t  has 

many shortcomings because i t  ignores a number o f  important system 

character is t ics ,  continues t o  be used by drainage engineers because 

of i ts  simp1 i c i ty .  A conservative estimate (23) is tha t  be t t e r  than 90% 

of the storm drain systems i n  the U. S. a re  planned using this technique. 

Other procedures such as rainfal l  runoff analysis as performed 

by the Corps, a re  used b u t  t o  a lesser  extent and are  subject t o  the uncer- 

t a in t i e s  involved in predicting the s t a t e  of the watershed pr ior  to  the 

runoff event o f  interest .  More recently, a t tent ion is being directed 

towards the development and appl i ca t i  on of watershed simul a t i  on tha t  are  

responsive t o  urban watershed pecul i a r i  t i e s  (7), These model s are  designed 

t o  account on a continuous basis f o r  most of the moisture w i t h i n  the water- 

shed and many use the simple concepts t h a t  had been used t ~ i s t o r i c a f l y  b u t  

Because of the computer, the accounting i s  done on a much grander scale.  

In any event, the state-of-the-art i n  urban hydrology i s  probably such 

tha t  the ski11 and judgement of the analyst are  f a r  more important than 

the technology tha t  is  used t o  develop the runoff hydrology, 

Performance Cri ter ia  -- - 

I t  kss been the practice (and s t i l l  i s )  t o  express performance c r i t e r i a  

i n  hydrologic terms and consider planning t o  be primarily the design of a 

system tha t  w i l l  accomplish the performance c r i t e r i a  a t  l e a s t  cost. In 

present day planning performance standards a re  s t i l l  adopted and in a few 

instances performance i s  a variable t o  be determined as a r e su l t  of the 

planning study. The tab1 e on page 18 i s  an example of performance c r i t e r i a  

used i n  current pianning. 

13 



PLANNING CONCEPTS 

The Ut i l i ty  Concept - 
I t  is useful t o  develop an overall a t t i t ude  o r  conceptual approach 

t o  planning s tonwate r  management systems. A recent paper (8) describes 

p!anning i n  i ts  his tor ical  context as "the u t i l i t y  approach." It i s  

described as having the fo l l  owing components: 

" (a)  basic indicators such as population o r  gross national product 
are extrapolated t o  project a future s i tua t ion  ( b )  the future 
is converted by per capita use or  some similar  factor  in to  a 
demand or  need f o r  a product o r  service ( c )  the need or  demand 
is considered t o  be a mandate for  action and ( d )  plans were made 
t o  f u l f i l l  the demand and are jus t i f ied  by i t . "  

The components can be related t o  planning storm drainage system as 

follows: (a)  the basic indicators such as population and gross national 

product are  projected for  future conditions; ( b  1 these projections a re  

related to  the intensi ty  of land use, therefore one determines the future 

land requirentent and a reasonable amount of t h i s  requirement i s  a1 1 ocated 

t o  the watershed and/or flood plain under study, and ( c )  the demand, therefore, 

i s  t o  provide protection f o r  th i s  expected future land use and since t h i s  

is  a public service i t  is jus t i f ied  by i t s  need. 

The u t i l i t y  approach has some implicit  logic tha t  i s  not always con- 

sidered by those applying it. They can be described as follows: (1) popula- 

t ion and other basic trends are  tile inevitable consequences of s ta t ic  public 

values and choices, {2)  the u t i l i t y  has tile responsibil i ty t o  rttezt the 

needs f o r  services inpl ied by the projections o f  such trends,  ( 3 )  the hard- 

ware t o  provide the services is j u s t i f i e d  by the need. This logic and the 

ut i  l i t y  approach i n  e f f ec t  characterizes the pl anni rig and the provision 

04: t h e  f ac i  !!'ties 5s that of a!ways s t r ~ g g l i n ~  barely keep a!?cad ~f the  
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water s h o r t a g ~ ,  the blackout, the flood, or whatever d isas ter  f a t e  has 

decreed, The major objections that society is  raising t o  this approach 

are tha t  projections are not choice independent. They are therefore 

subject t o  pol icy determination and changes i n  public at t i tudes.  In 

short ,  projections are not without value judgements. The f a u l t  i n  the 

u t i l i t y  concept is tha t  i t  can induce its own effects  and thus f u l f i l l  

i t s  own prophecies. The concept also generally ignores, though less  so 

as each day passes, the existence of al ternat ives other than hardware and 

tha t  pol icy and pub1 i c  values can be changed in the face of a wide choice 

of s t rategies .  

Resources Management Concept -.- 

The same papw (8) describes an al ternat ive strategy as follows: 

" ( a )  A societal s i tuat ion 5n the future would be postulated not 
as the aiastensj bly i nevi tab1 e projections of trends b u t  
rather by a process o f  conscious choice. The planners 
model of the future would not be the awful eventuality 
(a1 thouyl l  tha t  possibil i ty must be contempl atedj  i t  would 
be the desi rabl e object'i ve. 

"(b) Resources management would be viewed as a range of a1 ter-  
native opportunities to  induce o r  f a c i l i t a t e  the achieve- 
ment of the accepted model. 

" ( 6 )  Specific project proposzls would be sei ccted, designed, 
and j u s t i f i e d  in relation t o  t he i t -  effsctiveness i n  
advancing the general resources management strategy." 

This concept o f  resources planning seems quite appropriate under the 

social and i n s t i t u t i o n a l  factors tha t  are involved in planning major storm 

dra inage  works i n  today" uurhan set t ing .  

Thts concept o f  p lanning has i t s  roots i n  a comment made by Mr. Hoe, 

director of the Department of P h b l  i c  Works i n  California, .in a recent 

speech i n  which he sa id :  
15 



"The real problem facing a l l  who propose public works projects 
i s  more t h a n  just gaining pub1 i c  support for specific pro- 
grams. I t  i s  the necessity to develop these programs many 
years i n  advance of their  construction kihil e facing the 
threat that legislation enacted near the end of the process 
will be l i  Lerally and retroactively applied t o  the entire 
planning cycle." 

One could also argue that  this i s  the major source of the migraine headaches 

planners are beginning to develop. Mr. Moe suggests that  one of the key 

elements in bringing about a revised concept is t h a t  the value system of 

the past i s  rapidly changing. Under the proposed planning concept, the 

possibil i t i e s  for  the future would (hopeful ly)  have been considered choice 

dependent. ?his should increase the likelyhood that  plans will be i n  tune 

w i t h  public val ues. 

PI ar~ni ng Goal s 
-c 

While a number of higher level goals have been competing for promfnence 

as  focal points i n  the planning process, the recently published Principles 

and Procedures for Planning bhter and Related Land Resource Projects (9)  

rei terates that the major goals for federal level planning are those o f  

(1 ) national economic develspment (economic efficiency from the national 

point of v iew)  and (2)  environmental quality, I t  further specifies t h a t  one 

n~ust determine an optirniln, design based on economic efficdency and an a1 ter -  

native design based on eilvironmenlal qua l i ty .  I t  further requires that 

in general the benefit cos t  rat io for a rec~~mended project must exceed 1. 

In other words, the broad thrust in planning i s  for  continued economically 

e f f i c i e n t  use O F  natural resources w h i l e  observing the broader contribu- 

t ions t h a t  these f ac i l i t i e s  make to pub l i c  well being and environmental 



An Example Approach 

A planning approach developed by the Denver Regional Council of 

Governments (2)  seems t o  embody t o  a great extent the preceding principles 

of resources management and general goa 1 s. The planning approach adopted 

consists of the following major premises, (1) the storm drainage system 

is a component of a larger urban system consisting of transportation, 

health care,  police and f i r e  protection, and other public services; (2 )  

storm drainge i s  primarily a space allocation problem of where to  trans- 

p o r t  and temporarily s tore the excess water; (3 )  storm drainage i s  primarily 

a resource ou t  of place [ i n  effect  discarding the common enerny concept]; 

(4 )  planning should be mu1 t i p l e  purpose and should consider multiple means 

[ f a c i l i t i e s  can serve insofar as possible, other purposes as well as the 

drainage object'ives, and many a1 ternatives i n  addition t o  physical works 

a re  t o  be considered]. 

The overall concept fur ther  includes the recognition tha t  a desirable 

storm drainage program w i  11 probably consist  o f  provision f o r  an l n i t i a l  

drainage system tha t  will manage the relat ively frequent events so they do 

not  inconvenience the comunity, and accommodation, i n  a rational way, of 

major drainage t h a t  resul ts  from the more extreme events. Specific defini- 

t ions have been given t o  each s f  these conytoncnts for  a number of categories 

of pca"intia1 l a n d  use. Performance cr i  ie r ia  are as follo~vs: 



DESIGN STORM 
(Performance Cr i t e r i a )  

Land Use I n i t i a l  Drainage Major Drainage 

Residenti a1 2 100 

General Commercial 5 100 

Public Building Area 5 100 

Airports 

Pub1 i c Fac i 1 i t y  Areas 5-1 0 

Business D i  s t r i c t s  5-10 

The planning process i s  visualized as beginning w i t h  defining the problem 

so tha t  the concerns can be organized into an overall s e t  of planrting objectives. 

These will be used t o  guide the development of overall drainage concepts and 

pl arts and specif ic  designs. The Uenver Counci 1 views the determination 

of user needs, which might more broadly be interpreted as regional planning 

objectives, as the responsibil i ty of e lec t ive  management, the attendent 

public agencies and the general public. The next s t ep  consists of develop- 

ing al ternat ive conceptual designs, This s tep receives the major share of 

the attention of the planners. The l a s t  component is considered t o  be 

the technical element and consists of the t radi t ional  d e s i ~ n ,  construction, 

and operation of the works. 

7he def in i te  emphasis placed on the conceptual design indicates sub- 

stsnt i a  I effort i s  devoted t o  the physi cal appearance and confi g u r a t i  on 

of  the works as coniponents of the urban system. 

The development of a l ternat ive conceptual designs resul ts  i n  one of 

two master plans t h a t  are viewed as the major  tools for  managing a drain- 

age shed. One of the  rmster p l a n s  i s  en t i t l ed  a "Preventive blaster Plan" 



and is applicable primarily in rural areas that are beginning to experience 

development pressure. This master plan fits i n  well with flood plain 

management concepts where is is thought possible [believed anyway] to 

exert s m e  influence over land use in the flood plafn. The other master 

plan would be that developed for areas already experf encing considerable 

development and would contain a statement of overall objcctjves for the 

area, the works and programs that have been devtseb to accmpl ish the 

objectives, and the implementation schedule and specific recornendations 

for financing. It also incf udes the basis for flood plain definition 

for use in implementation of land use controls, if they are feasible. 

A simpl i f ied  f l o w  chart that presents the interrelationships o f  the 

elements described in this approach is attached to the end of this paper. 



ALTERNATIVES FOR STOWWATER M?jAGEMEMT 

A l  ternative Concepts - 
There are basically two approaches possible i n  stomwater management; 

control ling water or control lbng people (12). The f i r s t  category f i t s  

witttln the usual notion ijif structural measweo i n  which the basic objective 

i s  t o  prevent the water f r m  contacting damageable p r~pe r ty  by physically 

controlling the s t o m a t e r .  The second categciry i s  usually referred t o  

as  aonstmrctural measures that have the same ob jec t i ve  of preventing the 

water from contacting damageable property. These measures are designed 

to  keep people from b u i l d i n g  or living i n  flood plains or to  cause those 

who do build t o  a l t e r  their use patterns i n  ways t h a t  will help reduce 

daixages when f l sods occur. 

This discussion wSll briefly foeus on those structural measures that 

have been shown or demonstrated to be effective In controlling water, then 

s h i f t  t o  some csrments on the nonstruetural alternatives (management 

measures) which have been receiving increasing attention by planners and 

the pub1 kc. 

Stwrc%ur;al A1 tcinatives 
--3 

Structural a1 Lernatives msdi fy the movement o f  the s tomwater th rough-  

out the urban area by storage or conveyance f a c i i i  tics. The key elements 

invol ved jn pl anni ng storrma-ter management rtior!.s a r e  space, costs, and 

ins t  i t u t  i o ~ s  for imp1 ementation, Thcsc Few elements prov ide  focal  points 

for  the mu1 t i p 1  i c i  ty  of a1 tcrnati ves possible for. managing urban stornwater. 

The f i rs t  element, space, i s  extremely impo r tan t  within an urban area because 

there are s o  many competing demands f o r  i t s  use. Space i s  a t  a premium 
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and i s  relattvely expensive. I t  follms then that surface storage o f  

mnoff f o expensive and difficult to justffy for single papose use* 

Conveyance of stonnwater by means sf  open channels i s  also expefnoive* 

Conveying portions s f  stomwater underground i s  even mow expensive, 

The need for open space wStkin the urban setttngs provides s m  relief 

from this d3l-a i n  tha t  joint use of the space Ss a viable possibility. 

The f inat important factor i s  the overall division sf respsnsi b3l  i t f  es 

amstag gsversmental un%ts .  While the dSarSsSsn i s  not well defined, d t  very 

cf osely approximtes the4 k respective f inancOng capabll $t ies,  The result 

sf th is  BnstitutBonaB layerings i s  that the overall solution to the 

problem involves coordination and %mplemesntation by maw levels of 

goyermment. I f  one can accmMate  these impo~hant facts then the 

plan that i s  developed will psbvDous'fy be good and, l'mprtantly, imyalenlent- 

able. 

Consider the following sample casts for storage and conveyance w i t h i n  

the urban setking, taken from (11 1: 

STORAGE COST'S 

Open Reservoi r (vacan i 1 and) 5 3,000 

Closed Condui t  ( w i t h i n  pipes) 100,OOQ 

Mine %tora.ge (underground 

Natural F'lood P l a i n  (vacant land) 



expensive, surface conveyance, i s  a lso the  most v is ib le  t h u s  must be formu- 

lated carefully. The most frequently opposed storm drainage works are 

canalization (channel improvement) where an existing natural channel tha t  

performed sa t i s fac tor i ly  under natural flow conditions is to ta l ly  inade- 

quate where peak flow i s  expected t o  increase froni 5 t o  9 times. The 

improvement consists o f  increasing the conveyance efficiency which i n  

t u r n  requires tha t  the channel be protected against erosion from the 

increased velocities.  The position of the opposition i s  tha t  the natural 

landscape, an environmental asset ,  is being destroyed and replaced w i t h  
. - 

an environmental l i a b i l i t y  (a rack o r  concrete lined chute). 

The blue-green concept (7 5) has been used i n  j o in t  storage-recreation 

planning. The storage ponds are designed such tha t  they are  surrounded 

by averflow areas tha t  are t~e s t ed  as public open space or develsped 

for recreation during nonslom times. The overflow area i s  used during 

times of flood t o  temporarily store stomwater so t h a t  the resultant 

flow czn be safely conveyed by the dsvinstrcm channel. There are a 

nunber o f  technical problems associated wf t h  the proper design and 

functioning sf  these areas, b u t  the concept i s  worthy of  intense study. 

The options avai lable upstream are control 1 ed primarily by 1 ocal 

buif ding codes and s i t e  development practices, The kSnds of proposals t h a t  

have been proffered include modifying curb construction so tha t  runoff i s  

detained, el imination of roof drains (those tha t  discharge direct ly t o  

sewers), detaining stormy~ater on roofs, i n  parking l o t s ,  etc. ,  grading 

individual lots so as t o  encoui-age in f i  1 t ra t ion ,  detaining s tormr~ater and 

planning for  low maintenance channels and open space areas. Most of these 



al ternat ives are viable only fo r  areas tha t  are not ye t  developed. A 

recent study (13) presents data on costs and perforniance fo r  a variety of 

these upstream alternatives.  

The resul t s  of a recent study (14) provides an i l lu s t r a t ion  of the 

performance tha t  may be expected from upstream adjustments. By making use 

of roofs designed w i t h  a top ring tha t  would encourage storage, elevated 

plazas and parking garages fo r  storage space, open grassy depressions and 

swal es,  i t  is  possible t o  temporarily s tore  stormwater on about 45% of 

the area within a low density residential  location. The resul t  i s  a 

predicted reduction i n  peak flow of approximately 33% fo r  the 100-year 

event. By including the detention storage in svsales along roads and 

contouring open space areas, an additional 38% reduction i n  peak flow is  

predicted. The author forecasts overall lower costs for  storm drainage 

and pub1 i c and private devel opnent . Imp1 ementati on i s  almost exclusively 

a 1 ocal nos?-federal prerogative. 

Physical w~rks would be easy t o  implement i f  the various publics and 

ins t i tu t ions  were agreeable. The e f fo r t  in planning these f a c i l i t i e s  revolves 

a r ~ ~ l n d  assuring performance w h i  l e  accomrnodating the wishes of interested 

pub1 ics .  On the other hand, the nonstructural a1 ternatives have the 

character is t ic  tha t  they are extremely d i f f i c u l t  t o  implement even when 

a m a j o r i t y  decisi~n as t o  the desired ccurse o f  action is in hand. 

Nonstructc~ral Alternative -- .- &. &-- ---- 
Nonst rucLu~aI  a1 ternat i  ves include a1 1 management ac t iv i t i e s  tha t  are 

designed primarily t o  control people and reduce the incidence of damage 

and pnints  of conflict in thc f l ood  p l a i n +  Same chose t a  Iabc! these 
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techniques as flood plain management although i t  will  not be done here. 

In the context of this paper, flood plain management includes a l l  a c t i v i t i e s  

related t o  managing flood losses and i s  simply the conceptual umbrel l a  f o r  

both s t ructural  and nsnstructural means for  accmpl ishing management 

objectives. One of the originators of the term defined i t  thusly (16) 

"Flood plain ~anagement incf udes a l l  planning and action needed 
t o  determine, imp1 ement, and revise pl  ans fo r  the best use o f  the 
ff ood pl aii?s and t h e i r  water resources for  the vie1 fa re  of the 
ncltion. (I 

The current in te res t  in nonstr*uctural management measures has i t s  

roots i n  the his tor ical  fac ts  tha t  ever) though the nation has continued 

t o  invest i n  large scale  physical works to  control flooding there has been 

a steady increase i n  the annual damages (17). T h i s  has been due i n  large 

part  to unwise use o f  flood plains tha t  continue t o  be subject t o  periodic. 

inundation. People nove onto f locd  plains protected by s t ructures  as i f  

no further hazard existed, which can be viewed as  se t t ing  the stage f o r  

a possible unprecedented disaster .  This i s  no l e s s  t rue  i n  the f l o o d  

plains o f  minor stpeams. I t  i s  a l so  contended (77) tha t  people have become 

accustomed to  governma-rtal agencies p2yi ng damages when they occur. I t  

has also become increasjngly obvious tha t  natural flood plains have tin 

important ecological ftlnction to  perf om^, Even though these concerns have 

resu? tcd i n  consi derable conf? ict, one author (18) has s tated:  

"Conflict i t s e l f  [as generated by the above s i tua t ion]  can lead 
t o  new innovations and new technology. F G ~  example, i n  the 
f iel d o f  flood c o ~ t r o l  , growing uppos i t ion t o  dam and other 
s t ructural  mai!ipulations o f  sivcarr: f?ow i s  not go-ing t o  
reduce the incentive for  a c t  ion produced by the f? ood 
losses and potentials, Mcchanisnis t o  n:oSi 1 f ze this incen- 
t ive which p r o v i d ~  r e 7 i e f  w i t h  less threat  of conf l ic t ,  i f  
n o t  o f fse t  by other  increases ? n  decision making costs,  will 
have a be t te r  chance." 



Nonstructural works include b u t  are not 1 imited t o  a variety of land 

use and fac f l i ty  construction controls. The techniques most frequently 

described are zoning ordinances and building codes, and one should also 

incl ude flood insurance w i t h i n  the means considered fo r  encouraging compatible 

land use. Flood proofing and flood warning are other frequently encountered 

measures. Formulating viable nans tructural a1 ternatives center around the 

problem of imp1 ementa ti on. The imp1 ementation of nonstructural management 

measures requires careful considerati on of an important poi n t :  as contrasted 

t o  s t ructural  means tha t  can be undertaken on a majority rule  basis,  these 

measures usual l y  require consensus by those invol ved and individual comrni t- 

ment t o  action. 

James (12) has s tated the s i tuat ion related t o  nonstructural measures 

i n  a very for thr ight  fashion as follows: 

"Taken as given the need t o  design nonstructural measures, a 
planner must recognize that  he s t i  11 needs surveys t o  obtain 
inforn~ation i n  order t o  design an approach t h a t  will work. A 
flacd plain regulation taker: from a uniform code can no more 
effect ively deal W i t h  flood damages than can the design of a dam 
known t o  work we1 i i n  some other place.'---------- "A planner 
of narlstrRr~ctura t rrlcasures mils t ascertain what 1 ocal factors 
will  cause his desigtl to  function o r  f a i l ,  col lect  informa- 
t ion on those factors ,  and i s e  tha t  infom3tion t o  recommend 
a des ign  tha t  has a good chance t o  succeed," 

The specif ic  managexlent ac t iv i t i e s  t h a t  will be needed t o  make effec- 

t i v e  use of nonstructural means ~ u s t  be very carefully designed for  the 

s i tua t ion  and public a t  hand. I t  i s  well known t h a t  a "thou sha l t  not" 

declaration scldom has any chance o f  success, I n  most instances, ordinances 

tha t  are poorly designed provide lawyers w i t h  adequate grounds f o r  obtain- 

ing variances and once these begin to  be grantad on a continuing basis, 



the ordinance i s  rendered ineffective. I t  is qui te  possible tha t  the 

fa i lures  tha t  have been observed resulted frcm the inadequate design of 

the implementation mechanism. 

Sensi t ivi ty studies (19) of nonstructural management al ternat ives 

have indicated tha t  flood proofing is a viable al ternat ive and can be a 

major contributor t o  problem sol ution where flood-plain development 

consists of scattered buildings tha t  a re  frequently flooded. Existing 

intensive development experiencing infrequent f l  oodi ng of a severe nature 

does not lend i t s e l f  t o  nons tructural resolution. In highly developed 

areas w i t h  an existing problem, s t ructural  measures are  v i r tua l ly  the 

only feasible  means of accomplishing a reasonable degree o f  performance, 

There i s  1 i t t l e  need fo r  l and management i n  rural areas unless there i s  

be1 ic f  tha t  there will soon be urban development o r  occupation of the 

flood plain by ac t iv i t i e s  that  would be incompatible with the risk involved. 

Land costs a re  suf f ic ient ly  great i n  areas whi cn are  developed tha t  early 

acquisit ion of l and  for  future use as storage s i t e s  or  conveyanc,e routes 

could be considered as generally worthwhile. Reservoir storage i s  a useful 

component of drainage systems where large portions of the drainage area 

can be controlled, Such si tes i n  urban areas are  usuajly unavailable. 

Widely scattered small detention storage sites are more easi ly located and 

can be equally effective.  I 

Flood fol-ecastitly is an a l ternat ive t h a t  i n  many cases i s  considered 

t o  be a service tha t  should always be provided and is therefore not a viable 

al ternat ive t o  other works, Consider for  instance a f1 oed-pl ? i n  occupied 

by uses reasonably con~patibfe with the r i sk ,  such as warehouse storage, 



would sustain very 1 i t t l  e damage provided adequate forecasts of runoff 

events would permit evacuation of i terns tha t  would be subject t o  damage 

from the storm runoff. Flood forecasting as a management technique, however, 

is not inexpensive and is  not necessarily technologically eas i ly  accomplished, 

In most instances the runoff character is t ics  of small watersheds are poorly 

known and as a consequence forecasts a re  qui te  unreliable. In addition, 

the response time of small urban watersheds is so short  tha t  adequate fore- 

cast  lead times are vir tual ly impossible. Nonetheless, with increased 

devel opment of mathematical model s and of remote data acquisit ion, fore- 

casting systems could well be a useful component of  an urban storm drainage 

sys t em. 

Combined A1 ternat  i ves 

Combinations of s t ructural  and nonstructural measures usually prove 

t o  be more optimal than e i ther  considered separately. A recent a r t i c l e  i n  

C i v i l  Engineering Hagazine (10) describes an approach tha t  is termed 

"natural drainage" tha t  i s  proposed for  implementation in a newly 

developing area near Houston, Texas. The overall manageme~t approach 

incl udes both structural and ncnstructural components. The natural drai n- 

age concept considers i t  essential  tha t  the exjsting flood p l a i n s  be pre- 

served as nature's easement which will be made use of a t  periodic intervals .  

It. a lso recognizes t h a t  urbanization w i  7 1 defini tely e f fec t  the response 

of the ~ a t e r s h e d  and must therefore be controlled i n  some fashion, The 

specif ic  c r i t e r i a  developed for this particular concept s t a t e s  tha t  no 

developnlent will be peml-itted w i t h i n  the 25-year flood plain of the small 

tributaries ; t h a t  no  d e v c l l o p n ~ e n t  w i  19 h e  p ~ r m i  f ted w i t h i n  the  1I)n-yp;lr 



flood plain of the majsr streams, and i n  a l l  Snstances the floor slab 

o f  any structure or public works w i  11 be located a t  least 1-112 feet 

above the 100-year f l  osd level under developed conditions. 

The developers recognized t h a t  the tendency will be toic.ratds increasfng 

the mcunt and the rate of runoff and that the qua1 i ty  of  the runoff w i  7 1 

. r these effects i t  i s  planned ts include an-site 

detention, the use of local storage reservoirs, erosion contra1 features, 

and s t r i c t  control on the use of fer t i l izers  and pesticides. In additjon, 

since the ground water will be the water supply for the area, recharge 

areas are preserved and drainage i s  encouraged t o  percolate t o  keep gsound 

v a t e ~  levels up. Also treated sewage i s  planned to  be returned t o  surface 

water f o r  recreat i~n uses. 

The primary objective i s  t o  retcin the rain n i ~ e ~ e  i t  f a l l s  and 

encourage inf i l  t rat lon by utilizing the natural dvainage systm f n i t s  

unimproved state. The wide, shallow swalcs will b2 preserved and natfve 

vegetatjon encouraged to retard flow. Small pcnds and berms will be 

provided and drainage pipes will be used only where the natural system 

i s  inadequate, 

I t  i s  anticipated t h a t  the system will be only abarst half  as costly 

(on a u n i t  basis )  as a nosma1 drainage system and the bevelop%en% 4s 

expected t o  be equally profitable t o  i t s  developers. Cost for  t h e  usual 

drafnage systems f w thls arsa have averaged near $1,203 per zcre  and the 
.2 pt"epssa1 Js expected t o  c o s t  about $608 per acre ($320,@60 per- m3 I ) ,  



INSTITUTIONAL CONSIDEMTIONS 

Division sf Respansf bilities 

Storm drainage Frm the federal viewpofnt i s  generally considered a 

local responsibility. Local responsi bi 1 i ty can o f  course consist o f  a 

mu1 titude of political jurisdictions. It is a fairly we7 1 establr"shcd 

responsibi l i  ty of municf pal i tSes to manage stonwater within the urban 

area. Yhe stomwater management system withln the urban area IS usually 

provided by the land developers as needed t o  meet requirements o f  sub- 

division and building codes that are adopted by local government. This 

system can be wars'ewed as the "initial drainage system," described else- 

where. Urban regions t h a t  encompass a nunber o f  municipal amas usually 

have draina~e districts, sr flood csntrol and water conservation districts, 

amatisn d i s t r i c t s ,  or regional authsritdes whese mspsasibilbty i t  

ccept the stom ohitflow from ntunicipal institutions and dispose o f  

t t  outside the t1c!gion. A few states have assumed responsiBi1i"Ly For 

inaplementation o f  regional sys terns but rjl,ast assme only furiding ~espow- 

sibility (if they assume anything st a l l  1 as ca%pared to a management 

respansibility. There $s also federal interest in some eases, 

The U. S. SoSl Conservation Servfce has historically provided watev- 

shed grotect3on programs and flood control acSiv9ties cwdsr i t s  Ph 566 

pro9rams. Flood control works, res~rvoir s-Lorage and channelization, ralay 

be provided i n  urban areas prov-ided t l ~ i a t  these f&ci?ft i .eo are cofttpc4nen.t~ 

of watershed rr;ar;aganent p% ans . Under certad n C Q ~ ~ I  tdons the L)~par*~ent of 

Nousing and Urban Develspent grants planajng Fuads end the Fnvf~onmentaf 

PrsLcction Agency grants funds f o r  constwcting s t ~ m ~  sewers w f t h j n  

metropol i t a n  arcas. 



The Corps of Engineers has responsibili ty f o r  flood control and f o r  

"major drainage". Major drainage fo r  urban areas (20), (24),  (26) includes 

works t h a t  will provide "outlets" for  drainage Prom organized drainage 

en t i t i e s ,  such as municipalities and drainage d i s t r i c t s .  This has been 

further  defined by policy to indicate tha t  there is a federal in t e res t  i n  

storm drainage works t h a t  will manage s t o r w a t e r  flows tha t  exceed the 

10-year recurrence interval runoff or  the local design capacity, whichever 

is greater. In e f fec ts the  federal in teres t  in many instances extends -into 

regional urban areas in the same sense as many o f  the regionaf flood con- 

t ro l  and county organizations. 

These mu1 t i p l e  jurisdictions provide a great deal of f l e x i b i l i t y  in 

financing poss ib i l i t ies ;  however, the dispersion of responsibili ty tends 

t o  cause jui*isdictional problems in the implementation phase. I t  is not. 

uncommon f o r  three, four, o r  even f ive  separate jur isdict ions t o  be involved 

w i t h i n  one urban region i n  the plsnnf ng, design, and implementation of storm 

drainage works. A case i n  point is  discussed below. 

An-f - nst i  t .ut i  ons and Im@mentatian 
--* ..- .------- 

A storm drainge pl arj has been developed and muck effort  devoted t o  

imp1e:nentation For the Salt. Lake City v i c i n i t y ,  Haoy GF the s 'nsti t~itional 

and jurisdictional prob3enis involved in the planning, design, and imp1 ernenta- 

t ion of stom1 drainage systems are evident.  The surfacing of the problem 

occu~red by the usual circumstances; a nunlber of severe storms occurred 

t h z t  caused considerable damge, A t  about the same t:'me, a regfonal planning 

ac t iv i ty  had begun Sn earnest and i t  was recognized t h a t  development within 

the bas in  rdclt!ld aggrsvalsr f l o c ~ c i i ~ g  i n  t!r?w?~.t-r-.cem Z Y R ~ S .  
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The si tuat ion was typical i n  t ha t  a problem was ident if ied by a local 

jurisdiction (county) and a consultant was hired to  prepare a master plan 

tha t  was subsequently adopted by the  1 ocal jurisdiction. After preparation 

of contract plans and specifications and just prior t o  contract award, 

1 i t igat ion ensued tha t  charged the county w i t h  lack of consideration of 

cer tain social values and cooperation w i t h  other governmental en t i t i e s .  

Settlement o f  l i t i  gati on was obtained and cooperation was i n i  ti ated between 

the county and the Corps of Engineers. The Corps incorporated components 

of the master p1 an within the i r  plans fo r  the  Jordan River and obtained 

authorization. The usual imp1 ementation by the Corps proceeded but was 

soon halted by 1 i t igat ion which a lso  halted the local jurisdiction from 

imp1 ementation of other system components. The grounds fo r  the l i t iga t ion  

aga ins t  both the  Corps and the local cases were, interest ing enouglz, primarily 

over- design detai 1s. The overall concepts invo? ved i n  providing re1 i e f  from 

overflow due t o  excessive storm runoff and the integration of storm drainage 

with other components of the urban system were not disputed. In part icular ,  

the proposed r iprap slope protection for  the  channel improvement was objected 

t o  by nearby residents. They perceived th i s  as a destruction of the envf ron- 

mental and visual values for  which they had oric$nally movcd into the area. 

The c i rcular  process seems t o  be tha t  i n i t i a l l y ,  the small streams 

i n  t h e i r  natural  s t a t e s  were vsry a t t r ac t ive  and people se t t l ed  along 

the i r  banks. As a consequence, runoff began t o  increase. As the r l ~ n n f f  

fur ther  increased, the streams were less  and less  able t o  provide adequate 

conveyance capacity. Soon the channels began t o  degrade and the overflow 

t o  cause damages. The downstream residents contended tha t  the flood 

problem was being caused by upstream dev~lnprnent and the upst ream cfwell iars 
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assumed tha t  excess water was a common eneqy and were not very concerned 

over the issue of equity fo r  t h e i r  downstream neighbors. In thSs s i tua t ion ,  

equity between cause and e f fec t  becam a central issue. 

One report (21) described a spec i f ic  s i tua t ion  as follows: 

"The people l iving on the creeks objected to  t h e i r  property being 
al tered by channel improvements which they f e l t  were solely 
intended t o  take runoff from the subdivision on the slopes abave. 
On the other hand some dwellers on the 'high and dry' slopes were 
heard t o  comment ' i f  those people were stupr'd enough t o  build 
next t o  thc creek they deserve t o  be flooded. - - 

In the instance quoted here the problem was resolved by a r e d s i g n  of the 

modifications t o  detention storage i n  conjunction w i t h  urban parks and 

selected reinforcement of natural channels. The difference i n  costs were 

w i t h i n  estimation error ,  

The present s i tuat ion i s  t ha t  the county has recognized i ts  inab i l i t y  

as  an ins t i tu t ion  t o  imp1 ement the system. A parkway authority has sub- 

sequently been created w i t h  jur isdict ion over major streams i n  the area. 

The present s t a t e  of implementation of the drainage system i s  uncertain. 

An integrated Concept fo r  Inst i tut ions 
--" - -- P 

The ins t i tu t iona l  factors involved may seem t o  greatly compl i cate t he  

planiling and implementation s i tua t ion  since nary jur isdict ions a re  involved. 

H o ~ f t ~ e t r ,  on an optimistic note, one may consider t h a t  the ~ i u l  t i p l i c i t y  s f  

pol i t i ca l  subdivisions provides the opportunity f a r  a broadly based Flex i b le  

approach to  imp1 ementation wherein 1 arge scale  r e g i o n a l  p1 anning i s  con- 

ducted i n  a way t h a t  permits local p l a n n i n g  t o  make a logical contribution 

and t h u s  allow implementation t o  be assigned t o  those units OF government 

tha t  have the authority and capabi l i ty  t o  do the job, 
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Public Perception o f  Drainage Problems 

One reason planning of storm drainage systems is d i f f i c u l t  i s  tha t  

drainage problems are iow i n  the public's level of p r io r i t i e s ,  Concern 

(o r  i n t e res t )  does not become focused u n t i l  e i the r  a c r i s i s  has occurred 

(such as a big storm) or planning has progressed t o  the point where 

implementation has begun. A t  t h i s  point, i t  is usvally very paif~ful for  

the ins t i tu t ion  involved i n  the imp1 ementation to  accommodate the points 

of view tha t  have just surfaced. A possible device t o  reduce the severi ty  

of this occurrence is the recent programs in public participation i n  the 

planning process. I t  should be possible t o  bet ter  determine the public 

pulse through this mechanism. The very long lag Lime between planning and 

imp1 emen taticjn reduces the effectiveness of even this program. 

Key Points i n  Drainage P l a n n i 9  

S ~ m e  o f  the key points t h a t  should be reemphasized i n  this discussion 

o f  storm d~ainage  planning incl ude the  concept of the pS anning process 

i t s e l f  and the c r i t i c a l  factors invol ved in p1 ann ing  stormwater management 

works. The concept presented herein was t h a t  planning pub1 i c  works shouf d 

be considered within the context of public pol fey and n o t  be the inevitab'ie 

resul t sf past trends. We must consider expl i c i t l y  the condi t ians under 

which our designs wi l l  be expected to  function, We must address curselves 

direct ly to  the question o f  w h a t  i s  tlae expected f~tttsro. Can we in f ac t  

desi yn inst i tut ional  and management wchanisms t h a t  wi i l  a1 f ow some measures 

o f  land use control? IF so, then certain types of systems tri l l  be the 
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most adv~ntageous. If  this is not the case, then the systsms we plan 

need t o  function differently.  

Another major item is the need t o  address the means of implementation 

d i rec t ly  i n  the planning. Assuming "some onef' will  implement a plan i f  

i t  i s  good enough just is  not good planning. Storm drainage i n  the urban 

region i s  the responsibili ty of many. For the systems t o  function i n  any 

near opt inruin fashion a1 1 components o f  the sys.t;ern must be planned and 

implemented w i t h  due recognition for  a l l  other components. In other words, 

a l l  plans should be developed and compatible on a hierarchical s=ale,  

beginning s i  t h  those jurisdictions t h a t  have control over the s t r e e t s  

and curbs and gutters to  the jurisdictions t h a t  have control over the 

fnajor receiving water areas. 

\di.tl.l the potential o f  properly designed noristructurrtl measures, vary- 

i n g  degrees; o f  perfomlance may be entSs-ely appropriate. The c r i t e r i a  

approach (a priori  designation of acceptable perfarmanse levels)  should he 

considered outmoded because i t  probably will not r e su l t  in the ~ p t i m u f i ~  

solution. 

And l a s t ,  and probably one of the c r i t i c a l  and most important elements, 

itow will "Lie system look and what dis turbancc of She landscape i s  invo lved 

i n  i t s  in~p?ementation? A t  this s tage i t  cannot be overemphasized t h a t  the 

specif ic  works themselves and the i r  meshing w i t h  the remainder of the 

urban system, the neighborhoods and other social  infrastructut-e must be in 

consonance rqi t i - t  the public a t t i tudes .  The  concepis o f  single purpose 

fac i l  i Lies  designed w i t h  only functional cons iderati  ons have caused most of 

the  o b j e c t i o ~ s  t o  impI~ir!entations of regional storm rnaraagercent systems. 
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The Professional -. Pl anner 

And wi.lat- i s  the p o i n t  o f  view of the federal planner? Is his point 

o f  view tha t  sf planning f a c i l i t i e s  t h a t  are implementable by the  agency 

he i s  responsible t o  or  i s  he planning t o  achieve the best solution w i t h  

implementation one consideration in the overall development of the plan? 

I t  is  subn~itted t h a t  the f a t t e r  i s  the only appropriate approach fo r  

t h e  professional pl anner. 
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