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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 v.ould be exceeded because of errors in judgement in selecting

input parameters is less than 14%.

Figure IV-l shows worst-case overland flow velocity oontours within the

study area following a lOO-year storm overflew of Spook Hill Dam. In

most cases these velocities occurred when the following input parameters

were usoo:

Peak flCM1 50% higher than mean of 4160 cfs

Time to peak 50% lower than mean of 3.25 hours

Manning I S n 50% lc':Mrer than mean of 0.045

In those cases where other input parameter canbinations produced the

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

Figure IV-l also shows the general direction of flCHl computed tv;o hours

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

time of two hours after overflow and will be different at other times.

'i'hey are included to present a general concept of expected flew patterns

within the study area.

FROUDE NUMBERS

Figure IV-2 shows those p::>rtions of the study area where under any

condition, Froude numbers were found to exceed one. In come cases where
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depths are very shallow, Froude numbers over one rray be tolerable.

Detailed results contained in the computer printout appendix to this

report rray assist in maY~ng this determination.
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ABSTRACT

'!his report identifies expected conditions following a IOo-year flood

event averflON' over the spillway of the Spook Hill Flcxxl Retarding

Structure.

The study is based on IOO-year storm inflON hydrographs developed by

the u.s. Soil. Conservation Serv~ce for the design of Spook Hill FloOd

Retarding Structure. DutflON' hydrcgraphs were developed using . the

m::rlified PuIs rnethcx:l to route flON through a reservoir assumed full

• before the IOo-year event. Spillway overflows to the da.vnstrearn

floodplain were then sirnulate1 with a tVvD-dirnensional m::rlel that also

•

•

incorporates rn:::d.el uncertainty to determine the follONing:

I • Maximum expected flooding depths

2. Maximum expected runoff velocities

3. Maximum expected Froude m.nn1Y='-rs.

appendix containing canputer printouts has also been prepared ••

•

•

The results are sumnarized in rrap form in this report . A technical
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CHAPI'ER I

INTRODUCI'ION•
OBJEX::I'IVE
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This report on the Spook Hill Flood 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 inurrlation dONnstrearn of the emergency spillway of the Spook

Hill Flood Retarding' Structure (Sp:x)k Hill Darn) •

.I.C:>2ATION .

Figure I-I shows the general location of Spook Hill Dam.

SI'UDY AREA

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

areas where the effects of a spillway overflO# of Spook. Hill Dam would

• be most severe. The study area extends northwesterly aJ:::x:JVe 'J:'h::)rras Road

to the Salt River, west to inclt.rle rrost of the area between Higley Road

and Greenfield Road, south to iticlude areas belOW' McDowell· Road, and

• East of Bush Highway to the SfDOk Hill Dam spillway.

•

•
I-I
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Por ccmputational purposes, this study area has been partitioned into

663 400-foot square elements. Results were computed for each element

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

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

study area.

lAND USE

Most of the study area lies north of Mc:r::.o..vell Road (Shown as "Rambo

Road" on the USGS Base Sheet). These areas are not nCM developed. To

the south of McD::1.vell Road,. lie several trailer parks; some single

family romes and the Mesa Municipal. AirpJrt (Falcon Field) .

Current development plans for the areas north of McD::1Nell Reed melude

the future aligrunent of the "Red r-buntam Freeway", adjacent corrmercial

developments, the "Red Mountain Ranch" resort, the "Ridgeview South"

residential subdivision and some multi-family housing.

1-4
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CHAPI'ER II

ENGINEERING AND PL.Z\NN"ING CRITERIA

pROJECr FLroD

All ccmputations USe:1 in this study are based on expecte:1 runoff from a

lOo-year storm event over the 13.57 square-mile watershed tributary to

SJ:XX)k Hill Dam. Flood retarding basin inflow hydrographs were

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

used to design the spiilway struature.

To route the inflON through the flcxxi retarding structure, the water

surface waS assumed to be at the spillway crest immediately before

runoff began. The modified PuIs method was then used to develop the

spillway overflOtl hydrograph.

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

hydrograph has been transformed into triangular form as ShONn on Figure

II-I.

E1roDPLAIN CHARACl'ERISTICS

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

is to simUlate the flo.v of the spill'v.Jay o-v"erflo.v i:lCr03S the downstream

flcxxiplain. To do this, a two dimensional mathematical rrcd.el of the

dONnstream floodplai..1'1 was d.eveloped by. 5uperimposing a grid of 400-foot

square elements over the study area. For each grid element, an

II-l
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elevation (from USGS topoqraphical maps) and a Manning's n value has

been detennined and input into the floodplain rrojel.

A mean n value of 0.045 rJas been used. t..1-troughout the flax1plain area .

'Ib rncrlel the floodplain overland flow, each 400-foot element in the

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

diffusion type equation is arrived at by oonsidering the complete

hydraUlic equation for two-dimensional flow and assuming inertial terms

are negligible. Solving the mathematics then requires solution of as

many simultaneous equations as the sum of the number of grid squares
.

and the number of grid 1:x:>undaries', 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 motion.

UNCERTAINlY MODELING

Hydrology is an inexact science. Developnent of reliable ,,'alues for

interpretation of watershed and hydraulic structure characteristics and•
peak spillway discharges and times to po--ak. require much human

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

•

•

•

flcxx1plain may also vary. Answers then vary significantly depending on

estimates of input parameters.

One traditional approach to uncertainty modeling has been to apply

factors of safety to key input variables as a hedge against errors in

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

might wish to increase his estimate of po-..a..k flow by 50%, increase his

II-3
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estimate of Manning1s n by 50% and decrease 0is estimate of time to

reach peak flaw by 50% to ensure that floc:d deptlls computed downstream

fran a spillway are "conservative" .

The main drawback to the factor of safety approach is that while it lS

plausible that an expert's judgemo..nt might be off by 50% on anyone of

several variables, the charlces tllat all of his judgements are off by

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

ultimately end up costing the pUblic more than accurate estimates the

factor of safety approach has been criticized for being "too"

conservative. The factor of safety approach also requires caution

since factoring - input parameters such as Manning I S n lTBy result in

conservative depth estirrates but also cause corresponding velocities to

be underestimated. . Fl0cx3. daITBge not only depends on flood depths but

flOti velocities as well .

This has led to the developnent of probabilistic mcrlels vm.ich quantify

tile risk that computed results based on one or more poorly estimated

input variables lTBy be exceede::L The Monte carlo method is the most

familiar of the probabilistic method.s. Here, each of several input

parameters is allowed to vary nonnally about an estirnated mean. A

random number generator is usoo to supply the "error" to be used for

each parameter for each of several hurldroo or even several thousand

simulations. FollCMing all the iteratioI'.5, the mean and standard

deviation of all the "results" can be computed. Confidence levels can

tilen be obtainoo using the oornputoo standard deviations for each output

parameter.

II-4
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Incorporation of Monte Carlo techniques into hydrolc:x;ric simulations is

not practical since it is still very time consuming to solve complex

hydrologic cc:mputations several hLmdred times before obtaining results.

A statistical technique known as Rosenblueth I s method, hOW'ever, can be

used to obtain improved estirrates of standard deviations and confidence

levels of oomputed results besides reducing computing time needed.

(hours as opposed to weeks). This technique has been incorporated into

the romputer simulations used in this study, using estimated

coefficients of variation of 50% for peak flow, time to peak and

Manning I S n~ This allciJs for quantifyirig the sensitivity of results to
varying estimates for these three.parameters.

II-S
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CHAPTER III

SUMMARY OF Ca1PurER MODEL METHorolDGY

INTROOOcrION

The purpose of this chapter is to surmarize the mathematical techniques

used in the two-dimensional diffusion-probabilistic computer model

applied to this study.

Discussion in this chapter is broken into t\VO parts Slnce the corrputer

program contai..'1s tv.o successive routines. The first routine computes

overland flCNI depths, velocities and Froude numbers based on input

elevation data,· Manning I S n and hydrograph data. The second routine

estirrates the probability that the real v.orld system might differ from

computed results due to errors in estimating input data.

'IWO-DIMENSIONAL FIDJD WAVE MODEL

This routine computes overland flCNI depths, velocities and Froude

nllITlbo--rs based on input elevation data, Manning I s n and hydrograph data.

A single cell hydraulic mcdel such as that shown on Figure III-I, can

be described using three partial differential equations. These

equations are:

III-l



•

•

•

•

•

•

•

•

•

•

•

,------,-----~-----I

I I I I
I I I

I I ~ I I
I I I :
I I I I
I Ir------T------i------l
I I I I
I I c I I
I w~ I "'" E I
I i I I
I I. I I
j-----+--' -1----1--.---~
I I I I
I I I I

I : E II i
I , I S I
I I' I I
L J , J

TWO-DIMENSIONAL FLOOD WAVE SINGLE CELL ELEMENT

FIGURE 111-1

III-2



•

•

•

A) The continuity Fquation.

(1)

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

rnc:>I1Entum in both the x and y directions.

•

•

•

oOx OOx
2
/Ax oOxOy/Ax (Clh Sf)-O

~+ ox + oy + gAx ox + .x -

OOy oOy2/Ay OQxOy/Ay (Oh )--+ + + gAy - + Sfy =0
Of oy 0x oy

where:

A = area of cell cross section on subscripted side (sf)

g = gravitational acceleration (ft/s2)

(2 )

(3)

•

•

•

•

h = depth of water (ft)

Q = discharge across cell boundary on subscripted side (cfs)

q = discharge per foot of cell width (cfs/ ft)

s = friction slope

t = time (sec)

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

inertial tenns can be neglected when velocities are less than 25 feet

per second. This sirnplifies the Saint Venant equations to

III-3
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• oh
-= - S f x (2.1)
ox

• and

oh
-= -Sf (3.1)

•
oy y

•
FICMl' across each bourrlary is described by the Marming Equation as

follOVJS :

•

•

•

where:

C = 1.486 for British units

n = MarLning I s n

Q = Flow across boundary (cfs)

R = Hydraulic Radius (it)

and all other tenns are as defined previously

( 4)

•

•

•

The Manning equation can also be written J.n simplified fonn.

where:

III-4
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CmAxRx 2/ 3

nlSf xll / 2

(4.2)

•

It is possible to substitute the values from equations (2.1) and (3.1)

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

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

equation (1) yielding:

• Oh
:-(grid width)

ot
( 5)

•

•

This is a nonlinear partial differential equation which lS very

difficult to solve using nurrerical methods. It can be simplified by

integration over x and y to the follCMing finite differe..llce equation

v.hich can be solved very easily.

•
6h

Qx-Qx +6x + Qy-Qy+6y =--(A cell)
6t

(6)

•

•

•

The two dimensional flood wave model enables the computer to solve

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

cell bowrlary simultaneously. Successive solutions are computed after

each O.OOl-hour interval to provide a continuous simulation of expected

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

progresses across the study area.

III-S
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PROBABILISfIC MODEL

This routine estirrates the probability that the real w:>rld system might

differ from computed results due to errors in estimating input

parameters. This is done using a statistical teclmique knavm as

Rosenblueth I s method.

The Rosenblueth algorithm proceeds as follows:

1. Estimates of the stan::3.ard deviation for Manning I s n, time to peak

flO'W, and peak flON' are made. From this, a high and ION' estimate

of each of these p:rrameters is made by adding the standard

deviation to the mean to obtain the high estirrate, and subtracting

the standard deviation from the mean to obtain the ION' estirnate •

2. Complete. depth results are corrputed for each of the

(n-high, Q-high, t-lovl) i (n-high, Q-low, t-high) i etc.•
pennutations of these estimates. (n-high, Q-high, t-high) i

•
3 . The seoond rtD:rrJO-I1t (variance) of the depths oomputed at each

location is then corrputed using the following fonnulas:

•

•

(7.1)

(7.2)

•
4. The standard deviation lS simply the square root of the comoute:! k

variance .

111-6
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5. Knowing t.h.e standard deviation pennits the assignment of confidence

levels that a particular depth will not be exceeded in a particular

cell.

For additional information on this methodology and justification for its

use see references ill back of this report.
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ca~IV

CONCLUSIONS

INrRODUcrION

This chapter summarizes overland flow depths, velocities of flow and

Froude numbers computed using techniques outlined in t.1l.e previous

chapter. Results are reduced to graphical form for the readers

convenience. Detailed computer printouts of results are contained in a

separate appendix.

Plates A and B shaw computed floodplain depth contours within the study

area foHewing a laO-year stann overflow of Spook Hill Dam.

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

Typically these depths occlLrred when the follarr-illg l...."1put parameters vlere

used:

Peak flON 50% higher than mean of 4160 cfs

Time to p=--ak 50% lower than mean of 3.25 hours

Manning 's n 50% higher than mean of 0.045

In th:Jse few cases where other input parameter o:rnbinations produced

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

Plate A.

IV-l
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