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I n t r o d u c t i o n  

General  Sta tement  

On J u l y  17-18, 1984 areas i n  E a s t  C e n t r a l  Mar icopa County, A r i z o n a  were 

s u b j e c t e d  t o  l o c a l i z e d  f l o o d i n g  as a  r e s u l t  o f  r u n o f f  f rom an i n t e n s e  

r a i n s t o r m  o v e r  t h a t  area. A t  t h e  t i m e  o f  these occur rences ,  two 

government sponsored p r o j e c t s  were under  c o n s t r u c t i o n  i n  t h a t  area:  

1 )  t h e  C e n t r a l  A r i z o n a  P r o j e c t  (CAP) aqueduct, Bureau o f  Rec lamat ion,  

and 2) t h e  S i g n a l  B u t t e  Floodway, S o i l  Conserva t ion  S e r v i c e  p r o j e c t  

sponsored by t h e  F l o o d  C o n t r o l  D i s t r i c t  o f  Mar icopa County (FCDMC). 

The purpose o f  t h i s  s tudy  i s  t o  de te rm ine  t h e  e f f e c t s ,  i f  any, t h a t  

these c o n s t r u c t i o n  p r o j e c t s  had on t h e  f l o o d i n g .  

I t  i s  n o t  t h e  i n t e n t i o n  o f  t h i s  r e p o r t  t o  i d e n t i f y  which,  i f  any, 

p r i v a t e  o r  p u b l i c  e n t i t i e s  caused f l o o d i n g  t o  occur .  Nor  i s  i t  t h e  

i n t e n t i o n  o f  t h i s  r e p o r t  t o  i d e n t i f y  which,  i f  any, p r o p e r t y  owners 

have j u s t i f i a b l e  c l a i m s  as a  r e s u l t  o f  f l o o d i n g .  An i n v e s t i g a t i o n  o f  

t h a t  n a t u r e  i s  beyond t h e  scope o f  t h i s  r e p o r t ,  wh ich  i s  an ove rv iew o f  

t h e  r a i n f a l l  and subsequent f l o o d i n g  events .  

The c o n c l u s i o n s  a r e  g e n e r a l l y  a p p l i c a b l e  t o  t h e  a rea  d iscussed,  b u t  may 

o r  may n o t  be a p p r o p r i a t e  f o r  a  s p e c i f i c  s i t e  w i t h i n  t h a t  area.  



Purpose o f  Study 

T h i s  i n v e s t i g a t i o n  was under taken  w i t h  t h e  i n t e n t i o n  o f  a d d r e s s i n g  t h e  

f o l l o w i n g  d e t a i l s :  

A. Whether t h e  r e t u r n  p e r i o d  ( i . e . ,  t h e  average i n t e r v a l  o f  t i m e  w i t h i n  

which a  g i v e n  e v e n t  w i l l  be e q u a l l e d  o r  exceeded) o f  t h e  

p r e c i p i t a t i o n  e v e n t  wh ich o c c u r r e d  i n  E a s t  Mesa on J u l y  17-18, 1984 

exceeded t h e  des ign  r a i n f a l l  e v e n t  ( i .e. ,  t h e  r e t u r n  p e r i o d  used f o r  

p l a n n i n g  purposes) .  

B. The e f f e c t ,  i f  any, o f  t h e  S i g n a l  B u t t e  Floodway c o n s t r u c t i o n  on down 

s lope  f l o o d i n g .  

C. The e f f e c t ,  i f  any, o f  t h e  CAP aqueduct  c o n s t r u c t i o n  on down s l o p e  

f l o o d i n g .  

Scope o f  t h e  Study 

I n  o r d e r  t o  accomp l i sh  t h e  above o b j e c t i v e s ,  t h e  f o l l o w i n g  t a s k s  were 

performed: 

A. Gathered p r e c i p i t a t i o n  d a t a  f r o m  F l o o d  C o n t r o l  D i s t r i c t  r e c o r d i n g  



r a i n  gauges and f r o m  v o l u n t e e r  p r e c i p i t a t i o n  obse rve rs  i n  t h e  s t u d y  

area.  

B. O b t a i n e d  r a d a r  wea the r  t r a c e s  f r o m  t h e  N a t i o n a l  Weather s e r v i c e  f o r  

t h e  p e r i o d  o f  i n t e r e s t .  

C. P h y s i c a l l y  i n s p e c t e d  t h e  s t u d y  a r e a  t o  de te rm ine  w h i c h  a reas  were  

h e a v i l y  impac ted  by t h e  r u n o f f  and t h e  e x t e n t  o f  f l o o d i n g  i n  those  

areas.  

D. I n t e r v i e w e d  r e s i d e n t s  o f  t h e  a r e a  i n  o r d e r  t o  e s t a b l i s h  t h e  t i m i n g  

and e x t e n t  o f  t h e  f l o o d i n g .  

E. P h y s i c a l l y  i n s p e c t e d  b o t h  t h e  S i g n a l  B u t t e  Floodway and t h e  CAP 

aqueduct  t o  d e t e r m i n e  a reas  o f  i n f l o w  t o  and o u t f l o w  f r o m  these  

s t r u c t u r e s  as w e l l  as s t o r a g e  volume u t i l i z e d .  

F. Viewed an a e r i a l  v ideo - tape  o f  t h e  CAP aqueduct  w h i c h  was r e c o r d e d  

t h e  morn ing  a f t e r  t h e  p r e c i p i t a t i o n  event .  

G. Reviewed p e r t i n e n t  h y d r a u l i c  r e p o r t s :  

1) E a s t  S i d e  Stormwater  D r a i n a g e  S tudy  f o r  t h e  C i t y  o f  Mesa, p r e p a r e d  

by Y o s t  and Gardner  Eng ineers ,  May 1981. 



2 )  S o l i c i t a t i o n / S p e c i f i c a t i o n s ,  S a l t - G i l a  Aqueduct Reach 18, C e n t r a l  

A r i z o n a  P r o j e c t ,  Bureau o f  Rec lamat ion.  

H .  Developed t h r e e  HEC-1 models o f  t h e  s tudy  area:  

1 )  R e c r e a t i n g  t h e  h i s t o r i c a l  e v e n t  o f  J u l y  17-18, 1984. 

2 )  C r e a t i n g  t h e  h y p o t h e t i c a l  e v e n t  wh ich  m i g h t  have o c c u r r e d  i f  

t h e  S i g n a l  B u t t e  Floodway had been f u l l y  o p e r a t i o n a l .  

3 )  C r e a t i n g  t h e  h y p o t h e t i c a l  e v e n t  wh ich  m i g h t  have o c c u r r e d  i f  

n e i t h e r  t h e  S i g n a l  B u t t e  Floodway n o r  t h e  CAP aqueduct  were i n  

p lace .  

Watershed C h a r a c t e r i s t i c s  

D e s c r i p t i o n  o f  Area 

The s tudy  area i s  l o c a t e d  i n  e a s t - c e n t r a l  Mar icopa County, bounded on t h e  

n o r t h  by t h e  Usery  Mountains,  on t h e  sou th  by  B a s e l i n e  Road, on t h e  e a s t  by 

M e r i d i a n  Road (Mar icopa-Pina l  County l i n e )  and on t h e  wes t  by  Sossaman Road. 

The topography can be c h a r a c t e r i z e d  as an a l l u v i a l  f a n  w i t h  s teep and rugged 

t e r r a i n  i n  t h e  n o r t h e a s t  and g e n e r a l l y  s l o p i n g  t o  t h e  southwest. The d r a i n a g e  

p a t t e r n  i s  t y p i c a l  o f  a l l u v i a l  f a n s  w i t h  numerous smal l  washes none o f  wh ich  



c o n s i s t e n t l y  a c t s  as a  main c o l l e c t o r  channe l .  S o i l s  a r e  s h a l l o w  and a l l o w  

f o r  o n l y  smal l  i n f i l t r a t i o n  l o s s e s .  I n  t h e  n a t u r a l  c o n d i t i o n  much o f  t h e  

r u n o f f  occu rs  i n  t h e  form o f  s h e e t  f l o w .  

The CAP aqueduct  c rosses  t h e  a r e a  w i t h  a  g e n e r a l l y  n o r t h w e s t - s o u t h e a s t  

a l i gnmen t .  S i g n a l  B u t t e  Floodway has two main s e c t i o n s :  1) t h e  

c o n c r e t e - l i n e d  s e c t i o n  has a  n o r t h e a s t - s o u t h w e s t  a l i g n m e n t  and t e r m i n a t e s  on 

t h e  n o r t h s i d e  o f  t h e  CAP aqueduct  between E l l s w o r t h  Road and Hawes Road, and 

2) t h e  u n l i n e d  s e c t i o n  wh ich  was under  c o n s t r u c t i o n  d u r i n g  t h e  p e r i o d  o f  

i n t e r e s t  l i e s  n o r t h  o f  Brown Road and has an eas tward  a l i gnmen t .  T h i s  second 

s e c t i o n  ex tends  eas tward  t o  S i g n a l  B u t t e  Road. 

Apache T r a i l  (US 60-80-89), wh ich  d i v i d e s  t h e  a rea  i n t o  n o r t h  and s o u t h  

s e c t i o n s ,  i s  1  i n e d  on e i t h e r  s i d e  by numerous commercia l  developments. 

R e s i d e n t i a l  developments e x i s t  o f f  o f  Apache T r a i l  t o  b o t h  t h e  n o r t h  and 

south. 

P r e c i p i t a t i o n  

Summer p r e c i p i t a t i o n  t y p i c a l l y  c o n s i s t s  o f  l o c a l  s torms o v e r  s m a l l  a r e a s  and 

o f  b r i e f  ( u p  t o  3 h o u r s )  d u r a t i o n ,  wh ich  i n c l u d e  s p o r a d i c  showers and 

c l o u d b u r s t s ,  due u s u a l l y  t o  i n s o l a t i o n  h e a t i n g  o f  t r o p i c a l  m a r i t i m e  a i r  t h a t  

f r e q u e n t l y  i nvades  t h e  r e g i o n  f r o m  t h e  G u l f  o f  Mex ico  o r  t h e  G u l f  o f  

C a l i f o r n i a  and t h e  P a c i f i c  Ocean. 



The one-hour 100-year p o i n t  p r e c i p i t a t i o n  e v e n t  used f o r  s u b d i v i s i o n  and 

development d ra inage  r e v i e w  i n  t h i s  a rea  has a  t o t a l  depth  o f  approx ima te ly  

2.60 inches.  

D i s c u s s i o n  o f  A n a l y s i s  

Method o f  A n a l y s i s  

The r u n o f f  wh ich  r e s u l t e d  f r o m  t h e  s t o r m  o f  J u l y  17-18, 1984 and t h a t  wh ich  

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

scope o f  t h i s  s tudy,  was de te rm ined  t h r o u g h  t h e  use o f  t h e  H y d r o l o g i c  

E n g i n e e r i n g  C e n t e r  (HEC-1) f l o o d  hydrograph package (COE, 1981).  The HEC-1 

model s i m u l a t e s  t h e  s u r f a c e  r u n o f f  response o f  a  b a s i n  t o  p r e c i p i t a t i o n  by 

r e p r e s e n t i n g  t h e  b a s i n  as an i n t e r c o n n e c t e d  system o f  h y d r o l o g i c  and h y d r a u l i c  

components. 

Subbasins 

I n  o r d e r  t o  f a c i l i t a t e  t h e  mode l ing  o f  t h i s  system, t h e  s tudy  a r e a  was d i v i d e d  

i n t o  e i t h e r  10 o r  18 subbasins,  depending on wh ich  c o n d i t i o n  was b e i n g  

modeled. The presence o f  t h e  S i g n a l  B u t t e  and CAP s t r u c t u r e s  ( S i t u a t i o n s  1, 

2 )  r e s u l t e d  i n  d i f f e r e n t  sub-dra inages b e i n g  c r e a t e d  than  e x i s t e d  p r i o r  t o  

t h e i r  i n t r o d u c t i o n  t o  t h e  a r e a  ( S i t u a t i o n  3 ) .  



P r e c i p i t a t i o n  P a t t e r n  A n a l y s i s  

The F l o o d  C o n t r o l  D i s t r i c t  o f  Mar icopa County m a i n t a i n s  a  network of 

t e l e m e t e r e d  and r e c o r d i n g  r a i n  gauges t h r o u g h o u t  Mar icopa County. 

A d d i t i o n a l l y ,  F l o o d  C o n t r o l  D i s t r i c t  s u p p o r t s  a  network o f  u n o f f i c i a l  

v o l u n t e e r  p r e c i p i t a t i o n  observe rs  t h r o u g h  t h e  p r o v i s i o n  o f  "wedge" r a i n  

gauges. Based on t h i s  da ta  and a i d e d  by r a d a r  weather t r a c e s  o f  t h e  

J u l y  17-18 storm, a  s e r i e s  o f  i s o h y e t s  f o r  t o t a l  s t o r m  r a i n f a l l  were drawn 

( F i g u r e  1 ) .  An i s o h y e t  i s  a  l i n e  c o n n e c t i n g  p o i n t s  wh ich  r e c e i v e d  an equal  

amount o f  p r e c i p i t a t i o n .  The i s o h y e t s  p r o v i d e d  a  means o f  d e t e r m i n i n g  t h e  

average p r e c i p i t a t i o n  f o r  i n d i v i d u a l  subbas ins  f o r  i n p u t  t o  t h e  model. 

Data  p r o v i d e d  by t h e  r e c o r d i n g  r a i n  gauges i n d i c a t e d  t h e  s to rm began a t  

a p p r o x i m a t e l y  10:30 p.m. w i t h  h i g h l y  i n t e n s e  r a i n f a l l  u n t i l  11:30 p.m. and 

r a i n f a l l  c e a s i n g  a t  a p p r o x i m a t e l y  1:00 a.m. A mass c u r v e  ( F i g u r e  2 )  was drawn 

f rom t h e  d a t a  t o  p r o v i d e  a  temporal  d i s t r i b u t i o n  o f  t h e  r a i n f a l l  f o r  model 

i n p u t .  

Model C a l i b r a t i o n  

P h y s i c a l  i n s p e c t i o n  of t h e  s tudy  a rea  as w e l l  as i n t e r v i e w s  w i t h  l o c a l  

r e s i d e n t s  p r o v i d e d  some i n f o r m a t i o n  about  h i g h  w a t e r  marks, d i r e c t i o n  o f  w a t e r  

movement and t i m e  o f  peak f l ow .  Based on t h i s  i n f o r m a t i o n  and h y d r o l o g i c  



judgment, t h e  parameters  o f  t h e  model were a d j u s t e d  so t h a t  t h e  model o u t p u t  

r e f l e c t e d  t h e  r u n o f f  r e s u l t i n g  f r o m  t h e  s t o r m  o f  i n t e r e s t .  W i t h  t h e  

parameters s e t  t o  these c a l i b r a t e d  va lues,  t h e  area was d e l i n e a t e d  t o  r e f l e c t  

t h e  d ra inage  p a t t e r n s  f o r  t h e  two h y p o t h e t i c a l  s i t u a t i o n s .  The model was t h e n  

r u n  a g a i n  t o  s i m u l a t e  t h e  r u n o f f  f rom those  c o n d i t i o n s .  

The f i r s t  a rea  used f o r  model c a l i b r a t i o n  was t h e  u n l i n e d  s e c t i o n  o f  S i g n a l  

B u t t e  Floodway. S o i l  C o n s e r v a t i o n  S e r v i c e  (SCS) survey d a t a  p r o v i d e d  

e l e v a t i o n  versus c a p a c i t y  i n f o r m a t i o n  f o r  t h a t  s t r u c t u r e  as w e l l  as t h e  

e l e v a t i o n  o f  t h e  h i g h  w a t e r  mark above t h e  f loodway. T h i s  i n f o r m a t i o n  a l l o w e d  

us t o  de te rm ine  1 )  t h e  volume o f  w a t e r  c a p t u r e d  by t h e  f l oodway  

(75 A c r e - f e e t ) ,  2 )  t h e  peak d i s c h a r g e  o v e r  t h e  s o u t h s i d e  o f  t h a t  s t r u c t u r e  

(1160 c f s ) ,  and 3 )  a  reasonab le  e s t i m a t e  o f  p r e c i p i t a t i o n  l o s s e s  t o  

i n f i l t r a t i o n  f o r  a  n a t u r a l  d e s e r t  env i ronment  (SCS cu rve  number o f  75) .  

H i g h  w a t e r  marks on t h e  c o n c r e t e  abutments on t h e  U n i v e r s i t y  D r i v e  B r i d g e  

i n d i c a t e d  t h a t  t h e  f l o w  o v e r  t h e  b r i d g e  was a p p r o x i m a t e l y  21 i n c h e s  deep. 

Assuming a  f l o w  v e l o c i t y  o f  5-6 f p s  (based upon c o n s i d e r a t i o n  o f  t h e  h y d r a u l i c  

parameters) ,  t h e  peak f l o w  a t  t h i s  p o i n t  would  have been 700 c f s .  T h i s  va lue,  

combined w i t h  SCS survey d a t a  on h i g h  w a t e r  marks i n  t h e  CAP aqueduct  and i t s  

b o r d e r i n g  c o l l e c t i o n  channel  i n  t h i s  area p r o v i d e d  us w i t h  a  second 

c a l i b r a t i o n  p o i n t .  

SCS survey d a t a  o f  t h e  CAP aqueduct  i n  t h e  v i c i n i t y  o f  Broadway Road p r o v i d e d  

ano the r  p o i n t  t o  be used f o r  c a l i b r a t i o n .  A t  t h i s  s i t e  w a t e r  f l o w e d  o u t  o f  



t h e  aqueduct  t h r o u g h  an overchu te  excava t ion .  The survey d a t a  p r o v i d e d  

i n f o r m a t i o n  on t h e  geometry o f  t h e  o u t f l o w  s i t e  as w e l l  as t h e  h i g h  wa te r  

e l e v a t i o n  i n  t h e  aqueduct  (1560.74' above MSL). Res iden ts  .75 m i l e  downslope 

o f  t h i s  p o i n t  b e l i e v e  t h a t  t h e  peak f l o w  o c c u r r e d  a t  approx ima te ly  2:00 a.m. 

The f i n a l  p o i n t s  used f o r  model c a l i b r a t i o n  were t h e  d ra inage  channel  on t h e  

n o r t h s i d e  o f  D e s e r t  Sands M o b i l e  Home Park  and t h e  Sossaman Road d ra inage  

channel n o r t h  o f  B a s e l i n e  Road. The c a p a c i t y  o f  t h e  fo rmer  was exceeded 

r e s u l t i n g  i n  f l o o d i n g  o f  homes i n  t h e  m o b i l e  home park .  Inasmuch as t h e  f l o w  

p robab ly  a l t e r e d  t h e  channel  c h a r a c t e r i s t i c s ,  i t  i s  n o t  p o s s i b l e  t o  de te rm ine  

what i t s  c a p a c i t y  was a t  t h e  t i m e  o f  t h e  f l o o d i n g .  However, a  su rvey  made 

a f t e r  t h e  channel  was r e p a i r e d  i n d i c a t e s  t h a t  i t s  maximum c a p a c i t y  i s  

1100 c f s .  

F low i n  t h e  Sossaman Road d r a i n a g e  channel  be low i t s  j u n c t u r e  w i t h  t h e  above 

ment ioned d ra inage  channel  s l i g h t l y  exceeded i t s  c a p a c i t y  o f  1950 c f s .  



R e t u r n  P e r i o d  o f  Storm of J u l y  17-18, 1984 

Three o f  t h e  r a i n  gauges l o c a t e d  i n  t h e  s tudy  a r e a  r e c o r d e d  t o t a l  r a i n f a l l  

depths  i n  excess o f  2.60 inches ;  two o f  these  were g r e a t e r  than  o r  equal  t o  

3.75 inches.  T h i s  i n d i c a t e s  t h a t  i n  p a r t s  o f  t h e  s t u d y  area t h i s  s t o r m  had a  

r e t u r n  p e r i o d  g r e a t e r  t h a n  t h e  100-year  p o i n t  p r e c i p i t a t i o n  va lues  used f o r  

s u b d i v i s i o n  and development d r a i n a g e  rev iew.  

A c t u a l  C o n d i t i o n s  J u l y  17-18, 1984 

A  p i c t o r i a l  summary o f  t h e  r u n o f f  r e s u l t i n g  f r o m  t h e  s t o r m  o f  J u l y  17-18 i s  

p r o v i d e d  i n  F i g u r e  3. 

The l i n e d  s e c t i o n  o f  S i g n a l  B u t t e  Floodway was separa ted  f r o m  t h e  u n l i n e d  

s e c t i o n  by an e a r t h e n  p l u g  a t  t h e i r  j u n c t u r e .  The a p p a r e n t  purpose o f  t h i s  

p l u g  was t o  a i d  i n  " t i e - i n "  work a t  t h e  j u n c t u r e  o f  t h e  l i n e d  and u n l i n e d  

s e c t i o n s .  As a  r e s u l t ,  r u n o f f  f r o m  t h e  d ra inage  above t h e  u n l i n e d  s e c t i o n  

f i r s t  f i l l e d  and t h e n  over topped t h a t  s e c t i o n  o f  t h e  f loodway.  A p p r o x i m a t e l y  

75 a c r e - f e e t  o f  r u n o f f  were s t o r e d  i n  t h e  u n l i n e d  s e c t i o n  o f  t h e  S i g n a l  B u t t e  

Floodway. 

The s u b d i v i s i o n  n o r t h  o f  U n i v e r s i t y  D r i v e  i n  t h e  v i c i n i t y  o f  9 6 t h  S t r e e t  and 

t h e  CAP aqueduct  was s u b j e c t e d  t o  f l o o d i n g  f r o m  t h e  d i r e c t  r u n o f f  f r o m  t h e  



d r a i n a g e  above i t  t o  t h e  S i g n a l  B u t t e  s t r u c t u r e  as w e l l  as f rom t h e  r u n o f f  

wh ich  was n o t  c a p t u r e d  by t h a t  s t r u c t u r e .  T h i s  was a l s o  t h e  a rea  o f  g r e a t e s t  

t o t a l  r a i n f a l l  (3.75 i n c h e s ) .  Peak i n f l o w  t o  t h e  a r e a  was a p p r o x i m a t e l y  

800 c f s .  

I n i t i a l l y  r u n o f f  was conveyed around and t h r o u g h  t h e  s i t e  i n  deve loped 

d r a i n a g e  p a t t e r n s .  The r u n o f f  was t h e n  c a p t u r e d  by a  c o l l e c t i o n  channel  on 

t h e  n o r t h s i d e  o f  t h e  aqueduct  wh ich  d i r e c t e d  t h e  f l o w  n o r t h w e s t  t o  t h e  

v i c i n i t y  o f  E l l s w o r t h  Road. I n  t h i s  a rea  an e x c a v a t i o n  f o r  t h e  p lacement  o f  

an o v e r c h u t e  a l l o w e d  t h e  w a t e r  t o  e n t e r  t h e  aqueduct. A p a r t i a l  e a r t h e n  p l u g  

below U n i v e r s i t y  D r i v e  p r e v e n t e d  most  o f  t h i s  f l o w  f rom advanc ing  beyond t h a t  

p o i n t .  

A t  some t i m e  t h e  i n f l o w  t o  t h i s  a rea  g r e a t l y  exceeded t h e  o u t f l o w  i n t o  t h e  

c o l l e c t i o n  channe l  and severe  pond ing,  as deep as 3-4 f e e t ,  o c c u r r e d  i n  t h e  

a rea  o f  U n i v e r s i t y  D r i v e  and 9 6 t h  S t r e e t .  H i g h w a t e r  marks on t h e  U n i v e r s i t y  

D r i v e  b r i d g e  i n d i c a t e  t h a t  i n  excess o f  700 c f s  f l o w e d  o v e r  t h e  b r i d g e  i n  a  

w e s t e r l y  d i r e c t i o n .  T h i s  f l o w  t h e n  c o n t i n u e d  as s h e e t f l o w  and as channel  f l o w  

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

Ano the r  e a r t h e n  p l u g  was l o c a t e d  i n  t h e  CAP aqueduct  i n  t h e  v i c i n i t y  o f  S i g n a l  

B u t t e  Road. Between U n i v e r s i t y  D r i v e  and t h i s  p o i n t ,  r u n o f f  e n t e r e d  t h e  

aqueduct  a t  a  number o f  s i t e s  where e x c a v a t i o n s  had been made f o r  t h e  

p lacement  o f  o v e r c h u t e  p ipes .  However, because i n f l o w  t o  t h e  a r e a  exceeded 



t h e  r a t e  o f  f l o w  i n t o  t h e  aqueduct, pond ing  on t h e  upst ream s i d e  o f  t h e  

aqueduct  i n  t h e  v i c i n i t y  of  Wood Avenue occu r red .  

I n  excess o f  120 a c r e - f e e t  o f  w a t e r  was s t o r e d  i n  t h e  aqueduct  u n t i l  t h e  w a t e r  

s u r f a c e  e l e v a t i o n  exceeded t h e  e l e v a t i o n  o f  an ove rchu te  e x c a v a t i o n  on t h e  

downslope s i d e  o f  t h e  aqueduct  i n  t h e  v i c i n i t y  o f  Broadway Road. 

R u n o f f  e x i t i n g  t h e  aqueduct  a t  t h i s  p o i n t  caused e r o s i o n  o f  t h e  aqueduct  

embankment wh ich  i n  t u r n  a l l o w e d  t h e  p r e v i o u s l y  s t o r e d  w a t e r  t o  e x i t .  F a i l u r e  

o f  t h e  embankment a t  t h i s  s e c t i o n  was g radua l .  

Broadway Road and i t s  b o r d e r i n g  b l a d e r  d i t c h e s  c a p t u r e d  some o f  t h e  f l o w  t o  

t h e i r  c a p a c i t y  ( a p p r o x i m a t e l y  750 c f s )  w i t h  t h e  rema inder  f l o w i n g  i n  a  

g e n e r a l l y  s o u t h w e s t e r l y  d i r e c t i o n  as s t r e e t f l  ow, s h e e t f l  ow and channel  f l o w  i n  

e x i s t i n g  d r a i n a g e  ways. T h i s  f l o w  e v e n t u a l l y  e n t e r e d  a  d r a i n a g e  channel  w i t h  

an eas t -wes t  a l i g n m e n t  l o c a t e d  between B a s e l i n e  Road and Sou the rn  Avenue. 

T h i s  channel  bounds D e s e r t  Sands M o b i l e  Home Park  on t h e  n o r t h .  

The f l o w  wes t  a l o n g  Broadway Road was augmented by t h e  r u n o f f  f r o m  above 

Apache T r a i l ,  i n c l u d i n g  t h a t  f l o w  wh ich  had passed o v e r  t h e  U n i v e r s i t y  D r i v e  

b r i d g e .  A t  Hawes Road, most  o f  t h i s  f l o w  was d i r e c t e d  south ,  w i t h  f l o w  i n  

excess o f  1500 c f s  c o n t i n u i n g  w e s t  a l o n g  Broadway Road. 

The f l o w  a l o n g  Hawes Road was a g a i n  s p l i t  by a  c o n t r o l  s t r u c t u r e  a t  Sou the rn  

Avenue w i t h  a p p r o x i m a t e l y  one-ha1 f o f  t h e  f l o w  c o n t i n u i n g  a l o n g  Hawes Road and 



t h e  remainder  d i r e c t e d  i n  a  w e s t e r l y  d i r e c t i o n  t o  empty i n t o  t h e  Sossaman Road 

d ra inage  channel .  

The f l o w  wh ich  remained a l o n g  Hawes Road then  e n t e r e d  t h e  same d ra inage  

channel  wh ich  was t o  r e c e i v e  t h e  r u n o f f  wh ich  had e x i t e d  t h e  CAP aqueduct  i n  

t h e  v i c i n i t y  o f  Broadway Road. 

The peak d i s c h a r g e  o f  these combined f l o w s  was a p p r o x i m a t e l y  1800 c f s .  T h i s  

exceeded t h e  c a p a c i t y  o f  t h a t  d ra inage  channel  and caused some f l o o d i n g  i n  t h e  

D e s e r t  Sands M o b i l e  Home Park. T h i s  f l o w  was u l t i m a t e l y  c a p t u r e d  by t h e  

Sossaman Road d ra inage  channel .  

E f f e c t  o f  S i g n a l  B u t t e  Floodway C o n s t r u c t i o n  

A  p i c t o r i a l  summary o f  t h e  r u n o f f  d e s c r i b e d  i n  t h e  f o l l o w i n g  d i s c u s s i o n  i s  

p r o v i d e d  i n  F i g u r e  4. 

The area most d i r e c t l y  impacted by t h e  c o n s t r u c t i o n  o f  t h e  S i g n a l  B u t t e  

Floodway was t h a t  area immed ia te l y  below i t  wh ich  r e c e i v e d  t h e  o v e r f l o w  f rom 

t h a t  s t r u c t u r e ;  s p e c i f i c a l l y ,  t h e  D e s e r t  V i s t a  E s t a t e s  s u b d i v i s i o n  l o c a t e d  i n  

t h e  v i c i n i t y  o f  9 6 t h  S t r e e t  and U n i v e r s i t y  D r i v e .  A compar ison o f  peak f l o w s  

th rough  t h i s  area f o r  a c t u a l  c o n d i t i o n s  (see  above s e c t i o n ) ,  and t h o s e  which 

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

i t s  e f f e c t .  The peak f l o w  under  a c t u a l  e x i s t i n g  c o n d i t i o n s  was a p p r o x i m a t e l y  

800 c f s ;  under  t h i s  h y p o t h e t i c a l  c o n d i t i o n  t h e  f l o w  would  have been 1200 c f s ,  



o r  an i n c r e a s e  i n  peak d i scharge  o f  50%. S t a t e d  d i f f e r e n t l y ,  t h e  S i g n a l  B u t t e  

Floodway, even i n  i t s  p a r t i a l l y  c o n s t r u c t e d  form, s i g n i f i c a n t l y  reduced t h e  

f l o w s .  

On t h e  o t h e r  hand, had t h i s  f loodway been f u l l y  o p e r a t i o n a l  a t  t h e  t i m e  o f  t h e  

storm, t h e  peak f l o w  i n t o  t h i s  area would  have been l e s s  than  550 c f s  o r  a  

r e d u c t i o n  i n  peak f l o w  o f  n e a r l y  30%. A d d i t i o n a l l y ,  t h e  f l o w  o v e r  t h e  

U n i v e r s i t y  D r i v e  b r i d g e  would  have been reduced f rom 700 c f s  t o  o n l y  90 c f s ,  

thereb.y a l l e v i a t i n g ,  i f  n o t  e l i m i n a t i n g ,  t h e  f l o o d i n g  on t h e  west  s i d e  o f  t h a t  

b r i d g e  and f u r t h e r  south .  

E f f e c t s  o f  CAP Aqueduct C o n s t r u c t i o n  

A p i c t o r i a l  summary o f  t h e  r u n o f f  d e s c r i b e d  i n  t h e  f o l l o w i n g  d i s c u s s i o n  i s  

p r o v i d e d  i n  F i g u r e  5. 

I n  o r d e r  t o  assess t h e  e f f e c t  o f  t h e  CAP aqueduct  c o n s t r u c t i o n  on t h e  

f l o o d i n g ,  a  model s i m u l a t i n g  t h e  absence o f  t h i s  s t r u c t u r e  was c r e a t e d .  

There a r e  b a s i c a l l y  t h r e e  geograph ica l  areas o f  concern here ,  a l l  o f  wh ich  

were s u b j e c t e d  t o  f l o o d i n g :  1) t h e  areas above t h e  CAP aqueduct  where 

pond ing occur red ,  2 )  t h e  area below t h e  aqueduct  o v e r f l o w  p o i n t  i n  t h e  

v i c i n i t y  of Broadway Road, and 3 )  D e s e r t  Sands M o b i l e  Home Park.  



Under e x i s t i n g  c o n d i t i o n s  t h e  CAP aqueduct  r e c e i v e d  t h e  r u n o f f  f rom a  l a r g e  

area ups lope  f rom it. T h i s  w a t e r  c o l l e c t e d  i n  d ra inage  channe ls  on t h e  

upslope s i d e  o f  t h e  aqueduct  b e f o r e  e n t e r i n g  i t  a t  ove rchu te  e x c a v a t i o n  s i t e s .  

Due t o  t h e  l i m i t e d  f l o w  i n t o  t h e  aqueduct, pond ing o c c u r r e d  i n  s e v e r a l  

l o c a t i o n s ,  n o t a b l y  t h e  9 6 t h  S t r e e t  and C i s c o  Road, Apache T r i a l  and Cr ismon 

Road, and l O l s t  S t r e e t  and Wood Avenue areas.  

A f t e r  e n t e r i n g  t h e  aqueduct  t h i s  wa te r  was s t o r e d  u n t i l  t h e  wa te r  s u r f a c e  

e l e v a t i o n  exceeded t h e  e l e v a t i o n  o f  an ove rchu te  e x c a v a t i o n  s i t e  on t h e  

downslope s ide .  T h i s  s t o r e d  volume o f  wa te r  t h e n  e x i t e d  t h e  aqueduct  a t  t h i s  

p o i n t .  The e f f e c t  o f  t h e  aqueduct, then, was t o  funne l  a  l a r g e  volume o f  

r u n o f f  t o  a  s i n g l e  o u t l e t .  The peak f l o w  th rough  t h e  area i n  t h e  v i c i n i t y  o f  

9 6 t h  S t r e e t  and Pueblo  Avenue under  these  c o n d i t i o n s  was a p p r o x i m a t e l y  

1800 c f s .  W i t h o u t  t h i s  f u n n e l i n g  e f f e c t ,  t h e  peak f l o w  a t  t h a t  p o i n t  would  

have been a p p r o x i m a t e l y  750 c f s .  

However, t h i s  i s  n o t  t o  say t h a t  f l o o d i n g  would  n o t  have o c c u r r e d  under  

p r e - c o n s t r u c t i o n  c o n d i t i o n s .  Rather ,  d i f f e r e n t  areas wh ich  were n o t  i n u n d a t e d  

under  a c t u a l  c o n d i t i o n s  would  have been s u b j e c t e d  t o  f l o o d i n g .  F o r  example, 

under  a c t u a l  c o n d i t i o n s  Broadway Road and t h e  b o r d e r i n g  b l a d e r  d i t c h e s  d i d  n o t  

f l o w  much i n  excess o f  t h e i r  c a p a c i t y ,  i f  a t  a l l ,  west  o f  E l l s w o r t h  Road. Had 

t h e  aqueduct  n o t  been i n  p lace ,  t h e  c a p a c i t y  would have been exceeded by 

a p p r o x i m a t e l y  1100 c f s  near  E l l s w o r t h  Road and by 800 c f s  near  8 8 t h  S t r e e t .  

T h i s  would  have r e s u l t e d  i n  f l o o d i n g  o f  t h e  areas sou th  o f  Broadway Road 

between E l l s w o r t h  Road and Hawes Road. 



Under a c t u a l  c o n d i t i o n s ,  t h e  d ra inage  channel  on t h e  n o r t h  s i d e  o f  D e s e r t  

Sands M o b i l e  Home Park exper ienced  a  peak f l o w  o f  1800 c f s ,  wh ich  exceeded i t s  

c a p a c i t y .  As a  r e s u l t ,  some m o b i l e  homes i n  t h i s  area exper ienced  some 

f l o o d i n g .  Model o u t p u t  i n d i c a t e s  t h a t  t h i s  channel would have r e c e i v e d  a  peak 

f l o w  o f  3000 c f s  under  o r e - c o n s t r u c t i o n  c o n d i t i o n s .  



Conc lus ions  

A. The one-hour 100-year p o i n t  p r e c i p i t a t i o n  used f o r  s u b d i v i s i o n  and 

development d r a i n a g e  r e v i e w  i n  t h i s  a rea  has a  t o t a l  d e p t h  o f  

a p p r o x i m a t e l y  2.60 inches.  Three r a i n  gauges i n  t h e  e a s t  Mesa area 

r e c o r d e d  t o t a l  r a i n f a l l  i n  excess o f  t h i s  v a l u e  f o l l o \ r i n g  t h e  

J u l y  17-18 s torm.  T h i s  i n d i c a t e s  t h a t  t h e  s t o r m  i n  q u e s t i o n  had a  

r e t u r n  p e r i o d  g r e a t e r  t h a n  t h a t  used f o r  s u b d i v i s i o n  and development 

d ra inage  rev iew .  

B. The c o n s t r u c t i o n  o f  t h e  S i g n a l  B u t t e  Floodway d i d  n o t  c o n t r i b u t e  t o  

t h e  f l o o d i n g  wh ich  r e s u l t e d  f r o m  t h i s  storm. Though n o t  o p e r a t i o n a l  

i n  i t s  d e s i g n  c o n t e x t  a t  t h e  t i m e  o f  t h e  storm, t h i s  s t r u c t u r e  

c a p t u r e d  n e a r l y  75 a c r e  f e e t  o f  r u n o f f  wh ich  o t h e r w i s e  w o u l d  have 

impacted downslope l o c a t i o n s .  

The peak f l o w  i n t o  t h e  area i m m e d i a t e l y  below t h e  f l oodway  

( 9 6 t h  S t r e e t  and U n i v e r s i t y  D r i v e )  was a p p r o x i m a t e l y  800 c f s  under  

t h e  e x i s t i n g  c o n d i t o n s .  As modeled f o r  t h e  p r e - c o n s t r u c t i o n  

scenar io ,  f l o w  i n t o  t h i s  same area was 1200 c f s ,  o r  an i n c r e a s e  i n  

peak d i s c h a r g e  o f  50%. On t h e  o therhand,  as modeled f o r  t h e  s c e n a r i o  

where S i g n a l  B u t t e  Floodway was o p e r a t i o n a l ,  t h e  peak i n f l o w  t o  t h i s  

a rea  was a p p r o x i m a t e l y  500 c f s .  



Pond ing  o f  w a t e r  i n  t h i s  area was n o t  a  consequence o f  t o o  much wa te r  

e n t e r i n g  t h e  area due t o  a  f a i l u r e  o f  t h e  f loodway t o  convey r u n o f f  

t o  a n o t h e r  s i t e .  Ra the r ,  t h e  pond ing  was due t o  i nadequa te  

conveyance o f  t h e  wa te r  i n  t h e  c o l l e c t i o n  channe ls  on t h e  n o r t h s i d e  

o f  t h e  CAP aqueduct. 

C .  The c o n s t r u c t i o n  o f  t h e  CAP aqueduct  r e s u l t e d  i n  pond ing  o f  r u n o f f  

w a t e r  i n  a  number o f  s i t e s  on t h e  n o r t h s i d e  o f  t h a t  s t r u c t u r e  as w e l l  

as a  r e - d i r e c t i o n  o f  a  l a r g e  volume o f  r u n o f f .  

C o l l e c t i o n  channe ls  on t h e  n o r t h s i d e  o f  t h e  CAP aqueduct  a r e  des igned  

w i t h  r e l a t i v e l y  f l a t  s l o p e s  so as t o  d i s t r i b u t e  r u n o f f  among a  number 

o f  ove rchu tes .  Because t h e  ove rchu tes  were n o t  o p e r a t i o n a l  a t  t h e  

t i m e  o f  t h e  storm, t h e  c o l l e c t i o n  channe ls  were n o t  a b l e  t o  d r a i n  as 

designed.  T h i s  r e s u l t e d  i n  wa te r  b e i n g  ponded i n  a  number o f  a reas .  

A l t h o u g h  f l o w  i n t o  t h e  aqueduct  was n o t  adequate  t o  p r e v e n t  pond ing 

on t h e  n o r t h s i d e  o f  t h a t  s t r u c t u r e ,  i n f l o w  d i d  t a k e  p l a c e .  

E f f e c t i v e l y  t h e  CAP aqueduct  a c t e d  as a  r e s e r v o i r ,  s t o r i n g  r u n o f f  

f r o m  a  l a r g e  d r a i n a g e  a rea  ups lope  f r o m  it. T h i s  c o n t i n u e d  u n t i l  t h e  

wa te r  s u r f a c e  e l e v a t i o n  exceeded t h e  e l e v a t i o n  o f  an  o v e r c h u t e  

e x c a v a t i o n  on t h e  downslope s i d e  o f  t h e  aqueduct  i n  t h e  v i c i n i t y  o f  

Broadway Road and Cr ismon Road. A  l a r g e  p o r t i o n  o f  t h i s  s t o r e d  w a t e r  

t h e n  e x i t e d  t h e  aqueduct  a t  a  s i n g l e  p o i n t .  T h i s  r e - d i r e c t i o n  o f  

f l o w  f r o m  t h e  n a t u r a l  and deve loped d r a i n a g e s  t o  a  s i n g l e  o u t l e t  



r e s u l t e d  i n  f l o o d i n g  immed ia te l y  below t h e  o u t f l o w  p o i n t  (e .g . ,  

Pueb lo  Avenue and 9 6 t h  S t r e e t ) .  Peak o u t f l o w  t h r o u g h  t h i s  s i t e  was 

a p p r o x i m a t e l y  2500 c f s .  T h i s  can be compared w i t h  t h e  f l o w  o f  

750 c f s  wh ich  t h e  computer model i n d i c a t e s  wou ld  have impac ted  t h i s  

area i n  t h e  p r e - c o n s t r u c t i o n  c o n d i t i o n .  

D e s e r t  Sands M o b i l e  Home s u b d i v i s i o n  exper ienced  f l o o d i n g  when t h e  

c a p a c i t y  o f  t h e  d r a i n a g e  channel  on i t s  n o r t h  s i d e  was exceeded. 

There  i s  some q u e s t i o n  abou t  t h e  c o n d i t i o n  o f  t h i s  channel  on t h e  

e v e n i n g  o f  t h e  f l o o d i n g .  However, even under  i d e a l  c o n d i t i o n s  t h e  

c a p a c i t y  o f  t h e  channel wou ld  have o n l y  been abou t  1000 c f s .  The 

a c t u a l  i n f l o w  was abou t  1800 c f s  o r  a lmos t  t w i c e  t h e  c h a n n e l ' s  

maximum c a p a c i t y .  The computer model o f  p r e c o n s t r u c t i o n  c o n d i t i o n s  

i n d i c a t e s  t h a t  t h e  peak f l o w  would have been n e a r l y  3000 c f s  had t h e  

S i g n a l  B u t t e  Floodway and t h e  CAP Aqueduct n o t  c a p t u r e d  a  p o r t i o n  o f  

t h e  r u n o f f .  F l o o d i n g  i n  t h i s  s u b d i v i s i o n  o c c u r r e d  because t h e  

d r a i n a g e  f a c i l i t i e s  around D e s e r t  Sands s i m p l y  were n o t  des igned o r  

c o n s t r u c t e d  t o  c o n t r o l  r u n o f f  f r o m  a  s t o r m  o f  t h i s  magni tude.  



E a s t  S i d e  Stormwater Dra inage Study f o r  t h e  City o f  Mesa, Yos t  and Gardner 

Eng ineers ,  May 1981. 

HEC-1 F l o o d  Hydrograph Package, Users Manual, US Army Corps o f  Eng ineers ,  

September 1981. 

Solicitation/Specifications S a l t - G i l a  Aqueduct Reach 1-B, C e n t r a l  A r i z o n a  

P r o j e c t ,  Bureau o f  Rec lamat ion.  
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