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1.0 INTRODUCTION 

This  i s  the o f f - s i t e  hydro logy  r e p o r t  f o r  t he  Outer Loop Highway between 

Euckeye Road and Nor thern  Avenue. The WLB Group, I n c .  was subcont racted b y  

Deleuw, Cather and Company, the  0 u t e r ' ~ o o p  Management Consul tant  f o r  t he  

Ar izona Department o f  T ranspor ta t ion ,  t o  determine t he  o f f - s i t e  f l o v ~ s  t h a t  

w i  11 reach the  Outer Loop and t o  i n v e s t i g a t e  a1 t e r n a t i v e  conceptual  dra inage 

designs t h a t  w i l l  p r o t e c t  bo th  t he  Outer Loop and ad jacen t  p r o p e r t y  owners 

from f lood ing .  Th is  r e p o r t  summarizes t he  r e s u l t s  o f  t h e  o f f - s i t e  hydro logy  

s tudy  a long w i t h  the  methods and assumptions used t o  c r e a t e  the  hyd ro l og i c  

model. The i n v e s t i g a t i o n  o f  dra inaye des ign concepts w i l l  be covered i n  a 

subsequent r e p o r t .  



2.0 DESCRIPTION OF DRAINAGE A R E A  

The to ta l  drainage area studied i s  78.3 square miles and slopes primarily i n  

a soutliwesterly d i rect ion a t  approximately 0.365. Under exis t ing 

conditions, 36.5 square miles of the area flows t o  the channel along the 

north side of the Papago Freeway, 38.0 square miles flows to  the Outer Loop 

between the Papago Freeway and Northern Avenue, and the runoff from the 

remaining 3.8 square miles will be intercepted by the Outer Loop between 

Buckeye Road and the Papago Freeway. 

The majority of the drainage basin has been developed except fo r  

agr icul tura l  land in the western and northwestern portions of the drainage 

area.  The exis t ing development i s  a nix of res iden t ia l ,  commercial, and 

indust r ia l  with the majority being res iden t ia l .  The area i s  complicated by 

the proposed Paradise Corridor and the proposed Grand Avenue Expressway. 

The a l t e rna t ive  cases discussed l a t e r  in t h i s  report  represent the e f f ec t  of  

these pro~osed freewavs on the o f f - s i t e  flows that  krill reach the Outer 

The study area i s  fur  her complicated by the proposed storm drains in the 

Glendale/Peoria ADMS. The storw drain plan fo r  Glendale and Peoria i s  a 10- f year system with subs an t i a l  detention provided a t  many locations.  Although 

a plan has been prep red fo r  the area ,  i t  has not been accepted by the Flood B 2' Control D i s t r i c t  0 1  Maricopa County and adequate information does not ex i s t  

on the proposed detention basins. Therefore, the e f fec t s  of the storm 

drains were not included in t h i s  hydrology report.  The storm drain systen; 

wi 11, i.lowever, be considered in the drainage concept portion of t h i s  stcldy. 



3.0 HYDROLOGY 

The computer program used t o  compute the  peak discharges and volumes o f  

r u n o f f  i s  the  U.S. Army Corps o f  Engineers - w p x c q m r n  (Reference 1 1. 
The methodology used i n  the  program was the  SCS Dimensionless U n i t  

Hydrograph (Reference 2) .  The f o l l  owing paragraphs descr ibe the  

approach used i n  developing the  var ious i n p u t  parameters t o  the  HEC-1 

program. 

3.1 Watershed Area 

The study area was d i v ided  i n t o  subbasins based on topography, s t r e e t  

alignments, f i e l d  observat ions, and p o i n t s  o f  concentrat ion a t  l e a s t  

once every m i l e  along the  Outer Loop Highway. The U.S.G.S. Quadrangle 

Maps were used as a base f o r  the  subbasin de l ineat ions .  

3.2 P r e c i p i t a t i o n  Depth, Durat ion, and D i s t r i b u t i o n  

The average p r e c i p i t a t i o n  depths f o r  the  watershed were determined from 

the  Arizona Department o f  Transportat ion design manual "Hydrologic 

Design f o r  Highway Drainage" (Reference 3 ) .  The storm used i n  the 

model has a.24-hour durat ion;  d i s t r i b u t e d  by the Hypothet ica l  storm i n  

HEC-1 us ing  the  5 minute, 15 minute, 1 hour, 2 hour, 3 hour, 6 hour, 12 

hour, and 24 hour depth/durat ion data f o r  the  study area. The 

f o l l o w i n g  i s  a l i s t  o f  the  50-year and 100-year depth/durat ion data. 



50-year 100-year 

D u r a t i o n  P r e c i p i t a t i o n ,  I n .  P r e c i p i t a t i o n ,  I n .  

Reduct ion o f  these p o i n t  r a i n f a l l  va lues was a p p l i e d  i n  t h e  p r o g r a n  t o  

p r o p e r l y  account  f o r  t h e  e f f e c t  o f  t h e  watershed s i z e .  

Re fe r  t o  Appendix 1 f o r  a d i s c u s s i o n  on t h e  s e l e c t i o n  o f  t h e  r a i n f a l l  

d i s t r i b u t i o n .  The 24-hour h y p o t h e t i c a l  d i s t r i b u t i o n  was used f o r  t h i s  s t u d y  

f o r  two reasons. F i r s t ,  t h e  r e s u l t s  usincj t h e  h y p o t h e t i c a l  s to rm agreed 

v e r y  w e l l  w i t h  t h e  r e s u l t s  u s i n g  t h e  r a i n f a l l  d i s t r i b u t i o n  developed b y  t h e  

C i t y  o f  Phoenix f o r  des ign  o f  t h e i r  s torm d ra inage  systems. Secondly, t h e  

h y p o t h e t i c a l  d i s t r i b u t i o n  was used t o  be c o n s i s t e n t  w i t h  t h e  o f f - s i t e  

h y d r o l o y y  a1 r e a d y  completed f o r  t h e  Outer  Loop f rom Nor the rn  Avenue t o  e e l  1  

Road. 

3.3 Curve Number 

The curve number i s  used t o  d e s c r i b e  t h e  i n f  i 1 t r a t i o n / i n t e r c e p t i o n  

c h a r a c t e r i s t i c s  o f  t h e  d ra inage  area.  F a c t o r s  t h a t  a f f e c t  t h e  cu rve  number 

a r e  s o i l  type,  cover  type,  and l a n d  use. The s o i l s  w i t h i n  t h e  s t u d y  area 

were a l l  i n  t h e  H y d r o l o g i c  S o i l  Group B as shown i n  t h e  SCS " S o i l  Survey of  



Maricopa County, Arizona, Central Part"  (Reference 4 ) .  The curve numbers 

were based on ex i s t ing  conditions and were taken from Table 2.2 in TR-55 

(Reference 5 ) ,  supplemented by City of Phoenix data fo r  land uses not 

covered in TR-55. The curve numbers were weighted by area t o  produce a 

representat ive curve nurnber f o r  each subwatershed. Aerial photos and City 

and County zoning maps wer? used t o  iden t i fy  the d i f f e r e n t  land uses f o r  

each area.  

3.4 Time of Concentration/Lag Time 

The lag time fo r  the watershed i s  require6 input f o r  the SCS dimensionless 

un i t  hydrograph method. The lag i s  calculated by nul t ip ly iny the time of  

concentration by 0.6. The time of concentration i s  defined as  the time i t  

takes runoff to  t ravel  from the hydraul ica l ly  most d i s t a n t  point  in the  

watershed t o  the point of concentration. 

The time of concentration was calculated using a conbination of overland 

flop! tirne and gu t t e r  flow tinie. Overland flovr time was calculated using the 

SCS Upland Nethod (Reference 2)  and g u t t e r  flow tirne was ca lcula ted  using 

Mannings equation f o r  s t r e e t s  flowing f u l l  t o  the top of an assuijled 6" curt). 

The hydraulic lengths and slopes were obtained froni the 7.5 minute U.S.G.S. 

quadrangle maps of the area .  

3.5 Channel Routing 

/? The kineaatic  wave method was used t o  route the  hydrographs throucjh the 

i s t r e e t s ,  channels,  and storm dra ins .  Channel rout ins  i n  the s t r e e t s  was 

simulated by a t r i angu la r  channel with 50:l s ide  slopes and Manning's N of 

0.02G. Channel routing in trapezoidal channels and c i r c u l a r  concrete pipes 

was simulated with t h e i r  corresponding sl~apes and N values of 0.018 and 

0.012, respective1 y. 



4.0 RESULTS 

Four seperate hydrologic models were developed fo r  t h i s  report .  They 

include one fo r  the Outer Loop from Buckeye Road t o  the Papag~  Freeway a n d  

three (Case A ,  B and C )  f o r  the reach from the Papago Freeway t o  Northern 

Avenue. The three a l t e r n a t i v e  models f o r  the Papago Freeway t o  Northern 

Avenue reach were required to  study the e f f e c t s  of the proposed Grand Avenue 

Expressway and the Paradise Corridor. 

The r e s u l t s  a re  presented with summary pr in touts  from the HEC-1  model with 

concentration points  t h a t  correspond t o  points  on the drainage area maps. 

The peak discharges along the Outer Loop a r e  summarized d i r e c t l y  on the 

drainage area maps. 

4 .1  Buckeye Road to  the Papago Freeway 

A separate hydrologic model was developed f o r  the Buckeys Road t o  the Pap~go 

Freeway sect ion of the Outer Loop. The contributincj drainage area i s  

approximately 3.8 square miles. 

The flows were assuzed to  be intercepted and col lec ted  along the Outer Loop. 

However, i f  the expr2ssway in t h i s  sec t ion  i s  elevated over the Southern 

Paci f ic  Railroad, the majori ty of the flow can simply flow under the Outer 

Loop along the north s ide  of the Railroad as  i t  does nov; under ex i s t ing  

condit ions.  



RUKOFF SUMMARY 

FLOK I N  CUBIC FEET PER SECOND 

T I M E  I N  HOURS, AREA I[( SQUnRE f j i I LES 

BUCKEYE ROAD TO PAPAGO FREEWAY 

PEAK FLON B A S I N  LAG CURVE 

OPERATION STAT I ON 1 0 0 - Y  EAR AREA T Ir4E NU:4SER 

HYDROGRAPH AT S 1  380 0 . E l  1.37 C 1 

ROUTED TO C 2 3 7 9  (1.81 

HYDROGRAPH AT 52 6 3 2  2.40 2 . 8 1  6 2 

2 C O M B I N E D A T  C 2  5 4 1  3 . 2 1  

ROUTED TO C 3  839 3 . 2 1  

HYDROGRAPH AT S 3  2 39 0 . 6 0  1.58 8 C 

2 COMBINED AT C 3  1 0 4 0  3 . 8 1  





RUNOFF SUMMARY 

FLO!i I N  C U B I C  FEET PEE SECOND 

T I M E  I N  HOURS, AREA I N  SQUARE M I L E S  

BUCKEYE ROAD TO PAPAGO FREEWAY 

PEAK FLOA BAS I N  L A G  CURVE 

OPERATION S T A T I O N  5 0 - Y  EAR AREA T I M E  NUl'lEER 

HYDROGRAPH AT S 1  3 0 9  0.81 1 . 3 7  8 1 

ROUTED TO C 2 3 0 8  0.81 

HYDROGRAPH AT S 2  5 1 7  2 . 4 0  2 . 3 1  8 2  

2 C O K B I N E D A T  C 2  6 9 7  3 . 2 1  

ROUTED TO C 3 69 5 3 . 2 1  

HYDROGRAPH AT S 3  19 3 6.60 1 . 5 8  3 0 

2 C O M C I N E D A T  C 3  85 5 3.21 





4.2 Papago Freeway t o  Northern Avenue 

As prev ious ly  explained, the  drainage area f o r  t h i s  sec t ion  i s  

complicated by two proposed freeways, the Grand Avenue Expressway and 

the  Paradise Corr idor .  A Grand Avenue Cor r idor  Study has been prepared 

t h a t  inc ludes low expressway and h igh  expressway a l t e rna t i ves .  I n  the 

case o f  the low expressway, the  drainage p a t t e r n  across the  expressway 

would be e s s e n t i a l l y  the  same as the e x i s t i n g  Grand Avenue. On the  

o ther  hand, the  h igh  expressway a l t e r n a t i v e  would c o l l e c t  f lows on the 

no r th  s ide o f  the  expressway and convey them t o  New River  and the  Agua 

F r i a  R iver  i n  the  proposed O l i ve  Avenue storm dra in ,  the  proposed 

Orangewood Avenue storm dra in ,  and the proposed Paradise Cor r i do r  

c o l l  e c t i o n  channel . South o f  the  Paradise Cor r idor  the  drainage would 

be c o l l e c t e d  along the expressway and conveyed t o  the  S a l t  R iver  i n  a 

proposed 27th Avenue storm dra in.  A study f o r  the Paradise Cor r i do r  

has j u s t  r e c e n t l y  been s t a r t e d  and therefore there are  no a v a i l a b l e  

drainage concepts. However, i t  i s  reasonable t o  assume t h a t  drainage 

c o l l e c t i o n  f a c i l i t i e s  w i l l  have t o  be constructed which w i l l  probably 

r e s u l t  i n  a c o l l e c t o r  channel along the  no r th  s ide o f  the  roadway. 

To determine the  e f f e c t  o f  these proposed freeways, th ree  hydro log ic  

models were developed which are presented as Case A, B, and C.  A l l  

th ree  cases c o l l e c t  the f lows along the  Outer Loop i n  the  same manner 

t o  a l l ow  a d i r e c t  comparison o f  f lows reaching the  Outer Loop. That 

i s ,  the  f lows are c o l l e c t e d  along the  Outer Loop and conveyed t o  New 

River  along Bethany Home Road (on the no r th  s ide  o f  the  Grand Canal) 

and t o  the  Agua F r i a  R iver  along Thomas Road. South o f  the  h a l f  m i l e  

p o i n t  between McDowell Road and Thomas Road the f lows are  conveyed t o  

the  Papago Channel as they are now under e x i s t i n g  cond i t ions .  



I t  should be noted tha t ,  i n  a l l  th ree  cases, i t  was assumed t h a t  a 

drainage channel w i l l  be cons t ruc ted  along the  n o r t h  s ide  o f  t h e  Grand 

Canal between the  Outer Loop and 83rd Avenue. (Refer  t o  P a r t  B - 
Concept Designs, under separate cover.) I f  the  channel i s  n o t  . 

constructed, some o f  the  over land f lows would be conveyed west i n  t he  

Grand Canal and the  remainder would f l ow  over the  Grand Canal and 

impact t he  Outer Loop t o  t he  south. 

4.2.1. Case A 

Case A i s  the  e x i s t i n g  c o n d i t i o n  f o r  the  c o n t r i b u t i n g  drainage area 

between the  Papago Freeway and Northern Avenue. That i s ,  t he  proposed 

Grand Avenue Expressway and the  Paradise Cor r i do r  were n o t  considered 

i n  the  de l i nea t i ons  o f  t he  subwatersheds. 



OPERAT I ON STAT I ON 

RUNOFF SUMMARY 
FLOW I N  CUBIC FEET PER SECOND 

TIME I N  HOURS, AREA I S  SQUARE MILES 

CASE A 

HYDROGRAPH AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBI NED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
ROUTED TO 
HYDROGRAPH AT 
2 COMBI NED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
HYDROGRAPH AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMB1 NED AT 
ROUTED TO 
HYDROGRAPH AT 

PEAK FLOW 
100-YEAR 

BAS I N 
AREA 

LAG CURVE 
T I  ME NUMBER 





T'HE OUTER LOOP HIGHWAY 
PAPAGO FREEWAY TO NORTHERN AVENUE 

OFF-SITE HYDROLOGY 
100 - YEAR STORM 

CASE a 
EXISTING FLOW PATTERN WITHOUT THE 
EFFECTS FROM THE PROPOSED PARADISE 
CORRIDOR AND GRAND AVENUE EXPRESSWAY. 

RUNOFF SUMMARY 
FLOW If4 CUBIC FEET PER SECOliD 

T I M E  I N  HOURS. A K A  I N  SCUARE M I L E S  

PEAK FLOW B A S I N  L A G  CURVE 
OPERATlOt l  STAT1014 100-YEAR AREA TlWE I l i I N B i R  

HYDROGRAPH AT 
ROUTED TO 
HYDROGRAPH AT 
2 C M l B l N E D  AT 
ROUTED 1 0  
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED A l  
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED HYDROGRAPH TO AT 

2 COMBINED AT 
ROUTED TO 
ROUTED HYDROGRAPH TO AT 

2 ~ ~ ~ B I N E D  AT 
ROUTED TO 
HYDROGRAPH 2 COMBINED AT AT 

HYDROGRAPH AT 
ROUTED TO 
HYDROGRAPH AT 
2 C M l B l N E D  AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
2 HYDROGRAPH COMBINED AT AT 

ROUTED TO 
HYDROGRAPH AT 

A 1  
CP2 
A 2  
CP2 
CP3 
A 3  
CP3 
CP4 
A 4  
CP4 
CP5 
A5  
CP5 
CP6 
A 6  
CP6 
CP7 
A7 , 
CP7 
CP2A 
CP8 
A8  
CPB 
CP9 
A9  
CP9 
A4C 
CP9B 
A 9 8  
CP9B 
CP9A 
AYA 
CPYA 
CP9 
CPY 
A 1 2  
CP13 
A l l  

ROUTED TO CP13 
HYDROGRAPH AT A 1 3  
3 COMBINED AT CP13 
ROUTED TO C P l 4  
HYDROGRAPH AT A 1 0  
ROUTED TO CP14 
HYDROGRAPH AT A 1 4  
2 COMBINED AT CP14 
2 COMBINED AT CP14 
ROUTED TO C P 1 8  
HYDROGRAPH AT A 1 8  
2 COMBINED AT CP18 
HYDROGRAPH AT A 1 5  
ROUTED TO CP16 . 
HYDROGRAPH AT A 1 6  
2 COMBINED AT CP16 
ROUTED TO C P l 7  
HYDROGRAPH AT A 1 7  
2 COMBINED AT CP17 
HYDROGRAPH AT A17A 
2 COMBINED AT CP17 
ROUTED TO CP19 
HYUROGRAPH AT A 1 9  
2 COMBINED AT CP19 



RUNOFF SUMMARY 
FLOW I N  CUBIC FEET PER SECOND 

TIME I N  HOURS, AREA I S  SQUARE MILES 

CASE A 

PEAK FLOW BAS I N LAG CURVE 
OPERATI ON STAT I ON 50-YEAR AREA TIRE NUMBER 

HYDROGRAPH AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMB1 NED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBI NED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
HYDROGRAPH AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBI NED AT 
ROUTED TO 

A 1  
CP2 
A2 
CP2 
CP3 
A3 
CP3 
CP4 
A4 
CP4 
CP5 
A5 
CPS 
CP6 
A6 
CP6 
CP7 
A7 
CP7 , 

CP8A 
CP8 
A8 
CP8 
CP9 
A9 
CP9 
A9C 
CP9B 
A9B 
CP9B 
CP9A 



HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
2 COMB1 NED AT 
HYDROGRAPH AT 
ROUTED TO 
HYDROGRAPH AT 
ROUTED TO 
HYDROGRAPH AT 
3 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
HYDROGRAPH AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMB1 NED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMB1 NED AT 

A9A 
CP9A 
CP9 
CP9 
A12 
CP13 
A l l  
CP13 
A13 
CP13 
CP14 
A10 
CPl4  
A14 
CPl4  
CPl4  
CP18 
A18 
CP18 
A15 
CP16 
A16 
CP16 
CP17 
A17 
CP17 
A17A 
CP17 
CP19 
A19 . 

CP19 



'THE OUTER LOOP HIGHWAY 
PAPAGO FREEWAY TO NORTHERN AVENUE 

OFF-SITE HYDROLOGY 
50-YEARSTORM 

CASE a 
EXISTING FLOW PATTERN WITHOUT THE 
EFFECTS FROM THE PROPOSED PARADISE 
CORRIDOR AND GRAND AVENUE EXPRESSWAY. 

RUNOFF SUMMARY 
FLOW I t 1  C U E l C  FEET PER SECOhD 

T l b E  I N  HOCRS. PZEA Ili SQUARE M I L E S  

OPERATICN S T w l O N  

HYDROGRAPH AT A 1  
ROUTtD 1 0  CP2 
HYDROGRAPH AT A 2  
2 COMBINED AT CP2 
ROUlED 1 0  CP3 
HYDROGRAPH AT A3  
2 C O M B I N E O A l  CP3 
ROUIED TO CP4 
HYDROGRAPH A l  A4 
2 COMBINED AT CP4 
ROUIED TO CP5 
HYDROGRAPH A l  A5  
2 ROUTED COMBINED TO AT 

CPS CP6 
HYDROGRAPH AT A6  
2 COMBINED A l  CP6 
ROUTED TO C P I  
HYDROGRAPH AT A? 
2 COMBINED AT CP7 
ROUTtD 1 0  CP8A 
ROUTED 1 0  CP8 
HYDROGRAPH AT A8  
2 COMBINED AT CP8 
ROUTED 1 0  CP9 
HYDROGRAPH AT A9  
2 COMBINED A l  CP9 
HYDROGRAPH ROUTED TO AT 

A9C CPYB 
HYDROGRAPH AT A 9 0  
2 ROUTED COnBlNED TO AT 

CP9B CP9A 
HYDROGRAPH AT A9A 
2 COMBINED AT CPYA 
ROUIEU TO CP9 
2 COMBINED AT CP9 
HYDROGRAPH AT A 1 2  
ROUTEU TO CP13 
HYDROGRAPH AT A l l  
ROUlED TO CP13 
HYDROGRAPH AT A 1 3  
3 COMBINED AT CP13 
ROUTED 1 0  CP14 
HYDROGRAPH AT A1U 
ROUTED TO CP14 
HYDROGRAPH AT A 1 4  
2 COMBINED AT CP14 
2 COMBINED AT CP14 
ROUTED TO CP18 
HYDROGRAPH AT A 1 8  
2 COMBINED AT CP18 
HYDKOGRAPH AT A 1 5  
ROUIED 1 0  CP16 
HYDROGRAPH AT A l b  
2 ROUTED COMBINEU TO A T  

~ ~ 1 6  CP17 
HYDROGRAPH AT A 1 7  
2 COMBINED A l  C P l 7  
HYDROGRAPH AT A l I A  
2 ROUTED C M B I N E D  TO AT 

C P l l  CP19 
HYDROGRAPH A l  A 1 9  
2 COMBINED AT CP19 

PEA< FLCW 
50-YEAR 

2 2 8 1 .  
2 2 7 9 .  
2 1 9 5 .  
4 3 6 7 .  
4 3 6 4 .  
1 9 0 3 .  
6 1 0 3 .  
6 1 0 2 .  
2 0 2 9 .  
7 8 4 1 .  
7 8 3 9 .  

9 1 0 .  
8 4 1 8 .  
8 4 1 1 .  

EASI1 i  L A G  CURVE 
AREA T I M E  tigY,BER 



4 .2 .2  Case B 

Case B assumes tha t  there will  be a  co l l ec to r  channel along the north s ide  

of the Paradise Corridor which will  convey flows t o  the Outer Loop. This 

model a lso  assumes t h a t  the Grand Avenue Expressway wil l  be constructed as a 

low level f a c i l i t y  which will  not s i g n i f i c a n t l y  a l t e r  the ex i s t ing  drainage 

pat terns  . 



OPERAT I ON STAT I ON 

RUNOFF SUMMARY 
FLOW I N  CUBIC FEET PER SECOND 

TIME I N  HOURS, AREA I S  SQUARE MILES 

CASE B 

HYDROGRAPH AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMB1 NED AT 
ROUTED TO 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
HYDROGRAPH AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 

PEAK FLOW BAS I N LAG CURVE 
100-YEAR AREA TIME NUMBER 



2 COMBINED AT 
ROUTED TO 
2 COMBINED AT 
HYDROGRAPH AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
HYDROGRAPH AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMB1 NED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMB1 NED AT 
ROUTED TO 
HYDROGRAPH AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
2 COMB1 NED AT 
HYDROGRAPH AT 
ROUTED TO 
HYDROGRAPH AT 
ROUTED TO 
HYDROGRAPH AT 

CP9A 
CP9 
CP9 
820 
CP21 
B21 
CP21 
CP22 
B22 
CP22 
B22A 
CP22 
CP25 
B25 
CP25 
B10 
C P l l  
B 1 1  , 
C P l l  
CP12 
B12 
CP12 
CP13 
B13 
CP13 
CP14 
B14 
CP14 
CP23 
B23 ' 

CP23 
CP19 
B15 
CP19 
B19 
CP19 
CP19 
B17 
CP18 
B16 
CP18 
B18 



3 COMB1 NED AT CPlS 3363. 10.54 
ROUTED TO CP19 3362. 10.54 
2 COMB1 NED AT CP19 10868. 37.27 
ROUTED TO CP24 10866. 37.27 
HYDROGRAPH AT B24 416. 0.70 .79 77 
2 COMBINED AT CP24 10899. 37.97 



THE OUTER LOOP HIGHWAY 
PAPAGO FREEWAY TO NORTHERN AVENUE 

OFF-SITE HYDROLOGY 
100 - YEAR STORM 

CASE a 
INTERCEPTOR CHANNEL ALONG THE NORTH 
SIDE OF THE PARADISE CORRIDOR AND THE 
GRAND AVENUE EXPRESSWAY AS A LOW 
LEVEL FACILITY. 

RUNOFF SUMMARY 
FLOU I h  C 6 B I C  FEET PER SECONP 

TIME I N  HOURS. AREA I N  SCUARE N l L E S  

PEAK FLOW B A S I N  LAG CURVE 
OPERATION STATION 100-YEAR AREA T l f l i  IIUMSER 

HYUROGRAPH AT 
ROUTED TO 
HYDKOGRAPH AT 
2 COMBINFD A 1  
KOUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED 1 0  
HYDROGRAPH AT 
2 CONBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COflBlNED AT 
ROUTED 1 0  
ROUTED TO 
HYDROGRAPH AT 
2 COflBlNED AT 
ROUTED TO 
HYUROGRAPH AT 
2 COMBINED AT 
HYDROGRAPH AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
2 COMBINED AT 
HYDROGRAPH A 1  
ROUIED TO 
IIYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 

0 1  
CP2 
8 2  
CP2 
CP3 
8 3  
CP3 
CP4 
B 4  
CP4 
CP5 
8 5  
CP5 
CPb 
B b  
CP6 
CP7 
B I  
C P I  
CPBA 
CP8 
8 8  
CPS 
CP9 
8 9  
CP9 
B9C 
CP9B 
B'JB 
CP9B 
CP9A 
B9A 
CP9A 
CP9 
CPY 

HYDROGRAPH AT 8 2 2  1 4 j 5 .  
2 COMBINED AT CP22 2 6 8 5 .  
HYDROGRAPH AT B22A 3 3 1 .  
2 COMBINED AT CP22 2 1 3 3 .  
ROUTED TO CP25 ' 2 7 1 5 .  
HYDROGRAPH AT 8 2 5  46U.  
2 COnBlNED AT CP25 2 9 x 8 .  
HYDROGRAPH AT B l O  113U.  
ROUTED TO C P l l  1 7 2 7 .  
HYDRUGRAPH AT 8 1 1  1 8 3 4 .  
2 COMBINED AT C P l l  5537.  
ROUTED TO CP12 3 5 2 s .  
HYDROGRAPH AT B I Z  1 5 3 0 .  
2 COMBINED AT CP12 5 0 1 1 .  
ROUTED TO CP13 5 0 1 7 .  
HYDROGRAPH AT 0 1 3  1 3 2 6 .  
2 COMBINED AT CP13 6 0 1 4 .  
ROUTED TO CP14 60U6.  
HYDROGRAPH AT B 1 4  551.  
2 COtlBlNED AT C P l 4  b 2 2 7 .  
ROUTED TO CP23 6 2 2 1 .  ~ 

HYUROGRAPH AT 8 2 3  9 4 9 .  
2 COMBINED AT CP23 JU34.  
ROUTED TO CP19 7 0 1 7 .  
HYDROGRAPtl AT 8 1 5  7 6 2 3 .  
ROUTED TO CP19 2 3 7 7 .  
HYDROGRAPH AT 8 1 9  1 5 3 6 .  
2 2 COMBINED COMBINED AT AT CP19 CP19 3 7 0 5 .  

8 5 / 0 .  
HYDROGRAPH AT 8 1 1  15UY. 
ROUTED 1 0  CP18 1 1 8 4 .  
HYDRUGRAPH AT 8 1 6  1 2 6 0 .  
ROUTED TO CP18 1 1 3 4 .  
HYDROGRAPH A l  8 1 8  1 4 1 1 .  
5 COMBINED AT C P l S  3 3 6 3 .  
ROUTED 1 0  C P l Y  3 3 6 2 .  
2 COMBINED AT CP19 10Bb8.  
ROUTLD TO CP24 l U S b b .  
HYCROGRAPII AT 8 2 4  4 l b .  
2 COMBINED AT CP24 1UXYY. 



OPERAT I ON STAT I ON 

RUNOFF SUMMARY 
FLOW I N  CUBIC FEET PER SECOND 

TIME I N  HOURS, AREA I S  SQUARE MILES 

CASE B 

HYDROGRAPH AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
ROUTED TO 
HYDROGRAPH AT / 

2 COMB1 NED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
HYDROGRAPH AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 

B 1  
CP2 
B2 
CP2 
CP3 
B3 
CP3 
CP4 
B4 
CP4 
CP5 
B5 
CP5 
CP6 
B6 
CP6 
CP7 
B 7 
CP7 
CP8A 
C P I  
B8 
CP8 
CP9 
B9 
CP9 
B9C 
CPYB 
B9B 
CP9B 
CP9A 
B9A 

PEAK FLOW BAS I N LAG CURVE 
50-YEAR AREA T I  HE NUMBER 



2 COflBI NED AT 
ROUTED TO 
2 COMBI NED AT 
HYDROGRAPH AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COflBI NED AT 
HYDROGRAPH AT 
2 COMBI NED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
HYDROGRAPH AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
2 COMB1 NED AT 
HYDROGRAPH AT 
ROUTED TO 
HYDROGRAPH AT 
ROUTED TO 
HYDROGRAPH AT 

CP9A 
CP9 
CP9 
B20 
CP21 
B21 
CP21 
CP22 
B22 
CP22 
B22A 
CP22 
CP25 
B25 
CP25 
B10 
C P l l  
B11  
C P l l  
CP12 
B12 
CP12 
CP13 
B13 
CP13 
CP14 
B14 
CP14 
CP23 
B23 
CP23 ' 

CP19 
B15 
CP19 
B19 
CP19 
CP19 
B17 
CPl8  
B16 
CP18 
B18 



3 COflBI NED AT CPlS 
ROUTED TO CP19 
2 COMBINED AT CP19 
ROUTED TO CP24 
HYDROGRAPH AT B24 
2 COMBINED AT CP24 



THE OUTER LOOP HIGHWAY 
PAPAGO FREEWAY TO NORTHERN AVENUE 

OFF-SITE HYDROLOGY 
5 0  - YEAR STORM 

INTERCEPTOR CHANNEL ALONG THE NORTH 
SIDE OF THE PARADISE CORRIDOR AND THE 

. GRAND AVENUE EXPRESSWAY AS A LOW 
LEVEL FACILITY. 

RUNOFF SUMMARY 
FLOW Ill CUBIC FEET PER SECONC 

TIME I N  H3URS. AREA I N  SQUARE MILES 

OPERATION 

HYDROGRAPH AT 
ROUTED TO 
HYDROGRAPH A l  
2 COnBlNED AT 
ROUTED TO 
HYDROGRAPH A l  
2 COMBINED A1 
ROUTED 10 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH A I  
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 C ~ ! l k i ' , t C  LT 
ROUTED TO 
ROUTED 10 
HYDROGRAPH AT 
2 COMBINED A l  
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
HYDROGRAPH AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 

' 2 COMBINED AT 
HYDROGRAPH AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
HYDROGRAPH AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINEU AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COflBlNED AT 
ROUTED TO 
HYDROGRAPH AT 
ROUTED TO 
HYDROGRAPH AT 
2 COflBlNED AT 
2 COMBINED AT 
HYDROGUAPH AT 
ROUTED TO 
HYDROGRAPH AT 
ROUTED TO 
HYDROGRAPH AT 
3 COflBlNED AT 
ROUTED TO 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 

CP3 
CP4 
84 
CP4 
CP5 
85 
CP5 
CP6 
86 
CP6 
CP7 
t 7 
C?7 
CP8A 
CP8 
83 
CP8 
CP9 
B9 
CP9 
89C 
CP9B 
B9B 
CP9B 
CP9A 
B9A 
CPYA 
CP9 
CPY 
820 
CP21 
B21 
CP2l 

CP22 
CP25 
825 
CP25 
810 
C P l l  
81 1 
C P l l  
CP12 
812 
CP12 
CP13 
813 
CP13 
CPl4 
814 
CPl4 
CP23 
823 
CP23 
CP19 
815 
CP19 
B19 
CP19 
CP19 
817 
CPlS 
816 
CPl8 
818 
CPlS 
CP19 
CP19 
CP24 
824 
CP24 

PEAK FLCW 
5C-YEAR 

1559. 
1554. 
1730, 
3303. 
3296. 
1425. 
4667. 
4666. 
1684. 
6215. 
6205. 

910. 
7010.  
6994. 
1U54. 
7136. 
7719. 
Ii:! 

8178. 
8157. 
8150. 

566. 
8312. 
8311. 

123. 
8325. 

71. 
71.  
11. 

140.  
140. 
131. 

GAS l ti 
M A  

5.82 
3.C2 
3.94 
7.16 
7.76 
3.54 

11.30 
11.30 
4.00 

15.30 
15.30 
3.19 

18.49 
18.43 
2.23 

20.72 
20.72 

1 .4 )  
22.19 
22.19 
22.19 

1.19 
23.36 
23.38 
0 .20  

23.58 
0.09 
0.09 
0.09 
d , 1 5  
0.19 

LAG CURVE 
TINE NilfiBER 

' 1 . 6 2  66  



4.2.3 Case C 

Case C assumes that  the Grand Avenue Expressway will be constructed as a 

high level f a c i l i t y  and the Paradise Corridor will have a channel along i t s  

north side.  As described e a r l i e r ,  the h i g h  level Grand Avenue Expressway 

will co l l ec t  stormwater flows and convey them to  Nen River, the Agua Fria 

Riv?r, and the Sal t  River. The resu l t  i s  a  reduction in the contr ibut ins  

drainage area to  the Outer Loop with a corresponding reduction in peak 

discharge. 



RUNOFF SUMMARY 
FLOW I N  CUBIC  F E E T  PER SECOND 

T I M E  I N  HOURS, AREA I S  SQUARE M I L E S  

CASE C 

PEAK FLOW BAS 1 N L A G  CURVE 
OPERATI ON STAT I ON 100-YEAR AREA T I R E  NUMBER 

PEAK FLOW BAS I N  LAG CURVE 
OPERAT I ON STAT  I ON 50-YEAR AREA T I M E  NUMBER 

HYDROGRAPH AT 
ROUTED TO 
HYDROGRAPH A T  
2 COMBINED A T  
ROUTED TO 
HYDROGKAPH AT 
2 COMBINED A T  
ROUTED TO 
HYDROGRAPH A T  
2 COMB1 NED A T  
ROUTED TO 
HYDROGRAPH A T  
2 COMBI NED A T  
ROUTED TO 
HYDROGKAPH A T  
2 COMBINED A T  
ROUTED TO 
HYDROGRAPH A T  
2 COMBINED A T  
ROUTED TO 
ROUTED TO 
HYDROGRAPH A T  
2 COMB1 NED A T  
ROUTED TO 
HY DROGRAPH A T  
2 COMBI NED A T  
HYDROGRAPH AT 
ROUTED TO 

C 1 
C P 2  
C 2 
C P 2  
C P 3  
C 3  
C P 3  
CP4  
C 4  
C P 4  
C P 5  
C 5  
C P 5  
CP6  
C 6 
CP6  . 

C P 7  
C 7  
CP7  
CPCA 
C P 8  
C 8 
CP8  
C P 9  
C 9 
CP9  
C9C 
CP9B 



HYDROGRAPH A T  
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMB1 NED A T  
ROUTED TO 
2 COMBI NED A T  
HYDROGRAPH A T  
ROUTED TO 
HYDROGRAPH A T  
2 COMBINED A T  
ROUTED TO 
HYDROGRAPH A T  
HYDROGRAPH A T  
ROUTED TO 
3 COMBI NED A T  
ROUTED TO 
HYDROGRAPH A T  
2 COMBI NED A T  
ROUTED TO 
HYDROGRAPH A T  
2 COMBI NED A T  
ROUTED TO 
HYDROGRAPH A T  
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH A T  
2 COMBINED A T  
HYDROGRAPH A T  
ROUTED TO 
2 COMBINED A T  
ROUTED TO 
HYDROGRAPH A T  
2 COMBINED A T  
HYDROGRAPH A T  
ROUTED TO 
HYDROGRAPH A T  
2 COMBINED A T  
ROUTED TO 
HYDROGRAPH AT 
2 COf lBINED A T  
HYDROGRAPH A T  

C 9 B  
CPSB 
CP9A 
CPSA 
CP9A 
CP9  
CP9  
C 1 0  
C P l l  
C 1 1  
C P l l  
C P 1 2  
C 1 2  
C13 
C P 1 2  
C P 1 2  
C P 1 4  
C 1 4  
CP14  
C P l 5  
C 1 5  
C P 1 5  
C P 2 1  
C 2 1  
C P 2 1  
C P 1 7  
C 1 7  
C P 1 7  
C 1 6  
C P 1 7  
C P 1 7  
C P 2 2  
C 2 2  
C P 2 2  
C 1 8  
C P 1 9  
C 1 9  
C P 1 9  
C P 2 0  
C 2 0  
C P 2 0  
C2UA 



2 COMBINED AT CP20 2733. 11.19 
ROUTED TO CP23 2715. 11.19 
HY DROGRAPH AT C23 460. 1.32 1.43 76 
2 COMBINED AT CP23 2938. 12.51 



THE OUTER LOOP HIGHWAY, 
PAPAGO FREEWAY TO NORTHERN AVENUE 

OFF-SITE HYDROLOGY 
100 - YEAR STORM 

CASE a 

RUNOFF SUMMARY 
FL:. I!, C U E l C  FEET PER SECL:,; 

T l l l i  I:! n2U2S. AREA I!, S:3ARi EILES 

PEAK FLCW BASlh LA; CURVE 
C?E?RTIC'i STATIOIl 1 C C - Y E A R  AREA T l E i  IIbNBER 

HYDROGRAPH AT C l  1820. 1.11 ./0 89 
ROUTED T O  CP2 1799. 1.71 
HYDROGRAPH AT C2 2178. 2.66 .90 81 
2 COMBINED AT CPZ 3907. 4.37 
ROUTED T O  CP3 3884. 4.37 
HYDROGRAPH AT C3 2041. 3.58 1.41 87 
2 CUMBlNtD AT CP3 5449. 1.95 
ROUTED TO CP4 5427. 
HYDROGRAPH A1 C4 2016. 
2 COMBINED AT CP4 1004. 
ROUTED T O  CP5 1003. 
HYDROGRAPH AT C5 1132. 
2 COMBINED AT CP5 1844. 
ROUTED TO CP6 7821. 
HYDROGRAPH AT C6 1274. 
2 COflBlNED AT CP6 8974. 
ROUTED TO CP7 8963. 
HYDROGRAPH AT C1 874. 
2 COMBINED AT CP7 9713. 
ROUTED T O  CPGA 9692. 
ROUTED TO CP8 9663. 
HYDROGRAPH AT C8 710. 
2 COMBINED AT CP8 10058. 
ROUTED TO CP9 100115. 
HYDROGRAPH AT CY 161. 
2 COMBINED AT CP9 10016. 
HYDROGRAPH AT C9C 89. 
ROUTED TO CP9B 89. 
HYDROGRAPH AT C9B 89. 
2 CLFlblt.ED A1 CP9B l i b .  
i(9l;TED T O  CPSA l i b .  
h Y C 2 ~ 1 6 i A i H  A T  CP5D 164. 
2 COMBINED AT CP9A 337. 
ROUTED TO CP9 334. 
2 COMblNED AT CP9 10120. 
HYDROGRAPH AT C10 1730. 
ROUTED TO CPll 1121. 
HYDROGRAPH AT C11 1834. 
2 COMBINED AT CPll 3537. 
ROUTED T O  CP12 3530. 
HYDROGRAPH AT C12 1368. 
HYDROGRAPH AT C13 112. 
ROUTED TO CP12 170. 
3 COMBINED AT CP12 5432. 
ROUTED TO CP14 5423. 
HYDROGRAPH AT C14 1658. 
2 COMBINED AT CP19 5564. 
ROUTED T O  CP15 5550. 
HYDROGRAPH AT C15 591. 
2 COMBINED AT CPl5 5776. 
ROUTED TO CPZl 5763. 
HYDROGRAPH AT C21 949. 
2 CLMBINED Al CP2l 6571. 
ROUTED TO CPl7 6558. 
HYDROGRAPH AT C17 1427. 
2 COnBlNED AT CPlJ , 1711. 
HYDROGRAPH AT Cl6 1702. 
ROUTED TO CP17 1702 
2 CWBINED AT CPl7 9172 . 
ROUTED TO CP22 9156 
HYDROGRAPH AT C22 416. 
2 COMBINED A1 CP22 9260. 
HYDROGHAPH AT C18 909. 
ROUTED TO CP19 887. 
HYDROGRAPH AT C19 1242. 
2 COMBINED AT CP19 1651. 
ROUTED TO CPZD 1650. 
HYDROGRAPH A1 C20 1433. 
2 COMBINED AT CP2O 2685. 
HYDROGRAPH AT CZOA 331. 
2 COMBINED AT CPZD 2133. 
ROUTED TO CP23 2115. 
HYDROGRAPH AT C23 460. 
2 COMBINED AT CP23 2988. 



OPERAT I O N  STAT I ON 

RUNOFF SUMMARY 
FLOW I N  CUBIC  FEET  PER SECOND 

T I M E  It4 HOURS, AREA I S  SQUARE M I L E S  

CASE C 

HYDROGRAPH AT 
ROUTED TO 
HYDROGRAPH A T  
2 COMBINED A T  
ROUTED TO 
HYDROGRAPH A T  
2 COHBINED A T  
ROUTED TO 
HYDROGRAPH A T  
2 COMBINED A T  
ROUTED TO 
HYDROGRAPH A T  
2 COMBINED A T  
ROUTED TO 
HYDROGRAPH A T  
2 COMBINED A T  
ROUTED TO 
HYDROGRAPH A T  
2 COMBINED A T  
ROUTED TO 
ROUTED TO 
HYDROGRAPH A T  
2 COMBI NED A T  
ROUTED TO 
HYDROGRAPH A T  
2 COMBI NED A T  
HYDROGRAPH AT 
ROUTED TO 
HYDROGRAPH A T  
2 COHBINED A T  
ROUTED TO 

C 1 
C P 2  
C 2  
C P 2  
CP3  
C 3 
C P 3  
CP4  
C 4  
CP4 
CP5  
C 5  
CP5  
CP6  
C 6  
CP6  
CP7  
C 7  
CP7  
CP8A 
C P 8  
C 8  
CPS 
CP9  
C 9  
CP9  
C9C 
CP9B  
C 9 B  
CP9B 
CP9A 

PEAK FLOW B A S I N  LAG CURVE 
50-YEAR AREA T I M E  NUMBER 



HYDROGRAPH A T  
2 COMBI NED A T  
ROUTED TO 
2 COMBI NED A T  
HYDROGRAPH A T  
ROUTED TO 
HYDROGRAPH A T  
2 COMB1 NED A T  
ROUTED TO 
HYDROGRAPH A T  
HYDROGRAPH A T  
ROUTED TO 
3 COMB1 NED A T  
ROUTED TO 
HYDROGRAPH A T  
2 COMB1 NED A T  
ROUTED TO 
HYDROGRAPH A T  
2 COMBINED A T  
ROUTED TO 
HYDROGRAPH A T  
2 COMBINED A T  
ROUTED TO 
HYDROGRAPH A T  
2 COMBINED A T  
HYDROGRAPH A T  
ROUTED TO 
2 COMBI NED A T  
ROUTED TO 
HYDROGRAPH A T  
2 COMBI NED A T  
HYDROGRAPH A T  
ROUTED TO 
HYDROGRAPH A T  
2 COMBINED A T  
ROUTED TO 
HYDROGRAPH A T  
2 COMBINED A T  
HYDROGRAPH A T  
2 COMBINED A T  
ROUTED TO 
HYDROGRAPH A T  
2 COMBINED A T  

C9A  
CP9A 
CP9  
CP9  
C 1 0  
C P l l  
C 1 1  
C P l l  
C P 1 2  
C 1 2  
C 1 3  
C P 1 2  
C P 1 2  
CP14  
C 1 4  
CP14  
C P l 5  
C 1 5  
C P l 5  
CP21 
C 2 1  
C P 2 1  
C P 1 7  
C 1 7  
C P 1 7  
C 1 6  
C P 1 7  
CP17  
C P 2 2  
C 2 2  
C P 2 2  
C 1 8  
C P 1 9  
C 1 9  
CP19  
C P 2 0  
C 2 0  
C P 2 0  
C20A  
C P 2 0  
C P 2 3  
C 2 3  
CP23 



THE OUTER LOOP HIGHWAY 
PAPAGO FREEWAY TO NORTHERN AVENUE 

OFF-SITE HYDROLOGY 
5 0  - YEAR STORM 

CASE a 
INTERCEPTORCHANNEL ALONGTHE NORTH 
SIDE OF THE PARADISE CORRIDOR AND THE 
GRAND AVENUE EXPRESSWAY AS A HIGH 
LEVEL FACILITY. 

RUNOFF SUMMARY 
FLEA I L  CUBIC FEET PER SECC:q3 

T I K E  Ili HXJUS. AREA I!; SGUARE Z I L E S  

CASE C 

CPERAT1C:I 

HYDROGRAPH AT 

STAT I O!i 

C 1  
CP2 

B A S I N  LA; CUi IVE 
AREA TIM; !,uP:EEa 

1 . 7 1  .70  8 9  
1.11 
2 . 6 6  . 5 0  8 7  
4 . 3 7  
4 . 3 7  
3 . 5 8  1 . 4 1  8 7  
7 . 9 5  
7 . 9 5  
4 . 0 0  1 . 5 6  8b 

1 1 . 9 5  
1 1 . 9 5  

3 .19  1 . 6 5  79 
1 5 . 1 4  
1 5 . 1 4  

2 . 2 3  1 . 2 2  8 4  
1 7 . 3 7  
1 7 . 3 7  

1 . 4 7  1 . 1 7  8 4  
1 8 . 8 4  
1 8 . 8 4  
18 .S4 

ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 ROUTED COMBINED TO AT 

HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 ROUTED COMBINED TO AT 

ROUTED HYDROGRAPH TO AT 

2 COMBINED AT 
HYDROGRAPH AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED TO 

- 2 COMBINED AT 
HYDROGRAPH AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED HYDR06RAPH TO AT 

HYDROGRAPH AT 
ROUTED TO 
3 ROUTED COMBINED TO AT 

HYDROGRAPH 2 COMBINED AT AT 

ROUTED TO 
HYDROGRAPH AT 
2 COtlBlNED AT 
ROUTED HYDROGRAPH TO AT 

2 COMBINED AT 
ROUTED HYDROGRAPH TO AT 

2 COMBINED AT 
HYDROGRAPH AT 
ROUTED TO 
2 ROUTED COMBINED 1 0  AT 

HYDROGRAPH AT 
2 COtlBlNED AT 
HYDROGKAPH AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 
ROUTED HYDROGRAPH TO AT 

2 HYDROGRAPH COMBINED AT AT 

2 COMBINED AT 
ROUTED TO 
HYDROGRAPH AT 
2 COMBINED AT 

C 1 0  
C P l l  
C l l  
C P l l  
C P l 2  
C 1 2  
C 1 3  
CP12 
C P l 2  
CP14 

C P l S  
CP21 
C 2 1  
C P Z l  
C P l 7  
C 1 7  
CP17 
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APPENDIX 



APPEHDIX 1 

Comparison of Rainfall Distr ibutions 

As explained in section 3.2, the hypothetical storm calculated by HEC-1 

w i t h  given depth-duration data was used in this study. However, a  

comparison was made between the HEC-1 hypothetical s torn ,  the Soil 

Conservation Service Type I1 d i s t r ibu t ion ,  the Soil Conservation Service 

Type I1 A dis t r ibu t ion ,  and the City of Phoenix design ra in fa l l  d i s t r ibu t ion  

which was developed with local r a in fa l l  data. 

The  c o m p a r i s o n  was  made u s i n g  the 100-year storm on the 3.8 square mile 

drainage area t ha t  drains t o  the Outer Loop between Ruckeye Road an6 the 

Papago Freeway. The following tab le  i s  a  summary of the r e su l t s .  

Comparison of Rai nfal 1 Di s t r i  Suti ons 

124-hour Storn) 

Rai nfal 1 

Distr i5ution 

100-year Peak Discharge 

(CFS) 

City of Phoenix Design Storn 

Hypothetical Storm 

SCS Type IIA 

SCS Type I1 

The comparison shows t ha t  the City of Phoenix Design Storm has a discharge 

a lnost  identical  to  the hypothetical s torn  and the SCS Type I1 ant  Type IIA 

flows are about 15-13?; l e s s .  The hypothetical s to rn  was chosen fo r  two 

reasons: 1) i t  ~ i v e s  rcsul t s  t ha t  agree reasonably well w i t h  the C i t : ~  of 

Phoenix d i s t r ibu t ion  and 2 )  t o  stay consis tent  with what was used previously 

fo r  the Outer Loop from Northern Avenue t o  Bell Road. 

The SCS Type I1 d i s t r ibu t ion  was developed fo r  the i n t e r i o r  pa r t  of the 

United Sta tes :  Type I and IA were developed for  the coastal areas alony the 
west coast.  His tor ica l ly ,  the SCS Type 11 has been used by the SCS and 

ottiers for  Arizona. However. researchers i n  Ne\r llexicn c'evel oped the Type 

IIA for  areas in New Mexico which have nore intense storns t9an the Type I1 

d i s t r ibu t ion .  Consequently. some hydro1 on i s t s  i n  Arizona use the Type I 

fo r  the southern deserts  and use Type I I  f o r  the northern par t  of the 

s t a t e .  


