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GUADAUmE FLQ3D RETARDING STRUCNRE SPILLWAY INUNDATION AREA STUDY 

AEsmAcr 

This report identifies expected conditions following a 100-year flood 

event overflw over the spillway of the Guadalupe Flccd Retarding 

Structure. 

The study is based on 100-year storm inflow hydrcgraphs developed by 

the U.S. Soil Conservation Service for the design of Guadalupe Flccd 

Retarding Structure. Outflow hydrographs were developed using the 

d i f i e d  Puls method to route flow through a reservoir assmed fu l l  

before the 100-year went. Spillway overflows to the damstream flood 

plain were then simulated with a twp-dimensional d e l  that also 

incorporates d e l  uncertainty to determine the fol lm~hg: 

1. Maximum expected flooding depths 

2. EZlximum expected numff velocities 

3. M a x h  expected Froude nmh?zs. 

The results are s m i z e d  in map form in this re-. A technical 

appendix containing computer printouts has also been prepared. 



CHAPTER1 

 DUCTI ION 

0B.JECrIVE 

This report on the Guadalupe F l d  Retarding Structure Spillway 

Inundation Area has been prepared for the Flood Control District of 

Maricopa County to assist in delineating the hydraulic effects and 

extent of inundation downstream of the mrgency spillway of the 

Guadalupe F l d  Retarding Structure (Guadalupe Dan). 

ISATION 

Figure 1-1 shows the general location of Guadalupe Dam. 

STUDY ARFA 

The study area shown on Figure 1-2 has been selected to include those 

areas where the effects of a spillway overflow of Guadalupe Dam would 

be most severe. The study area extends to the north of Southern 

Avenue, to the east of Interstate 10, to the west of 48th street, and 

to the south, upstream of the Guadalupe Dam spillway. 

For cmputational purposes, this study area has been partitioned into 

252 400-fat square elements. Results were ccmpted for each element 

under varying hydraulic conditions. Plate C in the back flap of this 

report shows the location of each 400-foot square element within the 

study area. 
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LAND USE 

Approximately half of the study area is now either developed or under 

construction. Existing developnent includes a mbile home park, a 

single family housing subdivision, a multi-family housing developnent 

and a restaurant. Industrial and m r c i a l  developnent is n m  under 

construction along the west side of Interstate 10. 

Propsed developent includes the completion of the Pointe at South 

Mountain planned unit developnent and miscellaneous amercial atdl 

residential developent along Baseline Road and 48th Street. The 

Pointe developnent is expected to include a resort hotel and some 

multi-family housing within the study area. 
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ENGINEERING AND PUNNING CRITEFXA 

All computations used in this study are based on expected runoff from a 

100-year storm event over the 1.87 square-mile watershed tributary to 

Guadalupe Dam. Flood retarding basin inflow hydrographs were developed 

prior to this study by the Soil Conservation Service and were used to 

design the spillway structure. 

To route the inflw through the flood retarding structure, the water 

surface was assumed to be at the spillway crest inmediately before 

runoff began. The dified Puls m e w  was then used to develop the 

spillway overflm hydrqraph. 

To model the effects of spill on the downstream area, the outflow 

hydrograph has been transformed into triangular form as shown on Figure 

11-1. 

Once the spillway overflow hydragraph has been computed, the next step 

is to simulate the flw of the spillway overflw across the downstream 

floodplain. To do this, a two dimensional mthemtical model of the 

downstream floodplain was developed by superimposing a grid of 400-foot 

square elements over the study area. For each grid element, an 
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elevation (frcm USGS topographical maps) and a Manning's n value has 

been determined and input into the floodplain model. 

A mean n value of 0.035 has been used throughout the floodplain area. 

To mcdel the floodplain overland flow, each 400-foot square element in 

the floodplain grid is modeled as a separate diffusion type equation. 

A d~ffusion type equation is arrived at by considering the complete 

hydraulic equation for two dimensional flow and assuming inertial terms 

are negligable. Solving the mathematics then requires solution of as 

m y  simultaneous equations as the sum of the n-r of grid squares 

and the nlanber of grid boundaries, and repeating this process for each 

0.001 hour time increment. A small simulation time step is required 

because an explicit method is used to solve the dynamic equations of 

fluid d o n .  

U N C E R T ~  MODFLING 

Hydrology is an inexact science. Develomnt of reliable values for 

peak spillway discharges and times to peak require much h m  

interpretation of watershed and hydraulic structure characteristics and 

their interrelationships. Estimates of Manning's n values wer a 

floodplain m y  also vary. Answers then vary significantly depending on 

estimates of input -pra~eters. 

One traditional approach to uncertainty rtcdeling has been to apply 

factors of safety tu key input variables 2s a hedge against errors in 

judqanent in data input. In applying factors of safety, a hydrologist 

might wish to increase his estirate of peak flow by 50%, increase his 



e s t i m t e  of Manning's n by 50% and decrease h i s  estirrate. of time t o  

reach peak f l w  by 50% t o  ensure that flccd depths computed dwnstream 

from a spillway are "conservative". 

The main drawback t o  the factor of safety approach is that while it is  

plausible that an expert's judgement might be off by 50% on any one of 

several variables, the chances that a l l  of his judgments are  off by 

50% i n  the wrong direction are  very slim. Since conservative estimates 

ultimately end up costing m e  public nore than accurate estimates the 

factor of safety approach has been cri t icized as  being " tm"  

conservative. The factor of safety approach a lso  requires caution 

since factoring input parameters such a s  b g ' s  n m y  resul t  in 

conservative depth estimates but also cause corresponding velocities to 

be underestimated. Flood damge not only depends on flccd depths but 

flow velocities a s  well. 

This has led t o  the developnent of probabilistic models which quantify 

the r isk that  computed results  based on one or  m r e  pcorly estimated 

input variables m y  be exceeded. The Monte Carlo method is the most 

familiar of the probabilistic m e t h o d s .  Here, each of several input 

parameters is allowed t o  vary normally about an estimated mean. A 

random number generator i s  used to supply the "error" to be used for 

each parameter for  each of several hundred or even several thousand 

simulations. Following a l l  the i terat ions,  the mean and standard 

deviation of a l l  the "results" can be computed. Gmfidence levels can 

then be obtained using the computei? standard deviations for each output 

parameter. 



Incorporation of Monte Carlo techniques into hydrologic simulations is 

not practical since it is still relatively time consunring to solve 

complex hydrologic conputations several hundred times before obtaining 

results. A statistical technique known as Rasenblueth's method, 

however, can be used to obtain *roved estirrates of standard 

deviations and confidence levels of computed results besides reducing 

computing time needed. (hours as opposed to weeks). This technique 

has been incorporated into the computer simulations used in this study, 

using estimated ccefficients of variation of 50% for peak flw, the to 

peak and Manning's n. This allms for quantifyixq the sensitivity of 

results to vary- estimtes for these three parameters. 
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SUMMARY OF CCMPVPER MODEL METHOD3LM;Y 

INTROWcrION 

The purpose of this chapter is to sum~lrize the mathemtical techniques 

used in the two-dimensional diffusion-probabilistic mmputer d e l  

applied to this study. 

Discussion in this chapter is broken into t w  parts since the computer 

program contains tw successive routines. The first routine computes 

overland flwdepths, velocities and Froude nmbrs based on input 

elevation data, Manning's n and hydrqraph data. The second routine 

estimates the probability that the real mrld systemmight differ f rom 

wmputed results due to errors in estimating input data. 

?WO-DIME?iSIONAL F D D  WAVE MODEL 

This routine computes overland flw depths, velocities and Froude 

n W r s  based on input elevation data, Manning's n and hydrograph data. 

A single cell hydraulic d e l  such as that shown on Figure 111-1, can 

be described using three partial differential equations. These 

equations are: 



r-----r----- -I------ 

---- -.+ ----- 

TWO-DIMENSIONAL FLOOD WAVE SINGLE CELL ELEMENT 



B) The "Saint Venant" equations which describe the conservation of 

m t u m  in b3th the x and y directions. 

where : 

A = area of ce l l  cross section on subscripted side (s f )  

g = gravitational acceleration (ft/s2) 

h = depth of water (ft) 

Q = discharge across ce l l  bourdary on subscripted side (cfs) 

q = discharge per f w t  of cel l  width (cfs/f t )  

s = friction slope 

t = the (sec) 

The Saint Venant equations can be simplified i f  it is assumed that the 

inertial  t e r n  can be neglected when velocities are less than 25 feet 

per second. This simplifies the Saint Venant equations t o  



a h  --  - - s f ~  
a x  

and 

bh - = - S f ,  (3.1) 
by 

F l m  across each boundary is described by the Manning Quation as 

follows : 

. fm  A x  '*"'I 
n I~f ,1 ' /2  

where : 

C = 1.486 for British units 

n = Manning's n 

Q = Flow across bundary (cfs) 

R = Hydraulic Radius (PC) 

and all other terms are as defined previously 

The Manning equation can also be written in siWlified form. 

(4.1) 

where : 

0 = K, S f ,  



It is possible to substitute the values from equations (2.1) and (3  -1) 

into equation (4.2) to obtain expressions for q in bth the x direction 

and the y direction. These values can then be substitutd back into 

equation (1) yielding: 

integration over x and y to the follhg finite difference equation 

which can be solved very easily. 

The two dimensional f l d  wave &el enables the computer to solve 

equation (6) written for each cell and equation (4.2) written for each 

cell boundary simultaneously. Successive solutions are computed after 

each 0.001-hour interval to provide a continuous simulation of expected 

depths, velocities, and flm rates over each cell as the flood wave 

* s  is a nonlinear partidl differential equation which is very 

difficult to solve us* nmrical methods. It can be simplified by 

progresses across the study area. 



This routine estimates the probability that the real vmrld systemmight 

differ from cimputed results due t o  errors i n  estimating input 

parameters. This is done using a s ta t i s t ica l  technique k n m  as 

Rosenblueth's method. 

a 

The Rosenblueth algorithm proceeds as  follows: 

PRDBABILISTIC MODEL 

1. Estimates of the standard deviation for ~anning's  nt time to peak 

flow, and peak flow are made. From this, a high and low e s t b t e  

of each of these parameters is mde by adding the standard 

deviation t o  the mean t o  obtdin the high estimate, and subtracting 

the standard deviation firom the mean to obtain the low estimate. 

permutations of these estimates. (n-high, +high, t-high) ; 

(n-high, +high, t o w ;  (n-high, +low, t-high); etc. 

3 .  The second mment (variance) of the depths computed a t  each 

location is then computed using the following formulas: 

a 2. Ccarrplete depth results are computed for each of the eight 

2 2 
h i  = + b + + + f + ( h + + - i  +(h+-+i+. . .+(h-- . I  (7.1) 

v,, = E [(h12] - [. ( h g 2  (7.2) 

4. The standard deviation is  s b l y  the square root of the computed 

variance. 

J 

111-6 
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CONCUJSIONS 

m W m I o N  

73is chapter s-rizes overland flow depths, velocities of flow and 

Froude nlrmbers computed using techniques outlined in the previous 

chapter. Results are reduced to graphical form for the readers 

convenience. Detailed computer printouts of results are contained in a 

separate appendix. 

~ F L C W D E F ' r H s  

Plates A and B show computed floodplain depth contours w i t h i n  the study 

area follcwing a 100-year storm overflm of Guadalupe Dam. 

Plate A shows maximum romputed water depths for all simulations run. 

Typically these depths occurred when the following input parameters 

were used: 

Peak flow 50% higher than mean of 1215 cfs 

Time to peak 50% lmer than mean of 1.025 hours 

Manning's n 50% higher than mean of 0.035 

In t b s e  few cases where other input parameter canbinations produced 

greater depths in local areas, the larger depths were used to prepare 

Plate A. 
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Plate B was obtained by plotting average depths plus one standard 

deviation. The probability that these average depths plus one standard 

deviation muld be exceeded because of errors in judgement in selecting 

input parameters is less than 14%. 

ovEmAiD FLOW ~ I T I F S  

Figure IV-1 shows mrst-case overland flow velocity contours witkin the 

study area f o l l d n g  a 100-year storm overflm of Guadalupe Dam. In 

mst cases these velocities occurred when the followiq input 

parameters were used: 

Peak flow 50% higher than mean of 1215 cfs 

Time to peak 50% lower than mean of 1.025 hours 

Manning's n 50% lower than mean of 0.035 

In m s e  cases where other input parameter ccmbinations produced the 

highest velocities in  local areas, the higher velocities were used. 

Figure IV-1 also shws the general direction of flow ccsnputed one hour 

after the spillway overflow begins. These vectors are valid only for a 

the of one hour after wer f lm and w i l l  be different a t  other times. 

They are included ta present a general concept of expected flow 

patterns w i t h i n  s'i~&~* &-ea. 
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-Spookhi1 l Study- 

1- Upon implementation and complet ion of Spook H i l l  Area Drainage Master 
Study the  design hydrology that should be u t i l i z e d  should be that 
which was reviewed and approved i n  t h e  AOMS and not the  SCS hydrology 
which was quest ioned i n  t h e  past -- I n  essence the  hydrology i n  the  
repor t  i s  ant iquated and upon complet ion o f  the  ADMS t h e  S t ruc tu re  
w i l l  have more than the  i n i t i a l  design de tent ion  due t o  de ten t ion  i n  
the  upstream watershed. 

2 I n  l i e u  o f  buy ing  flowage easements downstream o f  t h e  t h e  s t r u c t u r e  
f rom the  cost  s tandpoint  t o  handle t h e  excess runof f ,  i t  may be more 
advantagous t o  enlarge the  e x i s t i n g  channel and o u t l e t  s t r u c t u r e s  
under Bush highway ins tead o f  buying easements through Hughes 
He l i cop te r  Plant.  Major sand and gravel companies* res identua l  and 
commercial developments proposed i n  t h a t  area i n  a d d i t i o n  t o  SRP and 
Mesa land holdings. 

-Guadalupe Study- 

1- 1822 c f s  j us t  doesn't  disappear a t  t h e  study area boundaries bu t  
should be rou ted  down t o  a major discharge po in t  ins tead o f  s topping 
a t  Southern. 

2- Quest ion some of t h e  depth areas on F igure  IV-2 i n  that they are i n  
subd iv is ions  w i t h  constant slopes. Also quest i on  what happens at b o t h  
the  Western and Highland Canals with respect t o  l a t e r a l  movement. 

3- Gosnel i and other  developments have constructed fences perpendicular 
t o  t h e  f l o w s  some 1/4 t o  112 m i l e  i n  length. Th i s  would tend t o  
concentrate the  f l ows  i n t o  the  major nor th /south  s t r e e t s  r e s u l t i n g  i n  
h igher  f l o w  rates, f roude numbers etc. which are not i n d i c a t e d  i n  t h e  
f igures .  

-General Comment on bo th  studies-  

Quest ion the  o v e r a l l  r e s u l t s  when 5 f o o t  topography i s  used t o  dep ic t  6 i n c h  
d i f f e r e n t i a l s  i n  f l ows  wh i le  i gno r ing  6 f o o t  wal I s  and st ructures.  / 
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