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A p r i l ,  1975 

James E. At tebery ,  Ci ty  Engineer 
700 Municipal Building 
251 West Washington S t r e e t  
Phoenix, Arizona 85003 

Re: C i ty  of Phoenix P r o j e c t  No. ST-73140 
Contract  No. 14715 

Dear S i r :  

With t h i s  l e t t e r ,  we r e s p e c t f u l l y  submit our r e p o r t  and recom- 
mendations f o r  t he  Master Drainage Study f o r  Indian  Bend Wash, w i t h i n  
the  C i ty  of Phoenix. 

Pursuant t o  t he  c o n t r a c t  and preceding d i scuss ions ,  t h e  r e p o r t  
p re sen t s  f o u r  a l t e r n a t i v e  approaches f o r  t he  handl ing of  100-year flows 
i n  t h e  main channel of  Indian  Bend Wash. The t y p i c a l  s e c t i o n s ,  p l ans  
and p r o f i l e s  given a r e  schematic i n  na ture .  The f i n a l  channel  configu-  
r a t i o n  and des ign  w i l l  depend upon t h e  secondary use t o  which the  channel 
w i l l  be pu t  by t h e  C i t y  o r  proper ty  developers .  

Our reconanendation i s  t h a t  t h e  main channel  be designed as a wide 
shal low g reenbe l t  w i th  a smal l  grassed low flow channel. This type of 
cons t ruc t ion ,  wi th  a meandering low flow channel ,  would be most adapt -  
a b l e  t o  m u l t i p l e  uses .  

The r e p o r t  a l s o  inc ludes  a s tudy  of a t y p i c a l  t r i b u t a r y  channel w i th  
recommendations f o r  i t s  t rea tment ,  u t i l i z i n g  a v a r i e t y  of channel  con- 
f i g u r a t i o n s .  

FRS : f p 

Very 

YOST 

BY 

t r u l y  yours,  

AND GARDNER ENGINEERS 

. . 
F. Rbbert Stevens 
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1. Purpose 

The purpose of t h i s  r e p o r t  i s  t o  g ive  c i t y  o f f i c i a l s ,  respons ib le  

f o r  the  p repa ra t ion  o r  review of development p l ans  a  comparison of a l t e r -  

n a t i v e s  and a  s tandard  by which t o  eva lua t e  proposals  submitted by developers  

i n t e r e s t e d  i n  t he  a r ea .  

The s t u d i e s  lead ing  up t o  t h i s  r e p o r t  considered var ious  a l t e r n a -  

t i v e s  f o r  t he  t reatment  of t h a t  po r t ion  of Indian Bend Wash, i n  the  Ci ty  of 

Phoenix, which would s t a b i l i z e  i t s  loca t ion ,  minimize the  a r e a  sub jec t  t o  

f looding ,  permit maximum u t i l i z a t i o n  of t he  p re sen t  f l oodp la in  a r e a  and would 

have the  b e s t  appearance c o n s i s t e n t  wi th  reasonable c o s t s  of cons t ruc t ion  and 

maintenance. The s t u d i e s  a l s o  gave a  s i m i l a r  cons ide ra t ion  t o  one of t he  

p r i n c i p a l  t r i b u t a r i e s  of Indian  Bend Wash i n  the  Ci ty ,  an  unnamed drainageway 

running no r th  t o  south i n  t he  v i c i n i t y  of 56th S t r e e t .  

The p re sen ta t ion  i n  t h i s  r e p o r t  should be regarded a s  schematic,  and 

a r e  not  intended t o  be the  f i n a l  s ta tement  of channel conf igura t ion .  Other 

a l t e r n a t i v e s  approaches a r e  poss ib l e  and may r e l a t e  b e t t e r  t o  t he  development 

of ad j acen t  proper ty .  I n  any event  surveys t o  e s t a b l i s h  the cons t ruc t ion  

c e n t e r l i n e  and right-of-way l i m i t s  on the  ground, a s  w e l l  a s  d e f i n i t i v e  p lans  

and s p e c i f i c a t i o n s  must be developed before  c o n t r a c t s  can be l e t  f o r  con- 

s t r u c t i o n .  



2. Methods 

The f i r s t  s t e p  i n  pursu ing  t h e s e  s t u d i e s  was t o  assemble and examine 

a l l  r e l e v a n t  and a v a i l a b l e  p r e v i o u s  work. The C i t y ' s  1 i n c h  t o  100 f o o t  

con tour  maps, where such e x i s t e d  w i t h i n  t h e  s t u d y  a r e a ,  were assembled.  Areas  

c o n t r i b u t i n g  r u n o f f  and n o t  y e t  covered by con tour  maps were surveyed,  

photographed, and mapped t o  C i t y  s t a n d a r d s  a t  1 i n c h  t o  100 f o o t  s c a l e  w i t h  a  

2 f o o t  con tour  i n t e r v a l .  T h i r t y - t h r e e  q u a r t e r  s e c t i o n s  were mapped i n  t h i s  

way. Design d i s c h a r g e s  f o r  v a r i o u s  r e c u r r e n c e  i n t e r v a l s  up t o  t h e  100- 

y e a r  e v e n t  were computed f o r  numerous p o i n t s  a l o n g  I n d i a n  Rend Wash from t h e  

P a r a d i s e  V a l l e y  town l i m i t s  t o  i t s  head n e a r  Greenway Road, u t i l i z i n g  t h e  

cummulative d r a i n a g e  a r e a  t o  each such p o i n t  and peak runof f  r a t e i a r e a c o r r e l -  

a t i o n s  o b t a i n e d  from t h e  Corps of Engineers  ( R e f ' s .  1 and 7 ) .  A p r o f i l e  was 

drawn f o r  t h e  main channe l  u s i n g  ground s u r f a c e  e l e v a t i o n s  from c o n t o u r  maps 

f o r  p o i n t s  a long  a n  a r b i t r a r i l y  e s t a b l i s h e d  c o n t r o l  l i n e  which corresponded 

c l o s e l y  w i t h  t h e  n a t u r a l  thalweg. Var ious  c h a n n e l  c r o s s - s e c t i o n s  ( t y p e s  

of c o n s t r u c t i o n )  were i n v e s t i g a t e d  and f o u r  were chosen as m e r i t i n g  f u r t h e r  

c o n s i d e r a t i o n .  Water s u r f a c e  p r o f i l e s  were computed f o r  each type  u s i n g  a 

computer program developed by t h e  Corps of Engineers  (Ref. 2 ) .  The r e s u l t s  

were e v a l u a t e d  g i v i n g  c o n s i d e r a t i o n  p r i m a r i l y  t o  h y d r a u l i c  c a p a c i t y ,  f low 

v e l o c i t y ,  and w a t e r  s u r f a c e  e l e v a t i o n .  Numerous t r i a l s  were made i n  

a r r i v i n g  a t  a  s u i t a b l e  channel p r o f i l e  f o r  each t y p i c a l  c r o s s - s e c t i o n  through 

t h e  l e n g t h  of t h e  wash. Large s c a l e  s e c t i o n s  were drawn f o r  each  t y p e  and 

t h e  c o s t  of each was e s t i m a t e d  u s i n g  c u r r e n t l y  p r e v a i l i n g  p r i c e s .  One o f  t h e  

f o u r  types  ( g r e e n b e l t  w i t h  g r a s s  l i n e d  low f low c h a n n e l )  was s e l e c t e d  a s  t h e  



recommended type  and t h i s  was mapped i n  p l a n  and p r o f i l e  throughout  t h e  

s t u d i e d  l e n g t h  of I n d i a n  Bend Wash. 

A s i m i l a r  approach was used i n  s t u d y i n g  t h e  5 6 t h  S t r e e t  t r i b u t a r y ,  

b u t  h e r e  e x i s t i n g  developments l i m i t  t h e  a l t e r n a t i v e s .  Runoff q u a n t i t i e s  

a r e  s m a l l e r  however, and i t  i s  p o s s i b l e  t o  u t i l i z e  a 40 a c r e  pa rk  s i t e  a s  

a  d e t e n t i o n  b a s i n  t o  reduce peak r a t e s  - a measure t h a t  i s  n o t  p r a c t i c a l  i n  

t h e  main channe l  of I n d i a n  Bend Wash. 

While d i s c h a r g e s  f o r  main channe l  f lows  were o b t a i n e d  by use  of t h e  

Corps of Engineers '  d a t a  and e q u a t i o n s ,  i t  was n o t  p r a c t i c a l  t o  use t h e  

same method f o r  t h e  much s m a l l e r  d r a i n a g e  a r e a s  i n  t h e  t r i b u t a r y  b a s i n s .  

The r e s u l t i n g  peak d i s c h a r g e s  a r e  unreasonab ly  l a r g e  when t h e  formula i s  

a p p l i e d  t o  a r e a s  o f  one t o  t h r e e  s q u a r e  m i l e s  such a s  we have i n  t h e  t r i b u -  

t a r i e s .  Consequently we have used t h e  modi f i ed  r a t i o n a l  method i n  computing 

peak f lows  i n  t h e  5 6 t h  S t r e e t  d r a i n a g e .  Th is  i s  t h e  same method t h a t  h a s  been 

used i n  d e s i g n i n g  C i t y  o f  Phoenix s torm d r a i n s  f o r  many y e a r s .  The r e s u l t s  

a r e  r e a s o n a b l e .  The methods of computing peak f lows  a r e  d i s c u s s e d  i n  

S e c t i o n s  6 and 7 of t h i s  r e p o r t .  

s 

3 .  L o c a t i o n  and Boundaries 

The a r e a  covered by t h i s  s t u d y  i n c l u d e s  abou t  30 s q u a r e  m i l e s  l o c a t e d  

i n  n o r t h e a s t  Phoenix which c o n t r i b u t e s  d r a i n a g e  t o  t h e  I n d i a n  Bend Wash. Fig .  

1 , p g .  4 ,shows i t s  l o c a t i o n  and e x t e n t .  The b a s i n  i n  which t h e  a r e a  l i e s  i s  

p o p u l a r l y  known as P a r a d i s e  Va l ley .  I n d i a n  Bend Wash c o n t i n u e s  s o u t h e a s t e r l y  

and sou th  from t h e  a r e a ,  p a s s i n g  through t h e  Town of P a r a d i s e  V a l l e y  and t h e  

C i t y  o f  S c o t t s d a l e ,  u l t i m a t e l y  d i s c h a r g i n g  i n t o  t h e  S a l t  River  e l e v e n  m i l e s  

below t h e  a r e a ,  i n  t h e  C i t y  of Tempe. 

-3  - 
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Area boundar ies  on t h e  s o u t h  and wes t  a r e  t h e  r i d g e s  of t h e  Phoenix 

Mountains of which Squaw Peak i s  t h e  p r i n c i p a l  f e a t u r e .  The n o r t h  boundary 

i s  assumed t o  be t h e  G r a n i t e  Reef Aqueduct which i s  p r e s e n t l y  under con- 

s t r u c t i o n  by t h e  Bureau of Reclamation.  The e a s t  boundary i s  d e l i n e a t e d  by 

t h e  n a t u r a l  d r a i n a g e  d i v i d e  t h a t  r u n s  n o r t h  arid s o u t h  a t  abou t  60 th  S t r e e t .  

Drainage e a s t  of t h i s  l i n e  r e a c h e s  I n d i a n  Bend Wash beyond t h e  c i t y  l i m i t s  

o f  Phoenix. 

4. N a t u r a l  F e a t u r e s  

The a r e a  i s  u n d e r l a i n  m o s t l y  by Quaternary and T e r t i a r y  a l l u v i a l  

d e p o s i t s  of i n t e r m e d i a t e  t h i c k n e s s .  E l e v a t i o n s  range  from 1345 f e e t  above 

mean s e a  l e v e l  where t h e  I n d i a n  Bend Wash i n t e r s e c t s  Mountain View Road, t o  

2600 f e e t  on Squaw Peak. Ground s l o p e s  i n  t h i s  p o r t i o n  v a r y  from about  20 

f e e t  p e r  m i l e  a l o n g  I n d i a n  Bend Wash t o  40 t o  50  f e e t  p e r  m i l e  f o r  t r i b u -  

t a r y  washes as t h e y  approach t h e  f o o t h i l l  r e g i o n .  

The Phoenix Mountains l y i n g  on t h e  s o u t h w e s t e r l y  boundary of t h e  

d r a i n a g e  a r e a  a r e  m o s t l y  o l d e r  Precambrian s c h i s t  and c o n s i s t  of many rugged 

peaks  w i t h  s t e e p  s l o p e s  and canyons. 

S o i l s  i n  t h e  s o u t h e r n  p o r t i o n  of t h e  a r e a  a r e  loamy, becoming s h a l l o w e r  

and i n c r e a s i n g l y  s t o n y  n e a r e r  t h e  Phoenix Mountains. Toward t h e  n o r t h  t h e y  

become more c l a y - l i k e ,  w i t h  i n c r e a s i n g  l ime c o n t e n t  (Ref. 4 ) .  

Na t ive  v e g e t a t i o n  i s  t h a t  o f  t h e  Sonoran Zone, w i t h  c r e o s o t e  bush,  

saguaro ,  and p a l o  ve rde  on t h e  f l a t s .  Mesquite and ironwood a r e  found a l o n g  

t h e  washes. B r i t t l e  bush,  b u r  s a g e ,  and similar shrubby p l a n t s  occur  i n  t h e  

f o o t h i l l s  and mountainous p o r t i o n s .  



Indian  Bend Wash i s  a  wide shal low swale t h a t  heads i n  t he  v i c i n i t y  

of 32nd S t r e e t  and Acoma Drive. It t r ends  sou theas t e r ly  through Paradise 

Valley,  c ros s ing  Shea Boulevard i n  the  v i c i n i t y  of 52nd S t r e e t .  Except f o r  

the  denser  vege ta t ion  along i t s  course it i s  not r e a d i l y  d i s c e r n b i l e  t o  

t he  unt ra ined  eye when seen from the  ground. There i s  a t  p re sen t  no def ined  

channel except  where easements have been dedica ted  through subd iv i s ions .  

The dra inage  d i v i d e  on t h e  southwest i s  roughly p a r a l l e l  t o  Indian 

Bend Wash and about two and ha l f  mi l e s  away. The s lopes  from t h i s  s i d e  a r e  

s t eep ,  the  t r i b u t a r y  dra inage  a r e a s  a r e  bulbous wi th  well-defined,  deeply 

entrenched channels.  The t r i b u t a r i e s  e n t e r i n g  from the  o t h e r  s i d e  a r e  more 

numerous wi th  smal l ,  r e l a t i v e l y  i n d i s t i n c t  channels.  Before they were c u t  

o f f  by the  Cent ra l  Arizona P r o j e c t  cana l ,  some of t h e s e  washes extended 

n o r t h e a s t e r l y  a s  much a s  15 t o  18 mi l e s  from Indian Bend Wash bu t  t hese  long 

dra inage  a r e a s  averaged l e s s  than  a  mi le  i n  width. The s lopes  t o  t h e  nor th  

a r e  a l s o  much f l a t t e r  than  those t o  t h e  south.  

This  s i t u a t i o n  has  a  pronounced e f f e c t  on the p a t t e r n  of runoff  from 

the  two s ides .  Flows a r r i v i n g  from the  no r th  tend t o  be slow moving shee t  

flows t h a t  f lood wide a r e a s  t o  shal low depths.  The land t o  t he  south i s  not  

so  sub jec t  t o  f looding  because the  water  runs o f f  more r a p i d l y  i n  i t s  s t e e p ,  

deeply entrenched channels.  

F i g u r e 2 ,  pg. 7 ,  shows the  100 year  f lood  l i m i t s  f o r  flows i n  Indian  

Bend Wash proper  under p re sen t  condi t ions .  Figure 3 ,  pg. 8 ,  shows the  water  

su r f ace  p r o f i l e  f o r  t h i s  100 year  f lood.  It happens occas iona l ly  t h a t  heavy 

flows occur i n  the  t r i b u t a r i e s  while  t h e  main wash i s  r e l a t i v e l y  unaf fec ted .  

This can change the  p i c t u r e  from t h a t  shown i n  Fig. 2. A e r i a l  photographs 
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t i k e n  dur ing  the June 22, 1972 storm (Ref. 3 )  show extens ive  shee t  f looding  

nor th  of Indian Bend Wash but  i n  the wash i t s e l f  i s  lower than shown i n  Fig.  2 .  

5. Cu l tu ra l  Fea tures  

About f o r t y  percent  of the a r e a  has been urbanized a t  the  present  t ime. 

Development has cons i s t ed  almost exc lus ive ly  of s i n g l e  family res idences  with 

very l i t t l e  commercial, mul t i - fami ly  o r  mobile home park cons t ruc t ion .  

Urbanizat ion w i l l  change t h e  drainage flow c h a r a c t e r i s t i c s  r a d i c a l l y .  

The s t r e e t s  w i l l  provide new a r t i f i c i a l  channels t o  conduct storm water run-  

of f  a t  a  f a s t e r  r a t e .  Buildings and paving w i l l  render  l a rge  a r e a s  impervious 

which w i l l  reduce i n f i l t r a t i o n .  For a  given storm, flows w i l l  a r r i v e  sooner,  

reach h igher  peaks, and subside more quickly.  Future u rban iza t ion  a s  pro-  

j ec t ed  from planning and zoning maps, i s  assumed t o  develop a s  shown i n  the  

Maricopa Assoc ia t ion  of Governments 1970 Storm Drainage Report (Ref. 5 ) .  

A t  Mountain View Road the  drainage leaves  the  Ci ty  of Phoenix and 

e n t e r s  the Town of Paradise  Valley. Channel improvements w i th in  the  City of 

Phoenix r equ i r e  coord ina t ion  wi th  any planned work by the  m u n i c i p a l i t i e s  

downstream. 

The Grani te  Reef Aqueduct i s  p r e s e n t l y  under cons t ruc t ion  by the  

Bureau of Reclamation ac ros s  the nor thern  po r t ion  of Indian Bend Wash d r a i n -  

age a r e a .  Flood c o n t r o l  d ikes  and d e t e n t i o n s  bas ins  w i l l  be b u i l t  on the  north 

s i d e  of t he  aqueduct and w i l l  e f f e c t i v e l y  i n t e r c e p t  any water  from the  no r th .  



There a r e  s e v e r a l  o t h e r  p r o j e c t s  c u r r e n t l y  being planned t h a t  have a  

bear ing  on what i s  done i n  t he  Indian  Bend Wash channel.  The purposes of 

t hese  p r o j e c t s  a r e  not  i n c o n s i s t e n t  wi th  t h e  improvement of the  wash, how- 

ever ,  i t  is  important t h a t  a l l  t h e  work i s  coordinated.  P r o j e c t s  i n  progress  

dur ing  these  s t u d i e s  inc lude  those l i s t e d  below. We know of no o t h e r s  a t  

t h i s  wr i t i ng .  

A )  Town of Paradise  Valley Channel 

A g reenbe l t  i s  planned by Paradise  Valley along the  thalweg of 

Indian Bend Wash. A s  p r e s e n t l y  conceived, t he  p r o j e c t  would be a  shal low 

swale about  8 f e e t  deep and 800 f e e t  wide wi th  g r a s s  l i n i n g  and a  small  

g r a s s  l i n e d  low flow channel.  The Town p lans  t o  schedule des ign  of  t h e  

channel t h i s  f i s c a l  year .  

B) Shea Boulevard Bridge 

A re inforced  concre te  br idge  i s  being designed t o  c r o s s  Indian  Bend 

Wash on Shea Boulevard. It w i l l  be cons t ruc ted  by the  Ci ty  of Phoenix. 

To ta l  l ength  w i l l  be 260 f e e t ,  skew 40" l e f t .  Center l ine  of the br idge  w i l l  

be approximately 253 f e e t  e a s t  o f  52nd S t r e e t .  August 1975 has been t e n t a -  
I 

t i v e l y  s e t  f o r  t h e  b i d  c a l l .  

C) Vil lage  of Paradise  Valley 

Westcor, Inc . ,  Developers a r e  promoting a  planned community on land 

between 40th and 52nd S t r e e t s  on Indian Bend Wash which p r e s e n t l y  con ta ins  

no development. This  i s  known a s  t he  Vi l lage  of Pa rad i se  Valley. ?heir 

p re l iminary  p l ans  a r e  t o  use the  wash a r e a  f o r  greenbel t  parks and gol f  courses .  



The planned channel w i l l  be designed t o  accommodate a 100-year r e t u r n  f r e -  

quency storm. The work i s  i n  the  e a r l y  planning s t ages  and appa ren t ly  no 

d a t e s  have been s e t  f o r  t h e  p r o j e c t .  

D) Desert  Lake Country Club. 

Desert  Lake Country Club i s  a Planned Area Development of approxi -  

mately 140 a c r e s  between Wescor's land and Shea Blvd., wi th  a po r t ion  extend- 

i ng  south of Shea. The development w i l l  be s i m i l a r  t o  Wescor i n  t h a t  t h e i r  

p lans  a l s o  use t h e  wash a r e a  f o r  r e c r e a t i o n  and gol f  course.  

6. Flows - Indian  Bend Wash 

The b a s i s  f o r  flow i n  Indian  Bend Wash i s  the  Corps of Engineers '  

Phase 1 Design Memorandum dated  October 1973 (Ref. 1 ) .  Flows f o r  Indian Bend 

Wash from the  S a l t  River t o  Shea Boulevard a r e  given f o r  va r ious  p o i n t s  on the  

stream, assuming c e r t a i n  cond i t i ons  such a s  the  ex i s t ence  of the  Cent ra l  

Arizona P r o j e c t  cana l .  Separate  flow f i g u r e s  a r e  given i n  t he  memorandum 

assuming p re sen t  cond i t i ons  o r  f u t u r e  u rban iza t ion  of the  f loodpla in .  For 

t h i s  r e p o r t  we have taken t h e  va lue  of 21,000 c . f . s .  which i s  the  p red ic t ed  

100 year  peak flow a t  Shea Boulevard assuming t h a t  t he  Cent ra l  Arizona P ro jec t  

c a m 1  i s  b u i l t ,  t h a t  Ind ian  Bend Wash has been developed a s  a g reenbe l t  channel ,  

and t h a t  t he  t r i b u t a r y  a r e a s  has  been completely urbanized. Refer t o  Table 9 

of the Corps Design Memorandum. 

For t h i s  r e p o r t ,  our  a r e a  of concern i s  the  upper end of Indian Bend 

Wash extending downstream t o  a po in t  one-half mi le  below Shea Boulevard. 

Only one of t he  Corps' p ro jec ted  flows f a l l s  i n t o  t h i s  a r ea ,  the one f o r  Shea 

Boulevard. Consequently i t  became necessary  t o  develop c o n s i s t e n t  values 



f o r  o t h e r  p o i n t s  a long Indian Bend Wash above and below Shea Boulevard. 

This was done using t h e  r eg re s s ion  equat ion  i n  Ref. 1. This g ives  a  r e -  

l a t i o n s h i p  between dra inage  a r e a  and peak runoff f o r  a r e a s  smal le r  than 30 

square mi l e s .  

I n  Appendix I, Hydrology, of Ref. 1, a r eg re s s ion  a n a l y s i s  of e x i s t -  

ing  d a t a  was made. Table 13 g ives  t h e  equat ion  developed a s :  

Q = C l  ( l og  DA) 4- C5 ( log  S) + C9 ( log  5R24)f Constant 

Where: DA = drainage a r e a  i n  square mi l e s  

5R24 = 5 year  - 24 hour r a i n f a l l  i n  inches 

S = bas in  s lope  i n  f t l m i l e  

C 1  = DA r eg re s s ion  c o e f f i c i e n t  

C5 = S reg res s ion  c o e f f i c i e n t  

C9 = 5R24 r eg res s ion  c o e f f i c i e n t  

Constant = r eg re s s ion  cons tan t  

Q = r e t u r n  period peak d ischarge  i n  c . f . s .  

For small  d ra inage  a r e a s  t he  cons t an t s  a r e  a s  fol low: 

Return 
Period 
(Years) C 1  C5 C 9  Constant 

Using a  va lue  of 2.2 inches  of r a i n f a l l  f o r  a  f i v e  y e a r ,  24-hour storm, 

d ischarge  r a t e s  f o r  a  100-year storm were ca l cu la t ed  and a r e  p l o t t e d  aga ins t  



drainage a rea  on Fig. 4 ,  pg. 14. The p l o t  shows how the r a t e s  s tand i n  a  c o n s i s t e n t  

r e l a t i o n s h i p  wi th  the va lues  given i n  t he  Design Memorandum f o r  Shea Boulevard 

and po in t s  downstream. The va lue  used f o r  the 1974 Flood Insurance Study i s  

a l s o  noted. 

The r e l a t i o n  between flow and dra inage  a r e a  f o r  f u t u r e  cond i t i ons  with 

the  Cent ra l  Arizona P r o j e c t  cana l  a r e  a l s o  p l o t t e d  on Fig. 4  f o r  Shea Boulevard 

and p o i n t s  downstream a s  given i n  t h e  Design Memorandum. Using these  p o i n t s  

a s  a  r e f e rence ,  t h e  f u t u r e  100 year storm above Shea Boulevard has been 

p l o t t e d .  

Figure 5 ,  pg, 15, shows va lues  f o r  100, 50, 25 and lo-year  storms that were 

ca l cu la t ed  from the  100-year curve i n  Fig. 4 us ing  a  percentage of t h e  

Standard P r o j e c t  Flood a s  fo l lows:  

Re t u r n  
Period Percent  
(Years) of S.P.F. 

100 45 

50 32 

25 2 1 

10 12 

These r a t i o s  were obtained from the  Corps of Engineer ' s  D i s t r i c t  Off ice  i n  

Los Angeles. 

Values given i n  t h e  Corps' Design Memorandum (Ref. 1 )  f o r  flows i n  

Indian  Bend Wash a t  Shea Boulevard (CP 105) and Arizona Canal (CP 104) a r e  

p l o t t e d  t o  show t h e i r  r e l a t i o n s h i p  t o  t he  ca l cu la t ed  va lues .  Future flows 

t h a t  were used t o  c a l c u l a t e  t he  channel s i z e  were computed using the  cumu- 

l a t i v e  dra inage  a r e a  c o n t r i b u t i n g  f o r  p o i n t s  approximately one-half mi le  

a p a r t  on the  e x i s t i n g  thalweg of Indian  Bend Wash. 

-13 - 
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The c o n t r i b u t i n g  dra inages  were de l inea t ed  on contour maps and a r e  shown 

i n  P l a t e  A superimposed on a n  a e r i a l  photograph of the  study a rea .  The 

cumulative dra inage  a r e a  i n  square mi l e s  i s  i nd ica t ed  by i t a l i c  f i g u r e s  

along the course of Indian  Bend Wash. Each t r i b u t a r y  a r e a  has been given 

an i d e n t i f y i n g  number on P l a t e  A .  The c h a r a c t e r i s t i c s  f o r  each a r e  t abu la t ed  

i n  Appendix I. 

7. Flows - 56th S t r e e t  Drainage Area 

Runoff from t h e  dra inage  a r e a  t h a t  con t r ibu te s  t o  56th S t r e e t  i s  com- 

puted by a  modified r a t i o n a l  method a s  s e t  f o r t h  i n  Ref. 5. For a  complete 

and d e t a i l e d  explana t ion  the  reader  i s  r e f e r r e d  t o  t h i s  r e p o r t .  A quote from 

pages 25 and 26 wi th  minor e d i t i n g  t o  r e f e r  t o  c o r r e c t  f i g u r e  numbers i s  

made i n  the fol lowing paragraphs t o  exp la in  development of the  formula. 

"If  the  r a t e  of runoff were equal  t o  the  r a t e  of supply, t h a t  i s  i f  
t h e r e  were no l o s s e s  o r  s to rage ,  t he  r e l a t i o n  between runoff and supply could 
be expressed by the  formula: 

Q = C I A  

Where Q i s  the  r a t e  of runoff i n  cubic  f e e t  per  second 
I i s  the  r a t e  of r a i n f a l l  i n  inches per  hour 
A i s  the  c o n t r i b u t i n g  a r e a  i n  a c r e s  

and C i s  t h e  cons tan t  of p r o p o r t i o n a l i t y ,  nea r ly  equal  t o  1 (d i f f e rence  
neglec ted)  wi th  the  above s t a t e d  u n i t s .  I n  order  t o  account f o r  l o s s e s  
the sus t a ined  i n f i l t r a t i o n  r a t e  of s o i l s ,  c a l l e d  f o r  i s  deducted from the  
supply i n  case  of pervious a r e a s  and a  l o s s  r a t e  of 0.2 inches per  hour i s  
deducted i n  impervious a r e a s  such a s  s t r e e t  paving. It i s  f u r t h e r  observed 
t h a t  such th ings  a s  channel s to rage ,  depress ion  s to rage ,  evaporat ion,  and 
su r f ace  d e t e n t i o n  work toward reducing the  peak flow r a t e .  These l a t t e r  
e f f e c t s  a r e  accounted f o r  by s e t t i n g  C equal  t o  0.8 f o r  the  po r t ion  of runoff 
o r i g i n a t i n g  i n  pervious a r e a s  and 0.9 f o r  t h a t  coming from impervious a reas .  
Therefore the  r u n o f f - r a i n f a l l  r e l a t i o n s h i p  i s  expressed a s :  

- f  ) + 0.9 Ai ( I a  - 0.20) where Q = 0.8 A (I  
P a  

Q = des ign  runoff r a t e  i n  cubic  f e e t  pe r  second 

A = pervious po r t ion  of t he  drainage a r e a  i n  a c r e s  
P 

A i 
= impenrf.ous portiori  of the  d r a h a g e  a r e a  i n  a c r e s  



I = average r a i n f a l l  i n t e n s i t y  over t h e  a r e a  i n  inches  per  hour 
a  

f  = f i n a l  o r  sus t a ined  i n f i l t r a t i o n  capac i ty  of t h e  
C 

s o i l  i n  t he  pervious a r e a  i n  inches per hour 

In  any l o c a t i o n  the pervious and impervious a r e a  (present  o r  f u t u r e  con- 
d i t i o n s  of development) con t r ibu t ing  i n  a  given time can be determined. 
The r a i n f a l l  r a t e  dur ing  t h a t  time per iod  i s  determined f o r  any design 
recurrence i n t e r v a l  o r  frequency from the  r a i n f a l l - i n t e n s i t y - d u r a t i o n  
curves (see Fig. 6 )  and ad jus t ed  downward (minor) t o  c o r r e c t  f o r  a r e a  cover-  
age versus  the  po in t  i n t e n s i t y  obta ined  from the  r a i n f a l l  curves us ing  the  
area-depth-design curve. ( see  Fig. 7 ). 

The storm dura t ion  o r  time period e s s e n t i a l  t o  reading the  r a i n f a l l  
curves i s  t h a t  l e a s t  per iod  requi red  f o r  a l l  increments of t he  a r e a  t o  
c o n t r i b u t e  flow. I n  many cases  po r t ions  of an  a r e a  being s tud ied  w i l l  
produce g r e a t e r  f lows than the  t o t a l  because water  can be c o l l e c t e d  from the  
p a r t i a l  a r e a  i n  a  sho r t e r ' t ime  of concen t r a t ion '  and the  p a r t i a l  a r e a  should 
t h e r e f o r e  be considered wi th  i t s  a p p r o p r i a t e l y  g r e a t e r  r a i n f a l l  i n t e n s i t y .  
The des igner  must seek out  such a r e a s  and t h i s  i s  s i m i l a r  t o  hydrograph 
methods of c e n t e r i n g  the  hypo the t i ca l  des ign  storm where i t  w i l l  produce 
the  g r e a t e s t  r a t e  of outflow. 

This c o l l e c t i n g  per iod ,  c r i t i c a l  storm dura t ion ,  o r  time above 
r e f e r r e d  t o  i s  u s u a l l y  c a l l e d  ' t ime of concent ra t ion '  i n  t h i s  r epo r t  and 
can be c a l c u l a t e d f o r  n a t u r a l  drainage bas ins  from formulas given by the  Corps 
of Engineers ,  S o i l  Conservation Service and o the r s .  Various means a r e  given 
i n  t he  l i t e r a t u r e  but  i n  t he  case of urban a r e a s  we e s t ima te  t he  time of 
concen t r a t ion  a s  fo l lows:  

A t  any p o i n t  under cons ide ra t ion  the  means of flow t o  the  po in t  a r e  
considered.  I f  t r a v e l  i s  over s t r e e t s  o r  i n  man-made channels and con- 
d u i t s  the  v e l o c i t y  t h e r e i n  i s  es t imated  and the  a s soc i a t ed  time of concen- 
t r a t i o n  a r r i v e d  a t .  Future improvements i n  an  a r e a  a r e  a p t  t o  change flow 
t r a v e l  time and thereby time of concent ra t ion .  Obviously t r a v e l  i n  s t r e e t s  
and condui t s  i s  f a s t e r  than overland flows. The t abu la r  c a l c u l a t i o n s  
r e f l e c t  these  cons ide ra t ions  and show the  f i n a l  chosen times. 

I n f i l t r a t i o n  r a t e s  a r e  determined from s o i l  maps, comparison with 
o the r  s o i l s ,  o r  by o t h e r  means. 

On storms of high i n t e n s i t y ,  such a s  2  inches per  hour,  the  choice 
of a  pervious a r e a  i n f i l t r a t i o n  r a t e  varying between 0.6 and 0.7 inches per  
hour could make only  8 percent  d i f f e r e n c e  i n  t he  r e s u l t  while  the  same 
choice of l o s s  r a t e s  could make an  i n f i n i t e  d i f f e r e n c e  (on the pervious 
a r e a  f lows)  i f  t h e  storm being considered was one of 0.6 inches per  hour 
i n t e n s i t y .  Ind ica t ed  l o s s  r a t e  of s o i l s  i s  approximately 112 inch per  hour 
and of paving l e s s  than 0.2 inches perhour but our formula al lows f o r  t he  
use of s u b s t a n t i a l  l o s s  r a t e s  i n  the  de te rmina t ion  of peak flows while  we 
would be more conserva t ive  i n  c a l c u l a t i n g  s to rage  requirements ( o r  t h e  n e t  
t o t a l  ou t£  low). " 
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The r a i n f a l l - i n t e n s i t y - d u r a t i o n  curve ,  F ig .  6 ,  Pg* 18,  and a r e a - d e p t h  

d e s i g n  curve ,  F ig .  7 ,  pg. 19 a r e  reproduced h e r e i n  f rom Ref. 5. 

The t r i b u t a r y  a r e a  t h t  was s e l e c t e d  a s  r e p r e s e n t a t i v e  of n o r t h  s i d e  

d r a i n a g e  and s t u d i e d  f o r  t h i s  r e p o r t  i s  t h e  one t h a t  e n t e r s  I n d i a n  Bend Wash 

from t h e  n o r t h  a t  5 6 t h  S t r e e t .  A t  56 th  S t r e e t  and Shea Boulevard t h i s  wash 

s p l i t s  i n t o  two s e p a r a t e  b u t  p a r a l l e l  d r a i n a g e s .  These two d r a i n a g e  a r e a s  

a r e  shown i n  Fig .  8 ,  pg. 21. The f i r s t  i s  t h e  a r e a  l y i n g  t o  t h e  e a s t  of 5 6 t h  

S t r e e t  and s o u t h  of t h e  new G r a n i t e  Reef Aqueduct. Flow from t h i s  a r e a  w i l l  

be c o n c e n t r a t e d  by f u t u r e  paving o f  5 6 t h  S t r e e t  and conducted t o  5 6 t h  S t r e e t  

and Shea Boulevard. The second a r e a  l i e s  immediate ly  e a s t  of t h e  f i r s t  and 

b e g i n s  a t  t h e  new aqueduct  a t  approx imate ly  60 th  S t r e e t  and r u n s  s o u t h e r l y  

a l o n g  what w i l l  be t h e  f u t u r e  a l ignment  of 6 0 t h ,  5 9 t h  and 5 8 t h  S t r e e t s .  The 

d r a i n a g e  w i l l  e n t e r  t h e  p r e s e n t  s t r e e t  system a t  Sweetwater Avenue and 5 9 t h  

S t r e e t .  A t  Cactus  Road t h e  d r a i n a g e  e n t e r s  a  channe l  t h a t  meanders through 

t h e  g o l f  course  o f  Century Country Club and c r o s s e s  Shea Boulevard a p p r o x i -  

m a t e l y  1000 f e e t  e a s t  o f  5 6 t h  S t r e e t .  

Runoff c a l c u l a t i o n s  f o r  t h e s e  a r e a s  a r e  i n c l u d e d  i n  Appendix I1 of  

t h i s  r e p o r t .  A t  p r e s e n t  v e r y  l i t t l e  development h a s  occur red  above 

Sweetwater Avenue. These runof f  c a l c u l a t i o n s  assume however, t h a t  urban-  

i z a t i o n  h a s  occur red  throughout  t h e  a r e a s  i n  conformance w i t h  t h e  p r e s e n t  

zoning.  

A f t e r  c a l c u l a t i n g  a  peak f low of 712 c .£ . s .  a t  5 9 t h  S t r e e t  and Cactus 

Road and through Century Country Club, a n  a l t e r n a t i v e  was c a l c u l a t e d  assuming 

a  r e t e n t i o n  b a s i n  i n  Sereno Park l o c a t e d  a t  t h e  n o r t h e a s t  c o r n e r  o f  Sweetwater 
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Avenue and 5 6 t h  S t r e e t .  'L'his b a s i n  would reduce t h e  c a l c u l a t e d  f low through 

Century Country Cl-ub t o  487 c . f . s .  Th i s  i s  d i s c u s s e d  l a t e r  i n  t h i s  r e p o r t .  

Flows were c a l c u l a t e d  f o r  a  100-year r e t u r n  p e r i o d  s torm.  Peak r a t e s  

o c c u r r i n g  a t  v a r i o u s  p o i n t s  a l o n g  t h e  drainageways a r e  i n d i c a t e d  by i t a l i c  

numerals  i n  F ig .  8 .  

8. Channel Sec:tions f o r  I n d i a n  Bend Wash 

Four a l t e r n a t i v e  channel. s e c t i o n s  were c o n s i d e r e d :  1 )  a comple te ly  

l i n e d  t r a p e z o i d a l  c o n c r e t e  channe l ,  2 )  a deep g r a s s  l i n e d  e a r t h  channe l  of 

t r a p e z o i d a l  s e c t i o n ,  3 )  a she l low g r a s s  l i n e d  and landscaped swale o r  

"g reenbe l t "  w i t h  a deep c o n c r e t e  l i n e d  low f low channe l ,  and 4)  a  g r e e n b e l t  

w i t h  a 5 0 : l  t r a n s v e r s e  s l o p e .  These s e c t i o n s  a r e  shown i n  Figu.res 9 ,  11, 

13, and 15. A l l  s e c t i o n s  shown a r e  at. t h e  same channe l  s t a t i o n  ( S t a .  603.00) 

and w i l l  hand le  t h e  same d e s i g n  ' Q ' ,  20,600 c . f . s .  The r o a d s  a t  t h e  edges  

o f  t h e  channe l  a r e  shown t o  g i v e  a n  i n d i c a t i o n  o f  t h e  h o r i z o n t a l  and v e r t i c a l  

s c a l e  of t h e  drawing o n l y  and i t  shou ld  riot be i n f e r r e d  t h a t  they  a r e  a n  

e s s e n t i a l  p a r t  o f  t h e  improvement. 

A f i f t h  s o l u t i o n ,  t h a t  o f  do ing  n o t h i n g  a t  a l l ,  was s t u d i e d  b u t  i s  

n o t  g i v e n  s e r i o u s  c o n s i d e r a t i o n  a s  a  v i a b l e  a l t e r ~ a t i v e .  While t h e  "do 

n o t h i n g  a l t e r n a t e "  h a s  worked i n  t h e  p a s t ,  u r b a n i z a t i o n  of t h e  P a r a d i s e  V a l l e y  

a r e a  has  p rogressed  t o  ;he p o i n t  (Ref. 6 )  t h a t  l and  v a l u e s  make u t i l i z a t i o n  of 

f l o o d  p l a i n s  economical ly  d e s i r a b l e .  Adequate a l l  wea ther  a r t e r i a l  c r o s s i n g s  

of I n d i a n  Bend Wash a r e  becoming i m p e r a t i v e .  These requ i rements  d i c t a t e  a com- 

p a c t ,  e f f i c i e n t  waterway f o r  I n d i a n  Bend Wash, p r e f e r a b l y  one t h a t  h a s  secon-  

d a r y  u t i l i t y  and i s  a n  e s t h e t i c  a s s e t  t o  t h e  community. Flooding o f  t h e  unim- 

proved channe l  by t h e  100-year s torm under p r e s e n t  c o n d i t i o n s  i s  i n d i c a t e d  i n  

F i g .  2 ,  a l r e a d y  r e f e r r e d  t o .  Under f u t u r e  c o n d i t i o n s  of development,  w i t h  



a h i g h e r  r a t i o  of impervious  t o  p e r v i o u s  a r e a  and more r a p i d  r u n o f f ,  t h e  

100-year s i t u a t i o n  w i l l  be c o n s i d e r a b l y  worse.  F ig .  3 ,  a p r o f i l e  o f  t h e  

p r e s e n t  channe l ,  shows w a t e r  s u r f a c e  e l e v a t i o n s  f o r  t h e  100-year storm 

under p r e s e n t  c o n d i t i o n s  w i t h  f lows i n  t h e  range of 5 ,500 t o  12,500 c . f . s .  

Under f u t u r e  c o n d i t i o n s ,  t h e  range  w i l l  be from 10,000 t o  21,200 c . f . s .  

f o r  t h e  100-year s torm and t h e  inunda ted  band under a do-no th ing  p o l i c y  

would be c o n s i d e r a b l y  wider  t h a n  shown i n  Fig .  2 .  

8 .1  Concrete  l i n e d  channe l  

F i g u r e  9, pg. 24, shows a t y p i c a l  c r o s s  s e c t i o n  of t h e  proposed c o n c r e t e  

l i n e d  channe l .  Depth t o  f low l i n e  o f  t h e  channe l  i s  approx imate ly  9 f e e t .  

Width o f  bottom v a r i e s  from 100 t o  170 f e e t .  S ide  s l o p e s  a r e  2 : l .  Longi-  

t u d i n a l  channe l  s l o p e  f o l l o w s  t h e  e x i s t i n g  g rade  of t h e  wash which i s  about  

3 .5  p e r  1000 f e e t .  

An o v e r a l l  p r o f i l e  of t h e  conckete  l i n e d  channe l  i s  shown on F ig .  10,  

pg. 25. Water dep th  i s  about  6 f e e t .  V e l o c i t i e s  a r e  i n  t h e  range  of 1 4  t o  

2 1  f e e t  p e r  second. 

The s l o p e  of t h i s  channe l  g i v e s  h i g h  v e l o c i t i e s  and u n s t a b l e  c o n d i t i o n s  

which a r e  cons idered  u n d e s i r a b l e .  The energy  g r a d i e n t  i s  t h r e e  t o  s i x  f e e t  

above t h e  w a t e r  s u r f a c e  which means t h a t  some smal l  channe l  b lockage cou ld  

cause  a h y d r a u l i c  jump. For t h i s  r e a s o n  i t  i s  n e c e s s a r y  t h a t  t h i s  d e s i g n  

have ample f r e e b o a r d  t o  p r e v e n t  t h e  w a t e r  from b r e a k i n g  over  t h e  banks.  

A c o n c r e t e  l i n e d  channe l  i s  compact. Right-of-way requ i rements  a r e  

lower t h a n  f o r  any o t h e r  t y p e ,  b u t  c o n s t r u c t i o n  c o s t s  a r e  h i g h e r .  Mainten- 

ance c o s t s  a r e  low. Connect ions  t o  incoming s torm d r a i n s  a r e  s imple .  

E s t h e t i c a l l y ,  a c o n c r e t e  channe l  i s  no a s s e t  and i t  i s  d i f f i c u l t  t o  t h i n k  of 
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any b e n e f i c i a l  secondary  u s e s .  U t i l i t y  c r o s s i n g  problems a r e  n o t  bad b u t  

s t r e e t  c r o s s i n g s  would b e s t  be mide on b r i d g e s .  

8 . 2  Deep g r a s s  l i n e d  channe l  

A t y p i c a l  s e c t i o n  of t h e  deep g r a s s  l i n e d  channe l  i s  shown i n  F i g .  11, 

pg. 27. Water d e p t h  f o r  t h i s  channe l  would be up t o  14 f e e t .  Bottom w i d t h  

would be  220 f e e t  a t  t h e  lower end and narrow t o  70 f e e t  a t  32nd S t r e e t .  S i d e  

s l o p e s  a r e  6 h o r i z o n t a l  t o  1 v e r t i c a l .  

V e l o c i t y  i n  t h e  channe l  a t  t h e  d e s i g n  f requency  shou ld  be  h e l d  t o  abou t  

7 f e e t  p e r  second t o  p r e v e n t  e r o s i o n .  Maximum v e l o c i t i e s  f o r  s h o r t  r e a c h e s  

shou ld  be l e s s  t h a n  9 f e e t  p e r  second. Slope of  t h e  channe l  would be  0.60 f e e t  
> 

p e r  1 ,000  Eeet  t o  ho ld  t h e  v e l o c i t i e s  t o  t h i s  r ange .  T h i s  d e s i g n  would i n -  

c o r p o r a t e  a 4 - f o o t  d r o p  abou t  e v e r y  1800 f e e t .  A t y p i c a l  w e i r  e l e v a t i o n  a t  

t h e  channe l  d r o p s  i s  shown on F ig .  11. O v e r a l l  channe l  p r o f i l e  i s  shown on 

F ig .  12,  pg. 28. 

The deep g r a s s  l i n e d  channe l  produces  t h e  g r e a t e s t  c o n f l i c t  w i t h  

e x i s t i n g  u t i l i t i e s .  Right-of-way w i d t h s  a r e  g r e a t e r  than  f o r  t h e  c o n c r e t e  

channe l  b u t  s t i l l  moderate .  Major s t r e e t  c r o s s i n g s  would r e q u i r e  b r i d g e s .  

Maintenance c o s t s  would be h i g h .  S ~ e c i a l  s t r u c t u r e s  would be  n e c e s s a r y  a t  

s to rm d r a i n  e n t r a n c e s .  Landscaping would make i t  more a t t r a c t i v e  than  t h e  

c o n c r e t e  channe l  and some secondary u s e s  a r e  p o s s i b l e  a l t h o u g h  t h e s e  a r e  

l i m i t e d .  
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8.3 Shallow g ras s  l i ned  greenbel t  with deep concrete  l ined  low flow channel 

Figure 13, pg. 30, shows the t y p i c a l  s ec t ion  f o r  the g ras s  l i ned  green- 

b e l t  wi th  a concre te  low flow channel.  

The concre te  low flow channel has an 8 and 12 foot  bottom with two 

hor i zon ta l  T O  one v e r t i c a l  s i d e  s lope.  P r o f i l e  s lopes  w i l l  fol low the  ex- 

i s t i n g  ground. Depth of the  concrete  channel w i l l  be 4  to  6 f e e t .  Hydraulic 

capac i ty  of the  low flow channel i s  ca l cu la t ed  t o  be approximately a  two year  

r e t u r n  frequency storm flow. 

The shallow greenbel t  po r t ion  has a  350 f o o t  t o  600 foot  bottom with 

s i x  t o  one s ide  s lopes .  A nominal v e l o c i t y  of s i x  f e e t  per second w i l l  r e -  

q u i r e  a  p r o f i l e  s lope of 1.2 f e e t  per 1000 f e e t .  To accomplish t h i s  s lope a  

2-foot drop w i l l  be requi red  about every 1000 f e e t .  Refer t o  Fig. 14, pg. 31,  

f o r  the  o v e r a l l  p r o f i l e .  

This  channel s e c t i o n  r equ i re s  considerably more right-of-way than the  

previous a l t e r n a t e s .  S t r e e t  c ros s ings  by means of d ips  could more r e a d i l y  be 

made than f o r  the o the r s .  Appearance and secondary use p o s s i b i l i t i e s  a r e  

good. The paved low flow channel f a c i l i t a t e s  storm d r a i n  e n t r i e s .  U t i l i t y  

i n t e r f e r e n c e s  a r e  moderate. 
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8 . 4  Greenbe l t  w i t h  5 0 : l  bottom 

Refer  t o  F ig .  15,  pg. 33,  f o r  t h e  g r e e n b e l t  t y p i c a l  s e c t i o n .  Width o f  

channe l  v a r i e s  from 350 f e e t  t o  600 f e e t .  An e i g h t  f o o t  bottom low f low 

channe l  f o r  s m a l l  f lows  i s  shown. Bottom t r a n s v e r s e  s l o p e  o f  t h e  s e c t i o n  from 

Mountain View t o  44 th  S t r e e t  i s  50 h o r i z o n t a l  t o  1 v e r t i c a l .  Above 40 th  S t r e e t  

t h e  e x i s t i n g  r ight-of-way w i l l  n o t  accommodate t h e  channe l  wid th  r e q u i r e d  s o  

t h e  bottom s l o p e  was changed t o  100 h o r i z o n t a l  t o  1 v e r t i c a l .  By making t h i s  

m o d i f i c a t i o n  t h e  p r e s e n t  r ight-of-way,  t h a t  which h a s  been o b t a i n e d  above 

40 th  S t r e e t ,  c a n  be u t i l i z e d .  

L o n g i t u d i n a l  channe l  s l o p e  i s  2 .2  f e e t  p e r  1000 f e e t  a t  t h e  lower end 

and 1 .8  f e e t  p e r  1000 f e e t  a t  t h e  upper end. Two f o o t  d r o p s  a t  one t o  two 

thousand f o o t  i n t e r v a l s  w i l l  be r e q u i r e d  t o  m a i n t a i n  s t a b i l i t y .  Refer  t o  

F ig .  16,  pg. 3 4 ,  f o r  t h e  o v e r a l l  p r o f i l e .  

The low f low channe l  w i l l  c a r r y  o n l y  minor nu i sance  f lows.  The c a p a c i t y  

of t h e  g r a s s e d  low f low channe l  i s  a b o u t  100 c . f . s .  The low f low channe l  can  

be l i n e d  o r  g i v e n  a paved bottom, as shown i n  t h e  a l t e r n a t e  s e c t i o n ,  Fig.  15,  

t o  f a c i l i t a t e  c l e a n i n g  and maintenance.  The low f low channe l  would t h e n  have 

a  c a p a c i t y  of abou t  230 c . f . s .  Such pavement should of course  be  s u f f i c i e n t l y  

s t r o n g  f o r  heavy t r u c k s  and l o a d e r s .  

A d d i t i o n a l  c a p a c i t y  f o r  nu i sance  f low can  be ach ieved  by widening and 

deepening t h e  low f low channel .  The channe l  shou ld  n o t  be deepened more than  

abou t  1 f o o t  o r  a d d i t i o n a l  c o n f l i c t  w i t h  u t i l i t i e s  may be a problem.  A con- 

c r e t e  l i n e d  channe l  3 f e e t  deep w i t h  16 f o o t  b o t t o m  and 2 : l  s i d e  s l o p e s  can 

c a r r y  abou t  550 c . f . s .  
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The low f l o w  channe l ,  shown i n  F ig .  15 a s  c e n t e r e d  i n  t h e  main channe l  

o r  o f f s e t  t o  one s i d e ,  may be meandered anywhere w i t h i n  t h e  main channe l  bottom 

p r o v i d i n g  p roper  f low l i n e s  a r e  m a i n t a i n e d .  

Right-of-way requ i rements  f o r  t h i s  s e c t i o n  a r e  l e s s  t h a n  t h o s e  f o r  

t h e  p r e v i o u s  one.  U t i l i t y  i n t e r f e r e n c e s  a r e  minimal and s t r e e t  c r o s s i n g s  a r e  

r e a d i l y  made w i t h  paved d i p s .  Th i s  s e c t i o n  i s  more r e a d i l y  a d a p t a b l e  f o r  pa rk-  

ways, g o l f  c o u r s e s ,  o r  s i m i l a r  secondary  u s e s  t h a n  any o t h e r .  En t ry  of l a t e r a l  

s torm d r a i n s  w i l l  r e q u i r e  s p e c i a l  s t r u c t u r e s .  Maintenance c o s t s  w i l l  be h i g h -  

e s t  f o r  t h i s  s e c t i o n  u n l e s s  t h e y  a r e  a l l o c a t e d  t o  t h e  secondary use .  

8 . 5  A l t e r n a t i v e  S e c t i o n s  

The f o l l o w i n g  t a b l e  summarizes d imens iona l  p r o p e r t i e s  o f  t h e  f o u r  a l t e r -  

n a t e  channe l s .  

Table  1. Comparative P h y s i c a l  Data 

R/W Width 
Fee t  

1 7 0 - 2 4 0  

2 6 0 - 4 1 0  

440 - 700 

400 - 650 

V e l o c i t y  
~ t . / ~ e c .  

1 4 - 2 1  

5 - 7 . 7  

8.5 - 15 

7  - 7.5 

Water Depth 
F e e t  

4 . 6 - 7 . 6  

1 0 . 5 - 1 3 . 5  

8 . 5  - 11 

6 .5  - 9.5  

Channe 1 
Depth 

F e e t  

7 - 1 1  

1 0 - 1 7  

1 0  - 12 

7  - 11 

Concept 

Concrete  l i n e d  
channe 1 

Deep g r a s s  l i n e d  
channe l  

Greenbe 1 t w i t h  conc . 
low f low channe l  

G r e e n b e l t  w i t h  
50 :  1 bottom 

Bottom 
Width 
F e e t  

100 - 170 

7 0 - 2 2 0  

350 - 600 

350 - 600 



8 . 6  Sed imenta t ion  

Grass  l i n e d  channe l s  a r e  des igned  t o  have low f low v e l o c i t y  under t h e  

LOO-year f low t o  p r e v e n t  e r o s i o n  under  t h o s e  c o n d i t i o n s .  The g r e e n b e l t  w i t h  

5 0 : l  bottom h a s  v e l o c i t i e s  t h a t  v a r y  from 6.5 t o  7.5 f e e t  p e r  second a t  t h e  

d e s i g n  f reqeuncy.  T h i s  v e l o c i t y  w i l l  keep sands  and s i l t  i n  suspens ion .  

When f low i n  t h e  c h m n e l  d e c r e a s e s  and v e l o c i t i e s  d e c r e a s e  t o  2 f e e t  p e r  

second o r  l e s s  t h e  m a t e r i a l  w i l l  s e t t l e  o u t  and be d e p o s i t e d  i n  t h e  g r a s s  

l i n i n g .  Th is  w i l l  a l s o  occur  a t  t h e  o u t e r  f r i n g e s  o f  t h e  channe l  where 

v e l o c i t i e s  a r e  low. A s  s torm d r a i n s  a r e  b u i l t  and d i s c h a r g e  i n t o  t h e  

channe l  w i t h  low f lows  b u t  a t  r e l a t i v e l y  h i g h  v e l o c i t i e s ,  t h e  suspended 

m a t e r i a l  w i l l  t end  t o  d rop  o u t  where t h e s e  d r a i n s  e n t e r  t h e  channe l .  Trash 

w i l l  a l s o  be d e p o s i t e d  on t h e  o u t e r  f r i n g e s  of t h e  channe l  as storni  f low 

r e c e d e s .  T h i s  r e q u i r e s  p e r i o d i c  maintenance of t h e  channe l s  t o  keep them 

c l e a n  and ,  more impor tan t ,  t o  keep t h e  channe l  a t  t h e  o r i g i n a l  e l e v a t i o n  and 

c r o s s - s e c t i o n  s o  t h a t  i t  w i l l  perform p r o p e r l y  d u r i n g  t h e  n e x t  r u n o f f  p e r i o d .  

The need f o r  such maintenance i s  n o t  obvious ,  p a r t i c u l a r l y  i f  t h e  

channe l  i s  i r r e g u l a r  and devo ted  t o  some secondary use  such a s  a  p a r k  o r  

g o l f  course .  It i s  n e v e r t h e l e s s  e s s e n t i a l  t h a t  t h e  maintenance be provided.  

Th is  means p e r i o d i c  r e - s u r v e y s ,  a t  l e a s t  i n  r e a c h e s  known t o  be t roublesome,  

and p e r i o d i c  r e s h a p i n g  of t h e  channe l .  Agreements f o r  channe l  easements o r  

r igh t s -o f -way  shou ld  r e c o g n i z e  t h i s  f a c t .  R e s p o n s i b i l i t y  f o r  s u r v e i l l a n c e  

and maintenance of c h a n n e l s  should  be c l e a r l y  d e f i n e d .  

The problem of channe l  s e d i m e n t a t i o n  shou ld  d imin i sh  a s  upper p o r t i o n s  

o f  t h e  d r a i n a g e  b a s i n s  a r e  u rban ized  and e r o s i o n  i s  c o n t r o l l e d  by paving,  

p l a n t i n g ,  and o t h e r w i s e  s t a b i l i z i n g  t h e  ground s u r f a c e .  



9. S t r e e t  and U t i l i t y  In t e r f e rences  

A channel a s  wide and deep a s  the  one envisioned i n  t h i s  r epo r t  

i n e v i t a b l y  r e q u i r e s  ex tens ive  r e l o c a t i o n  of e x i s t i n g  s t r e e t s  and u t i l i t y  

l i n e s .  The t h r e a t  of f l oods  has kep t  development back from Indian Bend Wash, 

except i n  the upper po r t ion ,  so  t h e r e  i s  l e s s  of t h i s  than  would otherwise 

be the case .  S t r e e t s  do need t o  be moved, however, and some br idges  and 

c u l v e r t s  w i l l  have t o  be b u i l t .  U t i l i t i e s  r equ i r ing  r e l o c a t i o n  inc lude  water ,  

sewer and gas l i n e s  and telephone duc t s  and cab le s .  Aer i a l  power and telephone 

l i n e s  w i l l  a l s o  be a f f e c t e d  by cons t ruc t ion  but  the  problems here  appear t o  

be much s impler .  

Because they must be l a i d  on a  cont inuously f a l l i n g  g rad ien t ,  s a n i t a r y  

sewers p re sen t  the  g r e a t e s t  d i f f i c u l t y .  A l l  known s a n i t a r y  l i n e s  a f f e c t e d  

have beec p l o t t e d  i n  t he  p l ans  and p r o f i l e s  of t h i s  r e p o r t .  Where i n t e r -  

fe rences  occur t he  suggested s o l u t i o n  i s  shown and usua l ly  c o n s i s t s  of r e -  

l o c a t i n g  a  p o r t i o n  of t he  sewer. I n  some cases ,  no tab ly  t h a t  of the  12-inch 

s a n i t a r y  sewer i n  Mountain View Road, i t  w i l l  be necessary t o  make a n  

e leva ted  c ros s ing  with the  l i n e  supported on p i e r s  a t  i t s  present  g rad ien t .  

I n  o t h e r  ca ses ,  refinement of the channel des ign  t o  provide a  shal lower 

and wider  waterway i n  the  v i c i n i t y  of t he  c ros s ing  may make r e l o c a t i o n  of t he  

sewer unnecessary. 

Water l i n e s ,  s ince  they  a r e  p re s su r i zed ,  may be lowered a t  channel 

c ros s ings  without  impair ing t h e i r  func t ion .  A l l  c ro s s ing  l i n e s  w i l l  need t o  

be lowered but  they a r e  a l l  of small  diameter pipe. There a r e  f i v e  12-inch 

l i n e s ,  t he  r e s t  a r e  of 6 and 8-inch pipe.  



Gas l i n e s  t h a t  c r o s s  t he  channel w i l l  l ikewise  need t o  be lowered but  

a s  i n  the  case  of t he  water  mains t h e r e  w i l l  be no p a r t i c u l a r  d i f f i c u l t y .  The 

same i s  t r u e  of telephone cables .  Telephone duc t s  a r e  l a i d  t o  g rad ien t  so they 

w i l l  d r a i n  toward ad jacent  manholes. The only duc t  bank p r e s e n t l y  i n  p lace  

t h a t  w i l l  be a f f e c t e d  i s  the  one i n  Shea Boulevard and t h i s  w i l l  have t o  be 

recons t ruc ted  i n  any event  when the  br idge  i s  b u i l t .  

The channel s e c t i o n  t h a t  r equ i r e s  l e a s t  r e l o c a t i o n  of s a n i t a r y  sewers 

i s  t he  g reenbe l t  wi th  5 0 : l  bottom s lopes .  The average depths  of t h i s  s e c t i o n  

i s  i n  the  7 t o  8  f o o t  range. Except f o r  t h e  12-inch sewer i n  Mountain View 

Road and those  shown on the  p lan  shee t s ,  a l l  o the r  sewer c ros s ings  could be 

made without  d i s t u r b i n g  the  mains by jud ic ious  placement of the  requi red  drop 

s t r u c t u r e s .  

The concre te  l i n e d  channel averages 8  t o  8.5 f e e t  i n  depth and involves  

a l i t t l e  more sewer i n t e r f e r e n c e .  The c o n f l i c t s  a t  48th S t r e e t  and a t  Emile 

Zola Avenue could be resolved by r a i s i n g  and widening the channel.  A t  Emile 

Zola Avenue i t  would a l s o  be p o s s i b l e  t o  r e r o u t e  t he  sewer. 

The shal low g reenbe l t  with t he  concre te  low flow channel averages a  

f o o t  deeper than  the  f u l l y  concre te  l i n e d  channel.  I n  t h i s  case ,  t h e  48th 

S t r e e t  and Emile Zona Avenue s a n i t a r y  sewer c ros s ings  could be made with c a s t  

i r o n  pipe on concre te  p i e r s .  A t  36th S t r e e t  and Sweetwater Avenue r a i s i n g  

the  channel s l i g h t l y  from the  g rad ien t  shown on the  p r o f i l e  would r e so lve  the  

problem. 



The f u l l y  g ra s s  l i n e d  channel ,  because of t he  f l a t  g rad ien t  and 

numerous drop s t r u c t u r e s ,  has  more sewer i n t e r f e r e n c e s  than any o the r  s ec t ion .  

The depth averages 10% t o  11 f e e t .  Some r a i s i n g  of the  g rad ien t  would be 

poss ib l e  a t  48th and 36th S t r e e t s  t o  c l e a r  the  10-inch and 15-inch l i n e s  

on those s t r e e t s ,  providing the  channel i s  widened t o  compensate. Other 

c ros s ings  would have t o  be made wi th  c a s t  i r o n  pipe on p i e r s ,  o r  the  sewers 

r e loca t ed .  

S t r e e t  c ros s ings  a r e  s imples t  i n  t he  case  of t he  g reenbe l t  wi th  

5 0 : l  s lopes  o r  the  greenbel t  wi th  t he  concre te  low flow channel. Crossings 

may be made wi th  paved d i p s  us ing  box c u l v e r t s  o r  p ipes  t o  c a r r y  low flows. 

These would not be " a l l  weather' '  c ros s ings ,  of course,  and a t  major a r t e r i a l s  

such a s  32nd and 48th S t r e e t s  b r idges  o r  l a rge  box c u l v e r t s  may be j u s t i f i e d .  

S t r e e t  c ros s ings  of the  concre te  and deep g r a s s  l i ned  channels  a r e  not  

so r e a d i l y  made wi th  d i p s  because t h e r e  i s  no sepa ra t e  low flow channel. I f  

a  s epa ra t e  low flow channel were provided, t he  a l r eady  se r ious  sewer c o n f l i c t s  

would be worsened. The f l a t  l ong i tud ina l  s lope  of the g r a s s  l i n e d  channels 

r e s u l t s  i n  low v e l o c i t i e s ,  consequent ly flows w i l l  be one f o o t  o r  more i n  

depth even f o r  t he  one year storm. For these  reasons br idges  a r e  b e t t e r  

s u i t e d  f o r  s t r e e t  c ros s ings  of these  channel s ec t ions .  



S t r e e t s  t h a t  w i l l  have t o  be r e l o c a t e d  o r  provided w i t h  some type  of 

c r o s s i n g s  a r e  a s  f o l l o w s :  

Approximate 
S t a t i o n  

32 

3  6  

70 

7 0  

123 

135 

165 

170 

200 

2 1 3  

230 

230 

S t r e e t  

Shea Boulevard 

52nd S t r e e t  

48 th  S t r e e t  

Chol la  Road 

Cactus  Road 

4 0 t h  S t r e e t  

3 6 t h  S t r e e t  a t  Sweetwater Ave. To be  abandoned ? 

Sweetwater Avenue C u l v e r t  c r o s s i n g  under d e s i g n  

Thunderbird  Road 

Hearn Road 

32nd S t r e e t  

Acoma Dr ive  

Remarks 

Bridge under  d e s i g n  

Re loca te  t o  n o r t h e a s t  

Re loca te  t o  s o u t h e a s t  

Suggest  b r i d g e  

Re loca te  t o  n o r t h e a s t  
and southwest  

10.  Condui ts  f o r  T r i b u t a r y  Drainage 

A t  t h e  o u t s e t  of our  s t u d i e s  f o r  t h i s  r e p o r t  we had i n t e n d e d  t o  

c o n s i d e r  a l t e r n a t i v e  means o f  conveying f lows  i n  t h e  washes t r i b u t a r y  t o  

I n d i a n  Bend Wash i n  t h e  same manner a s  h a s  been done f o r  t h e  main s t ream.  

While t h i s  would have been p o s s i b l e  f o r  t r i b u t a r i e s  i n  unimproved a r e a s ,  i t  

would have been p o i n t l e s s  t o  do s o  i n  t h e  c a s e  of t h e  t r i b u t a r y  t h a t  was 

s e l e c t e d  f o r  s t u d y ,  t h e  wash e n t e r i n g  I n d i a n  Bend Wash from t h e  n o r t h  a t  

5 6 t h  S t r e e t .  

So much development h a s  a l r e a d y  t a k e n  p l a c e  i n  t h e  lower p o r t i o n s  

of t h e  two branches  of t h i s  wash ( t h e  p o r t i o n  sou th  o f  Thunderbird Road) t h a t  



few o p t i o n s  remain.  The problem becomes t h a t  o f  f i n d i n g  means of p r o v i d i n g  

adequa te  h y d r a u l i c  c a p a c i t y  whi le  making t h e  b e s t  use  of what has  a l r e a d y  

been b u i  1 t . 

Condi t ions  a l o n g  t h e  d r a i n a g e  p a t h  a r e  s o  v a r i e d ,  however, and 

t h e r e  i s  such a  range o f  d i s c h a r g e  r a t e s ,  t h a t  t h e  b e s t  c o n d u i t  s e l e c t i o n s  

embrace q u i t e  a  v a r i e t y  o f  t y p e s .  There a r e  normal s t r e e t s ,  i n v e r t e d  crown 

s t r e e t s ,  s t r e e t s  w i t h  a u x i l i a r y  c h a n n e l s ,  g r a s s  l i n e d  swales ,  c o n c r e t e  f lumes,  

box c u l v e r t s ,  and l i n e d  t r a p e z o i d a l  c h a n n e l s  among t h e  recommendations t h a t  

f o l l o w :  

10.1  5 6 t h  S t r e e t  

F igure  17,  page 42, shows s e l e c t e d  s e c t i o n s  on 5 6 t h  S t r e e t  between 

Shea Boulevard and E s t r i d  Avenue one q u a r t e r  m i l e  n o r t h  of Thunderbird Road. 

P a r t i a l  improvements have been made t o  t h e  roadway i n  t h i s  a r e a .  We assume 

t h e s e  w i l l  c o n t r o l  t h e  g rade  on a n y  f u t u r e  paving i n s t a l l e d  t o  complete t h e  

s t r e e t .  The f u t u r e  s t r e e t  s e c t i o n s ,  shown by dashed l i n e s  on F ig .  1 7  were 

used i n  c a l c u l a t i n g  t h e  w a t e r  s u r f a c e  e l e v a t i o n s  shown i n  t h e  f i g u r e  f o r  a  

100-year storm. It w a s  a l s o  assumed t h a t  a p i p e  d r a i n  c a p a b l e  of h a n d l i n g  

a  one y e a r  s to rm ( a s  recommended i n  t h e  MAG r e p o r t )  had been i n s t a l l e d  and 

was surcharged  t o  f u l l  c a p a c i t y .  Water d e p t h  i s  g e n e r a l l y  0.5 t o  0.7 f t .  

over  t h e  s t r e e t  crown. B u i l d i n g  f l o o r  l e v e l s  t h a t  a r e  a t  l e a s t  one f o o t  

above curb  g rade  would be above t h e  w a t e r  s u r f a c e .  

The p i p e  d r a i n  cou ld  be  i n c r e a s e d  i n  s i z e  t o  c a r r y  a  f i v e  year  s torm 

o r  g r e a t e r .  The c o n s t r u c t i o n  c o s t  f o r  t h e  5-year  f requency would be a b o u t  

40% more t h a n  t h e  one year  f requency  and would reduce t h e  dep th  of w a t e r  o v e r  
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t h e  s t r e e t  crown approx imate ly  0 . 1  f t .  The m a j o r i t y  of t h e  100-year f low 

would s t i l l  have t o  be c a r r i e d  on t h e  s u r f a c e .  

A f o r t y  f o o t  wide c o l l e c t o r  s t r e e t  w i t h  i n v e r t e d  crown i s  recom- 

mended f o r  t h e  f i r s t  m i l e  from B e l l  Road t o  Greenway Road. See F ig .  19, pg. 

45,  f o r  t h e  c a p a c i t y  of such s t r e e t s .  From Greenway Road t o  Thunderbird Road 

a n  i n v e r t e d  crown c o l l e c t o r  s t r e e t  a l o n e  i s  i n a d e q u a t e  t o  c a r r y  t h e  c a l c u -  

l a t e d  flow. For t h i s  p o r t i o n  a  s h a l l o w  median d i t c h  should be added a t  t h e  

c e n t e r  of t h e  s t r e e t .  See F i g .  20, pg. 46, f o r  f low c a l c u l a t i o n s  of t h e  

recommended s e c t i o n .  F ig .  21, pg. 47, shows t y p i c a l  s t r e e t  s e c t i o n s .  S t r e e t  

' l o c a t i o n  shown on Fig .  8 a r e  schemat ic  o n l y  and i n  t h e  g e n e r a l  l o c a t i o n  of 

f u t u r e  s t r e e t s .  , 

For  5 6 t h  S t r e z t  above E s t r i d  Avenue i t  i s  recommended t h a t  t h e  

S t r e e t  be  des igned  w i t h  a d j a c e n t  b u i l d i n g  g r a d e s  a t  l e a s t  one f o o t  above 

t h e  c e n t e r l i n e  s t r e e t  grade.  See F ig .  18,  pg. 44,  f o r  c a p a c i t y  of such 

s t r e e t s  f lowing  1 f o o t  above g rade .  Storm d r a i n  should be s i z e s  as recom- 

mended i n  Ref.  5 .  F igure  8 shows s i z e s  recommended. 

A d d i t i o n a l  channe l  work i s  recommended on t h e  e a s t  s i d e  of 5 6 t h  

S t r e e t  n o r t h  from Shea Boulevard.  Th is  work i s  covered i n  t h e  s e c t i o n  on 

recommended improvements through Century Country Club. 

10.2 F u t u r e  60 th  and 5 9 t h  S t r e e t s  

F igure  8 shows t h e  d r a i n a g e  a r e a  below t h e  G r a n i t e  Reef Aqueduct 

t h a t  w i l l  d r a i n  t o  t h e  s o u t h  a l o n g  t h e  a l ignment  of f u t u r e  60 th  and 5 9 t h  

S t r e e t s .  Flow c a l c u l a t i o n s  were made and a r e  i n c l u d e d  i n  Appendix 11. 

C a l c u l a t i o n s  were made based on f u l l  development a s  p r e s e n t l y  zoned. The 

d e s i g n  s torm h a s  a  100-year r e t u r n  f requency.  
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One h a l f  m i l e  s o u t h  of Thunderbird Road a t  Sweetwater Avenue t h e  

d r a i n a g e  e n t e r s  5 9 t h  S t r e e t ,  which h a s  a n  e x i s t i n g  i n v e r t e d  crown pavement. 

The p r e s e n t  c a p a c i t y  of t h i s  s t r e e t  was computed. The d e s i g n  storm w i l l  

have a  w a t e r  s u r f a c e  a b o u t  1 .5  f e e t  o v e r  t h e  top  of c u r b .  Proposed b u i l d -  

i n g  g r a d e s ,  a s  shown on t h e , s u b d i v i s i o n  p l a t  and p l o t t e d ,  a r e  h i g h e r  t h a n  

t h e  c a l c u l a t e d  w a t e r  s u r f a c e .  No m o d i f i c a t i o n  t o  t h i s  i n v e r t e d  crown s e c t i o n  

i s  r e q u i r e d .  

A t  59 th  S t r e e t  and Cactus  Road t h e  i n v e r t e d  crown s t r e e t  dumps t h e  

f low i n t o  a  d r a i n a g e  easement t h a t  connec t s  t o  a  sha l low swale  meandering 

through Century Country Club g o l f  course  t o  Shea Boulevard.  The w a t e r  

c r o s s e s  Shea Boulevard i n  a s h a l l o w  d i p  and f i n a l l y  meaders s o u t h e r l y  a l o n g  

5 8 t h  S t r e e t  t o  I n d i a n  Bend Wash. 

The recommended improvements f o r  t h e  c o n n e c t i o n  t o  I n d i a n  Bend Wash 

and through Century Country Club a r e  shown on F i g s .  31,  pg. 62, through 34, 

pg. 65. A d i t c h  w i t h  c a p a c i t y  f o r  LOO0 c . f . s .  i s  shown t o  connect  t h e  I n d i a n  

Bend Wash channe l  w i t h  t h e  i n t e r s e c t i o n  of 5 6 t h  S t r e e t  and Shea Boulevard. The 

d i t c h  a l ignment  c o u l d  be  r u n  s o u t h  on 5 6 t h  S t r e e t  a few hundred f e e t  and 

t h e n  d i r e c t e d  west  i n  o r d e r  t o  a v o i d  s p o i l i n g  a  p o s s i b l y  v a l u a b l e  b u s i n e s s  

c o r n e r  southwest  of t h e  i n t e r s e c t i o n .  Water i n  t h e  5 6 t h  S t r e e t  s torm d r a i n  

and roadway would be picked up by a c u l v e r t  and d i t c h  ex tend ing  2200 f e e t  

n o r t h  o f  Shea Boulevard a l o n g  t h e  e a s t  s i d e  on 5 6 t h  S t r e e t .  A c u l v e r t  would 

r u n  e a s t  from 5 6 t h  S t r e e t  a l o n g  t h e  n o r t h  s i d e  of Shea Boulevard 1100 f e e t  

and t u r n  n o r t h  through a n  e x i s t i n g  dra inageway t o  Century Country Club g o l f  



c o u r s e .  The e x i s t i n g  d i t c h  through t h e  g o l f  c o u r s e  can be improved by con- 

s t r u c t i n g  a t e n  f o o t  bottom w i t h  1 0  t o  1 s i d e  s l o p e  d i t c h  a l o n g  i t s  p r e s e n t  

a l i g n m e n t .  The bottom of t h e  improved d i t c h  would be abou t  one f o o t  lower 

t h a n  t h e  f low l i n e  o f  t h e  e x i s t i n g  d i t c h .  The channe l  c u t s  through s e v e r a l  

r e s i d e n t i a l  b u i l d i n g  s i t e  a r e a s  by means of a 30-foot  wide drainageway. 

Th is  could  be improved w i t h  a  paved flume 28 f e e t  wide w i t h  3  f o o t  h igh  s i d e  

w a l l s .  A d d i t i o n a l  drainageway wid th  cou ld  be o b t a i n e d  f o r  a  channe l  a s  a n  

a l t e r n a t e .  Box c u l v e r t s  shou ld  be c o n s t r u c t e d  on roadway c r o s s i n g s .  

10.3  D e t e n t i o n  Basin f o r  5 9 t h  S t r e e t  Drainage 

Sereno Park i s  a p r e s e n t l y  undeveloped 40 a c r e  s i t e  a t  t h e  n o r t h e a s t  

c o r n e r  of 5 6 t h  S t r e e t  and Sweetwater Avenue. Drainage c o u r s e s  through un- 

developed l and  a l o n g  t h e  e a s t  s i d e  of t h e  p a r k  s i t e .  A p o r t i o n  of t h i s  

p a r k  c o u l d  b e  developed t o  f u n c t i o n  as a landscaped,  m u l t i  u s e ,  d e t e n t i o n  

b a s i n .  F ig .  22 ,  pg. 50,  s c h e m a t i c a l l y  shows a 24 a c r e  b a s i n  w i t h i n  t h e  pa rk  

s i t e .  Th i s  w i l l  r e c e i v e  t h e  peak f low from t h e  a r e a  above t h e  pa rk  and 

r e l e a s e  i t  a t  a s low r a t e  i n t o  t h e  proposed 5 6 t h  S t r e e t  s torm d r a i n .  P i c n i c  

a r e a s  and b a l l  f i e l d s  could  be des igned  t o  a l s o  f u n c t i o n  a s  b a s i n s .  Other  

a r e a s  a d j a c e n t  t o  t h e  5 9 t h  S t r e e t  d r a i n a g e  cou ld  a l s o  be used.  The s i z e  of 

t h e  b a s i n  could  be reduced u s i n g  a h i g h e r  d i s c h a r g e  r a t e  provided s to rm d r a i n s  

were des igned  f o r  t h i s  r a t e .  

Bottom and berm e l e v a t i o n s  shown on F ig .  22 were used o n l y  f o r  computing 

s t o r a g e  a v a i l a b l e .  F i n a l  d e s i g n  would show a b a s i n  bottom w i t h  f l a t  s l o p e s ,  

0.1% p l u s  o r  minus d r a i n i n g  t o  a  s h a l l o w  c o l l e c t i o n  channe l .  The b a s i n  

cou ld  be c o n s t r u c t e d  i n  a ' c u t - f i l . ? '  manner w i t h  t h e  bottom o n l y  one t o  two 

f e e t  below n a t u r a l  ground. Since  t h e  b a s i n  would be sha l low,  d i s c h a r g e  

cou ld  be accomplished by g r a v i t y  i n t o  t h e  s torm d r a i n .  
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C a l c u l a t i o n s  i n  Appendix I1 - 11 show t h e  b e n e f i t  d e r i v e d  from use  

o f  t h e  d e t e n t i o n  b a s i n  concep t .  Without t h e  b a s i n  a  100-year s torm h a s  a  

c a l c u l a t e d  peak f low a t  5 9 t h  S t r e e t  and Cactus Road of  712 c . f . s .  With 

t h e  b a s i n  t h e  peak f low a t  t h e  same p o i n t  w i l l  be 487 c . f . s .  

11. Comparative Costs  

The f i r s t  q u e s t i o n  t h a t  comes t o  mind i n  comparing a l t e r n a t i v e s  

i s :  "What a r e  t h e  c o s t s ? "  Since t h i s  s t u d y  was in tended  t o  be c o n c e p t u a l  

i n  n a t u r e ,  t h e  drawings  t h a t  were made a r e  n o t  s u f f i c i e n t l y  d e t a i l e d  t o  

make h i g h l y  a c c u r a t e  q u a n t i t y  e s t i m a t e s ,  nor  a r e  s o l u t i o n s  g i v e n  f o r  a l l  

t h e  d e s i g n  problems such a s  s t r e e t  and u t i l i t y  c r o s s i n g s .  For t h e  purpose  

of comparing a l t e r n a t i v e s ,  and n o t  t o  e s t a b l i s h  budget e s t i m a t e s ,  q u a n t i t y  

t a k e o f f s  were made f o r  t h e  lower 7,600 f e e t  of t h e  I n d i a n  Bend Wash 

channe l ,  e x c l u s i v e  o f  t h e  Shea Boulevard c r o s s i n g .  

Q u a n t i t i e s  o f  work f o r  t h i s  r e a c h  (major c o n s t r u c t i o n  i t e m s  o n l y )  

a r e  g i v e n  i n  Table 2 ,  pg. 52,  f o r  each of t h e  f o u r  a l t e r n a t i v e  channe l  

d e s i g n s .  The u n i t  c o s t s  a r e  based l a r g e l y  on a c t u a l  b i d s  f o r  t h e  r e c e n t l y  

awarded C e n t r a l  Arizona P r o j e c t  c a n a l  and d i k e  i n  P a r a d i s e  Va l ley ,  b u t  

were a d j u s t e d  somewhat t o  r e f l e c t  d i f f e r i n g  c o n d i t i o n s  and requ i rements .  

The c o s t  of r ight-of-way,  a l t h o u g h  shown i n  Table  2 ,  a s  $5,000 

p e r  a c r e ,  i s  a  much more u n c e r t a i n  i t e m  t h a n  t h e  s t r u c t u r a l  i t e m s ,  

consequen t ly  we have shown c o s t s  w i t h  and w i t h o u t  r ight-of-way.  



Cut - C. Y. 

Concrete Drop S t r u c t u r e s  - C.Y. 

Concrete Lining 4" & 8" 
Thick - S. Y. 

Concrete Aprons - S. Y. 

Grass Lining - Acres 

Minimum R/W - Acres 

TOTAL ESTIMATED COST 

To ta l  Cost excluding R/W 

Table 2 .  - COMPARATIVE COSTS - 6,800 L.F. OF CHANNEL 
S ta .  0+00 t o  30f00 and S ta .  38f00 t o  76+00 

GREENBELT WITH 
GRASS LOW FLOW 

GREENBELT WITH 
CONC. LOW FLOW DEEP GRASS LINED CONCRETE LINED 

E s t .  Unit T o t a l  E s t .  Unit T o t a l  Es t .  Unit T o t a l  , E s t .  Unit Tota l  
Quant . Cost Cost Quant . Cost Cost Quant . Cost Cost , Quant . Cost Cost 

?;Cost of A l t e rna t e  Concrete 
Low Flow Channel 

To ta l  Cost Including A l t .  Channel $1,111,400 
I 

I I ( 1 )  Grass sodding above 

1 concre te  l i n i n g  1. Unit Costs - Centra l  Arizona P r o j e c t  and l o c a l  c o n t r a c t o r s  
ad jus t ed  t o  be c u r r e n t  s p r i n g  1975. 

2.  Grass Lining c o s t s  inc lude  s p r i n k l e r  system c o s t s .  

3.  Excavation c o s t s  h igher  f o r  Concrete Lined and Deep Grass 
Lined channels  due t o  s t e e p e r  s i d e  s lopes  and deep drops.  



12. Recommendations 

It has  been mentioned t h a t  op t ions  remain f o r  t he  t rea tment  of the  

Ind ian  Bend Wash channel  whereas p re sen t  development has  a l r eady  l imi t ed  

what can be done wi th  t h e  56th S t r e e t  d ra inage .  Our s t u d i e s  lead  us  t o  

recommend : 

1. That t h e  Ind ian  Bend Wash be improved by cons t ruc t ion  of 

a  g r eenbe l t  w i th  a  5 0 : l  bottom and s lope  and wi th  e i t h e r  

a  g r a s s  l i n e d  o r  cune t te - type  low flow channel.  A t y p i c a l  

s e c t i o n  f o r  such a  channel  i s  given i n  Fig.  15, a l though 

many v a r i a t i o n s  of  t h i s  type a r e  pos s ib l e .  A p r o f i l e  which 

a l s o  shows t h e  des ign  hydrau l i c  g r a d i e n t  o r  100-year water  

s u r f a c e  fo l lows  i n  Fig.  16. Figs .  23, pg. 54 through 61, 

show such a  channel i n  p l an  throughout i t s  ent i r -e  length  

i n  t he  C i t y  of Phoenix. 

2. That t he  56 th  S t r e e t  drainageway c o n s i s t  of a  v a r i e t y  of 

channels  and condu i t s  a s  shown i n  Fig.  8 and i n  more 

d e t a i l  i n  F igures  31  through 3 4 .  Again, v a r i a t i o n s  a r e  

p o s s i b l e ,  e s p e c i a l l y  f o r  t h e  open channel  s e c t i o n s ,  and 

some r e r o u t i n g  may be expedien t  i n  o rde r  t o  o b t a i n  r i g h t -  

of-way o r  t o  conserve a r t e r i a l  bus iness  f ron t age .  

3. That s t r e e t s  s i m i l a r  t o  56 th  S t r e e t  be designed t o  c a r r y  

a  100-year storm i n  t he  roadway without  i n c u r r i n g  water  

damage t o  t h e  ad j acen t  property.  This can g e n e r a l l y  be 

accomplished by des ign ing  t h e  roadway grade below 

e x i s t i n g  ground. Adjacent b u i l d i n g  f l o o r  grades should 

be  s e t  a  minimum of one f o o t  above top  of curb. 
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SECTION 58+75 TO 67+50  
72+62 TO 7 7 9  3 0  

SECTION 68+50 TO 69+68  
7 0 f 5 5  TO 71 +62  
84+57 TO 87+  17 
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DITCH SECTION 
8+60 TO 2 2 i - 0 0  



' f i e r e  a r e  many f a c t o r s  t h a t  a f f e c t e d  the d e c i s i o n  t o  make t h e s e  

recommendations. Some of  t h e s e  a r e  q u a n t i f i a b l e ,  such a s  c o n s t r u c t i o n  

and r igh t -o f -way  c o s t s .  Others  more i n t a n g i b l e ,  such a s  good appearance 

and t h e  a d a p t a b i l i t y  f o r  secondary u s e s .  Another Lac to r  could  be main- 

t enance  c o s t s ,  however t h e s e  a r e  v e r y  i l l u s i v e  c o s t s ,  i n  t h a t  t h e y  can  

vary  s o  g r e a t l y  dependent  on t h e  t y p e  of c o n s t r u c t i o n  chosen.  The 

c o n c r e t e  channe l  would r e q u i r e  l i t t l e  maintenance i n  comparison t o  o t h e r  

a l t e r n a t e s  b u t  would s t i l l  r e q u i r e  c o n s i d e r a b l e  c l e a n  up of t r a s h  and 

d e b r i s .  The g r a s s e d  c h a n n e l s  would r e q u i r e  t h e  most maintenance i n  t h a t  

t h e y  must be watered and mowed as w e l l  a s  main ta ined  t o  r e p a i r  wash 

s e c t i o n s  e t c .  Maintenance o f  a g r a s s e d  channe l ,  n o t  pu t  t o  secondary 

u s e s ,  may r u n  as h igh  as $500 p e r  a c r e  p e r  year .  Channels w i t h  pa rk  a r e a s  

i n c l u d i n g  b a s e  b a l l  diamonds, p i c n i c  a r e a s  e t c .  would c o s t  approx imate ly  

$1500 t o  $1600 p e r  a c r e  p e r  y e a r  based on c i t y  pa rk  c o s t s .  Golf 

c o u r s e s  maintenance,  from 1974 C i t y  Golf Course c o s t s ,  would v a r y  from 

$1550 t o  $1820 p e r  a c r e  p e r  y e a r .  However t h e s e  c o s t s  a r e  o f f s e t  by g reen  

f e e s  and o t h e r  f e e s  which more t h a n  compensate f o r  t h e  maintenance c o s t s .  

A t  t h e  p r e s e n t  t ime d e v e l o p e r s  of t h e  lower p o r t i o n s  of t h e  wash a r e  p r o -  

pos ing  t h e  u s e  o f  g o l f  c o u r s e s  i n  a  wide g r e e n b e l t  channe l .  

I n  o r d e r  t o  d e a l  w i t h  a l l  t h e s e  c o n s i d e r a t i o n s  i n  a  s y s t e m a t i c  way, 

we have l i s t e d  c r i t e r i a  i n  Table  3 ,  pg. 67, a long  w i t h  a n  a r b i t r a r i l y  

s e l e c t e d  w e i g h t i n g  f a c t o r  f o r  each ,  and a p p l i e d  them t o  each  of t h e  f o u r  

a l t e r n a t i v e  c h a n n e l  t y p e s  t h a t  were cons idered  f o r  I n d i a n  Bend Wash. The 

procedure  was s imply t o  rank  each s e c t i o n  on a  s c a l e  of one t o  f o u r  i n  



Table 3. Comparison of a l t e r n a t i v e  c hanne Indian Bend 

m 
a, 
.rl 
U 
.rl 
4 
-24 
a 
-4 
m 
m 
0 
PI 

a, 
m 
5 

a, 
4 
a 
.rl 
LI 
1--I 

i2 
Weighting Fac tor  0.10 0.30 0.10 0.05 0.05 0.05 0.05 0.10 0.20 

Al t e rna t ive  

Greenbelt  wi th  
Grass Low Flow 
Channe 1 

Greenbelt  with 
Concrete Low Flow 
Channe 1 

Deep Grass Lined 2 1 
Channe 1 

Concrete Lined 1 4 
Channe 1 

Wash 

*On a s c a l e  of 1 t o  4 with the  lower value the  more d e s i r a b l e .  



o r d e r  of d e s i r a b i l i t y  i n  t h e  i i g h t  of each c r i t e r i o n  i n  t u r n .  The a s s i g n e d  

r a t i n g  i s  g i v e n  v e r t i c a l l y  under t h e  c r i t e r i o n  i n  Table 3 .  These r a t i n g s  

were t h e n  summed h o r i z o n t a l l y  a c r o s s  t h e  t a b l e  f o r  each channe l  a f t e r  

each v a l u e  had been m u l t i p l i e d  by i t s  a p p r o p r i a t e  w e i g h t i n g  f a c t o r ,  

shown i n  t h e  t a b l e  d i r e c t l y  above t h e  a l t e r n a t i v e  t y p e s  of channel .  By 

t h i s  method t h e  channe l  w i t h  t h e  lowest  a g g r e g a t e  r a t i n g ,  o r  "measure 

of m e r i t " ,  i s  t h e  b e s t  s e l e c t i o n .  

The p rocedure  o u t l i n e d  i s  a d m i t t e d l y  h i g h l y  s u b j e c t i v e .  The r e l a t i v e  

we igh t  a s s i g n e d  each c r i t e r i o n  i s  pre-eminent i n  de te rmin ing  t h e  outcome. 

We know t h e r e  a r e  o t h e r  f a c t o r s  n o t  l i s t e d ,  such ss t h e  d e s i r e s  o f  

r e s i d e n t s  i n  t h e  a r e a ,  which may be more weighty  t h a n  t h o s e  t h a t  do occur  

i n  t h e  t a b l e .  We have made no a t t e m p t  t o  e v a l u a t e  such s o c i o l o g i c a l  o r  

p o l i t i c a l  f a c t o r s .  N e i t h e r  have we c o n s i d e r e d  how t h e  v a r i o u s  channe l  

t y p e s  would f i t  i n t o  a f u t u r e  freeway p a t t e r n  i n  t h e  a r e a .  

Our recommendations r e l a t e  t o  t h e  e n g i n e e r i n g  a s p e c t s  of t h e  problem 

of I n d i a n  Bend Wash and i t s  t r i b u t a r i e s .  They a r e  of a g e n e r a l  n a t u r e  

and w i l l  need a c o n s i d e r a b l e  d e g r e e  o f  re f inement  i n  t h e  a c t u a l  d e s i g n .  

We have t r i e d  toshow how we have a r r i v e d  a t  them. We hope t h i s  r e p o r t  

w i l l  be a  u s e f u l  c o n t r i b u t i o n  t o  t h e  u l t i m a t e  s o l u t i o n  t o  t h e  p r o t l e ~  of 

I n d i a n  Bend Wash. 
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Done by W.H.F. 

Date 6/3/74 

Drainage Area Sec. 33 

URBAN RUNOFF COMPUTATION 
(Modified Rat iona l  Method) 

100 -Year 
Rec. I n t e r v a l  

Gross Pervious Impervious Non-contrib. 
Acres % Acres % Acres % 

Land Use Acres 

L.D. Res iden t i a l  
M.D. Res iden t i a l  
H.D . Res iden t i a l  
Parks & park- l ike  
Farmlands, groves 
Commercial 
I n d u s t r i a l  

To ta l  Acres 

Mean land s lope  N-S 9.5'11000' E-W 4.3 ' /10001 

Flow conveyance S t r e e t  (Local) 

Flow v e l o c i t y  N-S 3.9 f t . / s e c .  23 min./mile 234 f t . /min .  

E -W 2.6 f t . / s e c .  24 min./mile 156 f t . /min .  

Hydrologic s o i l  group Assumed i n f i l t r a t i o n  cap. O . a O  i n .  / h r .  

I To ta l  Perv. Imp. 10Qr. Area I n f i  1. 
I f 0.8 

C B 0.9 Qi 
Time a r e a  a r e a  a r e a  i n t e n s .  red. a I -5 I -fc 

t 

Min. ac.  a c  . a c  . "/hr.  f a c t o r  I1/hr. I1/hr. a c a c f s  c f s  c f s  a 

Peak - 

Yost and Gardner Engineers 
56th S t .  

Aqueduct t o  Be l l  Rd. 



Done by W.H.F. 

Date 6/3/74 

Drainage Area Sec. 4 
Bell Rd. 

URBAN RUNOFF COMPUTATION 
(Modified Rational  Method) Rec . I n t e r v a l  

Gross Pervious Impervious Non-contrib. 

Land Use Acres % Acres % Acres % Acres 

Tota l  Perv. Imp. 100yr.  Area I n f i l .  I f 0.8 
Time a r e a  a r e a  a r e a  i n t e n s .  red. a c QP 

0.9 Qi 
I -fc Qt 

Min. ac  . ac  . a c  . If/hr.  f a c t o r  I1/hr. "/hr . la'fc a c f s  a c f s  c f s  

L.D. Res ident ia l  
M. D. Res iden t i a l  
H.D . Resident ia l  
Parks 6 park- l ike  
Farmlands, groves 
Cormnercial 
I n d u s t r i a l  

Tota l  Acres 

Yost and Gardner Engineers 
56th St .  

1 0  
20 
30 
3 8 

41 

Be l l  Rd. t o  Greenway Rd. 

Mean land s lope  N-S 8.0'/1000 E-w 3' /10001 

  low conveyance S t r e e t  ( A r t e r i a l )  

F ~ O W  v e l o c i t y  N-s 4.2 f t . / s e c .  21  min./mile 252 f t . /min .  

E-w 2 .1  f t . / s e c .  42 min./mile 126 f t . /min.  

Hydrologic s o i l  group Assumed i n f i l t r a t i o n  cap. 0.80 in .  /hr .  

176 1 1 113.8 1 1 29.9 1 32.3 I 

36 
102 
164 
176 

330 

24 
56 

104 
114 

225 

6 
15 
2 8 
3 0 

5 8 

ppppp 

5 .5  
4-2 
3.4 
2.9 

ADD 

7.8 

I .97 
9 7 

?RJ3VIOUS 

965 

5.4 
4.1 
3.3 
2.8 

AREA ( t  
c. 

2.7 

0.80 
0.80 
0.80 
0.80 

= 20 4- 2:. 

0.80 

4.6 
3.3 
2.5 
2.0 

= 41  

1.9 

3.7 
7.6 
2.0 
1.6 

min.) 

1.57 

8 9 
145 
3 08  
187 . 

'3&7 

tc. 7 
7.5 
2,8 
2 .3  

2.75 
Peak - 

7 7 
5 7 

78 
6 9 

1'30 

11 1 
197 
786 
761 . 

67 7 



Done by W.H.F. URBAN RUNOFF COMPUTATION loo -year 

Date 6/3/74 (Modified Rat iona l  Method) Rec. I n t e r v a l  

Drainage Area Sec. 8 & Sec. 9 Gross Pervious Impervious Non-contrib . 

I I 
Thunderbird Rd. 

Land Use Acres % Acres % Acres % Acres 

L.D. Res iden t i a l  
M.D. Res iden t i a l  
H.D . Res iden t i a l  
Parks & park- l ike  
Farmlands, groves 
Commercial 
I n d u s t r i a l  

Tota l  Acres 

Mean land s lope  N-S 6.8'/1000' E -W 

Flow conveyance S t r e e t  ( A r t e r i a l )  

Flow v e l o c i t y  N-S 3.9 f t . / s e c .  23 min . /mile 234 f t . /min.  

Hydrologic s o i l  group Assumed i n f i l t r a t i o n  cap. 0.80 i n . / h r .  

I To ta l  Perv. Imp. yr. Area I I n f i l .  
w Time a r e a  a r e a  a r e a  i n t e n s ,  red. a 

f 
C 

0.8 
QP 

0.9 Qi Qt 
Min. ac .  a c  . a c  . "/hr. f a c t o r  "/hr. " /hr  . la'fc c c f s  I a - O e 2  c f s  c f s  

Yost and Gardner Engineers 
56th S t .  

Greenway Rd. t o  Thunderbird Rd. 



Done by W.H.F. 

Date 6/3/74 

Drainage Area Sec. 17 & Sec. 16 

jc t 1 

H 
@ Cactus Rd. 

URBAN RUNOFF COMPUTATION 
(Modified Rat iona l  Method) 

100 -Year 
Rec. I n t e r v a l  

Land Use 

L.D. Res iden t i a l  
M.D. Res iden t i a l  
H.D . Res iden t i a l  
Parks & park- l ike  
Farmlands , groves 
Commercial 
I n d u s t r i a l  

To ta l  Acres 

Gross Pervious Impervious Non-contrib. 
Acres % Acres % Acres % Acres 

Meanland s lope  N-S 5.7'/1000' E -W - - -  
Flow conveyance S t r e e t  ( A r t e r i a l )  

Flow v e l o c i t y  N-S 3.5 f t . / s e c .  25 min./mile 210 f t . /min .  

E-W - f t . / s e c .  - min. /mile  - f t . /min.  

Hydrologic s o i l  group Assumed i n f i l t r a t i o n  cap. 0.80 in . / h r .  

I Tota l  Perv. Imp. 100 vr. Area I n f i l .  
* Time a r e a  a r e a  a r e a  i n t e n s .  red. QP I 

a 
f 

C 
0.8 0.9 Qi 

I -f Qt 
Min. ac .  a c  . a c  . "/hr. f a c t o r  "/hr. "/hr . a c l - f c  a c f s  * a - O o 2  c f s  c f s  

Yost and Gardner Engineers  
56th  S t .  

1 0  
20 
2 5 

89  

Thunderbird Rd. t o  Cactus Rd. 

32 
43 
57.5 

507.5 

26 
34 
46 

367 

6 
8 

11.5 

93.5 

5.5 .98 
4.2 1 .97 
3.8 1 .97 

I 

5.4 
4 .1  
3.7 

P:EVIOUS 
1.47 

ADD 
1.6 

PI:AK TO 
.92 

0.80 
0.80 
0.80 

A:ZEAS ( t -  
0.80' 

4.6 
3.3 
2.9 

:= 64 + 25 
0.67 

US.3 

3.7 
2.6 
2.3 

= 89 rnin.) 
0.54 

PEAK FR3M 

9 6 
9 0 

107 

198 

GREENWAY 

4.7 
3 .5  
3.1 

1.14 

RD. 

28 
28 - 

36 

107 

124 
118 
143 

205 

47 2 



Done by W.H.F. 

Date 6/7/74 

Drainage Area Sec. 21 

X I I 
H 

I ' 
H 

Shea Blvd. 

URBAN RUNOFF COMPUTATION 
(Modified Rat iona l  Method) 

100 -Year 
Rec. I n t e r v a l  

Gross Pervious Impervious Non-contrib. - 
Acres % Acres % Acres % Acres 

Land Use 

L.D. Res iden t i a l  
M.D. Res iden t i a l  
H.D . Res iden t i a l  
Parks & park- l ike  
Farmlands, groves 
Commercial 
I n d u s t r i a l  

Tota l  Acres 

Mean land s lope  N-S 4.8'11000' E -W - - -  
Flow conveyance S t r e e t  ( A r t e r i a l )  

Flow v e l o c i t y  N-S 3.2 f t . / s e c .  28 min./mile 192 f t . / m i n ,  

E -W - f t . / s e c .  - min. /mile - f t . /min .  

Hydrologic s o i l  group Assumed i n f i l t r a t i o n  cap. 0.80 i n . / h r .  

I 
Tota l  Perv. Imp. 100 y r  . Area I n f i l .  

cn I f 0.8 
QP 

0.9 Qi 
Time a r e a  a r e a  a r e a  i n t e n s .  r e d =  a c I -f I -fc  

Qt 

Min. ac.  a c  . a c  . I1/hr. f a c t o r  "/hr . "/hr.  a c a = - O o 2  c f s  c f s  c f s  a 

Yost and Gardner Engineers  56th S t .  

Cactus Rd. t o  Shea Blvd. 

4.7 
3.5 
2.8 

8 5 

RD. 

37 
7 4 
9 4 

min. ) 

113 

GREENWAY 

I 

9 
2 1 
2 5 

88 

0.80 
0.80 
0.80 

A:%EAS (t . 

0.80 

4.6 
3.3 
2.5 

= 89 + 23 

0.34 

USE 

- 10  
3 0 
?n 

117 

I 

4 6 
9 5 

119 

201 

472 

3.7 
2.6 
2.0 

= 117 

.27 

PEAK FROM 

I 

2 0 
57 
QLC 

602 

10 
28.5 
LC 7 

414 

2 
6 
9 

103 

5.4 
4.1 
3 . 3  

P:IEVIOUS 

1.14 

5.5 
4.2 

.99 

.97 

3 - 4  t .97 
ADD 

1.26 

PEAK TO 

.90 



Done by W.H.F. 

Date 6 / 3 / 7 4  

Drainage Area Sec. 33 

URBAN RUNOFF COMPUTATION 
(Modified Rat iona l  Method) 

100 -Year 
Rec. I n t e r v a l  

Land Use 

L.D. Res iden t i a l  
M.D. Res iden t i a l  
H.D . Res iden t i a l  
Parks & park- l ike  
Farmlands, groves 
Commercial 
I n d u s t r i a l  

Tota l  Acres 

Gross Pervious Impervious Non-contrib . 
Acres % Acres % Acres % Acres 

Mean land s lope  N-S l l t / l O O O '  E-W 2'/1000'  

Flow conveyance S t r e e t s  (Local) 

Flow v e l o c i t y  N-S 3.7 f t . / s e c .  24 min./mile 222 f t . / m i n ,  

E -W 1.8 f t . / s e c .  49 min./mile 108 f t . /min .  

"1 Hydrologic s o i l  group Assumed i n f i l t r a t i o n  cap. 0.80 i n . / h r .  

I 
Total  Perv. Imp. 10oYr .  Area I n f i l .  

0 I f 0.8 
QP 

0.9 Qi 
Time a r e a  a r e a  a r e a  i n t e n s .  red. a c I -f t 

Min. RC. a c  . a c  . tl/hr. f a c t o r  "/hr.  " /hr  . 'a - fc  a c c f s  I a - O e 2  c f s  c f s  

Yost and Gardner Engineers 
60th st. 

Aqueduct t o  Be l l  Rd. 



Done by W.HeF. 

 ate 6/4/74 

Drainage Area Set* 4 

A 1 I 
w 

H 1 Gree'nway Rd. 

URBAN RUNOFF COMPUTATION 
(Modified Rat ional  Method) 

100 -Year 
Rec. I n t e r v a l  

Gross Pervious Impervious Non-contrib. 
Acres % A c r e s  % Acres % Acres 

Land Use 

L.D. Res iden t i a l  
M.D. Res iden t i a l  
H.D . Res iden t i a l  
Parks & park- l ike  
Farmlands, groves 
Commerc i a  1 
I n d u s t r i a l  

Tota l  Acres 

Mean land slope N-S 8.3' /1000' E-w 2.0' /10001 

  low conveyance Assume S t r e e t  (Local) 

Flow v e l o c i t y  N-S 4.2 f t . / s e c .  21 min./mile 250 f t . / m i n ,  

E -W 2.2 f t . / s e c .  40 min./mile 132 f t . /min .  

Hydrologic s o i l  group Assumed i n f i l t r a t i o n  cap. O*gO i n .  /hr .  

I 
Total  Perv. Imp. 100yr.  Area I n f i l .  

4 I f 0.8 
QP 

0.9 Qi 
Time a r e a  a r e a  a rea  in t ens .  red.  a c I -f I -f 

Qt 
Min. ac .  ac  . ac.  "/hr. f a c t o r  I1/hr. "/hr.  a c a c c f s  c f s  c f s  a 

Yost and Gardner Engineers 
60th St .  

Be l l  Rd. t o  Greenway Rd. 

peak  

4.7 
3.5 
3.0 

2.25 

163 
230 
29 7 

275 

- 1 0  
20 
2 6  

4 1  

52 
74 

102 

101 

6 8 
150 
207 

264 

215 - 
304 
399 . 

376 

44 
8 8 

135 

18 1 

3.7 
2.6 
2.2 

41  min.) 

1.52 

11 
2 1 
34 

.99 

.97 
5.5 
4.2 
3.6 

5.4 
4.1 
3.5 

4 5 

PREVIOUS ARIU 

2.7 

0.80 
0.80 
0.80- 

2.8 

4.6 
3.3 
2.7 

( t  = 
C 

0.80 

---- 
ADD 

- 

4 96 

:!O + 21 = 

1.9 



Done by W.H.F. 

Date 6/4/74 

Drainage Area Sec. 9 

I I \ I 
I ' Thudderbird Rd. ' 

URBAN RUNOFF COMPUTATION 
(Modified Rat iona l  Method) 

100 -Year 
Rec . I n t e r v a l  

Gross Pervious Impervious Non-contrib. 
Acres % Acres % Acres % Land Use Acres 

L.D. Res iden t i a l  
M.D. Res iden t i a l  
H.D . Res iden t i a l  
Parks & pa rk - l ike  
Farmlands, groves 
Commercial 
I n d u s t r i a l  

Tota l  Acres 

Mean land s lope N-S 7.7' /10001 E-w 2 ' /10001 

Flow conveyance Assume S t r e e t  (Local)  

Flow v e l o c i t y  N-S 4.0 f t . / s e c .  22.0 min./mile 240 f t . / m i n ,  

\ E-W 2.0 f t . / s e c .  44.0 min./mile 120 f t . /min .  

Hydrologic s o i l  group Assumed i n f i l t r a t i o n  cap. 0.80 i n .  / h r .  

Yost and Gardner Engineers 
58th - 59th S t .  

I 
Tota l  Perv. Imp. 100yr .  Area I n f i l .  

co I f 0.8 
Time a r e a  a r e a  a r e a  a c QP 

0.9 Qi 
i n t e n s .  red. I -f I -fc  t 

Min. a c  . a c  . a c  . "/hr.  f a c t o r  I1/hr. " /hr .  a c a c f s  c f s  c f s  a 

Greenway Rd . t o  Thunderbird Rd . 

10 
20 
? n - 
33 

6 5 

5 1 
183 
301 
337 

601 

pp 

3 8 
132 
2 18 
244 

pppp 

425 

10 
34 
56 
6 3 

108 

5.5 
4.2 

.99 

.97 
5 .4  
4 . 1  

3.4 3.3 
3 .1  3.2 

0.80 
0.80 

.97 

.97 
0.80- 
0.80 

ADD 

2.0 

= 41 + 

0.80 

4.6 
3.3 
2.5 
2.3 

PILEVIOUS ?REAS ( t , -  24 = 65 

1.06 

3.7 
2.6 

.93 

2.0 
1.8 

1.86 

min.) 

0.85 

141 
344 
435 
440 

362 

4.7 
3.5 
2.8 
2.6 

1.49 

4 7 
119 

188 
463 

Peak ' 

162 

157 
164 

524 

592 
604 



Done by W.H.F. 

Date 6/4/74 

Drainage Area Sec. 16  
Thunderbird Rd. 

I 
Cactus ~ d . 4  

Tota l  Perv. Imp. 100yr 
Time a r e a  a r e a  a r e a  i n t e n s  
Min. ac .  a c  . ac.  "/hr. 

URBAN RUNOFF COMPUTATION 
(Modified Rat iona l  Method) 

100 -Year 
Rec . I n t e r v a l  

Gross Pervious Impervious Non-contrib. 
Acres % Acres % Acres % Land Use Acres 

L.D. Res iden t i a l  
M.D. Res iden t i a l  
H.D . Res iden t i a l  
Parks & pa rk - l ike  
Farmlands, groves 
Commercial 
I n d u s t r i a l  

To ta l  Acres 

Mean land s lope  N-S 5.7 E-W 1 . 5  

Flow conveyance Assume S t r e e t  (Local)  

Flow v e l o c i t y  N-S 3.6 f t . / s e c .  24.5 min./mile 216 f t .  /min. 

E-W 1.7 f t . / s e c .  52 min./mile 102 f t . /min .  

Hydrologic s o i l  group Assumed in£ i l t r a t i o n  cap. 0.80 i n .  / h r .  

Area I n f i l .  
I f 0.8 red. a c QP 0.9 Qi 

I -f I -fc  Qt 
f a c t o r  " /hr .  "/hr.  a c a c f s  a c f s  c f s  

Yost and Gardner Engineers 

10 
2 0  

. 30 
33 

. 9 1  

58th  - 59th  S t .  

Thunderbird Rd . t o  Cactus Rd. 

5 9 
2 13 
385 
396 

997 

4 7 
137 
256 
265 

690 

I I I 

12 
3 7 
7 2 
7 4 

137 

4.7 
3.7 
7 - 8  
2.6  

1.11 

5.5 
4.2 
3.4 

56 
137 
7n7 

192 

1.57 

0.80 
0.80 

1 0.80 

99 
.97 
.97 

240 
493 
71 7 
669 

5 00 

4.6 
3 .3  
2.5 

3.2 

ADD 

1.55 

5.4 
4 .1  

I 3 . 3  --- 

peak - 
1 . 8  

min. ) 

0.505 

47 7 

348 

3.7 
2.6 
2.0 

184 
356 
510 

.97 3 .1  

PEVIOU$ AREAS (.I 
I 

0.80 

= 65 + 
C 

0.80 .92 

2.3 

26 = 91 

0.63 1.43 



Done by W.H.F. 

Date 6/5/74 

Drainage Area Set. 21 

P 
'El 
'El 
(D 

3. 
F 

I' ' Shea 

URBAN RUNOFF COMPUTATION 
(Modified Rat iona l  Method) 

100 -Year 
Rec. I n t e r v a l  

Gross Pervious Impervious Non-contrib. 
Acres % Acres % Acres % Acres 

Land Use 

L.D. Res iden t i a l  
M.D. Res iden t i a l  
H.D . Res iden t i a l  
Parks & park- l ike  
Farmlands, groves 
Commercial 
I n d u s t r i a l  

To ta l  Acres 

Mean land s lope  N-S 4.5'/10001 E-W 1' /10001 

Flow conveyance Grass Channel 

F l o w v e l o c i t y  N-S 3.0 f t . / s e c .  29 min./mile 180 f t . /min .  

E-W 1.0 f t .  / sec .  88 min./mile 60 f t . /min .  

Hydrologic s o i l  group Assumed i n f i l t r a t i o n  cap. 0.80 i n . / h r .  

Yost and Gardner Engineers 
CHANNEL THROUGH CENTURY COUNTRY CLUB 

I 
Tota l  Perv. Imp. 100 y r .  Area I n f i l .  

)--L I f 0.8 0.9 Qi 
o Time a r e a  a r e a  a r e a  i n t e n s .  red.  a c I -fc  I -fc  Qt 

Min. a c  . ac  . a c  . h r  . f a c t o r  " /hr  . "/hr .  a a c f s  a c f s  

Cactus Rd. t o  Shea Blvd. 

121 1207 795 158 1.25 -90  1.13 0.80 0.33 0.264 210 0.84 133 343 



Done by  W.H.F. 

Date 6/14/74 

URBAN RUNOFF COMPUTATION 
(Modified Rat iona l  ~ e t h o d )  

100 -Year 
Rec. I n t e r v a l  

I-' 
I-' 

Peak - 

Gross Pervious Impervious Non-contrib. 
Acres % Acres % Acres % Acres 

L.D. Res iden t i a l  
I 

M.D. Res iden t i a l  
H.D . Res iden t i a l  
Parks & pa rk - l ike  
Farmlands, groves 
Commercial 
I n d u s t r i a l  

Tota l  Acres 

Mean land s lope  N-S 5.7 E-W 1.5 

Flow conveyance Assume S t r e e t  

Flow v e l o c i t y  N-S 3.6 f t . / s e c .  24.5 min./mile 216 f t . / m i n ,  

E -W 1 . 7  f t . / s e c .  52 min./mile 102 f t . / m i n .  

Hydrologic s o i l  group Assumed i n f i l t r a t i o n  cap. 0.80 i n . / h r .  

I n f i  1. 
I f 0.8 QP 

0.9 Qi 
Time a r e a  a r e a  a r e a  i n t e n s .  red. a .  c I -f I -f Qt 

Min. ac.  a c  . "/hr .  f a c t o r  I1/hr. " /hr .  a c a c a c  . I - O a 2  c f s  c f s  c f s  a 

Yost and Gardner Engineers 
59th  S t .  and Cactus Rd. 

-- 

With Detent ion Basin i n  Sereno Park 

~~~~~ 
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