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EXECUTIVE SUMMARY 

This report presents the results of a hydraulic and scour analysis for the 
East Papago crossing of the Indian Bend Wash (IBW) in the vicinity of the IBW 

confluence with the Salt River. The project area is located within the City of 
Tempe and Mari copa County, Arizona. 

Two design conditions were analyzed and compared to existing conditions 
during the study effort. The first design condition (referenced as Condition 
I1 in the report) applies to the construction of a bridge over the existing IBW 
fl ood-control channel . The second design condition (referenced as Condition I I I 
in the report) applies to the construction of a bridge over a series of drop 
structures which are being proposed by the CRSS Commercial Group, Inc. (CRSS), 

on behalf of the City of Tempe as part of the City's planned modifications to 
the IBW in conjunction with its Rio Salado channel improvements to the Salt 

River . 

The hydraulic analysis of the IBW was conducted using four peak-discharge 
magnitudes of 30,000 cfs, 43,000 cfs, 51,000 cfs, and 63,000 cfs. These values 
correspond to the 100-year peak discharge, the bankfull discharge (as defined 
by the Corps of Engineers), the "superflood" discharge, and the standard-project 
flood discharge, respectively. During these IBW flow events, it was assumed that 
the corresponding discharge magnitudes for the Salt River were 93,000 cfs, 

135,000 cfs, 160,000 cfs, and 215,000 cfs. These values correspond to the 10- 

year peak discharge, the 20-year peak discharge, the 50-year peak discharge, and 

the 100-year peak discharge, respectively. 

The results of the hydraulic analysis indicate that, with the exception 
of the standard-project flood, flows in the IBW are independent of the Salt 
River. During the standard-project flood, the water-surface elevations along 

the downstream limit of the IBW are controlled by the 100-year water-surface 
elevations in the Salt River. The East Papago bridge will not significantly 

alter the hydraulic characteristics of IBW flows within the main channel, which 

are well within the subcritical range. The series of drop structures proposed 



by CRSS for the IBW in conjunction with the Rio Salado channel improvements to 
<-----. 

the Salt River will, for the most part, create and maintain a state of critical-) 
- - I 

flow within and immediately upstream/lt16wns&iam. of this drop-structure system. 
- - 

2 1  f'" 

Given the topographic limitations of the project, a detailed analysis of 

the total impacts of the standard-project flood upon the freeway, especi a1 ly 
impacts upon the eastern .overbank area which affect the eastern approach to the 

bridge, could not be performed. Consequently, the impacts were estimated by 
approximate methods, using information obtained from previous Corps of Engineers' 
reports. It appears that the East Papago Freeway between McClintock Drive and 

the IBW is the only segment that will be affected by the standard-project flood. 
This segment may be impacted by approximately 9300 cfs. It appears that the most 

cost effective approach to accommodate runoff of this magnitude would be to 

improve the IBW to contain the entire standard-project flood. However, a more 
detailed analysis of the IBW is required to determine the true economics and 
practicability of this approach. 42 &. 4 6  (i!./ 

,/ ". 
/ L'\ j l s r  1 , r' 

I .  

The results of the multiple-discharge scour analysis of the East Papago 
crossing of the IBW indicate that total depth of scour under existing conditions 
(i .e., no bridge crossing or Rio Salado improvements) would be dbproximately 15.5 

/' 

/' feet, 16.5 feet, 17.5 feet, and 18.0 feet, respectively,. 1. If the bridge were 
, / 

placed over the existing channel, the total depth of scou?iould be approximately 
- -  - 

37.5 feet, 40.0 feet, 41.5 feet and 42.5 feet, respectively. If the series of 

drop structures proposed by CRSS for the IBW in conjunction with the Rio Sal ado 

channel improvements to the Salt River were constructed, the total depth of scour 1 
with respect to the four discharges would be approximately 28.0 feet, 30.0 feet, , 
31.0 feet, and 32.0 feet immediately upstream of Level I ,, and approximately 34,O 

feet, 37.5 feet, 39.0 feet, and 41.0 feet immediately downstream of Level iIV  of,^ 
, i 

these structures. Within the interior of the drop-structure system, the t&al 
scour depth is 1 imited to four feet, or less. This depth corresponds to the 

depth of alluvium backfill which would be placed over the rigid stilling-basin 

floor. 



Although f o r  b r idged cond i t i ons  the re  i s  n o t  a  s i g n i f i c a n t  d i f f e r e n c e  

between t h e  t o t a l  scour depths both w i t h  and w i thou t  t h e  se r ies  o f  drop 

s t ruc tu res  on the  IBW, t h e  proposed changes i n  t h e  channel bed p r o f i l e  which 

w i l l  accompany the  drop s t r u c t u r e s  do cause a  s i g n i f i c a n t  d i f f e r e n c e  i n  the  

exposure he igh t  o f  t he  b r i dge  p i e r s .  I f  the  b r i dge  were cons t ruc ted  over the  

e x i s t i n g  channel, a l l  p i e r s  would have exposure he igh ts  which are  approximately 

equal t o  48 fee t ,  52 f e e t ,  54.5 f e e t  and 57.5 f e e t ,  r e s p e c t i v e l y .  I f  a  grade- 

con t ro l  s t r u c t u r e  were prov ided immediately upstream o f  t h e  IBW conf luence w i t h  

the  S a l t  River ,  these he igh ts  cou ld  be reduced by approximately 9.0 f e e t .  

However, i f  the  s e r i e s  of drop s t r u c t u r e s  were constructed,  t h e  exposure 

he igh t  a t  t h e  downstream l i m i t  o f  t he  s t r u c t u r e s  (Level IV)  would be 62.5 fee t ,  

66.0 fee t ,  67.5 feet, and 69.5 feet,  respec t i ve l y .  I n  general,  t h e  exposure 

he igh t  w i t h i n  the  i n t e r i o r  o f  t he  d rop -s t ruc tu re  system v a r i e s  w i t h  almost every 

p i e r .  The minimum he igh ts  would be f o r  those p i e r s  which w i l l  be embedded w i t h i n  

the  c r e s t  o f  Level I o f  t h e  d rop -s t ruc tu re  system. The maximum he igh ts  would 

be those associated w i t h  Level I V  o f  t he  s t r u c t u r e s .  

Based on the  r e s u l t s  of t h i s  ana lys is ,  and assuming t h a t  t h e  freeway i s  

constructed and t h a t  t he  S a l t  R iver  i s  channel ized as p a r t  o f  t he  Rio Salado 

Pro jec t ,  i t  i s  recommended t h a t  a  b a f f l e - b l o c k  s p i l l w a y  be constructed 

immediately upstream of t h e  conf luence o f  t h e  IBW w i t h  the  S a l t  River ,  because 

such a  s t r u c t u r e  i s  more cos t  e f f e c t i v e  than t h e  se r ies  o f  drop s t ruc tu res  

proposed by CRSS f o r  t h e  IBW. This recommendation w i l l  r e q u i r e  some minor 

mod i f i ca t i ons  t o  the  Rio Salado channel improvement plans. 

With respect  t o  t h e  impacts o f  t he  freeway upon a  s tandard-pro jec t  f l o o d  

on the  IBW, o r  v i s a  versa, i t  i s  recommended t h a t  a  more d e t a i l e d  ana lys i s  o f  
7 

the  IBW be performed t o  b e t t e r  d e f i n e  bo th  t h e  breakout p o t e n t i a l  and exact 
7 
\ d i s t r i b u t i o n  o f  t h i s  f l o w  breakout. The r e s u l t s  of such an ana lys i s  cou ld  then 

be used t o  determine t h e  most c o s t - e f f e c t i v e  means by which t h e  freeway could i 

be designed t o  accommodate a  s tandard-pro jec t  f l o o d  on t h e  IBW. 



I. INTRODUCTION 

This  r e p o r t  presents the r e s u l t s  o f  a hyd rau l i c  and scour  ana lys i s  o f  a 

p o r t i o n  o f  the  Ind ian  Bend Wash (IBW) and a p o r t i o n  o f  t h e  S a l t  River ,  l oca ted  

w i t h i n  the  C i t y  o f  Tempe and Maricopa County, Arizona. However, t he  main 

emphasis o f  t h i s  study pe r ta ins  t o  t h e  IBW, as opposed t o  t h e  S a l t  River .  The 

study reach f o r  the  IBW encompasses approximately 4000 f e e t ,  which begins a t  i t s  

conf luence w i t h  the  S a l t  River  and extends approximately 1650 f e e t  upstream o f  

Curry Road. The study reach f o r  t he  S a l t  R iver  extends from Rural  Road upstream 

t o  McClintock Dr ive.  

The purpose f o r  per forming t h i  s ana lys i s  was b a s i c a l l y  t h r e e - f o l d .  The 

pr imary  purpose was t o  d e f i n e  the  design parameters f o r  t h e  proposed East Papago 

br idge,  which w i l l  c ross the  IBW approximately 1000 f e e t  upstream o f  t he  S a l t  

R iver  confluence. I n  add i t ion ,  a p o r t i o n  o f  t he  ana lys is  addressed the  degree 

t o  which these design parameters must be mod i f ied  i n  o rder  t o  account f o r  t he  

proposed Rio Sal ado improvements t o  t h e  S a l t  River .  F i n a l l y ,  t h e  impact o f  t he  

East Papago Freeway upon a standard-pro ject  f l o o d p l a i n  on t h e  IBW was evaluated. 

A1 though t h i s  ana lys i  s was prepared f o r  Danie l ,  Mann, Johnson & Mendenhall 

(DMJM), t he  Arizona Department o f  Transpor ta t ion  (ADOT) i n i t i a t e d  t h i s  s tudy 

under a con t rac t  w i t h  DMJM. It should a l so  be noted t h a t  t h e  IBW and the  S a l t  

R iver  a1 so come under t h e  j u r i s d i c t i o n  o f  t he  Flood Contro l  D i s t r i c t  o f  Maricopa 

County (FCDMC). Therefore, they have a vested i n t e r e s t  i n  t h e  design o f  any 

improvements t h a t  w i l l  be constructed i n  con junc t ion  w i t h  bo th  t h e  East Papago 

Freeway and the  Rio Sal ado channel i z a t i o n  p r o j e c t .  I n  a d d i t i o n ,  s ince  recent  

improvements t o  t h e  IBW were co-sponsored by the  U.S. Army Corps o f  Engineers 

(COE), they  too  w i l l  be g iven an oppor tun i t y  t o  comment on any a d d i t i o n s  o r  

m o d i f i c a t i o n s  t o  the  e x i s t i n g  IBW f l o o d - c o n t r o l  channel which was designed under 

t h e i r  d i r e c t i o n  (Reference 1). 

Dur ing the  course of t h i s  analys is ,  an attempt was made t o  address the  

concerns o f  t he  var ious  governmental agencies t h a t  have an i n t e r e s t  i n  and/or 

j u r i s d i c t i o n  over t he  s tudy  area. Again, these agencies are  t h e  C i t y  o f  Tempe, 

ADOT, FCDMC, and the  COE. 
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For the most part DMJM, ADOT, and their consultants (Simons, Li and 

Associates, Inc. [SLA], and Gannett Fleming of Arizona, Inc. [GFA]) are concerned 
that the Rio Salado improvements might have an adverse impact upon the IBW. In 
addition, they feel that the proposed IBW drop-structure system, which is an 

integral part of the Rio Salado improvements between Rural Road and McClintock 
Drive, unduly complicates the design of the proposed bridge, which will in turn 
increase its construction cost. However, the City of Tempe's hydraulic design 
consultant (CRSS Commercial Group, Inc. [CRSS]) maintains that degradation along 
the IBW is an existing problem that must be addressed in conjunction with the 
Rio Salado project. CRSS does not feel that their proposed drop-structure system 
adversely affects the design ofthe proposed bridge. Without this drop-structure 
system, CRSS feels that ADOT would still need to provide their own grade-control 
structure to ensure that the bridge is provided with adequate erosion protection. 

To further complicate the design and coordination of individual elements 
of the two projects, the topographic information used by the various contractors 

are of different origin. Therefore, the quantitative results discussed in this 
report will (of necessity) be limited to a relative change in feet, as opposed 
,to referencing a particular datum. 

In an effort to address the concerns of all interested and/or affected 
parties, this hydraulic and scour analysis was performed considering three 

primary conditions with respect to the IBW and the proposed East Papago bridge. 

These conditions are as follows. 

ALL+.. - - -  ' 
-- l!@Tf- Papago Freewa R4i io 

hannel improvemen 
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Condition 111: Wi th-Freeway/Rio Sal ado Conditions ( i  . e . ,  both the  East Papago 

and the  Rio Salado channel improvements a r e  constructed as 

proposed). 

The impact of the  freeway upon a standard-project  flood on t he  IBW will  be 

addressed as  a separate item. 

Discussions in this repor t  re la ted  t o  t h e  Rio Salado improvements pertain 

t o  the  CRSS plan s e t  (35% submittal)  received by the  City of Tempe on January 

9, 1990. Apparently, these  plans were .prepared -by CRSS using the  r e s u l t s  of 

t h e i r  hydraul i c  design analys is ,  which-are presented in" Refer-ence 2 .  Discussions --- - --.- - --- - - 
in t h i s  repor t  re la ted  to- the  East Papago Bridge a t  the  IBW per ta in  t o  the  plan 

s e t  (30% submittal)  prepared by Alpha Engineers, Inc. ,  under a subcontract with 

Gannett Fleming of Arizona, Inc. 
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11. PEAK DISCHARGES 

The peak discharges used i n  t h i s  ana lys i s  were ob ta ined from studies 

performed by the  COE (References 3 and 4). These peak d ischarges are  as fo l l ows :  

INDIAN BEND WASH 

100-year (Design) Di scharge: 30,000 c f s  

Bankfu l l  Discharge: 43,000 c f s  

"Superflood" Discharge: 51,000 c f s  

Standard-Project Flood Discharge: 63,000 c f s  

SALT RIVER 
( E x i s t i n g  Condi t ions)  

10-year Discharge: 

20-year Discharge: 

50-year Discharge: 

100-year Discharge: 

93,000 c f s  

135,000 c f s  

160,000 c f s  

215,000 c f s  
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111. HYDRAULIC ANALYSIS 

3 .1  Approach 

The hyd rau l i c  analyses o f  both t h e  Ind ian  Bend Wash and t h e  S a l t  R iver  

undertaken du r ing  t h i s  s tudy were conducted us ing  the  U.S Army Corps o f  Engineers 

HEC-2 computer program (Reference 5 ) .  

It should be noted t h a t  a p r e l  im inary  h y d r a u l i c  and scour ana lys i s  o f  t h e  

IBW, which inc luded HEC-2 analyses, was performed i n  con junc t i on  w i t h  t h e  SLA 

ana lys i s  o f  t h e  S a l t  R i ve r  f o r  t he  East Papago Freeway and t h e  Red Mountain 

Interchange (Reference 6).  The r e s u l t s  presented i n  Reference 6 were then used 

by o thers  t o  e s t a b l i s h  t h e  p re l im ina ry  design requirements f o r  t h e  IBW br idge.  

Nevertheless, a new mu1 t i  - p r o f i l e  backwater model o f  t h e  IBW was prepared 

as p a r t  o f  t h e  present study. This model used ground data  t h a t  was obta ined from 

t h e  IBW improvement p lans  (COE, General Design Memorandum - Phase 11). The 

I l o c a t i o n s  o f  t h e  cross sec t ions  used i n  t h e  backwater model were superimposed 

on t h e  1986 topographic map t h a t  served as the  base map f o r  a l l  Reference 6 
-- 

1- analyses (see F igure  1). Using the  c ross-sec t iona l  i n f o r m a t i o n  j u s t  described, 

t h r e e  d i s t i n c t  models were prepared t o  address each o f  t h e  c o n d i t i o n s  descr ibed 

I i n  Sec t ion  I o f  t h i s  r e p o r t .  

Both t h e  ex i s t i ng -cond i t i ons  model and t h e  br idged-cond i t ions  model extend 

f rom t h e  S a l t  R iver  conf luence upstream on t h e  IBW past  Curry Road. However, 
--7 

HEC-2 backwater ana lys i s  o f  the  proposed R io  Salado improvements on t h e  IBW was _ -------_. --- - - - . .  - -- -"--- ---.- 
l i m i t e d  t o  t h a t  p o r t i o n  o f  the  study-reach which i s  l oca ted  upstream o f  Level - 
-I_- __ ---- - . ---- - .--. . * -. -- - 
I o f  the  aFop-s t ruc ture  system proposed-by CRSS. S i  439-2 i s  a .-- ...-.,. - . y* 

d e l ' . y l t  cannot, %- - be - used . --.- to'pomp-letely def,i&+he~hhydr~u"lj:~~~@bb~~ - -*--- -- - 
e%%nWGmy*m. These 1 a t t e r  c a l  cu l  a t i ons  were performed us ing  

bo th  t h e  HEC-2 computer program and t h e  procedures o u t l i n e d  i n  Reference 7. 
--------- __f 

HEC-2 was used t o  de f i ne  c r i t i c a l  depth a t  t h e  c r e s t  o f  each l e v e l  o f  t h e  drop- 



s I a Simons, Li L Associn~rs, INC. 

FIGURE 1 

CROSS-SECTION LOCATION MAP 
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structure system. Reference 7 was used to. ewal uate t'tiV& flow character4sties 
,w,i th'?n3 each' sti3Bi.ng :.basi n.zsll ocated2-dowstare.ammm~of each of--the -4 i-rst three 

S. 

The downstream control section for both the existing-conditions model and 
the bridged-conditions model is located within the IBW near the downstream limit 
of the existing junction levee that separates the Salt River from the IBW. For 
each profile, the starting water-surface elevation at the control section was 
selected using a tri a1 -and-error approach that considered the results of two 
separate, preliminary analyses. 

* One approach assumed that the starting water-surface elevations were a 
function of the flow conditions that might be expected to exist in the Salt River 
at the same time that the IBW is subjected to its respective design discharges. 
The second approach was to assume that flow conditions in the IBW were 
independent of the Salt River. The approach that produced the highest starting 
water-surface elevations for the control section was selected for final analysi s 

For the , it was assumed that the Salt River will 
experience a 10-year flow event at the same time that the IBW will experience 
its 100-year flow event. When the IBW experiences a discharge equal to 43,000 
cfs, it was assumed that the Salt River will be experiencing a 20-year flow 
event. During the "superflood" event (51,000 cfs) on the IBW, it was assumed 
that the Salt River will be experiencing a 50-year flow event. And finally, 
during a standard-project flood on the IBW, it was assumed that the Salt River 
will be experiencing a 100-year flow event. 

To define the water-surface elevations in the Salt River for the four 
discharge conditions just described, the HEC-2 input model from Reference 6 was 
modified accordingly. The computed water-surface elevations for Cross-Section 
220 of the Salt River analysis were then used as the starting water-surface 
elevations for the dependent analysis of the IBW. 
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4 F o r  the  1 F t h e  IBW, i t  was s imp ly  assumed t h a t  t he  

s t a r t i n g  water-sur face e levat ions  a t  t h e  con t ro l  sec t i on  were a  f u n c t i o n  of 

normal depth. Consequently, m~sa%r 
rnW%'@R%F$i '@f && 

The procedure j u s t  described was app l i ed  t o  both t h e  e x i s t i n g - c o n d i t i o n s  

and the  br idged-cond i t ions  analyses o f  30,000 c f s ,  43,000 c f s ,  51,000 c f s ,  and 

63,000 c f s  f l o o d  events on t h e  IBW. However, i t  should be noted t h a t  

est imates t h a t  o n l y  68 percent the  standard-pro jectc :&4"s;:f ~"1?Wf 

be captured by the  IBW channel According t o  t h e i r  s tudy (Reference l ) ,  the  

. A separate ana lys is  us ing approximate methods ( i .e . ,  Manning's 

Equation app l i ed  t o  a  basic  rec tangu lar  sec t ion)  was performed i n  an at tempt t o  

d e f i n e  the  impact t h a t  t h i s  20,000 c f s  would have upon t h e  East Papago Freeway. 

From a  h y d r a u l i c  standpoint,  i t  i s  no t  poss ib le  a t  t h e  present  t ime  t o  L, 
determine what t a i l w a t e r  cond i t i ons  w i l l  e x i s t  w i t h i n  the  improved S a l t  R iver  i - 
channel (Rio Salado) when the IBW experiences t h e  noted design f l o w  events. This  

i s  due - t o  t h e  _ -  f a c t  _ _ t h a t  the  ground data  conta ined i n  t h e  HEC-2 models prov ided [ 
b"-C_RSS. do n o t  appear t o  match the Rio Salado improvement p lans  (35 percent  

- submi t ta l ) .  I n  add i t ion ,  t he  hyd rau l i c  design r e p o r t  CRSS prov ided d i d  no t  

conta in  a  c ross-sec t ion  l o c a t i o n  map. Although the  cross sec t ions  a re  t i e d  t o  .- 
t h e  south- levee c o n t r o l  1  ine, t h e  o r i e n t a t i o n  o f  each cross s e c t i o n  i s  n o t  known, 

Another concern w i t h  respect  t o  t h e  CRSS improvement p lans  i s  t h a t  the  

proposed f low-1  i n e  e leva t i on  o f  t he  main channel sec t i on  (as opposed t o  t h e  f l o w -  

l i n e  e l e v a t i o n  o f  t h e  low- f low channel) i s  approximately f o u r  f e e t  h ighe r  than 

t h e  proposed minimum bed e leva t i on  a t  t he  base (Level I V )  o f  t h e i r  proposed drop- 

s t r u c t u r e  system. It i s  poss ib le  t h a t  t he  Level I V  e l e v a t i o n  corresponds t o  the  

e leva t i on  t h a t  would be expected t o  e x i s t  a f t e r  t h e  e q u i l i b r i u m  p r o f i l e  o f  the  

Rio Salado channel i s  establ ished.  I f  t h i s  were the  case, t h e  e l e v a t i o n  o f  the  

drop s t r u c t u r e  a t  Level I 1 1  would appear t o  more c l o s e l y  approximat-e t h e  pos t -  

cons t ruc t i on  f l o w - l i n e  e leva t i on  w i t h i n  t h e  IBW. 
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The proposed c o n f i g u r a t i o n  o f  both t h e  S a l t  R i ve r  and t h e  IBW channel must 

be cons i s ten t  w i t h  t h e  hyd rau l i c  design model be fore  an eva lua t i on  o f  the 

i n t e r a c t i o n  of S a l t  R i ve r  f lows w i t h  IBW f lows can be performed. I n  add i t i on ,  

once the  e q u i l i b r i u m  p r o f i l e  f o r  t h e  Rio Salado channel i s  est imated, and r e l a t e d  

t o  the  CRSS improvement plans, t h e  ex is tence ( o r  1  ack the reo f )  o f  a  drop a t  the  

base o f  Level I V  o f  t he  d rop -s t ruc tu re  system on t h e  IBW w i l l  be known. Since - - -  
some o f  t he  b r i dge  p i e r s  w i l l  be l oca ted  immediately downstream o f  t h i s  l a s t  drop 

-- 
s t ruc tu re ,  such in fo rmat ion ,  along w i t h  t h e  t a i l w a t e r  cond i t i ons ,  must be known -- 
t o  p rope r l y  q u a n t i f y  t he  l o c a l  -scour depths a t  t h i s  l o c a t i o n .  A t  t h e  present - 
time, t he  magnitude o f  t h i s  drop can o n l y  be est imated us ing  t h e  r e s u l t s  o f  the 

hyd rau l i c  design r e p o r t  i n  con junc t ion  w i t h  t h e  CRSS improvement p lans.  
- -- 

I n  an e f f o r t  t o  d e f i n e  the  l o c a l  -scour depths t h a t  would e x i s t  immediately 

downstream o f  Level I V  o f  t he  d rop -s t ruc tu re  system, c r i t i c a l - f l o w  parameters 

were computed us ing  t h e  geometry o f  t h e  IBW channel a t  Level I V ,  as de f i ned  on 

the  CRSS improvement plans. Again, t h e  HEC-2 program was used f o r  t h i s  purpose. 

A  separate backwater model o f  t h e  IBW was generated t o  d e f i n e  t h e  hydraul i c 

parameters t h a t  would e x i  s t  immediately upstream o f  Level I o f  t h e  proposed drop- 

s t r u c t u r e  system. Since t h e  c o n t r o l  sec t i on  occurs a t  t h e  s t ruc tu re ,  t h i s  model 

used the  c r i t i c a l  -depth op t i on  t o  i n i t i a t e  the  backwater ana lys is .  The r e s u l t s  

o f  t h i s  ana lys i s  were then used t o  d e f i n e  t h e  r e l a t i v e  impact o f  t h e  drop- 

s t r u c t u r e  system upon t h e  upstream water-sur face e leva t i ons  and f l o w  v e l o c i t i e s  

i n  t he  IBW. The scour ana lys i s  was conducted us ing  t h e  c r i t i c a l  -depth parameters 

t h a t  were determined as p a r t  o f  t h i s  ana lys is .  

3.2 Resul ts  

p r e l  i mynary hydr  nalys-5s (depeiil versus pendent fpr 

Condit ions I and 11) i n d i c a t  t h a t  f lows i n  t h e  IBW arc ndependent o f  t h e w  
.-i 

 orr responding f l ows  i s  t he  S a l t  Rive1 Therefore, t h e  h y d r a u l i c  pacameters f o r  

t he  IBW, which subsequently were used i n  t h e  scour analyses, were developed us ing 
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normal -depth water-surface elevations at the control section for the 30,000 cfs, 
43,000 cfs, and 51,000 cfs analyses of both existing and bridged conditions. 
The hydraulic parameters for a 63,000 cfs flood on the IBW were defined using! 
a starting water-surface elevation at the control section that corresponds to 
the Salt Rivc ~~Q-YCLC.W ;ion at Cross Section 

A summary printout of the mu1 ti -profile analysis of the Salt River under 

existing conditions is contained in Appendix A. The input/output 1 istings for 
the mu1 ti-profile analysis of the IBW for Conditions I, 11, and I11 are contained 
in Appendix B, C, and D, respectively. 

Table 3.1 compares the water-surface elevations for Condition I1 (bridge 
constructed over the existing wash) and Condition I11 (proposed drop-structure 
system beneath the planned bridge) with the water-surface elevations associated 
with Condition I (existing conditions). The purpose of this comparison was to 
define the relative impact of both Condition I1 and Condition I11 upon the 
upstream IBW channel. In addition, the respective water-surface elevations on 

the IBW are compared to the top-of-levee elevations, as defined in Reference 1. 

From a review o f  Table 3.1, it should be noted that the proposed bridge, 

when constructed over the existing IBW channel, will not increase the upstream 
water-surface elevation by more than one-tenth of a foot. It should also be 
noted that the bankfull capacity of the IBW along the study reach more closely 
approximates the "superflood" discharge of 51,000 cfs than it does the assumed 
bankfull discharge of 43,000 cfs. It is also obvious from these results that 
a flood of 63,000 cfs cannot be entirely contained within the current IBW 
channel. 

3.2.1 Impacts o f  the  Standard-Project f700d 

If the ME is correct in their assumption that only 68 percent of 
standard-project flood will be intercepted by the IBW, a portion o f  the Ea 

)aqors eastern qpproach will be adverse1 by th~remainina 32 oer 





TABLE 3.1: RELATIVE IMPACTS OF THE PROPOSED EAST PAPAGO CROSSING OF THE INDIAN BEND WASH FOR CONDITIONS I & 11,  
AND OF THE R I O  SALAD0 IMPROVEMENTS FOR CONDITIONS I 1 1  

N/A = N o t  A p p l i c a b l e ;  NC = N o t  Computed A l l  E l e v a t i o n s  a r e  b a s e d  o n  COE, GDM, P h a s e  I 1  



k / ~  = N o t  A p p l i c a b l e ;  NC = N o t  c o m p u t e d  

TABLE 3 . 1 - - C o n t i n u e d  

A l l  E l e v a t i o n s  a r e  b a s e d  o n  COE, GDM, P h a s e  I 1  

LEVEE, 
MINUS 

BRIDGED 
(ft) 

NC 
NC 
NC 
NC 

2.63 
1 .I5 
0.31 

-1.29 

2.61 
1.25 
0.46 

-0.82 

2.53 
1.19 
0.44 

-0.65 

2.44 
1.11 
0.36 

-0.66 

4.52 
3.16 
2.42 
1.41 

SECNO 

4210 
4210 
4210 
4210 

4300 
4300 
4300 
C W  --.- 

4640 
4640 
4640 
GQla. - 

4980 
4980 
4980 
&Q&~x,, z s 

5320 
5320 
5320 
5320 

5600 
5600 
5600 
5600 

LEVEE 
ELEV. 
(MSL) 

1167.82 
1 167.82 
1167.82 
1167.82 

1168.28 
1168.28 
1168.28 

--- 4-4~%%%2% 

1169.74 
1169.74 
1169.74 
1469~74 ' 

1171.21 
1171.21 
1171.21 .. 14 $9 .+% 

1172.67 
1172.67 
1172.67 
1172.67 

1176.00 
1176.00 
1176.00 
1176.00 

Q 
(cfs) 

30000 
43000 
51000 
63000 

30000 
43000 
51000 
.63@38 

30000 
43000 
51000 

- 63009 ; 

30000 
43000 
51000 

*- - 6 W  - 
30000 
43000 
51000 
63000 

30000 
43000 
51000 
63000 

R 1 0  
SALAD0 

CUSEL 
(MSL) 

1163.08 
1164.23 
1164.87 
1165.80 

1164.47 
1165.68 
1166.35 
1167.35 

1167.39 
1168.72 
1169.46 
1170.43 

1168.73 
1170.08 
1170.82 
1171 -81 

1170.23 
1171.58 
1172.32 
1173.31 

1171.49 
1172.83 
1173.58 
1174.58 

EXISTING 
CUSEL 
(MSL) 

NC 
NC 
NC 
NC 

1165.74 
1167.17 
1167.98 
v~w-zW~ 

1167.14 
1168.52 
1169.28 

' T I  Fe.46 

1168.68 
1170.02 
1170.77 

-4.9.7&%% 

1170.23 
1171.57 
1172.31 
1173.32 

1171.49 
1172.84 
1173.59 
1174.58 

R 1 0  SALADO, 
MINUS 

EX1 ST I NG 
( f t)  

NC 
NC 
NC 
NC 

-1.27 
-1.49 
-1.63 
-2.04 

0.25 
0.20 
0.18 

-0.03 

0.05 
0.06 
0.05 

-0.01 

0.00 
0.01 
0.01 

-0.01 

0.00 
-0.01 
-0.01 
0.00 

LEVEE, 
MINUS 

E X I S T I N G  
( f t)  

NC 
NC 
NC 
NC 

2.54 
1 .I1 
0.30 

-1.11 

2.60 
1.22 
0.46 

-0.72 

2.53 
1.19 
0.44 

-0.61 

2.44 
1.10 
0 -36 

-0.65 

4.51 
3.16 
2.41 
1.42 

LEVEE, 
M I  NUS 

R I O  
( f t)  

NC 
NC 
NC 
NC 

3.81 
2.60 
1.93 
0.93 

2.35 
1.02 
0.28 

-0.69 

2.48 
1.13 
0.39 

-0.60 

2.44 
1.09 
0.35 

-0.64 

4.51 
3.17 
2.42 
1.42 

BRIDGED 
CUSEL 
(MSL) 

NC 
NC 
NC 
NC 

1165.65 
1167.13 
1167.97 
1169.57 

1167.13 
1168.49 
1169.28 
1170.56 

1168.68 
1170.02 
1170.77 
1171.86 

1170.23 
1171 -56 
1172.31 
1173.33 

1171.48 
1172.84 
1173.58 
1174.59 

BRIDGED, 
MINUS 

E X I S T I N G  
(ft) 

NC 
NC 
NC 
NC 

-0.09 
-0.04 
-0.01 
0.18 

-0.01 
-0.03 
0.00 
0.10 

0.00 
0.00 
0.00 
0.04 

0.00 
-0.01 
0.00 
0.01 

-0.01 
0.00 

-0.01 
0.01 



SLA, INC. 

. .%equire some a d d i t i o n a l  a ra jnage aWi7jin e l  ements 

a1 ong p o r t i o n  of t he  eastern approach, if the  s tandard-pro jec t  f l o o d  were a1 so 

consi -ed. However, should the  r e s u l t s  o f  t h i s  p a r t i a l  ana l ys i s  o f  t h e  lower 

reach o f  t he  IBW be cons i s ten t  w i t h  t h e  r e s u l t s  o f  ana lys i s  o f  t h e  upper reaches, 

i t  may be poss ib le  t o  conta in  the  e n t i r e  s tandard-pro jec t  f l o o d  w i t h i n  t h e  IBW 

by e l e v a t i n g  the  e x i s t i n g  levees by approximately two f e e t .  A t  some loca t i ons ,  

i t  may n o t  be necessary t o  e leva te  t h e  levees a t  a1 1  . However, a  d e t a i  1  ed 

eva lua t ion  o f  t h e  s tandard-pro jec t  f l o o d p l a i n  w i  11 be r e q u i r e d  t o  v e r i f y  e x a c t l y  

how much f l o w  i s  a c t u a l l y  i n te rcep ted  by the  IBW d u r i n g  t h e  s tandard-pro jec t  

f 1  ood . 

Using the  COE es t imat ion  o f  t h e  over f low f l o o d p l a i n  d u r i n g  t h e  standard- 

p r o j e c t  f l ood ,  t h e  average. w id th  f o r  20,000 c f s  o f  f l o w  between McKell i p s  ' ~ o a d  

and the  S a l t  R iver  was est imated t o  be approximately 3400 f e e t .  The depth o f  

t h i s  f low,  independent o f  any c o n t r i b u t i o n  from t h e  S a l t  R iver ,  cou ld  f l u c t u a t e  

between two and th ree  fee t .  Since a  segment o f  t h e  eas tern  approach t o  the  

Ind ian  Bend Wash b r i dge  i s  proposed t o  be constructed on f i l l  m a t e r i a l ,  a  p o r t i o n  

o f  t h i s  20,000 c f s  over f low cou ld  be prevented from e n t e r i n g  t h e  S a l t  River .  

This  blockage may o r  may n o t  increase t h e  ex ten t  o f  upstream f l o o d i n g  associated 

w i t h  the  s tandard-pro jec t  f l ood .  

Based on t h e  c u r r e n t  al ignment o f  t he  proposed freeway, i t  appears t h a t  

t h e  segment l oca ted  between McClintock Dr i ve  and the  I n d i a n  Bend Wash i s  t h e  on l y  

one t h a t  w i l l  be impacted by a  p o r t i o n  o f  t h e  20,000 c f s  ove r f l ow  d u r i n g  a  

s tandard-pro jec t  f l ood .  Since the  exac t  d i s t r i b u t i o n  o f  f l o w  w i t h i n  t h e  overbank 

has n o t  been determined, i t  i s  d i f f i c u l t  t o  d e f i n e  t h e  exac t  q u a n t i t y  o f  f l o w  

t h a t  might  impact t h i s  segment. However, i f  i t  were assumed t h a t  t h i s  f l o w  would 

be un i fo rm ly  d i s t r i b u t e d  across t h e  an t ic ipa ted ,  3500-foot-wide, standard- 

p r o j e c t  f l o o d p l a i n ,  t h e  u n i t  d ischarge would be approximately s i x  c f s  p e r  f o o t .  

Therefore, i t  appears t h a t  the  a f f e c t e d  freeway segment cou ld  be impacted by 

approximately 9,300 c f s ,  assuming t h a t  t h e  s i x - c f s - p e r - f o o t  u n i t  d ischarge i s  

app l ied  t o  approximately 1550 f e e t  o f  t he  s tandard-pro jec t  f l o o d  p l a i n .  This  
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distance corresponds t o  the distance along Curry Road between the Indian Bend 

Wash and McCl intock Drive. 

3.2.2 Impacts under Condition II (With-Freeway Conditions) 

As previously stated, i f  the proposed East Papago bridge i s  constructed 

over the exis t ing IBW channel, i t  will not have a s ignif icant  e f fec t  upon the 

respective water-surface elevations associated with the four design peak 

discharges evaluated during t h i s  study. In addition, flow veloci t ies  in the 

upstream channel will not be increased by more than 0.5 fee t  per second under 

any of the analyzed flow conditions. Therefore, the existing bank protection 

along the upstream levees will not be adversely affected by construction of the 

bridge, a1 though some additional bank protection wi 11 be required in con junction 

with t h i s  s t ructure.  

3.2.3 Impacts under Condition III (With-Freeway/Rio Sa7ado Conditions) 

Constructing a ser ies  of drop structures within the IBW in order t o  offset  

the impact of channelizing the Sal t  River in the manner proposed by CRSS ( i . e . ,  

reducing the existing profile of the Sal t  River a t  i t s  confluence with the IBW 

by approximately 10 fee t )  will a1 t e r  the hydraul i c  conditions that  currently 

ex is t  along tha t  portion of the IBW channel that  i s  located immediately upstream 

of the proposed bridge. In addition, i t  will be necessary to  construct an 
- - - - - -- 

upstream t rans i  tion'section in order to  accommodate these drop s t ructures .  
/' 

- - -- 

The proposed ser ies  of drop structures will also a l t e r  the subcri t ical  flow 

conditions tha t  currently ex is t  along the IBW t o  a condition that  f a l l s  within 

the c r i t i c a l  flow range. This s i tuat ion will occur immediately upstream of Level 

I of the drop structures.  Although th i s  f i r s t  drop structure will control 

general scour, bed-form scour, and bend scour, a localized increase in the 

upstream velocity will occur as flow plunges over t h i s  s t ructure.  Such a 

phenomenon will resul t  in the formation of a small scour hole .immediately 

upstream of t h i s  f i r s t  d r o p .  
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Wi th in  the  d rop -s t ruc tu re  system i t s e l f ,  t h e  s t i l l  i ng -bas in  f l o o r s ,  i f  

p rope r l y  designed, should l i m i t  the  l oca l - scou r  depth assoc ia ted  w i t h  each 

successive drop ( w i t h  t h e  except ion o f  downstream o f  Level I V ) .  For t h e  most 

p a r t ,  t he  depth of l o c a l  scour should be l i m i t e d  t o  the  f o u r - f o o t - t h i c k  l a y e r  

o f  a l l uv ium b a c k f i l l  which w i l l  be placed over  t h e  s t a b i l i z e d  beds w i t h i n  each 

successive s t i l l i n g  basin. 

However, from a hydraul  i c -des ign  standpoint ,  i t  should be noted t h a t  the  

se r ies  o f  drop s t ruc tures ,  which resemble Type I V  S t i l l i n g  Basins (as descr ibed 

i n  Reference 8), were designed by CRSS t o  accommodate a u n i t  d ischarge o f  90 c f s  

per  f oo t .  The assumed design discharge wac 60 nr)O c f s .  r n n s e q u e n t l \ ~  +he average 

w id th  o f  each drop was s e t  equal td"gm - - 

by 90); y e t ,  t he  Rio Salado improvement plan; 

i%Fk.- Consequently, f o r  a"d~sIgmfi%zhwr=ge i f  6 3 3  -.--- .- - 

."" 
t"(4":%. , ou,u@0'8'i~ided 

* --- "" .- 
an average' w i d t h  o f "  on1 y 

vepresents a u n i t  d ischarge o f  a p p r ~ x i m a ~ t e l y  114.- cfs per  f o o t  ( i  .e.:., 63,000 
---X 

d i v i d e d  by 552). I n  add i t i on ,  f o r  a ;Type I V  S t i l l i n g  Basin t o  e f f e c t i v e l y  
+. .---- 

--centei-rr'et3ie -hydraul i c  jump t h a t  w i  11 occur on t h e  bas in  f l o o r ,  t h e  downstream 

t a i l w a t e r  depth should be approximately t en  percent  g rea te r  than t h e  conjugate 

depth. Based upon the  r e s u l t s  o f  a h y d r a u l i c  ana lys i s  o f  t h e  c r i t i c a l - f l o w  

cond i t i ons  t h a t  w i l l  e x i s t  a t  each l e v e l  o f  t h e  drop s t r u c t u r e ,  t h e  computed 

l eng th  o f  t he  s t i l l i n g  bas in  may n o t  be l ong  enough, o r  t h e  t a i l w a t e r  h igh  

enough, t o  conta in  t h e  hyd rau l i c  jump. However, f o r  t h e  purpose o f  t h i s  

analys is ,  i t  was assumed t h a t  t he  drop s t r u c t u r e  would be p r o p e r l y  designed t o  

prevent  t h i s  s i t u a t i o n  f rom occurr ing.  

- .  
From a geometric design standpoint,  i t  should be noted t h a t  t h e  IBW f l o o d -  

, . '*. 
con tml - r h*tinm-e t'kas con s t  r uct ~ r p s  i n g T W  compound --t7~a1pe-;5w;itda'.l - - - . on s . A 

t y p i c a l  sec t i on  o f  t h i s  channel i s  prov ided as F igure  2. The improvement p lans 

prepared by CRSS r e f l e c t  t h e i r  i n t e n t  t o  a1 so prov ide  a compound sec t ion .  

However, t h e i r  sec t i on  i s  n o t  cons is ten t  w i t h  t h e  e x i s t i n g  s e c t i o n  (see F igure  

3).  Therefore, i t  w i l l  a l s o  be necessary f o r  CRSS t o  design a t r a n s i t i o n  sec t i on  

between t h e  e x i s t i n g  channel sec t ion  and t h e i r  proposed channel sec t ion .  
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3.2 .4  Design Top-o f -P ie r  E leva t ions  

s-- 
30, 3 c t s  i s  cons be 

h r e q u i  , eboard3 sh-ould be dded'yt%-me"deptti'%f f l o w  associated w i t h  the  
rlY 

30,000 c f s  ana lys is .  The t o t a l  design he igh t  should then be app l i ed  t o  the  

minimum e l e v a t i o n  o f  t he  l o w - f l  ow channel a t  a  p o i n t  1  ocated immedi a t e l y  upstream 

of t h e  b r i dge  i n  o rder  t o  ob ta in  the  minimum design e l e v a t i o n  f o r  t he  br idge.  

Th is  e l e v a t i o n  should be used t o  es tab l  i s h  the  bottom e leva t i ons  o f  t he  p i e r  caps 

i n  o rde r  t o  ensure t h a t  t he  supers t ruc ture  i s  p rope r l y  e leva ted above the  design 

water -sur face e leva t i on .  

For t h e  purpose o f  t h i s  analys is ,  t he  minimum e l e v a t i o n  o f  t he  l ow- f l ow  

channel a t  t h e  p o i n t  immediately upstream o f  t h e  b r i dge  was s e t  equal t o  100.00 

f e e t .  Th is  i s  an a r b i t r a r y  base e leva t i on  t h a t  i s  no t  t i e d  t o  any p a r t i c u l a r  

datum. The minimum freeboard requirement was assumed equal t o  t h ree  f e e t .  T h i s  

he igh t  was app l i ed  t o  the  maximum f l o w  d e p t h f o r  30;000 c f !  t h e  two design 

cond i t i ons  analyzed. Consequently, t he  minimum p ie r - cap  e l e v a t i o n  ( i  .e., t he  

t o p - o f - p i e r  e leva t i on )  va r i es  f o r  each design c o n d i t i o n  (see Tab1 e  3.2).  For 

s tudy purposes, these t o p - o f - p i e r  e leva t i ons  were assumed t o  be constant  over 

t h e  e n t i r e  l e n g t h  and w id th  o f  t h e  proposed br idge.  
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' a ' ~ s s u m e d  f o r  t h e  p u r p o s e  o f  t h i s  a n a l y s i s .  N o t  t i e d  t o  a n y  p a r t i c u l a r  d a t u m .  

TABLE  3.2: REQUIRED TOP-OF-PIER ELEVATIONS 
(MINIMUM ELEVATIONS OF P I E R  CAPS) 

C o n d i t i o n  I 1  

Q 
( c f s )  

30,000 

MAX I MUM 
FLOW 
DEPTH 
(ft) 

7.64 

C o n d i t i o n  I11 ( L e v e l  I) 

REQUIRED 
FREEBOARD 

(ft) 

3.0 

Q 
( c f s )  

30,000 

DESIGN 
DEPTH 
(ft) 

10.64 

MAXIMUM 
FLOW 
DEPTH 
(ft) 

5.76 

COMMON 
BED 

ELEVAT 1 0 ~ ' ~ '  
(ft) 

100.00 

REQUIRED 
FREEBOARD 

(ft) 

3.0 

DESIGN 
TOP-OF-PIER 
ELEVATION 

(ft) 

110.64 

DESIGN 
DEPTH 
(ft) 

8.76 

COMMON 
BED 

 ELEVATION'^' 
(ft) 

100.00 

DESIGN 
TOP-OF-P IER  
ELEVATION 

(ft) 

108.76 
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I V .  SCOUR ANALYSIS 

For Cond i t ion  I and Condi t ion 11, t h e  s ingle-event  scour components ( i .e . ,  

general scour, bed-form scour, and l o c a l  scour) were computed us ing  t h e  

procedures and equat ions contained i n  References 9 and 10. A 1 i s t i n g  o f  t he  

s p e c i f i c  equat ions used i n  t h i s  ana lys i s  i s  provided i n  Appendix E. The l ong -  

term response associated w i t h  the  S a l t  R iver  under e x i s t i n g  cond i t i ons  was 

obta ined f rom Reference 6. Reference 2 was used t o  es t imate  the  long- te rm 

response associated w i t h  the  proposed Rio Salado channel. For  t he  IBW, t h e  long-  

term response was computed us ing t h e  est imated 10-year u n i t  d ischarge i n  

con junc t ion  w i t h  t h e  f o l l o w i n g  c lear -water  r e l a t i o n s h i p ,  which was o r i g i n a l l y  

developed f o r  cons t ruc ted  channels - ... t h a t  d r a i n  urban watersheds. 

;\ 
- - 4 ! j n / q u ! " w  f' F,'P CceUG"> . ma& 

Where: - 
S, 

- Eqwi;l"ibrium slope, i n  f e e t  per  f o o t ;  

Manning's roughness c o e f f i c i e n t ;  and, 

10-year u n i t  discharge; i n  cubic f e e t  per  

second per  f oo t .  

The p i v o t  p o i n t  used i n  con junc t ion  w i t h  the  IBW e q u i l i b r i u m  s lope was 

es tab l ished by extending the  e x i s t i n g  and proposed (Rio Salado) al ignment o f  t h e  

nor thern  bank o f  t h e  S a l t  R iver  u n t i l  i t  in te rsec ted  t h e  a1 ignment o f  t h e  IBW 

low- f l ow  channel. The p i v o t - p o i n t  e l e v a t i o n  was assumed equal t o  t he  e x i s t i n g  

e l e v a t i o n  f o r  Cond i t ion  I and Cond i t ion  I 1  and the  proposed e l e v a t i o n  f o r  

Cond i t ion  111, minus t h e  est imated long- term scour depth. 

Reference 6 i n d i c a t e s  t h a t  t he  long- term scour depth associated w i t h  t h i s  

p a r t i c u l a r  reach o f  t h e  S a l t  River  would be approximately equal t o  6.5 f e e t .  

This  depth, which app l i es  t o  the  S a l t  R i ve r  as i t  c u r r e n t l y  e x i s t s ,  was used f o r  FG 
both Cond i t ion  I and Cond i t ion  11. 
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The Rio Sal ado design repor t  * ,.., . 
yjmately equal to.-8.4--feet would'd&~r a t  McCl intock DriQ5's%hen-%md"ee 

s used-as the  pivot point .  However, t he  report  goes on t o  s t a t e  
? 

, ,,., !%&@*%- ". "he bed 'e. Although there  some discussion concerning 

streambc-' armori nc * L M -  

d m. I t  appears t ha t  
the 5.5 f e e t  i s  more closely re1 ated t o  the  "bed scour depth" of 5.3 f e e t  than 

t o  the potential  f o r  a reduction in the  bed p ro f i l e  t h a t  will occur as  the  reach 

by reach sediment transport  r a t e s  equalize.  

For the  purpose of t h i s  ana lys i s ,  i t  was assumed tha t  the  equilibrium 

profi 1 e associ ated with the  Ri o Sal ado channel would reduce the proposed prof i 1 e 

of the main channel by approximately 5.5 f ee t .  However, should 8.4 f e e t  be the 

correct  long-term scour component, the  r e su l t s  presented in Section 4.2 would 

need t o  be revised accordingly. 

For both Condition I and Condition 11, the  general scour, bed-form scour, I 

and local ( p i e r )  scour components were summed before a sa fe ty  fac tor  of 1.3 ( t o  I 
account f o r  non-uni form flow d i s t r i bu t i on )  was appl ied t o  these values. However / * 

f oS%&%Od*oeEI , i k e - 9 a f e y a f a c t ~ r  w.as:.i ncreased -to 1 :4v~~to-accoun t f o r  . t .  e M D / ~ ~ { ~ C J : * C  
F.fc, Shedd 9 m ~ ~ \ ~ a ~ t u ~ e . e f f e c t  of the  channel uponJ:the f?ow. This was done because as theL ;dl*#hi 

depth of flow increases on t he  outer  bank of the  channel bend, local scour depths .9hI~&t-+-& 
will increase accordingly. Since t he  depth of flow in a bend will vary across ~QL'R- 4 ' 
the  bendway sect ion,  i t  was f e l t  t h a t  a reasonable approach t o  account f o r  t h i s  % 
e f f ec t  would be t o  s l i gh t l y  increase t he  applied sa fe ty  fac tor .  For Condition 
Icand- C o d  i-t-i bn +bend 

: ,. ..+,';,&?!;; ., :, ,..? m , . , -: > .-.r* --. 
t was computed d ~ r e c t l y .  w4 J € @ ~ d c  ~ ~ " s l l u f  

eomp., dl'recf-. 

The hydraulic parameters used t o  compute the  individual scour components 

are summarized in Table 4.1. As previously s ta ted ,  t he  associated HEC-2 input/ 

output l i s t i n g s  a re  contained in Appendices B through D. FPWm+i$ion I ,  th.e 

*veriag?ei* hydraulic parameters associated with Cr_qss- Sections 3900 and 4100 
6a-r 

(Appendix B) were used. For Cond'it ,-.. .,, ..he average hydraulic parameters 



> 

TABLE 4.1 : HYDRAULIC PARAMETERS USED TO COMPUTE INDIVIDUAL SCOUR COMPONENTS P W *kj 

CONDITION 
ANALYZED 

I 

I I 

I I I 
( u / s )  

I V 
(D/S) 

* 

DESIGN 
DISCHARGE 

( c f s )  

30,000 
43,000 
51,000 
63,000 

30,000 
43,000 
51,000 
63,000 

30,000 
43,000 
51,000 
63,000 

30,000 
43,000 
51,000 
63,000 

MAX. FLOW 
DEPTH 
(ft) 

7.75 
9.26 

10.10 
11.75 

7.64 
9.22 

10.10 
11.97 

5.76 
6.91 
7.55 
8.48 

6.18 
7.44 
8.15 
9.15 

AVG. FLOW 
DEPTH 
(ft) 

5.61 
6.94 
7.70 
9.35 

5.51 
6.90 
7.70 
9.58 

4.18 
5.28 
5.89 
6.76 

4.62 
5.85 
6.53 
7.50 

TOP 
WIDTH 
(ft) 

604.80 
622.90 
630.00 
630.00 

603.95 
622.92 
630.00 
630.00 

612.54 
619.44 
623.33 
628.89 

527.52 
531.32 
533.44 
536.44 

AVERAGE 
VELOCITY 

( f p s )  

8.84 
9.96 

10.52 
10.70 

9.02 
10.01 
10.51 
10.45 

11.72 
13.16 
13.89 
14.82 

12.31 
13.83 
14.63 
15.67 

ENERGY 
SLOPE 

(%I 

0.3646 
0.3491 
0.3397 
0.2734 

0.3909 
0.3554 
0.3392 
0.2527 

0.948 
0.876 
0.844 
0.800 

0.917 
0.847 
0.819 
0.783 

FROUDE 
NO. 

0.66 
0.67 
0.67 
0.62 

0.68 
0.67 
0.67 
0.60 

1.01 
1.01 
1.01 
1 .OO 

1.01 
1.01 
1.01 
1.01 
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associated w i t h  Cross Sect ions 3900 through 4100 (Appendix C) were used. For 

t ,  ,he. - 

4.2 Resul ts  

The r e s u l t s  o f  t he  scour ana lys i  a re  presented i n  Table 4.2.  It should 

be noted t h a t  t he  To ta l  Scour Depth i R cludes the-appli-edcsa-fet-y.factors. These 

s a f e t y  f a c t o r s  were app l i ed  t o  a l l  scour components, w i t h  t h e  except ion o f  t he  

long- te rm degradat ion depth. For design purposes, t h e  t o t a l  scour depth was 

rounded t o  t h e  nearest  one-ha l f  f o o t .  Th i s  depth should be measured from the  

e x i s t i n g  bed e l e v a t i o n  w i t h i n  t h e  l ow- f l ow  channel f o r  Condi t ions I and 11. For 

Cond i t ion  111, t h i s  depth should be measured from t h e  proposed bed e leva t i on .  

The r e s u l t s  i n d i c a t e  t h a t  f o r  e x i s t i n g  cond i t i ons  the*" 

STz I f  the  

b r i dge  were cons t ruc ted  over t h e  e x i s t i n g  channel sec t ion ,  t h e  t o t a l  depth o f  

s cou ang9e~~bekwee n.ap.p~o~Uau$'e"J,y3 
grPi,.**lmnnc"'--"r"r,, - -- . This add i t i ona l  4 - 5 -  

scour depth would be t h e  d i r e c t  r e s u l t  o f  l o c a l  scour around t h e  proposed br idge 
u I %".*'A. *"'R. 

p i e r s  . 

Under Cond i t i on I I I , s ~ ~ ~ r " ~ d g - e ~ p ~ i : : e . ~ r g ~ ~ w  i1'1 be-J o~a iedv imw&iw t e+y 
II-,P--. . 

u  k w  - thTpicoposed-*se~ieeo@l' uc~t .u~s . .  The t o t a l  scour 

,dTepb#Wlw t h i 3' a' - - . . -riatwje-hIt;.ween~ . Th is  depth inc ludes  - - -- I - . - . (t - 
1 ocal  scour a t  t h e  b r i dge  p ie rs ,  pl us twb.\Peet -tto accoO5nt f d d 3 t i e '  7 1 0 c a l ~ ~ s c o u r  

.phenomenon associated w i t h  t h e  acce lera ted  f-+ow c o n d i t i o n  wnich - w i  11 e x i s t  

,immedd.~a-tely-upstream o f  t h e  Level I drop s t r u c t u r e  The reduc t i on  i n  t h e  t o t a l  
d cDDwF~evmt : p&2~ el 'athive"io C~ii'El"i"t"io%~TI, i s  d i r e c t l y  a t t r i b u t a b l e  t o  

t h e  d rop -s t ruc tu re  system. Th i s  d r o p - s t r u c t u r e  system w i l l  e f f e c t i v e l y  e l im ina te  

t h e  need t o  consider  t h e  a f f e c t  o f  general scour, bed-form scour, and bend scour. 



TABLE 4 . 2 :  SCOUR-ANALYSIS SUMMARY TABLE 

C O N D I T I O N  
ANALYZED 

GENERAL 
SCOUR 
DEPTH 

( f t 

BED- FORM 
SCOUR 
DEPTH 
(ft) 

DEPTH OF LOCAL LONG-TERM 
DEGRADATION 

P i e r  DEPTH 
(ft) 

TOTAL 
SCOUR 
DEPTH 
(ft) 
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On1 #.+A pis CJt- . 
SaWWT?he,~bridg.e p i e m  under.60 ~ ~ i - o n - ~ r l l -  l l c b e  lo.catedF-i-mmed-iate-ly. J lcs+ &#'SJL"L. 

S" 4- &Ldf& 
Eructi5-e systerk. The tti"K'.af scour a 
qM 41.OiTket Thi.s~de'd;tK'+s due t o  the:?'-?T'\ 

>-- eomb'?wede~frfect o f  l o c a l  scour a t  t h e  br idge p ~ e ~ ~ e m d  l o c a l  scour a t t r i b u t a b l e  .-- -- -5- -- -- 
to-p l - t t i 'mg- f l ow  created- by ,al 

a r  r ~ 7 %  
9 t l  v, v f  

Y/ a+-g.-wtteerm - degradat i on o f  t be d o w w t  reamD~~k~n'~&T~~iis~y'a"6h'9~e'ved. 

Between Level I and Level I V ,  t h e  r i g i d  s t i l l i n g - b a s i n  f l o o r  associated 

w i t h  Levels I 1  and I 1 1  w i l l  e f f e c t i v e l y  l i m i t  t h e  l o c a l  scour depth t o  f o u r  

f e e t .  This  depth corresponds t o  t h e  depth o f  a l l u v i u m  b a c k f i l l  which would be 

placed w i t h i n  each s t i l l i n g  basin. However, i t  ~ ~ h ' o u l ~ G e ~ ~ n ~ t * e d ' t h a t  i f  the  r i g i d  

f l o o r -  wePeS"to f a i  1  , o r  th%~-$l-o6r-~ere+-1~imi nat.ed:.compl e t e l y ,  t he  combined e f f e c t  

of lmbj lTcour- .at -  t W 6 r i i d g 8 " p i  e r s  and 1 ocal scGour be1 ow each. i n d i v i d u a l  drop 

woulii-'; nmease the-735tal -sco~ir^dt$l?hs in inedfa td  y -downstream o f  Level s  I t h r o u g h  

- 1 1 - ~ ~ b ~ d ~ ~ r o x i m ~ - & . 5 , ,  22.0, 24.0 ,-awd@~O*het, respectively;-duri-ng the  

f .03~ ' -$esi~n* ' f lowJet&'nts  -analyzed d u r i n g  t h i s  study. 

@ @ l j  3 % 1 q t  
It should a l so  be noted t h a t  t h e  depth o f  scour w i thout  p i e r  scour i s  

app l icab le  a t  every p o i n t  across t h e  sec t ion .  However, t he  a d d i t i o n a l  depth o f  

scour associated w i t h  t h e  p i e r  i s  l i m i t e d  t o  a  zone t h a t  surrounds each p i e r .  

The "zone o f  i n f l uence"  can be de f i ned  as an i n v e r t e d  cone, w i t h  i t s  apex a t  the  

bottom o f  t h e  scour ho le  which i s  based on t h e  t o t a l  depth o f  scour. The 

diameter near t h e  apex i s  assumed equal t o  t he  o b s t r u c t i o n  w id th  (10 f e e t  i n  t h i s  

case). For sands and f i n e  grave l  s, t h e  s i d e - s l  opes o f  t h e  con i?mitWg- 

5: 1-f-i .e., 2.75 f e e t  i n  t h e  h o r i z o n t a l  d i r e c t i o n  per  v e r t i c a l  f o o t ) .  

t h e  diameter o f  t he  i nve r ted  base o f  t h e  cone ( i .e . .  a t  the  

Cdj/ CIT bib-) 
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sur face)  f o r  Cond i t ion  I 1  and Cond i t ion  I 1 1  would be a func t i on  o f  t h e  p i e r  scour 

I depth (see F igure  4, - % ca/b. ,- 7;r. ~0 . 1 j  nb# i i ~ l ~ l u $ ~  ~h Thy J t t p 4 / t  . 

For example, under Cond i t ion  11, t he  p i e r  scour depth was est imated t o  be 

24-t (cons ider ing  t h e  f a c t o r  o f  sa fe ty )  f o r  63,000 c f s .  Therefore, t he  

' d i  m e t e r  g.fipw.tlhe "zone o f - i n f l uence"  "o f  a p i e r  would -be equal t o  approximately 

-19Obpfpeet. For t h i s  example, t h e  r a d i a l  d is tance around each a f f e c t e d  p i e r  would 

be approximately 75 f e e t .  ~ n y - ~ ~ l ~ ~ i " ~ n " ~ ~ l ~ m e n t  (e.g., t o e  downs f o r  

bank p r o t e c t i o n )  t h a t  Fa1 1 s w i  th4.n--%he- "zone o f  .infl-uenee?' must. -consi.der the  

$d'dF-m@ct--of ~l~ocal~-~~Br*a.t?t?ke?%rl~ge~pie~s. I f  the  toe  down f o r  bank 
VcfJ 

p r o t e c t i o n  i s  assumed equal t o  s i x  f e e t  ( f o r  t h e  sake o f  d iscussion) ,  t h e  bank f fw 

p r o t e c t j o n  must be a t  l e a s t  75 f e e t  away from the  c loses t  b r i dge  p i e r  t o  be 

considered ou ts ide  t h e  "zone o f  inf9'cren"ce". Consequently, ~hen,,th,e._fJ!~al desi,gn 

cond i t i ons  are  es tab l ished,  t h e  toe  downs f o r  t he  bank-pro tec t ion  must be 

designed accordingly .  

- -- 

The maximum depth o f  l o c a l  scour below a drop s t r u c t u r e  w i t h  respect  t o  - 

t h e  p r o j e c t e d  ( e q u i l  i brium) bed e l e v a t i o n  w i l l  te rminate  a t  a l o c a t i o n  downstream 

o f  t h e  drop t h a t  i s  approximate ly  s i x  t imes the  maximum depth o f  l o c a l  scour 

associated w i t h  t h e  f l o w  over  t h e  s t ruc tu re .  Downstream o f  t h i s  l o c a t i o n ,  the  

"zone o f  i n f l uence"  extends an add i t i ona l  d is tance t h a t  i s  again equal t o  

approximate ly  s i x  t imes t h e  depth o f  scour (see F igure  5 ) .  The geometry o f  t h i s  

p o r t i o n  o f  t h e  scour ho le  i s  approximated by us ing  a 6: 1 r e t u r n  slope. 

Therefore, t h e  t o t a l  l e n g t h  o f  t he  "zone o f  i n f l uence"  along the  channel i s  

approximate ly  twe lve  t imes t h e  depth o f  l o c a l  scour due t o  f l o w  over t h e  drop 

s t r u c t u r e .  Again, t h i s  d i s tance  i s  measured f rom the  downstream l i m i t  o f  the 

drop s t r u c t u r e .  

i;- 



"ZONE OF INFLUENCE" FOR A BRIDGE PIER 

FIGURE 4 



"ZONE OF INFLUENCE" FOR A DROP STRUCTURE 

FIGURE 5 
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5.1 Standard-Project Flood 

Based on the results of the hydraulic analysis, it appears that the 
affected freeway segment could be impacted by approximately 9,300 cfs during a 
standard-project flood on the IBW. Under normal design conditions, either a 
bridge section or an i nterceptor/diversi on channel would be required to 
accommodate flows of this magnitude. The two most logical outlets for an 
interceptor channel would be either the IBW or the Salt River. 

If a fully-lined concrete section is provided at a 0.2 percent slope to 
accommodate this flow, the top width of the interceptor channel would need to 
be approximately 135 feet, assuming the design depth is equal to five feet. The 
estimated cost to construct this channel section was determined to be 
approximately $490,000. However, this design assumes that the IBW and the Salt 
River are conveying little or no runoff. The backwater associated with either 
watercourse during their respective flow events would total ly f i 11 the 
interceptor. This would render the channel ineffective during the actual passage 

of the standard-project flood, from a mitigation standpoint. Consequently, the 
primary function of such an interceptor channel would be to drain the affected 
overbank area, once flows begin to recede in either the IBW or the Salt River. - 

The best way to ensure that the East Papago Freeway does not block any 
portion of the standard-project flood would be either to bridge an additional 
1250 feet of the standard-project floodplain or to improve the IBW channel 
section such that it can contain the entire standard-project flood. The cost 
of bridging an additional 1250 feet of the IBW, the standard-project floodplain 

could be on the order of $10,400,000. However, if a two-foot-high floodwall were 

constructed atop the existing levee in order to contain the entire 63,000 cfs, - - -L.- 
aper.ohimteb~2-w&-ya~ds of stkuctural-toncrete2-Wo'old be required for each 
1 i,~,e,ar foot of imp,rov.ed--levee. The additional cost for these improvements would 
be on the order of $300,000 per mile. Based on the discussion contained in 
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Reference 1, the estimated length of improvements required to prevent any 
breakout along the IBW is approximately 1.5 miles. Therefore, the estimated cost 
of such levee improvements would be $450,000. 

Considering the cost differential between an extended bridge section and 
the floodwall a1 ternative, it is clear that the floodwall would be a much more 
cost-effective solution. However, the floodwall design assumes that the entire 
63,000 cfs can be captured at some point along the upstream reaches of the IBW. 
To determine if this is indeed possible, a more detailed study of the IBW will 
be required. Considering the relative impact of the standard-project flood on 
the East Papago Freeway, or visa versa, a more detailed study is certainly 
warranted. Thew-fore, i-t--is* recommended that,.the IBW be studied in more .de&ai 1 ; 
thal 2 Las.t,,P-ap,ag.o F-re,eway in this area were. to be designed with 
col;l~4qjg~eajj 1-for the eff,ects of a s-tandard--proj.ect flood. - .  -a" m. "P 

5.2 Condition I1 (With-Freewav Conditions) 

The results of the hydraulic analysis for Condition I1 indicate that 
construction of a bridge structure over the existing IBW will not have an adverse 
impact upon the upstream channel section. However, abutment/bank protection will 
be required to ensure the stability of such a structure. Based on the results 
of the scour analysis, this protection must extend far enough upstream and 
downstream of the bridge to ensure that the existing bank protection for the IBW 
(i.e., rock riprap buried in the banks of the main-channel levees) is outside 
the "zone of influence" associated with the bridge piers. 

During the standard-project flood (i.e., the worst-case condition), the 
"zone of influence" would extend approximately 75 feet upstream and downstream p- - 
of the bridge. Therefore, it will be necessary to provide appropriate bank- 
protection measures along the existing banks of the IBW for a minimum distance 
that is approximately equal to 75 feet upstream and downstream of the bridge 
structure. 
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The toe-down depth for the upstream and downstream 1 imit of the bank 
protection must extend approximately 15.5 feet below the exiting bed elevation, 

if 30,000 cfs were used for this purpose. If 43,000 cfs, 51,000 cfs, or 63,000 

cfs were used to establish the toe-down for the bank protection, the toe-down 

depth at these two locations must be approximately 16.5 feet, 17.5 feet, and 18.0 6-- 
x-- 

feet, respectively. These depths include all scour components, except pier 
a .  

scour. The toe-down depth for the bank protection at the upstream and downstream 

face of the bridge would correspond to the total scour depths under Condition 
11, as presented in Table 4.2. Again, the depths shown in this table were .-- --I ' * rr"i. -i 

rounded off to the nearest one-half foot for design purposes. 

Since the magnitude of the design toe-down depths just described are for 

the most part a function of the long-term degradation potential associated with 

both the Salt River and the IBW, a grade-control structure could be installed 

on the IBW immediately upstream of its confluence with the Salt River. This 

structure would effectively reduce the toe-down requirements just described. 

Under such a scenario (Condition 11), the long-term component would be 

reduced from approximately 12.0 feet to approximately 3.0 feet. This, in turn, 

would reduce the total scour depth for each respective design discharge by 

approximately nine feet. If soil cement were used to stabilize the banks in the 
immediate vicinity of the bridge (i.e., +75 feet upstream and downstream of the 

bridge), the instal 1 ation of a grade-control structure would result in an overall 
savings of approximately $42,500 for the bank protection. A1 though the cost of 

a baffl e-chute spi 11 way/grade-control structure was estimated to be approximately 
$894,000 (see appendix E), consideration must also be given to the savings 

associated with the reduced cost of installing shorter bridge piers. 

Table 5.1 provides estimates of the total lengths of exposed piers which 

are applicable to the two design conditions analyzed. For Condition 11, the 

foundation for each pier must be designed assuming that approximately 48.0 feet, 

50.5 feet, 52.0 feet, and 53.0 feet of pier is exposed during the four respective 



TABLE 5.1: MAXIMUM ESTIMATED HEIGHTS OF EXPOSED PIERS (ALL ELEVATIONS AND 
DEPTHS ROUNDED TO NEAREST ONE-HALF FOOT) 4 d 4 -  lcp2, 

CONDITION 
ANALYZED 

I I I 
(U/S, LEVEL I) 

I I I 
(LEVEL 11) 

I I I 
(LEVEL 111) 

* I 1 1  
(D/S, LEVEL IV )  

Q 
(c fs)  

30,000 
43,000 
51,000 
63,000 

30,000 
43,000 
51,000 
63,000 

30,000 
43,000 
51,000 
63,000 

30,000 
43,000 
51,000 
63,000 

30,000 
43,000 
51,000 
63,000 

MINIMUM TOP 
OF PIER 

ELEVATION 
( f t )  

110.50 
110.50 
110.50 
110.50 

109.00 
109.00 
109.00 
109.00 

109.00 
109.00 
109.00 
109.00 

109.00 
109.00 
109.00 
109.00 

109.00 
109.00 
109.00 
109.00 

COMMON 
BED 

ELEVATION 
( f t )  

100.00 
100.00 
100.00 
100.00 

100.00 
100.00 
100.00 
100.00 

93.50 
93.50 
93.50 
93.50 

87.00 
87.00 
87.00 
87.00 

80.50 
80.50 
80.50 
80.50 

r- --e* - - 
TOT A;" 
SCOUR SCOUR 
DEPTH ELEVATION 

( f t )  ( f t )  

37.5 62.50 
40.0 60.00 
41.5 58.50 

57.50 

28.0 72.00 
30.0 70.00 
31 .O 69.00 
32.0 68.00 

4.0 89.50 
4.0 89.50 
4.0 89.50 
4.0 89.50 

4.0 83.00 
4.0 83.00 
4.0 83.00 
4.0 83.00 

34.0 46.50 
37.5 43.00 
39.0 41.50 

39.50 
- 

EXPOSED 
PIER 

HEIGHT 
( f t 

48.0 
50.5 
52.0 
53.0 

37.0 
39.0 
40.0 
41 .O 

19.5 
19.5 
19.5 
19.5 

26.0 
26.0 
26.0 
26.0 

62.5 
66.0 
67.5 
69.5 
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f l o w  events. Again, these values would be reduced by approximate ly  n i n e  f e e t  

i f  a grade-cont ro l  s t r u c t u r e  i s  i n s t a l l e d  on t h e  IBW immediately upstream o f  i t s  

conf luence w i t h  the  S a l t  River .  

Consider ing the  r e s u l t s  o f  t h i s  analys is ,  and assuming t h a t  a grade- 

con t ro l  s t r u c t u r e  i s  not provided as p a r t  o f  t he  design, i t  i s  recommended t h a t  

the  b r i dge  p i e r s  and bank p r o t e c t i o n  be designed t o  account f o r  t h e  t o t a l  scour 

depths as presented i n  Table 4.2. 

5.3 - ~ ~ O ~ n & i , & i o ~ ' d d m , i t h - F r e e w a v / R i o  Salado Condi t ions)  

The r e s u l t s  o f  the  h y d r a u l i c  ana lys is  f o r  Cond i t ion  I11 i n d i c a t e  t h a t  t he  

ser ies  o f  drop s t ruc tu res  proposed by CRSS w i l l  a1 t e r  f l o w  c o n d i t i o n s  i n  t h e  IBW 

f o r  a s h o r t  d is tance i n  t he  upstream d i r e c t i o n .  However, i f  -Wan 

sec t ion  were .properly designed;-any-adwmw.wL~&+an be mX*i"gateTi@%Tffi%- the  

t r a n s i t i o n  sec t ion .  Therefore, w i t h  respect  t o  t h a t  p o r t i o n  o f  t h e  IBW channel 

which w i l l  be l oca ted  upstream o f  t h e  t r a n s i t i o n  sec t ion ,  t h e  proposed CRSS drop- 

s t r u c t u r e  system w i l l  no t  have any adverse e f f e c t s .  ~ s e d  

l.o0q,t~~9p~~&~$e~id~~~p ,st rucOu~es.~r.w i 1* 1 certa4.mly- yr~~pA,B~i@~t.k,e.~des~i gnVn,.o.fx t he&a.s3t 
"* 

Pa .!ge 

Tab1 e 5.1 o f  t h i s  r e p o r t  ,summari.es.-.th~maxj.mum ~ s ' u r e u ~  MPf'gY,, ,, ,,,, 

b r z j d g s q z h e ~  wweiaDhwas-ps -' ub - -a& j ~ e - l *  . . t.he":prdp&.sed"- CRSS -aYw ~.t+ueDues. -- 
These he igh ts  apply t o  those p i e r s  t h a t  w i l l  e i t h e r  be l o c a t e d  immediately 

upstream o f  Level I, immediately downstream o f  Level I V ,  o r  w i t h i n  t h e  center  

of t he  s t i l l i n g  bas in  associated w i t h  Levels I 1  and 111. For any b r i d g e  p i e r  

t h a t  may a c t u a l l y  be embedded w i t h i n  t he  Level I o r  Level I V  s t r u c t u r e ,  t he  

exposure h e i g h t  can be reduced by t h e  respec t i ve  scour depth. For any b r i dge  

p i e r  t h a t  may a c t u a l l y  be embedded w i t h i n  t he  Level I1  o r  Level I11 s t ruc tu re ,  

t he  exposure he igh t  can be reduced by f o u r  f e e t .  For those p i e r s  t h a t  w i l l  be 

loca ted immediately adjacent t o  t he  bank, t he  exposure h e i g h t  can be reduced by 

th ree  f e e t ,  i n  r e c o g n i t i o n  o f  t he  compound-channel geometry proposed by CRSS. 
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Since t h e  planned b r i dge  i s  skewed w i t h  respect  t o  t he  proposed CRSS drop 

s t ruc tu res ,  and because the  drop s t r u c t u r e s  are  proposed t o  be l oca ted  beneath 

the  br idge,  a l l  o f  t he  cond i t i ons  descr ibed i n  t h e  preceding paragraphs w i l l  

apply t o  one br idge p i e r  o r  another. I n  f a c t ,  because o f  t h e  geometry o f  t he  

CRSS drop s t r u c t u r e s  (i . e., a  t i e r e d  p r o f  i 1 e w i t h  a compound sec t i on )  each br idge 

p i e r  would have a s l  i g h t l y  d i f f e r e n t  exposure he igh t .  However, be fore  t h e  va l  ues 

prov ided i n  Table 5.1 can be used t o  d e f i n e  t h e  exposure he igh t  o f  t h e  br idge 

p i e r s  a t  t h e  var ious  1 ocat ions, an -e-quiltion must,. be prepared-which w i  1  l egmte,- 

on v s e d y i - d g e - - e n g i n e e r s 2  t o  t h a t  uaed by-CRSS. 

I n  a d d i t i o n  t o  these va ry ing  exposure 

he igh ts  o f  t h e  br idge p i e r s  associated w i t h  

excessive. Since these he igh ts  were de te r  us ing  an assumed s i x - f o o t  p i e r  

diameter, w l i t i o n a l  f o u r  f e e t  o f  i t  i s  poss ib le  t h a t  t h e  r e s u l t s  

o f  t h i s  ana lys i s  may r e q u i r e  t h a t  t h e  p i e r  diameter be adj'uste'd a t  var ious 

l o c a t i o n s  i n  cons idera t ion  of t h e  p red i c ted  exposure he igh ts .  I f  t h e  diameter 

o f  t h e  p i e r s  were increased, t h e  scour depths would need t o  be recomputed i n  

order  t o  d e f i n e  new exposure he igh ts .  This,  i n  t u r n ,  may r e q u i r e  an adjustment 

t o  t he  b r i dge  p i e r  diameters, which i n  t u r n  may r e q u i r e  a r e c a l c u l a t i o n  o f  t he  

scour depths. Th is  t r i a l  and e r r o r  process would cont inue u n t i l  t h e  p i e r  

diameters match t h e  requ i red  exposure he igh ts .  

Adding t o  t h e  design compl ica t ions  j u s t  mentioned i s  t he  f a c t  t h a t  t he  

cons t ruc t i on  process must be c l o s e l y  coordinated between t h e  two s t ruc tu res .  

Based on recen t  d iscussions w i t h  CRSS, i t  appears t h a t  t he  precas t  r e i n f o r c e d  

concrete panels shown on t h e  CRSS improvement p lans (35% submi t ta l )  w i l l  be 

rep1 aced w i t h  cont inuous s o i  1 -cement s labs between the  drop s t ruc tu res .  This  

alone w i l l  simp1 i f y  t h e  cons t ruc t i on  process, s ince  the re  was some quest ion 

concerning how t h e  b r i dge  p i e r s  would be i n s t a l l e d  through the  panels i f  the  

drop s t r u c t u r e  were cons t ruc ted  f i r s t ,  o r  how t h e  panels would be i n s t a l l e d  

around t h e  p i e r s  i f  t h e  b r i dge  were cons t ruc ted  f i r s t .  
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A1 though the use of so i l  -cement slabs will simp1 i fy  some of the interaction 
between the bridge and the drop structures,  i t  seems tha t  the most logical 
approach would be to  construct the drop-structure system before the bridge i s  
constructed. A great deal of earth work will be required t o  shape the existing 
channel t o  accommodate the drop structures.  In addition, i t  would be very 
d i f f i c u l t  t o  place the soi l  -cement in an e f f i c i en t  manner, since the construction 
vehicles would have to  avoid the bridge piers.  

Generally-speaking, from a pier-scour standpoint, the e f fec t  of locating 
the drop-structure system beneath the bridge does n o t  s ignif icant ly increase the 
associated scour depth, a1 though an increase does occur immediately upstream of 
the system re la t ive  to  each flow event on the IBW. However, the major problem 
with respect t o  the design of the bridge piers i s  the exposure heights which are 
d i rec t ly  related to  the proposed 10-foot reduction in the prof i le  of the Sa l t  
River tha t  will accompany the Rio Salado project;  and which are  indirect ly  
related t o  an additional lowering of the Sa l t  River that  will occur when i t s  

equilibrium profi le  i s  established. 

+me 
I 

o t  the confl i c-iated w -  -1 the CR,SS drop str.uc~ttu~res 
r ,  - ' r *  Pmc 

could i el iminated i f  a t h i s  ser ies  of drop stru.c_tu~es, o r ,  a s imilar  series.  of 
struc' ,es rere located ent i rely on the downstream side of the bridge. 

-- .rL '"I 

From a hydraul i c  design standpoint, a baffl e-bl ock spi 11 way would serve 
the same purpose as the ser ies  of drop structures.  X ~ ' S F ~ T ~ F O ~  

eL ' .+. d i s s  i,p,g,tees. t h e - j e ~ x ~ ~ ~ s ~ s . r ~ n e ~ g ~ s s ~ c i  ated ,vij't.h ;thei d,rop -by dli vlild'i ng 'tlk&%t _ am:;lrrte .. 

i71rh-=a-se*i(e(M~m-a11;~ p&r.a'l.lel hydqaulic jumps* that  i n t e rac t '  i"n "a"'very 
nativlilw? Consequently, the baff le  chute more effect ively maintains a 

c r i ,  ,cal , ta te  of flow throughout the length of the s t ructure.  However, the 
proposed CRSS drop structures attempt t o  diss ipate  energy via a ser ies  of 
hydraulic jumps tha t  are not interacting. In addition, the performance of the 
baffle block has been documented through numerous model s tudies .  A t? 
n u m w * 0 ~ o d e ~ 1 ~ ~ s ~ t u d i  e ~ - ~ ~ k a v e  .:.eval uate+the pe~formanc-e *<of~4,indi yj$*$&$rop 

--- - --- 
s b w ~ t , u ~ e . s ~ -  there i s  no evidence r e d i  1y available which documents - the ,. 

% ?'. C 

/ a- --------- 
\-----"" 
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- a n d  
4 <P,  ' 

1 

crg$,:'se.e&d.un. Consi d e r i  ng. t h e  s i  gni~f&&nce%f b o t b t ) . l e - ~ E a ~ ~ ~ a p b g ; o ~ & ~ r e ~ y  andk 
I 

the-Ri-0,--Sa".liado. .project; i t  i s  s t r o n q l y .  recommended t h a t  a'Qfiv&d dy - be 

performed befoPe2'.' a s t r u c t u r e  o f  t h i s  yl a t t e r  tYPeg-14edc-.beneath .. r arqmajor --74.tlr. .* + 

freeway-br4~dge.i.s~ch~+ils~the- East Papacjo trossing~;10'f~B4.eb,~JBW. 
-- 

Therefore, f o r  Cond i t ion  111, i n  l i e u  o f  a model s tudy o f  t h e  drop- 

s t r u c t u r e  system, i t  i s recommended t h a t  t h e  b a f f l e - b l o c k  s p i l l  way be considered 

as an a l t e r n a t i v e  t o  t h e  se r ies  o f  drop s t r u c t u r e s  proposed by CRSS. F igure  6 

ill u s t r a t e s  how a b a f f l  e - b l  ock s p i l l w a y  cou ld  be incorpora ted  i n t o  t h e  proposed 

Rio Sal ado p r o j e c t .  

To accommodate t h i s  s t ruc tu re ,  t h e  e x i s t i n g  j u n c t i o n  levee should be 

extended approximately 200 feet,  so t h a t  t h e  downstream scour ho le  would be 

conf ined t o  t h e  IBW channel. I n  add i t i on ,  i t  would be necessary t o  r e a l i g n  a 

small p o r t i o n  o f  both t h e  n o r t h  and south levees, as presented on t h e  CRSS p lan  

sheet f o r  t h i s  reach. 

The r e a l  ignment o f  t h e  levees would be r e q u i r e d  i n  o rder  t o  ma in ta in  a 

bottom w id th  o f  approximately 830 f e e t  w i t h i n  t h e  main channel o f  t h e  improved 

S a l t  River .  Th i s  real ignment  should n o t  a f f e c t  any o f  t h e  phys ica l  c o n s t r a i n t s  

t h a t  d i c t a t e d  t h e  o r i g i n a l  a1 ignment. From a h y d r a u l i c  s tandpoint ,  t h i s  

real ignment,  i n  con junc t ion  w i t h  the  j u n c t i o n  levee, would d i r e c t  f l o w  e x i t i n g  

the  McClintock D r i v e  reach toward t h e  Rural Road b r i dge  opening. Th i s  would 

prevent d i r e c t  f l o w  impingement on t h a t  p o r t i o n  o f  t h e  no r the rn  levee o f  t h e  S a l t  

R iver  which i s  l oca ted  immediately upstream o f  Rural Road. -_ -- a .-iur-u- --. - *-a-*- - --- .-- - *, ** 
-> 

.CRSS~~~eh-dg&-to ~emou.e--the ex i2L i  ng : junet-i-on 1 evee because the  r e s u l t s  o f  
- -- - 

.,I.-. + - 
I 

i a . . f w ~ - d ~ i - ~ ~ ~ - + ~ ~ y ~ k t  moded=mey usgdpin-eenj unc t i on w i t h the  i r hydraul  i c #a 

\analys is . i .nd icated , _ _ _  
I _ -- t h a t  - i t . w a s  .------- u n n e c e s a r y ~  s ince  t h e  aombi*ned f l o w  from t h e  IBW 

andl-t.ke-:981:t R i v e r  d i d  n o t  adversely  impin'ge on - t h i  s channel bank. However, when 

they ran%he '.Snide1 wi-t.h no--c.antri b u t i o n  from t h e  IBW-jy-t-he impingement angle was --- 



FIGURE 6 
PROPOSED MODIFICATIQNS 
TO THE CRSS PLANS 
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.e+tri.m-:be'-*approxiril%tel:y 30 degrees. I n  add i t i on ,  s ince  t h e i r  model i s  a  

r ig id -boundary  model, i t  does n o t  k c o u n t  f o r  t h e  extreme scour p o t e n t i a l  known 

t o  e x i s t  a t  abrupt conf luences o f  a l l u v i a l  channels such as t h e  IBW and t h e  S a l t  

R iver .  

Al though the  bank p r o t e c t i o n  can be designed t o  w i ths tand any a d d i t i o n a l  

scour t h a t  may be a t t r i b u t e d  t o  t h i s  impingement angle, proper  conf luence designs 

have always incorpora ted  some type o f  j u n c t i o n  s t r u c t u r e  t o  ensure t h a t  t h e  angle 

between t h e  converging f lows i s  he1 d  t o  a  minimum. Mmt-hyd~~au+i*e. des+g?i.-.tefxts 

recmm"eW~maximum f l  ow-convergence angle o f  12 .degrees- fop-5ubcr.i t i c a l  f low.  
I 

Howevleri f o r  f l o w  ve10,c.i-t iles-.,.wih the  range ,of. -2O.:O:Xo L5-0.. f e e t  per  second, 

a  s " j x . - d ~ g ~ e & ~ n ~ e r g e n c e  angle i s  general-ly-p4-e-hrred. The R i  o  Sal ado p r o j e c t  

i s  be ing  designed by CRSS t o  accommodate approximately 250,000 c f s .  A t  t h i s  

discharge, t h e  maximum f l o w  v e l o c i t y  w i t h i n  t h e  IBW reach o f  t h e  S a l t  R i ve r  w i l l  
be s i g h t l y  h igher  than 10.0 f e e t  per second, w i t h  the  average v e l o c i t y  a long t h e  

r i v e r  rang ing  between 9.0 and 10.0 f e e t  per  second. V e l o c i t i e s  i n  t h e  IBW w i l l  

be s l i g h t l y  h igher .  Therefore, i t  i s  recommended t h a t  t h e  e x i s t i n g  j u n c t i o n  

levee n o t  be removed under any channe l iza t ion  scheme 
&/no G ~ . E c 4 n , i % /  

/ 1- F-+.J~ eS 
"(39 * 

I n  a d d i t i o n  t o  the  hydra,ul.ic s u p e r i o r i t y  o f  t h 2 ; b a f f l e - b l o c k  sp i l lway ,  i b h l  L l i , "  

appears t h a t  t h e  s p i l l w a y  would be more cos t  e f f e c t i v e .  , As p r e v i o u s l y  discussed, 

t h e  est imated t' o f  t h e  b a f f l e - b l o c k  s p i l l w a y  {was determined t o  be 

a  
t B8:" The estimated.-c?s$;:of I t h e  s e p ~ e s  o f  drop s t r u c t u r e s  . - 

p roposed by &R%3mw@s d  ebevm-i.ned-0 o  b~app~r~Ci_matteJ~A&*6,Q &@ O 

Although t h e  b a f f l e - b l o c k  s t r u c t u r e  would r e q u i r e  an extension t o  the  e x i s t i n g  

j u n c t i o n  1  evee, which w i  11 represent  an a d d i t i o n a l  cost ,  a  s i g n i f i c a n t  savings 

would i n  t u r n  be r e a l i z e d  due t o  a  reduc t i on  i n  t he  ex ten t  o f  proposed bank 

p r o t e c t i o n  t h a t  would otherwise have been r e q u i r e d  along both banks o f  t h e  IBW 

under t h e  CRSS plan.  

Since t h e  b a f f l e - b l  ock sp i  11 way would be l oca ted  approximate ly  400 f e e t  

downstream o f  t h e  proposed CRSS drop s t ruc tu res ,  t h e  bed e levat ion- immedia te ly  

upstream o f  t h e  b a f f l e - b l o c k  s t r u c t u r e  would be approximately n i n e  f e e t  h ighe r  
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than t h e  bed e l e v a t i o n  f o r  t h e  CRSS drop s t ruc tu res  (assuming t h a t  t he  design 

f l  ow-1 i ne e l e v a t i o n  fo r  Cond i t ion  I I I a t  t h i s  1  ocat ion  would be approximately 

1143.00, compared t o  an e x i s t i n g  e l e v a t i o n  which i s  approximately equal t o  

1152.00). Consequently, a  savings o f  approximately n ine  f e e t  o f  s o i l  cement 

above t h e  f l o w - l i n e ,  as we l l  as approximately f o u r  f e e t  o f  toe-down p ro tec t i on ,  

would be r e a l i z e d  a long t h e  west bank o f  t he  IBW. I n  add i t i on ,  t h e  est imated 

cons t ruc t i on  cos t  o f  t he  CRSS drop s t r u c t u r e s  d i d  n o t  i nc lude  any associated 

bank-pro tec t ion  cos ts .  These l a s t  two items, alone, should compensate f o r  t he  

a d d i t i o n a l  cos t  o f  p r o v i d i n g  bank p r o t e c t i o n  along t h e  S a l t  R iver  s ide  o f  t h e  

proposed 400- foo t - long j u n c t i o n  levee t o  be b u i l t  i n  con junc t ion  w i t h  t h e  ba f f le -  

b lock  sp i l lway .  Th i s  assumes t h a t  t h e  cos t  o f  p rov id ing  a  t r a n s i t i o n  sec t i on  

upstream o f  t he  CRSS drop s t r u c t u r e s  would be the  same cos t  as would be requ i red  

t o  p rov ide  a  t r a n s i t i o n  sec t i on  upstream o f  t he  b a f f l e - b l o c k  sp i l lway .  

It i s  understood t h a t  one o f  t h e  b e n e f i t s  o f  channe l iz ing  the  S a l t  R iver  

i s  t o  increase t h e  developable acreage adjacent t o  t he  channel banks. A1 though 

the  proposed real ignment  t o  t h e  south bank, as r e f l e c t e d  on F igure  4 ,  would 

reduce a  small amount o f  t h e  developable area t h a t  would be rec la imed by the  

prev ious al ignment,  i t  would n o t  be abso lu te ly  necessary t o  per form t h i s  

r e a l  ignment . As p r e v i o u s l y  s tated,  t h e  purpose o f  t h i s  r e a l  ignment was merely 

t o  main ta in  a  cons tant  w id th  w i t h i n  t h i s  reach o f  t he  improved channel i n  o rder  

t o  main ta in  h y d r a u l i c  consistency, b u t  a  moderate w id th  reduc t i on  a t  t h i s  

l o c a t i o n  would n o t  have an adverse impact on the  hyd rau l i c  c h a r a c t e r i s t i c s  o f  

t he  improved channel. Therefore, i t  i s  recommended t h a t  t h e  CRSS drop s t r u c t u r e s  

associated w i t h  Cond i t ion  I 1 1  be rep laced by a  b a f f l e - b l o c k  sp i l lway ;  t h a t  a  

j u n c t i o n  levee be prov ided i n  con junc t i on  w i t h  t h e  sp i l lway ;  and t h a t  a p o r t i o n  

o f  t h e  no r the rn  bank be r e a l  igned t o  accommodate the  j u n c t i o n  levee. I f  t h e  l o s s  

o f  developable l a n d  a long the  south bank i s  a l so  considered t o  be i n s i g n i f i c a n t ,  

then i t  i s  f u r t h e r  recommended t h a t  t he  south bank a1 so be r e a l  igned accordingly .  
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APPENDIX A 

HEC-2 INPUT/OUTPUT LISTINGS FOR THE SALT RIVER 
(WITH AND WITHOUT THE EAST PAPAGO FREEWAY) 



ED NO 

T 1 SIMONS, LI & ASSOCIATES, INC. - -  SALT RIVER ANALYSIS 
T2 CHANNELIZATION TRANSITION TO HAYOEN RD. (EXISTING) 

73 PAZ-DMJM-03 100-YEAR FLOOD (STA. 248+00 TO XSEC 225) 
J 1  -10 2 0 0 0 0 0 0 151.48 

J2 1 0 - 1 0 0 0 - 1 0 0 
J3 38 1 55 26 56 13 14 15 8 
J3 53 54 0 38 1 2 3 1 1  12 

J3 5 33 21 22 39 

55 -10 -10 

J6 1 
NC .050 .050 -035 .I .3 

QT 4 215000. 160000. 135000. 93000. 

XI 24800 14 10011. 10989. 0 0 0 

X3 10 
GR157.30 10000. 157.30 10011. 146.00 10045. 146.00 10053. 135.00 

GR135.00 10410. 132.00 10416. 132.00 10816. 135.00 10822. 135.00 

GR146.00 10947. 146.00 10955. 157.30 10989. 157.30 11000. 

XI 25000 21 2509. 3456. 200 200 200 

X3 10 
GR156.00 1000. 154.00 1600. 150.00 1695. 150.00 1940. 154.00 
GR150.00 2160. 150.00 2435. 157.70 2495. 157.70 2509. 138.50 

GR138.50 2567. 135.50 2905. 132.50 2911. 132.50 3259. 135.50 

GR138.50 3413. 138.50 3427. 157.70 3456. 157.70 3470. 141.00 

GR150.00 3665. 

XI 25200 18 2252. 3322. 200 200 200 

X3 10 

GR156.00 1000. 154.00 1500. 150.00 1700. 140.00 1890. 140.50 

GR158.50 2238. 158.50 2252. 139.00 2281. 139.00 2387. 133.00 

GR139.00 3233. 139.00 3293. 158.50 3322. 158.50 3336. 138.00 

GR150.00 3460. 156.00 3515. 150.00 3760. 

XI 25400 18 2254. 3449. 200 200 200 

X3 10 
GR156.00 1000. 152.00 1580. 150.00 1640. 150.00 1820. 140.00 

GR144.00 2200. 159.30 2240. 159.30 2254. 139.40 2284. 139.40 

GR133.40 2890. 139.40 3313. 139.40 3419. 159.30 3449. 159.30 

GR140.50 3515. 157.00 3565. 150.00 3805. 

XI 25600 18 2107. 3425. 200 200 200 

X3 10 

GR156.00 1000. 154.00 1590. 150.00 1620. 150.00 1760. 140.00 

GR140.00 2030. 160.10 2093. 160.10 2107. 139.30 2137. 139.90 

GR133.90 2820. 139.90 3243. 139.90 3395. 160.10 3425. 160.10 

GR149.00 3475. 156.00 3635. 150.00 3700. 

XI 25800 15 1980. 3436. 200 200 200 

X3 10 1980. 3436. 

GR156.00 1000. 154.00 1585. 150.00 1605. 149.00 1830. 140.00 

GR141.00 1980. 141.00 2135. 140.40 2362. 134.40 2785. 140.40 

GR140.40 3406. 160.70 3436. 160.70 3450. 152.00 3480. 160.00 

XI 26000 13 1845. 3438. 200 200 200 

X3 10 1845. 3438. 

GR157.00 1000. 154.00 1570. 150.00 1745. 149.00 1845. 140.00 

GR140.80 2317. 134.80 2740. 140.80 3163. 140.80 3407. 161.20 

GR161.20 3452. 149.00 3520. 160.00 3525. 

XI 26200 11 1755. 3474. 200 200 200 

X3 10 1755. 3374. 

GR157.20 1000. 154.00 1650. 150.00 1755. 149.00 1885. 140.00 

GR141.30 2307. 135.30 2730. 141.30 3153. 141.30 3443. 161.80 

GRl61.80 3488. 

NC .050 .050 .040 .3 -5 

XI 182.1 33 11375. 13093. 180.00 180.00 180.00 .989 





















E J 

T 1 SIHONS, LI & ASSOCIATES, INC. - -  SALT RIVER ANALYSIS 
T2 CHANNELIZATION TRANSITION TO HAYDEN RD. (EXISTING) 

T3 PAZ-DMJM-03 50-YEAR FLOOD (STA. 248+00 TO XSEC 225) 
J1 -10 3 0 0 0 0 0 0 148.59 

J2 2 - 0 - 1 0 0 0 - 1 0 0 
TI SIMONS, LI & ASSOCIATES, INC. - -  SALT RIVER ANALYSIS 
T2 CHANNELIZATION TRANSITION TO HAYDEN RD. (EXISTING) 

T3 PAZ-DMJM-03 20-YEAR FLOOD (STA. 248+00 TO XSEC 225) 
J1  -10 4 0 0 0 0 0 0 147.00 

52 3 0 - 1 0 0 0 - 1 0 0 
T 1 SIMONS, LI & ASSOCIATES, INC. - -  SALT RIVER ANALYSIS 
T2 CHANNELIZATION TRANSITION TO HAYDEN RD. (EXISTING) 

T3 PAZ-DMJM-03 10-YEAR FLOOD (STA. 248+00 TO XSEC 225) 
J1  -10 5 0 0 0 0 0 0 144.38 
J2 15 0 - 1 0 0 0 - 1 0 0 
ER 



SECNO CUSEL DEPTH TOPUID AREA VCH 

SALT RIVER UNDER EXISTING CONDITIONS (SALT-EXT.SMP) 

Sumnary P r i n t o u t  

10K*S FRCH 







ED NO 

T 1 SIMONS, L1 & ASSOCIATES, INC. - -  SALT RIVER ANALYSIS 
T2 CHANNELIZATION TRANSITION TO HAYDEN RD. (EXISTING W/ FREEWAY ENCROACHMENTS) 
T3 PAZ-DMJM-03 100-YEAR FLOOD (STA. 248+00 TO XSEC 225) 
J1 -10 2 0 0 0 0 0 0 151.48 0 
J2 1 0 - 1 0 0 0 - 1 0 0 0 
53 38 1 55 26 56 13 14 15 8 4 
J3 53 54 0 38 1 2 3 11 12 42 
J3 5 33 21 22 39 
J5 -10 -10 

J6 1 
NC .050 .050 -035 .I -3  
QT 4 215000. 160000. 135000. 93000. 

X I  24800 14 10011. 10989. 0 0 0 

X3 10 
GR157.30 10000. 157.30 10011. 146.00 10045. 146.00 10053. 135.00 10069. 
GR135.00 10410. 132.00 10416. 132.00 10816. 135.00 10822. 135.00 10931. 
GR146.00 10947. 146.00 10955. 157.30 10989. 157.30 11000. 

X1 25000 21 2509. 3456. 200 200 200 
X3 10 
GR156.00 1000. 154.00 1600. 150.00 1695. 150.00 1940. 154.00 2070. 
GR150.00 2160. 150.00 2435. 157.70 2495. 157.70 2509. 138.50 2537. 
GR138.50 2567. 135.50 2905. 132.50 2911. 132.50 3259. 135.50 3265. 

GR138.50 3413. 138.50 3427. 157.70 3456. 157.70 3470. 141.00 3545. 
GR150.00 3665. 
X1 25200 18 2252. 3322. 200 200 200 

X3 10 
GR156.00 1000. 154.00 1500. 150.00 1700. 140.00 1890. 140.50 2180. 

GR158.50 2238. 158.50 2252. 139.00 2281. 139.00 2387. 133.00 2810. 
GR139.00 3233. 139.00 3293. 158.50 3322. 158.50 3336. 138.00 3390. 
GR150.00 3460. 156.00 3515. 150.00 3760. 
XI 25400 18 2254. 3449. 200 200 200 
X3 10 
GR156.00 1000. 152.00 1580. 150.00 1640. 150.00 1820. 140.00 1910. 
GR144.00 2200. 159.30 2240. 159.30 2254. 139.40 2284. 139.40 2467. 
GR133.40 2890. 139.40 3313. 139.40 3419. 159.30 3449. 159.30 3463. 
GR140.50 3515. 157.00 3565. 150.00 3805. 

XI 25600 18 2107. 3425. 200 200 200 

X3 10 
GR156.00 1000. 154.00 1590. 150.00 1620. 150.00 1760. 140.00 1900. 

GR140.00 2030. 160.10 2093. 160.10 2107. 139.30 2137. 139.90 2397. 
GR133.90 2820. 139.90 3243. 139.90 3395. 160.10 3425. 160.10 3439. 

GR149.00 3475. 156.00 3635. 150.00 3700. 
X I  25800 15 1980. 3436. 200 200 200 
X3 10 1980. 3436. 

GR156.00 1000. 154.00 1585. 150.00 1605. 149.00 1830. 140.00 1885. 

GR141.00 1980. 141.00 2135. 140.40 2362. 134.40 2785. 140.40 3208. 
GR140.40 3406. 160.70 3436. 160.70 3450. 152.00 3480. 160.00 3695. 
X1 26000 13 1845. 3438. 200 200 200 
X3 10 1845. 3438. 

GR157.00 1000. 154.00 1570. 150.00 1745. 149.00 1845. 140.00 1950. 

GR140.80 2317. 134.80 2740. 140.80 3163. 140.80 3407. 161.20 3438. 
GR161.20 3452. 149.00 3520. 160.00 3525. 
X I  26200 11 1755. 3474. 200 200 200 

X3 10 1755. 3374. 
GR157.20 1000. 154.00 1650. 150.00 1755. 149.00 1885. 140.00 1985. 
GR141.30 2307. 135.30 2730. 141.30 3153. 141.30 3443. 161.80 3474. 

GR161.80 3488. 
NC -050 .050 .040 -3 .5 

X I  182.1 33 11375. 13093. 180.00 180.00 180.00 -989 













SLA, mc. 









X3 10 
GRl72.20 7375.00 172.00 7392.00 170.00 7647.00 170.00 7942.00 169.60 8173.00 
GR170.00 8396.00 172.00 8403.00 172.00 8413.00 170.00 8419.00 168.00 8424.00 
GR168.00 8595.00 166.00 8685.00 166.00 8730.00 168.00 8780.00 168.00 8805.00 
GR158.00 8845.00 156.00 8865.00 156.00 8887.00 154.00 8911.00 154.00 8943.00 
GR166.00 9036.00 168.00 9065.00 168.00 9128.00 166.00 9140.00 164.00 9160.00 
GR162.00 9288.00 162.00 9311.00 164.00 9312.00 164.00 9316.00 164.60 9401.00 
GR153.70 9476.00 152.80 9581.00 156.30 9621.00 148.00 9651.00 148.00 9652.00 
GR148.00 9653.00 148.00 9655.00 148.00 9657.00 150.00 9731.00 152.00 9932.00 
GR154.0010075.00 154.0010432.00 152.0010496.00 152.0010515.00 154.0010550.00 
GR154.0010573.00 158.0010604.00 158.0010639.00 160.0010650.00 160.0010674.00 
GR158.0010703.00 158.0010725.00 160.0010745.00 160.0010765.00 162.0010788.00 
GR164.0010796.00 164.0011035.00 166.0011063.00 168.0011135.00 170.0011144.00 
GR168.0011146.00 168.0011172.00 170.0011474.00 172.0012010.00 174.0012113.00 

ET 9.1 9.1 9.1 9.1 9377 10608 
X1 225 53 9502.0010505.00 385.00 400.00 407.00 .OO .OO -00 
X3 10. 
GR171.20 7355.00 170.00 7760.00 170.00 8255.00 160.00 8293.00 158.80 9240.00 
GR162.00 9343.00 166.00 9357.00 166.00 9377.00 158.10 9407.00 158.10 9437.00 
GR156.80 9462.00 164.90 9502.00 152.00 9537.00 152.00 9542.00 152.00 9543.00 
GR150.00 9546.00 150.00 9614.00 148.00 9634.00 148.00 9645.00 150.00 9893.00 
GR158.0010210.00 158.8010285.00 158.0010317.00 156.0010346.00 156.0010395.00 
GR150.0010419.00 148.0010444.00 147.6010450.00 148.0010461.00 150.0010475.00 
GR160.0010505.00 161.2010515.00 160.0010544.00 160.0010620.00 158.0010641.00 
GR160.0010661.00 162.0010672.00 162.0010695.00 164.0010756.00 164.0010777.00 
GR166.0010786.00 166.0011000.00 166.0011008.00 168.0011018.00 166.0011025.00 
GR166.0011046.00 168.0011155.00 170.0011545.00 172.0011595.00 172.0011646.00 
GR174.0012056.00 174.0012365.00 176.0012763.00 

E J 
T I  SIMONS, L I  & ASSOCIATES, INC. - -  SALT RIVER ANALYSIS 
T2 CHANNELIZATION TRANSITION TO HAYDEN RD. (EXISTING W/ FREEWAY ENCROACHMENTS) 

T3 PAZ-DMJM-03 50-YEAR FLOOD (STA. 248+00 TO XSEC 225) 

J1 -10 3 0 0 0 0 0 0 148.59 0 
52 2 0 - 1 0 0 0 - 1 0 0 0 
T1 SIMONS, L I  & ASSOCIATES, INC. - -  SALT RIVER ANALYSIS 
T2 CHANNELIZATION TRANSITION TO HAYDEN RD. (EXISTING W/ FREEWAY ENCROACHMENTS) 

T3 PAZ-DMJM-03 20-YEAR FLOOD (STA. 248+00 TO XSEC 225) 
J1 -10 4 0 0 0 0 0 0 147.00 0 

J2 3 0 - 1 0 0 0 - 1 0 0 0 
T1 SIMONS, L I  & ASSOCIATES, INC. - -  SALT RIVER ANALYSIS 
T2 CHANNELIZATION TRANSITION TO HAYDEN RD. (EXISTING W/ FREEWAY ENCROACHMENTS) 
T3 PAZ-DMJM-03 10-YEAR FLOOD (STA. 248+00 TO XSEC 225) 
J1 -10 5 0 0 0 0 0 0 144.38 0 

J2 15 0 - 1 0 0 0 - 1 0 0 0 
ER 



SALT RIVER WITH THE EAST PAPAGO FREEWAY ENCROACHMENTS (SALT. 

S u r m a r y  P r i n t o u t  

SECNO CUSEL DEPTH TOPUID AREA VCH FRCH 







APPENDIX B 

HEC-2 INPUT/OUTPUT LISTINGS FOR THE IBW UNDER CONDITION I 



ED NO 
TI SIMONS, LI & ASSOCIATES, INC. - -  INDIAN BEND WASH, TEMPE, AZ. 
12 HEC-2 DATA DERIVED FROM COE, GDM PHASE I I (FILE: IBUZEXT-H2I) 
73 MULTI-EXT (100-YR) (STRT USEL BY SLOPE-AREA METHOD) 
J1  0 2 0 0 0.002 0 0 30000 161.81 0 
52 1 0 - 1 0 0 0 - 1 0 0 0 
53 38 1 55 26 56 13 14 15 8 4 
53 53 54 0 38 1 2 3 11 12 42 

53 5 33 2 1 22 39 

J6 1 
NC 0.040 0.040 0.032 0.1 0.3 

XI 3420 5 9685.0 10315.0 0 0 0 0 0 0 

CIIOOOO. 155.74 0.0 4 4 120.0 

GR163.80 9685.0 156.30 9730.0 156.30 10000.0 156.30 10270.0 163.80 10315.0 

XI 3640 5 9685.010315.0 220 220 220 0 0 0 

CI 0 0.0020 
GR164.92 9685.0 157.42 9730.0 157.42 10000.0 157.42 10270.0 164.92 10315.0 

XI 3860 5 9685.0 10315.0 220 220 220 0 0 0 
CI 00.0020 
GR166.04 9685.0 158.54 9730.0 158.54 10000.0 158.54 10270.0 166.04 10315.0 

XI 3900 5 9685.0 10315.0 40 40 40 0 0 0 
CI 0 0.0020 

GR166.24 9685.0 158.74 9730.0 158.74 10000.0 158.74 10270.0 166.24 10315.0 

XI 4100 5 9685.0 10315.0 200 200 200 0 0 0 

CI 0 0.0020 

GR167.26 9685.0 159.76 9730.0 159.76 10000.0 159.76 10270.0 167.26 10315.0 

XI 4300 5 9685.010315.0 200 200 200 0 0 0 

CI 00.0020 

GR168.28 9685.0 160.78 9730.0 160.78 10000.0 160.78 10270.0 168.28 10315.0 

XI 4640 5 9687.610312.5 340 340 340 0 0 0 

CI 00.0020 

GR169.74 9687.6 162.67 9730.0 162.67 10000.0 162.67 10270.0 169.74 10312.5 
XI 4980 5 9690.1 10309.9 340 340 340 0 0 0 

CI 00.0020 

GR171.21 9690.1 164.56 9730.0 164.56 10000.0 164.56 10270.0 171.21 10309.9 

XI 5320 5 9692.7 10307.4 340 340 340 0 0 0 

CI 00.0020 

GR172.67 9692.7 166.45 9730.0 166.45 10000.0 166.45 10270.0 172.67 10307.4 
XI 5600 5 9682.0 10318.0 280 280 280 0 0 0 

CI 00.0020 

GR176.00 9682.0 168.00 9730.0 168.00 10000.0 168.00 10270.0 176.00 10318.0 

X15672.1 19 9682.0 10318.0 72 72 72 0 0 0 

CI 0 0 0 0 0 0.01 

BT -9 9714.4 171.00 171.00 9730.0 170.18 168.40 9791.0 169.12 168.40 

BT 9895.4 168.94 168.40 9895.5 168.94 166.94 10034.5 168.94 166.94 

BT 10034.6 168.94 168.40 10270.0 170.42 168.40 10285.6 171.00 171.00 

GR176.40 9682.0 171.00 9714.4 168.40 9730.0 168.40 9791.0 168.40 9895.4 

GR162.72 9895.5 162.72 9937.0 166.94 9937.1 166.94 9938.9 162.72 9939.0 

GR162.72 9991.0 166.94 9991.1 166.94 9992.9 162.72 9993.0 162.72 10034.5 

GR168.40 10034.6 168.40 10270.0 171.00 10285.6 176.40 10318.0 

X15750.1 19 9682.0 10318.0 78 78 78 0 0 0 

BT -9 9717.0 171.00 171.00 9730.0 170.57 168.83 9791.0 169.54 168.83 

BT 9895.4 169.36 168.83 9895.5 169.36 167.36 10034.5 169.36 167.36 

BT 10034.6 169.36 168.83 10270.0 170.80 168.83 10283.0 171.00 171.00 

GR176.83 9682.0 171.00 9717.0 168.83 9730.0 168.83 9791.0 168.83 9895.4 

GR163.19 9895.5 163.19 9937.0 167.36 9937.1 167.36 9938.9 163.19 9939.0 

GR163.19 9991.0 167.36 9991.1 167.36 9992.9 163.19 9993.0 163.19 10034.5 

GR168.83 10034.6 168.83 10270.0 171.00 10283.0 176.83 10318.0 

XI 5825 5 9683.5 10316.5 75 75 75 0 0 0 

CIIOOOO. 163.34 0.0 4 4 120.0 



GR177.01 9683.5 169.25 9730.0 169.25 10000.0 169.25 10270.0 177.01 10316.5 
X1 5905 5 9685.0 10315.0 80 80 80 0 0 0 
C I  0 163.73 
GR177.20 9685.0 169.70 9730.0 169.70 10000.0 169.70 10270.0 177.20 10315.0 
X1 6100 59688.110311.9 195 195 195 0 0 0 

C I l O O O O .  164.41 0.0 4 4 120.0 
GR177.76 9688.1 170.78 9730.0 170.78 10000.0 170.78 10270.0 177.76 10311.9 

X I  6150 5 9688.3 10311.7 50 50 50 0 0 0 
cI10000. 166.85 0.0 4 4 120.0 
GR178.00 9688.3 171.06 9730.0 171.06 10000.0 171.06 10270.0 178.00 10311.7 
X I  6350 5 9689.0 10311.0 200 200 200 0 0 0 

C I  0 0.0020 
GR179.00 9689.0 172.17 9730.0 172.17 10000.0 172.17 10270.0 179.00 10311.0 

X1 6575 5 9689.8 10310.2 225 225 225 0 0 0 
C I  0 0.0020 
GR180.11 9689.8 173.42 9730.0 173.42 10000.0 173.42 10270.0 180.11 10310.2 
X I  6775 5 9690.6 10309.4 200 200 200 0 0 0 
C I  0 0.0020 
GR181.10 9690.6 174.53 9730.0 174.53 10000.0 174.53 10270.0 181.10 10309.4 
X1 6950 5 9688.710311.3 175 175 175 0 0 0 
CI lOOOO.  168.46 0.0 4 4 120.0 
GR182.39 9688.7 175.50 9730.0 175.50 10000.0 175.50 10270.0 182.39 10311.3 

X1 7000 5 9686.4 10313.6 50 50 50 0 0 0 
C I l O O O O .  170.80 0.0 4 4 120.0 
GR183.05 9686.4 175.78 9730.0 175.78 10000.0 175.78 10270.0 183.05 10313.6 

X1 7200 5 9688.0 10312.0 200 200 200 0 0 0 
C I  0 0.0015 
GR183.89 9688.0 176.89 9730.0 176.89 10000.0 176.89 10270.0 183.89 10312.0 
X l  7400 5 9688.010312.0 200 200 200 0 0 0 
C I  0 0.0015 
GR185.00 9688.0 178.00 9730.0 178.00 10000.0 178.00 10270.0 185.00 10312.0 
EJ 
T I  SIMONS, L I  & ASSOCIATES, INC. - -  I N D I A N  BEND WASH, TEMPE, AZ. 

T2 HEC-2 DATA DERIVED FROM COE, GDM PHASE I 1  (FILE: 1BWZEXT.HZI) 
T3 MULTI-EXT (BANKFULL) (STRT USEL BY SLOPE-AREA METHOD) 
J1 0 0 0 0 0.002 0 0 43000 164.35 0 

J2 2 0 - 1 0 0 0 - 1 0 0 0 
T 1 SIMONS, LI  & ASSOCIATES, INC. - -  I N D I A N  BEND WASH, TEMPE, AZ. 

T2 HEC-2 DATA DERIVED FROM COE, GDM PHASE I 1  (FILE: IBW2EXT.HZI) 
T3 MULTI-EXT (SUPER) (STRT WSEL BY SLOPE-AREA METHOD) 
J1 0 0 0 0 0.002 0 0 51000 165.56 0 

J2 3 0 - 1 0 0 0 - 1 0 0 0 
T I  SIMONS, LI  & ASSOCIATES, INC.  - -  IND IAN BEND WASH, TEMPE, AZ. 

T2 HEC-2 DATA DERIVED FROM COE, GDM PHASE I 1  (FILE: IBW2EXT.HZI) 
T3 MULTI-EXT (SPF) (STRT USEL = 100-YR @ SECNO 220 SALT RIVER ANALYSIS) 
J1 0 2 0 0 0 0 0 63000 167.76 0 
J2 15 0 - 1 0 0 0 - 1 0 0 0 
ER 



I N D I A N  BEND WASH UNDER EXISTING I CONDITIONS; NO R I O  SALAD0 IMPROVEMENTS (IBlJ3EXT.SMP) 

S u n n a r y  P r i n t o u t  

SECNO CUSEL DEPTH TOPUlD AREA VCH 1 OK*S FRCH 





APPENDIX C 

HEC-2 INPUT/OUTPUT LISTINGS FOR THE IBW UNDER CONDITION I 1  



ED NO 
T 1 SIMONS, L I  & ASSOCIATES, INC. - -  INDIAN BEND WASH, TEMPE, AZ. 
T2 HEC-2 DATA DERIVED FROM COE, GDM PHASE I 1  (SLA FILE: IBWZSPCL.H21) 
T3 MULTI-SPCL (100-YR) (STRT WSEL BY SLOPE-AREA METHOD) 
J1 0 2 0 0 0.002 0 0 30000 161.81 

J2 1 0 - 1 0 0 0 - 1 0 0 
53 38 1 55 26 56 13 14 15 8 
J3 53 54 0 38 1 2 3 11 12 
J3 5 33 2 1 22 39 

56 1 
NC 0.040 0.040 0.032 0.1 0.3 
XI 3420 5 9685.0 10315.0 0 0 0 0 0 0 
CI lOOOO.  155.74 0.0 4 4 120.0 
GR163.80 9685.0 156.30 9730.0 156.30 10000.0 156.30 10270.0 163.80 10315.0 
XI 3640 5 9685.010315.0 220 220 220 0 0 0 
C I  0 0.0020 
GR164.92 9685.0 157.42 9730.0 157.42 10000.0 157.42 10270.0 164.92 10315.0 

X1 3860 5 9685.0 10315.0 220 220 220 0 0 0 
C I  0 0 . 0 0 2 0  
GR166.04 9685.0 158.54 9730.0 158.54 10000.0 158.54 10270.0 166.04 10315.0 

X I  3900 5 9685.0 10315.0 40 40 40 0 0 ( 

C I  0 0.0020 
GR166.24 9685.0 158.74 9730.0 158.74 10000.0 158.74 10270.0 166.24 10315.0 

NC 0 0 0 0.3 0.5 
X13919.5 9 9685.0 10316.0 19.5 19.5 19.5 0 0 C 
C I  0 0 . 0 0 2 0  0 0 0 0.01 
X3 10 
GR166.34 9685.0 158.84 9730.0 158.84 9931.6 156.74 9940.0 156.74 10000.0 
GR156.74 10060.0 158.84 10068.4 158.84 10271.0 166.34 10316.0 
SB 1.05 1.56 2.60 631 541 36 m 0  3.6 157.06 156.74 
@"* 9 9685.0 10316.0 161 161 161 0 0 0 

X2 0 0 1 0 0 0 0 0 
X3 10 

GR167.16 9685.0 159.66 9730.0 159.66 9929.6 157.06 9940.0 157.06 10000.0 

GR157.06 10060.0 159.66 10070.4 159.66 10271.0 167.16 10316.0 
X1 4100 5 9685.0 10315.0 19.5 19.5 19.5 0 0 0 

C110000. 157.10 0.0 4 4 120.0 

GR167.26 9685.0 159.76 9730.0 159.76 10000.0 159.76 10270.0 167.26 10315.0 
NC 0 0 0 0.1 0.3 

X I  4300 5 9685.010315.0 200 200 200 0 0 0 

C I  0 0 . 0 0 2 0  
GR168.28 9685.0 160.78 9730.0 160.78 10000.0 160.78 10270.0 168.28 10315.0 
X1 4640 5 9687.610312.5 340 340 340 0 0 0 

C I  0 0 . 0 0 2 0  
GR169.74 9687.6 162.67 9730.0 162.67 10000.0 162.67 10270.0 169.74 10312.5 

X1 4980 5 9690.1 10309.9 340 340 340 0 0 0 

CI 0 0.0020 
GR171.21 9690.1 164.56 9730.0 164.56 10000.0 164.56 10270.0 171.21 10309.9 
X I  5320 5 9692.7 10307.4 340 340 340 0 0 0 

C I  0 0 . 0 0 2 0  

GR172.67 9692.7 166.45 9730.0 166.45 10000.0 166.45 10270.0 172.67 10307.4 

X1 5600 5 9682.010318.0 280 280 280 0 0 0 
C I  0 0.0020 

GR176.00 9682.0 168.00 9730.0 168.00 10000.0 168.00 10270.0 176.00 10318.0 
X15672.1 19 9682.0 10318.0 72 72 72 0 0 0 
C I  0 0 0 0 0 0.01 
BT -9  9714.4 171.00 171.00 9730.0 170.18 168.40 9791.0 169.12 168.40 
BT 9895.4 168.94 168.40 9895.5 168.94 166.94 10034.5 168.94 166.94 
BT 10034.6 168.94 768.40 10270.0 170.42 168.40 10285.6 171.00 171.00 

GR176.40 9682.0 171.00 9714.4 168.40 9730.0 168.40 9791.0 168.40 9895.4 



GR162.72 9895.5 162.72 9937.0 166.94 9937.1 166.94 9938.9 162.72 9939.0 
GR162.72 9991.0 166.94 9991.1 166.94 9992.9 162.72 9993.0 162.72 10034.5 
GR168.40 10034.6 168.40 10270.0 171.00 10285.6 176.40 10318.0 
X15750.1 19 9682.0 10318.0 78 78 78 0 0 0 
BT -9  9717.0 171.00 171.00 9730.0 170.57 168.83 9791.0 169.54 168.83 

BT 9895.4 169.36 168.83 9895.5 169.36 167.36 10034.5 169.36 167.36 
BT 10034.6 169.36 168.83 10270.0 170.80 168.83 10283.0 171.00 171.00 
GR176.83 9682.0 171.00 9717.0 168.83 9730.0 168.83 9791.0 168.83 9895.4 
GR163.19 9895.5 163.19 9937.0 167.36 9937.1 167.36 9938.9 163.19 9939.0 

GR163.19 9991.0 167.36 9991.1 167.36 9992.9 163.19 9993.0 163.19 10034.5 
GR168.83 10034.6 168.83 10270.0 171.00 10283.0 176.83 10318.0 

XI 5825 5 9683.5 10316.5 75 75 75 0 0 0 
CI lOOOO.  163.34 0.0 4 4 120.0 
GRl77.01 9683.5 169.25 9730.0 169.25 10000.0 169.25 10270.0 177.01 10316.5 

X1 5905 5 9685.0 10315.0 80 80 80 0 0 0 
C I  0 163.73 
GR177.20 9685.0 169.70 9730.0 169.70 10000.0 169.70 10270.0 177.20 10315.0 
X1 6100 59688.110311.9 195 195 195 0 0 0 
C I l O O O O .  164.41 0.0 4 4 120.0 
GR177.76 9688.1 170.78 9730.0 170.78 10000.0 170.78 10270.0 177.76 10311.9 

X1 6150 5 9688.3 10311.7 50 50 50 0 0 0 
C I l O O O O .  166.85 0.0 4 4 120.0 
GR178.00 9688.3 171.06 9730.0 171.06 10000.0 171.06 10270.0 178.00 10311.7 

X1 6350 5 9689.0 10311 .O 200 200 200 0 0 0 
C I  00 .0020 
GR179.00 9689.0 172.17 9730.0 172.17 10000.0 172.17 10270.0 179.00 10311.0 

X1 6575 5 9689.810310.2 225 225 225 0 0 0 

C I  00 .0020 
GR180.11 9689.8 173.42 9730.0 173.42 10000.0 173.42 10270.0 180.11 10310.2 
X1 6775 5 9690.6 10309.4 200 200 200 0 0 0 
C I  00 .0020 
GR181.10 9690.6 174.53 9730.0 174.53 10000.0 174.53 10270.0 181.10 10309.4 
X1 6950 5 9688.7 10311.3 175 175 175 0 0 0 
C I l O O O O .  168.46 0.0 4 4 120.0 
GR182.39 9688.7 175.50 9730.0 175.50 10000.0 175.50 10270.0 182.39 10311.3 
X1 7000 5 9686.4 10313.6 50 50 50 0 0 0 

C110000. 170.80 0.0 4 4 120.0 

GR183.05 9686.4 175.78 9730.0 175.78 10000.0 175.78 10270.0 183.05 10313.6 
X1 7200 5 9688.010312.0 200 200 200 0 0 0 

C I  0 0.0015 

GR183.89 9688.0 176.89 9730.0 176.89 10000.0 176.89 10270.0 183.89 10312.0 

X1 7400 5 9688.0 10312.0 200 200 200 0 0 0 
C I  0 0.0015 

GR185.00 9688.0 178.00 9730.0 178.00 10000.0 178.00 10270.0 185.00 10312.0 
E J 
T1 SIMONS, L I  & ASSOCIATES, INC.  - -  I N D I A N  BEND WASH, TEMPE, AZ. 
T2 HEC-2 DATA DERIVED FROM COE, GDM PHASE 11 (IBW2SPCL.HZI) 
T3 MULTI-SPCL (BANKFULL) (STRT WSEL BY SLOPE-AREA METHOD) 
J1 0 0 0 0 0.002 0 0 43000 164.35 0 
J2 2 0 - 1 0 0 0 - 1 0 0 0 

T 1 SIMONS, L I  & ASSOCIATES, INC. - -  INDIAN BEND WASH, TEMPE, AZ. 
T2 HEC-2 DATA DERIVED FROM COE, GDM PHASE I I (IBW2SPCL.HZI) 
T3 MULTI-SPCL (SUPER) (STRT WSEL BY SLOPE-AREA METHOD) 

J1 0 0 0 0 0.002 0 0 51000 165.60 0 
J2 3 0 - 1 0 0 0 - 1 0 0 0 

T1 SIMONS, L I  & ASSOCIATES, INC. - -  I N D I A N  BEND WASH, TEMPE, AZ. 
T2 HEC-2 DATA DERIVED FROM COE, GDM PHASE I 1  (IBW2SPCL.HZI) 
T3 MULTI-SPCL (SPF) (STRT WSEL = 100-YR @ SECNO 220 SALT RIVER ANALYSIS) 
J1 0 2 0 0 0 0 0 63000 168.01 0 

52 15 0 - 1 0 0 0 - 1 0 0 0 



INDIAN BEND WASH UNDER BRIDGED CONDITIONS; NO R I O  SALAD0 IMPROVEMENTS (IBW3SPCL.SMP) 

S u n n a r y  P r i n t o u t  

SECNO CUSEL DEPTH TOPUID AREA VCH 10K*S FRCH 







APPENDIX D 

HEC-2 INPUT/OUTPUT LISTINGS FOR THE IBW UNDER CONDITION I11 



ED NO 

T 1 SIMONS, L1 & ASSOCIATES, INC. - -  I N D I A N  BEND WASH, TEMPE, AZ. 
T2 HEC-2 DATA DERIVED FROM COE, GDM PHASE I 1  (SLA FILE: IBU-RIO-H2I) 
T3 MULTI-SPCL (100-YR) (STRT USEL O CRITICAL DEPTH FOR R I O  SALADO) 
J1 0 2 0 0 - 1 0 0 30000 167.00 0 
J2 1 - 0 - 1 0 0 0 - 1 0 0 0 
J3 38 1 55 26 56 13 14 15 8 4 
J3 53 54 0 38 1 2 3 11 12 42 
J3 5 33 2 1 22 39 
J6 1 
NC 0.040 0.040 0.032 0.1 0.3 
X I  4210 5 9680.0 10321.0 0 0 0 0 0 0 
GR167.82 9680.0 160.32 9702.0 157.32 10000.0 160.32 10298.0 167.82 10321.0 
X I  4300 5 9685.0 10315.0 90 90 90 0 0 0 

CI IOOOO.  157.50 0.0 4 4 120.0 
GR168.28 9685.0 160.78 9730.0 160.78 10000.0 160.78 10270.0 168.28 10315.0 

X I  4640 5 9687.610312.5 340 340 340 0 0 0 
C I  00.0020 

GR169.74 9687.6 162.67 9730.0 162.67 10000.0 162.67 10270.0 169.74 10312.5 
X I  4980 5 9690.1 10309.9 340 340 340 0 0 0 
C I  0 0.0020 
GR171.21 9690.1 164.56 9730.0 164.56 10000.0 164.56 10270.0 171.21 10309.9 
X I  5320 5 9692.7 10307.4 340 340 340 0 0 0 
C I  00.0020 
GR172.67 9692.7 166.45 9730.0 166.45 10000.0 166.45 10270.0 172.67 10307.4 
X I  5600 5 9682.010318.0 280 280 280 0 0 0 
C l  00.0020 

GR176.00 9682.0 168.00 9730.0 168.00 10000.0 168.00 10270.0 176.00 10318.0 
X15672.1 19 9682.0 10318.0 72 72 72 0 0 0 

C I  0 0 0 0 0 0.01 
BT -9 9714.4 171.00 171.00 9730.0 170.18 168.40 9791.0 169.12 168.40 
BT 9895.4 168.94 168.40 9895.5 168.94 166.94 10034.5 168.94 166.94 

BT 10034.6 168.94 168.40 10270.0 170.42 168.40 10285.6 171.00 171.00 
131176.40 9682.0 171.00 9714.4 168.40 9730.0 168.40 9791.0 168.40 9895.4 
GR162.72 9895.5 162.72 9937.0 166.94 9937.1 166.94 9938.9 162.72 9939.0 
GR162.72 9991.0 166.94 9991.1 166.94 9992.9 162.72 9993.0 162.72 10034.5 

GR168.40 10034.6 168.40 10270.0 171.00 10285.6 176.40 10318.0 
X15750.1 19 9682.0 10318.0 78 78 78 0 0 0 

BT -9 9717.0 171.00 171.00 9730.0 170.57 168.83 9791.0 169.54 168.83 
BT 9895.4 169.36 168.83 9895.5 169.36 167.36 10034.5 169.36 167.36 
BT 10034.6 169.36 168.83 10270.0 170.80 168.83 10283.0 171.00 171.00 

GR176.83 9682.0 171.00 9717.0 168.83 9730.0 168.83 9791.0 168.83 9895.4 

GR163.19 9895.5 163.19 9937.0 167.36 9937.1 167.36 9938.9 163.19 9939.0 

GR163.19 9991.0 167.36 9991.1 167.36 9992.9 163.19 9993.0 163.19 10034.5 
GR168.83 10034.6 168.83 10270.0 171.00 10283.0 176.83 10318.0 
X1 5825 5 9683.5 10316.5 75 75 75 0 0 0 

CI IOOOO.  163.34 0.0 4 4 120.0 

GR177.01 9683.5 169.25 9730.0 169.25 10000.0 169.25 10270.0 177.01 10316.5 
X I  5905 5 9685.0 10315.0 80 80 80 0 0 0 
C I  0 163.73 

GRl77.20 9685.0 169.70 9730.0 169.70 10000.0 169.70 10270.0 177.20 10315.0 
X I  6100 59688.110311.9 195 195 195 0 0 0 

CI IOOOO.  164.41 0.0 4 4 120.0 
GR177.76 9688.1 170.78 9730.0 170.78 10000.0 170.78 10270.0 177.76 10311.9 
X I  6150 5 9688.3 10311.7 50 50 50 0 0 0 

CI IOOOO.  166.85 0.0 4 4 120.0 
GR178.00 9688.3 171.06 9730.0 171.06 10000.0 171.06 10270.0 178.00 10311.7 

X I  6350 5 9689.0 10311.0 200 200 200 0 0 0 
C I  00.0020 
GR179.00 9689.0 172.17 9730.0 172.17 10000.0 172.17 10270.0 179.00 10311.0 



X I  6575 5 9689.810310.2 225 225 225 0 0 0 
C I  0 0 . 0 0 2 0  
GR180.11 9689.8 173.42 9730.0 173.42 10000.0 173.42 10270.0 180.11 10310.2 
X1 6775 5 9690.6 10309.4 200 200 200 0 0 0 
C I  00 .0020  

GR181.10 96P0.6 174.53 9730.0 174.53 10000.0 174.53 10270.0 181.10 10309.4 
X I  6950 5 9688.710311.3 175 175 175 0 0 0 
CI IOOOO.  168.46 0.0 4 4 120.0 
GR182.39 9688.7 175.50 9730.0 175.50 10000.0 175.50 10270.0 182.39 10311.3 

XI 7000 5 9686.4 10313.6 50 50 50 0 0 0 
CI IOOOO.  170.80 0.0 4 4 120.0 
GR183.05 9686.4 175.78 9730.0 175.78 10000.0 175.78 10270.0 183.05 10313.6 
X I  7200 59688.010312.0 200 200 200 0 0 0 
C I  0 0.0015 
GR183.89 9688.0 176.89 9730.0 176.89 10000.0 176.89 10270.0 183.89 10312.0 

X I  7400 5 9688.0 10312.0 200 200 200 0 0 0 
C I  0 0.0015 
GR185.00 9688.0 178.00 9730.0 178.00 10000.0 178.00 10270.0 185.00 10312.0 

EJ 

TI SIMONS, L I  & ASSOCIATES, INC. - -  INDIAN BEND WASH, TEMPE, AZ. 
T2 HEC-2 DATA DERIVED FROM COE, GDM PHASE I 1  (IBW-RIO-H2I) 
T3 MULTI-SPCL (BANKFULL) (STRT WSEL @ CRITICAL DEPTH FOR R I O  SALADO) 
J1 0 0 0 0 - 1 0 0 43000 167.00 0 

52 2 0 - 1 0 0 0 - 1 0 0 0 
T I  SIMONS, L I  & ASSOCIATES, INC. - -  INDIAN BEND WASH, TEMPE, AZ. 

T2 HEC-2 DATA DERIVED FROM COE, GDM PHASE I 1  (IBW-RIO-H2I) 
73 MULTI-SPCL (SUPER) (STRT WSEL @ CRITICAL DEPTH FOR RIO SALADO) 
J 1 0 0 0 0 - 1 0 0 51000 167.00 0 

52 3 0 - 1 0 0 0 - 1 0 0 0 
T1 SIMONS, L I  & ASSOCIATES, INC. - -  INDIAN BEND WASH, TEMPE, AZ. 
T2 HEC-2 DATA DERIVED FROM COE, GDM PHASE I 1  (IBW-RIO.H2I) 
73 MULTI-SPCL (SPF) (STRT WSEL @ CRITICAL DEPTH FOR RIO SALADO) 
J1 0 2 0 0 - 1 0 0 63000 167.00 0 
J2 15 0 - 1 0 0 0 - 1 0 0 0 
ER 



I B W  ANALYSIS OF RIO SALAD0 IMPROVEMENTS (IBW-RIO.SMP) 

(Backwater analysis s ta r t ing  a t  c r i t i c a l  depth a t  Level I of the proposed drop structure) 

Sumnary Printout 

SECNO CWSEi DEPTH TOPWID AREA VCH 10K*S FRCH 





ED NO 

T I  SIMONS, L I  & ASSOCIATES, INC. - -  IND IAN BEND WASH, TEMPE, AZ. 

T2 CRITICAL DEPTH CALCULATION AT DROP STRUCTURE, LEVEL I 1  

T3 MULTI-SPCL (100-YR) (STRT WSEL @ CRITICAL DEPTH FOR R I O  SALADO) 

J1 0 2 0 0 - 1 0 0 30000 150.00 0 

52 1 0 - 1 0 0 0 - 1 0 0 0 
53 38 1 55 26 56 13 14 15 8 4 

J3 53 54 0 38 1 2 3 11 12 42 
53 5 33 2 1 22 39 
J6 1 

NC 0.040 0.040 0.032 0.1 0.3 

X1 4111 5 9691.0 10309.0 0 0 0 0 0 0 
GR164.52 9691.0 154.50 9721.0 151.50 10000.0 154.50 10279.0 164.50 10309.0 

EJ 

TI SIMONS, L I  & ASSOCIATES, INC. - -  INDIAN BEND WASH, TEMPE, AZ. 

T2 CRITICAL DEPTH CALCULATION AT DROP STRUCTURE, LEVEL I 1  

T3 MULTI-SPCL (BANKFULL) (STRT WSEL @ CRITICAL DEPTH FOR R I O  SALADO) 

J1 0 0 0 0 - 1 0 0 43000 150.00 0 
52 2 0 - 1 0 0 0 - 1 0 0 0 
T 1 SIMONS, L I  & ASSOCIATES, INC. - -  IND IAN BEND WASH, TEMPE, AZ. 

T2 CRITICAL DEPTH CALCULATION AT DROP STRUCTURE, LEVEL I 1  

T3 MULTI-SPCL (SUPER) (STRT WSEL @ CRITICAL DEPTH FOR R I O  SALADO) 

J1 0 0 0 0 - 1 0 0 51000 150.00 0 
J2 3 0 - 1 0 0 0 - 1 0 0 0 
T 1 SIMONS, L I  & ASSOCIATES, INC. - -  INDIAN BEND WASH, TEMPE, AZ. 

T2 CRITICAL DEPTH CALCULATION AT DROP STRUCTURE, LEVEL I 1  

7 3  MULTI-SPCL (SPF) (STRT WSEL @ CRITICAL DEPTH FOR R I O  SALADO) 

J1 0 0 0 0 - 1 0 0 63000 150.00 0 
J2 15 0 - 1 0 0 0 - 1 0 0 0 
ER 



I B W  ANALYSIS OF RIO SALAD0 IMPROVEMENTS (IBW2RIO.SMP) 

(Computation of c r i t i c a l  depth a t  Level I 1  o f  the proposed drop structure) 

Sumnary Printout 

SECNO CWSEC DEPTH TOPWID AREA VCH 10K*S FRCH 



ED NO 

T 1 SIMONS, L I  & ASSOCIATES, INC. - -  INDIAN BEND UASH, TEMPE, AZ. 

T2 CRITICAL DEPTH CALCULATION AT DROP STRUCTURE, LEVEL 1 1 1  

T3 MULTI-SPCL (100-YR) (STRT USEL @ CRITICAL DEPTH FOR R I O  SALADO) 

J1 0 2 0 0 - 1 0 0 30000 150.00 0 
J2 1 - 0 - 1 0 0 0 - 1 0 0 0 
J3 38 1 55 26 56 13 14 15 8 4 
J3 53 54 0 38 1 2 3 11 12 42 
53 5 33 21 22 39 
J6 1 
NC 0.040 0.040 0.032 0.1 0.3 

XI 4025 5 9716.0 10284.0 0 0 0 0 0 0 
GR158.00 9716.0 148.00 9731.0 145.00 10000.0 148.00 10269.0 158.00 10284.0 

EJ 

T1  SIMONS, L I  & ASSOCIATES, INC. - -  INDIAN BEND WASH, TEMPE, AZ. 

T2 CRITICAL DEPTH CALCULATION AT DROP STRUCTURE, LEVEL 1 1 1  

T3 MULTI-SPCL (BANKFULL) (STRT USEL @ CRITICAL DEPTH FOR R I O  SALADO) 

J1 0 0 0 0 - 1 0 0 43000 150.00 0 
J2 2 0 - 1 0 0 0 - 1 0 0 0 
TI SIMONS, L I  & ASSOCIATES, INC. - -  INDIAN BEND MASH, TEMPE, AZ. 

12 CRITICAL DEPTH CALCULATION AT DROP STRUCTURE, LEVEL I 1 1  

T3 MULTI-SPCL (SUPER) (STRT USEL @ CRITICAL DEPTH FOR R I O  SALADO) 

J1 0 0 0 0 - 1 0 0 51000 150.00 0 

52 3 0 - 1 0 0 0 - 1 0 0 0 
T 1 SIMONS, L I  & ASSOCIATES, INC. - -  INDIAN BEND UASH, TEMPE, AZ. 

T 2  CRITICAL DEPTH CALCULATION AT DROP STRUCTURE, LEVEL I 1 1  

T3  MULTI-SPCL (SPF) (STRT USEL @ CRITICAL DEPTH FOR R I O  SALADO) 

J1 0 0 0 0 - 1 0 0 63000 150.00 0 

J2 15 0 - 1 0 0 0 - 1 0 0 0 
ER 



I B W  ANALYSIS OF RIO SALAD0 IMPROVEMENTS (IBW3RIO.SMP) 

(Computation of c r i t i c a l  depth a t  Level 111 of the proposed drop structure) 

Sumnary Printout 

SECNO CWSEC DEPTH TOPWID AREA VCH 10K*S FRCH 



ED NO 

T 1 SIMONS, L I  & ASSOCIATES, INC. - -  INDIAN BEND UASH, TEMPE, AZ. 

T2 CRITICAL DEPTH CALCULATION AT DROP STRUCTURE, LEVEL I V  

T3 MULTI-SPCL (100-YR) (STRT USEL @ CRITICAL DEPTH FOR R I O  SALADO) 

J1 0 2 0 0 - 1 0 0 30000 150.00 0 
J2 1 - 0 - 1 0 0 0 - 1 0 0 0 
J3 38 1 55 26 56 13 14 15 8 4 
53 53 54 0 38 1 2 3 11 12 42 
J3 5 33 21 22 39 
J6 1 
NC 0.040 0.040 0.032 0.1 0.3 

X I  3940 5 9726.0 10274.0 0 0 0 0 0 0 
GR151.52 9726.0 141.50 9741.0 138.50 10000.0 141.50 10259.0 151.50 10274.0 

E J 
T 1  SIMONS, L I  & ASSOCIATES, INC. - -  INDIAN BEND WASH, TEMPE, AZ. 

T2 CRITICAL DEPTH CALCULATION AT DROP STRUCTURE, LEVEL I V  

T 3  MULTI-SPCL (BANKFULL) (STRT WSEL @ CRITICAL DEPTH FOR R I O  SALADO) 

J1 0 0 0 0 - 1 0 0 43000 150.00 0 
J2 2 0 - 1 0 0 0 - 1 0 0 0 
T 1  SIMONS, L I  & ASSOCIATES, INC. - -  INDIAN BEND WASH, TEMPE, AZ. 

T2 CRITICAL DEPTH CALCULATION AT DROP STRUCTURE, LEVEL 1V 

T3 MULTI-SPCL (SUPER) (STRT USEL a CRITICAL DEPTH FOR RIO SALADO) 

J1 0 0 0 0 - 1 0 0 51000 150.00 0 

J2 3 0 - 1 0 0 0 - 1 0 0 0 
T1 SIMONS, L I  & ASSOCIATES, INC. - -  INDIAN BEND UASH, TEMPE, AZ. 

T2 CRITICAL DEPTH CALCULATION AT DROP STRUCTURE, LEVEL I V  

T3  MULTI-SPCL (SPF) (STRT USEL @ CRITICAL DEPTH FOR R I O  SALADO) 

J1 0 0 0 0 - 1 0 0 63000 150.00 0 

52 15 0 - 1 0 0 0 - 1 0 0 0 
ER 



IBW ANALYSIS OF R I O  SALAD0 IMPROVEMENTS (IBU4RIO.SMP) 

( C o m p u t a t i o n  o f  c r i t i c a l  d e p t h  a t  L e v e l  I V  of t h e  p r o p o s e d  d r o p  s t r u c t u r e )  

S m r y  P r i n t o u t  

SECNO CWSEC DEPTH TOPWID AREA VCH 10K*S FRCH 



APPENDIX E 

SINGLE-EVENT SCOUR EQUATIONS 



SINGLE-EVENT SCOUR EQUATIONS 

I. GENERAL SCOUR COMPONENT (Reference 1, o f  t h i  s appendix) : 

s o  
- - 
- 

ENERGY/BED SLOPE ( f t / f t )  
- HYDRAULIC DEPTH ( f t )  L ~ J  b h  . ~ n ~ a ~ r , d  . 

:h - - - MAX. FLOW DEPTH ( f t )  
Vavg 

- AVG. CHANNEL VELOCITY ( fps)  

11. BED-FORM COMPONENT (Reference 2, o f  t h i s  appendix): 

As 
- - ( v a V p .  55)' 

- 
Vavg 

- AVG. CHANNEL VELOCITY ( fps )  

111. BEND SCOUR COMPONENT BASED ON C-LINE RADIUS OF CHANNEL (Reference 2, o f  
t h i s  appendix): . 30-e~ @ ~.tp"t:~,.f-, +o~.-+F' (24- 
For: (TW/rc)> 9.715865 C-F , b f d f  $+ lP + - - 

lortt.J Z~rsc* .  J A ~ ~ J , ~  7 i r  r 
Bs 

- - (0.000683 Y v~,,:-~)/ (yhom4 s t m 3 )  

For: (TW/rc) < 9.715865 

TW = 
- 

TOP WIDTH OF CHANNEL ( f t )  
rc 

- 
- 

CENTER-LINE RADIUS OF CURVATURE ( f t )  
s o  

- 
- ENERGY/BED SLOPE ( f t / f t )  

:h 

- 
- 

HYDRAULIC DEPTH ( f t )  
- MAX. FLOW DEPTH ( f t )  
- 

Vavg 
- AVG. CHANNEL VELOCITY ( fps )  

I V .  LOCAL SCOUR COMPONENT FOR OBSTRUCTIONS (Reference 2, o f  t h i s  appendix): 

Y - - MAX. FLOW DEPTH ( f t )  
Fr  = 

- 
FROUDE NUMBER 

- 
bp - 

WIDTH OF OBSTRUCTION ( f t )  

kP 
- PIER SHAPE COEFFICIENT 

V. LOCAL SCOUR COMPONENT FOR GRADE CONTROL STRUCTURE (Reference 3, o f  t h i s  
appendix): 

Y - - MAX. FLOW DEPTH ( f t )  

dh 
- - DROP HEIGHT ( f t )  

9 - - UNIT DISCHARGE ( c f s / f t )  
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APPENDIX F 

EVALUATION OF THE DESIGN REQUIREMENTS AND 
COST OF A BAFFLE-BLOCK SPILLWAY 
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APPENDIX G 

EVALUATION OF THE REQUIRED GEOMETRY AND COST 
OF THE CRSS DROP STRUCTURES 
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