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On May 27,  1987, t h e  C i t y  of Phoenix r e t a i n e d  SEA, Inc .  t o  
de te rmine  t h e  peak f low f o r  Cudia C i t y  Wash from a  100-year,  
24-hour s to rm e v e n t .  This  r e p o r t  o u t l i n e s  t h e  method used t o  
develop d a t a  f o r  i n p u t  t o  t h e  hydro log ic  model and p r e s e n t s  t h e  
r e s u l t s  from t h i s  a n a l y s i s  of  t h e  watershed r a i n f a l l  - runof f  
c h a r a c t e r i s t i c s .  

Although numerous s t u d i e s  had been performed p r i o r  t o  t h i s ,  it 
was r eques t ed  t h a t  SEA'S s t u d y  be a n  independent  a n a l y s i s .  A s  
a  r e s u l t ,  no a t t e m p t  was made t o  a c c e s s  p u b l i c  agency o r  
p r i v a t e  c o n s u l t i n g  r e p o r t s  which had s p e c i f i c a l l y  c a l c u l a t e d  
runof f  from t h e  Cudia C i t y  watershed.  Those agenc ie s  c o n t a c t e d  
f o r  i n fo rma t ion  d u r i n g  t h e  cou r se  of t h i s  s t u d y  a r e  l i s t e d  i n  
Appendix A .  

Loca t ion  

Located i n  n o r t h e r n  Maricopa County, t h e  Cudia C i t y  Wash 
d r a i n a g e  a r e a  is roughly  bounded by 5 8 t h  S t r e e t  on t h e  e a s t ,  
3 6 t h  S t r e e t  on t h e  wes t ,  S t a n f o r d  Drive on t h e  s o u t h  and 
Roadrunner Road on t h e  n o r t h ,  F igure  1. Approximately 80 
p e r c e n t  of t h e  watershed i s  i n  t h e  town of P a r a d i s e  Va l l ey ,  
w i th  t h e  remainder i n  t h e  C i t y  of Phoenix. The main wash f lows  
from n o r t h e a s t  t o  sou thwes t  w i t h  t h e  o u t l e t  n o r t h  of t h e  
Arizona Canal i n  t h e  v i c i n i t y  of 4 0 t h  S t r e e t .  

The g o a l  of t h i s  s t u d y  was t h e  development of a  r a i n f a l l -  
runof f  r e l a t i o n s h i p  and a  r e s u l t i n g  peak f low u s i n g  a  
hydro log ic  runof f  model. The t y p e  of hydro log ic  model used is 
determined by watershed c h a r a c t e r i s t i c s ,  such  a s  t h e  deg ree  o f  
u r b a n i z a t i o n ,  t h e  land  s u r f a c e  s l o p e s ,  and t h e  mechanism o f  
f low.  A s  t h e  d a t a  were c o l l e c t e d  and analyzed i n  t h e  e a r l y  
s t a g e s  of t h e  s t u d y ,  t h e  U .  S. Army Corps of Engineers  (COE) 
H E C - 1  program, s p e c i f i c a l l y  t h e  k inemat ic  wave p o r t i o n  was 
s e l e c t e d  a s  t h e  most a p p r o p r i a t e  model. This  d e c i s i o n  was 
based upon t h e  e x t e n t  of  u r b a n i z a t i o n ,  t h e  h i g h l y  v a r i a b l e  l and  
s l o p e s ,  t h e  complexi ty  of t h e  d r a i n a g e  p a t t e r n ,  t h e  s i z e  of t h e  
subwatersheds ,  and t h e  presence  of over land  f low c o n d i t i o n s  i n  
much of t h e  a r e a .  

Two sou rces  of d a t a  a r e  a v a i l a b l e .  Some background in fo rma t ion  
can be accessed  i n  e i t h e r  agency f i l e s  o r  a s  publ i shed  r e p o r t s  
o r  maps ( i . e . ,  s o i l s  and topograph ic  d a t a ) .  Other d a t a  such  a s  
t h e  i n fo rma t ion  used t o  d e f i n e  t h e  channe l  c h a r a c t e r i s t i c s ,  
must be c o l l e c t e d  on s i t e .  Four s i t e  v i s i t s  were made t o  t h e  
watershed t o  de te rmine  channe l  wid ths ,  sediment  s i z e ,  and 
roughness c o e f f i c i e n t s  and t o  d e f i n e  channe l  cou r se s  when t h e s e  
were i nde t e rmina t e  from e i t h e r  a e r i a l  photographs o r  t h e  
topographic  map of t h e  a r e a .  
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Cudia C i t y  Wash occupies  a  b road ,  l ow- re l i e f  graben v a l l e y .  
The wash and i ts  t r i b u t a r i e s  d r a i n  a d j a c e n t  s t e e p ,  rugged h o r s t  
b locks  marked by t h e  Phoenix,  Mummy and Camelback Mountains. 
The main wash t r e n d s  s o u t h w e s t e r l y  between t h e  t h r e e  ranges .  

Mummy Mountain is u s u a l l y  cons ide red  p a r t  of  t h e  Phoenix 
Mountains. This  r e p o r t  t r e a t s  them s e p a r a t e l y  based on t h e i r  
s e p a r a t i o n  by a narrow v a l l e y  (probably  due t o  a  unique 
f r a c t u r e  s y s t e m ) ,  l i t h o l o g i c  v a r i a t i o n s ,  and independent  
d ra inage  p a t t e r n s .  

The mountain ranges  a r e  rugged,  r e s i s t a n t ,  fau l t -bound  h o r s t s  
f l a n k e d  by concomitant  g raben  v a l l e y s .  These s h a r p  f e a t u r e s  
a r e  t y p i c a l  of  Basin  and Range e x t e n s i o n a l ,  b r i t t l e  t ec ton i sm.  
D i r e c t i o n ,  t r e n d ,  and d e t r i t a l  composi t ion of t h e  washes appear  
t o  be e n t i r e l y  dependant upon l o c a l  g e o l o g i c  and geomorphologic 
c h a r a c t e r i s t i c s .  

In  t h e  s t u d y  a r e a ,  t h e  Phoenix and Mummy Mountains a r e  
comprised p r i m a r i l y  of Precambrian s c h i s t  and g n e i s s .  I s o l a t e d  
g n e i s s i c  ou tc rops  form h i l l s  between t h e  two r anges .  C l a s t  
composi t ions  i n  t r i b u t a r i e s  d r a i n i n g  t h e  two ranges  a r e  l a r g e l y  
muscovite s c h i s t ,  d a r k  g reen  ( h o r n b l e n d ? ) ,  q u a r t z - r i c h  g n e i s s ,  
and ve in-quar tz  f ragments .  

Camelback Mountain i s  comprised of Precambrian g r a n i t e  ( t h e  
camel 's  "body") unconformably o v e r l a i n  by E a r l y  Miocene r e d  
fanglomera te  named t h e  C a m e l  Head Formation ( t h e  camel ' s  
" h e a d " ) .  

Streams d r a i n i n g  t h i s  range  c a r r y  d e t r i t u s  r i c h  i n  g r a n i t i c  
components. These sed iments  are markedly p ink  i n  c o l o r  and 
c o n s i s t  of  whole potass ium f e l d s p a r  c r y s t a l s ,  a n g u l a r  q u a r t z  
g r a i n s ,  and subrounded g r a n i t i c  pebbles  (some muscov i t e - r i ch ) .  

Angu la r i t y  of d e t r i t a l  g r a i n s  i n c r e a s e s  w i th  prox imi ty  t o  h i g h  
r e l i e f  a r e a s  of provenance.  Subangular and subrounded g r a i n s  
a r e  s e e n  i n  t h e  low l y i n g ,  low r e l i e f  a r e a s  away from t h e  base 
of t h e  mountain ranges .  

F i n e r  g r a i n  s i z e s  a r e  s e e n  i n  t h e  lower reaches  of t h e  s t r eams .  
Conversely ,  c o a r s e r  s i z e s  u s u a l l y  occur  near  t h e  headwaters 
w i th  one excep t ion :  c o a r s e  p a r t i c l e s  LaQ appear  downstream when 
t h e r e  i s  a  conf luence  of two washes. This  phenomenon d i s r u p t s  
t h e  o the rwi se  normal f ining-downstream p a r t i c l e  d i s t r i b u t i o n .  

The f i rs t  s t e p  i n  a  runof f  model is  t o  d e l i n e a t e  t h e  major 
watershed boundary and t h e n  f u r t h e r  subd iv ide  t h i s  a r e a  i n t o  



s m a l l e r  a r e a s  each  having s i m i l a r  c h a r a c t e r i s t i c s  of  s l o p e ,  
s o i l  t ype  and d r a i n a g e  p a t t e r n .  

The f i r s t  d a t a  needed were t h e  U.S. Geologica l  Survey 7 . 5  
minute Quadrangle  Shee t s  f o r  Sunnyslope and P a r a d i s e  Val ley.  
These maps, pho to rev i sed  i n  1982, w i th  a  con tou r  i n t e r v a l  of  20 
f e e t ,  con ta ined  t h e  o n l y  topograph ic  i n fo rma t ion  a v a i l a b l e  f o r  
t h e  e n t i r e  a r e a .  To f a c i l i t a t e  d a t a  e n t r y  and a n a l y s i s ,  t h e  
two quadrangle  maps were s p l i c e d  t o g e t h e r  and en l a rged  t o  a  
s c a l e  of  1 i n c h  e q u a l s  1 ,000 f e e t .  This  a l lowed t h e  s t u d y  t e a m  
t o  d e l i n e a t e  t h e  major watershed f o r  Cudia C i t y  Wash i n  g r e a t e r  
d e t a i l  t h a n  might o the rwi se  have been p o s s i b l e ,  and t o  f u r t h e r  
subd iv ide  t h e  watershed i n t o  s m a l l e r  a r e a s  each  having s i m i l a r  
c h a r a c t e r i s t i c s .  Achieving t h i s  degree  of d e t a i l  r e q u i r e d  t h e  
use  of a e r i a l  photographs o b t a i n e d  from Kenney A e r i a l  Mapping. 
Twelve photographs t a k e n  i n  A p r i l  1987, a t  a  s c a l e  of  1 i n c h  t o  
1 ,800  f e e t ,  provided s t e r e o  coverage of t h e  watershed.  In  
a d d i t i o n ,  Kenney provided a  photo mylar a t  t h e  same 1 i n c h  t o  
1 ,000  f e e t  s c a l e  of  t h e  t opograph ic  map. 

The topographic  map was a l s o  used t o  c a l c u l a t e  s l o p e s  and t h e  
a r e a s  of t h e  subwatersheds ,  and t o  measure t h e  l e n g t h s  of 
i n d i v i d u a l  t r i b u t a r y  washes. These d a t a  a r e  con ta ined  i n  Table  

The 100-year,  24-hour and 6-hour s to rms  g e n e r a t e  3 . 8 0  inches  
and 3 .15  inches  of p r e c i p i t a t i o n ,  r e s p e c t i v e l y ,  a s  i n d i c a t e d  by 
d a t a  ob ta ined  from t h e  Na t iona l  Oceanic and Atmospheric 
Admin i s t r a t i on  (NOAA) A t l a s  2 ,  P r e c i p i t a t i o n  Frequency A t l a s  of  
t h e  Western United S t a t e s ,  Volume VIII, Arizona. The modeling 
procedure  used i n  SEA'S a n a l y s i s  r e q u i r e s  t h a t  t h e  t o t a l  
r a i n f a l l  be d i s t r i b u t e d  i n  some f a s h i o n  over  t h e  d u r a t i o n  o f  
t h e  s torm.  Developing t h i s  s to rm p a t t e r n  r e q u i r e s  t h e  
d e t e r m i n a t i o n  of t h e  one-hour,  100-year s to rm u s i n g  e q u a t i o n  
(1) below i n  c o n j u n c t i o n  w i t h  t h e  6-hour and 24-hour s to rms .  

Where Y 1  is  t h e  IOOLyear, 1-hour s to rm,  X6 is t h e  100-year ,  6- 
Hour s to rm and X24 is t h e  100-year,  24-hour s torm.  Using t h e  
one-hour r a t i o s  f o r  c a l c u l a t i n g  t h e  5-,  l o - ,  15- and 30-minute 
r a i n f a l l  i n t e n s i t i e s  developed by t h e  Na t iona l  Weather S e r v i c e  
f o r  t h e  wes te rn  United S t a t e s ,  t h e  peak 15-minute i n t e n s i t y  was 
c a l c u l a t e d  a s  1 .40 inches /hour .  The r a i n f a l l  r a t e s  f o r  t h e  
24-, 6- and 1-hour e v e n t s ,  i n  a d d i t i o n  t o  t h e  5-,  l o - ,  15- and 
30-minute r a t e s  c a l c u l a t e d  above,  were p l o t t e d  on log- log  paper  
and t h e  i nc remen ta l  r a i n f a l l  a t  15- minute i n t e r v a l s  
determined.  The n e t  r a i n f a l l  f o r  each  pe r iod  was a r r anged  wi th  
t h e  h i g h e s t  r a i n f a l l  o c c u r r i n g  i n  t h e  15-minute p e r i o d  
f o l l o w i n g  t h e  midpoint  of  t h e  s torm.  



TABLE 1 
SUBWATERSHED CHARACTERISTICS 

" 

WATERSHED 

Upper 6B 
Middle  6B 
Lower 6B 
Upper 6A 
Middle  6A 
Lower 6A 
Upper 6D 
[Jpper 6C 
Middle  6C 
Lower 6C 
Lower 6D 
Upper 5A 
Middle  5A 
Middle  5A 
Lower 5A 
Upper 5B 
Middle  5B 
Lower 5B 
Upper 5C 
Middle  5 6  
Lower 5C 
Lower 5C 
Upper 7A 
Middle  7A 
Lower 7A 

4  
Upper 7B 
Lower 7B 
Upper 3A 
Upper 3A 
Middle  3A 
Lower 3A 
Lower 3A 

3B 
Upper 2A 
Upper 2A 
Upper 2A 
Upper 2A 
Upper 2A 
Upper 2A 
Lower 2A 

2C 
2B 

Upper 7C 
Lower 7C 
Upper 7C 
Lower 7C 

AREA 
(sq m i )  

0 .094  
0. 188 
0 .562  
0 .  036 
0 . 0 9 6  
0 .  085 
0 . 0 1 2  
0 . 0 6 0  
0 . 0 6 5  
0 . 0 6 5  
0 .038  
0 .049  
0 .049  
0 .049  
0 . 0 4 9  
0 . 0 8 4  
0 . 0 8 3  
0 . 0 4 0  
0 . 0 3 0  
0 . 0 3 6  
0 . 0 3 6  
0 . 0 3 5  
0 . 0 5 0  
0. 090 
0. 090 
0. 192 
0 .  025 
0 . 0 4 0  
0 . 0 7 0  
0 . 0 7 0  
0. 166 
0. 070 
0 . 0 5 0  
0. 179 
0.  033 
0 . 0 3 3  
0 . 0 3 4  
0 .  033 
0 . 0 3 3  
0 .034  
0 . 0 1 1  
0 .  160 
0 .  178 
0 . 0 2 8  
0 . 0 4 2  
0 . 0 2 8  
0 . 0 4 2  

STREAM 
LENGTH 
(ft) 

2000 
2000 
2000 
1500 
1500 
1500 
500 

1600 
1700 
1700 
1200 
1250 
1250 
1250 
1250 
1500 
1500 
1500 
1000 
1500 
1500 
1500 
1000 
1500 
1500 
700 

1500 
1500 
1500 
1500 
2000 
1500 
1000 
6500 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
3000 
1800 
1000 
1500 
1000 
1500 

SLOPE 
(ft/ft) 

0. 100 
0. 016 
0 . 0 1 1  
0 .250  
0 .100  
0. 030 
0 .008  
0 . 1 0 0  
0 . 0 3 0  
0 . 0 2 0  
0 . 0 2 0  
0 . 1 0 0  
0 . 0 4 0  
0 . 0 2 5  
0 .020  
0 .100  
0 . 0 2 2  
0 .  0125 
0 . 0 1 0  
0 . 0 6 0  
0 . 0 2 5  
0 .  014 
0 . 2 0 0  
0. 050 
0 . 0 3 0  
0. 006 
0 .100  
0 .040  
0 . 2 5 0  
0 . 2 5 0  
0 . 0 5 0  
0 . 0 5 0  
0 . 0 2 0  
0 . 0 2 3  
0 .250  
0 .100  
0 .050  
0 . 2 5 0  
0 . 1 0 0  
0. 050 
0. 050 
0 .040  
0 . 0 2 0  
0 . 2 5 0  
0 .  160 
0 . 2 5 0  
0. 160 

LOSS RATE 
( i n / h r )  

1 . 0  
2 . 6  
2 . 6  
1 . 9  
1 . 9  
5 . 7  
2 . 7  
1 . 0  
2 . 6  
2 . 6  
2 . 6  
1 . 0  
2 . 6  
2 . 6  
2 . 6  
1 . 0  
2 . 6  
2 . 6  
1 . 9  
2 . 6  
2 . 6  
2 . 6  
1 . 0  
1 . 9  
1 . 9  
3 . 5  
1 . 0  
1 . 9  
1 . 0  
1 . 0  
1 . 9  
1 . 9  
1 . 9  
2 . 6  
1 . 9  
1 . 9  
1 . 9  
1 . 9  
1 . 9  
1 . 9  
1 . 9  
2 . 6  
3 . 5  
1 . 0  
2 . 6  
1 . 0  
2 . 6  

PERCENT 
IMPERVIOUS 

0  
5  
5  
0  
5  
1 

10 
0  
5  
5  

10 
0  
5  
5  
4  
0  
3  
1 
5 
5  
5  
3 
0  
4  
4  
5  
0  
5  
0  
0  
4  
4  
4  
5  
0  
5  
5  
0  
5  
5  
5  
3  
5  
0  
1 
0  
1 



TABLE 1 
Cont inued  

WATERSHED 

Lower 7C 
8A 
8B 

Upper 1 A  
Lower 1 A  
Upper 1 B  
Upper 1 C  
Lower 1 C  

9A 
9 B . 

AREA 
( s g  mi) 

0.060 
0 .218 
0 . 2 6 3  
0 .313  
0. 055 
0. 096 
0. 044 
0 .036 
0. 152 
0. 059 

STREAM 
LENGTH 
(ft) 

1500 
2500 
2000 
4000 
3800 
4000 
1900 
1900 
4500 
2000 

SLOPE 
(ft/ft) 

0.030 
0 .010 
0. 005 
0 .100 
0 .030 
0 .  030 
0. 017 
0 .017 
0 .007  
0. 0125 

LOSS RATE 
( i n / h r )  

3 . 7  
3 . 7  
3 . 7  
1 . 0  
2 . 6  
3 . 7  
3 . 7  
3 . 7  
4 . 8  
4 . 8  

PERCENT 
IMPERVIOUS 

5  
5  
5  
0 
1 
2 
5 
5 
4  
5  , 



The procedure  used t o  deve lop  t h e  s to rm p a t t e r n  n e s t s  t h e  one- 
hour s to rm w i t h i n  t h e  s ix -hour  s to rm which i s  i n  t u r n  nes t ed  
w i t h i n  t h e  24-hour s torm.  This  a l lows  expansion of a  p o i n t  
p r e c i p i t a t i o n  measurement i n t o  a mathemat ical  r e p r e s e n t a t i o n  of 
t h e  e n t i r e  s to rm.  

S o i l  t y p e s  and i n f i l t r a t i o n  r a t e s  w e r e  ob t a ined  from t h e  %dl 
e l .  

m, pub l i shed  i n  1974 by t h e  U.S. S o i l  Conserva t ion  
S e r v i c e  (SCS). The s o i l s  map f o r  t h i s  watershed is inc luded  a s  
F igure  2. I n  a d d i t i o n ,  Table  2  l is ts  t h e  major s o i l  t y p e s ,  t h e  
hydro log ic  s o i l  groups and t h e i r  p e r m e a b i l i t i e s .  

D e ~ r e e  of Urban iza t ion  

The t y p e  and e x t e n t  of  development i n  t h e  watershed de te rmines  
how much of t h e  a r e a  a v a i l a b l e  f o r  runof f  is impervious t o  
i n f i l t r a t i o n .  P a s t  and p r e s e n t  c o n d i t i o n s  a r e  r e a d i l y  
a v a i l a b l e  from a e r i a l  photographs.  F igure  3  is one of t h e  
A p r i l  1987 a e r i a l  photographs which shows t h e  e x t e n t  of p r e s e n t  
u r b a n i z a t i o n  i n  t h e  watershed.  Actual  p e r c e n t  impervious was 
c a l c u l a t e d  f o r  a  few watersheds  from t h e s e  photographs by 
c a l c u l a t i n g  t h e  a r e a s  covered by pavement and s t r u c t u r e s .  This  
r e s u l t  was t h e n  e x t r a p o l a t e d  t o  t h e  remainder of t h e  
subwatersheds  by comparison wi th  s i m i l a r  c a l c u l a t e d  a r e a s .  
Fu tu re  c o n d i t i o n s  were e s t i m a t e d  u s i n g  t h e  c u r r e n t  a e r i a l  
photographs and t h e  Maricopa Assoc i a t i on  o f  Governments (MAG) 
s t u d y  t i t l e d  "Update of t h e  Popu la t ion  and Socioeconomic 
Database f o r  Maricopa County, Ar izona" ,  r e l e a s e d  i n  May, 1987. 
The MAG s t u d y  d i v i d e d  t h e  a r e a  i n t o  l a r g e  zones which 
encompassed n o t  o n l y  t h e  Cudia C i t y  Wash b u t  a l s o  a d j a c e n t  
a r e a s .  Although t h e  MAG s t u d y  i n d i c a t e d  t h a t  p o p u l a t i o n  
d e n s i t y  i n  t h e  zones of i n t e r e s t  may double  by t h e  yea r  2015, 
c u r r e n t  zon ing  and p a t t e r n s  of development i n d i c a t e  t h a t  such  
i n c r e a s e s  a r e  u n l i k e l y  i n  t h o s e  p o r t i o n s  of t h e  MAG s t u d y  
con ta ined  i n  t h e  watershed.  

a t l o n  Data 

In a d d i t i o n  t o  c o l l e c t i n g  d a t a  t o  model c u r r e n t  and f u t u r e  
c o n d i t i o n s ,  it was neces sa ry  t o  c a l i b r a t e  t h e  hydro log ic  model 
s o  t h a t  t h e  model i n p u t  adequa te ly  d e s c r i b e d  t h e  watershed 
runof f  p roces s .  Any agency which might have monitored f lows  on 
Cudia C i t y  Wash was c o n t a c t e d ,  and it was found t h a t  t h e  U.S. 
Geologica l  Survey (USGS) had i n  f a c t  e s t i m a t e d  runof f  from a 
June 22,  1972 storm. The in fo rma t ion  o b t a i n e d  from t h e  USGS is 
con ta ined  i n  Appendix B. The a n a l y s i s  by t h e  USGS used h i g h  
water  marks t o  c a l c u l a t e  a  peak f low of approximate ly  3 , 0 0 0  c f s  
from t h e  eas te rnmost  2 .16  s q u a r e  mi les  of  t h e  watershed.  Th i s  
i n fo rma t ion  is c r i t i c a l  t o  t h e  development of a r ea sonab le  
hydro log ic  model. The p r e d i c t i o n  of t h e  model can  o n l y  be a s  
good a s  t h e  i n p u t  d a t a ,  and t h e  most poo r ly  de f ined  i n p u t  d a t a  



FIGURE 2: 

SOILS MAP OF CUDlA 
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TABLE 2  

SOIL CHARACTERISTICS 

I 
I 
I 
I 
I 
I 
I 
I NE = Not Es t imated  

NA = Not A v a i l a b l e  

I From: USDA S o i l  Conse rva t i on  S e r v i c e ,  1974,  S o i l  Survey 
E a s t e r n  Maricopa and Nor thern  P i n a l  Count ies  Area,  Arizona.  

I 
I 
I 
I 
I 

SOIL 
TYPE 

RO 

RU 

AOB 

CEC 

LaB 

PVC 

T r B  

Va 

HYDRO- 
LOGIC 
SOIL 
GROUP 

NE 

NE 

B 

D 

B 

B 

B 

B 

LOSS 
RATE 

( I N / H R  

NA 

NA 

2 . 0 - 6 . 3  

0 . 6 3 - 2 . 0  

0 .63-2 .  0 

0 . 2 0 - 0 . 6 3  

0 . 6 3 - 2 . 0  

2 . 0 - 6 . 3  

SOIL 
DESCRIPTION 

50%-70% Rock 
Outcrop 
Rough Broken 
Land 
Antho G r a v e l l y  
Sandy Loam 
C a v e l t  G r a v e l l y  
Loam 
Laveen Loam 

Pinamt G r a v e l l y  
Loam 
Tremant G r a v e l l y  
Loam 
Valenc ia  Sandy 
Loam 

ESTI- 
MATED 
SLOPE % 

5-60 

1-3 

1-5 

1-3  

3-5  

1-3 

0 -1 .5  

RUNOFF 

Rapid 

Rapid 

Slow t o  
Medium 
Slow t o  
Medium 
Slow t o  
Medium 
Medium 

Slow t o  

Slow 



FIGURE 3 :  
AEMAL PWIWWPH OF CIAMA CITY WASH DRAINA812: AREA 



f o r  t h e  watershed a r e  t h e  l o s s  r a t e s .  The l o s s  r a t e  is d e f i n e d  
a s  t h e  q u a n t i t y  o f  y a t e r  which w i l l  i n f i l t r a t e  r a t h e r  t h a n  r u n  
o f f .  I n  o r d e r  t o  a s s u r e  t h e  r e a s o n a b l e n e s s  o f  t h e  l o s s  r a t e s  
u sed ,  t h e y  were v a r i e d  u n t i l  t h e  p r e c i p i t a t i o n  measured on June  
22 ,  1972, produced a  r e s p o n s e  i n  t h e  model which was e q u i v a l e n t  
t o  t h e  c a l c u l a t e d  June  22 ,  1972 peak f low.  

I n  a d d i t i o n  t o  t h e  peak f l ow  e s t i m a t e ,  two r a i n  gage 
measurements were a v a i l a b l e  f o r  t h e  a r e a .  The USGS had a  gage 
a t  3 4 t h  S t r e e t  and Cool idge  which measured 4 .46  i n c h e s  o f  r a i n  
and t h e  N a t i o n a l  Weather S e r v i c e  had a  gage a t  Mummy Mountain 
which r eco rded  2 . 9  i n c h e s  of r a i n  on June 22,  1972. The 
l o c a t i o n  o f  t h e s e  gages  is shown on F i g u r e  4. The l a r g e  r ange  
i n  p r e c i p i t a t i o n  volumes measured a t  gages  app rox ima te ly  5 
m i l e s  a p a r t  is n o t  unusua l  f o r  summer thunders to rms  i n  t h e  
Phoenix a r e a .  A d i f f i c u l t y  a r i s e s ,  though,  when t r y i n g  t o  
de te rmine  n o t  o n l y  what p r e c i p i t a t i o n  caused  t h e  runo f f  on June 
22 ,  b u t  was what t h e  d u r a t i o n  o f  t h e  p r e c i p i t a t i o n .  The o n l y  
r a i n f a l l  d a t a  a v a i l a b l e  f o r  t h e  Cudia C i t y  Wash a r e a  a r e  d a i l y  
t o t a l s ,  b u t  h o u r l y  p r e c i p i t a t i o n  va lue s  a r e  a v a i l a b l e  f o r  t h e  
Phoenix Weather S e r v i c e  O f f i c e  a t  Sky Harbor A i r p o r t ,  a  
d i s t a n c e  o f  some 7  m i l e s  f rom t h e  wate rshed .  These d a t a  show 
t h a t  t h e  s t o r m  may have been a  s i x -hou r  s t o r m  w i t h  t h e  peak 
r a i n f a l l  volume o c c u r r i n g  i n  a  one-hour p e r i o d .  Given t h i s  
p a t t e r n ,  t h e  volume of  r a i n  s t i l l  needs t o  be de te rmined .  
Thunderstorms i n  Arizona c a n  be h i g h l y  l o c a l i z e d ,  r e s u l t i n g  i n  
one s t a t i o n  showing l a r g e  volumes o f  r a i n  whi le  nearby  s t a t i o n s  
r e c o r d  l i t t l e  r a i n .  T h i s  is i l l u s t r a t e d  by F i g u r e  5 ,  a  map 
showing t o t a l  p r e c i p i t a t i o n  on June 22,  1972, f o r  t h e  gages  i n  
t h e  Phoenix m e t r o p o l i t a n  a r e a .  

S i n c e  t h e r e  is no r a i n f a l l  gage w i t h i n  t h e  wate rshed ,  it was 
n e c e s s a r y  t o  e s t i m a t e  t h e  p r e c i p i t a t i o n  which caused  t h e  
documented June 22 ,  1972,  r u n o f f .  The Mummy Mountain gage 
( 2 . 9 8 " )  and t h e  3 4 t h  S t r e e t  and Cool idge gage ( 4 . 4 6 " )  a r e  
approx imate ly  e q u i d i s t a n t  ' from t h e  watershed boundary. 
However, t h e  main body of  t h e  watershed is c l o s e r  t o  t h e  Mummy 
Mountain gage.  I n  a d d i t i o n ,  r a i n f a l l  on June 22 had a l r e a d y  
wet ted  t h e  a r e a ,  meaning t h a t  l o s s  r a t e s  would be lower t h a n  
under  d r y  c o n d i t i o n s .  The model l o s s  r a t e s  were c a l i b r a t e d  
u s i n g  p r e c i p i t a t i o n  v a l u e s  o f  2 . 9 ,  3 .  1, 3 . 3 5  and 3 .68  i n c h e s .  
The r e s u l t s  o f  t h e s e  c a l i b r a t i o n s  i n d i c a t e  t h a t  r e a s o n a b l e  loss  
r a t e s  a r e  o n l y  ach i eved  i f  p r e c i p i t a t i o n  v a l u e s  c l o s e r  t o  t h e  
Mummy Mountain r e a d i n g  of  2 . 9  i n c h e s  a r e  used.  

The HEC-1 computer program c o n t a i n i n g  t h e  k inema t i c  wave 
r o u t i n g  o p t i o n  was used t o  model t h e  Cudia C i t y  Wash d r a i n a g e  
a r e a .  The program is d e s c r i b e d  e x t e n s i v e l y  by t h e  COE i n  t h e  
u s e r ' s  manual f o r  HEC-1  and i n  t h e i r  T r a i n i n g  Document Number 
1 0 ,  " I n t r o d u c t i o n  and A p p l i c a t i o n  of Kinematic Wave Techniques 
Using HEC- 1". B r i e f l y ,  t h e  model r e q u i r e s  t h a t  subwate rsheds  
be d i v i d e d  i n t o  a  main c h a n n e l ,  a  t y p i c a l  c o l l e c t o r  channe l  and 
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up t o  two t y p i c a l  ove r l and  f low p l anes  r e p r e s e n t i n g  pe rv ious  
and impervious p o r t i o n s  of t h e  watershed.  The d e s c r i p t i v e  d a t a  
used a s  i n p u t  t o  t h e  model f o r  each  of t h e s e  a r e a s  a r e  
r e p r e s e n t a t i o n s  of average  c o n d i t i o n s  over  t h e  subwatershed and 
n o t  a  s p e c i f i c  f low pa th .  The Cudia C i t y  Wash d r a i n a g e  a r e a  
was d i v i d e d  i n t o  9  major subbas ins .  These subbas ins  were 
f u r t h e r  subdiv ided  i n t o  23 s m a l l e r  watersheds  w i th  one major 
t r i b u t a r y  (where p o s s i b l e )  i n  each ,  F igu re  6 ( i n  Map P o c k e t ) .  
A f i n a l  s u b d i v i s i o n  of t h e s e  23 i n t o  57 r e l a t i v e l y  uniform 
channe l  s e c t i o n s  was made t o  ensu re  uniform s l o p e s  i n  each  
segment modeled. A schemat ic  of  t h e  watershed r o u t i n g  is 
con ta ined  i n  F igu re  7. 

k d e l  C a l i b r a t i o n  

Two s t e p s  a r e  needed when modeling a  hydro log ic  f low system. 
The f i r s t  i nvo lves  t h e  c a l i b r a t i o n  of t h e  model d a t a  i n p u t  
u s i n g  a  recorded  p r e c i p i t a t i o n  va lue  and t h e  r e s u l t a n t  measured 
r u n o f f .  The second s t e p  t h e n  uses  t h i s  c a l i b r a t e d  model t o  
p r e d i c t  t h e  f u t u r e  r u n o f f .  The more d a t a  a v a i l a b l e  f o r  t h e  
watershed ( t h a t  is t h e  runof f  hydrograph shape  and t ime 
d i s t r i b u t i o n  w i t h  r e s p e c t  t o  t h e  t iming  and d i s t r i b u t i o n  of t h e  
r e s p o n s i b l e  r a i n f a l l )  t h e  b e t t e r  t h e  model c a l i b r a t i o n .  I n  
a d d i t i o n ,  t h e  more of t h e s e  r a i n f a l l  - runof f  e v e n t s  which a r e  
a v a i l a b l e  f o r  c a l i b r a t i o n ,  t h e  b e t t e r  t h e  c a l i b r a t i o n  w i l l  be. 

In  t h i s  s i t u a t i o n ,  t h e r e  i s  o n l y  t h e  one (June 2 2 ,  1972) e v e n t ,  
and n e i t h e r  t h e  peak runof f  nor  t h e  p r e c i p i t a t i o n  ove r  t h e  
watershed were a c t u a l l y  measured f o r  t h a t  even t .  With t h o s e  
c o n s t r a i n t s ,  t h e  c a l i b r a t i o n  of t h e  model began wi th  an assumed 
p r e c i p i t a t i o n  of 3 .68 i n c h e s ,  t h e  a r i t h m e t i c  average  of 2 . 9  
inches  (Mummy Mountain) and 4 . 4 6  i nches  (34 th  S t r e e t  and 
Coo l idge ) .  The assumption made a t  t h i s  t ime was t h a t  t h e  d a t a  
t a k e n  from t h e  topograph ic  map and a e r i a l  photographs ( a r e a s ,  
s l o p e s ,  channe l  l e n g t h s  and p e r c e n t  impervious)  and t h e  d a t a  
ob ta ined  from t h e  s i t e  v i s i t s ,  (roughness and channe l  width)  
adequa te ly  d e s c r i b e d  t h e  watershed.  With t h i s  assumption,  t h e  
d a t a  t h a t  needed t o  be c a l i b r a t e d  a r e  t h e  l o s s  r a t e s  f o r  t h e  
subwatersheds .  A d i f f e r e n t  l o s s  r a t e  can be a p p l i e d  t o  each  
subwatershed.  O r i g i n a l  l o s s  r a t e s  f o r  t h e  model were t h e  
p e r m e a b i l i t y  r a t e s  g i v e n . b y  t h e  S o i l  Conversat ion S e r v i c e  a s  
shown i n  Table  2 ,  and were assumed t o  remain uniform i n  t i m e .  
The c a l i b r a t i o n  procedure  t h e r e f o r e  involved t h e  ad jus tment  of  
t h e  l o s s  r a t e s  u n t i l  t h e  modeled f low a t  2 .16 s q u a r e  mi les  
approximate ly  equa led  t h e  3 ,000  c f s  c a l c u l a t e d  by t h e  USGS f o r  
1972 f low even t .  Once t h e  model was c a l i b r a t e d ,  s e v e r a l  runs  
were made u s i n g  t h e  Mummy Mountain p r e c i p i t a t i o n  and t h e  3 4 t h  
S t r e e t  and Coolidge p r e c i p i t a t i o n  and t h e  100 year  6-hour 
p r e c i p i t a t i o n .  The r e s u l t s  from t h e s e  f o u r  runs  a r e  shown i n  
Table  3 ,  runs  A 1  th rough  A4. Peak f lows  ranged from 3 , 6 4 1  c f s  
t o  9887 c f s .  The l o s s  r a t e s  i n  t h e  c a l i b r a t e d  model were, on 
t h e  ave rage ,  tw ice  t h e  SCS p e r m e a b i l i t y  va lues .  
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TABLE 3 
MODEL RESULTS 

2 

PEAK FLOW 
2.2 SQ MI 

(cfs) 

3082 

1648' 

4626 

2069 

3 156 

7027 

3726 

3 146 

3090 

3 153 

3261 

SOURCE OF 
LOSS RATE 
VALUE 

Calibration 

A1 

A 1 

A 1 

Calibration 

B1 

B1 

Calibration 

A1 . 
% Impervious 
Revised to 
Match 1972 
Conditions 

Calibration 

E 1 

SOURCE OF 
PREC IP 
VALUE 

Arithmetic 
Average of 
6/22/72 data 

Mummy Mtn 
6/22/72 

34th & 
Coolidge 
6/22/72 

100-year, 
6-hour storm 

Mummy Mtn 
6/22/72 

34th & 
Coolidge 
6/22/72 

100-year, 
6-hour storm 

Weighted 
Average of 
6/22/72 data 

Arithmetic 
Average of 
6/22/72 data 

Revised 
Weighted 
Average of 
6/22/72 data 
to Match 
Model LOSS 
Rate and SCS 
Loss Rate 

100-year, 
6- hour 
storm 

RUN 

A1 

A2 

A3 

44 

B1 

B2 

B3 

C1 

Dl 

El 

E2 

- 

PEAK FLOW 
FROM 4.9 

SQ MI (cfs) 

6636 

364 1 

9887 

4492 

65 17 

14505 

7820 

6578 

6554 

6553 

6774 

PRECIPI- 
TAT ION 
(INCHES) 

3.68 

2.90 

4.40 

3.15 

2.90 

4.40 

3. 15 

3.35 

3.68 

3.10 

3. 15 



The nex t  s t e p  i n  t h e  model c a l i b r a t i o n  was t o  make s u r e  t h a t  
t h e  f i r s t ,  s i m p l e s t ,  e s t i m a t e  of p r e c i p i t a t i o n  was a c t u a l l y  t h e  
most r e p r e s e n t a t i v e  f o r  t h e  watershed.  In  rev iewing  t h e  
l o c a t i o n  of t h e  two gages  w i t h  r e s p e c t  t o  t h e  watershed a r e a ,  
coupled wi th  a  working knowledge of thunders torm p a t t e r n s ,  it 
was dec ided  t o  c a l i b r a t e  a g a i n s t  t h e  Mummy Mountain 
p r e c i p i t a t i o n  of 2 . 9  i n c h e s .  The l o s s  r a t e s  were a g a i n  
a d j u s t e d  u n t i l  t h e  model f lows  matched t h e  e s t ima ted  1972 f low.  
Two f u r t h e r  runs  were made u s i n g  4 .4  i nches  of p r e c i p i t a t i o n  
and 3 .15 inches .  The peak f lows  f o r  t h e s e  r u n s ,  l i s t e d  i n  
Table  3 ,  a r e  14,505 c f s  and 7 ,820  cfs.  Loss r a t e s  f o r  t h i s  
model were less t h a n  t h e  p e r m e a b i l i t y  r a t e s  g iven  by t h e  SCS. 

The l a s t  two c a l i b r a t i o n  runs  u s i n g  3 . 3 5  inches  and 3 .  10 inches  
of p r e c i p i t a t i o n ,  were made t o  f i n d  a  range  of l o s s  r a t e s  used 
i n  t h e  model t h a t  were s i m i l a r  t o  t h e  h ighe r  p e r m e a b i l i t y  r ange  
g iven  by t h e  SCS. Peak f lows  f o r  t h e  100-year,  6-hour r a i n f a l l  
u s i n g  t h e  l o s s  r a t e s  developed i n  t h e s e  two c a l i b r a t i o n  runs  
were 5 ,667 c f s  and 6 ,800  c f s  r e s p e c t i v e l y .  

Comparison of model l o s s  r a t e s  w i t h  t h e  SCS p e r m e a b i l i t y  r a t e s  
showed t h a t  t h e  l o s s  r a t e s  i n  t h e  c a l i b r a t i o n  model run  u s i n g  
3 . 1  i nches  of p r e c i p i t a t i o n  more c l o s e l y  approximated t h e  SCS 
p e r m e a b i l i t y  r a t e s .  The c a l i b r a t i o n  run which most c l o s e l y  
d e s c r i b e s  t h e  watershed c h a r a c t e r i s t i c s  t h e r e f o r e  was chosen a s  
t h e  run  which used t h e  3 . 1  i nches  of p r e c i p i t a t i o n .  F i n a l  l o s s  
r a t e  va lues  were t a k e n  from t h i s  run.  The peak f low t h e  100- 
y e a r ,  6-hour p r e c i p i t a t i o n  of 3 .15  inches  is 6 ,800  c f s .  Data 
i n p u t  and t h e  o u t p u t  f o r  t h i s  model a r e  con ta ined  i n  Appendix 
C. Based upon d a t a  a v a i l a b l e  f o r  t h i s  s t u d y ,  t h e  range of peak 
f low from a  100-year,  24-hour may be from 5 ,700  c f s  t o  7 ,800 
c f s  wi th  t h e  most l i k e l y  f low be ing  6 ,800 c f s .  

Three i tems should  be c l a r i f i e d  r e g a r d i n g  t h e s e  c a l u l a t i o n s .  
A l l  model runs  were made u s i n g  p r e s e n t  development c o n d i t i o n s .  
T e s t  runs  comparing peak f lows  u s i n g  t h e  p e r c e n t  impervious f o r  
1972 c o n d i t i o n s ,  p r e s e n t  c o n d i t i o n s ,  and f u t u r e  ( y e a r  2015) 
c o n d i t i o n s ,  showed l e s s  t h a n  a  two p e r c e n t  change i n  peak f lows  
between t h e  runs .  I t  was dec ided  t h e r e f o r e  t o  make a l l  runs  
f o r  p r e s e n t  c o n d i t i o n s .  The second i t e m  t h a t  should  be 
exp la ined  i s  t h a t  a l l  model runs  were made us ing  t h e  100-year,  
6-hour p r e c i p i t a t i o n .  The accep ted  p r a c t i c e  of d i s t r i b u t i n g  
r a i n f a l l  i n t e n s i t i e s  th roughout  a  h y p o t h e t i c a l  s to rm n e s t s  t h e  
one-hour s to rm w i t h i n  t h e  s ix -hour  s to rm which is con ta ined  
w i t h i n  t h e  24-hour s torm.  The l o s s  r a t e ,  which ranged from 1 
inch/hour  t o  5 . 7  inches /hour ,  must be s a t i s f i e d  be fo re  runof f  
from t h e  r a i n f a l l  c an  occur .  Only t h e  nes t ed  one-hour s to rm 
w i t h i n  t h e  24-hour s to rm w i l l  a c t u a l l y  cause  r u n o f f ,  because 
t h e  remainder of t h e  s to rm is of l e s s e r  i n t e n s i t y  t h a n  t h e  l o s s  
r a t e s .  S ince  t h i s  i s  t r u e ,  t h e  s ix -hour  s to rm w i l l  adequa te ly  
d e s c r i b e  t h e  peak f low f o r  t h e  24-hour storm. This  is 
b e n e f i c i a l  f o r  o u r  use  because one of t h e  problems i n  u s i n g  
HEC- I  is t h a t  t h e  number of hydrograph o r d i n a t e s  is r e s t r i c t e d  
t o  300,  and t h a t  t h e  s m a l l e r  t h e  t ime  i n t e r v a l  between t h e  



o r d i n a t e s ,  t h e  more a c c u r a t e l y  t h e  peak f low is c a l c u l a t e d .  
Using a  one-minute i n t e r v a l  and t h e  s ix -hour  s to rm ensu res  t h a t  
numerical  d i s p e r s i o n  is minimized and t h e  peak is most c o r r e c t .  
T e s t i n g  a  l a r g e r  hydrograph increment  of  5  minutes showed t h e  
peak was lowered by 15 . p e r c e n t ,  r e s u l t i n g  from numerical  
d i s p e r s i o n  and from t h e  peak o c c u r r i n g  d u r i n g  t h e  5-minute 
i n t e r v a l .  T h i r d ,  s i n c e  t h e  24-hour peak was o b t a i n e d  from t h e  
6-hour s to rm,  t h e  t o t a l  runof f  volume from t h e  24-hour s to rm 
cannot  be r e p o r t e d ,  o n l y  f low r a t e s  f o r  a  p o r t i o n  of t h e  s torm.  
However, t h i s  volume was n o t  r eques t ed  a t  t h e  i n c e p t i o n  of t h i s  
s t u d y .  

Based upon t h e  d a t a  a v a i l a b l e  f o r  t h i s  s t u d y  a s  o u t l i n e d  i n  
t h i s  r e p o r t ,  t h e  100-year,  24-hour peak f low from Cudia C i t y  
Wash may range from 5 ,700  c f s  t o  7 ,800 c f s ,  w i th  t h e  most 
p robable  va lue  be ing  6 ,800  c f s .  
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Appendix A 

Agencies Contacted During 
This Study 



I 
I CUDIA WASH/PARADISE VALLEY 

DOCUMENTATION OF PEOPLE CONTACTED AND RESULTS 

I BY ROBIN D. JENKINS 

RESULTS OF DISCUSSION 

Topographic maps n o t  a v a i l a b l e  f o r  any area. 
Photos a v a i l a b l e :  8% x 11 t o  40 x 60. Photos 
i n  s tock  are  20 x 20, labe led ,  1":12001, $20.00 
each, f l own  Dec. 1986. 

Paradise Val l e y  f lown l a s t  month. Topographic 
maps a v a i l a b l e  o f  o n l y  l o c a l ,  smal l  areas; none 
a v a i l a b l e  f o r  Cudia Wash Area. 

KENNEYwillenlargeourUSGAquadmaps t o  1":1000',  
then match t h a t  sca le  on t h e  a i r  photos. Cost = 
$135.00, no l a t e r  than F r i d a y  morning f o r  
f i n i s h e d  product .  The enlarged quad map w i l l  be 
my lar  t h a t  we can make b l u e l i n e s  o f .  

Requested %-sect ion maps o f  Paradise V a l l e y  area 
(T2N R4E). H i s  maps a r e  mylar,  5 years o ld ,  
l " :200'  sca le  and not contour  maps. 

EDWARDS s a i d  t h e  county would have copies o f  $- 
s e c t i o n  maps. He a l s o  s a i d  t h e  cheapest and 
e a s i e s t  way would be t o  en large ou r  USGS quads. 

I asked f o r  Eastern Maricopa County d e t a i l e d  
s o i l s  maps and book. No problem, copies were 
f r e e  o f  charge. He prov ided me w i t h  a copy o f  
S o i l  Survey o f  Eastern Maricopa and Northern 
P i n a l  Counties 

I requested i n f o r m a t i o n  on any r e p o r t s  w r i t t e n  
concerning p r o j e c t i o n s  o f  growth, popu la t ion ,  
urban development. He exp la ined what i s  a v a i l -  
a b l e  & d i r e c t e d  me t o  t h e  MAG o f f i c e  downtown. 
There I bought a r e p o r t  e n t i t l e d  "Update o f  
t h e  Popu la t ion  & Socioeconomic Database f o r  
Maricopa County, Arizona", and va r ious  t a b l e s  
showing p r o j e c t i o n s  t o  t h e  yea r  2015. 

I asked him t o  e x p l a i n  some o f  t h e  TAZ tab les .  
For  example "Undeveloped Employment Areas" and 
o ther .  

He f u l l y  explained. 

- PERSON 
CONTACTED 

Paula 

E r i c  
Hodgins 

Dick 
Edwards 

Nelson 

A r t  
Auerbach 

A r t  
Auerbach 

I DATE 

I 5/27/87 

I 

I 
5/27/87 

I 
I 
1 5/27/87 

1 
I 
I 

5/27/87 

I 
I 5/27/87 

I 
1 

5/28/87 

I 
I 

FIRM/ 
AGENCY 

Landis A e r i a l  
Photography 

Kenney A e r i a l  
Mapping 

Paradise 
Va l l ey  City 
Engineer 

USDA S o i l  
Conservat ion 
Service, 
F i e l d  O f f i c e  
3150 N 35th  Av 

Maricopa 
County 
Assoc o f  
Govern (MAG) 

MAG 



+--- 
DATE 

1 6/1/87 

CUDIA WASH 
FLOW & PRECIPITATION DATA ACQUISITION 

DOCUMENTATION OF CONTACTS 

BY ROBIN D. JENKINS 

AGENCY I CONTACT I DISCUSSION 
I I 

USGS I Bob Wallace Informed me that USGS flow monitoring gages no 
longer exist, but there is data available for 
Indian Bend Wash. Referred me to DWR. 

ADMR I Ron Stulik 
Receptionist 

ADWR not monitoring 

Informed me of precipitation charts for variou 
years, for 100-year events @ 1 minute to 24 
hours time periods. Gave me 1969 for Carefree 
Station, 4.04 inches. 

USGS Fran Jelinek Historic flow records have been archived. In- 
formation is available in USGS Water Resources 
Data of Arizona books. 

- 

Nat'l Meteorologist I was informed that Tom Zickus (hydro1 ogist) 
Oceanic and could help me with acquiring precipitation 
Atmospheric data. He is out of town. 
Admin. 

Soil Cons. Carl Glocker Referred to me SCS Soil Survey reports for 
Service data. 

Salt River Charlie Ester SRP doesn't gage small watersheds or urban 
Project areas. SRP meteorologists and NOAA supply 

precipitation data. 

Water Cons. Dan Janes 
Lab 

They are strictly research on project-by-pro- 
ject.basis.They do have data for South Phoenix 

Maricopa Keba Buckley 
County Fld. 
Control 

Referred me to Tim Sutko for watershed info- 
rmation. He is out of town. 

USGS I Bob Wallace I went to the USGS office and copied the 
monthly precipitation report that they 
receive from NOAA 



CUDIA WASH DOCUMENTATION 

Maricopa T i m  Sutko They have 12 runoff gages throughout the  Count 
County Fld. and 60-70 precipi ta t ion gages. They a l so  use 
Control NOAA Atlas 11, Volume 8, AZ. 

8 

Maricopa Tim Sutko No flow data because t h e i r  gages a r e  experi- 
County Fld mental. Precipi ta t ion data i s  recorded i n  
Control hourly and dai ly  increments. They have 

precipi ta t ion gages @ South Mountain and 
Phoenix Mtns, and flow gage i n  the  Phoenix 
Mtns. They use SCS "Urban Hydrology f o r  
small watersheds" TR55 and Army Corps of 
Engineers methods f o r  estimating runoff. 

DATE 

ASU 
Cl imatolog 
Lab i pat 

I I I 
AGENCY 

6/5/87 

- 

6/5/87 

I 
I 
I 
1 6/8/87 

I 
I 
I 

I requested hourly precipi ta t ion f o r  a l l  the 
gage s ta t ions  near the  Cudia City Wash area.  

Pat sa id  t ha t  only f i r s t  order s ta t ions  record 
hourly values, and the nearest s ta t ion  is Sky 
Harbor Airport. Other s t a t i ons  record da i ly  
and monthly values. P a t  and I made copies of 
hourly values f o r  6/22/72, da i ly  and monthly 
from other s ta t ions ,  and a 1969 report  e n t i t l e  
"Estimated Return f o r  Short Duration Precipi- 
t a t ion  i n  Arizona 

NAME OF 
CONTACT 

Soil Cons. 
Service 

USGS 

USGS 

DISCUSSION 

Janice 

Burt Thompson 

Burt 
Thompson 

Did not have copy of "Urban Hydrology.. . ." 
I have t o  order i t .  

I was asked t o  inquire about a Flood Frequency 
Report. He informed me of special reports on 
par t icu la r  floods, w i t h  magnitude of frequency 
of ungaged watersheds, Agua Fria ,  Santa Cruz, 
Gila River, and 1965, 1978, 1980 S a l t  River 
floods. Also a s t a t i s t i c a l  summary (pub 1979) 
of high, low & mean flows, and the percent 
poss ib i l i t y  of recurrence. There i s  an annual 
summary of flood events dating back approx- 
imately 50 years. 

I inquired about obtaining copies of Cudia Ci t  
Wash drainage data. The information was i n  
t h e i r  miscellaneous watershed f i l ed .  

I was met w i t h  opposition due t o  the  in te r -  
pret ive nature of t h e i r  f i e l d  data and t h e i r  
possible position of l i a b i l i t y .  Mr. Thompson 
cal led his Superior, Mr. Aldridge, for  auth- 
or izat ion t o  release such information. &^r. 
Aldridge said  the Freedon of Information Act 
allows the release of such USGS f i l e  material .  



Appendix B 

U.S.G.S. Data for Cudia City Wash 
near Phoenix. Arizona. 1972 

Miscellaneous Site, Flood of June 22. 1972 



.a' 

Cudia City Wssh near Phoenix, Aria.  .. .. , 

Gila River %sin l."l' 
",.:t. .. 

. .,,- 
Part 9 - 1972- ~ c a ~ o u a  Si$s~,::>:.~-:." 

bcation of site: Irrt 3j*31132', Ung U.58'43; in 93&* ~ e c . 7 ~  T.3N., 
R.4 L, Q.&SRB?&. Slope-area reach is abauC 1.000 ft upstream of 
~cE)onaid Drive and a&t 14 milea upetrsm of hint uhek Cudio City 
&!a% WaSt&%t%e- a 

8 e c i i ~  1 and 2 are on north side of 
e an evash. 

Survey of alter Slope-ruaa site uaa eelectsd by 8. Arteaga oa Suae 24, 1972. 
!be high-water msrke end ems6 eectiools warn surveyed Junta 29, 1972 by 
T. W. Anderson and $r Xe. ha ta r  Bua~gr ww IUA to  an arbitreuy datum and 
one reference mark naa established (no previoue surveys a t  this site).  
bt-t wsri last %peg tented on ;hmrp 26, 1972, prior t o  runnin& 
survey and has ~tlbsequently -been 2 - ~ 6  Ceeted on July 7, 1972 a d  in- 
strument was found in adjwtmant m both dates. 

Discharge and goee height? 3,000 cfuj no ~ s g e  heright, miscellaneous slte.  

D r a i n a i p  area: 2 , s  ni. 

unit discharge : 1,3@ cam. I 39 0 CSM 

Nature of flood; The floodpnrs a result o f  an intense thunderstom over the 
area on the morniag of June 22, 1m. 1.G inches of ra in fa l l  was recorded 
a t  the U. 8. Mather Bursau etatian a t  Bky Harbor Airport (7 miles t o  the 
southwest). 2.90 iPchea of raFn fell a t  Wmy Munta3.n Observatory, 
2.3 miles north-northsaet o f  the *lopa-area ai te  and 4.46 inches of rain 
f e l l  st U.S.G.8. non-mcordiog rain p;iybs s i t e  at 34th St.  & W i d g e ,  
24 wiles southwest. Iho thundarstoxln resulted from moyament into +.he 
area af moist, tropical air Aom th6 Gulf of California which encountered 
a high-level, unstabfe, loY pressure sroa over the North Phoenix-Farndiae 
valley area. 

meld condtianslt Tlw slope-ares rsach is atml@t and contracting thmughout. 
Bzd meterial in the main &sans1 &enensUy gets slnaller in the dnmetream 
aireation; being largely m&ar cobblee with sow gravel, a t  cmss-eection 1 
half cobbles and halt  gravel a t  cmss-aection 2, and mostly gravel with  sow 
cobbles at cross-section 3, '038 banks of the main ohannel are comI?ased of 
silt end cobbles. A rad c w r s t e  i a  exposed on parts of bed artd left 
hvlk between cmee seotiona 1 aad 2 and upstram of the reach, The over- 
flow araarr have sand and s i l t  battome with much scaCtered brush and boulderti 
The cross sections uem subdivided on baa& of "n" only. %be "n' values 
ahosen were; 



I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 

cudia City %.sia near 

Section - Left bank Main channel 
1 - 0.035 
2 O.O& ,030 

w 
,000 

3 .080 030 ,080 

mere was no evidence of f the reach, there may have been sana 
m o r  Large waves of sand balm section 3 hclicste con- ~bm%""hLPf &CXt m a ,  

hiah -water plsrke ranged fran pwr tQ gaod debris and nuad lines, being 
genarally good an the laft bank and f a i r  on the right bank. Some mmks On 
right bank were appamntly affected by local rsiafaU or  tributary inflow in 
the reach. quality of inflow possible in each o f  t h e  Bmall tributaries 
entering APm the right within the reach should not be enougb t o  c a w  dlf- 
ferences in dischar@ in the damstreem dlreation (probably less than kl cfs 
in each). lbe  cam88 80di loaated in the field sketch o f  the left 
bank high-water marke. 

I 

Seven stereo pfotwte ach wre taken. 

Computationst Discharge c~mpUted on the Wang desk ~EUculatorr 

Reach Machar mil %fF Type of reach 
-nT-m# rn contracting 
2-3 3387 2.01 201 Rmtract in~ 

1-2-3 2,998 3.40 

n ~ ,  = 0.58 J F ~  rn 0.52 m3 = 0.67 

T. W. Andarson 
suly u, 1972 

- Review: The plan should be plotted so that flow goes up the page and the 
main chamel should haw been located. 

Sectlone am located aatFsfaCtor%~7~. 

The Vn'' values appear lar for the main channel and hi@ for  the overflow 
area a t  section 1. I recwputed the wasurement win& values o f  0.040 to  
0.045 fo r  the msin channel. and 0.060 to  0.080 for  tha overplow sections. 
These valueo were conourred w i t h  by other ezqinaers. W the f i e ld  party 
dissgmee f would like then to cmtrrct me. 

The recomputed result to the n e m s t  ten cfs i s  3,000 cfsr Use 3,000 cfa 
aad rate the meaeunment far.  

B. N. M d g e  
NLnr* 17, 19E 

X inspected this reach on Jan. 17, 1973 and was able t o  locate only one 
stake. X had concluded that th is  was probably t he  right end of section 1 



W a  City khuh new Ph~~)lllx, Ariz. 

but a f t e r  retunclng t o  the oftice and st- gicturea, I found that i t  
was 8ypwzntl.y the right end o f  actdigp. 2 o r  3. If a complete f i e ld  sketch 
bicluding the h i l l  and ace by the field craw, the 
conf'usion wu ld  have been 

All possibb land ehatch end on the plan- 
view so that someanen no% i.amfllsr w i t h  ths rcaach oan relocate the seotions. 
& may vant t o  w e  the reach again 15 or 20 year8 fmm now. 

The main channel should r J m y g  ba lauated on the plan. If them is over- 
flar 'che ah-1 should be Locatwd with 8 t ~ i t  SWW. IP IIQ S U ~  of 
ths main chamel vaa made the loctatim of tha chamel can be obtained from 
the crosa section and plotted back an the plan. 

14om qy field inepecrtiaa I beUem tba$,J m a y  have raised n for section 3 
too uuch. A valw of 0.035 would ba 'batter but the decreaee-in n would be 
offset  by Increase in calphs anQ tha net affeat wuld probably ba-nel;lip;ible. 

A 

Use 3,000 cfs and rate the maasuwnent faiv. 
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Prepared by: 

S k i b i t z k e  Engineers & Associates 
A Subs id ia ry  o f  SEA, Inc. 

On May 27, 1987, SEA, Inc.  was commissioned by t h e  C i t y  o f  Phoenix and 
t h e  C i t i z e n s  Aga ins t  Reach Four t o  prepare an independent ana lys i s  t o  de ter -  
mine t h e  peak f l o w  from a 100 year  24 hour p r e c i p i t a t i o n  event occu r r i ng  
on t h e  Cudia C i t y  Wash. The probable peak f l o w  f o r  t h e  100 year  24 hour 
p r e c i p i t a t i o n  o f  3.80 inches over  t h e  Cudia C i t y  Wash dra inage area i s  
6800 c f s .  The peak f l o w  from t h e  100 year 24 hour s torm cou ld  range f rom 
5700 c f s  t o  7800 c f s  depending upon s o i l  i n f i l t r a t i o n  r a t e s  on t h e  watershed. 

These r e s u l t s  were ob ta ined us ing  t h e  f o l l o w i n g  in fo rmat ion :  

O The k inemat ic  wave r o u t i n g  technique o f  t h e  U.S. Army Corps. 
o f  Engineers HEC-1 computer program was t h e  bas i s  o f  t h e  water- 
shed model. 

" Topographic data, watershed areas, land slopes and channel 
l eng ths  were ob ta ined f rom t h e  Paradise V a l l e y  and Sunnyslope 
7.5 minute U.S.G.S. Quadrangle sheets. 

O The watershed area, 4.92 square miles, was d i v i d e d  i n t o  9 
subwatersheds. These were f u r t h e r  subdiv ided i n t o  57 areas 
having s i m i l a r  land s lopes and s o i l  types. 

" The 100 year 6 hour r a i n f a l l  i s  3.15 inches. The 100 year  
24 hour r a i n f a l l  i s  3.80 inches. 

" S o i l s  data were ob ta ined from t h e  U.S. S o i l  Conservat ion Service. 
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" Channel roughness and widths were obta ined du r ing  t h r e e  v i s i t s  
t o  t h e  watershed. 

" C a l i b r a t i o n  f o r  t h e  watershed model was prov ided by U.S.G.S. 
data f o r  a  June 22, 1972 r a i n f a l l  r u n o f f  event a t  Cudia C i t y  
Wash. The runof f ,  approximately 3000 c f s  from t h e  eas tern  p a r t  
o f  t h e  watershed (2.16 square mi les) ,  was caused by a  p r e c i p i t i o n  
o f  approximately 3.1 inches. 


