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IV. INTRODUCTION 

The Fl ood Control D i s t r i c t  of Maricopa County retained Grei ner Engineering 

Sciences. Inc. (GES) t o  prepare a stormwater/floodwater management plan f o r  

the  expansion of Bell Road. The expanded Be1 1 Road i s  conceived as a s ix  

lane urban a r t e r i a l  s t r e e t  extending twenty f i v e  miles from Grand Avenue t o  

Scottsdal e Road. 

The Sel ected StormwaterIFl oodwater Management Pl an report  i s  the  fourth 

report  prepared by GES f o r  the  Bell Road Project  Drainage Study. The other 

repor ts  are:  

Phase I ,  Eva1 uation, August 1986 (Volume I )  

Hydro1 ogi c Model i ng ,  September 1986 (Vol umes I and I I )  

Alternate Stormwater/Floodwater Management Concept Plans, January 

1987 (Volume I1 I )  

This repor t  documents the  procedures, methodology, objec t ives  and c r i t e r i a  

used t o  develop the selected stormwaterlfloodwater management plan f o r  Bell 

Road and t o  develop preliminary plans f o r  drainage f a c i l i t i e s  along Bell 

Road t o  be ins ta l led /cons t ruc ted  f o r  the  Bell Road expansion. The Bell Road 

drainage study i s  located between Grand Avenue and Scottsdal e Road and has 

been divided i n t o  ten major o f f - s i t e  drainage areas.  These areas a r e  

b r i e f l y  described as follows: 

Area 1: Bound by Bell Road on the  south. Grand Avenue on the  west. 

McMicken Dam Outlet Channel on the  north and the west boundary of 

Sun City West on the  eas t .  This drainage area i s  approximately 

0.3 square miles. 

On-si t e  1 imi t s  a re  the  Be1 1 Road right-of-way from Grand Avenue t o  

the  west bank of the  Agua Fria  River. 



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

t h e  r i d g e  on t h e  mounta in  i n  S e c t i o n  4. Township 4 Nor th ,  Range 1 

Eas t  on t h e  n o r t h  and t h e  New R i v e r  on t h e  eas t .  T h i s  d ra inage  

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

O n - s i t e  l i m i t s  a r e  t h e  B e l l  Road r i g h t - o f - w a y  f r o m  t h e  1 1 5 t h  

Avenue a l i gnmen t  t o  t h e  New R i v e r .  

Area 3: Bound by Be1 1  Road on t h e  south. New R i v e r  on t h e  west. Skunk 

Creek on t h e  e a s t  and Un ion  H i l l s  D r i v e  on 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 i  mate1 y 1.5 square m i l  es. 

O n - s i t e  l i m i t s  a r e  t h e  B e l l  Road r i g h t - o f - w a y  f r o m  New R i v e r  t o  

Skunk Creek. 

Area 4: Bound by B e l l  Road on t h e  south. Skunk Creek on 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 - 1 7  on t h e  eas t .  T h i s  

d r a i n a g e  a r e a  i s  a p p r o x i m a t e l y  8.0 square m i l  es. 

O n - s i t e  l i m i t s  a r e  t h e  B e l l  Road r i g h t - o f - w a y  f r o m  Skunk Creek t o  

1-17. 

Area 5: Bound by B e l l  Road on t h e  south. I n t e r s t a t e - 1 7  on  t h e  west, t h e  

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

eas t .  T h i s  d r a i n a g e  a rea  i s  app rox ima te l y  9.0 square  m i l  es. 

O n - s i t e  l i m i t s  a r e  t h e  B e l l  Road r i g h t - o f - w a y  f r o m  1-17 t o  Cave 

Creek. 

Area 6: Bound by B e l l  Road on t h e  south, Cave Creek on t h e  west, a  r i d g e  

l i n e  j u s t  n o r t h  o f  Bea rds ley  Road on t h e  n o r t h  and East  Fork  o f  

Cave Creek on t h e  eas t .  T h i s  d r a i n a g e  a rea  i s  a p p r o x i m a t e l y  4.0 

square m i  1  es. 



O n - s i t e  l i m i t s  a r e  t h e  B e l l  Road r i g h t - o f - w a y  f r o m  Cave Creek t o  

2 0 t h  S t r e e t .  

Area 7: Eas t  Fo rk  of Cave 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  4.8 square m i l e s .  

On-si t e  1  i m i t s  a r e  t h e  Be1 1  Road r i g h t - o f - w a y  f r o m  2 0 t h  S t r e e t  t o  

j u s t  e a s t  o f  3 4 t h  Way. 

Area 8: Bound by B e l l  Road on t h e  south, Eas t  Fo rk  o f  Cave Creek d ra inage  

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 ra inage  area i s  app rox ima te l y  7.3 square m i l e s .  

O n - s i t e  l i m i t s  a r e  t h e  B e l l  Road r i g h t - o f - w a y  from j u s t  west  o f  

3 6 t h  S t r e e t  t o  S c o t t s d a l e  Road. 

Area 9: Skunk Creek watershed.  T h i s  d ra inage  a rea  i s  app rox ima te l y  7.3 

sauare  m i l  es. 

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

square mi  1  es. 

The 1  i m i  t s  o f  a1 1  d r a i n a g e  areas a r e  shown on E x h i b i t  1. 





V .  OBJECTIVES 

The object ive of the  study i s  t o  develop a stormwater/floodwater management 

plan f o r  the  expansion of Be1 1 Road from Grand Avenue t o  Scottsdal e Road 

which incl udes a cos t -ef fec t ive  method of hand1 ing on-si t e  drainage and 

provides flooding protection f o r  the roadway. In addit ion,  the plan will  

ensure t h a t  downstream drainage f a c i l i t i e s  can handle discharged flows or 

t h a t  new f a c i l  i t i e s  can be provided t o  an adequate ou t fa l l .  Upstream 

propert ies  will  not be adversely impacted by the  construction of the  roadway 

or drainage f a c i l i t i e s .  

The object ive of t h i s  report  i s  t o  develop the  selected stormwater/flood- 

water plan based on the  review committee's comments and recommendations from 

the  development of a l t e rna t ive  concept plans. The system proposed fo r  the  

drainage master plan will  be developed t o  a preliminary plan 1 eve1 f o r  

f a c i l i t i e s  along Bell Road. 

The prel iminary pl ans will  incl ude s izes ,  slopes, p ro f i l e s ,  a1 ignments and 

locat ions as appropriate f o r  channels, pipes, trunk mains, culver ts  and 

detention basi ns. Tab1 es  and/or exhibi t s  wi 1 1 be devel oped t h a t  document 

a l l  of the  drainage systems proposed f o r  the  Be1 1 Road master plan. These 

t ab les  and/or exh ib i t s  will  document each s t ruc tu re  by number, type, s i ze ,  

slope, depth, vol ume and area required f o r  channel s ,  pipes, trunk mains, 

cul ve r t s  and detention basins. Exi s t ing  and requi red rights-of-way will  be 

determined and preliminary quan t i t i e s  and cos ts  f o r  each element of the  plan 

wil l  be estimated. The impacts of the  design storm on major drainage 

f a c i l i t i e s  downstream of Bell Road shall a lso  be analyzed. 

Design c r i t e r i a  shall  be developed as standards and guidelines f o r  the  

design and imp1 ementation of the  drainage improvements proposed f o r  Be1 1 

Road. 



The goal of t h e  se lec ted  p l a n  i s  t o  a1 1  ow f o r  t r a v e l  on t h e  proposed Be1 1  

Road expansion d u r i n g  t h e  post-devel  opment ( f u t u r e )  c o n d i t i o n  design storm 

event, as s e l e c t e d  by each j u r i s d i c t i o n ,  as w e l l  as ensure t h a t  downstream 

and upstream c o n d i t i o n s  w i l l  n o t  be worsened i n  t h e  100-year event. A t  a 

minimum, fou r  l anes  of B e l l  Road must remain open d u r i n g  t h e  se lec ted  design 

storm event.  



V I .  PROCEDURES AND METHODOLOGY 

The selected stormwater/floodwater management plan for Bell Road was devel- 

oped from alternative concept plans previously submitted to  the Flood 

Control Dis t r ic t  of Maricopa County (FCD) in January 1987, and through 

discussions with the Review Committee comprised of representatives from the 

Town of Surprise, City of Peoria, City of Glendale, City of Phoenix and 

Maricopa County Highway Department and Flood Control Dis t r ic t .  A1 ternative 

stormwater/floodwater management concept plans were developed for the 100- 

year and 10-year frequency storm events. Each alternative was evaluated in 

terms of capital costs, effectiveness. envi ronmental impacts and 

compatibility with other projects and plans. Matrices for ranked comparison 

of a1 ternati  ve concepts were prepared. 

The alternative stormwater/floodwater management concept plans were reviewed 

by the Review Committee which then selected the concept for development t o  

the prel imi nary pl an level. The City of G 1  endal e and Maricopa County 

Highway Department selected the 10-year storm as the preferred design level 

for  the Bell Road f a c i l i t i e s  within the i r  jurisdiction.  The City of Peoria 

and City of Phoenix requested that  the drainage f a c i l i t i e s  proposed for the 

segments of Bell Road within the i r  respective jurisdictions be downsized t o  

the 2-year storm design 1 evel. The design storm frequencies specified by 

the City of Glendale and City of Phoenix ensure that  the design of the Be1 1 

Road Project drainage f a c i l i t i e s  within their  jurisdictions are consistent 

with thei r adopted stormwater management pl ans. Facil i t i e s  within the Town 

of Surprise will be designed for the 10-year frequency storm. 

A. Sel ected Pl an Devel opment 

The sel ected stormwaterlfl oodwater management pl an i s  comprised of 

interconnected systems of open channels, detention basins and/or closed 

conduits. A number of factors were considered in developing drainage 

systems for  each drainage area. These factors are:  



o Location and magnitude of runoff concentrating a t  Eel 1 Road 

o Location and adequacy of o u t f a l l s  

o Avail abil  i  t y  of vacant 1 and a1 ong Be1 1 Road or in the  upper watershed 

su i t ab le  fo r  open channels or detention basins 

o Approved and ongoing storm drainage pl ans proposed by federal , s t a t e  

and 1 ocal ju r i sd ic t ions  

To ensure t h a t  stormwater flows in excess of the  design capacity of the  

Bell Road drainage f a c i l i t i e s  continue in t h e i r  h i s t o r i c  path, exis t ing  

dip sect ions and major cross-cul ver ts  shoul d be maintained. 

The 1 ocation and types of components f o r  each system a r e  shown in Plates 

1 through 11 found in Section VII I .  

B. Hydrologic and Hydraulic Procedures 

The o f f - s i t e  hydrology i s  summarized in  the  "Hydro1 ogic Modeling" report  

dated September 17, 1986. The design storms used f o r  t h i s  report  a r e  

t h e  10-year. 24-hour storm and the  2-year. 24-hour storm. Discharge 

values were determined by u t i l i z i n g  the  H E C - 1  computer program. The 

hydrol ogic modeling used t o  develop the  selected plans was performed f o r  

post-development ( fu tu re )  watershed conditions. Existing and proposed 

drainage systems, as proposed by approved and/or ongoi ng  area drainage 

master s tudies  and master storm drain plans. were incorporated in the 

model s .  

The o f f - s i t e  hydrol ogic model s previously developed f o r  the  2-year and 

10-year storms were re-analyzed and incorporated the components of the  

selected drainage systems. The HEC-1 program was used t o  route flows 

through the  selected drainage systems and t o  ca lcula te  the  revised 10- 

year or 2-year peak discharge values a t  the  outfal 1s. 



P r e l i m i n a r y  s t r u c t u r e  s i z e s  were assumed and i n c o r p o r a t e d  i n t o  t h e  

hyd ro l  og i  c  model s. The r e s u l  t a n t  c a l  cu l  a ted  peak d ischarges were then  

used t o  r e s i z e  t h e  dra inage s t r u c t u r e s .  Open channels were s i z e d  f o r  

normal depth f l o w  u s i n g  t h e  Manning Equation. The Federal  Highway Ad- 

m i n i  s t r a t i o n  "Hydraul i c  Char ts  f o r  t h e  S e l e c t i o n  o f  Highway Cul v e r t s "  

(HEC No. 5)  was used f o r  s i z i n g  c losed  condu i t s .  The f i n a l  peak d i s -  

charge va lues r o u t e d  through t h e  components o f  t h e  s e l e c t e d  dra inage 

systems a r e  shown on P l a t e s  1 th rough  11. 

The c a l  c u l  a ted  dra inage s t r u c t u r e  s i z e s  were r e - i  nput  t o  t h e  hydro l  og i  c  

model. I f  t h e  r e s u l t a n t  peak d ischarges were s i g n i f i c a n t l y  d i f f e r e n t  

f r o m  t h e  prev ious1 y  c a l  c u l  a t e d  d ischarge va l  ues, t h e  s t r u c t u r e  s i z e s  

were r e c a l c u l  a ted.  

The f o l l o w i n g  c r i t e r i a  and procedures were f o l l o w e d  i n  s i z i n g  and 

a n a l y z i n g  t h e  s e l e c t e d  dra inage systems. 

o A Manning's Roughness C o e f f i c i e n t  (n)  o f  0.027 was used f o r  ea r then  

channels. A va lue  o f  0.012 was used f o r  conc re te  p i p e  storm d r a i n s .  

o Storm d r a i n  c u l v e r t  s lopes were approximate t o  t h e  e x i s t i n g  ground 

s lope.  as determined f r o m  7.5 m inu te  quadrangle maps and C i t y  o f  

Phoenix AP #40 maps. 

o The o u t f a l l  s t r u c t u r e s  were s i z e d  r e f 1  e c t i  ng t h e  f a c i l i t i e s  proposed 

i n  approved and ongoing a rea  dra inage master s t u d i e s  and master s torm 

d r a i n  p lans.  

o P o t e n t i a l  impacts  on downstream f a c i l  i t i e s  o r  watercourses were e v a l -  

uated a t  c o n c e n t r a t i o n  p o i n t s  a long  B e l l  Road meet ing t h e  f o l l o w i n g  

c r i t e r i a :  

a. The 10-year o r  2-year r a t e  (whichever agrees w i t h  t h e  s e l e c t e d  

des ign s torm f requency f o r  each j u r i s d i c t i o n )  passed th rough  B e l l  



Road ( w i t h  s e l e c t e d  d ra inage  system i n  p l  ace) i s  g r e a t e r  t h a n  200 

c f s  o r  60  c f s  r e s p e c t i v e l y ,  and 

b. t h e  c a p a c i t y  o f  t h e  e x i s t i n g  o r  p lanned r e c e i v i n g  system i s  ex-  

ceeded. 

O n - s i t e  r u n o f f  genera ted w i t h i n  t h e  B e l l  Road r i g h t - o f - w a y  w i d t h  o f  

110 f e e t  was c a l c u l a t e d  u s i n g  t h e  R a t i o n a l  Equat ion,  Q=CIA. It was 

de te rm ined  t h a t  s i x  c f s  o f  r u n o f f  i s  genera ted per  0.25 m i l e s  o f  

roadway ( o n e - h a l f  s t r e e t )  f o r  t h e  10-year s to rm and two c f s  f o r  t h e  2 -  

y e a r  storm. S ince o n - s i t e  r u n o f f  w i l l  peak e a r l i e r  t h a n  o f f - s i t e  

s to rmwater  r u n o f f ,  t h e  f l o w s  were n o t  combined f o r  t h e  purpose o f  

s to rm d r a i n  s i z i n g ,  where o f f - s i t e  r u n o f f  was t h e  ma jo r  c o n t r i b u t o r  o f  

f l o w .  



VII .  DESIGN CRITERIA 

The sel ected stormwaterlfl oodwater management concept pl an was devel oped 

using established design and special c r i t e r i a  provided by the  Flood Control 

D i s t r i c t ,  a s  we1 1 as  current1 y accepted engineering pract ices.  The drainage 

design c r i t e r i a  and standards of s t a t e  and 1 ocal municipal i t i e s  and organi- 

zat ions were reviewed fo r  the  purpose of developing the  c r i t e r i a  u t i l i zed  in  

t h i s  report .  A l i s t i n g  of the source material used can be found in Refer- 

ences, Section XIV. 

Design cr i t e r i  a standards and gui del i  nes fo r  the  devel opment and i mpl ementa- 

t ion of the drainage improvements proposed f o r  the  Bell Road selected storm- 

waterlf l  oodwater management pl an were a1 so prepared f o r  use by the  project 

designers. These c r i t e r i a  a re  found in Appendix A. 



VIII. SELECTED STORWATERIFLOODWATER MANAGEMENT PLAN 

The major el ements of the sel ected stormwater/floodwater management pl an, 

including trunk l i ne s ,  on-si te  storm drains, detention basins and open chan- 

nel s are  described on the following pages. 

In addition t o  a description of the major elements of the drainage systems 

fo r  each drainage area, information i s  provided on the location of major 

stormwater runoff concentration points along Bell Road and the design f re -  

quency of the selected drainage systems. The a1 ternat i  ve, or modified 

a1 t e rna t i  ve from the A1 te rnat i  ve Stormwater/Fl oodwater Management Concept 

Plans report prepared by Greiner in January 1987 and selected for 

development t o  the preliminary plan level i s  ident i f ied  with the rat ionale 

fo r  the selection.  Effectiveness, environmental impacts and compati bil i ty 

with other projects and plans are  a1 so discussed. The ou t fa l l s  for  the 

sel ected drainage systems are described incl udi n g  thei r s t a tus  and design 

frequency. 

Exhibits on 111'x17" sheets have been prepared for  the selected storm- 

waterlfloodwater management systems fo r  each drainage area and a re  found 

immediately fol lowing the  description of the selected systems fo r  each 

drainage area. The alignments and types of s t ructures  a re  graphically 

shown. Fac i l i t i e s  proposed by t h i s  study are represented by a solid l i n e  

pattern. Existing or proposed faci  1 i t i e s  from ongoing or approved master 

drainage studies a r e  represented by broken 1 i ne patterns. Structures are  

ident i f ied  by reference numbers which also appear in the s t ructure  summary 

tables  and cost  estimate tables.  Structure numbers are  not assigned t o  

exis t ing f a c i l i t i e s .  Structures a re  al l  assigned a three d ig i t  number with 

the  f i r s t  d i g i t  representing the drainage area ident i f ica t ion.  Peak flow 

values and s t ruc tu re  s izes  f o r  proposed open channels and conduits are  also 

provided on the exhibits .  The ll"x17" exhibi ts  are  preceded by a Structure 

Summary Table which iden t i f i e s  the s t ructures  by location with respect t o  

Bell Road, s t ruc tu re  number, s t ruc tu re  type, design frequency, design 

discharge or vol ume (conduits or basins respectively),  slope, channel 

charac te r i s t i c s  [depth and top w i d t h  (TWII arid length. 
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The e x i s t i n g  b r i d g e s  a long B e l l  Road (Agua F r i a  R iver .  New River .  Skunk 

Creek and Cave Creek) were o n l y  analyzed f o r  t h e i r  adequacy t o  convey t h e  

100-year s torm f l o w .  Regula tory  f l o o d  d e l i n e a t i o n  maps were used t o  e v a l -  

uate  t h e  s t r u c t u r e s '  adequacy. Widening o f  t h e  b r i d g e s  was n o t  eva lua ted  

based on t h e  f u t u r e  expansion o f  Be1 1 Road. T h i s  i s s u e  should be addressed 

by t h e  Management Consu l tan t  o r  t h e  segment des igners .  

Some o f  t h e  s t r u c t u r e s  presented i n  t h i s  study were i n i t i a l l y  developed by 

p rev ious  o r  on-goi  ng s t u d i e s .  These s t u d i e s  a r e  re ferenced by a b b r e v i a t i o n s  

i n  t h e  S t r u c t u r e  Summary t a b l e s  and i n  t h e  c o s t  summary t a b l e s  i n  S e c t i o n  X.  

These r e p o r t s  and t h e  adopted a b b r e v i a t i o n  a r e  as f o l l o w s :  

G l  endal e-Peor i  a  Area Drainage Master P l  an (Gl endal e-Peor ia  ADMS) , pre -  

pared by Camp, Dresser  & McKee Inc. .  and James M. Montgomery. Consu l t i ng  

Engineers, Inc .  i n  A p r i l  1986. 

G l  endal e  Storm Water Management P l  an (SWMP), prepared by Camp, Dresser  & 

McKee Inc .  i n  1986. 

Nor thwest  Storm Drainage Study (NSDS), p repared by A r t h u r  Beard Engi-  

neers. Inc .  i n  1977. 

N o r t h  Cen t ra l  Area Master Storm Drainage Study - West H a l f  (NCMSD). 

prepared by SCI C o n s u l t i n g  Engineers i n  1980. 

Upper East  Fork o f  Cave Creek Area Drainage Master Study (UEFCC ADMS). 

on-going s tudy  by NBS/Lowry Engineers. 

Nor theas t  Area Master Storm Dra inage Study (NMMSD), prepared by South- 

west  Computing, Inc .  i n  1979. 

Be1 1  Road P r o j e c t  D r a i  nage Study (BRPD), c u r r e n t l y  be ing  devel oped by 

Gre i  ne r  Eng ineer ing  Sciences. Inc .  



Other  s tandard  a b b r e v i a t i o n s  used i n  t h e  f o l l o w i n g  s e c t i o n s  are :  

CMP Cor rugated Metal  P ipe  

RC P  R e i n f o r c e d  Concre te  P ipe 

RCBC R e i n f o r c e d  Concre te  Box C u l v e r t  

Bas in  D e t e n t i o n  B a s i n  

CB Catch B a s i n  

For  t h e  purpose o f  t h i s  s tudy (BRPD), proposed f a c i l i t i e s  a long Be1 1  Road 

a r e  i d e n t i f i e d  as be ing  proposed by t h e  BRPD study,  i n c l u d i n g  s t r u c t u r e s  

recommended by p r e v i o u s  o r  o t h e r  on-going s t u d i e s .  T h i s  d e s i g n a t i o n  i s  a l s o  

c a r r i e d  th rough  i n t o  t h e  summary c o s t  t a b l e s  i n  S e c t i o n  X. However, t h e  

f a c i l  i t i e s  proposed by t h e  UEFCC ADMS f o r  Be1 1  Road a r e  designed f o r  t h e  

100-year f requency  storm. They are,  t h e r e f o r e ,  broken o u t  s e p a r a t e l y  i n  t h e  

c o s t  summaries f o r  Dra inage Areas 6 and 7. 



Drainage Area 1: The selected f a c i l i t i e s  for o f f - s i te  drainage in Drainage 

Area 1 are within the jurisdiction of Maricopa County. Runoff collects a t  

three existing culverts along Grand Avenue and the Atchison-Topeka and Santa 

Fe Railroad rights-of-way. The locations of these culverts are shown on 

Sheet 3 of the Prel irni nary Concept Drainage Pl ans in Section IX. The cul - 

verts were analyzed for the 2-year frequency storm. The two westerly cul- 

verts. a 36" R C P  and a 24" RCP were found to  be adequate. The easternmost 

culvert ,  a 24"  CMP, was found to  be inadequate and should be replaced with a 

36" RCP with a design capacity of 53 cfs.  Cul vert di scharges will continue 

t o  flow in their  his tor ic  paths along the ra i l  road right-of-way. A gunite 

channel has been proposed by the Grand Avenue Corridor S t u d y  a t  th i s  loca- 

tion as part of the Grand Avenue Expressway. The Grand Avenue Expressway 

project i s  not scheduled for construction before the year 2000. A t  that  

time the cul vert can be connected t o  the drainageway. 

Off-site runoff from east  of the culvert locations i s  intercepted by the Sun  

City West drainage system and conveyed to  the Agua Fria River without irn- 

pacti ng  Be1 1 Road. 

On-Site Runoff: Bell Road within Drainage Area 1 (Grand Avenue to  the Agua 

Fria River) i s  within the jurisdiction of the Maricopa County Highway 

Department and the Town of Surprise. The on-site drainage f a c i l i t i e s  are 

designed for  the 10-year storm event. Runoff generated between Grand Avenue 

to  approximately 900 f ee t  east  of Dysart Road will be conveyed by a 2411-3011 

storm drain t o  the existing drainageway located north and para1 le l  t o  Be1 1 

Road. This drainageway discharges easterly to  the Agua Fria River. The 

drainageway i s  privately owned by the developer of Sun City West and an 

agreement and temporary construction easement from the owner will be 

required. 

Runoff generated from 900 f e e t  east  of Dysart Road t o  the Agua Fria River 

will be intercepted by catch basins that  will discharge directly via 

l a t e r a l s  t o  the above referenced drainageway. This was found to  be more 

cost-effective than insta l l ing a continuous storm drain along Bell Road. An 

agreement and temporary construction easement will a1 so be requi red for  

these structures.  
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Refer t o  P l a t e  1 f o r  a  genera l  schemat ic  o f  t h e  d ra inage  f a c i l i t i e s  and t o  

Sheets 3, 4 and 5 o f  t h e  P r e l i m i n a r y  Concept Dra inage P lans  i n  S e c t i o n  I X  

f o r  more d e t a i l  o f  b o t h  t h e  o f f - s i t e  and o n - s i t e  d ra inage  f a c i l i t i e s .  Re fe r  

t o  T a b l e  1 f o r  t h e  summary d e s c r i p t i o n  o f  t h e  s t r u c t u r e s  w i t h i n  Dra inage 

Area 1. 

The s e l e c t e d  s t o r m w a t e r / f l o o d w a t e r  f a c i l i t i e s  f o r  Dra inage Area 1 a r e  e f f e c -  

t i v e  i n  i n t e r c e p t i n g  and convey ing  t h e  des ign  f l o w s  t o  adequate o u t f a l l  s. 

The proposed drainageway f o r  t h e  Grand Avenue Expressway w i l l  be designed t o  

a t  l e a s t  t h e  50-year f requency s to rm l e v e l .  The e x i s t i n g  Sun C i t y  West 

d r a i  nageway was des igned t o  t h e  100-year s to rm 1  eve1 . There  w i  11  be no 

l o n g - t e r m  adverse env i ronmen ta l  impacts .  There w i l l  be m ino r  s h o r t - t e r m  

impac ts  a s s o c i a t e d  w i t h  t h e  c o n s t r u c t i o n  o f  t h e  d ra inage  f a c i l i t i e s  such as 

no i se ,  d u s t  and d i s r u p t i o n  o f  t r a f f i c .  



S t r u c t u r e  S t r u c t u r e  
L o c a t i o n  No. Type 

A1 ong B e l l  110 36 I' RC P 
Road 111 24" RCP 

112 30" RCP 
N/ A 22 CB1s 

w i t h  15" 
1  a t e r a l  s 

TABLE 1 

STRUCTURE SUMMARY 
DRAINAGE AREA 1 

D i  scharge l  
Design Vol ume S1 ope 

Frequency ( c f  s/AF ( f t . l f t . 1  

Channel 
DepthITW Length 
(ft.) (ft.) 





Dra inage Area 2: The s e l e c t e d  f a c i l i t i e s  f o r  Drainage Area 2 a r e  w i t h i n  t h e  

Ci ty o f  Peor ia .  Major  o f f - s i t e  r u n o f f  c o n c e n t r a t i o n  p o i n t s  a1 ong B e l l  Road 

a r e  a t  9 1 s t  Avenue and 8 7 t h  Avenue. The s e l e c t e d  system was designed f o r  

t h e  2-year s torm event  pe r  C i t y  o f  P e o r i a ' s  guidance and i s  a m o d i f i c a t i o n  

of t h e  10-year s torm A1 t e r n a t i v e  4. T h i s  a1 t e r n a t i v e  was s e l e c t e d  w i t h  

m o d i f i c a t i o n ,  because p a r a l l e l  s torm d r a i n  systems w i t h  d e t e n t i o n  bas ins  

a long 9 1 s t  Avenue and 8 7 t h  Avenue were determined t o  be t h e  most c o s t -  

e f f e c t i v e .  The 9 1 s t  Avenue system i s  comprised o f  an open channel f r o m  Deer 

Val l e y  Road t o  Beardsl  ey Road and a  s torm d r a i n  system between Beardsl  ey 

Road and B e l l  Road. South o f  B e l l  Road, t h e  storm d r a i n  system d ischarges 

i n t o  a  channel w i t h  an o u t f a l l  t o  t h e  New R i v e r  a t  Greenway Road. 

D e t e n t i o n  bas ins  w i l l  be l o c a t e d  a t  t h e  n o r t h e a s t  co rne r  o f  Beards ley  Road 

and 9 1 s t  Avenue and a t  t h e  n o r t h e a s t  co rne r  o f  Union H i l l s  D r i v e  and 9 1 s t  

Avenue. 

The 8 7 t h  Avenue system c o n s i s t s  o f  an open channel f rom Deer V a l l e y  Road t o  

Beards ley  Road and a  s torm d r a i n  system a long  8 7 t h  Avenue between Beardsl  ey 

Road and Union H i l l s  Dr i ve .  A t  Un ion H i l l s  Dr i ve .  t h e  system heads eastward 

a long  Union H i l l s  D r i v e  t o  i t s  o u t f a l l  a t  t h e  New R ive r  near  83 rd  Avenue. A 

d e t e n t i o n  b a s i n  w i l l  be l o c a t e d  a t  t h e  n o r t h e a s t  co rne r  o f  Union H i l l s  D r i v e  

and 8 7 t h  Avenue. Storm d r a i n  p i  pes a1 ong Be1 1  Road f r o m  8 7 t h  Avenue t o  t h e  

New R i v e r  and between 9 5 t h  and 9 1 s t  Avenues, w i l l  i n t e r c e p t  o f f - s i t e  r u n o f f  

d r a i n i n g  t o  these segments o f  B e l l  Road f rom areas t o  t h e  no r th .  

The 9 1 s t  Avenue system was proposed by t h e  Master P lan  o f  Storm Drainage f o r  

t h e  C i t y  of Peor ia,  prepared i n  1986 by James M. Montgomery. Consu l t i ng  

Engineers. The system was i n i t i a l l y  designed f o r  t h e  10-year s torm event. 

A t  t h e  d i r e c t i o n  o f  t h e  City, t h i s  system was downsized t o  t h e  2-year 

frequency s torm des ign  l e v e l .  I n  t h a t  study, t h e  channel south  o f  B e l l  Road 

con t inued  a long  t h e  9 1 s t  Avenue a1 ignment south  o f  Greenway Road, th rough  

t h e  D e s e r t  Anchors s u b d i v i s i o n ,  t h e n  d ischarged i n t o  t h e  New R i v e r  where i t  

i n t e r c e p t s  9 1 s t  Avenue. It was determined f rom f i e l d  i n v e s t i g a t i o n s  t h a t  

Deser t  Anchors was c o n s t r u c t e d  on f i l l  and an ea r then  berm a long  Greenway 

d i v e r t s  r u n o f f  t o  t h e  e a s t  t o  New River .  Therefore ,  t h e  open channel 
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f o l l o w s  t h e  9 1 s t  Avenue a1 ignment t o  Greenway Road, then  heads eas t  a1 ong 

Greenway Road t o  t h e  New R ive r .  

The open channels a long 9 1 s t  Avenue and 87 th  Avenue may be in terchanged w i t h  

c losed  c o n d u i t s  i f  t h e  ad jacen t  p r o p e r t y  i s  developed p r i o r  t o  c o n s t r u c t i o n  

o f  t h e  stormwater f a c i l i t i e s .  F i n a l  c o n d u i t  s i zes  w i l l  be determined i n  

accordance w i t h  t h e  C i t y  o f  Peor ia  Master Plan f o r  Storm Drainage. 

O f f - s i t e  r u n o f f  f rom n o r t h  o f  B e l l  Road between t h e  Agua F r i a  R ive r  and t h e  

115 th  Avenue a l ignment  i s  i n t e r c e p t e d  by a  l a r g e  ear then channel n o r t h  o f  

B e l l  Road, conveyed around t h e  Agua F r i a  Br idge  spur d i k e  and discharged 

i n t o  t h e  r i v e r .  The i n t e g r i t y  o f  t h e  ear then channel must be main ta ined t o  

p r o t e c t  t h e  roadway. According t o  c u r r e n t  f l  oodpl a i n  maps, b r i d g e  and 

channel improvements t o  t h e  Agua F r i a  R ive r  d i r e c t  t h e  100-year d ischarge i n  

t h e  r i v e r  through t h e  B e l l  Road b r i d g e  w i t h  no impacts t o  t h e  roadway. One 

hundred year  f requency o f f - s i t e  r u n o f f  f rom between 115th Avenue t o  91s t  

Avenue i s  i n t e r c e p t e d  and conveyed by t h e  Sun C i t y  drainage system t o  t h e  

Agua F r i a  River .  

On-s i te  Runoff :  B e l l  Road w i t h i n  Drainage Area 2 i s  w i t h i n  t h e  j u r i s d i c t i o n  

o f  t h e  Town o f  S u r p r i s e  (Agua F r i a  R i v e r  t o  115 th  Avenue), Maricopa County 

(115th Avenue t o  t h e  e a s t  end o f  Sun C i t y  and 8 9 t h  Avenue t o  New R i v e r )  and 

C i t y  o f  Peor ia  (Sun C i t y  t o  8 9 t h  Avenue). These o n - s i t e  dra inage f a c i l i t i e s  

w i t h i n  County and Town o f  Surp r i se  j u r i s d i c t i o n s  a r e  designed f o r  t h e  10- 

year  f requency storm. F a c i l i t i e s  w i t h i n  t h e  C i t y  o f  Peor ia  a r e  designed f o r  

t h e  2-year f requency storm. 

F a c i l i t i e s  f rom t h e  Agua F r i a  R i v e r  t o  Del Webb Boulevard (107th Avenue) a r e  

comprised o f  c a t c h  bas ins  w i t h  l a t e r a l s  d i s c h a r g i n g  d i r e c t l y  t o  t h e  p r i v a t e  

ea r then  channel o r  guni  t e  d r a i  nageway 1 ocated n o r t h  o f  and para1 l e l  t o  Be1 1 

Road. These open channels convey r u n o f f  t o  t h e  Agua F r i a  River .  Runoff 

f rom Del Webb Boulevard t o  105 th  Avenue w i l l  be conveyed by a  storm d r a i n  

t h a t  w i l l  t i e  i n t o  an e x i s t i n g  48" storm d r a i n  a t  105 th  Avenue. T h i s  storm 

d r a i n  was designed by t h e  deve loper  o f  Sun C i t y  t o  i n t e r c e p t  r u n o f f  f rom 

1 0 5 t h  Avenue and Boswell Boulevard (approx imate ly  1.100 f e e t  west o f  9 9 t h  

Avenue). The storm d r a i n  d ischarges i n t o  a  g u n i t e  drainageway a t  9 9 t h  
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Avenue. T h i s  drainageway conveys storm water  r u n o f f  t o  t h e  New River .  The 

drainageway was designed f o r  t h e  100-year storm event. New ca tch  bas ins  

w i l l  be connected t o  t h e  e x i s t i n g  48" s torm d ra in .  The a b i l i t y  o f  t h e  

e x i s t i n g  48" storm d r a i n  t o  convey a d d i t i o n a l  o n - s i t e  r u n o f f  w i l l  have t o  be 

c a r e f u l l y  eva lua ted  a t  t h e  t ime  o f  f i n a l  design. An agreement w i l l  have t o  

be ob ta ined  f rom t h e  developer o f  Sun Ci ty t o  t i e  i n t o  t h i s  storm d ra in .  

S i m i l  a r  agreements and temporary c o n s t r u c t i o n  easements w i l l  be requ i  red  f o r  

a l l  o f  t h e  Be1 1  Road drainage f a c i l i t i e s  between t h e  Agua F r i a  R ive r  and 

Burns Avenue. 

On-s i te  r u n o f f  f rom Burns D r i v e  t o  9 9 t h  Avenue w i l l  be conveyed westward v i a  

storm d r a i n  t o  t h e  9 9 t h  Avenue drainageway. On-s i te  r u n o f f  f rom Burns 

Avenue t o  9 1 s t  Avenue w i l l  be conveyed eastward v i a  storm d r a i n  t o  t h e  open 

channel south  of B e l l  Road a long 9 1 s t  Avenue. 

T h i s  storm d r a i n  i s  designed f o r  t h e  10-year f requency storm. On-s i te  run-  

o f f  f rom 9 1 s t  Avenue t o  t h e  New River  w i l l  be conveyed by t h e  storm d r a i n  

l o c a t e d  a long Be1 1  Road designed t o  i n t e r c e p t  o f f - s i t e  r u n o f f  f rom t h e  C i t y  

o f  Peor ia.  

Refer  t o  P l a t e s  1 and 2 f o r  schematics o f  t h e  proposed o n - s i t e  and o f f - s i t e  

f a c i l i t i e s  f o r  Drainage Area 2. Refer t o  Sheets 5 th rough  10 o f  t h e  Pre l im-  

i n a r y  Plans f o r  more d e t a i l  on t h e  dra inage f a c i l i t i e s  along Be1 1  Road. 

Refer t o  Table  2 f o r  summary d e s c r i p t i o n s  o f  t h e  s t r u c t u r e s .  

The s e l e c t e d  s tormwater / f loodwater  f a c i l i t i e s  f o r  Drainage Area 2 a r e  e f f e c -  

t i v e  i n  i n t e r c e p t i n g  and conveying t h e  des ign f l o w s  t o  adequate o u t f a l l  s. 

The e x i s t i n g  stormwater dra inage f a c i l i t i e s  i n  Sun Ci ty were designed f o r  

t h e  100-year f requency storm. 

Both  e x i s t i n g  and new f a c i l i t i e s  convey storm water  r u n o f f  t o  e i t h e r  t h e  

Agua F r i a  R ive r  o r  t h e  New R ive r  and have t h e  c a p a c i t y  t o  convey t h e  100- 

year  f l o w  through Be1 1  Road. Environmental impacts a long Be1 1  Road w i l l  be 

minor  and shor t - term.  



The c o n s t r u c t i o n  o f  t h e  f a c i l i t i e s  n o r t h  o f  Be1 1  Road, i n c l u d i n g  storm 

d r a i n s ,  open channel s  and d e t e n t i o n  bas ins  can be phased w i t h  t h e  f u t u r e  

development o f  t h e  area. The exact  a l ignments  o f  t h e  channels and c o n d u i t s  

and t h e  c o n f i g u r a t i o n  o f  the bas ins  can be i n t e g r a t e d  w i t h  t h e  master deve l -  

opment o f  t h e  area. Open channels may be rep laced  a t  t h e  t i m e  o f  f u l l  de- 

v e l  opment w i t h  c l o s e d  condu i t s .  



TABLE 2 

STRUCTURE SUMMARY 
DRAINAGE AREA 2 

S t r u c t u r e  
L o c a t i o n  No. 

Nor th  o f  2 10 
B e l l  Road 21 1 

212 
217 
230 
218 
219 
23 1 
2 32 

S t r u c t u r e  
t y p e  

Channel 
36"  RCP 
30" RCP 
Channel 

Bas in  
48" RCP 
42" RCP 

Bas in  
Bas in  

D i  scharge l  
Design Vol ume 

Frequency ( c f  s/AF) 
S l  ope 

( f t . l f t . 1  

Channel 
DepthITW 
(ft.) 

L e n g t h  
( f t .  

Along Be1 1 2 13 
Road 22 0 

221 
21 5 
2 14 
22 2 
2 23 
224 
225 
N/ A 

48" RCP 
42" RCP 
54" RCP 
36"  RCP 
24" RCP 
24"  RCP 
36" RCP 
24" RCP 
36" RCP 
30 CB1s 
w i t h  15 "  
l a t e r a l  s 

South o f  216 Channel 2-yr  5 1 0.0015 4/20 8.000 
Be1 1 Road 



LEGEND - CONDUIT 

-- OPEN CHANNEL 

DETENTION BASIN 

5 1 PEAK FLOW IN CFS 

36" STRUCTURE SIZE 
FOR CONDUITS 

(714) STRl ICTIJRE NUMBER 

OPEN CHANNELS 
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Drainage Area 3: The selected f a c i l i t i e s  f o r  o f f - s i t e  drainage i n  Drainage 

Area 3 are  within the City of Glendale and the City of Peoria. Per City 

guidance, these fac i l  i t i e s  are  designed for  the 10-year frequency storm 

event. Major flows concentrate a t  77th and 75th Avenues. 

The selected system i s  comprised of a single storm drain system out le t t ing 

in to  S k u n k  Creek a t  75th Avenue. The storm drain will extend northward 

along 75th Avenue t o  approximately three-quarters of a mile north of Be1 1 

Road. A trunk 1 ine will also extend west on Bell Road t o  the 77th Avenue 

alignment. The area north of Be1 1 Road i s  an abandoned c i t r u s  orchard zoned 

fo r  commerci a1 development. 

On-site Runoff: On-site runoff along Bell Road from the New River t o  the  

77th Avenue alignments will be conveyed by a 30" storm drain t o  the  New 

River. On-site runoff from the 7 7 t h  Avenue alignment t o  75th Avenue will be 

picked u p  by the  72" storm drain fo r  o f f - s i t e  flows. A 30" storm drain from 

75th Avenue t o  S k u n k  Creek will convey on-si te runoff westward t o  the storm 

drain a t  75th Avenue. 

Refer t o  Plate 3 f o r  the  schematic of the  selected f a c i l i t i e s  fo r  Drainage 

Area 3. Refer t o  Sheets 10, 11 and 12 of the Preliminary Concept Drainage 

Plans in Section IX f o r  more detai l  on the f a c i l i t i e s  along Bell Road. 

Refer t o  Table 3 fo r  the s t ructures  summary. 

The selected stormwater/floodwater f a c i l i t i e s  f o r  Drainage Area 3 a r e  effec- 

t i ve  in intercepting and conveying the design flows t o  adequate ou t fa l l s .  

The selected f a c i l i t i e s  discharge i n to  e i the r  the New River or S k u n k  Creek 

which a r e  major water courses. There will be no long-term adverse environ- 

mental impacts. There will be minor short-term impacts associated with the 

construction of the drainage f a c i l i t i e s  such as noise, dust and disruption 

of t r a f f i c .  



The Ou te r  Loop Highway w i l l  c r o s s  B e l l  Road e a s t  o f  New R i v e r  and west  o f  

83 rd  Avenue wh ich  w i l l  be r e - a l i g n e d .  The Outer  Loop Highway i n t e r c h a n g e  a t  

B e l l  Road i s  scheduled f o r  c o m p l e t i o n  i n  1989. Dra inage f a c i l i t i e s  asso- 

c i a t e d  w i t h  t h e  Outer  Loop w i l l  ensure  t h a t  no f l o w s  w i l l  be d i v e r t e d  t o  

B e l l  Road. The d ra inage  f a c i l i t i e s  proposed by t h i s  s tudy  (BRPD) w i l l  be 

l o c a t e d  w i t h i n  t h e  B e l l  Road pavement and w i l l  n o t  be a f f e c t e d  by t h e  con- 

s t r u c t i o n  o f  t h e  Ou te r  Loop Highway. 

For  c o n s i s t e n c e  w i t h  G l e n d a l e ' s  s to rmwater  management p lan ,  t h e  10-year,  2- 

hour s t o r m  w i l l  be used f o r  f i n a l  des ign  o f  t h e  proposed s t r u c t u r e s .  



TABLE 3 

STRUCTURE SUMMARY 
DRAINAGE AREA 3 

D i  scharge l  Channel 
S t r u c t u r e  S t r u c t u r e  Design Vol ume S l  ope DepthITW Length 

L o c a t i o n  No. Type Frequency ( c f  s / A F )  ( f t . l f t . 1  ( f t .) (ft. 

N o r t h  o f  310 48" RCP 10-yr  80 0.0041 - - 1,500 
Be1 1 Road 31 1 72" RCP 10 -y r  161 0.0029 - - 1,750 

312 72" RCP 10-yr  2 43 0.0029 - - 600 

Along B e l l  3 13 30" RC P 10-yr  2 4 0.0067 - - 1.480 
Road 31 5 72" RCP 1 0 - y r  160 0.0010 - - 1.320 

316 30" RCP 10-y r  2 4 0.0009 - - 3.660 

South o f  3 14 2-6 'x6  I RCBC 10-y r  432 0.0010 - - 1,000 
B e l l  Road 
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Drainage Area 4:  The selected stormwater/floodwater f a c i l i t i e s  in Drainage 

Area 4 a r e  within the  ju r i sd ic t ions  of the City of Glendale (Skunk Creek t o  

51st  Avenue) and the  City of Phoenix (51st  Avenue t o  1-17]. Major o f f - s i t e  

runoff concentration points  along Bell Road a r e  a t  67th Avenue, 59th Avenue, 

51st  Avenue, 43rd Avenue and 35th Avenue. The selected systems f o r  t h e  City 

of Glendale a re  designed fo r  the  10-year frequency storm event. Their 

alignments were presented as Alternate 1 in the  Alternate 

Stormwater/Floodwater Management Concept Pl ans report .  The sel ected system 

i s  comprised of trunk storm dra ins  along 67th Avenue and 59th Avenue. Major 

l a t e r a l s  will extend eastward along Bell Road f o r  one-half mile t o  in tercept  

additional o f f - s i t e  flows. Storm dra ins  wil l  a1 so extend north of Eel 1 Road 

f o r  one-half mile along 59th Avenue and 55th Avenue. The 67th Avenue and 

59th Avenue storm drain systems were designed f o r  the  2-hour duration storm 

as adopted by the  City of Glendale SWMP. 

The sel ected systems f o r  the  City of Phoenix were developed f o r  the  2-year 

frequency storm per City guidance. Major trunk storm drains will  be located 

along 51s t  Avenue, 43rd Avenue and 35th Avenue. The storm dra ins  wil l  be 

extended north of Be1 1 Road f o r  one-half mile and eas t  along Be1 1 Road and 

Grovers Avenue (one-half mile north of Be1 1 Road). These alignments were 

previously adopted by the  City of Phoenix NSDS. The storm drain along Bell 

Road extending eastward from 35th Avenue was up-sized by t h e  BRPD because 

cu lve r t  discharges crossing 1-17 were included in the  BRPD model t h a t  were 

not incorporated by t h e  NSDS. 

The trunk storm dra ins  within t h e  City of Glendale and City of Phoenix drain 

southward t o  the  Arizona Canal Di version Channel (ACDC)  which conveys 

floodwaters t o  Skunk Creek. The ACDC from 29th Avenue t o  Skunk Creek has 

already been completed. The reach from 1-17 t o  29th Avenue i s  scheduled f o r  

completion in 1989. The ex i s t ing  48" o u t l e t  i n t o  the  ACDC a t  67th Avenue i s  

inadequate t o  convey the  proposed discharges from the  SWMP. The type and 

loca t ion  of out1 e t s  t o  convey t h e  required discharges should be evaluated a t  

the time of f i n a l  design. 



On-site Runoff: On-site runoff along Bell Road will be conveyed via storm 

drain extensions in Bell Road t o  the storm drains required for o f f - s i t e  

runoff. The extensions within the City of Glendale are  sized fo r  the 10- 

year frequency storm. The extensions in the C i t y  of Phoenix are  sized fo r  

the 2-year frequency storm. 

Refer t o  Plates 4 and 5 f o r  schematics of the selected on-site and o f f - s i t e  

f a c i l i t i e s  in Drainage Area 4. Refer t o  Sheets 1 2  through 19 of the Preli-  

minary Concept Drainage Pl ans in Section IX f o r  more detai l  . Refer t o  Tab1 e 

4 for  the s t ructures  summary. 

The selected stormwater/floodwater f a c i l i t i e s  fo r  Drainage Area 4 a re  effec- 

t ive  in intercepting and conveying the design flows t o  adequate outfal l  s .  

The trunk storm drains discharge in to  the ACDC which i s  designed fo r  the 

100-year frequency storm event. There will be no long-term adverse impacts. 

There will be minor, short-term impacts associated with the construction of 

the drainage f a c i l i t i e s  such as noise, dust and disruption of t r a f f i c  and 

access t o  businesses. 



TABLE 4 
STRUCTURE SUMMARY 

DRAINAGE AREA 4 

S t r u c t u r e  
Loca t ion  No. 

Nor th  o f  437** 
B e l l  Road 436** 

457** 
401 
402 
414 
415 
426 

S t ruc tu re  
Type 

54" RCP 
84" RCP 

Basin 
54" RCP 
60" RCP 
42" RCP 
48" RCP 
33" RCP 

D i  scharge l  
Design Vol ume 

Frequency ( c f  s/AF) 
S1 ope 

( f t . l f t . 1  

Channel 
Dept h/TW 
(ft.) 

Length 
(ft.) 

A1 ong Be1 1 438** 
Road 440** 

446** 
447** 
448** 
455** 
456** 
4 03 
404 
416 
41 7 
4 27 
428 

24" RCP 
24" RCP 
24" RCP 
30" RCP 
66" RCP 
24" RCP 
30" RCP 
24" RCP 
36" RCP 
24" RCP 
42" RCP 
24" RCP 
30" RCP 

South o f  437 
Be1 1 Road 441** 

442** 
443** 
444** 
445** 
449** 
450** 
451** 
458** 
459** 
4 05 

54" RCP 
18" RCP 
54" RCP 
24" RCP 
60" RCP 
96" RCP 
72" RCP 
84" RCP 

108" RCP 
Basin 
Basin 

60" RCP 



TABLE 4 CONTINUED 

STRUCTURE SUMMARY 
DRAINAGE AREA 4 

S t r u c t u r e  
L o c a t i o n  No. 

South o f  418 
Be1 1 Road 419 

420 
42 1 
422 
42 3 
4 24 
425 
4 29 
43 0 
43 1 
43 2 
433 
434 
435 

*Design by NSDS 

S t r u c t u r e  
Type 

60" RCP 
66" RCP 
72" RCP 
78" RCP 
78" RCP 
84" RCP 
84" RCP 
90" RCP 
36" RCP 
48" RCP 
66" RCP 
66" RCP 
78" RCP 
78" RCP 
84" RCP 

D i  s c h a r g e l  
Des ign Vol ume 

Frequency ( c f  s/AF) 
Sl ope 

(ft./ft.) 

Channel 
Dept h/TW 
(ft.) 

Leng th  
(ft.) 

2.640 
2.640 
2.640 
2.640 
2,640 
2.640 
2,640 
2,600 
2,640 
2.640 
2,640 
2,640 
2,640 
2,640 
300 

**Discharge va lues  and p i p e  s i z e s  p r o v i d e d  by SWMP 







Drainage Area 5:  The sel ected stormwater/floodwater facil i  t i e s  for off-si t e  

runoff in Drainage Area 5 are within the jurisdiction of the City of 

Phoenix. Per City guidance. the f a c i l i t i e s  are designed for the 2-year 

frequency storm event. The major concentration point for off-s i te  runoff 
along Be1 1 Road i s  a t  19th Avenue. Minor of f - s i te  flows impact Be1 1 Road a t  
21st Avenue. 17th Avenue and 15th Avenue. The selected storm drainage 
system i s  comprised of a major trunk storm drain along 19th Avenue extending 

northward t o  Utopia Road. Laterals will extend eastward along Be1 1 Road. 

Grovers Avenue and Utopia Road. The trunk storm drain (90" pipe) has 

already been installed along Be1 1 Road from the outfall a t  Cave Creek t o  

Grovers Avenue. A 42" stub has been provided a t  Be1 1 Road. 

The 19th Avenue storm drain system was adopted by the City of Phoenix NCMSD 

in 1980. Subsequently, the drainage facil  i t i e s  associated with the Outer 

Loop Highway propose t o  divert flows from north of Beardsley Road away from 

19th Avenue. The B R P D  re-evaluated pipe sizes between Grovers Avenue and 

Beardsley Road t o  ref lect  th i s  change. A storm drain will intercept off- 

s i t e  runoff from 1-17 t o  21st Avenue and will convey flows south along the 

1-17 station 625+00 (approximately 1.100 feet  south of Bell Road) and 

discharge into the existing drainageway on the west side of 1-17. This 

drainageway conveys on-site runoff from 1-17 and discharges from the pump 

station in the depressed section of Bell Road under 1-17 t o  a drainageway 

along Paradise Lane for conveyance to  a detention basin a t  the 31st Avenue 

a1 ignment. 

The possibil i ty of directing the storm drain northward from Be1 1 Road along 

1-17 was also investigated b u t  found t o  not be feasible due t o  the lack of 

adequate cover. 

On-site Runoff: On-site runoff from Bell Road in Drainage Area 5 will be 

collected by the off-s i te  system. Flows entering the depressed section of 

Bell Road under 1-17 will be pumped out by the existing pumps and discharged 

into the drainageway on the west side and conveyed south to  Paradise Lane. 

These pumps were recently eval uated by PRC Engineering for ADOT ( Inters ta te  
17 Drainage Design Study In i t ia l  Design Report, August 1986) and rated a t  
0.94 percent capacity of the 25-year peak inflow, 



Refer t o  Plates 6 and 7 for  schematics of the on-site and of f - s i te  f a c i l i -  

t i e s .  Refer t o  Sheets 19 through 21 of the Preliminary Concept Drainage 

Plans for more detail s of the f a c i l i t i e s  along Be1 1 Road. Refer t o  Table 5 

for the structures summary. 

The selected stormwater/floodwater f a c i l i t i e s  for Drainage Area 5 are effec- 

t ive  in intercepting and conveying the design flows t o  adequate outfall s. 

The f a c i l i t i e s  proposed by the B R P D  study will t i e  into  the existing 90" 

storm drain a t  19th Avenue and to  an existing gunite drainageway on the west 

side of 1-17. There will be no long-term adverse environmental impacts. 

Short-term temporary construction impacts are anticipated including noise, 

dust and disruption of t r a f f i c  and access t o  businesses. 



TABLE 5 

STRUCTURE SUMMARY 
DRAINAGE AREA 5 

S t r u c t u r e  
Loca t i on  No. 

Nor th  o f  501 
B e l l  Road 502 

5 03 
504 
5 05 
506 
5 07 
5 08 
5 09 

S t r u c t u r e  
Type 

24" RCP 
27" RCP 
36" RCP 
39" RCP 
42" RCP 
60" RCP 
27 " RC P 
36"  RCP 
42" RCP 

D i  s ch a r g e l  
Design Vol ume 

Frequency ( c f  s /AF)  
S1 ope 

( f t . I f t . 1  

Channel 
Depth/TW 
(ft.) 

Length 
(ft.) 

Along Be1 1 511 24" RCP 2-yr 8 0.0041 - - 320 
Road 51 2 33" RCP 2-yr  2 2 0.0046 - - 1,310 

5 13 42" RCP 2-yr 3 7 0.0046 - - 1.055 
515 18" RCP 2 - y r  8 0.0050 - - 82 0 
516 42" RCP 2-y r  4 5 0.0030 - - 2,040 

South o f  5 17 42" RCP 2-yr  4 5 0.0025 - - 1,700 
Be1 1 Road 

*Design by NCMSD 
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Drainage Area 6: The se lec ted  f a c i l i t i e s  f o r  o f f - s i t e  r u n o f f  i n  Drainage 

Area 6 a re  w i t h i n  t h e  j u r i s d i c t i o n  o f  t h e  C i t y  o f  Phoenix. The c u r r e n t  

study by NBSILowry Engineers. "Upper East Fork Cave Creek Area Drainage 

Master Study" (UEFCC ADMS) has developed a  drainage and f l o o d  c o n t r o l  master 

p l an  f o r  t h e  100-year storm event i n  t h i s  area. Per t h e  FCD1s guidance. 

Gre iner  has incorpora ted  t h e  NBSILowry proposal i n t o  t h e  Be1 1  Road study. 

Add i t i ona l  drainage f a c i l  i t i e s  were eva luated on1 y where requ i red  t o  p r o t e c t  

B e l l  Road from o f f - s i t e  drainage no t  i n t e r cep ted  by t h e  NBSILowry System. 

Conduit  s i zes  and al ignments a re  sub jec t  t o  change pending t h e  adopt ion o f  

t h e  UEFCC ADMS by bo th  t h e  C i t y  o f  Phoenix and t h e  Flood Control  D i s t r i c t .  

The s to rmwa te r l f l  oodwater f a c i l  i t i e s  f o r  Drainage Area 6  a re  comprised o f  

t h ree  independent systems d r a i n i n g  i n t o  t h e  proposed Greenway Parkway f 1  ood 

c o n t r o l  channel l o ca ted  south of B e l l  Road between Cave Creek Road and t h e  

Cave Creek channel. Storm d r a i n  systems w i l l  be 1  ocated n o r t h  o f  Be1 1  Road 

on Seventh S t ree t .  A combinat ion storm d r a i n l d e t e n t i o n  bas in  system i s  

proposed f o r  N i n t h  S t ree t .  The de ten t i on  basins would be l oca ted  on t he  

no r t heas t  corner  o f  N i n t h  S t r e e t  and Campobello D r i v e  and on t h e  southwest 

corner o f  Union H i l l s  D r i v e  and N i n t h  S t ree t .  The storm d r a i n  along B e l l  

Road east  o f  N i n t h  S t r e e t  developed by t h e  UEFCC ADMS was extended by t h i s  

study (BRPD) t o  one-quarter m i l e  east  o f  1 6 t h  S t r e e t  t o  p i c k  up a d d i t i o n a l  

o f f - s i t e  f l ows .  

The d ischarge va lues shown on P l a t e  8 a r e  f o r  t h e  100-year f requency storm 

developed by t h e  UEFCC ADMS, except t he  storm d ra i ns  proposed by t h e  BRPD 

study (Cent ra l  Avenue storm d r a i n  and B e l l  Road, 16 th  S t r e e t  t o  one-quarter 

m i l e  e a s t )  and a re  shown w i t h  t h e  2-year f requency values. 

On-Si t e  Runoff :  On-si t e  runo f f  a long Be1 1  Road i n  Drainage Area 6  w i l l  be 

p icked  up by t h e  storm d r a i n s  prov ided f o r  o f f - s i t e  r uno f f .  An a d d i t i o n a l  

storm d r a i n  f o r  o n - s i t e  f l ows  on ly  w i l l  extend a long B e l l  Road f rom one- 

q u a r t e r  m i l e  west o f  Cent ra l  Avenue t o  Cave Creek. 

Refer t o  P l a t e  8 f o r  a  schematic o f  t h e  se lec ted  o n - s i t e  and o f f - s i t e  f a c i l -  

i t i e s  f 7 r  Drainage Area 6. Refer t o  Sheets 22 through 25 o f  t h e  Pre l im inary  

4 0  



Concept Drainage Plans f o r  more d e t a i l  on t h e  f a c i l i t i e s  along Be1 1 Road. 

Refer t o  Table 6 f o r  t h e  s t r u c t u r e s  summary. 

The se lec ted  stormwater/ f loodway f a c i l i t i e s  f o r  Drainage Area 6 a re  e f fec -  

t i v e  i n  i n t e r c e p t i n g  and conveying t h e  design f lows  t o  adequate o u t f a l l s .  

The se lec ted  f a c i l i t i e s  discharge i n t o  e i t h e r  Cave Creek o r  t he  proposed 

Greenway Parkway channel. A t  t h e  d i r e c t i o n  o f  t h e  Flood Control  D i s t r i c t .  

t he  p o t e n t i a l  f o r  adverse impacts was on ly  eval  uated f o r  t he  f a c i l  i t i e s  

a long Be1 1 Road. There i s  an e x i s t i n g  archaeolog ica l  s i t e  which surrounds 

t h e  i n t e r s e c t i o n  o f  Cent ra l  Avenue and Be1 1 Road. The Pueblo Grande Museum 

s t a f f  v e r i f i e d  t h a t  t h i s  s i t e  i s  Hohokam c u l t u r e  f rom t h e  l a t e  sedentary 

through c l a s s i c  p e r i o d  (A.D. 1050-1400). Th is  i s  an ex tens ive  shard 

( po t t e r y  area. Numerous l a v a  boulder  concen t ra t ions  were noted which 

suggest poss ib l e  s t r uc tu res .  Mon i t o r i ng  w i l l  probably be requ i r ed  du r i ng  

cons t ruc t i on .  

Other impacts w i l l  be minimal and short- term, assoc ia ted w i t h  t h e  const ruc-  

t i o n  o f  t h e  drainage f a c i l i t i e s  and l i m i t e d  t o  noise,  dus t  and d i s r u p t i o n  o f  

t r a f f i c  and access t o  businesses. The area n o r t h  o f  Be1 1 Road between Cave 

Creek and Centra l  Avenue i s c u r r e n t l y  undeveloped. 



TABLE 6 

STRUCTURE SUMMARY 
DRAINAGE AREA 6 

D i  scharge l  Channel 
S t ruc tu re  S t r u c t u r e  Design Vol ume S l  ope DepthITW Length 

Loca t i on  No. Type Frequency ( c f  s1AF) ( f t . l f t . 1  ( f t . )  (ft. 1 

Nor th  o f  610 
Be1 1 Road 61 1 

6 12 
61 3 
6 14 
615 
616 
61 7 
623 
624 
625 
64 0 
64 5 

78" RCP 
90" RCP 
Channel 

4 l x13 '  RCBC 
4Ix16 '  RCBC 

90" RCP 
Channel 

4 ' x201  RCBC 
72" RCP 
78" RCP 
84" RCP 

Basin  
Bas in  

Along Be1 1 621 
Road 62 2 

619 
62 0 
626 
627 
628 
63 1 

66" RCP 
72" RCP 
18" RCP 
30" RCP 
18" RCP 
18" RCP 
42" RCP 
24" RCP 

South o f  618 4 l x26 '  RCBC 100-yr 782 * - - 1,200 
Be1 1 Road 629 90" RCP 100-yr 5 27 * - - 1,200 

630 54" RCP 2 - y r  7 5 0.0012 - - 2,100 

*Design by UEFCC ADMS 
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Drainage Area 7: Drainage Area 7 i s  t h e  e a s t e r n  p o r t i o n  o f  t h e  East  Fork o f  

Cave Creek Wash watershed. Drainage and f l o o d  c o n t r o l  f a c i l i t i e s  proposed 

by t h e  UEFCC ADMS were i n c o r p o r a t e d  by G r e i n e r  f o r  t h i s  area. The 

f a c i l i t i e s  a r e  designed f o r  t h e  100-year f requency s torm event and no 

a d d i t i o n a l  f a c i l i t i e s  were determined t o  be r e q u i r e d  f o r  t h e  2-year 

f requency event. The s e l e c t e d  f a c i l i t i e s  west o f  Cave Creek Road a r e  w i t h i n  

t h e  j u r i s d i c t i o n  o f  t h e  C i t y  o f  Phoenix. F a c i l i t i e s  e a s t  o f  Cave Creek Road 

and n o r t h  o f  Be1 1  Road a r e  w i t h i n  County j u r i s d i c t i o n .  Condui t  s i z e s  and 

a l i gnments  a r e  s u b j e c t  t o  change pending f i n a l  approval  o f  t h e  UEFCC ADMS. 

The d r a i n a g e l f  l o o d  c o n t r o l  f a c i l  i t i e s  developed by t h e  UEFCC ADMS a r e  com- 

p r i s e d  o f  two separate  dra inage systems conveying r u n o f f  t o  t h e  proposed 

Greenway Parkway f l o o d  c o n t r o l  channel l o c a t e d  sou th  o f  B e l l  Road between 

Cave Creek Road and Cave Creek. 

One system i n t e r c e p t s  f l o w s  i n  t h e  p r imary  f l o o d p l a i n  o f  t h e  East  Fork o f  

Cave Creek Wash. The system c o n s i s t s  o f  a  d e t e n t i o n  bas in  l o c a t e d  a long t h e  

n o r t h e r n  r i g h t - o f - w a y  o f  Beards ley  Road a t  2 6 t h  S t r e e t  ( n o t  shown on P l a t e  

9 )  and a  b a s i n  l o c a t e d  a t  t h e  no r thwes t  co rne r  o f  Grovers Avenue and Cave 

Creek Road. The l a t t e r  b a s i n  d ischarges i n t o  an open channel which conveys 

f l o w s  a long  2 0 t h  S t r e e t  t o  t h e  Greenway Parkway channel. A  s torm d r a i n  

ex tend ing  f rom 2 8 t h  S t r e e t  t o  2 0 t h  S t r e e t  a long Be1 1  Road d ischarges f l o w s  

i n t o  a  channel a t  2 0 t h  S t r e e t .  A c u l v e r t  w i l l  be r e q u i r e d  a t  2 0 t h  S t r e e t  

and B e l l  Road t o  convey channel f l ows .  

The second system i s  comprised o f  s torm d r a i n s  a long Union H i l l s  Dr i ve .  

Grovers Avenue, B e l l  Road and Parad ise Lane t h a t  conveys r u n o f f  t o  a  s torm 

d r a i n  a long 32nd S t r e e t .  A d e t e n t i o n  b a s i n  w i l l  be l o c a t e d  south  o f  

Parad ise Lane between Cave Creek Road and 2 6 t h  S t ree t .  Out f lows f rom t h i s  

b a s i n  w i l l  d i scharge  i n t o  t h e  Greenway Parkway channel. The e x i s t i n g  60" 

s to rm d r a i n  l o c a t e d  a long  32nd S t r e e t  between H a r t f o r d  Avenue and t h e  IBW 

w i l l  remain. 



The proposed Squaw Peak Parkway w i l l  f o l l o w  t h e  a l ignment  o f  38 th  S t r e e t  

through Drainage Area 7  n o r t h  o f  B e l l  Road. The Parkway i s  scheduled f o r  

comp le t ion  t o  Be1 1 Road i n  1997. According t o  i n f o r m a t i o n  prov ided by t h e  

County, t h e  drainage f a c i l i t i e s  assoc ia ted  w i t h  t h e  Parkway w i l l  remain 

independent o f  t h e  B e l l  Road P r o j e c t  f a c i l i t i e s .  

On-s i te  Runof f :  On-s i te  r u n o f f  f rom Be1 1 Road i n  Drainage Area 7  w i l l  be 

p i cked  up by t h e  f a c i l i t i e s  developed f o r  o f f - s i t e  r u n o f f .  

Refer t o  P l a t e s  8  and 9 f o r  schematics o f  t h e  o n - s i t e  and o f f - s i t e  f a c i l i -  

t i e s  developed f o r  Drainage Area 7. Refer t o  Sheets 25, 26 and 27 o f  t h e  

P r e l i m i n a r y  Concept Drainage Plans i n  Sec t ion  I X  f o r  more d e t a i l .  Refer t o  

Table 7  f o r  t h e  summary o f  s t r u c t u r e s .  The d ischarge va l  ues shown i n  P la tes  

8  and 9  f o r  t h e  100-year f requency storm were developed by t h e  UEFCC ADMS. 

The s e l e c t e d  s tormwater / f loodwater  f a c i l i t i e s  f o r  Drainage Area 7  a r e  e f f e c -  

t i v e  i n  i n t e r c e p t i n g  and conveying t h e  des ign f l o w s  t o  adequate o u t f a l l  s. 

A t  t h e  d i r e c t i o n  o f  t h e  F lood Con t ro l  D i s t r i c t ,  t h e  p o t e n t i a l  f o r  adverse 

env i  ronmental impacts  were o n l y  eva l  uated f o r  t h e  f a c i l  i t i e s  a long Be1 1 

Road. There w i l l  be no long- te rm adverse impacts. There w i l l  be minor, 

shor t - te rm impacts  assoc ia ted  w i t h  c o n s t r u c t i o n  o f  t h e  dra inage f a c i l i t i e s  

i n c l  ud i  ng noise, dust, d i s r u p t i o n  o f  t r a f f i c  and access t o  businesses. 

An agreement t o  implement t h e  recommendations o f  t h e  UEFCC ADMS has n o t  y e t  

been concluded by t h e  C i t y  and County. For t h e  purpose o f  t h i s  study (BRPD) 

j u r i s d i c t i o n  f o r  t h e  f a c i l i t i e s  was assumed t o  conform t o  t h e  d e l i n e a t e d  

j u r i s d i c t i o n a l  boundar ies.  It i s  poss ib le ,  however, t h a t  t h e r e  w i l l  be more 

County invo lvement  i n  the'  design, c o n s t r u c t i o n  and f u n d i n g  o f  f a c i l i t i e s  

w i t h i n  t h e  Ci ty o r  v isa-versa.  



TABLE 7 

STRUCTURE SUMMARY 
DRAINAGE AREA 7 

S t r u c t u r e  
L o c a t i o n  No. 

Nor th  o f  750 
B e l l  Road 72 1 

722 
723 
710 
71 1 
7 12 
713 
7 19 
720 
740 

S t r u c t u r e  
Type 

Basin 
Channel 
54" RCP 
Channel 
78" RCP 
84" RCP 
72" RCP 
72" RCP 
84" RCP 
90'' RCP 

Bas in  

D i  scharge l  
Design Vol ume 

Frequency ( c f  s1AF) 
S l  ope 

( f t . / f t .  1 

Channel 
DepthITW 
(ft.) 

Length 
(ft.) 

Along B e l l  7 14 72" RCP 100-yr 187 0.0020 - - 2.240 
B e l l  Road 71 5 2 -8 ' x4 '  RCBC 100-yr 639 0.0020 - - 2.000 

725 72" RCP 100-yr 301 0.006 - - 1,330 
726 1 0 1 x 4 '  RCBC 100 - y r  360 0.0060 - - 1,310 
727 2-6'x4'RCBC 100-yr 5 10 0.0020 - - 1.300 
728 3-101x4 ' RCBC 100-yr 680 0.0020 - - 1.360 
7 30 2 -8 Ix6 '  RCBC 100-yr  1.378 0.001 - - 110 

South o f  724 Channel 100-yr 1.866 * 
Be1 1 Road 716 4 ' x17 '  RCBC 100-yr  756 * 

7 17 Channel 100-yr  1,367 * 
74 5 Basin 100-yr * - - 

*Design by UEFCC ADMS 
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Drainage Area 8: Drainage Area 8 i s  within the jurisdictions of the City of 

Phoenix and Maricopa County. The south right-of-way of Bell Road generally 

serves as the jurisdictional boundary between the two,  except where the City 

has annexed development north of Bell Road. The selected storm drain f ac i l -  

i t i e s  are a modification of Alternate 1 presented in the Alternate Storm- 

water/Floodwater Management Concept Plans report. The modifications were 

made to  bring the selected system into conformity with the NAMSD plan 

adopted by the City of Phoenix. All of the selected f a c i l i t i e s  have been 

identified as being within the jurisdiction of the City of Phoenix including 

those within County rights-of-way. These f a c i l i t i e s  are a1 1 designed for 

the 2-year frequency storm per the NAMSD. 

Major off-s i te  stormwater runoff concentration points along Bell Road are a t  

36th Street. 40th Street ,  44th Street. Tatum Boulevard (48th S t ree t ) ,  52nd 

Street and 56th Street .  Per the NAMSD, trunk storm drains have been set  

along these s t ree t s .  The storm drain along 40th Street  has a1 ready been 

instal led t o  Be1 1 Road. Laterals along Be7 1 Road and north of Be1 1 Road 

have also been incorporated as necessary to  intercept o f f - s i te  flows. Off- 

s i t e  runoff from areas east  of 60th Street  (one-half mile east  of 56th 

Street)  t o  Scottsdale Road will continue t o  concentrate along the north Bell 

Road right-of-way a t  the existing culverts for  conveyance south under Bell 

road. These culverts were found t o  be adequate for  the design flows. 

On-site Runoff: On-site runoff generated from Be1 1 Road between 36th Street  

and 60th Street  will be intercepted by catch basins and conveyed t o  the 

storm drains for  o f f - s i te  runoff. Runoff from the north half right-of-way 

of Bell Road between 60th Street  and Scottsdale Road will be conveyed to  a 

grader ditch along the north right-of-way that  will convey flow t o  the 

existing culverts under Be1 1 Road. On-site runoff from the Be1 1 Road and 

Scottsdale Road intersection will flow south along the west shoulder of 

Scottsdal e Road (which has no curb) t o  Greenway Road where i t  will be picked 

u p  by an existing storm drain. Runoff from the south half of the Bell Road 

right-of-way between 60th Street  and Scottsdale Road will continue t o  turn 

southward a t  every s t r ee t  opening. This runoff will be conveyed either by 



s t r e e t s  or exis t ing  drainageways t o  the proposed detention basin a t  68th 

S t ree t  and Tier ra  Buena (not shown on the  P l a t e ) .  

Refer t o  Pla tes  10 and 11 fo r  schematics of the proposed on-si te  and off -  

s i t e  f a c i l i t i e s .  Refer t o  Sheets 31. 32 and 33 of the  Preliminary Concept 

Drainage Plans in Section IX for  more detai l  of the  f a c i l i t i e s  along Bell 

Road. Refer t o  Table 9 f o r  the  s t ruc tures  summary. 

The selected stormwater/floodwater f a c i l i t i e s  f o r  Drainage Area 8 a re  effec-  

t i v e  in intercepting and conveying runoff t o  adequate ou t fa l l s .  The storm 

drain systems along 36th S t ree t ,  40th St ree t .  44th St ree t .  Tatum Boulevard. 

52nd S t ree t  and 56th S t ree t  out fa l l  a t  the  Indian Bend Wash project  (IBW) 

which has been designed fo r  the  100-year frequency storm event. 

There will  be no adverse long-term environmental impacts. There will  be 

minor short-term impacts associated with construction of the  drainage f a c i l -  

i t i e s  including noise, dust ,  disruption of t r a f f i c  and access t o  businesses. 

These impacts should be mitigated a t  the  40th S t ree t  and Bell Road locat ion 

of the Humana Hospital. Two hawks were noted in  the  area along Be1 1 Road 

between 43rd S t ree t  and Tatum Boul evard. Construction may di s turb  thei  r  

habi ta t  or nesting s i t e .  

Monitoring of construction shoul d be considered. Environmental pl anners 

should be consulted by the  section designers as t o  methods f o r  mit igat ing 

any adverse impacts. 



S t r u c t u r e  
L o c a t i o n  No. 

N o r t h  o f  81 7 
Be1 1 Road 818 

825 
826 
83 1 
83 2 
842 
843 

S t r u c t u r e  
Type 

33" RCP 
42" RCP 
21" RCP 
39 " RC P 
30" RCP 
30" RCP 
30" RCP 
30" RCP 

TABLE 8 

STRUCTURE SUMMARY 
DRAINAGE AREA 8 

D i  scharge l  
Design Vol ume 

Frequency ( c f  s/AF) 
S1 ope 

( f t . l f t . 1  

* 
* 
* 
* 
* 
* 
* 
* 

Channel 
Dept h1TW 

( f t . )  
Length 
(ft.) 

Along Be1 1 81 0 24" RCP 2 -y r  8 0.0015 - - 720 
Road 81 1 30" RCP 2 - y r  12 0.0020 - - 920 

819 24" RCP 2 - y r  8 0.0039 - - 630 

82 0 39" RCP 2 -y r  5 1 0.0050 - - 1.300 

827 24" RCP 2 -y r  8 0.0020 - - 400 

828 36" RCP 2 -y r  39 0.0020 - - 1,300 

83 3 18" RCP 2-yr  6 0.0030 - - 280 

834 39" RCP 2-yr  4 5 0.0030 - - 1.300 
84 4 18" RCP 2 -y r  5 0.0030 - - 34 0 
845 30" RCP 2-yr  12 0.0030 - - 1.300 

85 5 48" RC P 2 - y r  68 0.0117 - - 300 
86 1 18" RCP 2 -y r  8 0.0034 - - 940 

86 2 30" RCP 2 -y r  2 0 0.0070 - - 83 0 

86 3 42" RCP 2 -y r  4 2 0.0044 - - 86 0 

South o f  81 2 48" RCP 2-yr  6 8 * - - 2.640 
Be1 1 Road 81 3 54" RCP 2 -y r  142 * - - 2,640 

814 60" RCP 2-yr  171 * - - 2,640 

81 5 66" RCP 2 -y r  2 16 * - - 4.350 

81 6 72" RCP 2 -y r  284 * - - 1,000 

82 9 42" RCP 2 -y r  83 * - - 2.640 

83 0 54" RC P 2-yr  126 * - - 3,100 

83 5 39" RCP 2 - y r  6 1 * - - 2,640 

83 6 4 8" RC P 2 - y r  9 6 * - - 2,640 



TABLE 8 CONTINUED 

STRUCTURE SUMMARY 
DRAINAGE AREA 8 

Structure 
Location No. 

South of 83 7 
Bell Road 838 

846 
847 
848 
84 9 
850 
85 1 
852 
853 
86 4 

*Design by NSDS 

Structure 
Type 

54" RC P 
54" RCP 
36" RCP 
42" RCP 
54" RCP 
54" RCP 
54" RCP 
66" RCP 
66" RCP 
72" RCP 
42" RCP 

Design 
Frequency 

Discharge/ 
Vol ume 

(cf s/AF) 
Sl ope 

( f t . / f t . )  

Channel 
Dept h/TW 

( f t . )  
Length 
( f t . )  
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Drainage Area 9: Drainage Area 9 i s the  Skunk Creek channel crossing of 

Bell Road. I t  was determined from the  current  flood boundary maps, dated 

1983, t h a t  the  100-year flood i s  contained within the  Skunk Creek Channel a t  

Bell Road. Therefore, no drainage f a c i l i t i e s  or improvements t o  the ex i s t -  

ing bridge a re  proposed. Refer back t o  the  discussion under Drainage Area 4 

fo r  the storm drain ou t fa l l  t o  Skunk Creek. 



Drainage Area 10: Drainage Area 10  i s t h e  Cave Creek channel c ross ing  o f  

Be1 1 Road. According t o  t h e  f l  oodpl a i n  maps. dated A p r i l  25. 1978. t h e  100- 

year  f l o o d  woul d i nundate approx imate ly  300 f e e t  o f  Be1 1 Road. A proposal 

has been made f o r  channel and f l o o d p l a i n  improvements on t h e  p roper ty  n o r t h  

o f  Be1 1 Road along Cave Creek t o  con ta i n  t h e  100-year f l o o d  w i t h i n  t h e  

channel and b r i dge  cross ing.  Th is  proposal was reviewed by t h e  Maricopa 

County Highway Department Management Consul tant  f o r  t h e  B e l l  Road expansion 

and they  determined t h a t  t h e  channe l i za t i on  would be adequate t o  achieve t he  

s t a t e d  goal. The 100-year f l o o d  would be conta ined w i t h i n  t h e  channel banks 

a t  B e l l  Road. A t  t h e  Management Consul tants  and F lood Contro l  D i s t r i c t s  

d i r e c t i o n ,  no drainage f a c i l i t i e s  or  improvements t o  t h e  e x i s t i n g  b r idge  

were proposed because o f  t h e  above. S p e c i f i c  measures t o  p r o t e c t  t he  b r idge  

f rom scour may be requ i r ed  a t  t h e  t ime o f  f i n a l  design accord ing t o  t h e  

Management Consul tant.  The b r idge  p r o t e c t i o n  work can be accompl i shed 

independent ly  o f  t h e  Be1 1 Road P r o j e c t  improvements developed by t h e  BRPD 

study . 



IX. PRELIMINARY CONCEPT DRAINAGE PLANS 

Preliminary plans of the selected stormwater/floodwater facil  i t i e s  for  Bell 

Road were developed. The pl ans incl ude sizes, slopes, profiles, a1 ignments 

and locations as appropriate for channels, pipes. trunk mains, culverts and 

detention basins. The plans were prepared i n i t i a l l y  on 1"=2001 scale plan 

and profile sheets prior to  reduction for inclusion in th i s  report. 

The plan view i s  an aerial photograph base developed from a 1986 fly-over of 

Bell Road. The aerial provides coverage of approximately 800 feet  on each 

side of the Bell Road centerline. Shown in the plan view are the names of 

major s t ree ts  and other special features, Be1 1 Road rights-of-way limits. 

Be1 1 Road center1 ine with 500 foot station t icks,  jurisdictional boundaries, 

existing drainage f a c i l i t i e s ,  floodplain l imits and the drainage f a c i l i t i e s  

proposed by the BRPD study. Bell Road rights-of-way limits were obtained 

from current City Quarter Section Maps and Maricopa County Assessor maps. 

Jurisdictional boundaries a1 ong Be1 1 Road were provided by the s t ree t  main- 

tenance departments from the participating municipal i t i e s  and the County 

Highway Department. Jurisdictional boundaries were a1 so obtained from 

County Assessor maps and subsequently verified with maps provided by the 

Be1 1 Road Management Consultant. Existing drainage f a c i l i t i e s  were inven- 

toried in the f i e ld  and verified with as-built plans where necessary. 

One hundred year floodplain 1 imits were obtained from the current FEMA and 

FIRM maps or from more recent floodplain work maps 'obtained from the Flood 

Control Distr ic t  of Maricopa County and the local jurisdictions. 

In the profile,  the existing ground profile a t  the centerline of Be1 1 Road 

i s  shown along with major s t ree t  crossings, bridge profiles, the cross- 

section and location of existing crossing drainage structures, the cross- 

section and location of u t i l i t i e s  crossing Be1 1 Road and the profiles of the 

proposed Be1 1 Road drainage faci 1 i  t i  es. 



The existing ground profile a t  the centerl i  ne of Be1 1 Road was obtained from 

the as-buil t pl ans for  Be1 1 Road provided t o  Greiner by the County Highway 

Department. As-built plans for the bridges a t  the Agua Fria River, New 

River. Skunk Creek and Cave Creek were also obtained from the County Highway 

Department. The location and cross-sections of cross-culverts on Bell road 

were also obtained from these as-built plans and verified in the f ie ld .  

Quarter section maps for  water, sanitary sewer, gas, buried and overhead 

e lec t r ic  1 ines and cable TV were obtained. The as-built plans for storm 

drains and c r i t i ca l  u t i l i t i e s  were also obtained wherever necessary. Shown 

in cross-section are water l ines  12"  and larger in size, a l l  sanitary 

sewers, major e lec t r ic  l ines ,  gas l ines  greater than 6" in diameter and al l  

high pressure l ines  crossing Bell Road. 

For the purpose of these plans, the survey l ine  intersection point of the 

Grand Avenue and Bell Road centerlines was established as the s tar t ing 

station of l o t 0 0  with the stationing increasing from west t o  east .  The 

stationing was established with no f i e ld  control and i s  not intended for 

design or construction purposes. This stationing does not necessarily 

correspond to  the stationing on the roadway as-built plans. 

The horizontal alignment of storm drains along Be1 1 Road was se t  t o  avoid 

u t i l i t y  conflicts and conflicts with proposed roadway features of the Bell 

Road expansion. The travel 1 anes of the north half of Be1 1 Road was found 

to  be f ree  of confl ic ts  with paralleling u t i l i t i e s .  The centerline of the 

proposed storm drains was se t  a t  f ive  fee t  north of the Bell Road 

centerl ine. This a1 ignment minimizes the potenti a1 for conflict  with 

existing or future  u t i l i t i e s .  

The vertical profiles of the proposed storm drains were se t  t o  provide ade- 

quate cover for the structure t o  ensure position drainage t o  the outfal ls ;  

ensure that  the hydraul i c  grade 1 ine of the main storm drain would be within 

the freeboard requirements of tr ibutary la te ra l s  and catch basins; avoid 

conf 1 i c t  with ut i l  i t i e s ,  particul ar ly  sanitary sewers and 1 arge water di s-  

tr ibution pipes; and match existing or proposed drainage f a c i l i t i e s  by 

others. Structure lengths, sizes,  ?lopes and design discharges are  provided 

in profile. The locations of manholes and catch basins tying into the storm 

57 



d r a i n s  a re  minor f e a t u r e  and a re  no t  shown. The l o c a t i o n s  o f  speci a1 

j u n c t i o n  s t r u c t u r e s  and ca tch  bas ins w i t h  1  a t e r a l  s  t y i n g  i n t o  e x i s t i n g  

d r a i  nageways, however, a re  shown. 

On t h e  f o l l o w i n g  pages, t h e  f ea tu res  o f  t h e  proposed drainage f a c i l i t i e s  are 

reviewed on a sheet by sheet basis.  The p l an  sheets a re  found a t  t he  end o f  

t h i s  sect ion.  The purpose o f  t h i s  review i s  t o  a s s i s t  t h e  designers o f  t h e  

drainage f a c i l i t i e s  by b r i n g i n g  t o  t h e i r  a t t e n t i o n  t he  r a t i o n a l e  used by 

Gre i  ner  f o r  es tab l  i s h i  ng t he  v e r t i c a l  a1 i gnment; p o t e n t i  a1 u t i  1  i t y  con- 

f l i c t s ;  and necessary coo rd i na t i on  w i t h  o ther  agencies or  consu l tan ts .  

General roadway design guidance i s  a1 so prov ided where necessary t o  ensure 

t h a t  t he  roadway expansion p r o j e c t  w i l l  n o t  c rea te  or  worsen drainage 

problems e i t h e r  upstream o r  downstream o f  t h e  roadway. Sheets 1 and 2 a re  

t he  cover and index sheets f o r  t he  p l an  set.  

Sheet 3  ( S t a t i o n  10+00 t o  S t a t i o n  52+00) 

The e x i s t i n g  24" RCP a t  S t a t i o n  12+00 and t h e  36" RCP a t  S t a t i o n  13+70 have 

adequate capac i t y  f o r  t h e  two-year design discharge. They may need t o  be 

lengthened o r  rep laced  i n  k i n d  t o  accommodate t h e  roadway improvements. The 

i n l e t  and o u t l e t  o f  t h e  proposed 36" RCP a t  S t a t i o n  14+30 should be se t  t o  

match e x i s t i n g  ground. Discharges f rom t h i s  cu l  v e r t  should con t inue  t o  f l o w  

a1 ong t h e  n o r t h  r ight -o f -way o f  t h e  A tch i  son-Topeka and Santa Fe Rai 1  road. 

The proposed 24" - 30" s torm d r a i n  f rom S t a t i o n  18+00 t o  approximately 

S t a t i o n  44+40 w i l l  t i e  i n t o  t h e  e x i s t i n g  p r i v a t e  g u n i t e  drainageway n o r t h  o f  

Be1 1 Road. A p r i o r  agreement w i t h  t h e  developer o f  Sun Ci ty  West and a 

temporary c o n s t r u c t i o n  easement w i l l  be requ i red .  

Sheet 4  ( S t a t i o n  52+00 t o  S t a t i o n  94t00) 

No o f f - s i t e  runoff  impacts t h i s  sec t i on  o f  Be1 1 Road. From S t a t i o n  49+00 

(sheet 3) t o  S t a t i o n  100+00 (sheet 51, ca tch  bas ins w i l l  be set  a t  approx i -  

matel y  500- foot  i n t e r v a l  s t o  i n t e r c e p t  on-si  t e  drainage w i t h  1  a t e r a l  s  t o  

d ischarge f 1 ows i n t o  t h e  e x i s t i n g  p r i v a t e  guni t e  d r a i  nageway a1 ong t h e  n o r t h  

s i d e  o f  B e l l  Road. The ca tch  bas in  i n t e r v a l s  were s e t  based on t h e  pavement 
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spread c r i t e r i a  f o r  s t r e e t  flow. These interval  s were s e t  on a uniform 

pavement cross-sl  ope of two percent and a constant 1 ongi tudi nal roadway 

slope. The in t e rva l s  will  have t o  be adjusted t o  r e f l e c t  f ina l  design 

cross-slopesf and longitudinal slopes. A pr ior  agreement with the  developer 

of Sun City West and a temporary construct ion easement wil l  be required. 

Sheet 5 (Stat ion 94+00 t o  Stat ion 136t00) 

The bridge over the  Agua Fria  River was determined t o  have the  capacity t o  

convey the  100-year flood. The adequacy of bridge deck drainage was not 

evaluated; however, the  catch basins a t  Stat ion 100+00 and Stat ion 117+00 

should have the  capacity t o  in t e rcep t  runoff from the  bridge deck. 

The catch basins between Stat ion 117+00 and Stat ion 137+00 (sheet  6 )  will 

discharge i n t o  an ex i s t ing  earthen drainageway north of Bell Road. This 

drainageway a1 so in t e rcep t s  o f f - s i t e  flows from the  north and d ive r t s  them 

t o  t h e  Agua Fr ia  River. A t  the time of f ina l  design and prior  t o  

construct ion,  an agreement will have t o  be obtained from the property owner 

t o  maintain the  drainageway and ensure t h a t  a pos i t ive  ou t fa l l  t o  the  Agua 

Fria  River i s  kept open. Ponding behind the bridge spur dike should be 

prevented through proper gradi ng.  The doubl e 16'x1Z1 concrete box cul ve r t  

equipment pass a t  S ta t ions  123t30 should remain. 

Sheet 6 (Stat ion 136+00 t o  Sta t ion  178+00) 

No o f f - s i t e  runoff impacts t h i s  sec t ion  of Bell Road. Catch basins wil l  be 

s e t  t o  in t e rcep t  roadway drainage f o r  conveyance t o  the  exis t ing  pr iva te  

gunite  drainageway north of Bell Road. The loca t ion  of the  catch basins a t  

S ta t ion  162+00 will  have t o  be adjusted t o  avoid c o n f l i c t  with a 6"  high 

pressure gas 1 i n e  and a 12" sani ta ry  sewer 1 ine. An agreement and temporary 

construct ion easements wil l  have t o  be obtained from the  developer of Sun 

City t o  t i e  i n t o  the  drainageway. 

The double 9Ix5' box cul v e r t  a t  S ta t ion  142+00 (115th Avenue a1 ignment) 

conveys flows from the  gunite  dra5nageway and i s  t o  remain. 



Sheet 7 (Station 178+00 t o  Station 220+00) 

No of f -s i te  runoff impacts th i s  section of Bell Road. From Station 178+00 

t o  Dell Webb Boulevard, catch basins will be set t o  intercept roadway 

drainage for conveyance t o  the existing private gunite drainageway north of 

Bell Road. 

From Station 200+70 t o  Station 220+00, a 24" - 36" storm drain will convey 

stormwater runoff t o  the east .  A prior agreement with the developer of Sun 

City and a temporary construction easement wi 1 1 be requi red. 

Sheet 8 (Station 220t00 t o  Station 262+00) 

No off-s i te  runoff impacts th i s  section of Be1 1 Road. The 36" storm drain 

described under Sheet 7 will t i e  into the existing 48" storm drain a t  ap- 

proximately Station 224+80. This storm drain i s  located along the south 

right-of-way of Bell Road and discharges into the existing private gunite 

drainageway along 99th Avenue. Lateral s  extend northward from the 48" storm 

drain along 105th Avenue and Boswell Boulevard. The 48" storm drain and i t s  

l a te ra l s  are set  shallow, thereby precluding the use of a separate storm 

drain for the Be1 1 Road project. A t  the time of final design, a hydro1 ogic 

and hydraulic analysis should be performed of the complete system t o  ensure 

no  adverse impacts t o  the 48" storm drain and i t s  lateral  s. Because the 

proposed 24" - 36" storm drain i s  set  shallow, i t  may have t o  be oversized 

t o  ensure that  the hydraulic grade l i ne  i s  within the freeboard l imits  of 

the catch basins that will t i e  into th i s  storm drain. 

From the 99th Avenue Station 272+15 (sheet 91, a 24" - 36" storm drain will 

convey s t r ee t  runoff westward to  the existing private gunite drainageway a t  

99th Avenue. 

Sheet 9 (Station 262t00 t o  Station 304t00) 

No off-s i te  runoff impacts th i s  section of Bell Road. Future devel opnent of 

the vacant land east  of Sun  City will be required t o  adhere t o  the City of 
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The 48" storm drain between 91st Avenue and 89th Avenue and the 42" - 54" 

storm drain between 87th Avenue and New River should be designed in 

coordination with the future development of the vacant land north of Bell 

Road. S t u b  outs may be required for lateral  s  a1 ong 89th Avenue, 87th Avenue 

and other future s t ree t  alignments t o  the north. 

The 42" - 54" storm drain conveying stormwater t o  the New River may have t o  

be oversized a t  the time of final design t o  ensure the hydraulic grade l ine 

remains within the freeboard requirements of future catch basins along Bell 

Road. 

Peoria1 s pol icy requi ring on-site detention of the 10-year frequency storm. 

A 24" - 36" storm drain from Station 282i20 t o  91st Aven t ;~  (Sl,ret 10) will 

convey roadway drainage to  the proposed open channel a t  91st Avenue. This 

channel will convey runoff t o  the New River a t  Greenway Road. The existing 

roadway dip crossing a t  Station 30n+00 conveys runoff from the undeveloped 

land north of Bell Road to  an earthen drainageway south of Bell Road. A 

determination should be made a t  the time of final design as to  whether dev- 

elopment plans are in progress for the vacant land north of Bell Road and 

whether runoff from the s i t e  can be picked u p  by the proposed storm drain 

along Be1 1 Eoad. The dip in the road may be el inlinated and excess f l  ows 

from the s i t e  may be allowed t o  flow east  on Bell Road and discharge into 

the proposed channel a t  91st Avenue through curb openings. 

Sheet 10 (Station 304t00 t o  Station 352t00) 

Major of f - s i te  runoff concentration points are a t  91st Avenue, 89th Avenue 

and 87th Avenue. A n  open channel will be set  along the 91st Avenue align- 

ment t o  accept discharges from the 36" storm drain to  the west, a 30" storm 

drain from the north and a 48" storm drain from the east. The invert of the 

channel should be set  a t  the time of final design t o  ensure adequate cover 

for the three contributing storm drains. A t  the time of construction of the 

Bell Road project, a 30" stub out can be constructed along 91st Avenue to  

the Bell Road right-of-way and plugged for future completion a t  the time of 

i  mpl ementati on of the Gl endal e-Peori a ADMS. 



Erosion protection measures a t  the storm drain outlet  may be required t o  

protect the New River bridge and the storm drain outfall .  I t  was determined 

from current floodplain maps that  the New River bridge can convey the 100- 

year discharge in the New River within the channel banks. No determination 

has been made as t o  the s tab i l i ty  of the river bed or banks. Coordination 

with the Outer Loop Highway project will be required. The high~ay brill 

parallel the New River along i t s  east bank. An interchange with Bell Road 

will be constructed. I t  i s  possible that the Outer Loop Highway will 

require a drainage outfall to  the New River along Bell Road. However, i t  i s  

anticipated that the Bell Road Project and Outer Loop Highway drai'nage 

faci 1 i  t i e s  will be independent of each other. 

Sheet 11 (Station 352t00 t o  Station 394+00) 

No significant off-s i te  flows impact th i s  section of Be1 1 Road. A 30" storm 

drain i s  proposed t o  convey roadway drainage from Station 385t50 westward to  

the New River. I t  i s  recommended that the existing 36" CMP a t  Station 

335t70 and the 18"x29" CMP a t  Station 366t50 remain until the final design 

plans for the Outer Loop Highway and the real ignment of 83rd Avenue have 

been reviewed. I t  may also be possible t o  eliminate the dip crossing a t  

83rd Avenue. I t  was assumed for the Bell Road Project Drainage Study that 

the c i t ru s  orchard north of Bell Road between 83rd Avenue and 75th Avenue 

(Sheet 1 2 )  will be master planned for commercial development with a single 

drainage outlet  a t  the approximate 77th Avenue alignment (Station 396t00. 

Sheet 12). The dip crossing a t  Station 382t00 should remain. 

Sheet 12 (Station 394+00 t o  Station 436t00) 

Major concentration points for  off-s i te  runoff are located a t  the 77th 

Avenue alignment (Station 395i-00) and a t  75th Avenue. A 72" storm drain 

will extend a1 ong Be1 1 Road from 75th Avenue t o  77th Avenue t o  pick u p  off- 

s i t e  flows concentrating a t  that  location. This storm drain will t i e  into a 

double 6Ix6' box culvert a t  75th Avenue that  heads south along 75th Avenue 

t o  Skunk Creek. A 30" storm drain will extend from 75th Avenue eastward to  

Station 423t20 t o  convey roadway drainage t o  the double 6'x6' box cul vert. 

A 72" storm drain extending north of Bell Road along 75th Avenue will also 
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t i e  into the double 6Ix6' box culvert a t  Bell Road. For the purpose of the 

Bell Road project, the double 6Ix6' box culvert outfall t o  S k u n k  Creek will 

have t o  be constructed in conjunction with the 72" and 30" storm drains 

along Bell Road. A 72"  stub out can be constructed t o  the north Bell Road 

right-of-way t o  accommodate future  construction of the 72" storm drain along 

75th Avenue north of Bell Road. 

The upstream invert of the double 6Ix6' box culvert should be se t  as low as 

possible with respect t o  the outfall a t  Skunk Creek to  maximize the 

available cover for the 72" storm drain along Bell Road. 

I t  was determined from current floodplain maps of Skunk Creek that  the 100- 

year flow i s  contained within the bank of Skunk Creek a t  Bell Road. No 

determination has been made as t o  river bed or bank s t ab i l i t y .  Erosion 

protection should be evaluated for  the 30" storm drain outfall a t  the east  

bank. The need for bridge widening should be eval uated by the section 

designers. 

Sheet 13 (Station 436t00 t o  Station 478+00 

Major of f - s i te  flows concentrate a t  67th Avenue. The 24" - 30" storm drain 

west of 67th Avenue and outfalling a t  Skunk Creek (Sheet 12) i s  for  

conveying roadway drainage. A 66" storm drain (continuation from Sheet 14) 

will convey on-site and of f - s i te  flows t o  a 72" storm drain a t  67th Avenue. 

This outfall was adopted by the City of Glendale SWMP. No date has been se t  

for i t s  construction. The vertical profile of the 66" storm drain and 72" 

outfall  were s e t  t o  avoid the 12" water l i n e  a t  67th Avenue. If the Bell 

Road drainage i  mprovements are constructed prior t o  construction of the 

outfal l ,  temporary measures might be imp1 emented such as tying the storm 

drain t o  a combination dry well manhole that  will a1 low water t o  bubble u p  

t o  the surface and discharge t o  a roadside grader ditch. 



Sheet 14 (Station 478+00 t o  Station 520t00) 

Major of f - s i te  concentration points along Bell Road are a t  63rd Avenue. Glst 

Avenue and 59th Avenue. A 24" - 30" - 66" storm drain will convey on-site 

and off-s i te  stormwaters t o  the 72" outfall a t  6 7 t h  Avenue (Sheet 13).  The 

vertical profile of the storm drain was set  sufficiently deep t o  a v ~ i d  the 

12" water1 ine a t  63rd Avenue. A t  the time of final design, stub outs may be 

provided for future la te ra l s  along 63rd Avenue and 61st Avenue t o  extend 

north of Bell Road. If the Bell Road drainage improvements are constructed 

prior t o  construction of the outfal l ,  temporary measures might be imple- 

mented such as tying the storm drain t o  a combination dry we1 1 manhol e that  

will a1 1 ow water t o  bubble u p  t o  the surface and discharge t o  a roadside 

grader ditch. 

A 24" storm drain will extend a1 ong Be1 1 Road east of 59th Avenue 

(continuation from Sheet 15). The storm drain will t i e  into a 60" outfall 

a t  59th Avenue. The outfall storm drain continues south along 59th Avenue 

t o  the ACDC. Diversions into detention basins occur a t  two locations along 

th i s  outfall .  The a1 ignment of the 60'' outfall should be se t  east  of the 

59th Avenue centerline t o  avoid a 30" waterline. A t  the time of 

construction, a 54" stub out should be provided along 59th Avenue t o  

accommodate a storm drain proposed by the Glendale SWMP. No date has been 

se t  for  the construction of the outfall .  If the Bell Road drainage 

improvements are constructed prior t o  construction of the outfal l ,  temporary 

measures might be implemented such as tying the storm drain t o  a combination 

dry well manhole that will a1 1 ow water to  bubble u p  to  the surface and 

discharge t o  a roadside grader ditch. 

Sheet 15 (Station 520t00 t o  Station 568t00) 

Major off-s i te  flows concentrate along Be11 Road a t  55th Avenue and 51st 

Avenue. No off-s i te  flows impact Bell Road between 55th Avenue and 51st 

Avenue. A 24" storm drain will convey on-site stormwater flows t o  the 59th 

Avenue outfall (Sheet 14). Off-site flows from 55th Avenue will be diverted 

by a future project into a detention basin located along Bell Road between 

57th Avenue and 55th Avenue as proposed by the Glenda1 e SWMP. Basin 
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out f lows w i l l  be metered ou t  t o  t h e  24" Be1 1  Road storm dra in .  A s tub  out 

w i l l  a1 so be prov ided f o r  t h e  f u t u r e  de ten t i on  basin. 

The v e r t i c a l  p r o f i l e  o f  t h e  B e l l  Road storm d r a i n  was se t  t o  avo id  a  10" 

s a n i t a r y  sewer a t  57 th  Avenue and a  12" w a t e r l i n e  a t  55 th  Avenue. I f  t h e  

B e l l  Road drainage improvements a re  cons t ruc ted  p r i o r  t o  cons t ruc t i on  o f  t he  

o u t f a l l ,  temporary measures might  be implemented such as t y i n g  t h e  storm 

d r a i n  t o  a  combinat ion dry we l l  manhole t h a t  w i l l  a1 low water t o  bubble up 

t o  t h e  sur face and discharge t o  a  roads ide grader d i t ch .  

A 30" storm d r a i n  w i l l  extend eas t  f rom 51s t  Avenue ( con t i nua t i on  f rom sheet 

16) and t i e  i n t o  t h e  proposed 36" storm d r a i n  a long 51s t  Avenue. Th is  storm 

d r a i n  conveys stormwater f l ows  t o  t h e  ACDC. The 36" storm d r a i n  i 's  

scheduled f o r  complet ion t o  B e l l  Road dur ing  1988-1989. A t  t h e  t ime o f  

c o n s t r u c t i o n  o f  t h e  B e l l  Road p r o j e c t  improvements, a  33" s tub ou t  should be 

prov ided f o r  t h e  c o n t i n u a t i o n  o f  t h e  51s t  Avenue storm d r a i n  n o r t h  o f  B e l l  

Road. 

Sheet 16 ( S t a t i o n  568+00 t o  S t a t i o n  610+00) 

No o f f - s i t e  f lows impact t h i s  sec t i on  o f  B e l l  Road. A 24" - 30" s torm d r a i n  

a long B e l l  Road w i l l  convey roadway drainage t o  t h e  51s t  Avenue storm dra in .  

Sheet 17 ( S t a t i o n  610+00 t o  S t a t i o n  652+00) 

Major o f f - s i t e  f l ows  concen t ra te  along B e l l  Road a t  43rd Avenue and 39 th  

Avenue. A 2411 - 42" storm d r a i n  (cont inued f rom S t a t i o n  660+50. Sheet 18) 

w i l l  convey o n - s i t e  and o f f - s i t e  f l ows  t o  a  60" storm d r a i n  l oca ted  a t  43rd 

Avenue. The 43rd Avenue storm d r a i n  w i l l  convey stormwater f l o w s  t o  t h e  

ACDC. The 60" s torm d r a i n  i s  scheduled f o r  complet ion t o  Be1 1  Road dur ing  

1988-1989. A t  t he  t ime o f  cons t ruc t i on .  a  48" s tub  ou t  should be prov ided 

f o r  t h e  c o n t i n u a t i o n  o f  t h e  43rd Avenue storm d r a i n  n o r t h  o f  B e l l  Road. The 

v e r t i c a l  p r o f i l e  o f  t h e  42" storm d r a i n  a long Be1 1  Road was se t  t o  avo id  a  

12" water  1  i ne and a  21" s a n i t a r y  sewer a t  43rd Avenue. A 24" san i t a r y  

sewer a t  39 th  Avenue should be avoided. 



Sheet 18 (Stat ion 652t00 t o  Sta t ion  694+00) 

Major o f f - s i t e  flows concentrate a t  Bell Road and 35th Avenue. A 36" storm 

drain (continued from Stat ion 697+50, Sheet 19) will  convey on-s i te  and of f -  

s i t e  stormwater runoff t o  a  proposed 60" storm drain a t  35th Avenue. This 

storm drain will  convey stormwater flows t o  the ACDC. The ver t ica l  p ro f i l e  

of the  36" storm drain a1 ong 35th Avenue was s e t  deep enough t o  avoid 

u t i l i t y  c o n f l i c t s  a t  35th Avenue and a t  Stat ion 676+00, Stat ion 683+70, 

S ta t ion  688+40 and Sta t ion  692+80 with the  sani ta ry  sewers. 

The 60" storm drain along 35th Avenue i s  scheduled f o r  construction t o  Bell 

Road in 1988-1989. A t  t he  time of construct ion of the  Bell Road f a c i l i t i e s ,  

a  60" stub out should be provided fo r  the  continuation of the  35th Avenue 

storm dra in  north of Bell Road. 

Sheet 19 (Stat ion 694+00 t o  Sta t ion  736+00) 

From Sta t ion  698+50 t o  Sta t ion  610t50, a  24" - 36" storm drain will  convey 

roadway t o  the  proposed 35th Avenue storm drain (Sheet 18) .  The ver t ica l  

p ro f i l e  of the  24" storm drain was s e t  t o  avoid c o n f l i c t s  with u t i l i t i e s  a t  

31s t  Avenue and 29th Avenue. A drop s t ruc tu re  wil l  be required a t  31st  

Avenue a t  the  junction of the  24'' and 36" storm drains.  

From Sta t ion  718+00 t o  Sta t ion  736+00, roadway drainage flows i n t o  the  de- 

pressed sect ion of Bell Road under 1-17 where i t  wil l  be intercepted by the  

ex i s t ing  catch basins and pumped out by the  ex i s t ing  pumps recently rated a t  

94% of the  25-year storm inflow ra t e .  Any modifications t o  the  exis t ing  

drainage system within the  depressed sect ion of Be1 1 Road wil l  have t o  be 

coordinated with ADOT. The 42" storm drain shown para l le l  t o  the  1-17 

northbound off-ramp wil l  c ross  1-17 a t  approximately 1-17 Sta t ion  625+00 and 

discharge i n t o  the  exis t ing  drainageway pa ra l l e l ing  the  west s ide  of 1-17. 

Instal  l a t i o n  of t h i s  storm drain wil l  a1 s o  have t o  be coordinated with ADOT. 



The roadway d i p  c ross ing  a t  31s t  Avenue should be mainta ined t o  permi t  run-  

o f f  i n  excess o f  t h e  storm d r a i n  design t o  con t inue  t o  cross Be1 1  Road t o  

t h e  south. The doubl e  6 I x 3 '  box cul  v e r t  a t  approx imate ly  S t a t i o n  719+00 

serve t h e  drainageway along t h e  west s ide  o f  1-17 and should remain. 

Sheet 20 ( S t a t i o n  736t00 t o  S t a t i o n  778t00) 

O f f - s i t e  runoff  concent ra tes along B e l l  Road a t  21s t  Avenue and 19 th  Avenue. 

An 18" - 42" s torm d r a i n  w i l l  convey o n - s i t e  and o f f - s i t e  stormwater f l o w s  

west t o  t h e  drainageway on t h e  west s ide  o f  1-17 as descr ibed under Sheet 

19. The v e r t i c a l  p r o f i l e  o f  t h e  18" - 42" storm d r a i n  was set  t o  avo id  

major u t i l i t y  c o n f l i c t s  a t  23rd Avenue. 21st  Avenue and a t  S t a t i o n  763t70. 

It i s  recommended t h a t  t h e  e x i s t i n g  42" p i pe  c u l v e r t  a t  S ta t io r ,  738aGO r e -  

main o r  be rep laced i n  k i n d  t o  convey f l ows  i n  excess o f  t h e  design storm 

frequency across B e l l  Road t o  t he  south. The e x i s t i n g  90" storm d r a i n  a t  

1 9 t h  Avenue w i t h  a  42'' s tub  out t o  t h e  eas t  a1 ong Be1 1  Road w i l l  be d i s -  

cussed under Sheet 21. It i s  recommended t h a t  t h e  double 22"x36" p i pe  

c u l v e r t  a t  1 9 t h  Avenue and Be1 1  Road remain o r  be recons t ruc ted  t o  convey 

f l o w s  i n  excess o f  the  design storm frequency across Be1 1  Road along 1 9 t h  

Avenue. 

Sheet 21 ( S t a t i o n  778+00 t o  S t a t i o n  820t00) 

Minor o f f - s i t e  f l o w s  concen t ra te  along B e l l  Road a t  1 7 t h  Avenue and 1 5 t h  

Avenue. On-s i te  roadway drainage f rom a  h i g h  p o i n t  a t  S t a t i o n  816t50 

c a r r i e s  runo f f  t o  t h e  west t w a r d  1 5 t h  Avenue. A 24" - 33" - 42" storm 

d r a i n  w i l l  convey o n - s i t e  and o f f - s i t e  stormwater f l o w s  t o  t h e  42" s tub  out  

f rom t h e  e x i s t i n g  90'' s torm d r a i n  along 1 9 t h  Avenue. The v e r t i c a l  p r o f i l e  

o f  t he  s torm d r a i n  a long Be11 Road was f i x e d  by t h e  upstream i n v e r t  o f  t h e  

e x i s t i n g  42" s tub  ou t  and t h e  need t o  avo id  c o n f l i c t s  w i t h  s a n i t a r y  sewers 

a t  S t a t i o n  783+70, S t a t i o n  788+60, S t a t i o n  795+10 and S t a t i o n  801t50. A t  

t h e  t ime  of c o n s t r u c t i o n  o f  t h e  B e l l  Road f a c i l i t i e s ,  s tub ou ts  may be pro-  

v ided  f o r  minor l a t e r a l  s  t o  extend n o r t h  o f  Be1 1  Road a long 1 7 t h  Avenue and 

1 5 t h  Avenue. 



4 Sheet 22 ( S t a t i o n  820t00 t o  S t a t i o n  862t00) 

I Major o f f - s i t e  f lows concent ra te  a t  Cave Creek and Centra l  Avenue. Ac- 

co rd ing  t o  c u r r e n t  f l o o d p l a i n  maps o f  Cave Creek, t h e  100-year f l o o d  breaks 

B ou t  o f  t h e  channel and covers approx imate ly  900 f e e t  o f  B e l l  Road. The 

developer of t h e  vacant l and  n o r t h  o f  Be1 1  Road and west o f  3 rd  Avenue i s  

I propos ing t o  modi f y  t h e  Cave Creek channel and cons t ruc t  d i  kes so as t o  

convey a l l  100-year f l o w s  i n  Cave Creek w i t h i n  t he  channel banks and through 

u t h e  B e l l  Road br idge.  No m o d i f i c a t i o n s  t o  t h e  b r idge  over Cave Creek were. 

therefore,  proposed by t h e  BRPD study a t  t h e  d i r e c t i o n s  o f  t h e  Flood Contro l  

D i s t r i c t .  The B e l l  Road P r o j e c t  Management Consul tant  has expressed t h e  

need f o r  some e ros i on  p r o t e c t i o n  measures f o r  t he  br idge.  

u A 24" storm d r a i n  w i l l  convey o n - s i t e  r u n o f f  generated a1 ong Be1 1  Road be- 

tween Cave Creek and Centra l  Avenue. The ho r i zon ta l  a1 ignment o f  t he  storm 

I d r a i n  was s e t  t o  c i rcumvent  t h e  e x i s t i n g  double 6 ' x 4 '  box c u l v e r t  a t  S t a t i o n  

831t50. The v e r t i c a l  p r o f i l e  was es tab l i shed  t o  avo id  u t i l i t y  c o n f l i c t s  a t  

Seventh Avenue. It i s  recommended t h a t  t h e  double 6 I x 4 '  box c u l v e r t  remain 

t o  convey o f f - s i t e  f l o w s  under B e l l  Road. 

I From S t a t i o n  854t50 t o  T h i r d  S t r e e t  (sheet 231, a  42" storm d r a i n  w i l l  

convey o f f - s i t e  runo f f  concen t ra t i ng  a t  T h i r d  S t r e e t  t o  a  proposed 54" storm 

I - 

d r a i n  a1 ong Cent ra l  Avenue. The p r o f i l e  o f  t h e  42" storm d r a i n  was se t  t o  

avo id  t h e  e x i s t i n g  double 1 0 1 x 5 '  box c u l v e r t  a t  S t a t i o n  856+00 and t h e  

I 
1Oix5I box c u l v e r t  a t  S t a t i o n  859+50. The i n v e r t  o f  t h e  54" storm d r a i n  was 

se t  t o  avo id  c o n f l i c t s  w i t h  8" water l i n e s  and a  12" s a n i t a r y  sewer a t  t h e  

Cent ra l  Avenue and B e l l  Road i n t e r s e c t i o n .  The 54" storm d r a i n  w i l l  convey 

I r u n o f f  t o  t h e  proposed Greenway Parkway channel p ro j ec t ,  which i s  scheduled 

f o r  complet ion i n  1989. The design o f  t h e  54" storm d r a i n  w i l l  have t o  be 

coord ina ted  w i t h  t h e  design o f  t h e  Greenway Parkway p r o j e c t  t o  ensure t h a t  

p o s i t i v e  drainage i s  maintained. 

! A t  t h e  t ime o f  f i n a l  des ign f o r  t h e  54" storm dra in ,  p r o v i s i o n s  should be 

made f o r  i n t e r c e p t i n g  t h e  15 cfs t h a t  a re  f l o w i n g  down Centra l  Avenue. A 

I s tub  ou t  f o r  a  small l a t e r a l  t o  extend a long Centra l  Avenue n o r t h  o f  B e l l  
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Road may have t o  be prov ided a t  t h e  t ime o f  c o n s t r u c t i o n  o f  t h e  B e l l  Road 

f a c i l i t i e s .  The double 101x5"  box c u l v e r t  and t he  l O ' x 5 '  box c u l v e r t  should 

remain t o  p rov ide  drainage r e l i e f  f o r  f l ows  i n  excess o f  t h e  design storm 

frequency concen t ra t i ng  a t  t he  n o r t h  r igh t -o f -way  o f  Be1 1  Road eas t  o f  

Cent ra l  Avenue. 

Sheet 23 ( S t a t i o n  862t00 t o  S t a t i o n  904t00) 

Major o f f - s i t e  concen t ra t i on  p o i n t s  a r e  l oca ted  a t  Seventh S t r e e t  and N i n t h  

S t ree t .  The Upper East Fork o f  Cave Creek ADMS (UEFCC. ADMS) i s  an on-going 

study t h a t  i s  proposing f l o o d  con t ro l  measures f o r  t h e  100-year frequency 

stormwaters f rom Seventh S t r e e t  t o  34 th  Way (Sheet 2 7 ) .  The s t r u c t u r e s  

developed by t h i s  study were i nco rpo ra ted  i n t o  t h e  B e l l  Road p r o j e c t  a t  t h e  

d i r e c t i o n  o f  t h e  F lood Contro l  D i s t r i c t .  On-s i te  r u n o f f  i n  t h e  UEFCC ADMS 

study area w i l l  e i t h e r  be i n t e r c e p t e d  by f a c i l i t i e s  recommended by t h a t  

s tudy o r  by 2-year storm frequency storm d ra i ns  developed by t h e  B e l l  Roaci 

P r o j e c t  Drainage Study (BRPD) . Suppl emental 18" storm d ra i ns  f o r  on-si  t e  

drainage a re  r e q u i r e d  eas t  o f  T h i r d  S t r e e t  ( T h i r d  S t ree t  t o  S t a t i o n  871t00) 

and eas t  o f  Seventh S t r e e t  (Seventh S t r e e t  t o  S t a t i o n  884t00). The i n v e r t s  

o f  t h e  Seventh S t r e e t  and N i n t h  S t r e e t  storm d ra i ns  should be se t  a t  t he  

t ime o f  f i n a l  design t o  avo id  bo th  u t i l i t y  c o n f l i c t s  and t o  ensure p o s i t i v e  

drainage t o  t h e  Greenway Parkway channel. The channel i s  scheduled f o r  

complet ion i n  1989. A t  t h e  t ime  o f  c o n s t r u c t i o n  o f  t h e  B e l l  Road 

f a c i l i t i e s ,  s tub  ou ts  should be prov ided t o  a l low f o r  t he  con t i nua t i on  of 

t h e  proposed storm d r a i n s  a long Seventh S t r e e t  and N i n t h  S t r e e t  n o r t h  o f  

B e l l  Road t o  be cons t ruc ted  a t  a  l a t e r  date. 

Sheet 24 ( S t a t i o n  904t00 t o  S t a t i o n  946+00) 

Major o f f - s i t e  f l ows  concen t ra te  a t  1 2 t h  St reet .  1 4 t h  St reet .  16 th  S t r e e t  

and a t  t h e  Jun iper  S t r e e t  a1 ignment. The storm d r a i n  along Be1 1  Road was 

s i zed  f o r  t h e  100-year f requency storm per t h e  UEFCC ADMS. An 18" ex tens ion  

f rom S t a t i o n  942+00 t o  S t a t i o n  950+00 (Sheet 25) i s  prov ided f o r  o n - s i t e  

d r  a i  nage. 



The 18" - 30" - 66" - 72" storm drain will convey stormwater flows t o  the 

Ninth S t ree t  storm drain. The vert ical  prof i le  of the storm drain was s e t  

su f f i c ien t ly  deep t o  avoid numerous u t i l i t y  conf l i c t s  such as sanitary 

sewers and major water transmission l ines  located a t  Station 913t70, 918t20, 

920+40, 926t00 and 933t50. If the U E F C C  ADMS i s  ef fect ive  in intercepti  n g  

o f f - s i t e  100-year stormwater flows, the dip crossing between Station 924t00 

and Station 935t00 may be removed. The 18" culverts  a t  Station 917+70 and 

a t  Station 923i90 may a1 so be removed or abandoned. 

During construction of the Be1 1 Road f a c i l i t i e s ,  stub outs may be provided 

for l a t e r a l s  t o  extend along 12th Street ,  14th Street  and 16th Street  north 

of Be1 1 Road. 

Sheet 25 (Stat ion 946t00 t o  Stat ion 988t00) 

This section of Bell Road i s  within the 100-year floodplain of the  East Fork 

of Cave Creek. The UEFCC ADMS has proposed a major storm drain t o  extend 

along Bell Road from 20th Street  t o  28th Street  (Sheet 26). The storm drain 

i s  sized fo r  the 100-year frequency storm and ranges from a 72" pipe t o  3- 

101x4' box culverts .  The storm drain will discharge i n to  an open channel a t  

20th Street  tha t  will fol 1 cw the 20th Street  a1 ignment south t o  the Via 

Verde channel. The vert ical  a1 ignment of the storm drain a1 ong Be1 1 Road 

was s e t  su f f i c ien t ly  deep t o  avoid corrfl i c t s  with major u t i l i t i e s  a t  Cave 

Creek Road and smaller u t i l i t i e s  a t  26th Street  and 28th Street  (Sheet 26). 

Special junction s t ructures  will be required a t  22nd Street  and Cave Creek 

Road t o  accommodate the  changes i n  box culvert  s izes.  The dip crossing a t  

Station 955t00 may be removed only in conjunction with construction of the 

20th Street  channel which will in tercept  upstream floodwaters. 

If the 20th Street  channel will not be constructed in conjunction with the 

Bell Road project,  the  i n l e t s  f o r  the storm drain along Bell Road should be 

blocked until  the outfa l l  t o  the Via Verde channel has been completed. The 

double 8 'x6 '  box cul ver t  under Bell Road a t  20th Street  should be 

constructed i n  conjunction with the Bell Road project.  Stub outs should be 

provided a t  22nd Street .  Cave Creek Road, 26th Street  and 28th Street  (Sheet 

26) for  fu ture  l a t e r a l s  t o  extend north of Bell Road. 
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Sheet 26 (Station 988t00 t o  Station 1030t00) 

Refer t o  the previous discussion regarding Sheet 25 for the review of the 
storm drains west of 28th Street. A 72" - double 8'x4' storm drain box 

culvert will convey on-site and off-s i te  stormwaters from 400 f ee t  east  of 

34th Way (Sheet 27 )  to  a proposed 4Ix17' box culvert a t  2 9 t h  Street proposed 

by the UEFCC ADMS. The downstream invert of the double 8 'x4'  box culvert a t  

29th Street will have t o  be carefully set  t o  ensure positive drainage for 

the 4Ix17' outfall t o  the Via Verde channel. The invert of the storm drain 

along Be1 1 Road must also be set sufficiently deep t o  avoid conflicts with 

the major u t i l i t i e s  a t  32nd Street and 34th Way (Sheet 2 7 ) .  A t  the time of 

construction of the Bell Road f a c i l i t i e s ,  a stub out should be provided a t  

32nd Street  (Sheet 27)  t o  permit future continuation of the 72"  storm drain 

north of Be1 1 Road. The existing storm drain along 32nd Street (54'' north 

of Be1 1 Road. 60" south of Be1 1 Road) will remain. Final disposition of 

th i s  storm drain i s  pending the adoption of the UEFCC ADMS. If the Bell 

Road drainage i  mprovements are constructed prior t o  construction of the 

outfal l ,  temporary measures might be imp1 emented such as tying the storm 

drain t o  a combination dry we1 1 manhol e that  will a1 low water t o  bubble u p  

t o  the surface and discharge t o  a roadside grader ditch. The roadway dip 

crossings a t  25th Street  and 2 6 t h  Street  should remain unless the upstream 

and downstream drainage improvements proposed by the UEFCC ADMS are 

constructed prior t o  the Bell Road project drainage improvements. 

Sheet 27 (Station 1030t00 t o  Station 1072t00) 

Refer t o  the previous discussion of Sheet 26 for a review of the storm drain 

west of 34th Way. Major of f - s i te  runoff concentrates 350 f ee t  west of 36th 

Street  where an existing drainageway crosses Bell Road in a dip section. A 

48" storm drain with a headwall i n l e t  will intercept flows in the 

drainageway and convey them t o  a proposed 48' storm drain a t  36th Street. 

The existing dip crossing east  of 36th Street  should be maintained to  permit 

flows in excess of the storm drain design capacity t o  a1 1 ow flows t o  

continue in the i r  historic path. The 48" storm drain along 36th Street  will 

convey stormwater flows t o  the existing Indian Bend Wash (IBW) project. The 

36th Street  storm drain i s  scheduled for construction u p  t o  Be71 Road in 

1990-1991. The proposed Be1 1 Road i  mprovements are schedul ed for 
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1990-1991. The proposed Bell Road improvements are scheduled for construc- 

tion in 1989-1990. one year prior to  construction of the outfall .  If the 

Bell Road drainage improvements are constructed prior to  construction of the 

outfal l ,  temporary measures might be implemented such as tying the storm 

drain t o  a combination dry well manhole that will allow water t o  bubble u p  

t o  the surface and discharge to  a roadside grader ditch. 

Sheet 28 (Station 1072+00 t o  Station 1114+00) 

Major off-s i te  runoff concentration points are located a t  37th Court, 40th 

Street and 41'st Street. A 24" - 30" storm drain will extend along Bell Road 

from Station 1082+50 heading westward t o  36th Street and tying into the 

proposed 48" storm drain 1 ocated along 36th Street. A 24" - 39" storm drain 

will extend from Station 1112+00 t o  the existing storm drain a t  40th Street. 

A 39" stub out has already been provided for the continuation of the storm 

drain east  of 40th Street  along Bell Road. The existing roadway dip 

crossings a t  37th Court, Station 1084+00 and 41st Street and the existing 

43"x27" culverts a t  40th Street  should be maintained t o  provide drainage 

relief for flows in excess of the design storm. 

The storm drain along Bell Road east  of 40th Street  was set  sufficiently 

deep to  avoid u t i l i t y  conflicts a t  40th Street. 

Sheet 29 (Station 1114+00 t o  Station 1156+00) 

Major of f - s i te  runoff concentration points along Bell Road are located a t  

44th Street and 48th Street  (Tatum Boulevard). A 24" - 36" storm drain 

along Be1 1 Road will convey stormwater flow from Station 1139+00 t o  44th 

Street where a proposed 42" storm drain will convey stormwater to  the IBW. 

The 42" outfall t o  the IBW i s  not scheduled for completion until af ter  1992. 

If the Bell Road drainage improvements are constructed prior t o  construction 

of the outfal l ,  temporary measures might be implemented such as tying the 

storm drain t o  a combination dry well manhole that will a1 low water t o  

bubble up  t o  the surface and discharge to  a roadside grader ditch. The 

existing 22"x36" pipe culverts a t  Station 1124t50. Station 1130t70 and a t  
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Sta t ion  1141t10 should remain t o  provide drainage r e l i e f  f o r  o f f - s i t e  flows 

in excess of the  design storm impacting the  north right-of-way of Bell 

Road. A t  the  time of construct ion of the  Be1 1 Road drainage f a c i l i t i e s ,  a  

39" s tub  out should be provided f o r  the storm drain proposed f o r  4 4 t h  S t r ee t  

north of Be1 1 Road. 

A 39" storm drain (continued from Sta t ion  1165+00, Sheet 30) wil l  convey on- 

s i t e  and o f f - s i t e  stormwater t o  the proposed 39" storm drain located a t  48th 

S t ree t  (Tatum Boulevard) storm drain. 

The ve r t i ca l  p ro f i l e  of the  39" storm drain a1 ong Be1 1 Road was s e t  s u f f i -  

c i en t ly  deep t o  avoid the  27"x43" cu lve r t s  a t  48th S t ree t  and the 22"x36" 

cu lve r t s  e a s t  of 49th S t r e e t  which should remain t o  provide drainage r e l i e f  

f o r  flows in excess of the Bell Road projec t  design storm. The 48th S t ree t  

ou t fa l l  i s  scheduled f o r  completion t o  Bell Road in 1990-1991, within the  

same time frame f o r  completion of the  Be1 1 Road project  drainage improve- 

ments. A t  t h e  time of construct ion of t h e  Bell Road drainage f a c i l i t i e s ,  a  

30" s tub out should be constructed t o  permit the  fu tu re  completion of the 

48th S t r e e t  storm drain north of Be1 1 Road. 

Sheet 30 (Sta t ion  1156t00 t o  Sta t ion  1198t00) 

Major concentration points  f o r  o f f - s i t e  runoff along Bell Road a r e  located 

a t  49th St ree t .  52nd S t r e e t  and 54th S t ree t .  An 18" - 39" storm drain will  

convey runoff from Sta t ion  1165t00 heading westward t o  48th S t ree t  as des- 

cribed under Sheet 29. An 18" - 30" storm drain wil l  convey on-s i te  and 

o f f - s i t e  drainage from Sta t ion  1191t40 t o  the proposed 36" storm drain 

located along 52nd S t r e e t  storm drain. The 52nd S t r e e t  storm drain wil l  

convey stormwater t o  the  IBW. The 52nd S t ree t  storm drain i s  scheduled f o r  

construct ion t o  Be1 1 Road by 1989, which i s  within the  same time frame f o r  

completion of the  Bell Road Project  drainage improvements f o r  t h i s  segment. 

The 18"x29" cu lve r t s  a t  S ta t ion  1170t70, S ta t ion  1171t30 and Sta t ion  1174t30 

should remain t o  provide drainage r e l i e f  f o r  flows in excess of the Be1 1 

Road projec t  design storm. A t  t he  time of construct ion of the  Bell Road 



p r o j e c t  f a c i l i t i e s ,  a  30" s tub  ou t  should be p rov ided  a t  52nd S t r e e t  t o  

a l l o w  f o r  t h e  f u t u r e  comp le t ion  o f  t h e  52nd S t r e e t  storm d r a i n  n o r t h  o f  B e l l  

Road. 

Sheet 31 ( S t a t i o n  1198+00 t o  S t a t i o n  1240+00) 

Major c o n c e n t r a t i o n  p o i n t s  f o r  o f f - s i  t e  r u n o f f  a1 ong Be1 1 Road a re  1  ocated 

a t  56 th  S t ree t ,  57 th  S t r e e t  and 58 th  Way. An 18" - 30" - 42" storm d r a i n  i s  

proposed t o  convey o n - s i t e  and o f f - s i t e  stormwater f l o w s  f rom 6 0 t h  S t r e e t  

west t o  t h e  proposed 42" storm d r a i n  l o c a t e d  a long 56 th  S t ree t .  The 56th  

S t r e e t  storm d r a i n  w i l l  convey storm waters t o  t h e  Sereno Park d e t e n t i o n  

bas in  a t  56 th  S t ree t ,  one-ha l f  m i l e  south  o f  Thunderb i rd  Road. The 56 th  

S t r e e t  storm d r a i n  i s  scheduled f o r  complet ion t o  B e l l  Road i n  1988-1989, 

which i s  p r i o r  t o  t h e  scheduled c o n s t r u c t i o n  o f  t h e  B e l l  Road drainage 

f a c i l i t i e s  f o r  t h i s  segment. 

The v e r t i c a l  p r o f i l e  o f  t h e  storm d r a i n  a1 ong B e l l  Road was s e t  t o  cross 

over t h e  8 "  s a n i t a r y  sewers l o c a t e d  a t  56 th  S t ree t ,  57 th  S t r e e t  and 58 th  

Way, and under a  42" water  main a t  5 6 t h  S t r e e t .  

A t  t h e  t i m e  o f  c o n s t r u c t i o n  o f  t h e  B e l l  Road dra inage f a c i l i t i e s ,  s tub  ou ts  

should  be p rov ided  f o r  minor 1  a t e r a l  s  a t  56 th  S t ree t ,  57 th  S t r e e t  and 58 th  

Way t o  extend t o  t h e  n o r t h  o f  B e l l  Road. The e x i s t i n g  c u l v e r t s  a t  56 th  

S t ree t ,  S t a t i o n  1205+10 and S t a t i o n  1229+10 should  be removed o r  abandoned 

as t h e  h i g h l y  urban ized n a t u r e  o f  t h e  a r e a  n o r t h  o f  Be1 1 Road should p e r m i t  

i n t e r c e p t i o n  o f  o f f - s i  t e  f l o w s  w i t h i n  t h e  s t r e e t  r i gh ts -o f -way  n o r t h  o f  Be1 1  

Road. The d i p  c r o s s i n g  l o c a t e d  a t  S t a t i o n  1216+00 should be ma in ta ined  as a  

dra inage r e l i e f  f o r  f l o w s  i n  excess o f  t h e  des ign storm f rom t h e  s u b d i v i s i o n  

n o r t h  o f  Be1 1  Road so r u n o f f  can con t inue  i n  t h e i r  h i s t o r i c  pa th  south  of 

Be1 1  Road a1 ong 4 8 t h  S t r e e t .  The e x i s t i n g  22"x36" p i  pe cu l  v e r t  a t  S t a t i o n  

1239t00 should remain t o  p r o v i d e  a  c r o s s i n g  f o r  minor  o f f - s i t e  f l o w s  d r a i n -  

i n g  f rom t h e  nor theas t .  



Sheet 32 (Station 1240t00 t o  Station 1282t00) 

Minor of f - s i te  flows (two cfs)  drain westward from Station 1274t00 ( 6 7 t h  

Street)  t o  an existing 18"x29" pipe culvert a t  Station 1247+60. This cul- 

vert shoul d remain or be rep1 aced in kind during the construction of the 

Bell Road project improvements. A grader ditch should be provided along the 

north right-of-way of Bell Road t o  convey flows to  the 18"x29" culvert. 

Curb opening inlets  should be provided along Bell Road t o  divert on-site 

drainage from the north half of Bell Road t o  the proposed grader ditch. On-  

s i t e  drainage from the south pavement half of Bell Road should be permitted 

t o  turn southward and continue down the existing s t ree ts  a t  62nd Place. 64th 

Street ,  65th Street ,  66th Street and 6 7 t h  Street. On-site runoff from 6 7 t h  

Street  to  Station 1282t00 will drain to  the east  t o  the existing dip cros- 

sing located a t  Station 1284+60 (Sheet 33) that conveys flows to  a drainage 

easement in the subdivision located south of Bell Road. 

Sheet 33 (Station 1282t00 t o  Station 1308t80/Scottsdale Road) 

Minor off-s i te  flows (nine c fs )  drain t o  an existing 18" culvert located a t  

Station 1284+60. 

This culvert should remain or be replaced in kind a t  the time of construc- 

tion of the Be1 1 Road drainage f a c i l i t i e s .  Minor off-s i te  flows will a1 so 

concentrate a t  the intersection of Bell Road and Scottsdale Road and flow 

south along the west shoulder of Scottsdale Road and will be intercepted by 

an existing storm drain 1 ocated a t  Greenway Road. 

On-site runoff from Bell Road will drain west from the high point located a t  

Station 1297+00 t o  the dip crossing a t  Station 1285t00 (68th Street) .  

Street  drainage could either continue down 68th Street or be diverted by 

curb opening in1 e t s  t o  the in l e t  of the existing 18" culvert. On-site run- 

off from east  of Station 1297t00 will drain t o  Scottsdale Road as gutter 

flow then turn south and flow a1 ong the west roadway shoul der of Scottsdal e 

Road t o  the storm drain located a t  Greenway Road. 
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GENEFdl KITES 

1. M E S E  PLANS ARE DEVELOPED TO A CONCEPT LEVEL ONLY AND ARE NOT INTENDED 

FOR CONSlRUCTlON PURWSES. THE H O R I Z O N T ~  A W  VERTICAL LOCATION OF ALL 

EXISTING AND PRoPosm DRAINAGE FACILITIES'ARE APPROXIHATE. 

Z.  CATCH BASINS. LATERALS. nANHoLEs AW O T H E ~  STOW DRAIN APPURTENANCES ARE 

NOT SHOWN. M E  CATCH BASINS WITH LATERALS DISCHARGING INTO THE EXISTING 

SUN CITY YEST AND SUN CITY DRAINAGEUAYS BETHEEN STATION 48100 AM) 195+00 

ARE SHOWN BECAUSE THEY CONSTITUTE THE BN-SITE DRAINAGE FACIL IT IES FOR 

T H I S  SECTION OF BELL ROAD. 

REWRT FOR A DETAILED OESCRlPl lON OF THE PROPOSED FACIL IT IES AM) AN 

EXPLANATION OF GREINER'S RATIONALE I N  DEYELOPING THE CONCEPT PLAN. 

4. STOW DRAIN STRUCTURES FOR THE SECTION )F BELL ROAD BETWEEN 7TH STREET 

AND 4 0 0  FEET EAST OF 3 4 M  WAY WERE SIZED 6'1 NBSILOWRY FOR THE UPPER EAST 

FORK OF CAVE CREEK AREA DRAINAGE MASTER STUDY. 

4 0 ~ '  0 4000' mod 

feet 

LEGEND 

m.................... JUHlSDlCTlON BOUNDARY 

BELL ROAD ALI6NilENT 

- -- PROPOSED STOKN DRAIN 

STORN DRAIN PROPOSED BY OTHERS - PROPOSED CATCH BASIN WITH LATERALS - . . . - . . - . - EXISTING DRAINA6EWAY 

PROPOSED DRAINAGEWAY OR SWALE --- 100 YEAR FLOODPLAIN LIMIT 

RIGHT-OF-WAY 
DIRECTION OF FLOW 
PROPOSED DROP STRUCTURE 

PROPOSED HEADWALL 
EXISTING STORM DRAIN 

TRANSITION JUNCTION STRUCTURE 
EXISTING CULVERT 
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X. CAPITAL COSTS 

Costs f o r  t h e  s e l e c t e d  s to rmwate r / f l oodwate r  management systems were deve l -  

oped f o r  c o n s t r u c t i o n ,  eng ineer ing ,  a d m i n i s t r a t i o n  and l a n d  a c q u i s i t i o n .  

C o n s t r u c t i o n  c o s t s  f o r  t h e  on-s i  t e  and o f f - s i  t e  d ra inage  systems i n c l  uded 

t h e  c o s t s  f o r  s to rm d r a i n  t r u n k  l i n e  c o n d u i t  ( conc re te  p i p e  o r  box c u l v e r t )  

and e x c a v a t i o n  (channel s  and d e t e n t i o n  b a s i n s )  . 

U n i t  c o s t s  f o r  r e i n f o r c e d  conc re te  p i p e  (RCP), r e i n f o r c e d  conc re te  box 

c u l v e r t s  (RCBC) and e x c a v a t i o n  were d e r i v e d  f rom u n i t  c o s t s  r e c e n t l y  

developed f o r  p r e l  i m i  na ry  c o s t  es t ima tes  f o r  t h e  Outer  Loop Highway. The 

u n i t  c o s t s  f o r  c o n d u i t  i n c l u d e  t h e  c o s t  o f  i n s t a l l a t i o n .  A l l  c o s t s  a r e  i n  

1987 do1 1  a rs .  

T h i r t y  (30%) p e r c e n t  was added t o  t h e  e s t i m a t e d  c o n s t r u c t i o n  c o s t s  f o r  t h e  

o n - s i t e  and o f f - s i t e  dra inage f a c i l  i t i e s  t o  i n c l u d e  c o s t s  assoc ia ted  w i t h  

appurtenances t o  t h e  t r u n k  system such as o u t l e t  o r  i n l e t  works, j u n c t i o n  

s t r u c t u r e s ,  manhol es, 1  a t e r a l  s, c a t c h  bas ins ,  e r o s i o n  p r o t e c t i o n ,  bank 

s t a b i l i z a t i o n ,  minor  s t r e e t  r e c o n s t r u c t i o n ,  minor  u t i l  i t y  re1  o c a t i o n  and 

c o n f l i c t  r e s o l u t i o n s ,  e t c .  T h i s  f e e  was e s t i m a t e d  on t h e  b a s i s  o f  r e c e n t l y  

completed roadway d ra inage  and f l o o d  c o n t r o l  des ign  p r o j e c t s .  

Twenty (20%) pe rcen t  o f  t h e  c o n s t r u c t i o n  c o s t s  was added f o r  e n g i n e e r i n g  and 

admini  s t r a t i  on  t o  cove r  t h e  c o s t s  f o r  survey, design,  c o n t r a c t  admini  s t r a -  

t i o n ,  f i e l d  e n g i n e e r i n g  and i n s p e c t i o n  s e r v i c e s .  

Land a c q u i s i t i o n  c o s t s  f o r  a d d i t i o n a l  r i g h t - o f - w a y  f o r  open channel s  and 

d e t e n t i o n  bas ins  were based on per  a c r e  va lues  d e r i v e d  f rom e i t h e r  c u r r e n t  

County Assessor r e c o r d s  and/or  i n f o r m a t i o n  r e c e n t l y  developed by t h e  C i t y  o f  

G lenda le  f o r  t h e  G lenda le  Storm Water Management Plan. 

A  f a c t o r  o f  twen ty  (20%) p e r c e n t  was t h e n  added f o r  cont ingency c o s t s  t o  

r e f l e c t  t h e  e f f e c t s  o f  unknown p o t e n t i a l  d i f f i c u l t i e s  o r  changes d u r i n g  

f i n a l  des ign  and c o n s t r u c t i o n .  T h i s  c o s t  was added t o  t h e  above ment ioned 

costs .  Es t imated c o s t s  d i d  n o t  i n c l u d e  t h e  f o l l o w i n g :  

7 6 



o Major  u t i l  i t y  re1 o c a t i o n s  

o Major  s t r e e t  r e c o n s t r u c t i o n  

o Landscaping and maintenance 

The c o s t s  o f  t h e  s e l e c t e d  systems f o r  each o f  t h e  dra inage areas a r e  sum- 

mar ized i n  Tab les  9 th rough  23. 

Not  a1 1  c o s t s  developed i n  t h i s  r e p o r t  a r e  assoc ia ted  w i t h  t h e  c o s t s  o f  

c o n s t r u c t i n g  t h e  dra inage f a c i l  i t i e s  f o r  t h e  Be1 1  Road expansion on1 y. 

Other  c o s t s  a r e  broken o u t  and i n c l u d e d  i n  t h e  summary t a b l e s  f o r  proposed 

f a c i l i t i e s  b o t h  upstream and downstream o f  Be1 1  Road t h a t  w i l l  be con- 

s t r u c t e d  e i t h e r  p r i o r  t o  and/or  i n  t h e  f u t u r e  o f  t h e  system shown f o r  B e l l  

Road o n l y .  Costs i n  Tab les  9 t h r o u g h  16 a r e  f o r  f a c i l i t i e s  l o c a t e d  n o r t l i  o f  

Be1 1  Road and a long  Be1 1  Road. Tables 17 t h r o u g h  23 a r e  f o r  t h e  f a c i l i t i e s  

sou th  o f  Be1 1  Road. 

I n  a l l  t a b l e s ,  t h e  c o s t s  a r e  a l s o  broken o u t  by j u r i s d i c t i o n .  S t r u c t u r e s  

a r e  i d e n t i f i e d  by t h e  s t r u c t u r e  number found on P l a t e s  1 t h r o u g h  11 and i n  

t h e  S t r u c t u r e  Summary Tab les  1 t h r o u g h  8. S t r u c t u r e s  a r e  i d e n t i f i e d  by s i z e  

and type,  q u a n t i t y ,  u n i t  c o s t  and e s t i m a t e d  cos t .  For t h e  f a c i l i t i e s  n o r t h  

and south  o f  B e l l  Road proposed by o t h e r  s tud ies ,  uncommon s t r u c t u r e  s i z e s  

(33" RCP, 39" RCP. 4 I x 1 3 '  RCBC) were l e f t  as o r i g i n a l l y  proposed. 

The c o s t s  f o r  c a t c h  b a s i n s  and l a t e r a l s  a r e  i n c l  uded under s to rm d r a i n  

appurtenances. However, i n  Dra inage Areas 1 and 2, c a t c h  bas ins  a r e  p ro -  

posed t o  t i e  d i r e c t l y  i n t o  e x i s t i n g  drainageways. The c o s t s  o f  t h e s e  c a t c h  

bas ins  and l a t e r a l s  are ,  t h e r e f o r e ,  d i r e c t l y  accounted f o r  w i t h  t h e  o t h e r  

s t r u c t u r e s  proposed i n  these  d ra inage  areas. No c o s t s  a r e  p r o v i d e d  f o r  

Dra inage Areas 9 and 10, as no improvements a r e  recommended i n  t h i s  s tudy t o  

t h e  b r i d g e s  over  Skunk Creek and Cave Creek. 

Tab le  24 i s  a summary o f  t o t a l  c o s t s  broken o u t  by d ra inage  area, s tudy  o f  

o r i g i n  and j u r i s d i c t i o n .  For each d ra inage  area, t o t a l  c o s t s  f o r  f a c i l i t i e s  

n o r t h  o f ,  a long  and sou th  o f  B e l l  Road a r e  p resen ted  v e r t i c a l l y ,  w i t h  t h e  

t o t a l  c o s t  p e r  j u r i s d i c t i o n  p resen ted  h o r i z o n t a l l y .  
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TABLE 9 

ESTIMATED COSTS 

FOR FACILITIES NORTH OF 

AND ALONG BELL ROAD 

DRAINAGE AREA 1 

Location and Structure Structure Un i t  Estimated 
Jur isd ic t ion  No. Type Quant i ty  Cost Cost 

F a c i l i t i e s  Along 110 36"  RCP 110 L.F. $ 69.00 $ 8.000 
Be1 1 Road (Mar i -  111 24" RCP 1,720 L.F. 39.00 67,000 
copa County) Pro- 112 30"  RCP 490 L.F. 55.00 27,000 
posed by BRPD N / A  CB ' s 14 EA. 2,300.00 32,000 
On1 y 

Sub-Total 
30% Appurtenances 

20% Engineer ing and A d m i n i s t r a t i o n  

Sub-Tot a1 

Land A c q u i s i t i o n  

Sub-Total 

20% Contingency 

Sub-Total $ 251.000 



TABLE 9 CONTINUED 

ESTIMATED COSTS 

FOR FACILITIES NORTH OF 

AND ALONG BELL ROAD 

DRAINAGE AREA 1 

Location and Structure Structure Uni t  Estimated 
Juri  sdi c t i  on No. Type Quantity - Cost Cost 

Fac i  1 i t i  es A1 ong 112 30" RCP 490 L.F. 55.00 27,000 
Be1 1 Road (Town N/A CB s 8 EA. 2.300.00 18,000 
o f  Surp r i se )  Pro- 
posed by BRPD 
On1 y 

Sub-Tot a1 
30% Appurtenances 

20% Engineer ing and A d m i n i s t r a t i o n  
- 

Sub-Tot a1 

Land Acqui s i  t i  on 

20% Contingency 14,000 

Sub-Tot a1 

TOTAL ESTIMATED COST FOR DRAINAGE AREA 1 



TABLE 10  

ESTIMATED COSTS 

FOR FACILITIES NORTH OF 

AND ALONG BELL ROAD 

DRAINAGE AREA 2 

Location and S t r u c t u r e  S t r u c t u r e  U n i t  Estimated 
J u r i s d i c t i o n  No. Type Quan t i t y  - Cost Cost 

F a c i l i t i e s  North of 21 0 Channel 8,200 C.Y. $ 2.50 $ 21.000 
Bell  Road (Ci ty  of 211 36" R C P  5,280 C.Y. 69.00 364,000 
Peor ia )  Proposed by 21 2 30" RCP 5,200 L . F .  55 .OO 286,000 
Gl endal e-Peor i a ADMS 217 Channel 8.200 C . Y .  2.50 21.000 

230 Basin 27,000 C.Y. 2.50 68.000 

Sub-Total 

30% Appurtenances 

20% Engineering and Adminis t ra t ion 

Sub-Tot a1 $1,186.000 

Land Acqui s i  t i  on 210 Channel 3.6 AC 90.000 324.000 
217 Channel 3.6 AC 90.000 324.000 
2 30 Basin 4.0 AC 90.000 360.000 

Sub-Total 

20% Contingency 

Sub-Total $2,632.000 



TABLE 10 CONTINUED 

ESTIMATED COSTS 

FOR FACILITIES NORTH OF 

AND ALONG BELL ROAD 

DRAINAGE AREA 2 

Location and Structure Structure U n i t  Estimated 
J u r i s d i c t i o n  No. Type Quantity - Cost Cost 

F a c i l i t i e s  North of 218 48" RCP 5,200 L.F. $ 98.00 $ 510,000 
Be1 1 Road (Ci ty  of 2 19 42" R C P  2,700 L.F. 83.00 224,000 
P e o r i a )  Proposed by 231 Basin 27,000 C.Y.  2.50 68,000 
B R P D  Study Only 232 Basin 27,000 C.Y. 2.50 68,000 
-- -- - 

Sub-Tot a1 

30% Appurtenances 

20% Engineering and Admini s t r a t i  on 

Sub-Total 

Land Acqui s i t i o n  23 1 Basin 4 A C  90,000 360,000 
232 Basin 4 AC 90.000 360,000 

Sub-Total $2,077,000 

20% Contingency 415,000 

Sub-Tot a1 $2,493,000 



TABLE 10 CONTINUED 

ESTIMATED COSTS 

FOR FACILITIES NORTH OF 

AND ALONG BELL ROAD 

DRAINAGE AREA 2 

Loca t i on  and S t r u c t u r e  S t r u c t u r e  U n i t  Est imated 
J u r i s d i c t i o n  No. Type Q u a n t i t y  Cost Cost 

Fac i  1 i t i  es A1 ong 21 3 48" RCP 650 L.F. $ 98.00 $ 64.000 
Be1 1 Road ( C i t y  o f  220 42" RCP 630 L.F. 83.00 52,000 
Peor i  a)  Proposed 22 1 54" RCP 1,820 L.F. 124.00 226.000 
by BRPD Study Only 

I Sub-Tot a1 

30% Appurtenances 

I 20% Engineer ing and Adm in i s t r a t i on  

Sub-Tot a1 

Land A c q u i s i t i o n  -0- 

Sub-Total $ 534.000 

20% Contingency 

I Sub-Tot a1 

1 ,  
I 
I 
I 



TABLE 10 CONTINUED 

ESTIMATED COSTS 

FOR FACILITIES NORTH OF 

AND ALONG BELL ROAD 

DRAINAGE AREA 2 

Location and Structure Structure Uni t  Estimated 
Jur isd ic t ion  No. Type Quant i t y  Cost Cost 

Fac i  1 i t i  es A1 ong 21 5 36"  RCP 1.550 L.F. $ 69.00 $ 107,000 
Be1 1 Road (Mar i -  214 24" RCP 1.200 L.F. 39.00 47,000 
copa County) Pro-  222 24" RCP 1.420 L.F. 39.00 55,000 
posed by BRPD 2 23 36" RCP 1.550 L.F. 69.00 107,000 
Study Only 224 24" RCP 1.650 L.F. 39.00 64.000 

225 36" RCP 750 L.F. 69.00 52,000 
N/A CB and 24 EA. 2,300.00 55,000 

L a t e r a l  s 

Sub-Total 

30% Appurtenances 

20% Eng ineer ing  and A d m i n i s t r a t i o n  

Sub-Total 

Land A c q u i s i t i o n  

Sub-Tot a1 

20% Cont ingency 

Sub-Total $ 912,000 



TABLE 10 CONTINUED 

ESTIMATED COSTS 

FOR FACILITIES NORTH OF 

AND ALONG BELL ROAD 

DRAINAGE AREA 2 

Location and Structure Structure Uni t  Estimated 
Jur isd ic t ion  No. Type Quant i ty  Cost Cost 

Fac i l  i t i e s  Along NIA CB and 6 EA. $2.300.00 $ 14,000 
Be1 1 Road (Town La te ra l  s 
of S u r p r i s e )  Pro- 
posed by B R P D  
Study On1 y 

Sub-Total 

30% Appurtenances 

20% Engineering and Admin i s t ra t ion  

Sub-Tot a1 

Land A c q u i s i t i o n  

Sub-Total 

20% Contingency 

Sub-Total 

TOTAL ESTIMATED COST FOR DRAINAGE AREA 2 



TABLE 11 

ESTIMATED COSTS 

FOR FACILITIES NORTH OF 

AND ALONG BELL ROAD 

DRAINAGE AREA 3 

Location and Structure Structure U n i t  Estimated 
Jur isd ic t ion  No. Type Quant i ty  - Cost Cost 

F a c i l i t i e s  N o r t h  31 0 48" RCP 1,500 L.F. $ 98.00 $ 147.000 
o f  Be1 1 Road ( C i t y  311 72" RCP 1,750 L.F. 150.00 263,000 
o f  Glenda1 e)  Pro- 31 2 72" RCP 800 L.F. 150.00 120.000 
posed by BRPD 
Study On1 y 

Sub-Total 

30% Appurtenances 

20% Engineer ing and A d m i n i s t r a t i o n  

Sub-Tot a1 

Land A c q u i s i t i o n  

Sub-Total 

20% Cont ingency 

Sub-Total $ 992.000 



TABLE 11 CONTINUED 

ESTIMATED COSTS 

FOR FACILITIES NORTH OF 

AND ALONG BELL ROAD 

DRAINAGE AREA 3 

Location and Structure Structure U n i t  Estimated 
J u r i s d i c t i o n  No. Type Quantity Cost Cost 

Faci  1 i ti es A1  ong 31 3 30" RCP 1.480 L.F. $ 55.00 $ 81,000 
Be1 1 Road ( C i t y  o f  315 7 2 '  RCP 1.320 L.F. 150.00 198,000 
G l  endal e Proposed 316 30" RCP 3,660 L.F. 55.00 201.000 
by BRPD Study Only 

Sub-Total 

30% Appurtenances 

20% Engineer ing and A d m i n i s t r a t i o n  

Sub-Tot a1 

Land Acqui s i  t i  on 

Sub-Total 

20% Contingency 

Sub-Total 

TOTAL ESTIMATED COST FOR DRAINAGE AREA 3 



TABLE 12 

ESTIMATED COSTS 

FOR FACILITIES NORTH OF 

AND ALONG BELL ROAD 

DRAINAGE AREA 4 

Location and Structure Structure U n i t  Estimated 
Jur isd ic t ion  No. Type Quantity Cost Cost 

F a c i l i t i e s  North of 437 54" RCP 2,640 L.F. $ 124.00 $ 327,000 
Bell  Road (Ci ty  of 436 84" RCP 2,640L.F.  180.00 475.000 
Gl endal  e l  Proposed 4 57 Basin 21,000 C.Y. 2.50 53.000 
by SWMP 

Sub-Tot a1 

30% Appurtenances 

20% Engineering and Admin i s t ra t ion  

Sub-Tot a1 $1.334.000 

Land Acqui si  t i  on 457 Basin 5 AC 90,000 $ 450,000 

Sub-Total 

20% Contingency 

Sub-Total $2.141,000 



TABLE 12 CONTINUED 

ESTIMATED COSTS 

FOR FACILITIES NORTH OF 

AND ALONG BELL ROAD 

DRAINAGE AREA 4 

Location and Structure Structure U n i t  Estimated 
J u r i s d i c t i o n  No. Type Quantity - Cost Cost 

Faci l  i t i e s  North 40 1 54" RCP 2,640 L.F. $ 124.00 $ 327,000 
of Bell  Road (Ci ty  402 60" R C P  2,640 L.F.  140.00 370,000 
of Phoenix) Pro- 414 42" RCP 2.640 L.F. 83.00 219.000 
posed by NSDS 41 5 48" R C P  2,640 L . F .  98.00 259,000 

426 33" R C P  2,640 L.F. 62.00 164,000 

Sub-Tot a1 

30% Appurtenances 

20% Engineering and Adminis t ra t ion 

Sub-Tot a1 

Land A c q u i s i t i o n  

Sub-Total 

20% Contingency 

Sub-Tot a1 



TABLE 12 CONTINUED 

ESTIMATED COSTS 

FOR FACILITIES NORTH OF 

AND ALONG BELL ROAD 

DRAINAGE AREA 4 

Location and Structure Structure U n i t  
Jur isd ic t ion  No. Type Quantity - Cost 

Facilities Along 438 24" RCP 2.140 L.F. $ 39.00 
Be1 1 Road (City 440 24" RCP 2.700 L.F. 39.00 
of Glenda1 el Pro- 446 24" RCP 860 L.F. 39.00 
posed by BRPD 4 47 30" RCP 1.320 L.F. 55.00 
Study 44 8 66" RCP 2,330 L.F. 145.00 

455 24" RCP 1,400L.F. 39.00 
4 56 30" RCP 1.050 L.F. 55.00 

Estimated 
Cost 

- -  

Sub-Tot a1 

30% Appurtenances 

20% Engineering and Administration 

Sub-Tot a1 

Land Acqui si ti o n  

Sub-Tot a1 

20% Contingency 

Sub-Tot a1 $1.397.000 



TABLE 12 CONTINUED 

ESTIMATED COSTS 

FOR FACILITIES NORTH OF 

AND ALONG BELL ROAD 

DRAINAGE AREA 4 

Location and Structure Structure Unit  Estimated 
Jur i  sdict i  on No. Type Quantity - Cost Cost 

F a c i l i t i e s  Along 403 24I1RCP 1,200L.F.  $ 39.00 $ 47,000 
Be1 1 Road (Ci ty  404 36" RCP 2,810 L.F. 69.00 194.000 
of Phoenix) Pro- 41 6 24" RCP 1,640 L.F. 39.00 64,000 
posed by BRPD 417 42" RCP 2,670 L.F. 83.00 222,000 
Study 427 24" RCP 1,550 L.F. 39.00 60,000 

428 30" RCP 2,670 L.F. 55.00 147,000 

Sub-Total 

30% Appurtenances 

20% Engineer ing and Admini s t r a t i  on 

Sub-Total 

Land Acqui s i  t i o n  

Sub-Tot a1 

20% Contingency 

Sub-Total 

TOTAL ESTIMATED COST FOR DRAINAGE AREA 4 



TABLE 13 

ESTIMATED COSTS 

FOR FACILITIES NORTH OF 

AND ALONG BELL ROAD 

DRAINAGE AREA 5 

Location and Structure Structure U n i t  Estimated 
J u r i  sdi c t i  on No. Type Quantity Cost Cost 

F a c i l i t i e s  Nor th  501 
o f  Be1 1 Road ( C i t y  5 02 
o f  Phoenix) Pro- 50 3 
posed by NCMSD 5 04 
Study 50 5 

5 06 
5 07 
5 08 
5 09 

24" RCP 1.320 L.F. $ 39.00 $ 51.000 
27 I' RC P 500 L.F. 47.00 24.000 
36" RCP 820 L.F. 69.00 57.000 
39" RCP 1.320 L.F. 76.00 100. 000 
42" RCP 2.640 L.F. 83.00 219,000 
60" RCP 2.640 L.F. 140.00 370. 000 
27" RCP 650 L.F. 47 .OO 31  .OOO 
36" RCP 1.320 L.F. 69.00 9 1  . 000 
42" RCP 1.320 L.F. 83.00 l l O s O O O  

Sub-Total 

30% Appurtenances 

20% Engineer ing and A d m i n i s t r a t i o n  

Sub-Tot a1 

Land Acqui s i  t i  on 

Sub-Total 

20% Contingency 

Sub-Tot a1 $1.972.000 



TABLE 13 CONTINUED 

ESTIMATED COSTS 

FOR FACILITIES NORTH OF 

AND ALONG BELL ROAD 

DRAINAGE AREA 5 

Location and Structure Structure U n i t  Estimated 
J u r i s d i c t i o n  No. Type Quant i ty  Cost - Cost 

Fac i  1 i t i  es A1 ong 51 1 24" RCP 320 L.F. $ 39.00 $ 12,000 
B e l l  Road ( C i t y  5 12 33" RCP 1,310 L.F. 62.00 81,000 
o f  Phoenix) Pro- 51 3 42" RCP 1,055 L . F .  83.00 88,000 
posed by BRPD 515 18" RCP 820 L.F. 15.00 13,000 
Study 51 6 42"  RCP 2,040 L.F. 83 . O O  169,000 

Sub-Total 

30% Appurtenances 

20% Eng ineer ing  and A d m i n i s t r a t i o n  

Sub-Total 

Land Acqui s i  ti on 

Sub-Total 

20% Cont ingency 

Sub-Total 

TOTAL ESTIMATED COSTS FOR DRAINAGE AREA 5 



TABLE 14 

ESTIMATED COSTS 

FOR FACILITIES NORTH OF 

AND ALONG BELL ROAD 

DRAINAGE AREA 6 

L o c a t i o n  and S t r u c t u r e  S t r u c t u r e  U n i t  Est imated 
J u r i  s d i c t i  on No. Type Q u a n t i t y  - Cost Cost 

F a c i l i t i e s  Nor th  610 
o f  Be1 1 Road ( C i t y  611 
o f  Phoenix) Pro- 61 2 
posed by UEFCC 613 
ADMS 614 

615 
616 
617 
62 3 
624 
62 5 
64 0 
64 5 

78" RCP 2,640 L.F. $ 165.00 $ 436,000 
90" RCP 1,320 L.F. 197.00 260.000 
Channel* 2,800 L.F. 250.00 700,000 

4'xl3'RCBC 2.000 L.F. 260.00 520.000 
4Ixl6'RCBC 950 L.F. 320.00 304s000 

90" RCP 3.820 L.F. 197 .OO 753,000 
Channel* 1.320 L.F. 250.00 330.000 

4'x201RCBC 1.150L.F. 400.00 460,000 
72" RCP 1,320 L.F. 150.00 198,000 
78" RCP 1.320 L.F. 165.00 218,000 
84" RCP 1.320 L.F. 180.00 238.000 

Bas in  126,000 C.Y. 2.50 315s000 
Bas in  242,000C.Y. 2.50 605.000 

Sub-Tot a1 

30% Appurtenances 

20% Engineer ing and A d m i n i s t r a t i o n  

Sub-Total $ 8,326s000 

Land Acqui s i  ti on 64 0 Bas in  13 AC 40.000 520.000 
64 5 Bas in  2 5 A C  40.000 1.000.000 

Sub-Tot a1 

20% Contingency 

Sub-Total $11,815.000 



TABLE 14 CONTINUED 

ESTIMATED COSTS 

FOR FACILITIES NORTH OF 

AND ALONG BELL ROAD 

DRAINAGE AREA 6 

Location and Structure Structure U n i t  Estimated 
J u r i  sdi c t i  on No. Type Quantity - Cost Cost 

Faci l  i t i e s  Along 62 1 66" RCP 2.280 L.F. $ 145.00 $ 331.000 
Bell Road (Ci ty  of 622 72" R C P  1.320 L.F. 150.00 198.000 
Phoenix) Proposed 
by UEFCC ADMS 

Sub-Total 

30% Appurtenances 

20% Engineering and Adminis t ra t ion 

Sub-Tot a1 

Land Acqui s i t  i on 

Sub-Total 

20% Contingency 

Sub-Tot a1 S 990.000 



TABLE 14 CONTINUED 

ESTIMATED COSTS 

FOR FACILITIES NORTH OF 

AND ALONG BELL ROAD 

DRAINAGE AREA 6 

Location and Structure Structure U n i t  Estimated 
Jur isd ic t ion  No. Type Quant i ty  - Cost Cost 

F a c i l i t i e s  Along 619 18" RCP 800 L.F. $ 15.00 $ 12,000 
Be1 l Road ( C i t y  o f  620 30" RCP 1,200 L.F. 55.00 66,000 
Phoenix) Proposed 6 26 18" RCP 280 L.F. 15.00 4.000 
by BRPD Study Only 627 18" RCP 300 L.F. 15.00 5,000 

628 42" RCP 1,350 L.F. 83.00 112,000 
631 24" RCP 2,150 L.F. 39.00 84.000 

Sub-Total 

30% Appurtenances 

20% Engineer ing and Admini s t r a t i  on 

Sub-Total 

Land A c q u i s i t i o n  

Sub-Tot a1 

20% Cont i  ngency 

Sub-Total 

TOTAL ESTIMATED COST FOR DRAINAGE AREA 6 

" Q u a n t i t i e s  and u n i t  c o s t  p rov ided  by UEFCC ADMS 



TABLE 15 

ESTIMATED COSTS 

FOR FACILITIES NORTH OF 

AND ALONG BELL ROAD 

DRAINAGE AREA 7 

Location and Structure Structure U n i t  Estimated 
Jur isd ic t ion  No. Type Quantity - Cost Cost 

F a c i l i t i e s  N o r t h  750 Basins 160,000 C.Y. $ 2.50 $ 400,000 
o f  Be1 1 Road ( C i t y  721 Channel* 1 ,500L.F .  100.00 150,000 
o f  Phoenix) Pro- 722 54" RCP 2.640 L . F .  124 .OO 327,000 
posed by UEFCC ADMS 723 Channel* 2,640 L.F.  100.00 264,000 

Sub-Total 

30% Appurtenances 

20% Engi neer ing  and Admini s t r a t i  on 

Land Acqui s i t i o n  750 Basin  19 AC 40.000 760.000 
721 Channel ( l and)  7.6AC 40.000 304.000 

( res idences)  1 0  EA. 160,000 1,600,000 
723 Channel ( l and)  18.2 AC 40,000 728,000 

( res idences)  5 EA. 160,000 800,000 

Sub-Tot a1 

20% Contingency 

Sub-Total 

* Q u a n t i t i e s  and U n i t  Cost Prov ided by UEFCC ADMS 



TABLE 15 CONTINUED 

ESTIMATED COSTS 

FOR FACILITIES NORTH OF 

AND ALONG BELL ROAD 

DRAINAGE AREA 7 

Location and Structure Structure U n i t  Estimated 
Jur isd ic t ion  No. Type Quantity Cost Cost 

F a c i l i t i e s  N o r t h  71 0 78" RCP 5.200 L.F. $ 165.00 $ 858.000 
o f  Be1 1 Road (Mar i -  7 11 84" RC P 2.640 L.F. 180.00 475.000 
copa County) Pro- 712 72" RCP 2.640 L.F. 150.00 396.000 
posed by UEFCC ADMS 713 72" RCP 2.640 L.F. 150.00 396.000 

719 84" RCP 1.400 L.F. 180.00 252.000 
7 2 0 90" RCP 1.320 L.F. 197.00 260.000 
74 0 Bas in  136.000 C.Y. 2.50 340.000 

- 

Sub-Tot a1 

30% Appurtenances 

20% Engineer ing and A d m i n i s t r a t i o n  

Sub-Total 

Land Acqui s i  ti on 740 Bas in  14 AC 40,000 560.000 

Sub-Total 

20% Contingency 

Sub-Tot a1 $ 6.245.000 



TABLE 15 CONTINUED 

ESTIMATED COSTS 

FOR FACILITIES NORTH OF 

AND ALONG BELL ROAD 

DRAINAGE AREA 7 

Location and Structure Structure U n i t  Estimated 
J u r i s d i c t i o n  No. Type Quantity Cost Cost 

F a c i l i t i e s  Along 7 27 2-6'x4'RCBC 1,300 L.F. $ 286.00 $ 372,000 
Be1 1 Road ( C i t y  o f  728 3-101x14'RCBC 1,360 L.F. 600.00 816,000 
Phoenix) Proposed 730 2-B1x6 '  RCBC 110 L.F. 432.00 48,000 
by UEFCC ADMS 

Sub-Tot a1 

30% Appurtenances 

20% Engineer ing and A d m i n i s t r a t i o n  

Sub-Tot a1 

Land Acqui s i  t i  on 

Sub-Total 

20% Con t i ngency 

Sub-Tot a1 



TABLE 15 CONTINUED 

ESTIMATED COSTS 

FOR FACILITIES NORTH OF 

AND ALONG BELL ROAD 

DRAINAGE AREA 7 

Location and Structure Structure Unit  Estimated 
Jurisdict ion No. Type Quantity - Cost Cost 

F a c i l i t i e s  Along 7 14 72" RCP 2.240 L.F. $ 150.00 $ 336.000 
B e l l  Road (Mar i -  7 15 2-8'x4IRCBC 2.000 L.F. 381.00 762.000 
copa County) Pro- 725 72" RCP 1,330 L.F. 150.00 200,000 
posed by UEFCC 726 lO'x4'RCBC 1,310 L.F. 200.00 262,000 

Sub-Total 

30% Appurtenances 

20% Engineer ing and A d m i n i s t r a t i o n  
- - - - - - - - - -- 

Sub-Total $ 2.434.000 

Land Acqui s i  t i o n  -0-  

Sub-Tot a1 

20% Contingency 

Sub-Total 

C h a n n e l i z a t i o n  o f  Upper East  Fork  o f  Cave Creek* 

TOTAL ESTIMATED COST FOR DRAINAGE AREA 7 



TABLE 16 

ESTIMATED COSTS 

FOR FACILITIES NORTH OF 

AND ALONG BELL ROAD 

DRAINAGE AREA 8 

Location and Structure Structure Un i t  Estimated 
Jur isd ic t ion  No. Type Quanti tyl - Cost Cost 

F a c i l i t i e s  N o r t h  81 7 
o f  Be1 1 Road* (Ci ty 818 
o f  Phoenix) Proposed 825 
by NAMSD Study 826 

83 1 
83 2 
84 2 
843 

33" RCP 
42" RCP 
21" RCP 
39" R C P  
30" RCP 
30" RCP 
30" RCP 
30" RCP 

1,800 L.F. $ 
2,640 L.F. 
2,640 L.F. 
2,640 L.F. 
1,320 L.F. 
2,640 L.F. 
1,320 L.F.  
2,630 L.F. 

Sub-Total 

30% Appurtenances 

20% Engineer ing and A d m i n i s t r a t i o n  

Sub-Total 

Land Acqui s i  t i o n  

Sub-Tot a1 

20% Cont ingency 

Sub-Total $ lS945.000 

*Some o f  t h e  proposed s torm d r a i n s  a r e  l o c a t e d  w i t h i n  Maricopa County r i g h t s -  
o f  -way. 



TABLE 16 CONTINUED 

ESTIMATED COSTS 

FOR FACILITIES NORTH OF 

AND ALONG BELL ROAD 

DRAINAGE AREA 8 

Location and Structure Structure Un i t  Estimated 
Jur isd ic t ion  No. -US--- Quantity - Cost Cost- 

F a c i l  i t i e s  Along 81 0 24" RCP 720 L.F. $ 39.00 $ 28,000 
Be1 1 Road* ( C i t y  81 1 30" R C P  920 L.F. 55.00 51.000 
o f  Phoenix) Pro- 819 24" RCP 630 L.F. 39.00 25,000 
posed by BRPD 820 39" RCP 1,300 L.F. 76.00 99,000 
Study 827 24" RCP 400 L.F. 39.00 16.000 

828 36" RCP 1,300 L.F. 69.00 90,000 
83 3 18" RCP 280 L.F. 15.00 4.000 
834 39" RCP 1,300 L.F. 76.00 99.000 
84 4 18" RCP 340 L.F. 15.00 5,000 
845 30" RCP 1.300 L.F. 55.00 72.000 
85 5 48" RCP 300 L.F. 98.00 29,000 
86 1 18" RCP 940 L.F. 15.00 14.000 
86 2 30" RCP 830 L.F. 55.00 46.000 
86 3 42" RCP 860 L.F. 83.00 71.000 

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

Sub-Total $ 649.000 

30% Appurtenances 

20% Engineer ing and Admi n i  s t r a t i o n  

Sub-Total 

Land A c q u i s i t i o n  

Sub-Total $ 1.013.000 

20% Contingency 202. 000 

Sub-Total $ 1.215.000 

TOTAL ESTIMATED COST FOR DRAINAGE AREA 8 S 3.160.000 

*Some o f  t h e  proposed storm d r a i n s  a r e  l o c a t e d  w i t h i n  Maricopa County t , i g h t s -  
o f  -way. 
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TABLE 17 

ESTIMATED COSTS 

FOR FACILITIES SOUTH OF BELL ROAD 

DRAINAGE AREA 2 

Structure Structure U n i t  Estimated 
J u r i s d i c t i o n  No. Type -- Q u a n m  - --. Cost Cost 

C i t y  o f  Peor ia  216 Open Channel 116.000 c.y. $ 2.50 $ 290,000 
Proposed by 
Gl endal e-Peor i  a 
ADMS 

Sub-Total $ 290,000 

30% Appurtenances 87,000 

20% Engineer ing and A d m i n i s t r a t i o n  75,000 

Sub-Total $ 452.000 

Land Acqui s i  t i  on 360.000 
-- -- - 

Sub-Total 8 812,000 

20% Contingency 162,000 
------- ---- 

TOTAL ESTIMATED COST FOR DRAINAGE AREA 2 $ 974.000 



TABLE 18 

ESTIMATED COSTS 

FOR FACILITIES SOUTH OF BELL ROAD 

DRAINAGE AREA 3 

Structure Structure Unit  Estimated 
Jurisdict ion No. Type Quantity - Cost Cost 

C i t y  of Glen- 314 2-6x6IBox C u l v e r t  1 ,000 L.F. $326.00 $ 326,000 
dal  e Proposed 
by BRPD Study 
On1 y 

Sub-Tot a1 

30% Appur tenances  

20% Eng inee r ing  and A d m i n i s t r a t i o n  

Sub-Tot a1 

Land A c q u i s i t i o n  

Sub-Total 

20% Contingency 

TOTAL ESTIMATED COST FOR DRAINAGE AREA 3 $ 610.000 



Structure 
Jur i  sdi c t i  on No. 

C i t y  o f  Glen- 437 
d a l e  Proposed 441 
by SWMP 44 2 

443 
444 
445 
44 9 
450 
45 1 

TABLE 19 

ESTIMATED COSTS 

FOR FACILITIES SOUTH OF BELL ROAD 

DRAINAGE AREA 4 

Structure 
Type 

54" RCP 
18" RCP 
54" RCP 
24" RCP 
60" RCP 
96" RC P 
72" RCP 
84" RCP 

108" RCP 

Quant i ty  

500 L.F. 
2,140 L.F. 
2,640 L.F. 
2,640 L.F. 
2,640 L.F. 

600 L.F. 
2,640 L.F. 
2,640 L.F. 
2,800 L.F. 

Uni t  
Cost - 

Estimated 
Cost 

Sub-Tot a1 

30% Appurtenances 

20% Engineer ing and Admi n i  s t r a t i o n  

Sub-Tot a1 

Land Acqui s i  t i  on 458 Bas in  3 AC 120,000 360,000 
459 Bas in  9 AC 48,000 432,000 

Sub-Tot a1 

20% Cont i  ngency 

Sub-Total 



TABLE 19 CONTINUED 

ESTIMATED COSTS 

FOR FACILITIES SOUTH OF BELL ROAD 

DRAINAGE AREA 4 

Structure Structure Unit  Estimated 
Jurisdiction No. Type Quantity - Cost Cost 

C i t y  o f  405 
Phoenix Pro- 418 
posed by NSDS 419 

420 
421-422 
423-424 

42 5 
4 29 
43 0 

431-432 
433-434 

435 

60" RCP 
60" RCP 
66" RCP 
72"  RCP 
78" RCP 
84" RC P 
90" RCP 
36" RCP 
48" RCP 
66" RCP 
78'' RCP 
84" RC P 

2,640 L.F. $140.00 $ 370,000 
2,640 L.F. 140.00 370,000 
2,640 L.F. 145.00 383.000 
2,640 L.F. 150.00 396,000 
5,280 L.F. 165.00 871,000 
5,280 L.F. 180.00 950,000 
2,600 L.F. 197.00 512,000 
2,640 L.F. 69.00 182.000 
2,640 L.F. 98.00 259,000 
5,280 L.F. 145.00 766.000 
5.280 L.F. 165.00 871,000 

300 L.F. 180.00 54.000 

Sub-Total 

30% Appurtenances 

20% Engineer ing and Admini s t r a t i  on 

Sub-Total $ 9,335.000 

Land A c q u i s i t i o n  -0- 

Sub-Tot a1 

20% Contingency 

Sub-Total $11.202,000 

TOTAL ESTIMATED COST FOR DRAINAGE AREA 4 $17.113.000 
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TABLE 20 

ESTIMATED COSTS 

FOR FACILITIES SOUTH OF BELL ROAD 

DRAINAGE AREA 5 

S t ruc tu re  S t ruc tu re  
J u r i  s d i c t i  on No. Type 

C i t y  o f  517 
Phoenix Pro- 
posed by 
BRPD Only 

42" RCP 

Quant i t y  
U n i t  
Cost - 

1,700 L.F. $ 83.00 

Est imated 
Cost 

Sub-Tot a1 

30% Appurtenances 

20% Engineer ing and Admin i s t r a t i on  
-- - -  

Sub-Tot a1 $ 220.000 

Land Acqui s i  t i o n  -0- 

Sub-Total 

20% Contingency 

TOTAL ESTIMATED COST FOR DRAINAGE AREA 5 



TABLE 21 

ESTIMATED COSTS 

FOR FACILITIES SOUTH OF 

DRAINAGE AREA 6 

Location and Structure Structure U n i t  Estimated 
Jur isd ic t ion  -No,-- - --------- -- T Y P ~  - - - Quantity Cost Cost  

C i t y  o f  618 4x26' Box C u l v e r t  1.200 L.F. 8520.00 $ 624,000 
Phoenix Fac- 629 90" RCP 1.200 L.F. 197.00 236.000 
il it i es Pro- 
posed by UEFCC 
ADMS 

Sub-Total $ 860.000 

30% Appurtenances 258,000 

20% Engineer ing and A d m i n i s t r a t i o n  224.000 

Sub-Total $ 1,342,000 

Land A c q u i s i t i o n  -0- 

Sub-Total 

20% Contingency 

Sub-Total $ 1,610,000 



TABLE 21 CONTINUED 

ESTIMATED COSTS 

FOR FACILITIES SOUTH OF 

DRAINAGE AREA 6 

Location and Structure Structure 
Jur isd ic t ion  No. Type 

C i t y  o f  630 
Phoenix Fac- 
i l i t i e s  Pro- 
posed by BRPD 
Study Only 

54"  RCP 

Quantity 
Uni t  
Cost 

Estimated 
Cost 

Sub-Total 

30% Appurtenances 

20% Eng ineer ing  and A d m i n i s t r a t i o n  

Sub-Total 

Land Acqui s i  t i  on 

Sub-Total 

20% Cont ingency 

Sub-Total 

TOTAL ESTIMATED COST FOR DRAINAGE AREA 6 



TABLE 22 

ESTIMATED COSTS 

FOR FACILITIES SOUTH OF BELL ROAD 

DRAINAGE AREA 7 

Location and Structure Structure Unit  Estimated 
Jurisdiction No. Type Quantity Cost 

C i t y  o f  7 2 4 Channel 2.900 L.F. $100.00 $ 290.000 
Phoenix Pro- 
posed by UEFCC 716 4x17' RCBC 2,640 L.F. 340.00 898,000 
ADMS Only 71 7 Channel 2,100 L.F. 250.00 525,000 

745 Bas in  117,000 C.Y .  2.50 293,000 

Sub-Total 

30% Appurtenances 

20% Engineer ing and A d m i n i s t r a t i o n  

Sub-Total $3,130.000 

Land Acqui s i  t i o n  724 Channel (1 and) 23.3 Ac 40,000 932,000 
( res idences)  15 EA. 160,000 2.400.000 

74 5 Bas in  12 Ac 40.000 480,000 

Sub-Tot a1 

20% Contingency 

TOTAL ESTIMATED COST FOR DRAINAGE AREA 7 $8.330.000 

F i n a l  c o s t  shar ing  agreement between t h e  C i t y  o f  Phoenix and Maricopa County 
has n o t  be executed. 



Loca t i on  and S t r u c t u r e  
J u r i  s d i c t i  on --- No. 

C i t y  o f  81 2 
Phoenix Pro- 81 3 
posed by 814 
NAMSD Study 81 5 

81 6 
82 9 
830 
83 5 
836 

837-838 
846 
847 

848-850 
851-852 

853 
864 

TABLE 23 

ESTIMATED COSTS 

FOR FACILITIES SOUTH OF BELL ROAD 

DRAINAGE AREA 8 

S t r u c t u r e  
Type - 

48" RCP 
54" RCP 
60" RCP 
66"  RCP 
72" RCP 
42" RCP 
54" RCP 
39 " RC P 
48" RCP 
54" RCP 
36" RCP 
42" RCP 
54" RCP 
66"  RCP 
72" RCP 
42"  RCP 

Quan t i t y  

2.640 L.F. 
2.640 L.F. 
2.640 L.F. 
4.350 L.F. 
1,000 L.F. 
2,640 L.F. 
3.100 L.F. 
2,640 L.F. 
2,640 L.F. 
5.280 L.F. 
2.640 L.F. 
2.640 L.F. 
7.920 L.F. 
5.280 L.F. 
2.200 L.F. 

11.880 L.F. 

U n i t  
Cost 

Est imated 
Cost 

pp - - - - - - - - - - 

Sub-Total 

30% Appurtenances 

20% Engineer ing and Adm in i s t r a t i on  

Sub-Tot a1 

Land Acqui s i  ti on 

Sub-Total 

20% Con ti ngency 

TOTAL ESTIMATED COST FOR DRAINAGE AREA 8 
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TABLE 24 

SUMMARY OF ESTIMATED COSTS 

Drainage Loca t i on  Town o f  C i ty  o f  C i t y  o f  City o f  Maricopa 
Area Proposed by Surp r i se  Peor ia  G1 endal e Phoenix County To ta l  s 

F a c i l i t i e s  Along 
1 Be1 1 Road Proposed $84.000 0 0 

by t h e  BRPDS Only 

F a c i l i t i e s  Nor th  o f  
2 B e l l  Road Proposed by 0 $ 2.632.000 0 

Glenda1 e-Peori a ADMS 

F a c i l i t i e s  Nor th  o f  
Be1 1 Road Proposed by 0 $ 2.493.000 0 
BRPDS 

F a c i l i t i e s  Along B e l l  26.000 $ 641,000 0 
Road Proposed by BRPD 

F a c i l i t i e s  South o f  
B e l l  Road Proposed by 0 $ 974.000 0 
G l  endal e-Peor i  a ADMS 

F a c i l i t i e s  Nor th  o f  
3 Be1 1 Road Proposed by 0 0 $ 992.000 0 

BRPDS 

F a c i l i t i e s  Along B e l l  0 0 $ 899.000 0 
Road Proposed by BRPDS 

F a c i l i t i e s  South o f  
Be1 1 Road Proposed by 0 0 $ 610.000 0 
BRPDS 



TABLE 24 CONTINUED 1 
SUMMARY OF ESTIMATED COSTS 

Drainage Loca t i on  Town o f  C i t y  o f  C i t y  o f  Ci ty o f  Maricopa 
Area Proposed by Su rp r i se  Peor ia  G1 endal e Phoenix County To ta l  s 

F a c i l i t i e s  Nor th  o f  
4 B e l l  Road Proposed by 0 0 $ 2,141,000 $ 2,507,000 0 $ 4,648,000 

SWMP and NSDS 

F a c i l i t i e s  Along B e l l  0 0 $ 1.397.000 $ 1,374,000 0 $ 2,771.000 
Road Proposed by BRPD 

F a c i l i t i e s  South o f  
B e l l  Road Proposed by 0 0 $5,911,000 $11,202,000 0 $17,113,000 
SWMP and NSDS 

F a c i l i t i e s  Nor th  o f  
5 B e l l  Road Proposed by 0 0 0 $ 1,972,000 0 $ 1,972.000 

NCSMD 

Faci  l i ti es A1 ong Be1 l 0 0 0 $ 680.000 0 $ 680.000 
Road Proposed by BRPDS 

F a c i l i t i e s  South o f  
Be1 l Road Proposed by 0 0 0 $ 264,000 0 $ 264.000 
BRPDS 

F a c i l i t i e s  Nor th  o f  
6 B e l l  Road Proposed by 0 0 0 $1 1,815,000 0 $11,815.000 

UEFCC 

F a c i l i t i e s  A1 ong Be1 1 0 0 0 $ 990,000 0 $ 990.000 
Road Proposed by UEFCC 

Fac i  1 i ti es A1 ong Be1 l 0 0 0 $ 530.000 0 $ 530.000 
Road Proposed by BRPDS 

F a c i l i t i e s  South o f  
B e l l  Road Proposed by 0 0 0 $ 1,610.000 0 $ 1,610,000 
U EFCC 



TABLE 24 CONTINUED 

SUMMARY OF ESTIMATED COSTS 

Drainage Loca t i on  Town o f  C i t y  o f  C i t y  o f  C i  t y  o f  Maricopa 
Area Proposed by Su rp r i se  Peor ia  G l  endal e Phoenix County To ta l  s 

6 (con.) F a c i l i t i e s  South o f  
B e l l  Road Proposed by 0 0 0 $ 487.000 0 $ 487,000 
BRPDS 

F a c i l i t i e s  Nor th  o f  
7* B e l l  Road Proposed by 0 0 0 $ 7.166.000 $ 6.245.000 $13.411.000 

UEFCC 

F a c i l i t i e s  Along B e l l  0 0 0 $ 2.314.000 $ 2,921.000 $ 5.235.000 
Road Proposed by UEFCC 

F a c i l i t i e s  South o f  
Be1 1 Road Proposed by 0 0 0 $ 8.330.000 0 $ 8.330.000 
UEFCC 

F a c i l i t i e s  Nor th  o f  
8 B e l l  Road Proposed by 

NAMSD 

F a c i l  i t i e s  A1 ong Be1 1 
Road Proposed by BRPDS 

F a c i l i t i e s  South o f  
Be1 1 Road Proposed by 
NAMSD 

-- - - - - -  --- - - --- - - 

*The c o s t s  represented do n o t  i n c l u d e  $10,100,000 f o r  channe l i za t i on  o f  Upper East Fork o f  Cave Creek Wash as 
proposed i n  t h e  UEFCC ADMS. These cos ts  a re  added a t  t he  end o f  t h i s  t ab l e .  

The c o s t s  shown f o r  Ci ty o f  Phoenix and Maricopa County may change sub jec t  t o  t h e  f i n a l  c o s t  shar ing  agreement. 



TABLE 24 CONTINUED 

SUMMARY OF ESTIMATED COSTS 

Drainage 
Area 

Subtota l  s 

Loca t i on  Town o f  C i t y  o f  C i t y  o f  Ci ty o f  
Proposed by Su rp r i se  Peor ia  G l  endal e Phoenix 

Nor th  o f  B e l l  Road 
Proposed by G l  endal e- 0 $ 2,632,000 0 
Peor ia  ADMS 

Nor th  o f  Be1 1 Road 0 $ 2,493,000 $ 992.000 
Proposed by BRPDS 

Nor th  o f  B e l l  Road 0 0 0 $ 2,507.000 
Proposed by NSDS 

Nor th  o f  Be1 1 Road 0 0 0 $ 1.972.000 
Proposed by NCMSD 

Nor th  o f  B e l l  Road 0 0 0 $18,981,000 
Proposed by UEFCC 

Nor th  o f  B e l l  Road 0 0 0 $ 1,945.000 
Proposed by NAMSD 

Nor th  o f  B e l l  Road 0 0 $ 2.141.000 0 
Proposed by SWMP 

Maricopa 
County To ta l  s 

Sub-Total 0 $ 5.125.000 $ 3.133.000 $25.405.000 $ 6.245.000 $ 39.908.000 

F a c i l i t i e s  Along B e l l  110,000 $ 641,000 $ 2,296.000 $ 3,799,000 $ 1,163,000 $ 8,009,000 
Road Proposed by BRPDS 

F a c i l i t i e s  Along B e l l  0 0 0 $ 3,304,000 $ 2,921,000 $ 6,225,000 
Road Proposed by UEFCC 

Sub-Total 110,000 $ 641.000 $ 2,296,000 $ 7,103,000 $ 4,084,000 $ 14,234,000 



TABLE 24 CONTINUED 

SUMMARY OF ESTIMATED COSTS 

Drainage Loca t ion  Town o f  Ci ty o f  Ci ty o f  C i ty  o f  Maricopa 
Area Proposed by Su rp r i se  Peor ia  G l  endal e Phoenix County To ta l  s 

Sub to ta ls  F a c i l i t i e s  South o f  
Continued Be1 1 Road Proposed by 0 $ 974,000 0 

G l  endal e-Peor ia ADMS 

F a c i l i t i e s  South o f  
B e l l  Road Proposed by 0 0 $ 610,000 $ 751,000 0 $ 1,361,000 
BRPDS 

F a c i l i t i e s  South o f  
B e l l  Road Proposed by 0 0 $ 5,911.000 0 
SWMP 

F a c i l i t i e s  South o f  
B e l l  Road Proposed by 0 0 0 $11,202,000 0 $ 11.202.000 
NSDS 

F a c i l i t i e s  South o f  
B e l l  Road Proposed by 0 0 0 $ 9,940.000 0 $ 9,940.000 
UEFCC 

F a c i l i t i e s  South o f  
Be1 1 Road Proposed by 0 0 0 $1 2,954,000 0 $ 12,954,000 
NAMSD 

Sub-Total 0 $ 974,000 $ 6,521,000 $34.847.000 0 $ 42,342,000 

GRAND TOTAL* 

Channe l i za t ion  o f  East Fork o f  Cave Creek Wash $ 10.100.000 

GRAND TOTAL $ 106.584.000 



X I .  RIGHT-OF-WAY AND EASEMENT REQUIREMENTS 

The s t a t u s  of exist ing right-of-way and the requirements fo r  additional 

temporary and permanent right-of-way easements were identi  f ied .  The exi s t -  

ing Be1 1 Road right-of-way i s  shown on the  Preliminary Concept Drainage 

Plans found in Section IX. 

The selected drainage f a c i l i t i e s  along Bell Road can be bu i l t  within the  

exis t ing  110 foot  rights-of-way, however, temporary construction easements 

and access agreements a re  required. 

Requirements f o r  these temporary construction easements fo r  the  proposed 

Bell Road f a c i l i t i e s  a re  described in the following sect ions by drainage 

area. Additional rights-of-way requirements fo r  f a c i l i t i e s  north or south 

of Be1 1 Road have been iden t i f i ed  by the previous or on-going s tudies  t h a t  

developed the  plans f o r  those f a c i l i t i e s .  These studies were l i s t e d  in 

Section VII I .  

Drainage Area 1 :  A temporary construction easement will  be required f o r  

construction of the  storm drain out fa l l  1 ocated approximately 900 f e e t  

e a s t  of Dysart Road. Temporary construction easements will a l so  be 

required f o r  the  ins ta l  l a t i o n  of the  pipe l a t e r a l s  ou t l e t t ing  from the  

catch basins located along Bell Road in to  the  exis t ing  private Sun City 

West drainageway. An agreement will be required from the  Del Webb 

Corporation. Sun City West developer, permitting the  County t o  ou t l e t  

the  pipe l a t e r a l s  i n t o  t h i s  drainage way. Refer t o  sheets  3. 4 and 5 of 

the  Preliminary Concept Drainage Plans in Section IX. 

~ r a i  nage Area 2:  Temporary construct i  on easements will  be requi red f o r  

the  catch basin l a t e r a l s  ou t l e t t ing  i n t o  the  exis t ing  pr iva te  drainage- 

way along Bell Road in Sun City. An agreement with the developer of Sun 

City will  be required f o r  the  County t o  o u t l e t  i n t o  t h i s  drainageway and 

the  private drainageway along 99th Avenue. Approval from the developer 

will  a l s o  be required f o r  tying i n t o  the  pr iva te  storm drain a t  105th 

11 6 



Avenue. Refer  t o  Sheets 6, 7  and 8 of t h e  P r e l i m i n a r y  Concept Drainage 

Plans i n  S e c t i o n  I X .  

Drainage Area 3: No a d d i t i o n a l  r i g h t - o f - w a y  o r  temporary c o n s t r u c t i o n  

easements r e q u i  red. 

Drainage Area 4: No a d d i t i o n a l  r i g h t - o f - w a y  o r  temporary c o n s t r u c t i o n  

easements r e q u i  red.  

Drainage Area 5:  An agreement f rom t h e  Ar izona Department o f  Transpor-  

t a t i o n  (ADOTI w i l l  be r e q u i r e d  t o  i n s t a l  1  t h e  proposed 42" s torm d r a i n  

a long t h e  1-17 o f f - ramp road and underneath 1-17, t y i n g  i n t o  t h e  e x i s t -  

i n g  channel a long t h e  w e s t e r l y  r i g h t - o f - w a y  o f  1-17. Refer  t o  Sheet 19 

o f  t h e  P r e l i m i n a r y  Concept Drainage Plans i n  Sec t ion  I X  and t o  P l a t e  6. 

Drainage Area 6: No a d d i t i o n a l  r i g h t - o f - w a y  o r  temporary c o n s t r u c t i o n  

easements r e q u i  red. 

Drainage Area 7 :  No a d d i t i o n a l  r i gh t -o f -way  o r  temporary c o n s t r u c t i o n  

easements r e q u i  red. 

Drainage Area 8: A temporary c o n s t r u c t i o n  easement may be r e q u i r e d  t o  

c o n s t r u c t  t h e  headwall  and i,nlet p i p e  w i t h i n  t h e  e x i s t i n g  p r i v a t e  d r a i n -  

age f o r  t h e  proposed 3 6 t h  S t r e e t  s torm d r a i n .  Refer  t o  Sheet 27 o f  t h e  

P r e l i m i n a r y  Concept Drainage P lans i n  S e c t i o n  I X .  



X I I .  IMPACTS ON MAJOR DRAINAGE F A C I L I T I E S  DOWNSTREAM OF BELL ROAD 

The p o t e n t i a l  f o r  impac ts  o f  t h e  des ign  s torm on major  f a c i l i t i e s  downstream 

o f  Be1 1  Road was analyzed. The c r i t e r i a  f o r  d e t e r m i n i n g  wh ich  c o n c e n t r a t i o n  

p o i n t s  a long  B e l l  Road w i l l  be ana lyzed i s  as f o l l o w s :  

a. The 10-year o r  2 -year  r a t e  (whichever agrees w i t h  t h e  sel ec ted  des ign 

s to rm f requency f o r  each j u r i s d i c t i o n )  passed th rough  Be1 1  Road ( w i t h  

s e l e c t e d  d ra inage  system i n  p l a c e )  i s  g r e a t e r  t han  200 c f s  o r  60 c f s  

r e s p e c t i v e l y ,  and 

b. The c a p a c i t y  o f  t h e  e x i s t i n g  o r  p lanned r e c e i v i n g  d ra inage  system i s  

exceeded. 

Tab le  25 summarizes by l o c a t i o n ,  s t r u c t u r e  number and d i scha rge  r a t e ,  t h e  

c o n c e n t r a t i o n  p o i n t s  wh ich  c o u l d  p o t e n t i a l l y  meet t h e  above c r i t e r i a .  W i th  

t h e  e x c e p t i o n  o f  s t r u c t u r e s  517 and 437/440, a1 1  o f  t h e  rev iewed s torm d r a i n  

f a c i l i t i e s  d i scha rge  i n t o  s torm d r a i n s  hav ing s u f f i c i e n t  c a p a c i t y .  These 

s to rm d r a i n s  convey f l o w s  t o  improved o r  n a t u r a l  drainageways that .  have t h e  

c a p a c i t y  t o  convey t h e  100-year s to rm r u n o f f .  There fore ,  t h e r e  w i l l  be no 

adverse impacts  t o  t h e s e  downstream f a c i l i t i e s .  

S t r u c t u r e  517, a  42"  s to rm d r a i n ,  w i l l  d i scha rge  i n t o  t h e  e x i s t i n g  dra inage-  

way l o c a t e d  a long  t h e  west  s i d e  o f  1-17 (see P l a t e  6 ) .  T h i s  drainageway 

conveys f l o w  t o  a  drainageway a t  Pa rad ise  Lane. Under p resen t  c o n d i t i o n s ,  

t h e  r u n o f f  i n t e r c e p t e d  by s t r u c t u r e  517 w i l l  e i t h e r  c r o s s  B e l l  Road t o  t h e  

sou th  and f l o w  a long  t h e  e a s t  s i d e  o f  1-17 t o  Parad ise  Lane then  c ross  over  

t o  t h e  drainageway on t h e  west  s ide,  o r  w i l l  f l o w  i n t o  t h e  depressed s e c t i o n  

o f  Be1 1  Road under 1-17 and be pumped o u t  i n t o  t h e  same drainageway on t h e  

west  s ide .  

I n  e i t h e r  case, t h e  proposed 42" s to rm d r a i n  w i l l  n o t  i n c r e a s e  r u n o f f  t o  t h e  

drainageway a long  Parad i  se Lane. 



TABLE 25 

DRAINAGE CONCENTRATION POINTS MEETING DOWNSTREAM 
IMPACT ANALYSIS CRITERIA 

Dralnage 
Area 

3 

4 

4 

4 

4 

5 

6 

8 

8 

8 

8 

Loca t l on 

75th  Avenue 

67 th  Avenue 

59 th  Avenue 

43rd Avenue 

35th  Avenue 

1-17 Off-Ramp 

Cent ra l  Avenue 

36th  S t ree t  

40 th  S t ree t  

44th  S t ree t  

Tatum Rlvd. 

O u t l e t t i n g  S t ruc tu re (s )  a t  B e l l  Road Receiv ing Drainage System D w n s t r ~ a m  o f  B e l l  Road 
S t r u c t u r e  Der ign Storm Deslpn Oishcarge S t ruc tu re  Design Storm Design Discharge 

Rate Number (s) F r e q u e n c ~  Number -- Frequency Rate 

418 2-year 

405 ?-year 

N/ A 25-year mtn. 

630 2-year 

81 2 2-year 

N l  A 2--year 

829 2-year 

835 2-ye?r  

Unknwn 

Rrg iona l  
U l r t f a l i  

Skunk Creek 

A.C.D.C. 

A.C.P.C. 

A.C.D.C. 

A.C.U.C. 

Un-named Detent ion  Bas in  

V i a  Verde Channel 

I.R.W. 

I.B.W. 

I . R . W .  

I .R.W. 



Struc tu res  437, 440 and 441 were designed by the  C i t y  o f  Glendale SWMP f o r  

t h e  10-year, 2-hour du ra t i on  storm. A de ten t i on  basin ( s t r u c t u r e  457) was 

designed by t h i s  study t o  de ta in  upstream f lows based on t h i s  design storm. 

The BRPD study hydrology was performed w i t h  t h e  10-year, 24-hour storm and 

produced a vol  ume g rea te r  than t h e  bas in  capacity.  Therefore, w i t h  t h e  BRPD 

model, g rea ter  f l  ows concentrate a t  s t r u c t u r e  441 than ca l cu la ted  by t h e  

SWMP. I f  t h e  24-hour storm du ra t i on  i s  t o  be used i n  f i n a l  design, s t ruc-  

t u r e  441 w i l l  have t o  be upsized from a 60" RCP t o  72"  RCP. I f  the  2-hour 

d u r a t i o n  storm i s  used i n  design, t h e  r e s u l t s  o f  t h e  BRPD study hydro1 og ic  

model can be ignored. 



XIII. CONCLUSIONS AND RECOMMENDATIONS 

A stormwaterlfl oodwater management pl an has been devel oped tha t  will  provide 

benefi ts  t o  Bell Road by providing a cos t -ef fec t ive  method of handling on- 

s i t e  drainage from the  expansion of Bell Road and protection f o r  the  roadway 

from o f f - s i t e  runoff f o r  the  selected design storm. In addition, the plan 

ensures t h a t  downstream receiving drainage fac i l  i  t i e s  and the  ultimate 

regional stormwaterlf loodwater ou t fa l l  s have the adequate capacity t o  hand1 e 

the  on-s i te  and o f f - s i t e  stormwater flows from the Bell Road Expansion 

project .  

The plan wil l  a1 so benefi t  upstream propert ies  by providing f o r  fu tu re  storm 

drain l a t e r a l s  t o  be extended north of Bell Road t o  in tercept  drainage. 

Downstream propert ies  will  benefi t  by the  reduction of stormwater and flood- 

water flows. The plan provides f o r  stormwater flows in excess of the design 

capacity of the  f a c i l i t i e s  t o  continue t o  flow in t h e i r  h is tor ica l  path so 

as not t o  worsen upstream flood conditions or crea te  new problem drainage 

areas.  

Not only has the  Bell Road project  met the  study roadway object ives,  i t  has 

a1 so provided the  additional benefit  of coordinating and in tegra t ing  in to  

one comprehensive plan nine Area Drainage Master Studies and Stormwater 

Master Drainage Pl ans developed f o r  the  par t ic ipa t ing  ju r i sd ic t ions  between 

1977 and 1986. 

I t  i s  not ant ic ipa ted  during the  expansion of Be1 1 Road t h a t  a1 1 of the  

upstream and downstream s t  ormwater management pl ans will have been i mpl e- 

mented, however, a l l  t he  drainage f a c i l i t i e s  proposed along Bell Road and 

fu tu re  s tub outs and connections will  be constructed a t  t h i s  time. I t  will 

be necessary where downstream f a c i l i t i e s  a re  not constructed prior  t o  the  

Bell Road f a c i l i t i e s ,  t h a t  temporary measures be taken t o  provide a pos i t ive  

ou t fa l l  f o r  the  Be1 1 Road drainage f a c i l i t i e s  until  such time as the  perma- 

nent out fa l l  system has been constructed t o  Bell Road. In e i the r  event, 

adverse impacts t o  upstream or downstream propert ies  should be avoided. 



A t e n t a t i v e  c o n s t r u c t i o n  schedul e f o r  t h e  Be1 1 Road p r o j e c t  expans ion  has 

been prepared by t h e  Be1 1 Road P r o j e c t  Management Consu l tan t .  Parsons, 

B r i n c k e r h o f f ,  Quade and Douglas (PBQ&D), and t r a n s m i t t e d  t o  G r e i n e r  on May 

14. 1987. I t  i s  shown as f o l l o w s  i n  T a b l e  26. 

TABLE 26 

Constructi on Schedul e 

for Be1 1 Road 

Expansi on Project 

F i s c a l  Year 

1989-1990 9 3 r d  Avenue t o  Ou te r  Loop Highway 

8 3 r d  Avenue t o  6 7 t h  Avenue 

4 3 r d  Avenue t o  1-17 

1 9 t h  Avenue t o  7 t h  S t r e e t  

Cave Creek Road t o  4 0 t h  S t r e e t  

1 1 5 t h  Avenue t o  9 3 r d  Avenue 

6 7 t h  Avenue t o  5 1 s t  Avenue 

1-17 t o  1 9 t h  Avenue 

7 t h  S t r e e t  t o  Cave Creek Road 

4 0 t h  S t r e e t  t o  5 6 t h  S t r e e t  

Grand Avenue t o  1 1 5 t h  Avenue 

5 1 s t  Avenue t o  4 3 r d  Avenue 

5 6 t h  S t r e e t  t o  S c o t t s d a l e  Road 

The work a t  1-17 has n o t  been schedu led and i s  pend ing t h e  s e l e c t i o n  o f  t h e  

f i n a l  ramp c o n f i g u r a t i o n .  



The c o n s t r u c t i o n  schedul es o f  t h e  downstream r e c e i v i n g  dra inage f a c i l  i t i e s  

as w e l l  as o t h e r  s i g n i f i c a n t  p r o j e c t s  t h a t  may impact  t h e  B e l l  Road expan- 

s i o n  such as t h e  Outer  Loop Highway and Squaw Peak Parkway, were o b t a i n e d  

f r o m  t h e  F lood  C o n t r o l  D i s t r i c t ,  t h e  Ci ty o f  Phoenix. C i ty  o f  Peor ia.  C i t y  

o f  G lenda le  and t h e  Outer  Loop Highway Management Consu l tan t .  A master  

schedule m a t r i x  was developed t o  p r o v i d e  a  g raph ic  comparison between t h e  

B e l l  Road c o n s t r u c t i o n  schedules and t h e  schedules o f  t h e  o t h e r  p r o j e c t s .  

Refer  t o  Tab le  27 f o r  t h i s  comparison. 

I n  t h i s  m a t r i x ,  t h e  B e l l  Road p r o j e c t  des ign  segments a r e  f i r s t  l i s t e d  f ro r r~  

west  t o  e a s t  f o l  lowed by t h e  o t h e r  p r o j e c t s  a l s o  l i s t e d  west  t o  e a s t  f rom 

Grand Avenue t o  S c o t t s d a l e  Road. The s t a t u s  o f  each p r o j e c t  i s  i n d i c a t e d  

(i.e.. proposed, complete, unscheduled) and bar  graphs a r e  used t o  r e p r e s e n t  

t h e  c o n s t r u c t i o n  schedul es. 

From t h e  m a t r i x ,  i t  was determined t h a t  o f  t h e  scheduled p r o j e c t s  t h e  B e l l  

Road dra inage f a c i l i t i e s  a t  t h e  f o l l o w i n g  two l o c a t i o n s  a r e  scheduled f o r  

c o n s t r u c t i o n  p r i o r  t o  scheduled comp le t i on  o f  t h e  o u t f a l l  systems: 

L o c a t i o n  

3 6 t h  S t r e e t  

4 4 t h  S t r e e t  

Be1 1 Road C o n s t r u c t i o n  O u t f a l l  C o n s t r u c t i o n  

Schedul e  Schedule 

A t  t h e s e  l o c a t i o n s .  t h e r e f o r e ,  temporary measures shou ld  be imp1 emented. 

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  d ra inage  improvements w i t h  t h e  con- 

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

PBQ&D 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  Be1 1  Road d ra inage  f a c i l i t i e s  a r e  com- 

p le ted .  i t  i s  i m p o r t a n t  t h a t  t h e  downstream d ra 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 Be1 1  Road. Also, 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  p a v i n g  work, t h e  u t i l i t y  r e l o c a t i o n s  and 

c o n s t r u c t i o n  o f  t h e  d ra inage  f a c i l  i t i e s  must precede t h e  pavement improve- 

ments. 



T A B L E  27 
MASTER SCHEDULE FOR 

B E L L  ROAD PROJECT COORDINATION 

PROJECT 
BELL ROAD 
EXPANS l ON 

GRAND AVENUE 

1988 STATUS 

SCOTTSDALE ROAD 

TO 500'  NORTH 

1987 1989 

OF BELL ROAD 

C I T Y  OF 
GLENDALE 

87TH AVENUE 
STORM DRAIN 

59TH AVENUE 
STORM DRAl N 

v 

UNSCHEDULED 

UNSCHEDULED 

1990 1991 1992 1993 



TlERRA BUENA 
D E W  ION BASIN PROPOSED 
PROJECT 



The bar graphs in Table 28 represent the construction dates for the segments 

of Bell Road as proposed by PBQ&D and broken out by drainage areas and loca- 

tion. Comments are provided as t o  whether there i s  a potential for conflict  

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

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

I t  was found that for all drainage areas, except for Drainage Area 7 ,  there 

will be no confl ic ts  between the roadway construction schedule and the need 

t o  stage the drainage f a c i l i t i e s  from downstream t o  upstream. I n  Drainage 

Area 7 ,  a  storm drain will extend along Be1 1 Road from 28th Street  t o  20th 

Street ,  draining east  t o  west. This section of Bell Road will be con- 

structed in two stages as proposed by PBQ&D. The upstream stage, from Cave 

Creek Road (24th Street)  t o  36th Street ,  will be constructed in 1989-1990. 

The downstream stage, Cave Creek Road t o  20th Street ,  will be constructed in 

1990-1991. Either a temporary outfall for the 28th Street t o  Cave Creek 

Road section of the storm drain will have t o  be provided until 1991, or the 

schedule of the storm drain from Cave Creek Road t o  20th Street (including 

the 20th Street  channel from Be1 1 Road t o  the Greenway Parkway channel will 

be advanced one year prior to  the roadway improvements in th i s  section of 

Bell Road, or the sequence of roadway construction should be revised. This 

ensures that  the Cave Creek Road t o  20th Street segment i s  constructed a t  

the same time or prior t o  the Cave Creek t o  36th Street  segment. 

The costs t o  construct the Bell Road drainage f a c i l i t i e s  were also evaluated 

with respect t o  the proposed construction schedule. Table 29 presents costs 

by f iscal  year and by jurisdictions for each design segment of Be1 1 Road. 

This cost breakout will ass i s t  the participating jurisdictions in pl anni ng 

their  budgets for each year during the project duration. Total project 

costs by jurisdictions and by fiscal  year are also available from the table. 

Total Be1 1 Road project costs (drainage f a c i l i t i e s  along Bell Road only) 

will b e a p p r o x i m a t e l y $ 1 4 . 2 m i l l i o n .  C o s t s t o t h e p a r t i c i p a t i n g  jurisdic- 

tions will be as follows: 



Town of S u r p r i s e  

Ci ty  of P e o r i a  

Ci ty  of Gl endal e  

Ci ty  of Phoenix 

Maricopa County 

$0.1 m i l l i o n  

$0.6 mi1 l i o n  

$2.3 m i l l i o n  

$7.1 m i l l i o n  

$4.1 m i l l i o n  



TABLE 28 
CONSTRUCTION SCHEDULE FOR 

DRAINAGE F A C I L I T I E S  ALONG B E L L  ROAD 

DRA l NAGE 
AREA 

1 

LOCAT l ON 

GRAND AVENUE -AGUA F R l A  

AGUA F R l A  - l l S T H  AVENUE 

2 1 15TH AVENUE - Q3RD AVENUE DRAINAGE AN) ROADWAY PHASING, OK 
Q3RD AVENUE - NEW RIVER 

NEW RIVER TO OUTER LOOP 
83RD AVENUE - SKUNK CREEK DRAINAGE AND ROADWAY PHASING, OK 

5 1 3 1  AVENUE - 43RD AVENUE DRAINAGE AND ROADWAY PHASING, OK 

43RD AVENUE - 1-17 

5 
1-17 - IQTH AVENUE 
l@TH AVENUE - CAVE CREEK 

DRAINAGE AND ROADWAY PHASING, OK 

CAVE CREEK - 7TH STREET 
6 7TH STREET - 2OTH STREET DRAINAGE AND ROADWAY PHASING, OK 

ZOTH STREET - CAVE CREEK ROAD ROADWAY AND/OR DRAINAGE PHASING 

7 CAVE CREEK ROAD - 36TH STREET WILL HAVE TO BE MODIFIED 
(REFER TO TEXT1 

1987 

8 

1988 

38TH STREET - 40TH STREET 
~ O T H  STREET - SOTH STREET 
56TH STREET - SCOTTSOALE ROAD 

DRAINAGE AND ROADWAY PHASING* OK 

1989 1990 1991 

DRAINAGE AND ROADWAY PHASING, OK 

1992 COMMENTS 



TABLE 29 
SUMMARY OF COSTS 

FOR THE 
DRAINAGE FACILITIES ALONG BELL ROAD 

F i s c a l  
Year Locat ion 

Town of Ci ty  of Ci ty  of Ci ty  of Mar i copa 
S u r p r i s e  Peor ia  Gl endal e Phoenix County Tot  a1 

1989-1990 93rd Avenue t o  Outer Loop $ 0  $ 641.000 $ 0 $ 0  $ 0 ,  $ 641.000 
83rd Avenue t o  6 7 t h  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 
19 th  Avenue t o  7 t h  S t r e e t  0 0 0 716.000 0 716.000 
Cave Creek Road t o  40 th  S t r e e t  0 0 0 236,000 2,921.000 3.157.000 

Sub-Total 0 $ 641.000 $ 1.105.000 $ 1.938.000 $ 2.921.000 $ 6.605.000 

1990-1991 115 th  Avenue t o  93rd Avenue $ 0 $ 0  $ 0  $ 0  $ 912.000 $ 912.000 
67th  Avenue t o  5 1 s t  Avenue 0 0 1.191.000 0 0 1.191.000 
1-17 t o  1 9 t h  Avenue 0 0 0 339.000 0 339.000 
7 t h  S t r e e t  t o  Cave Creek Road 0 0 0 3.425.000 0 3.425.000 
40 th  S t r e e t  t o  56th  S t r e e t  0 0 0 768.000 0 768,000 

Sub-Total 0 0 $ 1.191.000 $ 4,532,000 $ 912,000 $ 6.635.000 

1991-1992 Grand Avenue t o  115th  Avenue $110.0000 $ 0 $ 0  $ 0  $ 251.000 $ 361.000 
5 1 s t  Avenue t o  43rd Avenue 0 0 0 388,000 0 388,000 
56th S t r e e t  t o  S c o t t s d a l e  Road 0 0 0 245.000 0 245,000 

Sub-Total $110.000 $ 0 $ 0  $ 633.000 $ 251,000 $ 994.000 

Total $110.000 $ 641.000 $ 2.296.000 $ 7.103.000 $ 4.084.000 $ 14.234.000 



Drainage design c r i t e r i a  and guidelines were developed t o  ensure that  the 

design hydro1 ogic and hydraul i c  analysis are consistent with the assumptions 

and c r i t e r i a  used t o  develop the recommended plan. The c r i t e r i a  uti l ized t o  

develop the recommended plan are consistent with current procedures in use 

by the participating jurisdictions.  The c r i t e r i a  are found in Appendix A. 
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111. INTRODUCTION 

The drainage design c r i t e r i a  are presented in the fol lowing sections for  

pavement drainage, storm drains, improved open channels, detention basins 

and culverts. The c r i t e r i a  are intended as a supplement t o  current 

c r i t e r i a  of the jurisdictions participating in the Bell Road study. 

Cri ter ia  for bridge reconstruction (widening) or improvement of major 

watercourses ( ie .  Agua Fria River, New River, Skunk Creek and Cave Creek) 

have not been addressed in th i s  study. 



I V .  PAVEMENT DRAINAGE 

A. Hydrology 

1. Design frequencies: 10-year storm for Maricopa County and 

City of Glenda1 e; 2-year storm for City of Peoria and City of 

Phoeni x. 

2. Precipitationvalues:  City of Phoenix rainfall  intensity,  

duration and frequency curves. 

3. Hydrologic methodology: Rational Method. 

4. Runoff coefficients: 

a. Paved surfaces.......................O.g 

(Asphalt or Concrete) 

b. Earthen Ditches......................0.5 

5. Times of concentration: sum of gutter flow time or 10 minutes 

mi ni mum. 

6. Landscaped medi ans will retain a1 1 di rect  preci p i ta t i  on. 

B. Hydraul i c Design 

1. Allowable spread: 4 lanes of Bell Road must remain open 

during the design storm event, therefore one wet lane in each 

direction i s  a1 lowed. 

2. Maximum a1 lowable depth: 0.5 feet .  

3. Spread and depth calculations: F.H.W.A. HEC No. 12. 



4. I n l e t ,  catch basin ana lys is :  F.H.W.A. HEC No. 12. 

5. Catch basin i n l e t  clogging f ac to r s :  

a. Curb-opening in1 e t s  on a ..................... continuous grade 0.25 

........... b. In1 e t s  i n  sag loca t ions . .  .0.50 

c. Grate i n l e t s  on a continuous 
grade ................................ 0.50 

................... d.  Combination I n l e t s  F.H.W.A. HEC No. 12 

6. Manning's I1n1': 

................... a. Asphal t ic  concrete  0.016 

.................... b. Concrete pavement 0.013 

c. Composite asphal t  pavement 

................. with concrete g u t t e r  0.015 



V. STORM DRAIN DESIGN 

A. Hydrology 

1. Design frequencies: 10-year. 24-hour storm for Maricopa 

County; 2-year, 24-hour storm for  City of Peoria and City of 

Phoenix; 10-year, 2-hour storm for  City of Glendale. 

2. Hydrologic method01 ogy: HEC-1 with procedures as out1 ined in 

Section IX. 

B. Hydraul i c Design 

1. Method for  hydraul i c  grade 1 i ne analysi s: Manning' s Equation 

for f r ic t ion  losses, pressure and momentum method t o  analyze 

losses a t  bends, junctions, t ransi t ions  and manholes. 

2. Manning's I ' n 1 ' :  

................ a. Concrete pipe ( R C P ) .  .0.013 

............. b. Concrete pipe (CIPP)... .0.015 

c. Corrugated metal pipe.. ............. .O. 024 

3. Minimum velocit ies:  

..... a. Laterals........................ 3 fps  

b. Trunk................................5 fps 

4. Minimum pipe size: 

a. Laterals.............................15I1 

b. Trunk ............................... .1811 



5. Freeboard: hydraulic grade l i n e  must be 0.5 f e e t  or more 

be1 ow gut ter  a t  intermediate in1 e t s ,  and 3 f e e t  or more below 

gut ter  a t  the  uppermost i n l e t  in a system. 

6. Manhole in tervals :  

a. Under 30" ............................ 330 f e e t  

b. 33" - 45" ........................... .440 fee t  

c. 48" and greater  ...................... 660 f e e t  



V I .  OPEN CHANNELS 

A. Hydrology 

1. Design frequencies: 10-year, 24-hour storm for  Maricopa 

County; 2-year. 24-hour storm for  City of Peoria and City of 

Phoenix; 10-year, 2-hour storm f o r  City of Gl endal e. 

2. Hydro1 ogic methodology: HEC-1 with procedures as out1 ined in 

Section IX. 

B. Hydraulic Design 

1. Hydr aul i c  met hod01 ogy : 

Normal depth flow analysis using the Manning Equation unl ess 

complex channel geometry or flow conditions require more 

detai l  ed analysis. 

2. Manning's " n " :  

.......... a. Uni  form earthen channel s.. .0.027 
................... b. Gunite channel s.. .0.020 

......... C. Concrete.................... 0.013 

d. Soil cement..........................0.018 

....................... e. Dumped rip-rap 0.033 

...................... f. Grouted r ip-rap 0.028 

3. Velocities: Minimum and maximum a1 lowabl e veloci t ies  should 

be eval uated on a case by case basis depending on soi l  s ,  

sedi ment conditions and proposed 1 i ni ngs. 

4. Side slopes (earthen channels): maximum 4:1, unless soil 

anal ysi s indicates otherwi se. 



5. Freeboard: 

a. Subcritical -- 0.2 (d + v2 /2g )  

b. Super-critical -- 0.25d 

c. Minimum of 1.0 above HGL in a1 1 cases 

6. Erosion and scour protection: F.H.W.A. HEC No. 15. 



V I I .  DETENTION BASINS 

A. Hydrology 

1. Design frequencies: 10-year. 24-hour storm for Maricopa 

County; 10-year. 2-hour storm for City of Glenda1 e; 2-year, 

24-hour storm for City of Peoria and City of Phoenix. 

2. Hydro1 ogi c method01 ogy: H E C - 1  with Modified Pul s storage 

routing routine. 

B. Hydraulic Design 

1. Out1 e t  design: in1 e t  and out1 e t  control analysis as per FHWA 

H E C  No. 5. 

2. Maximum depth: 10 feet .  

3. Maximum side slopes: 4:l. 

4. Freeboard: 1.5 feet .  

5. Drain time: Within 36 hours. 

6. Provisions should be made for an emergency spillway t o  safely 

convey 100-year storm outf 1 ows. 



VIII .  CULVERTS 

A. Hydrology 

1. Design frequencies: 10-year. 24-hour storm f o r  Maricopa 

County and City of Glenda1 e;  2-year, 24-hour storm f o r  City of 

Peoria and City of Phoenix. 

2. Hydro1 ogic method01 ogy: 

a. On-site -- Rational Method 

b. Of f - s i t e  -- HEC-1 with procedures as outlined in Section 

I X 

B. Hydraul i c Design 

1. Capacity ca lcula t ions :  F.H.W.A. H E C  No. 5. 

2. Maximum a1 lowable headwater: One (1) foot  below roadway 

shoulder or 1 f o o t  below top of upstream channel bank. 

3. Manning's 'In": 

a. Concrete pi pelbox cul vert . .  . . . . . . . . . .0.012 

b. Corrugated metal.. . . . . . . . . . . . . . . . . . . .0.024 



4. Culvert o u t l e t  protection: Ratio of o u t l e t  veloci ty t o  

natural stream veloci ty per ADOT method. 

Ratio of Outlet Velocity 
t o  Natural Stream Velocity Out1 e t  Protection 

No protect ion requi red 

1.5 t o  2.0 with o u t l e t  ve loc i ty  
l e s s  than 10 f p s  Dumped rock rip-rap 

1.5 t o  2.5 with o u t l e t  veloci ty Wire t i e d  or grouted rock 
grea ter  than 10 f p s  r ip-rap 

Greater than 2.5 Concrete energy di s s i  pator 
or consider l a rge r  culver t  

5. Minimum s ize :  

a. Concrete box cu lve r t  ................. 6 'x4 '  

b. Circular  pipe ........................ 18" 
................... c. El 1 i  p t i  cal Pi pe.. .18"x29" 



I X .  CRITERIA USED FOR HEC-1 COMPUTER MODELING 

The following c r i t e r i a  were used for HEC-1 computer modeling of the 

selected stormwater/floodwater management plan, and should be used for 

consi stency in devel opi ng the final pl ans: 

o A 24-hour storm duration 

o The City of Phoenix rainfall  tab1 e for  the 24-hour storm (City of 

Phoenix s-curve) (See Table 1). 

o The City of Phoenix precipitation depth val ues per Technical Memo- 

randum WBTM WR-44 (See Tab1 e 2 ) .  

o Precipitation depths need not be varied through the watersheds. 

o City of Phoenix curve numbers (CN1s) are based on hydrologic so i l s  

groups and zoning (See Table 3 ) .  Where areas have not been 

identified on th i s  table ,  the standard SCS techniques t o  develop 

curve numbers should be fol lowed. For subareas within the City of 

Glenda1 e, Peoria and Maricopa County, equivalent zoning 

class i f icat ions  are trans1 ated t o  the City of Phoenix zoning cl assi-  

f icat ions  (See Table 4) and the City of Phoenix curve numbers based 

on hydro1 ogic soil groups and zoning are  appl ied. 

o The SCS unit graph method should be used for undeveloped areas only. 

o The kinematic wave method for  cal cul a t i  ng runoff shoul d be used for  

developed areas. An average over1 and f l  ow roughness coefficient of 

0.17 should be used. 

o Two (2)  different  lag time equations should be used depending on the 

size and shape of the subareas as follows: 



For small watersheds of regul ar  shape, the following equation should 

be used. This i s  based on the SCS modified curve number method: 

Lag = L ~ * ~ ( I O O O / C N  - C 91°*' 
(1900) s o 3  

where L = length of the longest watercourse (in fee t )  

s = the overall slope of the longest watercourse, from headwater 

t o  concentration point ( in percent) 

Lag = lag time (in hours) 

Adjustments t o  lag time for th i s  equation, based on the percent of the 

hydraulic length that  has been modified and the percent of impervious 

area are made per SCS Technical Release 55, pages 3-8 and 3-9 (See 

Figures 1 and 2 and Table 5). 



For l a rge  and/or elongated watersheds, t h e  equation below should be 

used. This i s  based on t h e  modified Snyders equation: 

Lag = 24n(LLca/s 0.5)0.38 

where L = t h e  length of t h e  longes t  watercourse ( i n  miles)  

ca = t h e  upstream length a1 ong the  longes t  watercourse t o  a 

point  opposi te  the  subbasin centroid ( i n  mi les )  

s = t h e  overal l  s lope of t h e  longest  watercourse, from 

headwater t o  concentrat ion point  ( i n  f e e t l m i l e )  

n = t h e  over1 and flow roughness f a c t o r  f o r  t h e  subbasin 

Lag = l ag  time ( i n  hours) 

Values of "nl1 f o r  t h e  above equation a r e  as  follows: 

l ln l l  values f o r  undeveloped areas :  

0.05 where s lopes > 0 .04 I / f t  

0.035 s lopes from 0.01 t o  0 .04 ' / f t  

0.030 s lopes  f l a t t e r  than O.Ol l / f t  

"n1I val ues f o r  developed areas :  

0.022 3-5 houseslacre 

0.030 1-2 houseslacre 

0.020 mu1 t i  pl e r e s i  denti  a1 and 1 i g h t  commerci a1 



TABLE 1 

CURRENT C I T Y  OF PHOENIX ENGINEER DEPARTMENT 
24-HOUR RAINFALL DISTRIBUTION 

T o t a l  T o t a l  
T i  me Rai n f  a1 1 T i  me Rai n f  a1 1 

(hours  % (hours)  % 
. ............................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



TABLE 2 

PHOENIX WE30 RECORDS* 

(24-HOUR DURATION STORM) 

Return  Per iods,  Years P r e c i p i t a t i o n .  Inches 

1.02 

1.44 

2.10 

2.53 

3.12 

3.57 

4.04 

"Technical  Memorandum WBTM WR-44 



Zoni ng 

PSC 

TABLE 3 

CITY  OF PHOENIX CURVE NUMBERS 

BASED ON SOILS AND ZONING 

Curve Numbers f o r  S o i l  Type 
Type B Type C Type D 



Zon ing  

C-1 
C-2 
C-3 
M-R 

H-R I 

P.S.C. 
R.S.C.  
I nd .  Pk. 
A -  1 
A- 2  
P- 1  
P-2 
P-C 
s-p  
C/Z 

Use Uni ts /Acr  P 

Ranch o r  Farm R e s i d ~ n c ~  
Ranch o r  Farm Comnorcial 
S i n g l e  Fami l y  Residence 
43,560 S7. F t .  Lo t s  Minimum 1.0 
S i n g l e  Fami l y  Residence 
1.10 Dwe l l i ngs /Ac re  Base Dens i t y  1.1 
S i n g l e  Fami l y  Residence 
24,000 Sq. F t .  Lo t s  Minimum 1 .8 
S i n g l e  Fami l y  Residence 
1.95 Dwe l l i ngs lAc re  Base D e n s i t y  1.95 
S i n g l e  Fami l y  Residpnce 
14,000 Sq. F t .  Lo t s  Minimum 3.11 
S i n g l e  Fami l y  Residence 
3.50 Dwe l l i ngs /hc re  Rase D e n s i t y  3.5 
S i n g l e  Fami l y  Residence 
4.30 Dwe l l i ngs /Ac re  Rase D e n s i t y  4.3 
S i n g l e  Fami l y  Residence 
5.30 Dwe l l i ngs /Ac re  Base D e n s i t y  5.3 
M u l t i - F a m i l y  Residence 
10.0 Dwe l l i ngs /Ac re  Rase D e n s i t y  10 
M u l t i - F a m i l y  Residence 
14.5 r lwe l l i ngs /Ac re  Rase D e n s i t y  14.5 
M u l t i - F a m i l y  Residence 
22.0 h e l l i n g s / A c r e  Rase D ~ n s i t y  22.0 
M u l t i - F a m i l y  Residence 
29.0 nwe l l i ngs /Ac re  Rase D e n s i t y  20.0 
Mu1 t i - F a m i l y  Residence ' 

43.5 h e l l  ings/Acre Base D e n s i t y  43.5 
Mul t i -Fami l y  Residence 
43.5 h e l l  ings /Acre  Rase D e n s i t y  43.5 
Planned Area Developsent 
D i s t r i c t  
Qesort D i s t r i c t  
20 IAcre  Minimum 50 Guest Rooms 
R e s i d e n t i a l  O f f i c e  
Comnerical  O f f i c e  O i s t r i c t  
R p s t r i c t e d  Commercial 
Neighborhood C o m ~ r c i a l  
I n t e r m e d i a t e  Comnercial 
General Commercial 
Mid-Rise D i s t r i c t  
L i m i t ~ o  t o  190' 
H igh R i s e  D i s t r i c t  
L i m i t e d  t o  250' 
Hig+ R i s e  O i s t r i c t  
(Down town) 
Planned Shopping C e n t ~ r  
Reg iona l  Shopping Center 
I n d u s t r i a l  Park 
L i g h t  I n r l l r s t r i a l  
Heavy I n d u s t r i a l  
P a r k i n g  (Open) 
P a r k i n g  ( S t r n c t u r ~ s )  
Planned Community 
Spec fa l  Pe rm i t  
C o n d i t i o n a l  Zoning 

T A B L E  4 

Z O N I N G  C L A S S I F I C A T I O N S  
F O R  G O V E R N M E N T A L  

A G E N C I E S  W I T H I N  T H E  W A T E R S H E D  A R E A S  

MRICOPA COUNTY -- GLENDALE 

Zoning Use - Un i ts /Ac re  

RURAL 130 Rura l  Zoning D i s t r i c t  A-1 Aqr fc r r l  t r r r a l  Residence 
190,000 Sq. F t .  Per Dwe l l i ng  U n i t  0.23 SR-30 Srlhlrrhan Rcs idence 

RURAL 70 Rura l  Zoning D i s t r i c t  SR-17 Srrbtjrhan Res idence 
70,000 Sq. F t .  Per D w ~ l l i n g  U n i t  0.62 59-12 Suhurhan Res i d e n c ~  

RURAL 43 Rrrral Zoning D i s t r i c t  RI -10 S i n g l e  Fami l y  Residence 
One ( I )  Acre Per h~ll i n g  U n i t  1.0 R1-8 S i n g l e  Fami l y  R e s i d ~ n c e  

R1-35 S i n g l e  Fami ly  R e s i d e n t i a l  R1-7 S ing le  Fami l y  Resident" 
Zoning D i s t r i c t  R1-6 S i n g l e  Farni 1y  Residence 
35,000 Sq. F t .  Per Owe l i i ng  U n i t  1.24 R-2 Two F a m i l y  Residence 

R l -18  S i n g l e  Fami ly  R e s i d e n t i a l  R-3 Mtrl t i  F a m i l y  R e s f d ~ n c e  
Zoning D i s t r i c t  R -4 M u l t i  F a m i l y  Residence 
1R,000 Sq. F t .  Per Dwe l l i ng  U n i t  2.42 C-0 Commercial O f f i c e  

R1-10 S i n g l e  Fami l y  R e s f d e n t i a l  C- 1  Neighborhood R e t a i l  
Zoning D i s t r i c t  C-2 General Commercial 
10,000 Sq. F t .  Per  D w ~ l l i n g  U n i t  4.36 C - 3  Unl i l n i t e d  Comnercial 

R1-8 S i n g l e  Fami l y  R e s i d e n t i a l  M-P I n d u s t r i a l  Park 
Zoning D i s t r i c t  M- 1  L i g h t  I n d u s t r i a l  
8 , 0 0 0 S q . F t . P e r D w e l l i n g U n i t  5.45 M-2 Heavy I n d u s t r i a l  

R1-7 S i n g l e  Fami l y  R e s i d e n t i a l  P.A.D. Planned Area Development 
Zoning D i s t r i c t  P.R.D. Planned R e s i d e n t i a l  Development 
7,000 Sq. F t .  Per Dwe l l i ng  U n i t  6 . Z  T.D. T r a i l e r  D i s t r i c t  

R1-6 S i n g l e  Fami l y  R e s i d e n t i a l  
Zoning D i s t r i c t  . 
6 , 0 0 0 S q . F t . P c r P w ~ l l i n g l J n i t  7.26 

R-5 M f ~ l t i p l e  Fami ly  R e s i d e n t i a l  
Zoning D i s t r i c t  43.5 

R-4 M u l t i p l e  Fami ly  R e s i d e n t i a l  
Zoning D i s t r i c t  21.80 

R-3 M l l i t i p l e  Fami ly  Resir lent ;a l  PEORIA 
Zoning D i s t r i c t  14.52 

R-2 Two-Family R e s i d e n t i a l  UNITS PER 
Zoning O i s t r i c t  lff .89 Zonf ng  Use - GROSS ACRE 

C-1 Neighborhood Commercial 
Zoning D i s t r i c t  R1-35 S ing le  Fami l y  Res ident la1  

C-2 In te rmed ia te  Co~mnercial 35,000 Sq. F t .  L o t s  Hinimum 

Zoning D i s t r i c t  R l -18 S i n g l e  Fami l y  Residentdal  
C-3 General Comnerci a1 18,000 Sq. F t .  L o t s  Mi~iimum 

Zoning D i s t r i c t  R1-8 S i n g l e  F a m i l y  Res iden t i a l  

C-S Planned Shopping Center 8,000 Sq. F t .  t o t s  Minimum 

Zoning D i s t r i c t  R1-7 S i n g l e  Fami l y  Res iden t i a l  

C-0 Comnerical  O f f i c ~  7,000 Sq. F t .  L o t s  ~ i n i m u m  

Zoning O i s t r i c t  R1-6 S i n g l e  F a m i l y  Res iden t i a l  

I WD- 1  Planned r n d l l s t r i a t  6.000 Sq. F t .  L o t s  Minimum 
Zoning D i s t r i c t  RH- 1  M u l t i p l e  R e s i d e n t i a l  

IMD-2 L i g h t  I n d u s t r i a l  RMIf-1 R e s i d e n t i a l  Mob i l e  Home Park 
Zoning P i s t r i c t  RMlI-2 Mobi le  Home Park 

11113-3 Heavy l n d o s t r t a l  0- 1  O f f i c e s  

Zoning D i s t r i c t  C-1 Convenience Locat ions  

S1J Spec ia l  Uses C-2 In te rmed ia te  Commercial 

NU P Neighborhood P l a n  o f  C-3 Cen t ra l  Commercial 

Oevelopnent C-4 !ti ghway Commercial 

R1JP R e s i d e n t i a l  P l a n  o f  PC-I Planned Community Comnercfal 

Development 1-1 L i g h t  I n d u s t r i a l  

SC Sen io r  Ci  t i z r n  Ove r l ay  1-2 Heavy I n d u s t r i a l  

MIIR Manufactured House A6 General A g r i c u l t u r e  

R e s i d e n t i a l  Zoning D i s t r i c t  PUD Planned U n i t  Development 

Uni t s /Ac re  

1  .o 
1.45 
2.56 
3.63 
4.36 
5;45 
6.22 
7.26 

14.52 
43.50 
43.50 

P.A.D. 
DISTRICTS 



*Type of Development 
Antici pated i n  Watershed 

Suburban: 

TABLE 5 

( a )  Less than 1 house/acre 

( b )  1 house/acre 
(c)  2/houses/acre 

Light t o  Moderate Urbanization: 

( a )  3 houses/acre 

(b )  4 houses/acre (detached) 
( c )  5 houses/acre (detached) 

Highly Urbanized: 

Percent of Impervious Cover 

Mi ni m u m  Average Maxi m u m  

(a)  Mu1 t i  pl i ed Dwell i ngs 
(4 uni ts /acre ,  or  more) 5 0% 

( b )  Light Industr ial  & Commercial 5 0% 

(c)  Heavy Industr ial  & Commercial 80% 

*I t  i s  assumed, in a l l  cases, t h a t  paved s t r e e t s  a re  adjacent t o  a t  l e a s t  

one side of a developed 1 ot .  



LAG FACTOR 

Figure  1 -- Fac to r s  f o r  a d j u s t i n g  l a g  when t h e  main channel  has been 
hydraul  i c a l  l y  improved. 

.8 

Ut . FACTOR 

Figure  2 -- F a c t o r s  f o r  a d j u s t i n g  l a g  when impervious a r e a s  o c c u r  i n  
t h e  watershed.  


