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BELL ROAD PROJECT DRAINAGE STUDY 

Execut i  ve Sumnary 

A s tormwater / f loodwater  management p lan  has been developed t h a t  w i l l  p rov ide  

a  c o s t - e f f e c t i v e  method o f  handl ing o n - s i t e  drainage from t h e  expansion o f  

Be1 1  Road and p r o t e c t i o n  f o r  t he  roadway f rom o f f - s i t e  r u n o f f  f o r  t he  

se lec ted  design storm. The improved Be1 1  Road i s  conceived as a  s i x  l ane  

urban a r t e r i  a1 s t r e e t  extending twen ty - f  i ve m i  1  es f rom Grand Avenue t o  

Sco t tsda le  Road. The p l an  ensures t h a t  downstream drainage r e c e i v i n g  

f a c i l  i t i e s  and t he  u l t i m a t e  reg iona l  s to rmwater l f  1  oodwater o u t f a l l  s  have 

adequate capac i t y  t o  handle t h e  o n - s i t e  and o f f - s i t e  stormwater f l ows  from 

t h e  B e l l  Road Expansion p r o j e c t .  

The p l  an w i l l  a1 so p rov ide  f o r  f u t u r e  storm d r a i n  1  a t e r a l  s  t o  be extended 

n o r t h  o f  Be1 1  Road t o  i n t e r c e p t  drainage. Downstream p r o p e r t i e s  w i l l  bene- 

f i t  by t h e  reduc t i on  o f  stormwater and f loodwate r  f lows.  I n  no ins tance  has 

t h e  p r o j e c t  worsened upstream f 1  ood cond i t i ons  or  created new prob l  em 

drainage areas. 

The Be1 1  Road P r o j e c t  Drainage Study has prov ided t h e  a d d i t i o n a l  b e n e f i t  o f  

coo rd i na t i ng  and i n t e g r a t i n g  n i ne  (9 )  Area Drainage Master Stud ies and 

Stormwater Master Drainage Plans developed f o r  t h e  p a r t i c i p a t i n g  j u r i s d i c -  

t i o n s  between 1977 and 1986 i n t o  one comprehensive plan. 

The Execut ive Summary i s  organized i n  t h e  same manner as t h e  comprehensive 

B e l l  Road P r o j e c t  Drainage Study r e p o r t  and prov ides a  general overview o f  

t h e  study. For a  d e t a i l e d  eva lua t i on  o f  t h e  study tasks r e l a t i n g  t o  t h e  

stormwater/f7oodwater p lan  development, re fe rence  i s  made t o  s p e c i f i c  

Volumes and Sect ions o f  t h e  r e p o r t  f o r  consu l t a t i on .  



Study O b j e c t i v e s  

The o b j e c t i v e  o f  t h e  s tudy i s  t o  deve lop a stormwater management p l a n  f o r  

t h e  expansion o f  B e l l  Road f r o m  Grand Avenue t o  S c o t t s d a l e  Road which i n -  

c l  udes a c o s t - e f f e c t i v e  method o f  hand1 i n g  on-s i  t e  drainage,  as we1 1 as 

p r o v i d i n g  f l o o d  p r o t e c t i o n  f o r  t h e  roadway. The p l a n  ensures t h a t  down- 

st ream d ra inage  f a c i l i t i e s  can handle d i scha rged  f l o w s  o r  t h a t  new f a c i l i -  

t i e s  can be p r o v i d e d  t o  an adequate o u t f a l l .  Upstream p r o p e r t i e s  w i l l  n o t  

be adve rse ly  a f f e c t e d  by t h e  c o n s t r u c t i o n  o f  t h e  roadway o r  dra inage 

f a c i l i t i e s .  

To ach ieve  t h e  o b j e c t i v e ,  t h e  study was d i v i d e d  i n t o  t h e  f o l l o w i n g  sequen- 

t i a l  t a s k s :  

o Review t h e  e x i s t i n g  h y d r o l o g i c  i n f o r m a t i o n  and d a t a  b a s i c  t o  t h e  

s tudy and determine which  segments o f  B e l l  Road have adequate hydro-  

l o g i c  i n f o r m a t i o n  f r o m  which t o  p l a n  d ra inage  f a c i l i t i e s .  

o Devel op hyd ro l  ogy f o r  t h e  areas w i t h o u t  adequate hyd ro l  o g i c  i n f  orma- 

t i o n  u s i n g  t h e  HEC-1 F lood  Hydrograph Package developed by t h e  U n i t e d  

S t a t e s  Army Corps o f  Engineers.  Compute t h e  2, 5, 10. 50 and 100 

y e a r  peak r u n o f f  r a t e s  and volumes f o r  t h e  e x i s t i n g  and post -deve lop-  

ment ( f u t u r e )  c o n d i t i o n s .  

o Develop a minimum o f  t h r e e  a1 t e r n a t i v e  s t o r m w a t e r l f l  oodwater manage- 

ment p lans .  

o Evaluate ,  a t  a s tudy l e v e l ,  each a1 t e r n a t i v e  i n  terms o f  c a p i t a l  

cos ts ,  e f f e c t i v e n e s s ,  env i ronmenta l  impacts,  p o t e n t i a l  f o r  s taged 

c o n s t r u c t i o n ,  a c c e p t a b i l  i t y  t o  m u n i c i p a l  i t i e s  and compati  b i l  i t y  w i t h  

o t h e r  p r o j e c t s  and p lans.  Prepare a general  work ing  m a t r i x  f o r  

ranked compar ison o f  a1 t e r n a t i v e  p l  ans. 



o  Present  t h e  ranked a l t e r n a t i v e s  i n  r e p o r t  and o r a l  p r e s e n t a t i o n  

format t o  a  Review Committee, p r o v i d i n g  s u f f i c i e n t  background and 

c o s t  i n f o r m a t i o n  t o  suppor t  t h e  d e c i s i o n  process f o r  s e l e c t i o n  o f  a  

p r e f e r r e d  a l t e r n a t i v e  p lan.  

o Develop t h e  s e l e c t e d  system proposed f o r  t h e  dra inage master  p lan,  t o  

p r e l i m i n a r y  p l a n  l e v e l ,  i n c l u d i n g  s i zes ,  slopes, p r o f i l e s ,  a l i gnmen ts  

and 1  o c a t i o n s  as a p p r o p r i a t e  f o r  channel s, p ipes ,  t r u n k  mains, c u l -  

v e r t s  and d e t e n t i o n  o r  r e t e n t i o n  bas ins .  Determine t h e  e x i s t i n g  and 

r e q u i  r e d  r i g h t s - o f - w a y ,  and e s t i m a t e  p r e l  i m i  nary  q u a n t i t i e s  and c o s t s  

f o r  each element o f  t h e  system. 

o Analyze t h e  impact  o f  t h e  des ign  s torm(s1 on major  dra inage f a c i l i -  

t i e s  downstream o f  B e l l  Road. 

o Recommend des ign  c r i t e r i a  and o b j e c t i v e s  t o  be a p p l i e d  d u r i n g  t h e  

imp1 ementa t ion  o f  t h e  s e l e c t e d  d ra inage  p l  an. 

F i v e  j u r i s d i c t i o n s  (C i ty  o f  Phoenix, C i ty  o f  Glendale.  Ci ty o f  Peor ia ,  Town 

of S u r p r i s e  and t h e  F lood  C o n t r o l  D i s t r i c t  o f  Mar icopa County) and t h e  

Mar icopa County Highway Department a c t i v e l y  p a r t i c i p a t e d  i n  t h e  study.  

Represen ta t i ves  o f  t hese  j u r i s d i c t i o n s  and t h e  department comprised t h e  

Review Committee. The Review Committee was r e s p o n s i b l e  f o r  t h e  rev iew  o f  

t h e  t e c h n i c a l  s tudy f i n d i n g s .  s e l  e c t i o n  o f  t h e  recommended 

s to rmwate r / f l oodwate r  management p l a n  and des ign  c r i t e r i a  a p p r o p r i a t e  f o r  

t h e i r  j u r i s d i c t i o n .  

Report Format 

The comprehensive B e l l  Road P r o j e c t  Dra inage Study i s  a  c o l l e c t i o n  o f  

documents, r e p o r t s ,  ana lyses and da ta  encompassing t h e  e n t i r e  study. T h i s  

i n f o r m a t i o n  i s  summarized i n  t h e  f o u r  w r i t t e n  r e p o r t s  and assoc ia ted  

documentat ions.  Volume I .  " H y d r o l o g i c  Modeling," i s  a  w r i t t e n  r e p o r t  docu- 

men t ing  t h e  e v a l u a t i o n  o f  e x i s t i n g  and ongoing h y d r o l o g i c  s t u d i e s  and f l o o d  



c o n t r o l  f a c i l i t i e s  a f f e c t i n g  t h e  B e l l  Road P r o j e c t  Drainage Study, t h e  

h y d r o l o g i c  d a t a  c o l l e c t i o n s  and h y d r o l o g i c  model ing.  Volume I 1  i s  an appen- 

d i x  t o  Volume I and c o n t a i n s  t h e  . summary HEC-1 Computer Output  f o r  t h e  

hydro1 o g i c  models o f  e x i s t i n g  and post-development c o n d i t i o n s .  Volume 111, 

" A l t e r n a t i v e  Stormwater lF1oodwater Kanagement Concept Plans," p r o v i d e s  a  de- 

t a i l  ed d e s c r i p t i o n  o f  t h e  a l t e r n a t i v e  concept  p lans  eva l  uated. T h i s  r e p o r t  

i n c l u d e s  t h e  e v a l u a t i o n  o f  each a l t e r n a t i v e  i n  terms o f  c a p i t a l  cos ts ,  

e f fec t i veness ,  env i ronmenta l  impacts,  p o t e n t i a l  f o r  s taged c o n s t r u c t i o n ,  

a c c e p t a b i l i t y  and c o m p a t i b i l i t y  w i t h  o t h e r  p r o j e c t s  and p lans.  Volume I V .  

" S e l e c t e d  StormwaterIF1 oodwater Management Plan",  develops t h e  s e l e c t e d  

d ra inage  f a c i l i t i e s  t o  p r e l  i m i n a r y  p l a n  l e v e l  i n c l  ud i  ng es t ima ted  q u a n t i t i e s  

and c o s t s  f o r  each element o f  t h e  system. P lan and p r o f i l e  sheets a r e  i n -  

c l u d e d  i n  t h e  r e p o r t  w i t h  t h e  s izes ,  s lopes,  p r o f i l e s  and a l ignments  o f  t h e  

recommended d ra inage  f a c i  1  i ti es a1 ong Be1 1  Road. Recommended des ign 

c r i t e r i a  and o b j e c t i v e s  t o  be a p p l i e d  d u r i n g  imp lemen ta t i on  o f  t h e  s e l e c t e d  

d ra inage  p l  an a r e  a1 so i n c l  uded. 

Study Drainage Areas 

To f a c i l i t a t e  t h e  h y d r o l o g i c  i n v e s t i g a t i o n s  and HEC-1 computer model ing,  t h e  

B e l l  Road p r o j e c t  d ra inage s tudy watershed was d i v i d e d  i n t o  t e n  d ra inage  

areas, t h e  l i m i t s  o f  wh ich  a r e  shown on E x h i b i t  1. These areas a r e  b r i e f l y  

d e s c r i  bed as f 01 1 ows : 

Area 1: Bound by B e l l  Road on t h e  south, Grand Avenue on t h e  west. 

McMicken Dam O u t l e t  Channel on t h e  n o r t h  and t h e  west  boundary 

of Sun C i t y  on t h e  east .  T h i s  d ra inage  area i s  app rox ima te l y  

0.3 square m i l e s .  

Area 2: Bound by B e l l  Road on t h e  south, Agua F r i a  R i v e r  t o  t h e  west, 

New R i v e r  on t h e  e a s t  and t h e  r i d g e  on t h e  mountain i n  S e c t i o n  

4. Township 4 North.  Range 1 East  on t h e  n o r t h .  T h i s  d ra inage  

area i s  app rox ima te l y  10.2 square m i l e s .  



Area 3: Bound by B e l l  Road on t h e  south,  New R i v e r  on t h e  west. Skunk 

Creek t o  t h e  e a s t  and Un ion H i l l s  D r i v e  t o  t h e  n o r t h .  T h i s  

d r a i n a g e  area i s  app rox ima te l y  1.5 square mi 1  es. 

Area 4:  Bound by B e l l  Road on t h e  south. Skunk Creek t o  t h e  west. 

Bea rds ley  Road on t h e  n o r t h  and I n t e r s t a t e  17 on t h e  eas t .  

T h i s  d ra inage  area i s  app rox ima te l y  8.0 square m i l e s .  

Area 5: Bound by B e l l  Road on t h e  south, I n t e r s t a t e  17 on t h e  west. 

Cave Creek on t h e  e a s t  and t h e  r i d g e  1  i n e  o f  t h e  Un ion  H i l l s  on 

t h e  n o r t h .  T h i s  d ra inage  area i s  app rox ima te l y  9.0 square 

m i l e s .  

Area 6:  Bound by B e l l  Road on t h e  south.  Cave Creek on t h e  west. Eas t  

Fork  o f  Cave Creek on t h e  e a s t  and j u s t  n o r t h  o f  Bea rds ley  Road 

on t h e  n o r t h .  T h i s  d ra inage  area i s  app rox ima te l y  4.0 square  

m i l e s .  

Area 7:  Eas t  Fo rk  o f  Cave Creek watershed.  T h i s  d ra inage  area i s  ap- 

p r o x i m a t e l y  4.8 square m i l  es. 

Area 8:  Bound by B e l l  Road on t h e  south, Eas t  Fo rk  o f  Cave Creek d r a i n -  

age d i v i d e  on t h e  west  and t h e  C e n t r a l  A r i z o n a  P r o j e c t  on t h e  

n o r t h  and eas t .  T h i s  d r a i n a g e  area i s  a p p r o x i m a t e l y  7.3 square 

m i l e s .  

Area 9: Skunk Creek watershed.  T h i s  d ra inage  area i s  a p p r o x i m a t e l y  7.3 

square mi  1  es A 

Area 10: Cave Creek watershed.  T h i s  d ra inage  a rea  i s  app rox ima te l y  6.9 

square mi 1  es. 



Eva1 u a t i  on o f  Exi s t i  ng Data 

E x i s t i n g  and on-going hydrol  og ic  s tud ies  and t he  hydrol  ogy o f  major f l o o d  

c o n t r o l  , water t r a n s p o r t  and highway f a c i  1  i ti es a f f e c t i n g  t h e  Be1 1  Road 

P r o j e c t  Drainage Study were reviewed and evaluated. The purpose o f  t h i s  

eva lua t i on  was t o  determine what e x i s t i n g  i n f o rma t i on  may be u t i l i z e d  i n  

developing t he  hydrology f o r  t h e  Be1 1  Road study; thereby ensur ing t h a t  t h e  

r e s u l t s  would be compat ib le w i t h  prev ious or on-going s tud ies  by o thers .  

Adequacy o f  hydrol  og ic  i n f o r m a t i o n  was determined by t he  c r i t e r i a  estab- 

1  i shed  by t h e  Maricopa County Flood Contro l  D i s t r i c t  as out1 i ned  i n  Sect ion 

1V.C o f  Volume I. 

It was determined t h a t  hydro log ic  modeling w i l l  be r equ i r ed  of  a l l  areas 

t r i b u t a r y  t o  B e l l  Road w i t h  the except ion o f  Sun C i t y  and Sun C i t y  West. 

Refer t o  Table 1 i n  Vol ume I f o r  t h e  summary o f  r e s u l t s  o f  t h e  eval  uat ions.  

Hydrol  o g i  c Model i ng 

The o b j e c t i v e  o f  t h e  modeling was t o  develop t he  hydrol  ogy f o r  t h e  areas 

w i t h i n  t h e  o v e r a l l  study area where e x i s t i n g  hydro l  og ic  i n f o rma t i on  was 

inadequate. Hydrol ogy was performed us i  ng t h e  HEC-1 F l  ood Hydrograph Pack- 

age. A1 1  subareas were i d e n t i f i e d  and t h e  hydro l  og ic  c h a r a c t e r i s t i c s  tabu- 

l a t e d  f o r  each. Peak f l ows  f o r  e x i s t i n g  and post-development ( f u t u r e )  con- 

d i t i o n s  were c a l c u l a t e d  f o r  t h e  24-hour d u r a t i o n  storm f o r  t h e  2-. 5-. l o - ,  
50-, and 100-year storm events. Post-development cond i t i ons  a re  based on 

adopted community 1  and use master p l  ans and c u r r e n t  or  pending drainage 

r e t e n t i o n  c r i t e r i a  f o r  t h e  app rop r i a t e  j u r i s d i c t i o n .  

Pre-development cond i t i ons  were modelled t o  e s t a b l i s h  a  bas is  f o r  eva lua t i ng  

p o t e n t i a l  impacts o f  any proposed s tormwater / f loodwater  management f a c i l i -  

t i e s  on e x i s t i n g  f a c i l i t i e s  o r  developments. The r e s u l t s  o f  t h e  ana l ys i s  o f  

f u l l y - deve loped  ( f u t u r e )  watershed cond i t i ons  were used i n  t h e  design o f  t h e  

proposed f a c i l i t i e s  t o  ensure t h a t  stormwater r u n o f f  generated by f u t u r e  



devel  opment i n  t h e  upper watershed wi  11 be accommodated i n  t h e  Eel 1  Road 

d ra inage  f a c i l  i t i e s .  P l  anned and approved stormwater f a c i l  i t i e s  were i n c o r -  

p o r a t e d  i n t o  t h e  above a n a l y s i s .  

For t h e  r e s u l t s  o f  t h e  h y d r o l o g i c  model i ng ,  see Volume I ( w r i t t e n  r e p o r t  and 

e x h i b i t s )  and Vol ume I 1  (HEC-1 summary r e s u l t s ) .  

A1 ternati ve Pl an Devel opment 

Separate a l t e r n a t i v e  s to rmwate r / f l oodwate r  management concept  p l a n s  were de- 

ve loped f o r  t h e  100-year, 24-hour and t h e  10-year. 24-hour s torm event .  The 

a1 t e r n a t i v e  concept  p l  ans i n c l  uded co l  l e c t i o n  p o i n t s  f o r  on-s i  t e  dra inage o f  

t h e  roadway and conveyance o f  o f f - s i t e  and o n - s i t e  dra inage t o  t h e  

a1 t e r n a t i v e  o u t f a l l  s. A1 t e r n a t i v e  concepts  s t u d i e d  were mu1 t i  p l  e  conveyance 

systems versus s i n g l e  conveyance systems, use o f  mu1 t i p l e  o u t f a l l  s  versus 

s i n g l e  o u t f a l l  s, c l o s e d  c o n d u i t s  versus open channel, o r  a  cornbi n a t i o n  o f  

b o t h  and d e t e n t i o n  systems. 

A minimum o f  t h r e e  a l t e r n a t i v e  s to rmwate r / f l oodwate r  management systems were 

eva lua ted  f o r  most o f  t h e  dra inage areas i n v e s t i g a t e d .  I n  genera l ,  system 

a l i gnmen ts  were s e l e c t e d  t o  conform t o  topograph ic  f e a t u r e s  o f  t h e  d ra inage  

areas. To ach ieve t h e  des ign o b j e c t i v e  o f  100 p e r c e n t  i n t e r c e p t i o n  o f  o f f -  

s i t e  r u n o f f  a t  t h e  B e l l  Road r i g h t - o f - w a y ,  i t  was o f t e n  necessary t o  

e v a l u a t e  t r u n k  s torm d ra ins ,  open channels o r  d e t e n t i o n  bas ins  i n  t h e  upper 

watershed a1 ong t h e  sec t i on -1  i ne and ha1 f - s e c t i o n  1  i ne s t r e e t s .  These 

a1 ignments were g e n e r a l l y  f o l l  owed because o f  r i g h t - o f - w a y  a v a i l  a b i l  i t y .  

min imal  u t i l  i t y  c o n f l  i c t s  and minimal  d i s r u p t i o n  o f  r e s i d e n t i a l  areas. 

Also,  t h e  genera l  t r e n d  f o r  urban development i n  t h e  s tudy a rea  i s  based on 

a  g r i d  p a t t e r n .  

I n i t i a l l y ,  o n l y  d ra inage  systems p r o v i d i n g  p r o t e c t i o n  t o  t h e  100-year s torm 

des ign  1  eve1 were eva luated.  When t h e  p r e l i m i n a r y  c o s t  e s t i m a t e s  were de- 

veloped,  i t  became apparent  t o  t h e  p a r t i c i p a t i n g  j u r i s d i c t i o n s  t h a t  t h e  

c o s t s  o f  d ra inage  systems designed f o r  t h e  100-year s torm l e v e l  would be 



p r o h i b i t i v e .  A t  t h e  reques t  o f  t h e  p a r t i c i p a t i n g  j u r i s d i c t i o n s ,  Gre i  n e r  

developed o rde r  o f  magni tude c o s t s  es t ima tes  f o r  s e l e c t e d  s t o r m w a t e r l f l  ood- 

wa te r  management systems f o r  t h e  2-, 5-, l o - ,  50-, and 100-year storm 

events.  Us ing  t h e  c o s t s  o f  t h e  100-year des ign  s torm system as a  benchmark, 

t h e  c o s t s  wou ld  be 19 percent .  37 pe rcen t .  53 pe rcen t  and 84 p e r c e n t  o f  t h e  

100-year s torm system f o r  t h e  2-. 5-. l o - ,  and 50-year storms, r e s p e c t i v e l y .  

On t h e  b a s i s  o f  t h i s  o r d e r  o f  magni tude comparison. Gre ine r  was d i r e c t e d  t o  

develop a l t e r n a t i v e  concept  p lans  f o r  a 10-year des ign storm as i t  had done 

f o r  t h e  100-year s torm event .  

A HEC-I computer model was developed f o r  each a l t e r n a t i v e  and post -deve lop-  

ment ( f u t u r e )  f l o w s  were r o u t e d  through.  The types.  s i z e s  and l o c a t i o n s  o f  

d ra inage  f a c i l  i t i e s  were developed f r o m  t h e  model r e s u l t s .  

Volume 111. " A l t e r n a t e  Stormwater /F loodwater  Management Concept Plans," 

documents t h e  procedure  f o r  s e l e c t i o n  and e v a l u a t i o n  o f  t h e  concept  p lans .  

P l a t e s  1 t h r o u g h  56 w i t h i n  t h e  above ment ioned r e p o r t  a r e  schemat ics o f  t h e  

10-year and 100-year a1 t e r n a t i  ve concept  p l  ans. 

Sel ected P l  an 

The C i t y  o f  G l  enda le  and Mar icopa County Highway Department s e l e c t e d  t h e  10- 

y e a r  s torm as t h e  p r e f e r r e d  des ign  l e v e l  f o r  t h e  Be1 1  Road f a c i l i t i e s .  The 

C i t y  o f  P e o r i a  and C i t y  o f  Phoenix requested t h a t  t h e  d ra inage  f a c i l i t i e s  

proposed f o r  t h e  segments o f  B e l l  Road w i t h i n  t h e i r  r e s p e c t i v e  j u r i s d i c t i o n s  

be downsized t o  t h e  2-year s torm des ign  l e v e l .  The des ign  s torm f r e q u e n c i e s  

s p e c i f i e d  by t h e  C i t y  o f  G lenda le  and t h e  C i t y  o f  Phoenix w i l l  ensure t h a t  

t h e  des ign  o f  t h e  B e l l  Road P r o j e c t  d ra inage  f a c i l i t i e s  w i t h i n  t h e i r  

j u r i s d i c t i o n s  a r e  c o n s i s t e n t  w i t h  t h e i r  adopted stormwater management p lans .  

F a c i l i t i e s  w i t h i n  t h e  Town o f  S u r p r i s e  w i l l  be designed f o r  t h e  10-year 

f requency  storm. 



I n  a d d i t i o n  t o  i n c o r p o r a t i n g  d ra inage  f a c i l  i t i e s  adopted by c u r r e n t  s torm- 

wa te r  management p lans ,  t h e  s e l e c t e d  p l a n  i n c o r p o r a t e d  t h e  d ra inage  f a c i l -  

i t i e s  f o r  t h e  East  Fo rk  of Cave Creek Wash, proposed by o t h e r s  t o  manage 

r u n o f f  f r o m  t h e  100-year s to rm event .  For  each d ra inage  system, a HEC-1 

computer model was developed f o r  pos t -deve lopment  c o n d i t i o n s  f o r  t h e  

s e l e c t e d  des ign  s to rm f requency .  

S t r u c t u r e  summaries were prepared wh ich  l i s t  s t r u c t u r e  number, s t r u c t u r e  

type,  des ign  f requency ,  des ign  d i scha rge  o r  v o l  ume ( c o n d u i t s  o r  b a s i n s  

r e s p e c t i v e l y ) .  s lope,  channel c h a r a c t e r i s t i c s  and l e n g t h .  Requ i red  

a d d i t i o n a l  r i g h t s - o f - w a y ,  q u a n t i t i e s  and c o s t s  were a1 so estirrrated. The 

s e l e c t e d  systems a r e  p resen ted  i n  P l a t e s  1 t h r o u g h  11 i n  t h i s  r e p o r t  and i n  

Volume IV o f  t h e  comprehensive r e p o r t .  Refer  a l s o  t o  Volume I V  f o r  p l a n  and 

p r o f i l e  p l a n s  o f  t h e  f a c i l  i t i e s  a1 ong Be1 1  Road. 

A n a l y s i s  o f  Downstream Impacts  

A l l  o f  t h e  proposed d ra inage  f a c i l i t i e s  f o r  B e l l  Road were e v a l u a t e d  t o  

de te rm ine  t h e i r  p o t e n t i  a1 f o r  impacts  on e x i s t i n g  and f u t u r e  d ra inage  

f a c i l i t i e s  and r e g i o n a l  d r a i n s  ( I n d i a n  Bend Wash, Eas t  Fork  o f  Cave Creek, 

Greenway Channel. Cave Creek. A r i z o n a  Canal D i v e r s i o n  Channel. Skunk Creek, 

New R i v e r  and Agua F r i a  R i v e r ) .  It was determined t h a t  t h e  downstream 

r e c e i v i n g  d ra inage  f a c i l i t i e s  have been des igned f o r  e i t h e r  t h e  e q u i v a l e n t  

(2 o r  10 -yea r )  d e s i g n  s to rm e v e n t  o r  g r e a t e r  s to rm event .  No adverse  im- 

p a c t s  a r e  a n t i c i p a t e d .  Re fe r  t o  S e c t i o n  X I 1  o f  Volume I V  f o r  t h i s  a n a l y s i s .  

Des ign  C r i t e r i a  

Dra inage d e s i g n  c r i t e r i a  f o r  t h e  proposed f a c i l i t i e s  were deve loped t o  as- 

s i s t  t h e  Be1 1 Road segment des igne rs .  

C u r r e n t  s t a t e - o f  - t h e - a r t  c r i t e r i a  i n  use by l o c a l ,  r e g i o n a l  and s t a t e w i d e  

j u r i s d i c t i o n s  were rev iewed.  For  t h e  recommended d ra inage  c r i t e r i a .  see 

Appendix A i n  Vol ume I V .  



Technical Reference L i  s t  

The Techn ica l  Reference L i s t  p resented i n  t h e  back o f  Volume I prov ides  a 

d e t a i l e d  index o f  t h e  t e c h n i c a l  data  developed d u r i n g  t h e  p r e p a r a t i o n  o f  t h e  

B e l l  Road P r o j e c t  Drainage Study r e p o r t s .  Th is  data  base, i n c l u d i n g  magnet- 

i c  d i s k e t t e s  o f  t h e  H E C - 1  Computer Model ing have been p rov ided  t o  t h e  F lood 

Con t ro l  D i s t r i c t  o f  Maricopa County f o r  use d u r i n g  t h e  f i n a l  des ign phase o f  

t h e  B e l l  Road p r o j e c t .  

Concl usi ons 

The s e l e c t e d  s to rmwate r / f l oodwate r  management p l a n  f o r  B e l l  Road w i l l  p ro -  

v i d e  t h e  r e q u i r e d  number o f  d ry  t r a f f i c  l anes  d u r i n g  t h e  des ign storm event.  

I n  a d d i t i o n  t o  p r o t e c t i n g  t h e  roadway, t h e  se lec ted  p l a n  w i l l  n o t  adverse ly  

a f f e c t  e i t h e r  upstream p r o p e r t i e s  o r  downstream r e c e i v i n g  dra inage f a c i l i -  

t i e s .  

The s e l e c t e d  p l  an was developed t o  be compat ib le  w i t h  e x i s t i n g  and proposed 

dra inage and f l o o d  c o n t r o l  p r o j e c t s .  

I n  t h e  process o f  s e l e c t i n g  t h e  p l  an, c a r e f u l  c o n s i d e r a t i o n  was a1 so g i v e n  

t o  env i  ronmental concerns and acceptab i  1  i t y  t o  munic i  pa l  i t i e s  and p o t e n t i  a1 

f o r  c o n f l i c t  i n  schedu l ing  o f  t h e  B e l l  Road dra inage f a c i l i t i e s  and t h e  

o u t f a l l  f a c i l  i t i e s  proposed by o the rs .  

The s t a g i n g  o f  t h e  B e l l  Road p r o j e c t  dra inage improvements w i t h  t h e  con- 

s t r u c t i o n  phasing f o r  t h e  B e l l  Road roadway improvements, as proposed by t h e  

B e l l  Road P r o j e c t  Management Consu l tant ,  was a l s o  reviewed. J u s t  as i t  i s  

c r i t i c a l  t o  ensure t h a t  downstream o u t f a l l s  a r e  o p e r a t i o n a l  b e f o r e  t h e  B e l l  

Road dra inage f a c i l i t i e s  a r e  completed, i t  i s  i m p o r t a n t  t h a t  t h e  downstream 

dra inage f a c i l i t i e s  a long  B e l l  Road a r e  completed b e f o r e  t h e  upstream f a c i l -  

i t i e s  a long B e l l  Road. U t i l i t y  r e l o c a t i o n s  and t h e  c o n s t r u c t i o n  o f  dra inage 

f a c i l i t i e s  must precede t h e  pavement improvements t o  ensure t h e  i n t e g r i t y  o f  

t h e  f i n a l  pav ing work. 



Table 1 represents  the  construction dates f o r  the  segments of Bell Road as 

proposed by the  Management Consultant. These dates are  broken out by 

drainage area and locat ion.  Comments a r e  provided on potenti a1 f o r  conf l i c t  

between the roadway construction schedul es and the downstream t o  upstream 

staging of Be1 1 Road drainage f a c i l i t i e s .  

Costs were developed fo r  f a c i l  i t i e s  associated with construction of the Be1 1 

Road expansion. Costs were a1 so devel oped f o r  proposed f a c i l  i  t i e s  upstream 

and downstream of Bell Road tha t  will be constructed prior t o  and/or i n  the 

fu tu re  of the  system fo r  Bell Road only. Costs include construction, engi- 

neering, administration and 1 and acqui s i t i o n .  These f a c i l  i t i e s  were 

developed, f o r  the  most par t ,  by ongoing or adopted drainage master plans or 

area drainage master s tudies  proposed by others .  

Table 2 i s  a  summary of to ta l  cos t s  broken out by locat ion  (north,  south or 

along Be1 1 Road), adopted drainage master plan or ongoing study and by 

ju r i sd ic t ions .  

The cos t s  f o r  the  Be1 1 Road drainage f a c i l i t i e s  were a1 so evaluated with 

respect  t o  the proposed construction schedule. Table 3 presents costs  by 

f i s c a l  year and by ju r i sd ic t ions  f o r  each design segment of Be1 1 Road. This 

cost  breakout will a s s i s t  the par t ic ipa t ing  ju r i sd ic t ions  in planning t h e i r  

budgets f o r  each year during the  project  duration. Total project cos ts  by 

ju r i sd ic t ions  and by f i s c a l  year a r e  a lso  avai lable  from the  table.  Total 

Bell Road project  cos t s  (drainage f a c i l i t i e s  along Be1 1 Road only) wi l l  be 

approximately $14.1 mil l ion. Costs t o  the  par t ic ipa t ing  ju r i sd ic t ions  will 

be as follows: 

Town of Surprise 

City of Peoria 

City of Gl endale 

City of Phoenix 

Maricopa County 

$ 0.1 mil l ion 

$ 0.6 mil l ion 

$ 2.2 mil l ion 

$ 7.1 mil l ion 

8 4.1 mil l ion 



TABLE I 
CONSTRUCTION SCHEDULE FOR 

DRAINAGE FAClLlTlES ALONG BELL ROAD 
r 

DRA 1 NAGE 
AREA 

I 

2 

3 

4 

5 

6 

7 

8 

LOCAT t ON 

GRAND AVENUE -AGUA F R I A  

AGUA F R I A  - 115TH AVENUE 
115TH AVENUE - 93RD AVENUE 
93RD AVENUE - NEW RIVER 

NEW RIVER TO OUTER LOOP 
83RD AVENUE - SKUNK CREEK 

SKUNK CREEK - 67TH AVENUE 
67TH AVENUE - 51ST AVENUE 
51ST AVENUE - 43RD AVENUE 
43RD AVENUE - 1-17 

1-17 - 19TH AVENUE 
19TH AVENUE - CAVE CREEK 

CAVE CREEK - 7TH STREET 
7TH STREET - 20TH STREET 

20TH STREET - CAVE CREEK ROAD 
CAVE CREEK ROAD - 36TH STREET 

36TH STREET - 40TH STREET 
40TH STREET - 56TH STREET 
56TH STREET - SCOTTSDALE ROAD 

1988 
r 

1987 1989 1990 

DRAINAGE AND ROADWAY PHASING, OK 

1991 

- - 

DRAINAGE AND ROADWAY PHASING, OK 

DRAINAGE AND ROADWAY PHASING, OK 

DRAINAGE AND ROADWAY PHASING* OK 

DRAINAGE AND ROADWAY PHASING* OK 

ROADWAY AND/OR DRAINAGE PHASING 
WILL HAVE TO BE MODIFIED TO 
ENSURE PROPER SEQUENCING 

DRAINAGE AND ROADWAY PHASING* OK 

-- 1 

I//// '// 

1992 COMMENTS 

DRAINAGE AND ROADWAY PHASING, OK 

Vfi VA 



TABLE 2 
SUMMARY OF ESTIMATED COSTS 

LOCAT t ON TOWNOF C I T Y O F  C l T Y  OF C I T Y  OF MARICOPA 
PROPOSED BY SURPRISE PEORIA GLENDALE PHOENIX COUNTY TOTALS 

3 

N o r t h  o f  B e l l  Road Proposed 0 S 2,632r000 0 
by Glendale-Peorla ADMS 

N o r t h  of B e l l  Road Proposed 0 $2,493,000 S 992,000 
by  Be1 l Road P r o j e c t  
Dralnage Study (BRPDS) 

N o r t h  o f  B e l l  Road Proposed 0 0 
by Northwest Storm Dralnage 
Study (NSDS) 

N o r t h  of B e l l  Road Proposed 0 
by  N o r t h  Cent ra l  Area Master 
Storm Dralnage Study INCMSDI 

N o r t h  of B e l l  Road Prososed 0 
by Upper East  Fork o f  Cave 
Creek ADMS [UEFCC) 

N o r t h  o f  B e l l  Road Proposed 0 
by Nor theast  Area Master 
Storm Drainage Study (NAMSD) 

N o r t h  o f  B e l l  Road Proposed 0 
by Glendale Storm Water 
Management P lan  (SWMP) 

Sub-Tota l 0 S 5p1251000 S 3,133,000 S25t4051000 S 6,245,000 3 39,9088000 



TABLE 2 (CONT I NUED) 
SUMMARY OF ESTIMATED COSTS 

LOCAT 1 ON TOWN OF CITY OF CITY OF C I T Y  OF MARICOPA 

PROPOSED BY SURPR I SE PEOR I A GLENDALE PHOENIX COUNTY TOTALS 

Facllltles Along Bell Road S 110~000 S 641,000 S 2,296,000 S 3p799p000 S 1,163r000 S 8r009,000 
Proposed by BRPDS 

Facllitles Along Bell Road 0 
Proposed by UEFCC 

Sub-Tota l S 110~000 S 6411000 S 2,296,000 S 7,103,000 S 4,084,000 S 14,234-000 

Facllltles South of Bell 0 S 974,000 0 
Road Proposed by Glendale- 
Peorla ADMS 

Faci lltles South of Bell 
Road Proposed by BRPDS 

Facllltles South of Bell 
Road Proposed by SWMP 

Facllitles South of Bell 
Road Proposed by NSDS 

Facl llties South of Bell 
Road Proposed by UEFCC 

Facllltles South of Bell 
Road Proposed by NAMSD 

Sub-Tota l 0 S 974,000 S 6,521,000 S34,847,000 0 S 42,342,000 

GRAND TOTALm S llOt000 S 6,740,000 $11,950,000 S67,355~000 Sl0,329,000 S 96,484,000 

Channelization of East Fork of Cave Creek Wash (Cost From UEFCC ADMS Developed by Others) $ 10~1001000 

GRAND TOTAL S 106~584,000 



TABLE 3 
SUMMARY OF ESTIMATED COSTS 

FOR THE 
DRAINAGE FACILITIES ALONG BELL ROAD 

F l SCAL 
YEAR 

LOCAT l ON TOWN OF C l T Y  OF ClTY OF C l T Y  OF MARICOPA 

SURPRISE PEORIA GLENDALE PHOENIX COUNTY 
TOTAL 

1989-1990 93rd Avenue t o  Outer Loop $ 0  S 641,000 $ 0 $ 0 $ 0 S 641,000 
83rd Avenue t o  67 th  Avenue 0 0 1 , 105,000 0 0 1 , 105,000 
43rd Avenue t o  1-17 0 0 0 986,000 0 986 , 000 
19th Avenue t o  7 t h  S t r e e t  0 0 0 7 16r000 0 7 16,000 
Cave Creek Road t o  40th S t ree t  0 0 0 236,000 2192 1,000 3,15T1000 

Sub-Tota 1 0 S 641,000 S 11105t000 S 1,938,000 S 2,921,000 6,605,000 

1990-1991 115th Avenue t o  93rd Avenue $ 0 S 0 $ 0 S 0 $ 912,000 S 912,000 
67th  Avenue t o  51st  Avenue 0 0 1,191~000 0 0 1r191t000 
1-17 t o  19th Avenue 0 0 0 339,000 0 339,000 
7 t h  S t ree t  t o  Cave Creek Road 0 0 0 3,425,000 0 3, 425,000 
40th S t ree t  t o  56th  S t r e e t  0 0 0 768 , 000 0 768,000 

Sub-Tota l 0 0 S 1,191,000 S 4,532,000 S 912,000 3 6,635,000 

1991-1392 Grand Avenue t o  115th Avenue S l l O I O O O  S 0 S 0 S 0 S 251,000 S 36lr0O0 
51st  Avenue t o  43rd Avenue 0 0 0 388 , 000 0 388,000 
56th  S t ree t  t o  Scot tsda le  Road 0 0 0 245,000 0 245p000 

Sub-Tota l S l l O I O O O  $ 0 S 0 3 633,000 S 251,000 S 994,000 

Tota l  Sll0,OOO 3 641,000 S 2,296,000 S 7~103r000  S 4,084,000 3 14p2341000 
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LEGEND - CONDUIT 

-0- OPEN CHANNEL 

DETENTION BASIN 

5 1 PEAK FLOW IN CFS 

3 6 "  STRUCTURE SIZE 
FOR CONDUITS 

(714) STRl ICTIIRE NUMBER 

OPEN CHANNELS 

r~w.20;) TOP WIDTH 

FACILITIES PROPOSED 
BY THIS STUDY 

--s PROPOSED OR EXISTING 

FACILITIES FROM AREA 
MASTER DRAINAGE 
STUD1 ES 

PLATE 2 

SELECTED PLAN 
DRAINAGE AREA 2 

B E L L  ROAD PROJECT 

DRAINAGE STUDY 

Greiner 
Engineering 



~ T W = ~ O I  TOP WIDTH L D = ~ '  DEPTH 

FAClLl TIES PROPOSED 
BY THIS STUDY -- PROPOSED OR EXISTING 

FACILITIES FROM AREA 
MASTER DRAINAGE 
STU Dl ES 

PLATE 3 

SELECTED PLAN 
DRAINAGE AREA 3 

BELL ROAD PROJECT 

DRAINAGE STUDY 

LEGEND - CONDUIT 

-0- OPEN CHANNEL 

DETENTION BASIN 

5 1 PEAK FLOW IN CFS 

36" STRUCTURE SIZE 
FOR CONDUITS 

(714) STRUCTURE NUMBER 

OPEN CHANNE L S  

Greiner 
Engineering 



LEGEND - CONDUIT 

-0- OPEN CHANNEL 

DETENTION BASIN 

5 1 PEAK FLOW IN CFS 

36" STRUCTURE SIZE 
FOR CONDUITS 

(714) STRUCTURE NUMBER 

OPEN CHANNE LS 

TW.20 TOP WIDTH r ; ~  
L D = ~ '  1 DEPTH 

FACILITIES PROPOSED 
BY THIS STUDY -- PROPOSED OR EXISTING 
FAClL l f  IES FROM AREA 
MASTER DRAINAGE 
STUD l ES 

PLATE 4 

SELECTED PLAN 
DRAINAGE AREA 4 

(SHEET I OF 2 ) 

B E L L  ROAD PROJECT 

DRAINAGE STUDY 

Greiner 
Engineering 







I" = 2000' feet 

LEGEND - CONDUIT 

-0- OPEN CHANNEL 

DETENTION BASIN 

5 1 PEAK FLOW IN CFS 

36" STRUCTURE SIZE 
FOR CONDUITS 

(714) STRUCTURE NUMBER 

OPEN CHANNELS 

LD =3' 1 DEPTH 

FACILITIES PROP( ISED 
BY THIS STUDY -- PROPOSED OR EXISTING 
FACILITIES FROM AREA 
MASTER DRAINAGE 
STUDIES 

PLATE 7 

SELECTED PLAN 
DRAINAGE AREA 5 

(SHEET 2 O F 2 )  

BELL ROAD PROJECT 

DRAINAGE STUDY 

Greiner 
Engineering 



I" = 2000' feet 

LEGEND - CONDUIT 

* -  OPEN CHANNEL 

DETENTION BASIN 

5 1 PEAK FLOW IN CFS 

3 6 "  STRUCTURE SIZE 
FOR CONDUITS 

(714) STRUCTURE NUMBER 

OPEN CHANNELS 

~ T W = ~ O T  TOP WIDTH 

L D = ~ '  1 DEPTH 

FACILITIES PROPOSED 
BY THIS STUDY -- PROPOSED OR EXISTING 
FACILITIES FROM AREA 
MASTER DRAINAGE 
STUDIES 

PLATE 8 

SELECTED PLAN 
DRAINAGE A R F A  687 

BELL KWAD PROJECT 

DRAINAGE STUDY 

Greiner 
Engineering 



LEGEND - CONDUIT 

* -  OPEN CHANNEL 

DETENTION BASIN 

5 1 PEAK FLOW IN CFS 

3 3 "  STRUCTURE SIZE 
FOR CONDUITS 

(714) STRUCTURE NUMBER 

OPEN CHANNE L S  

~ T W = ~ O T  TOP WIDTH LD =3' 1 DEPTH 

FACILITIES PROPOSED 
BY THIS STUDY -- PROPOSED OR EXISTING 

FACILITIES FROM AREA 
MASTER DRAINAGE 
STUDIES 

PLATE 9 

SELECTED PLAN 
DRAINAGE AREA 7 
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DRAINAGE STUDY 

Greiner 
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