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CHAPTER I 

INTRODUCTION 

For reasons of ~ater supply, crop production, 

communication, and lndustrlal purposes, man has al~ays 

looked for plains located on river banks. As a consequence 

hls lifestyle has al~ays been susceptible to flood damage. 

No~adays human being•s need for food, ~ater, and arable 

lands is Increasing and so is his a~areness of hydrologic 

events ~hose magnitude and frequency of occurrence are of 

every day importance all over the ~orld. Therefore divers 

techniques and hydrologic models dealing Hith frequency 

analysis and flood routing have been developed. Most of 

these hydrologic models require Input parameters that are 

defined 1n terms of Hatershed characteristics and rainfall 

data. These models simulate rainfall excess volumes and 

their time distribution ~hlch are of maJor Importance for 

hydrologic design and planning such as dam construction, 

mineral resources utlllzatlon, and construction of large 

scale facilities. 

Problem Statement 

In hydrologic models, Input parameters are represented 

by average values. HoHever, there Is a great deal of 

1 



2 

uncertainty as to the accuracy of the average set of 

parameters used. Because of the randomness of hydrologic 

events, one Hould naturally think about dealing with the 

random variability of the various model parameters so that 

their uncertain behavior may be characterized through 

probability distributions. Primary among these random 

variations are the precipitation and watershed characterl-

sties as Hell as the soil moisture conditions. 

In this study the Soil Conservation Service <SCS> 

hydrologic model Is used, however, the techniques used are 

not limited to a particular model nor to any particular 

probability distribution. The Soil Conservation Service 

model (1972> Is one of the widely used models In water 

resources planning and design. This model uses an 

Important parameter called curve number <CN> which Is a 

function of land cover, soil type, and antecedent soil 

moisture conditions. The SCS method is very sensitive to 

the CN <HaHklns, 1975>, therefore, It Is Important to use 

estimates of the CN that accurately reflect the runoff 

potential of a Hatershed. 

The SCS model estimates runoff volume as 

< R - 0.2 S )2 
Q = -------------- R >= 0.2 S 

< R • 0.8 S > 

where Q Is the runoff volume, R Is the rainfall depth and S 

Is a retention parameter. The factors 0.2 and 0.8 result 

from assumptions relating Initial abstractions to potential 
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Infiltration used to develop the equation. The parameterS 

Is stated as 

1000 
s = ------- - 10 

CN 

Hhere CN Is the runoff curve number. 

Curve numbers for watershed complexes are generally 

found In tabular form. CN values In these tables represent 

average values and can not account for natural variability 

that exists from storm to storm. Thus, for any given 

storm, the actual value of S that corresponds to the 

observed rainfall and runoff may vary considerably from the 

value that might be computed from tables. For a particular 

Hatershed, S behaves as a random variable and in Fact has 

been described using the lognormal distribution 

<HJelemFelt et al., 1981; Haan and Schulze, 1987; and 

others>. Rainfall Is also a random variable generally 

described by the extreme value type I distribution for 

extreme rainfalls <HershField, 1961; Haan and Wilson, 1986; 

Haan and Edwards, 1987). Thus C Is the result oF two 

random variables, RandS, making It necessary to consider 

the Joint probability behavior oF RandS. According to 

the SCS equation, the relation between C and R and S ls not 

linear so that the expected value of CIs not necessarily 

equal to C calculated based on the expected values of R and 

S. What ls more, the probabilistic behavior oF C depends 

on the probabilistic behavior of RandS <Haan and EdHards, 

1987>. To calculate C for some return period T, the Joint 



probability behavior OT RandS should be considered. 

ObJectives 

The purpose OT this study was to investigate the 

impact OT the probabilistic behavior OT ralnTall and the 

SCS model parameter, S, on the design OT certain aspects 

OT small Tlood water retarding structures. Such designs 

are usually based on Tlows OT some speclTied return period. 

The Tlows are commonly estimated by assuming that the 

return period OT a Tlow Is equal to the return period OT 

rainTall producing that Tlow unaware OT the prevailing 

watershed conditions which are, certainly, variable Tram 

storm to storm. 

Scope OT Study 

A hypothetical watershed was deTined and a conserva

tion detention structure was designed. The goal was to 

determine the Tlood storage helght, T, needed for detention 

to control runoTT due to a 10-year return period ralnTall. 

The SCS runoTT model with average-valued parameters along 

with a reservoir routing procedure based on the continuity 

equation was used and T was determined. A model that 

considered the probabilistic behavior OT the SCS runOTT 

equation parameters was developed. The model proceeded by: 

1> Generating the parameters, Sand R, Trom the 

lognormal and the extreme value type I probability 

distributions, respectively. 



runoff modal and reservoir routing calculations to 

determine the corresponding value of flood storage height. 

The model resulted In a sample of N flood storage 

heights. A frequency analysis Has conducted on these 

values and the value of flood storage height equaled or 

exceeded by 10 X of the sample observations Has determined 

and compared Hlth f. According to this comparison, a 

modified average value of the parameterS, S*, Has 

determined so that f calculated using the 10-year rainfall 

and S* Hould equal the 10 X value of f determined from the 

simulations. 

3) The procedure Has generalized over a range of 

Hatershed and reservoir characteristics and a calibration 

scheme Has proposed. 

5 



CHAPTER II 

LITERATURE REVIEW 

Introduction 

Surface runoff or overland floH are general terms for 

surface Hater movement. Estimates of storm runoff volumes 

and peak rates of discharge are of special Importance to 

hydrologists. Often stream floH data are not available for 

small Hatersheds and runoff must be estimated. Hence, 

several methods for estimating surface runoff from ungaged 

Hatersheds have been developed. Ideally these methods 

should be both simple and.accurate. The accuracy Hlth 

Hhlch surface runoff Is modeled has been the subJect of 

several recent investigations <Singh and Buapeng, 1977; 

Fouroud and Brougton, 1981; Kumar and Jain, 1982). 

Rainfall-Runoff Modeling 

Most of the hydrologic models developed to simulate 

runoff on ungaged Hatersheds converge to a unique defini

tion of runoff volumes, that Is rainfall minus losses. 

Losses or rainfall abstractions Include losses due to 

Interception, evaporation, Infiltration, surface storage, 

and surface detention <Barfield, Warner, and Haan, 1981). 

The estimation of rainfall abstraction rates Is subJect to 

6 
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dl~~erent approaches and methods expressed In dl~~erent 

runo~~ models. Inputs o~ these models vary In the type o~ 

variable Input and ln the time scale o~ the required data. 

The dl~~erence In Inputs can be explained partly by the 

orlglnal purpose o~ the model, the location or region ~or 

which It was developed and the ease o~ estimating Input 

parameters. Presented below Is a brle~ citation o~ some o~ 

the commonly used hydrologic models. Emphasis Is placed on 

runof~ estlmatlon sections o~ the models. 

Stan~ord Model 

The Stan~ord watershed simulation model was developed 

by Craw~ord and Linsley (1966) at a tlme when the computer 

revolution Increased the Interest In digital simulation 

studies. A relatively complex calculation Is Involved to 

calculate runo~~ ~rom rainfall as 

64,200 51/2 

q = ------------ (0/L)S/3 (1 ~ 0.6(0/0e)3)5/3 
n L 

where q Is the overland ~low discharge, S and L are the 

slope and the length of basin sur~ace respectively, n Is 

Mannlng•s coe~~1c1ent, o. ts the sur~ace detention depth at 

equilibrium, and 0 Is the current detention storage depth 

Output ~rom the model consists o~ monthly summaries of 

soil moisture conditions, lnterflow discharge, actual 

evapotranspiration, complete hydrographs for all storms, 

and mean dally flows for each flow point. The model ts 
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used throughout the United States with many modified 

versions available. Modifications of the model have been 

made by James (1970>, Shanholtz et al. <1972>, and others. 

The optimization routines were modified by Llou (1970>, and 

Ross <1970). 

USDA Hydrograph Laboratory Model 

Thls model was developed by Holton and Lopez (1971> to 

study hydrologic processes on small watersheds. A revised 

version of the model <Holton at al., 1975) requires as 

Input data a continuous record of weighted rainfall, 

potential evapotranspiration based on weekly pan 

evaporation, weekly mean air temperature, and watershed 

characteristics such as basln zones, soils, type of crops 

and tillage procedure. The model Is heavily dependent on 

infiltration and storage capacltles. The Holton model for 

infiltration Is 

where f ls the infiltration rate, fc is the final 

lnflltratlon rate, s. Is the available soil water storage, 

a ls the maximum Infiltration capacity, and GI ls the 

growth crop Index In percent of maturity. GI and a are 

available ln graphical and tabular forms, respectively. 

Runoff rates are determined by the equations 

Pe - Oo = t D 



and 

qo = a On 

where Pe ls the value o~ raln~all excess per unlt tlme 7 Q0 

Is the value o~ out~low per unit time, qo Is the overland 

~low, D ls the average depth o~ ~loH In Inches, t Is the 

tlme In hours, and a and n are coe~~lclents. 

The output o~ the model consists o~ accumulated 

raln~all, sur~ace and subsur~ace runo~~, rates o~ out~loH 

ln Inches per hour, and stream ~low In cubic ~eet per 

second. 

Kentucky Model 

This model was developed by Haan <1975) to 

simulate monthly runo~~ and water yield ~rom watersheds 1n 

Kentucky. The method o~ determining runo~~ Is related to 

Infiltration theory. When precipitation, P, Is greater 

than the maximum Infiltration rata, ~ma~, the 1nflltrat1on, 

~ 7 Is equal to ~maM• Accordingly , f Is set equal to P 

Hhen the precipitation Is less than the maximum potential 

ln~lltratlon, and equal to zero when the soil Is saturated. 

There~ore, the model estimates runo~f as 

Va = <P - ~) t p > ~ 

and 

v. = 0 p <= f 
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Hhere v. Is the volume of surface runoff In Inches and t Is 

the time Increment. The model estimates losses due to 

evapotranspiration by use of the ThornthHalte (1948> 

method. Water that does not appear as streamfloH or 

evapotranspiration Is assigned to deep seepage and later a 

portion of It may reappear as base floH. 

Four parameters of this model must be estimated. The 

best set Is obtained by minimizing the sum of squares of 

deviation betHeen simulated and observed floHs. The model 

has been used to simulate floHs and calculate Hater yields 

on several Hatersheds In different states. 

SSARR Model 

The StreamfloH Simulation and Reservoir Regulation 

<SSARR> model Has developed by the U. S. Corps of Engineers 

<RockHood, 1958, 1964). The model Has developed for use In 

slmulatlng small to large Hatershed floHs. It consists of 

a Hatershed model, a river system model, and a reservoir 

regulation model <U. S. Army Corps of Engineers, 1975). 

The model uses an antecedent moisture Index for surface 

runoff determination given as 

Q = ROP * P" 

Hhere Q Is the generated runoff In Inches, ROP Is the 

runoff percent for soil moisture, and P" Is the Helghted 

precipitation. More details on the different tasks of the 

model, the operating procedure, and the Input-output 
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components of the model may be found ln Haan, Johnson, and 

Brakensiek (1982>. 

The SCS Model 

Originally the SCS model Has developed for predicting 

total runoff volumes from Hatersheds Hhere only total 

precipitation data Here available. At present It is the 

procedure most frequently used to estimate direct runoff 

from ungaged Hatersheds. The most important parameter in 

the model ls the curve number, CN, Hhose value integrates 

the Hatershed characteristics and the hydrologic condi-

tions. The Soil Conservation Service defined three 

different antecedent soil moisture conditions <AMC I, AMC 

II, and AMC III>, to adjust the curve number to the 

antecedent conditions of the Hatershed. The antecedent 

moisture condition II corresponds to average flood 

conditions, the antecedent moisture condition I corresponds 

to conditions drier than the average, and antecedent 

moisture condition III corresponds to conditions Hatter 

than the average. These definitions loose some of their 

' 
significance Hhen estimates of design floHs that may occur 

ln the future are desired, because the actual future 

antecedent moisture condition Hill be practically unknoHn. 

Several Investigators Harried about the rellablllty of 

the model regarding the spectrum of hydrologic problems It 

ls currently applied to. Ralllson and Miller (1981 >, 

reported that the curve number procedure has Increasingly 



been applied to hydrologic problems lt Has not originally 

Intended to solve. 
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Aron et al. (1977), tested the SCS model against 

experimental data and found good agreement for uniform 

rainfalls. They reported that a Initial abstraction, I., 

equal to 0.2 S performs Hell for large storms, but under

estimates runoff for small or medium storms. They 

concluded by suggesting an Ia of 0.1 S for small and medium 

storms, but they neither redefined the curve numbers to 

adjust to their neH formulation of the total abstraction 

nor quantitatively distinguished betHeen small, medium, and 

large storms. 

Accuracy of CN Estimates 

The accuracy of CN values has been studied by many 

investigators <Ragan and Jackson, 1980; Haan and Wilson, 

1986; and others>. Smith (1978>, and HaHklns (1978b>, 

found that infiltration relationships, Hhen calculated by 

the curve number procedure vary Hith storm intensity. 

HaHkins (1975), studied the effect of inaccurate CN 

estimates on runoff. He stated that an accurate estimate 

of curve number Has the Heak input link for the method. 

HaHklns presented an error analysis of the SCS method by 

performing the sensitivity analysis of estimated runoff 

volumes Hith respect to errors in precipitation and curve 

number. He assumed a 10 X error in either of these 

quantities and used a Hide range of precipitation and curve 
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number values. The resulting errors In runo~~ estimates 

were determined. Hawkins concluded that, ~or a 

considerable range o~ precipitation, an accurate curve 

number Is more Important to the estimation o~ runo~~ volume 

than Is an accurate estimation o~ basln raln~all. 

Bondelld, McCuen, and Jackson (1982> proposed another 

approach to evaluate the sensitivity o~ the SCS model to 

errors In CN estimates. Based on the SCS method presented 

In TR-55 <Soil Conservation Service, 1975>, they derived 

the equations expressing the sensitivities o~ runo~~ and 

peak rate o~ discharge to changes ln CN. By analyzing 

these equations, they concluded that runo~~ estimates are 

sensitive to the accuracy o~ CN estimates and that the 

e~~ects o~ variation In CN decreases as raln~all depth 

Increases. 

Kumar and Jain <1982>, used the SCS equation to shoH 

that, ~or a given soll, the ln~lltratlon rate Is a ~unction 

o~ raln~all Intensity, there~ore, the minimum ln~lltratlon 

rate required by the SCS method may not be reached ~or loH 

Intensities. Further, they proposed a calibration o~ the 

SCS model a~ter comparison o~ the antecedent moisture 

conditions, the minimum ln~lltratlon rates, and the curve 

numbers determined using, 1> The SCS standard guidelines, 

2> a least square analysis, and 3) a trial and error 

procedure. They concluded that the Index o~ estimating 

antecedent moisture conditions and thelr corresponding 

number o~ divisions should be Improved. 



14 

Bales and Betson (1981 >, analyzed 585 storm events 

from 36 Hatersheds. They adopted the SCS procedure and 

determined 1) curve numbers from the SCS approach assuming 

AMC II conditions and modifying them for the AMC III 

conditions and 2) optimized curve numbers and median 

observed curve numbers from observed rainfall-runoff data. 

They found that the AMC III curve numbers agreed much more 

closely Hith the optimized and median curve numbers than 

the AMC II curve numbers, but both AMC conditions 

underpredicted runoff volumes. 

Hope and Schulze <1981 >evoked the problem of curve 

number estimation accuracy by describing and testing an 

alternative procedure proposed by Hawkins (1978a,b). The 

procedure aimed to eliminate the Heakness of the standard 

curve number approach related to the definitions of the 

antecedent moisture conditions. Hope and Schulze concluded 

that the HaHklns procedure of the CN adjustment produced 

more accurate storm flow estimates than the standard SCS 

procedure. They proposed testing the procedure Hlth 

different Hatershed data. 

Randomness of the SCS Model Parameters 

HJelmfelt, Kramer, and Burwell (1981 >, proposed a 

method to Interpret curve numbers determined from observed 

rainfall and runoff data. The observed curve numbers were 

transformed to observed retention factors which Here 

treated as random variables. Values of S Here assumed 
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lognormally dlstrlbuted Hlth expected value corresponding 

to the SCS antecedent moisture condition AMC II. The study 

used maximum annual event runoff and assoclated rainfall 

volumes from tHelve flelds from Mlssourl, Illlnols, and 

North Carolina. They concluded that extreme values of Sat 

10 ~ and 90 ~ lead to CN values comparable to SCS 

condltlons AMC I and AMC III respectively. This study 

shoHed that the CN methodology could be used as an 

effective transformation from ralnfall to runoff frequency 

distributions. 

Haan and Wllson <1986>, presented a procedure that 

consisted of comblnlng the Jolnt probablllstlc behavior of 

rainfall and antecedent soil Hater conditions to estimate 

the magnitude of floH events for given return periods. 

They used the extreme value type I dlstrlbutlon to deter

mine rainfall probab111tles and the lognormal probablllty 

dlstrlbutlon to represent the SCS retention parameter vari

ability. They derived a unlvarlate probability density 

function of runoff events. They found that, for equal 

return periods, the probab111st1c approach resulted In floH 

magnitude estimates greater than those estimates obtained 

by the standard SCS procedure. They concluded that floH 

volumes estimated by the probabilistic approach made a 

reasonable approximation to the observed runoff data Hhlch 

they used In their study. 

Haan and Schulze (1987>, examined the relationship 

betHeen the return period of a floH volume and the return 
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period of the rainfall producing that flow. In this study 

the rainfall of a given return period was assumed constant 

and the SCS retention parameter, S, was taken as a random 

variable characterized by the lognormal probability 

dlstrlbutlon. Transformation theory and the SCS equation 

were used to derive a probability density function of 

runo~f volumes from that o£ the retention parameter. Haan 

and Schulze expressed the need to treat hydrologic model 

parameters as random variables making lt possible to 

characterize their uncertain behavior through probability 

distributions. 

Haan and Edwards (1987) extended the work of Haan and 

Schulze <1986) using a methodology slmllar to that used by 

Haan and Wilson <1986). They estimated runo££ return 

period through a procedure that combined raln£a11 and 

antecedent soil condition probabllltles. They showed the 

posslblllty o£ developing £low £requency curves by the use 

of existing estimation techniques and consideration o£ the 

Joint probabilistic behavior of rain£a11 and antecedent 

conditions. 

The last three studies agree that the recurrence 

Interval of a flow ls not necessarily equal to that o£ the 

rainfall producing that flow. 



CHAPTER III 

DATA AND MODEL SITE DEVELOPMENT 

Introduction 

This chapter Is mainly concerned with describing a 

model of a small water retarding structure. Considered 

briefly are the watershed characteristics and the 

design criteria of the structure such as shape, slope, 

capacity, and the hydraulic and construction features of 

the spillway system. 

Average values of retention parameter, S, and rainfall 

Intensity, R, are used through the SCS model to route an 

Inflow hydrograph for the considered watershed and rainfall 

data. Thls hydrograph Is routed through the defined 

reservoir and the flood storage height, f, ls determined. 

Computations are done uslng a computer package called SWAMP 

that Integrates both the SCS model and the reservoir 

routing technique <Haan, 1987). 

Watershed Characteristics 

It might be more realistic to work with a real water

shed, but, since neither a real structure design, nor 

actual flow rates are required to meet the obJectives of 

this study, there Is no practical necessity to use a site 

17 
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defined specific watershed. Therefore, a hypothetical 

watershed with reasonable characteristics reflecting 

similarities to real watersheds was used. A watershed with 

an area of 200 acres, a rectangular shape as shown In 

figure 1, and a slope of 6~ was arbitrarily chosen. The 

maximum flow length Is approximated as the diagonal of the 

watershed and Is determined by 

A = (2w> <1w> = 2w2 

L2 = <2w)2 + <1w)2 

then 

L = V<5/2) x Area x 43560 

where A Is the watershed area 1n acres and L 1s the maximum 

flow length 1n feet. With A equal to 200 acres, L is found 

to be 4667 feet. 

Retention Parameter S 

In reservoir design, a value of S corresponding to 

average watershed conditions Is generally used. Since one 

of the purposes of this study was to evaluate the Impact of 

variability InS on design, the average value that was 

selected was the mean of the lognormal distribution. Haan 

and Edwards <1987) have previously shown the lognormal 
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distribution to approximate the S distribution. Further 

relying on the work of Haan and EdHards, the mean and 

standard deviation of observed S data for a StlllHater, OK, 

gaging station was used. They found the mean, Sm, and 

standard deviation, Ss, of S to be 

Sm = 5 Inches 

s. = 4 Inches 

The computer program used to compute the Inflow 

hydrograph requires a value of the Hatershed curve number, 

CN, as the Hatershed response Input parameter Instead of 

the retention parameter S. The S value ls transformed to a 

curve number parameter through the SCS equation 

CN = 1000 / <S + 10) 

which estimates the average CN as 67. 

Rainfall Data 

A flood control structure ls assumed to be designed to 

control a 10-year, 24-hour rainfall. Rainfall data for the 

United States for different return periods and durations 

are available In Atlases. TP40 <Hershfleld, 1961 >shaHs 

for StlllHater a 10-year, 24-hour rainfall of 6 Inches. 

Inflow Hydrograph 

The inflow hydrograph is determined uslng the Hater

shed characteristics and the rainfall data defined above. 
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Computations are done following the SCS procedure. An exa

mple computer output composed of the calculated watershed 

hydrologic properties and the Inflow hydrograph data ls 

shown In Tables 1 and 2. 

Structure Design 

Many flood control structures are built every year In 

rural areas for the purpose of reducing flood flows from 

watersheds. These structures are designed for conservation 

and land protection such as reducing soil erosion and 

restoring the ground water level. They provide a source of 

water supply for crops, livestock, and recreational purpo

ses. Generally these control and conservation structures 

are earth embankments In the form of dikes, levees, 

detention dams or reservoirs. In practical cases the 

effectiveness and safety of these structures require that 

they should be accurately designed by Integrating the 

principals of soll physics and soil mechanics with constru

ction principles. The bigger the structure, the more 

thorough the precautions for handling overflow should be. 

A typical detention structure Is shown In flgure 2. 

The Intent of this study Is to make some preliminary 

decisions on the shape, capacity, and design features of 

the spillway system for a flood control structure planned 

for the 200 acre watershed defined above. To evaluate a 

range of watershed and basin characteristics, many combin

ations of watershed characteristics and detention features 



TABLE 1 

WATERSHED HYDROLOGIC 
PROPERTIES 

Watershed area = 200 acres 
Land slope = 6 % 
Maximum flow length = 4667 feet 
Curve number for flow time calculation = 67 

Based on these characteristics, the following 
properties relative to a unit hydrograph are 
determined: 

Tlme Increment = 15 minutes 
Lag time = 39 minutes 
Time to peak = 45 minutes 
Time of concentration = 64 minutes 
Peak flow = 202 cfs 

SCS Curvilinear Unit Hydrograph 

Rainfall has been computed based on an 
approximation to the SCS type II rainfall curve 

The 24-hour rainfall Is 6 inches 

Rainfall starting time 
Rainfall stopping time 

= 9.5 
= 24 

Abstractions from rainfall are based on the SCS 
curve number technique with a CN of 67 

21 
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TABLE 2 

INFLOW HYDROGRAPH 

T1me Ra1n Ra1n Excess UH RO Hydro 

9.50 0.97 o.oo o.oo 0. 00. 
9.75 1. 02 0.00 39.92 o.oo 

10.00 1.08 o.oo 153.87 0.01 
10.25 1.14 0.00 201.67 0.10 
10.50 1.21 0.01 169.9~ 0.40 
10.75 1.29 0.01 112.'42 1. 03 
11.00 1.39 0.01 63.81 2.0~ 
11.25 1.51 0.02 32.59 3.53 
11.50 1.66 0.03 15. '41 5.69 
11.75 1.90 0.06 6.86 8.98 
12.00 3.00 0.14 2.92 14.7~ 
12.25 4.10 0.62 1.20 39.00 
12.50 4.34 0.15 0.00 113.90 
12.75 -4.49 0.10 o.oo 206.46 
13.00 '4.61 0.08 o.oo 237.54 
13.25 -4.71 0.06 o.oo 209.87 
13.50 -4.79 0.06 o.oo 161.39 
13.75 -4.86 0.05 0.00 117.24 
1-4.00 -4.92 0.04 0.00 85.21 
14.25 4.98 0.04 o.oo 6~.26 
1 ~.50 5.03 0.04 0.00 51.03 
14.75 5.08 0.03 o.oo -42.60 
15.00 5.13 0.03 o.oo 36.82 
15.25 5.17 0.03 0.00 32.73 
15.50 5.21 0.03 0.00 29.96 
15.75 5.25 0.03 0.00 27.74 
16.00 5.29 0.03 0.00 25.90 
16.25 5.32 0.02 o.oo 24.35 
16.50 5.35 0.02 o.oo 23.00 
16.75 5.39 0.02 0.00 21.83 
17.00 5.-42 0.02 0.00 20.80 
17.25 5.45 0.02 0.00 19.87 
17.50 5.-47 0.02 0.00 19.05 
17.75 5.50 0.02 o.oo 18.30 
18.00 5.53 0.02 o.oo 17.62 
18.25 5.55 0.02 o.oo 17.00 
18.50 5.58 0.02 0.00 16.43 
18.75 5.60 0.02 0.00 15.90 
19.00 5.63 0.02 o.oo 15.41 
19.25 5.65 0.02 o.oo 1-4.96 
19.50 5.67 0.02 0.00 14.54 
19.75 5.69 0.02 0.00 14.15 

·20. 00 5.71 0.02 o.oo 13.78 
20.25 5.74 0.02 0.00 13.43 
20.50 5.76 0.01 o.oo 13.11 
20.75 5.78 0.01. o.oo 1?.80 
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TABLE 2 <Contlnued> 

Tlme Raln Raln Excess UH RO Hydro 

21.00 5.79 0. 01 o.oo 12.51 
21.25 5. 81 0.01 o.oo 12.23 
21.50 5.83 0.01 0.00 11 • 97 
21 .75 5.85 0.01 o.oo 11 • 72 
22.00 5.87 0.01 0.00 11.49 
22.25 5.89 0.01 0.00 11.26 
22.50 5.90 0.01 0.00 11.05 
22.75 5.92 0.01 0.00 10.65 
23.00 5.91 0.91 0.00 10.65 
23.25 5.95 0.01 0.00 10.46 
23.50 5.97 0.01 0.00 10.26 
23.75 5.96 0.01 o.oo 1 0.11 
24.00 o.oo o.oo o.oo 9.95 
24.25 o.oo o.oo 0.00 9.32 
24.50 0.00 o.oo 0.00 7.37 
24.75 0.00 0.00 0.00 1.90 
25.00 0.00 0.00 0.00 2.64 
25.25 o.oo o.oo 0.00 1.48 
25.50 o.oo o.oo 0.00 0.71 
25.75 0.00 0.00 0.00 0.32 
26.00 0.00 0.00 0.00 0.13 
26.25 o.oo 0.00 0.00 0.05 
26.50 o.oo o.oo o.oo 0.01 
26.75 0.00 o.oo o.oo o.oo 

Volume < 1 n > 5.02 2.52 0.99 2.50 
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Flgure 1. Hypothetlcal Watershed 
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Principal Spillway 

Flgure 2. Schematlc o~ a Small Flood Water 
Retardlng Structure 
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were used. 

Shape and Available Storage 

Since the primary function of a reservoir is to 

provide storage, their most Important physical characterls-

tic is storage capacity. The capacity of a reservoir on a 

natural site Is generally determined from topographic 

surveys. However the capacity of a reservoir of regular 

shape may be computed by the formulas for the volumes of 

solids. The reservoir to be used ln this study is of 

triangular shape with a lateral slde slope Z1 and an 

upstream slope Z2. A schematic drawing of the reservoir Is 

shown In figure 3. 

To determine the relation between stage and storage 

needed to develop a stage-storage curve, consider a 

horizontal cross section of the reservoir as shown In 

figure 4. The Incremental volume ls defined as: 

dV = A<h> dh 

where A<h> Is the cross sectional area corresponding to 

depth h and dh Is the variation of the water level ln the 

reservoir. The total volume up to the level h Is then 

calculated by Integration of the above differential 

equation between levels 0 and h. 

V<hl = J(h dV 



26 

h 

V< h > = lo A< h > dh 

The area A<h> can be expressed In terms of h as 

A< h > = 2 [ 1 /2 < Z 1 h > < Z:;a h > J 

A<h> = z, Z:;a h2 

This form shows that the capacity is not only a function of 

the water level in the reservoir but also a function of the 

lateral sides slope z,, and the reservoir base slope Z:;a. 

V<h,Z,,Z:;a> -- foh Z1Z2 
z, Z:;a h2 dh = ------ h3 

3 

If slopes of 10 to 1 and 45 to 1 are assigned to z, and Z2 

respectively, the computational form of the stage-storage 

relationship would be 

V<h,10,45> = 150 h3 

where V Is the storage In cubic feet and h is the stage in 

feet. This equation defines the stage-storage relationship 

for the hypothetical reservoir <Table 3>. 

Discharge Through the Spillway System 

Obviously any headwater flood control structure must 

be equipped with a principal spillway and/or an emergency 

spillway to handle normal overflow and prevent overtopping. 

The goal here Is to decide on the design features of 



Side view 
Front view 

Figure 3. Schematic DraHing o~ a Triangular 
reservolr 

Flgure 4. Horlzontal Cross Section 
o~ the Reservolr 
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TABLE 3 

STAGE-STORAGE CURVE 

Stage Depth Storage 
( feet> ( feet> C acre- feet) 

1000.00 .00 .oo 
1002.00 2.00 .03 
1004.00 4.00 .22 
1006.00 6.00 .74 
1008.00 8.00 1.76 
1010.00 10.00 3.4'4 
1012.00 12.00 5.95 
1014.00 14.00 9.45 
1016.00 16.00 1'4.10 
1018.00 18.00 20.08 
1 020.00 20.00 27.55 
1020.40 20.40 29.23 
1020 .eo 20.80 30.~ 

1021.00 21.00 31.89 
1021 .40 21.40 33.75 
1021.eO 21 .eo 35.68 
1022.00 22.00 36.67 
1022.40 22.40 38.70 
1022 .eo 22.80 '40 .81 
1023.00 23.00 41 .90 
1023.40 23.40 '44 .12 
1023.80 23.80 46.42 
1024.00 2'4.00 '47.60 
1024.40 24.40 50.02 
1024.80 24.80 52.52 
1025.00 25.00 53.81 
1 025. '40 25.40 56 ... 3 
1025.80 25.80 59.1" 
1026.00 26.00 60.52 
1026.40 26.40 63.36 
1026.80 26.80 66.28 
1027 .oo 27.00 67.78 
1027.40 27.40 70.84 
1027.80 27.80 13.98 
1028.00 28.00 75.59 
1028.40 28.40 78.88 
1028.80 28.80 82.26 
1029.00 29.00 83.'98 



the splllHay system Hhlch alloHs developing the stage

discharge curve needed for routing computations. 

Design of the Prlnclpal SplllHay 

29 

The principal splllHay Is designed to control the rate 

of outfloH during normal overflow. Standard designs are 

available from references of the Soil Conservation Service 

(1969) and the U.S. Bureau of Reclamation (1977>. 

According to these references, a structure designed to 

control runoff from a 200 acre watershed should have the 

following characterlstlcs: 

1> The height of the crest of the prlnclpal splllway ls 

15 to 20 feet. 

2> The flood storage height should not exceed 3 to 4 

feet. 

3> The maximum depth of flow ln the emergency splllHay 

should not exceed 1 foot. 

4) A net freeboard of 1 to 2 feet should be reserved In 

the emergency spillway. 

5) It Is preferable that the dlameter of the rlser of 

the principal spillway be 1.5 to 2 times as large as the 

diameter of the barrel. A summary of these criteria are 

shown in flgure 5. 

In order to meet the above defined criteria, many 

combinations of riser and barrel diameters, height of 

principal spillway crest, and reservoir side slopes were 

tried. The design selected was: 



Halght of the principal spillway crest= 20 feet 

Diameter of riser = 45 Inches 

Diameter of barrel = 30 Inches 

30 

The top of dam was taken as 1029 feet which represents a 

height of 9 feet above the crest of the principal spillway. 

Thls would not normally be necessary for a 10-year rainfall 

and average watershed characteristics. However, It was 

done because later In this study, higher rainfall 

Intensities and different watershed conditions were used 

that can result ln flood storage heights well ln excess of 

that produced under average conditions. 

Stage-Discharge Curve 

The rate of discharge from the principal spillway ls 

controlled by the hydraulic head above the crest of the 

principal spillway <Barfield, Warner and Haan, 1981>. 

Three flow conditions may be present- weir flow, orlflce 

flow, or plpe flow. 

Weir Flow. At a very low head, the riser crest acts 

like a weir and the flow Is computed from 

a..,. = C..,.LH3/2 

where a..,. ls the discharge In cfs, C..,. Is a weir coefficient 

typically taken equal to 3.0, L Is the weir length In feet, 

ln this case It Is equal to the circumference of the Inlet, 

and H ls the water head above the riser crest. The compu

tational form of the welr equation Is: 



-1/i ----- -i 
-~--- --"" -- -- -- - .~' 

....----__,- - - i' 

---------------------· --- ------

Principal Spillway 

:Flood Storage Height 

Emergency Spillway 

F1gure 5. Standard 01menslon o~ a Detention Structure 
After Schwab et al., 1981. 
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Ow = 3.0 T1 <Dr/12) h3/2 

Dr = 45 inches, then 

Ow = 35.34 H3/2 

Orifice Flow. When the hydraulic head above the riser 

crest Increases, the Inlet starts acting like an orifice 

and the flow Is described by the equation 

Oo = Co A <2 g H)1/2 

where 0 0 Is the orifice flow In cfs, Co Is an orifice coef-

ficient generally taken equal to 0.6, A Is the area of the 

riser cross section In square feet, and H ls the hydraulic 

head in feet. The computational form of the equation would 

be 

0 0 = 0.6 rT/4 <Dr/12)2 <2 9 H)1/2 

Dr = 45 inches, then 

Oo = 53.18 H1/2 

~Flow. Eventually when the head Is high enough, 

the outlet flows full and the flow becomes pipe controlled. 

The flow ls described by an equation that Integrates the 

entrance head loss, bend head loss, friction head loss, and 

velocity head loss <Barfield, Warner and Haan, 1981>. 

A [ 2 9 <Hd + H>l1/2 

Op = --------------------------[ 1 + Ke + Kb + KcL ]1/2 

where Op is the pipe flow ln cfs, ~ is the distance from 
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the riser crest to a point 0.6 Db above the Invert of the 

barrel <Db is the barrel diameter), His the hydraulic head 

above the rlser crest in feet, A Is the cross sectional 

area of the barrel In square feet, L is the length of the 

barrel In feet, K. ls the entrance loss coefficient taken 

equal to 1, Kb Is the bend loss coefficient taken equal to 

0.5, Kc Is the friction loss coefficient calculated by the 

equation 

5087 n2 

Kc = ---------
Db4/3 

Hhere n Is Mannlng•s coefficient selected from tables as 

.025 <Barfield, Warner and Haan, 1981>, and Db is the 

diameter of the barrel In inches. 

The barrel Has selected to be 40 feat long and have a 

diameter of 30 Inches. The computational form of the plpe 

floH equation Is 

Op = 20.06 <H + 18.5)1/2 

Finally the stage discharge curve is computed. For a 

given head, the discharge Is determined using the three 

outfloH equations mentioned above. Among the three values 

found for a given stage, the mlnlmum Is chosen to be the 

design floH <Wilson, 1987>. The stage-discharge curve 

computations are shoHn In Table 4. 
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Reservoir Routing and Flood Storage 

Height Determination 

Reservoir routing Is the process o~ determining the 

stage and out~loH rate variations within a given reservoir 

and ~or a particular ln~loH hydrograph. The process Is 

based on the continuity equation: 

AS 
I - 0 = -----

At 

Hhere I Is the ln~loH, 0 is the out~low, ~S ls the 

variation in storage, and4t Is the time increment. 

The ln~loH hydrograph Is routed through reservoir 

using the SWAMP computer package <Haan, 1987). Table 5 

shoHs an out~loH hydrograph due to the 1n£1oH hydrograph 

shoHn In table 1 and £rom the above de£1ned reservoir whose 

stage-storage and stage-discharge curves are shoHn In 

tables 3 and 4 respectively. The out£1oH volume Is less 

than the ln£1oH volume because the routing was stopped 

be£ore all o£ the floH had been routed. The reservoir 

e££ect represented by the peak £1oH reduction may be seen 

In Figure 6 which shoHs a plot o£ the ln£1oH and out£1oH 

hydrographs. From reservoir routing, the obJective Has to 

determine the £1ood storage height, £, Hhich Is the 

di££erence betHeen the stage that corresponds to the 

maximum rate o£ discharge, MS, and the stage that 

corresponds to the crest of the principal spillway, CS. 

Table 5 shoHs that MS has the value o£ 23.04 £eet. CS Has 
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designed to be equal to 20 feet, therefore 

f = MS - CS 

f = 23.04 - 20 

f = 3.04 feet. 

It ts at this height above the crest of the principal 

splllHay that the emergency spillHay should be designed 

Hhen average values of the different parameters Involved In 

the SCS procedure are used. 
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TABLE 1 

STAGE-DISCHARGE CURVE 

Stage Depth Weir Orifice Plpe deslgn 
FloH FloH FloN FloH 

< feet) <feet) ( cfs > < cfs) C cfs > C cfs > 

1000.00 .oo .00 .00 86.28 .oo 
1002.00 .oo .oo .00 86.28 .00 
1004.00 .oo .00 .00 86.28 .oo 
1006.00 .oo .00 .00 86.28 .oo 
1008.00 .00 .oo .oo 86.28 .oo 
1010.00 .oo .oo .00 86.28 .00 
1012.00 .oo .00 .00 86.28 .oo 
1014.00 .oo .oo .oo 86.28 .oo 
1016.00 .00 .oo .oo 86.28 .oo 
1018.00 .oo .00 .oo 86.28 .oo 
1020.00 .oo .oo .00 86.28 .oo 
1020.40 .40 8.94 33.63 87.21 8.9i 
1020.80 .eo 25.29 17.57 88.13 25.29 
1021.00 1.00 35.34 53.18 88.58 35.34 
1021.10 1.40 58.55 62.92 89.49 58.55 
1021.80 1.80 65.35 71.35 90.38 71.35 
1022.00 2.00 99.97 75.21 90.83 75.21 
1022.40 2.40 131 • 41 82.39 91.71 82.39 
1022.80 2.80 165.59 88.99 92.58 88.99 
1023.00 3.00 183.65 92.11 93.01 92.11 
1023.10 3.40 221.58 98.06 93.88 93.68 
1023.80 3.80 261.81 103.67 91.73 94.73 
1021.00 1.00 282.74 106.36 95.1~ 95.15 
1024.40 1.40 326.20 111.55 96.00 96.00 
102 ... 80 4.80 371.68 116.51 96.83 96.83 
1025.00 5.00 395.15 118.91 97.2i 97.2i 
1025.40 5.40 443.50 123.58 98.07 98.07 
1025.80 5.80 493.68 128.07 98.89 98.89 
1026.00 6.00 519.43 130.26 99.29 99.29 
1026.40 6.40 572.23 134.54 100.10 100.10 
1026.80 6.80 626.71 136.66 100.90 100.90 
1027.00 7.00 65 ... 56 , .. 0.70 101.30 101 .30 
1027.40 7.40 711.46 14-4.67 102.09 102.09 
1027.80 7.80 769.92 148.52 102.87 102.87 
1028.00 8.00 799.72 150.42 103.27 103.27 
1028.40 6.40 860.4-4 154.13 101.04 104.04 
1028.80 8.60 922.63 157.76 101.81 10-4.81 
1029.00 9.00 95-4.26 159.54 105.20 105.20 
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TABLE 5 

ROUTED HYOROGRAPH 

Time Inflow Stage Outflow 
(hours) (cfs) (feet) {cfs) 

9.50 o.oo 1020.00 o.oo 
9.70 o.oo 1020.00 o.oo 
9.90 0 .• 01 1020.00 o.oo 

10.10 0.04 1020.00 o.oo 
10.30 0.16 1020.00 0.01 
10.50 0.40 1020.00 0.03 
10.70 0.90 1020.00 o.oe 
10.90 1.64 1020.01 0.18 
11 .1 0 2.64 1020.02 0.35 
11 .30 3.97 1020.03 0.60 
11 .50 5.69 1020.04 0.95 
11.70 8.32 1020.07 1.46 
11 .90 12.43 1020.10 2.22 
12.10 24.44 1020.16 3.58 
12.30 53.98 1020.29 6.58 
12.50 113.90 1020.57 15.98 
12.70 187.95 1021.03 37.22 
12.90 225.11 102.1 .58 64.29 
13.10 226.48 1022.10 77.01 
13.30 200.18 1022.53 84.49 
13.50 161.39 1022.82 89.32 
, 3.70 126.07 1022.98 91.84 
13.90 98.03 1023.04 92.30 
14.10 76.83 1023.03 92.23 
14.30 61 .61 1022.96 91.48 
14.50 51.03 1022.85 89.85 
14.70 44.29 1022.73 87.79 
14.90 39.14 1022.59 85.47 
15.10 35.19 1022.14 83.03 
15.30 32.18 1022.28 80.30 
15.50 29.96 1022.13 77.50 
15.70 28.18 1021.97 74.69 
·15. 90 26.64 1021.82 71.74 
16.10 25.28 1021.67 67.24 
16.30 24.08 1021.53 62.82 
16.50 23.00 1021 .41 58.75 
16.70 22.07 1021.29 52.14 
16.90 21 .21 1021 .19 46.14 
17.10· 20.43 1021.11 11.64 
17.30 19.71 1021.04 37.61 

Inflow volume = 41 .61 acre feet 
Outflow volume = 29.24 acre feet 
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CHAPTER IV 

PROBABILISTIC MODEL DEVELOPMENT 

Introduction 

This section Involves the development o~ a simulation 

model that considers the probabilistic behavior o~ the SCS 

model parameters. The simulation process starts with 

generating random values ~or S and R. The generation 

procedure supposes that Sand Rare totally Independent so 

that separate univariate generators are used. This 

assumption is supported by Haan and Schulze (1986) and Haan 

and Edwards (1987>. Each couple o~ R and S Is used by the 

SCS model to determine a runo~f hydrograph. The hydrograph 

Is routed through a reservoir and the flood storage height 

is determined. This routine Is repeated N times to result 

ln a sample o~ N flood storage heights. Presented In this 

chapter are the details o~ the development o~ the 

simulation computer code. Subroutines for the Inflow 

hydrograph and reservoir routing computations are adopted 

~rom SWAMP <Haan, 1987) wlth slight modlflcatlons. The 

SWAMP computer program Is based on SCS procedures as 

detailed in Bar~leld, Warner and Haan (1981>. 
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Input Parameters 

The simulation procedure requires different types of 

Input data. Some of the data are considered as constants. 

This Includes the watershed area, land slope, length of the 

maln channel, and reservoir characteristics describing the 

stage-storage and stage-discharge characteristics. Two 

lnputs, the SCS curve number and storm rainfall, are random 

variables and change from simulation to simulation. The 

sample slze used can be varied from 10 to 1000. In general, 

as the sample size increases, the stability of the results 

Improves and the computation time Increases. 

S Data Generation 

It was stated In the literature review that S ls a 

function of many variables and that this var1ab111ty can be 

described by the lognormal probability distribution 

1 - ( Log s - }J )2 

exp[ ------------ l , s > 0 pa<s> = --------------s~ 2M s2 

where~ and s2 are, respectively, the mean and the variance 

of the log transformed data. It was stated previously that 

Haan and Edwards <1987) computed observed S values from 

observed rainfall and runoff data for different watersheds. 

The mean and standard deviation they found for the 

Stillwater station are used to simulateS values from the 

lognormal distribution. The generation of an observation, 
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x, ~rom a given distribution Is generally done by 

lntegratlng the probablllty denslty ~unction o~ that 

dlstrlbutlon betHeen - oo and x, set It equal to a random 

number generated ~rom the unl~orm dlstrlbutlon In the 

Interval <O, 1 >,and solve ~or x. For some cases, llke the 

present one, an analytic lntegratlon o~ the probability 

density ~unctions ls not possible and numerical methods are 

used instead. The algorithm used ~or generating lognormal 

data Is explalned ln Haan (1977>. This algorithm ls based 

on a numerical method developed ~or normal deviate 

generation Hhose computer subroutine is presented ln Wol~e 

(1983). Thls subroutine Has used ~or lognormal data 

generatlon by using a speclal property o~ the lognormal 

dlstrlbutlon, namely, that I~ Y ls normally distributed 

Hlth meanp1 and varlance s12 then eV Is lognormally 

dlstrlbuted Hlth meanJU and variance s2. The generation 

procedure consists o~: 

1 > Generate a random number, RN, ~rom the standard normal 

distribution ln the interval <-oo,oo> using the procedure 

o~ Wol~e <1983). 

2> Generate a normal observation ~rom the relatlonshlp 

Y = s RN + ~ 

Hhere)U and s are the mean and standard deviation o~ the 

logarlthmlcally trans~ormed data estimated ~rom the mean 

and standard devlatlon o~ the untrans~ormed data uslng the 

relations ~rom ChoH (1954). 
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1 

f = 
2 

6 = Log<Cv2 + 1) 

where Sm Is the mean of the untransformed data, and Cv ls 

the coefficient of variation of the untransformed data. 

3) The last step ls to transform Y to S from the equatlon 

S = EXP<Y> 

where S Is the SCS retention parameter. 

Rainfall Data Generation 

It Is quite common to describe rainfall events by the 

extreme value type I distribution <Harshfield, 1961; Haan, 

1977). 

- (r -P) - <r -JI> 
PR<r> = ~ exp[ ---------- - exp [ ---------- ll 

oc 0( oc 

where 0( and p are the d I str 1 but i on parameters. They are 

function of the mean and the standard deviation of the 

representative set of data. In thls study~ and ~are 

estimated from <Haan and Wilson, 1986) 

0C = 0.236 <R1oo - R2> 

fJ = R1 oo - 1 • 086 < R1 oo- R2 > 

where R1oo and R2 are the 100-year and the 2-year, 24-hour 

rainfalls respectively. 
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The rainfall data generation procedure Is 

1 > Generate a random number, RND, from the uniform 

distribution in the Interval <O, 1 ). 

2 ) Se~f : PR< r) dr equa 1 ~o RND 

and solve for R. That is 

-<r -j&> -<r - p > 
1. exp[ -------- - exp[ --------JJ dr = RND 
0( 0( oc 

Use a change of variable to simplify this Integration 

y=l_<r-P> 
oc 

The Integration llmlts become 

a> y = - oo for r = - oo 

b > y = 1. < R - /J > for r = R 
0( 

S 1 nee y = 1_ ( r - ,S > then dr = Cl( dy. The 1 ntegra 1 becomes 
q 

PR<R> = Pv<V> =LV exp<- y> exp(- exp<- y)) dy 
- 00 

Set v equal to - exp<- y). Then dv equals exp<- y> dy 

and the Integration limits become 

a> v = - oo for y = - oo 

b> v = - exp<- y> for y = V 



Therefore 

--j -exp< - Y > 
Pv<Y> exp<v> dv 

- 00 

which solves for 

Pv<Y> = exp(- exp<- Y>> = RND 

then 

Log RND = - exp<- Y> 

and 

- Log(- Log<RND>> = Y 

Solving for R 

then 

-Log( - Log( RND > > = !_ < R - f3 ) 
ac 

R = p- «Log<- Log<RND>> 

Inflow Hydrograph Development 

The Inflow hydrograph is defined as the plot of flow 
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rate passing a particular point versus time. Computations 

are done following the SCS procedure which considers both 

precipitation and watershed characteristics. It consists 

of simulating a ralnfall pattern, deriving a rainfall 

excess pattern, defln1ng a unit hydrograph, and using a 
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convolution process to translate the rain~all excess Into a 

runo~~ hydrograph. 

Unlt Hydrograph 

This model adopts the SCS model unit hydrograph. 

McCuen (1982> de~lnes a unlt hydrograph as" the hydrograph 

that results ~rom one lnch o~ precipltatlon excess genera-

ted uni~ormly over the watershed at a uni~orm rate during a 

specl~ied period o~ tlme". Unlt hydrograph computations 

integrate an estimate o~ unlt hydrograph tlmlng parameters, 

an estimate o~ the unit hydrograph peak ~low rate, and use 

o~ an approximating equation <Bar~leld, Warner and Haan, 

1981 ) • 

T1m1ng Parameters. The unlt hydrograph tlmlng 

parameters as de~lned and estimated by the SCS and stated 

1n Bar~leld, Warner and Haan (1981>, are 

Lag tlme 

<FLENGTH)O.e <SFLQ)0.7 

LAGT = -----------------------
1900 <SLOPE)O.!S 

where FLENGTH Is the maximum ~low length ln ~eet, SFLO Is 

the SCS retention parameter ln inches, SLOPE ls the average 

land slope 1n percent and LAGT ls the lag tlme ln hours. 

Tlme o~ concentration 

LAGT 
TC = 

0.6 
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Time increment 

LAGT 
DT = 

3 

_ Time to peak 

DT 
TP = LAGT + 

2 

In the computer code DT and TP are rounded o~~ to nearest 

integer. 

Peak Flo~. The equation derived by the SCS ~or the 

peak ~lo~ o~ a unit hydrograph is 

484 AREA 

QP = ---------
640 TP/60 

~here AREA is the area o~ the ~atershed in acres, TP is the 

time to peak in minutes, and QP is the peak ~~o~ in c~s. 

Approximating Equation. The equation used to appro-

ximate the SCS curvilinear unit hydrograph is that proposed 

by Haan <1970>. 

q(t) 
----- = 

CP 
exp< 1 - -=- > ] 

TP 

C3TP 

~here q(t) is the unit hydrograph ordinate at time t, and 

C3TP is a curve parameter ~hlch, ~or the SCS unit hydro-

graph, is equal to 3.75. The computer subroutine using 

this equation estimates the unit hydrograph base time as 4 



times the time to peak. The number o~ unit hydrograph 

points created is 

NUHO = 4 TP/DT 
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Flnally the unit hydrograph points are determined by use o~ 

the above ~ormula as 

UH1 = CP[C1 exp(1 - C1 )J3.75 

and 

t1 =<I - 1 > DT 

where C1 ls equal to <I- 1 > DT/TP, and 

NUHO. 

Rain~all Pattern 

varies ~rom 1 to 

There are di~~erent types o~ storm patterns available 

such as historic storms, Hu~~·s curves, and synthetic 

patterns <Bar~ield, Warner and Haan, 1981 ). Synthetic 

patterns are derived by two d1~~erent methods; the 

Intensity-Duration-Frequency method and the SCS method. 

This model adopts the SCS <So11 Conservation Servlce, 1975> 

method which presents two types o~ storm patterns- type I 

and type II- applicable ~or d1~~erent geographic regions o~ 

the United States. Using the same rain~all intensity used 

In part one, a 24-hour raln~all pattern ls developed based 

on the type II curve whose shape ls approximated by the 

equation 
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P<t> T 
= 0.5 .. 

where P<t> is the synthetic rain£a11 depth in inches at 

timet, P2~ ls the 24-hour raln£a11 depth o£ a given return 

period in lnches, and T ls equal to t - 12 In hours, and t 

ls the time. The computer code starts by solving £or the 

starting tlme o£ the raln£a11 pattern. The SCS runo££ 

equation shows that 0.2 S Inches o£ raln must occur be£ore 

any runo££ starts. There£ore, the starting time, T1, ls 

determined by solving the raln£a11 pattern equation £or T 

with P is taken equal to 0.2 S. A numerical solution 

procedure is presented. 

1) For a glven S, the entity 0.2 S/24 Is computed and 

set equal to PP24. 

2> Then a starting time o£ 1 ls given to T and an 

Increment o£ 0.25 ls used. 

3) A variable RHS ls set equal to 

12 • <T - 12> [-----:~:~~--------- 1 
2 I T - 12 I • 0. 04 

0.755 

At each step, RHS is tested against 24*PP24. 

4> The process goes on until a value o£ T that gives 

RHS > 24*PP24 Is reached. This value Is set equal to T1. 

The stopping time, T2, is taken equal to 24 hours. Finally 

the total number o£ rain£a11 data points is computed as 



NTR = 60<T2- T1>/DT 

and rainfall data is determined as 

and 

t; = T1 + <1 - 1 >DT/60 

t, - 12 
R1 = P2~ [0.5 + -------

24 

where I varies from 1 to NTR. 

Rainfall Excess 

Rainfall excess is defined as rainfall minus losses 

due to Interception, Infiltration, evapotranspiration and 

depressional storage. The rainfall excess pattern Is 

estimated by the SCS equation 

<R1 - 0.2 S )2 

CRE1 = --------------- , R1 ~ 0.2 S 
RJ + 0.8 S 

CRE1 = 0 , R1 <= 0.2 S 

where 1 varies from 1 to NTR. 
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Finally the rainfall excess pattern is used to compute 

rainfall excess bursts 

, CRE1 > CRE1-1 

RE1 = 0 , otherwise 
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Convolution and In~low Hydrograph 

Computations 

So ~ar unit hydrograph and raln~all excess patterns 

have been generated. The next step Is to use a convolution 

process to translate the precipitation excess Into a runo~~ 

hydrograph. Conceptually the convolution approach 

integrates a process o~ multiplication, translation with 

time, and addltlon. The mechanism ls that, given a 

raln~all excess pattern o~ NTR bursts and a unit hydrograph 

o~ NUHO points, the ~lrst burst o~ raln~all excess o~ 

duration DT Is multiplied by the ordinates o~ the unit 

hydrograph. The unit hydrograph Is then translated In tlme 

by DT and the next burst o~ raln~all excess is used. The 

process goes on untll the unit hydrograph Is translated ~or 

all raln~all excess bursts. The results o~ multipllca-

tions are summed ~or each time interval and the result Is a 

runo~~ hydrograph composed o~ NTR~NUHO - 1 data points. In 

the computer code, data points o~ the ln~low hydrograph are 

computed by the equations 

=t UH1 REJ-1•1 ; J = 1, 2, •••• , NTR~NUHO- 1 
i=1 

tJ = T1 ~ <J- 1>DT 

where IHJ Is the runo~~ hydrograph ordinate at time tJ, RE 

and UH are as de~lned above with the exception 
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RE1 = 0 for > NTR 

UH1 = 0 for > NUHO 

Reservoir Routing 

Reservoir routing is used to determine the outfloH 

hydrograph from a reservoir for a given Inflow hydrograph 

and for known stage-storage and stage-discharge curves of 

that reservoir. The reservoir routing subroutine 

Is based on the storage equation 

~s 

I - 0 = 
At 

where I Is the inflow, 0 is the outfloH, ~t is the routing 

time interval and~S is the change of storage that occurs 

during the time Interval ~t. This equation Is rearranged 

and numerically solved to have the form 

lt+1 - It o,., - o, 
~t( --------- > - ~t( ----------> = s,., - s, 

2 2 

where subscripts i+1 and i Indicate times t+~t and t 

respectively. The inflow hydrograph values are known at 

any time 1. The outflow and storage values are known at 

tlme 1-1, but unknown at ttme 1. Using this information, 

the above equation is rearranged so that the unknown 

parameters are set on the left hand side and the known ones 

are set on the right hand side. 
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4t ilt 
s •• , + 01+1 = ---<11+1 + lJ) + s.- --- o. 

2 2 2 

This results In one equation Hlth tHo unknoHns ~or Hhich 

there Is no direct analytic solution. Although, ~or this 

case a combined <analytic, graphical) procedure knoHn as 

the storage Indication method is available, the reservoir 

routing subroutine o~ this model proceeds numerically to 

solve the reservoir routing equation. The process consists 

o~: 

1 > Llt is set equal to 0.2 hr. I~ ~t is di~~erent ~rom 

the in~loH hydrograph time interval, an adjustment o~ the 

time scale is made and neH ln~loH hydrograph ordinates are 

determined ~rom the old ones by linear interpolation. 

2> An elevation variable, H, ls initialized equal to 

the stage level o~ the principal splllHay, ELPSP, and a 

storage ~unction subroutine Is called to determine the 

value o~ corresponding storage <S1>, by linear lnterpola-

tion among the stage-storage curve values. For the same H, 

a discharge ~unction subroutine Is called to determine the 

corresponding discharge value <01 >,by linear Interpolation 

among the stage-discharge data points. 

3> S1 and 01 values are used along Hlth the values o~ 

UH1 and UH2 o~ the .ln~loH hydrograph to compute the right 

hand side o~ the routing equation, RHS1. S1 and 01 are 

also used to compute the le~t hand side o~ the equation, 

LHS1. The absolute value o~ <LHS1- RHS1> is tested 

against a tolerance value equal to CV * RHS1; CV = 0.0001 
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If the test was positive <ABS<LHS1 - RHS1 > > CV * RHS>, 

then an entity of 0.2 SIGN<LHS1- RHS1> Is subtracted from 

Hand the process restarts. The loop goes on until an H 

value that gives a negative test Is reached. This H value 

and the corresponding o~tflow and storage are recorded as 

H1, S1, and 01; values of the stage, storage, and discharge 

at time t1. To compute the records at time t2, H Is set 

equal to H1. In general, when the tlme Index ls 1, H Is 

set equal to H1-1 and the process restarts from step 2. 

Flood Storage Height Determination 

The reservoir routing subroutine obJective Is to 

determine the maximum stage value resulting from an Inflow 

hydrograph. Then a data point of the desired flood storage 

height sample Is obtained by subtracting the principal 

spillway stage value from the above determined maximum 

stage. The program determines the flood storage height 

uslng each of the randomly generated s, R pairs. Thus N 

values of flood storage height were generated. A llstlng 

of the model computer code ls shown In Appendix A. 



CHAPTER V 

RESULTS AND ANALYSIS 

Selection o~ Sample Size 

It was necessary to select a sample size , N, that 

results in relatively small variation in the estimated mean 

~lood storage height yet is not so large as to require an 

unreasonable amount o~ computer time. Di~~erent sample 

sizes were used. For each sample slze, the program was run 

10 times resulting in 10 samples o~ ~lood storage heights. 

Frequency analyses were done and a value o~ ~10 determined 

~or each sample. Summary statistics o~ ~10 values ~or the 

dl~~erent sample sizes are shown in Table 6. Based on 

these results, a sample size o~ 1000 was chosen. 

Generated S data 

The computer output o~ the simulated S data is shown 

in Appendix A. The results o~ the ~requency analysis o~ S 

data, mainly the summary statistics and the approximation 

by the lognormal probability distribution, are shown In 

Table 7 and Table 8. The ~It o~ the lognormal distribution 

to the simulated S data is shown in Figure 7. For this 

plot, as well as ~or all the ~ollowlng probability plots, 

only every tenth point Is plotted. 
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TABLE 6 

STATISTICS OF f1o FOR DIFFERENT 
SIMULATION SIZES 

Simulation 
Slze 

100 
200 
300 
400 
500 
600 

1000 

Mean 

4.54 
4.58 
4.36 
4.53 
4.49 
4.38 
4.44 

TABLE 7 

Standard 
Devlatlon 

.89 

.33 
• 31 
.29 
.22 
.18 
.16 

SUMMARY STATISTICS OF S DATA 

GEN. S VAL. 

BASED ON 1000 OBSERVATIONS 

ORIGINAL DATA 

MEAN 
VARIANCE 
STD DEV 
COEF VAR 
SKEW COEF' 

4.834806 
14.261910 
3.776495 
0.781105 
2.523713 

LOGS OF DATA 

MEAN 
VARIANCE 
STD DEV 
COEF VAR 
SKEW COEF 

1 .320412 
0.531440 
0.728999 
0.552100 

-0.151885 
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TABLE 8 

APPROXIMATION OF S DATA BY THE 
LOGNORMAL DISTRIBUTION 

RET PERIOD PROBABILITY VALUE 

1 • 01 99 .68 
1.25 eo 2.03 
1.42 70 2.54 
1.66 60 3.05 
2.00 50 3.74 
2.32 43 4.27 
3.33 30 5.47 
5.00 20 6.90 
6.66 15 7.87 

10.00 10 9.52 
14.28 7 11.17 
20.00 5 12.42 
25.00 4 13.41 
50.00 2 16.69 

100.00 1 20.42 
500.00 .2 30.56 

1000.00 .1 35.62 
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The summary statistics sho~ that the simulated mean 

and variance of S are close to the original values of 5 and 

4, respectively. Figure 7 sho~s the generated data are in 

fact lognormally distributed. 

Generated Rainfall Data 

The computer output of the simulated rainfall data Is 

sho~n in Appendix B. The results of the frequency analysis 

of simulated rainfall data, as approximated by the extreme 

value type I distribution, is sho~n in Table 9 as ~ell as 

in Fig 8. The plotted data sho~s the extreme value type I 

probability distribution flt the exceedence probability 

plot very ~ell sho~ing that the simulated rainfall is from 

the extreme value type I distribution. 

Simulated Flood Storage Heights 

The resulting sample of flood storage heights ls 

presented in appendix B. This set of data ~as subJect to a 

frequency analysis as follo~s: 

1 > The data Has analyzed and plotted in terms of exceedence 

probability. The computer output of the plotting position 

analysis <the first 200 points) is sho~n ln Appendix C. 

The exceedence probability plot of data is shoHn in 

Figure 9. 

2> Looking for an approximating analytic probability 

distribution, the data Has treated by the normal and the 

extreme value type I distributions. Application of the 



TABLE 9 

EXTREME VALUE TYPE I APPROXIMATION 
TO RAINFALL DATA 

RET PERIOD PROBABILITY VALUE 

1 • 01 99 .96 
1 .25 80 2.31 
1 .42 70 2.68 
1 .66 60 3.03 
2.00 50 3.39 
2.32 43 3.65 
3.33 30 4.24 
5.00 20 4.84 
6.66 15 5.25 

10.00 10 5.80 
14.28 7 6.28 
20.00 5 6.72 
25.00 4 7.02 
50.00 2 7.92 

100.00 1 8.81 
500.00 .2 10.88 

1000.00 .1 11.77 

ALPHA = 1.28192 
BETA = 2.92123 
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lognormal and the log Pearson distributions was not possi

ble because o~ the presence o~ zero values. Tables 10 and 

11 show output o~ the ~requency analysts o~ data using the 

normal distribution and the extreme value type I distribu

tion, respectively. Figures 10 and 11 show the ~it o~ 

these distributions to the exceedence probability plot o~ 

data. Figure 10 shows that the normal distribution ls not 

a good representative o~ the ~lood storage height data. 

However, based on ~igure 11, one could accept the extreme 

value type I distribution to represent .the ~load storage 

height data. Seeking ~or a stronger evidence, the Chi

square goodness of ~it test was used and the hypothesis 

stating that the data Is ~rom the extreme value type I 

distribution was rejected. 

Another approach that was tried consisted o~ 

eliminating all zero ~load storage height values and 

analyzing the rematnlng data. The ~requency analysis o~ 

the nonzero data showed that among some o~ the most 

commonly used distributions, the Log Pearson Type III 

appeared to ~it the data. Summary statistics and the Log 

Pearson Type III approximation to the modi~ied data are 

shown ln Tables 12 and 13, respectively. The goodness o~ 

~it was not upheld by the Chi-square goodness o~ ~lt test 

<Appendix D shows the calculations involved in the 

Chi-square test>. There~ore, the decision made was to use 

the empirical exceedence probability analysts based on the 

plotting position scheme to determine ~load storage heights 
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TABLE 10 

NORMAL APPROXIMATION TO f DATA 

RET PERIOD PROBABILITY VALUE 

1 • 01 99 - 2.43 
1.25 eo .27· 
1.42 70 .e4 
1 .66 60 1.29 
2.00 50 1 .eo 
2.32 43 2.13 
3.33 30 2.74 
5.00 20 3.32 
6.66 15 3.65 

10.00 10 4.12 
14.28 7 4.52 
20.00 5 4.79 
25.00 4 4.9e 
50.00 2 5.52 

100.00 1 6.03 
500.00 .2 7.03 

1000.00 .1 7.41 

MEAN VALUE = 1.803824 
STAND. DEV = 1.816765 
VARIANCE = 3.300635 
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TABLE 11 

EXTREME VALUE TYPE I APPROXIMATION 
TO f DATA 

RET PERIOD 

1. 01 
1.25 
1.42 
1.66 
2.00 
2.32 
3.33 
5.00 
6.66 

10.00 
14.28 
20.00 
25.00 
50.00 

100.00 
500.00 

1000.00 

ALPHA= 1.416526 
BETA = 0.9862794 

PROBABILITY 

99 
80 
70 
60 
50 
43 
30 
20 
15 
10 

7 
5 
4 
2 
1 

.2 

.1 

VALUE 

- 1 .18 
.31 
.72 

1 .11 
1.50 
1.80 
2.44 
3.11 
3.56 
4.17 
4.70 
5.19 
5.51 
6.51 
7.50 
9.78 

10.77 
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of different return periods and abandon the search for an 

analytic expression for the probability distribution. 

Determination of f1o by the 

Probabilistic Approach 
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The value of flood storage height equaled or exceeded 

by 10 ~ of the observations read directly from the plotting 

posltlon output <Appendix C> was found to be 

f1o = 4.49 feet 

Note that the data in appendix C is based on 1000 

observations 39 of which are zero. 

Discussion 

The detention design flood storage height, f, computed 

using average values of S and R was found to be 3 feet. By 

comparison between f and f1o, It is clearly inferred that 

the detention volume Js underdeslgned. That Is the SCS 

model underpredJcted the 10-year overflow. In fact the 

data of Appendix C shows that an f of 3 feet is exceeded 19 

percent of the tlme or about once every 5 years. This 

underprediction demonstrates that the 10-year rainfall and 

the average retention parameter don't necessarily produce 

the 10-year runoff hydrograph or flood storage helght. 

Calibration Based~ the Rainfall Parameter 

In order to come up with a flood storage height equal 



TABLE 12 

SUMMARY STATISTICS OF THE 
NONZERO f DATA 

FLOOD STORAGE HEIGHT 

BASED ON 961 OBSERVATIONS 

ORIGINAL DATA 

MEAN 
VARIANCE 
STD DEV 
COEF VAR 
SKEW COEF 

1 .877028 
3 .. 297175 
1 .. 815812 

.. 967387 
1.635570 

LOGS OF DATA 

MEAN 
VARIANCE 
STD DEV 
COEF VAR 
SKEW COEF 

5.840177 
1 .. 599648 
1 .264772 

21.656400 
- .9224073 
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TABLE 13 

LOG PEARSON TYPE III APPROXIMATION 
TO THE NON ZERO f DATA 

RET PERIOD PROBABILITY VALUE 

1. 01 99 .02 
1 .25 80 .40 
1 .42 70 .64 
1.66 60 .90 
2.00 50 1.28 
2.32 43 1.58 
3.33 30 2.28 
5.00 20 3.10 
6.66 15 3.63 

10.00 10 4.48 
14.28 7 5.27 
20.00 5 5.82 
25.00 4 6.23 
50.00 2 7.44 

100.00 1 8.59 
500.00 .2 10.84 

1000.00 .1 11 .64 
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to that determined by the probabilistic approach while 

using the SCS average-valued model, it is possible to use a 

rain~all lntenslty o~ return period different than the 

return period of ~low used to design the structure. This 

approach consisted o~ using a trial and error process that 

kept the retention parameter constantly equal the average 

value, Sm, and used dl~ferent 24-hour rainfall depth 

values. The rain~all depth that resulted in a ~lood 

storage height equal to ~10 was ~ound to be 

R* = 7.3 Inches 

the return period o~ this rain~all Is determined by use o~ 

the extreme value type I distribution 

T* = 1/(1 - <exp <-exp < /1- R*)/0())) 

~and~ are as de~ined previously. 

T* = 27 years 

From thls result, lt may be concluded that the use o~ a 

T-year ra1n~a11 to design ~or aT-year ~low may be in 

error 1~ average hydrograph model parameters are used. 

This approach would not be easily accepted by most 

hydrologists. There~ore, lt is not recommended as an 

option ~or use with the SCS model ~or design purposes. It 

Is proposed only to show the ~alsity o~ the assumption o~ 

equality between return period rainfall and resultlng ~low 

where average model parameters are used. 
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Calibration Based~ the Retention Parameter 

Unlike raln£all, explaining the underprediction o£ the 

design £1ood storage height as a consequence o£ using non 

suitable S values might be accepted by most hydrologists. 

The underprediction o£ the design £load storage height is 

to be avoided by using an S value di££erent than the 

average. It is obvious that the £load storage height is an 

increasing £unction o£ the runo££ volume. It also known 

£rom the SCS model that runo££ volume is a decreasing 

£unction o£ S values. Since£ Is smaller than £1o, then 

the S value which, 1£ used by the SCS standard model, would 

result in an£ value equal to £1o, is smaller than the 

average S. This value, denoted by S*, was determined by 

trial and error to be 

S* = 3.30 inches. 

The corresponding curve number is 

CN* = 75.2. 

The curve number used in the average-valued approach was 

equal to 67, there£ore, an immediate suggestion is to 

Increase the curve number corresponding to average 

conditions by about 12 ~- This suggestion concerns the 

assumed reservoir and watershed characteristics, and 

rain£a11 intensity. 

The detention structure considered in this study was 

designed to control 10-year return period £lows. There£ore 
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a 10-year return period rainfall and a range of Natershed 

average condition curve numbers and reservoir 

characteristics are considered to determine a set of 

correction factors suggested to be applied on the average 

condition curve numbers for the design of small flood Nater 

retarding structures. The range of curve numbers, the 

corresponding average S values and their assumed statistics 

are shoNn in Table 14. 

The calculations are made assuming constant Natershed 

geometric characteristics and a constant coefficient of 

variation of the S values. The different reservoir 

characteristics, mainly the equations defining the stage

storage and the stage-discharge relationships are shoNn in 

Tables 15 and 16, respectively. These relationships 

defined the reservoir characteristics for the associated CN 

used in all subsequent analyses. For every case, f, f1o, 

S*, and CN* Nere determined similarly to the previous 

example <CN = 67). A summary of the calculation results is 

shoNn in Table 17. Using the range of CN and their 

corresponding CN* values, a set of conversion factors Nas 

determined <Table 18>. This set may be referred as the 

factors of converting average condition curve numbers to 

consider the probabilistic variations. 

Generalization of the Calibration Approach 

for Different Return Period Rainfalls 

In this section the calibration approach Is 



CN 

50 
60 
70 
80 
90 

TABLE 14 

SUMMARY STATISTICS RELATIVE TO THE 
RANGE OF CURVE NUMBERS USED 

Sm Standard Coef'flclent 
Deviation of' Variation 

<inch> < 1 nch > 

10.00 8.00 0.8 
6.67 5.34 0.8 
4.28 3.43 0.8 
2.50 2.00 o.8 
1 .11 0.89 0.8 

TABLE 15 

STAGE-STORAGE RELATIONSHIP EQUATIONS FOR 
THE DIFFERENT RESERVOIR CASES 

CN Z1 Z2 Storage<1, 
<AMC II> <X> <X> < acre-f'eet) 

50 10.00 4.63 72 hS /43560 

60 10.00 2.90 115 hS /43560 

70 8.33 2.10 192 h3 /43560 

80 8.33 2.00 200 hS /43560 

90 8.33 1.43 280 h3 /43560 

<1> h ls the Hater level ln the reservoir. 
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CN 
<AMC 

50 

60 

70 

80 

90 

( 1 ) 
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TABLE 16 

STAGE-DISCHARGE RELATIONSHIP EQUATIONS FOR 
THE DIFFERENT RESERVOIR CASES 

Diameter<1 > Dlscharge<2> 
I I> of' 

SplllHay Weir Orl-flce Pipe 
FloH FloH FloH 

<lnch> <c-fs) < c-fs > < c-fs > 

15 17.67 h.3/2 13.30 h1/2 4.04<h~19.25)1/2 

24 28.30 h.3/2 34.04 h1/2 12.11(h~18.80)1/2 

30 35.34 h.3/2 53.18 h1/2 20.06(h+18.50)1/2 

48 56.55 h.3/2 136.14 h1/2 56.12(h~17.60)1/2 

60 70.68 h.3/2 212.72 h1/2 90.35(h+17.00)1/2 

Diameter values are those of' th barrel o£ the prlnclpal 
spIll Hay. The diameter of' the rlser ls taken equal to 
one and one half' tlmes the diameter of' the barrel. 

<2> - The design discharge ls taken equal to the mlnlmum of' 
-flOHS. 

- h ls the head above the rlser of' the prlnclpal 
splllHay. 



TABLE 17 

SUMMARY OF CALCULATION RESULTS FOR THE 
CONSIDERED RANGE OF CURVE NUMBERS 

Return period = 10 years 
Ralnf'all 

CN 

50 
60 
70 
80 
90 

= 6 Inches 

Sm f' f'1o S* 
< 1 nch > <feet> < f'eet > (inch> 

10.00 3.03 6.73 6.26 
6.67 3.02 5.50 3.97 
4.29 3.04 4.24 2.80 
2.50 3.02 3.62 1.75 
1 .11 3.03 3.21 0.85 

TABLE 18 

FACTORS OF CONVERTING AVERAGE 
CONDITION CURVE NUMBERS 

TO PROBABILISTIC 
CONDITIONS 

Curve Number 
<AMC II> 

50 
60 
70 
80 
90 

Factor of 
Conversion 

1.230 
1 .193 
1.123 
1.064 
1.024 
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CN* 

61.5 
71.6 
78.1 
85.1 
92.2 
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generalized by considering a range of rainfall return 

periods. A summary of the calculation results ls presented 

in Table 19. Similarly to the previous examples, f values 

are determined by using average condition curve numbers, fT 

values are read from the plotting position outputs of the 

different simulations, and S* values are determined by 

trial and error. The resulting set of conversion factors 

is presented in table 20. 

In real cases the 2-year and 5-year return period 

floHs are controlled by small structures such as ponds and 

levees Hhose construction features are different from those 

of small reservoirs considered In this study. The 25-year 

return period floHs are controlled by bigger reservoirs or 

dams having more complex design features. Therefore, the 

above set of conversion factors are not recommended for use 

for design purposes as much as considered to draM 

conclusions about the validity of the average-valued 

approach as a prediction procedure. 

By examining the set of conversion factors and the 

summary of calculation results, It may be concluded that 

1 >for all rainfall return periods and curve number cases, 

the average-valued approach underpredlcted and conversion 

factors greater than unity are needed. 

2> The magnitude of conversion factors Increases Hlth 

Increasing rainfall return periods, therefore, the 

underpredlction Is Horst for higher return period 

rainfalls. 
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3) Within a given return period, the conversion factors 

decrease Hith increasing curve number values, therefore, 

the underprediction Is less serious for higher curve number 

values for Hhich the standard SCS procedure approaches the 

probabilistic procedure • 



Return I 
Period I 
<years> I 

I 
I 
I 
I 

2 I 
I 
I 

TABLE 19 

SUMMARY OF THE CALCULATION RESULTS 
FOR RANGE OF RETURN PERIODS 

AND CN VALUES 

Rainfall I CN Sm f fT 
I 

< 1 nch > I < 1 n > ( ft) ( ft> 
I 
I 
I 50 10.00 0.34 0.67 
I 60 6.67 0.71 1 .11 

3.5 I 70 4.29 1.04 1.32 
I 80 2.5 1.49 1.72 
I 90 1 .11 1.79 1 • 91 
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S* CN* 

< 1 n > 

8.05 55.4 
5.15 65.8 
2.95 77.2 
2.02 83.2 
0.85 92.2 

--------~---------~----------------------------------------

50 10.00 1.46 3.95 6.69 59.9 
60 6.67 1.84 3.79 4.01 71.4 

5 5 70 4.29 2.12 3.00 2.95 77.2 
80 2.5 2.33 2.91 1.66 85.8 
90 1 .11 2.56 2.72 0.80 92.6 

--------+---------·----------------------------------------

10 6 

50 
60 
70 
80 
90 

10.00 
6.67 
4.29 
2.50 
1 .11 

3.03 
3.02 
3.03 
3.02 
3.03 

6.73 
5.49 
4.24 
3.62 
3.21 

6.26 
3.97 
2.80 
1.75 
0.73 

61 .5 
71.6 
78.1 
85.1 
93.2 

--------+---------+----------------------------------------
50 10.00 5.07 X X X 

60 6.67 4.46 7.82 3.37 71.6 
25 7 70 4.29 4.05 5.41 2.72 78.6 

80 2.50 3.84 4.51 1. 71 85.4 
90 1 .11 3.54 3.85 0.66 93.8 

<X> f'T exceeded 9 f'eet 



TABLE 20 

FACTORS OF CONVERTING AVERAGE CONDITION 
CURVE NUMBERS TO PROBABILISTIC 

CONDITIONS FOR DIFFERENT 
RETURN PERIOD 

RAINFALLS 

Return Period 2 5 10 25 

Curve Number 

50 1 .11 1.20 1.23 X 

60 1.10 1 .19 1.20 1 .. 25 
70 1.06 1 .1 0 1 .. 12 1.22 
80 1 .. 04 1.07 1.06 1 .. 07 
90 1. 02 1.03 1.02 1.04 

<x> fT exceeded 9 feet 
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CHAPTER VI 

SUMMARY AND CONCLUSIONS 

Most of hydrologic models define their input 

parameters as average values neglecting the uncertainty 

that may be caused by their random variability inherited 

from the nature of the hydrologic phenomena. The objective 

of this study was to show the necessity of considering the 

probabilistic behavior of hydrologic model parameters. 

This was done by examining the design of certain aspect of 

a hypothetical detention structure planned for the 

protection of a hypothetical watershed. The SCS runoff 

model was used and a simulation model that treated the SCS 

model parameters, S and R, as random variables, was 

developed. The procedure was to determine the design flood 

storage height of a hypothetically defined reservoir. This 

was done by use of both the SCS standard ·approach and the 

simulation model that accounted for the joint probabilistic 

behavior of the SCS parameters. By comparing the results, 

it was possible to conclude: 

1> Compared with the probablllstlc approach, the SCS 

standard approach underpredlcted the design flood storage 

height. 

2> The assumption stating that the return period of a 
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flow Is equal to the return period of the rainfall 

producing that flow, may be In error If the flow ls 

predicted based on average model parameters. 

3) The uncertainty ln hydrologic modeling may be 

treated and alleviated by use o£ stochastic processes. 

4> Average-valued hydrologic models would be more 

reliable i£ some parameter calibration schemes such as 

conversion £actors are made available. 
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The presented calibration scheme may be criticized as 

the result of some theoretical assumptions. In order to 

come up with more realistic and practical solutions that 

account for the actual variability o£ the parameters, It Is 

suggested to 

1> Use actual watersheds £or which actual rain£all and 

runof£ data was or may be collected. 

2) Select the above watersheds to be protected by 

actual detention structure £or which flooding events were 

or may be recorded. 

3) Conduct analyses that relate rain£a11 data and the 

retention parameter data, derived £rom the observed 

rainfall and runof£ records, to the £requency of over£1ows. 
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200 IIPOT •ntae or t•• file eoatai•l•c t~ st,ce-Stor•&• e1r•• dft••;ssrs 
211 oPEl •J•,et,ssrs 
221 IIPUT ti 1Sif,JO 
230 101 I : I TO SJV:JIPIT 11 ,l$11 ):J£JT 
241 101 I I I TO 10 
251 101 J • 1 to Slf 
260 IIPVt 11 ,fli 1J) 
211 1m J,J 
281 Clost t!:PJIJT 
29t llllt •Jllt ol tle lllt co1ttlatac t)e •t•a•-4iacbarJt t1rTt d•ta•;sJrt 
3DI OPEl •i•,tt,SJFt 
311 IIP8T II,Jif,IO 
320 JOI I • I tO JI9:JJP1T tt,Jt(J):J£Jt 
331 JOI I I I TO 10 
341 JOI J = I TO Ill 
351 IIPIT I!,IIJ,J) 
361 l£1t J,J 
37t CLOSt II:PJIIT 
381 IIPit •ftlt lllt lor OQt}vt•;attPt 
390 OP£1 •o•,as,ODTPt 
400 J~ftttttttttttiiSCS PAR!ft£TII DJT& CEI£liTJOI''''''''tttttlttttttttttttttt 

411 PRIIT •Data Ctatratio••:PIIIT 
421 PRIIT •J,ta &tJeratloD of tbt SCS Jir&Aettr s• 
430 PRIIt ·~nt ,,,., the Locnor•al pro •• dlat•:pJJJT 
440 IIPUT •neal ot data to •• Jettrated(laeb)•;n:PIJJT 
450 IIPUT •staodard de•fatloJ of data to •• Jeltrltedt!De•>•;SJ:PIIIT 
461 tft: .5 I l0GI(ftA2)/(ISD/U)A2 tf)) 

~71 lSI : SQlllOGIIS)fn)A2•1 )):PJJIT 
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~80 JlMDO~I2£ Tlft£1 
4~0 SC¥ = I 
500 SCJS = 0 
51 0 FOl I = I TO I 
520 COSOI 7U 
530 SCf = SCJ • CESJALII) 
540 SCtS: SCYS • 1ClSYilii))A2 
551 IEIT I 
560 PRliT 15,• Slt;lated Yal1ea o( s•:PlliT 15, 
570 PRIIT 15, J;• Ob•er•atlo•••:PRIIT 15, 
580 fOI I = I TO I· II STIP 11 
5~0 PRIIT 15, DSIIG • ll.u•;c£SHlii•I>;CESUUI•2>;CISUL11•3liCESULII•4l;CE 
Siilll+5l;CESVilfi+6>;GESVALII•7liCISfll11•8>;GlSf!ltl•9>;CISf!lll•11> 
600 lilT I :PRIIT 15, 
610 PRliT as,•statlatlea: •:rRIIT t5, 
620 PRill 15,• 8ea1 St1Ddard dttiatloa•:PiliT 15, 
638 PRIIT 15,•0ri&lnat•; 
640 PRIIt 15, USIIG • II .II" ;II;SD 
651 UJIT 15, "St.10lattd •; 
660 PRIIT 15, OSJIC • 111,11 ";SCt/I;SQI!ISCfS·IISCfA2)/J)}/II·I>>:PIJIT 
~. 

671 CSV$ = •J£TPiR.DAT" 
680 OP£1 •o•,t3,CSYt 
'91 PIIIT 13,1;1:PRJIT t3,"CII. S f&l.• 
701 fOI I a I TO I 
711 PIIIT 13,CESJ&lll> 
721 JUT J 
731 CLOSE U 
741 PRIIT 
751 COTO 9U 
761 ltft··••broatlDt (or locnortal data &eneratlo•-· 
771 If Ill = t TJII 871 
781 11 a 2 f liJ • 1 
791 12 a 2 I RIJ • 1 
801 s ~ 11•2 t l2A2 
811 If S >= I TJ£1 781 
821 Ill =II t SQlii-2*LOCtS>>JS> 
83t 112: l2 I SQ)I(·2•LOCIS))/S) 
84t CESYtl(J) = IIPIYB • lSD'lll) 
850 IRI : IRJ • I 
au nnu 
870 G£SYtll I)= EIIIlB + YSD•RJ2) 
880 JRI • I 
890 unu 
900 mn 
911 JtfttttttttltttttiR&IIfALL J&Tt CIIIRJTIOJtltttttttttttttttlttttttttttltlttt 
'21 PRIIT •ceDeratloJ ol r•l•fall d1t1 &o1t ••I•c t .. • 
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~30 PRIMT •t1lrt1e lalue typ4 I prob.DI•t.•:,Eirt 
9.0 IMPOT ·ne 2-rur 24-boar Tilafalllt~e~>·;J2:PIIJT 

q50 IMPDT •the100-ye•r 24-hotr ralDf&lll iD(~l·;iiCt:PlJIT 
q60 & : .236 I 11100- 1~):1: RIOt· 1.186 I !RIOO • 12> 
q70 lAIDOBIZE Tl"£1 
980 FOI I • 1 TO I 
990 CHHLII) = I · A I LOG I ·LOCI UD)) 
1000 JUT I 
1010 PRJJT IS,• SU.ulated llitftll•:pRJIT 15,:PRIIT tS, J;• Obatr•rttoa••:rarJT 
IS, 
1020 FOI I = t TO I· 10 ST£P 11 
1030 PRIJT t5, DSIIG • tl,tt•;c£RfALIJ+t >;CERf&l11•2>;Cill&LII•3l;Cilf&lll•4l;G 
UUl! 1•5 >;CIRUlt 1•6 >;GUUU ft1 >;GUUll 1•8 >;CHULt 1•9 >;CUULt I•U> 
1040 JUT I 
1050 PRliT 15, :PRJit 15, •shti•tiea: •:pJJJT 15, 
1061 PRJIT t5, • I 2·24 I 101·24 JlJ'• 
1070 PRJIT 15, DSIIG • tl,ll 11,11 11,11 

IOSO PIJIT 15, tCl9t:•J&IJFj.Djr
lt90 OPEl •o•,IJ,CIJt 
1101 PRIIT t3,1il 
1110 PlliT I],•J&JJF&LL• 
1121 FOJ I a I TO I 
1138 PRIIT t3,C£lfAl(J) 
1140 IUT I 
1150 CLOSE U 
11U PIIIT 

Jete• 
11,11 •;J2;J1ti;A;J 

1170 IEDtttJfttltttttfLOOD STOIAC£ IIJCJT IETIRBII&TIOJtltttttttttttttttttttltt 
1180 FOI l • I TO I 
1190 COSII 2821:PRIIT 
1210 PIIIT •tROCESSlJC FOI •;t;•tJ PAll IS= •;c£S,Jltl>;•. I= •;cri,Alll);•>• 
12ft liDttttttltttttttttttSCS CUltlliiiAI lilt &f»JOCI1PJtttttttttttttttttttt 
12'21 SFLO = GESULil > 
1231 l!CT: '01((fl(ICTIA.8)f(Sfl0+1 )A,7)/1910/SQltlSL0,E) 
1240 tC = L!CT/,, 
t251 )T = UCT/3 , 
f 261 T1 = ~T + Jl72 
1270 Dt : 5 t JIT(Dt/S + .S>:JJ IT < 5 TIEl IT = 5 
1280 Tl = 5 t l1TITP/5):1F tl < 5 TIII TP • 5 
1~0 QP : 484 I jl[A/£40/tPf61 
1300 1110 = JITITP14/tT> :CI=)TITP 
1310 FOI I a I tO 1010 
1320 C2 a IJ·I>•CI 
1330 Dill) • Qpt(C2tiJPII-t2))A3.iS 
1340 IHT I 
1350 RI~IIItllllllllffltJAJIFALL SICTJQitlttlllltfllflftllftfltfltfflltltlffl 

1360 T2 = 24 
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1370 P24 = G£RV&ll(l 
1380 IS = G£SUll U:PP24 = .21RSIP24 
1 3~0 T : 1 
1400 T = T • .25 
HID IF T >= 24 TBU FSBil) =II :GOTO 2"1 
1421 RIS • 12 • IT· 12)1124.04112'USIT·I2l • .14H".755 
1430 If JBS < 24tP124 TBEI 1401 
144D lf PP24 > .5 TIII 11 • T • .5:GQTO 14&0 
1450 Tl : T • .25 
1460 JTl = IITIUIIT2·TO/DT) 
1470 FOI I : 1 TO ITI 
1480 Til) = T1 •II • l)ttT/61 
14~0 T: Till· 12 
1500 Cl = 124.04/12tUSIT l+ .14 H" .755 
1511 Rl J) = 12411 ,S+TICI/24) 
1520 JUT I 
1530 R£~tttltttttttttttttl8STIOCTIOIS tl' SCS IQJ&TIOJtttttttttttttttttttttt 
15-40 S = CISULU> 
1550 fOI I = I TO JTI 
1560 IF J( J) ( .2 I s TJU CUll) : I:COTO I Sat 
1570 cRm > = 111 n- .2•s >~21u1 J > • .a•s > 
1580 JUT I 
15~0 R£atttttttttttttttttROI COa1UT&TIOJtttttttttttttttltttttttttttttttttttt 
1610 110 = 1110 + ITl 
1611 lU 0 '" I 
1&21 fOI I = 2 TO Ill 
t&lt IICI > • Cltl J> • Clltl ·I> 
1~1 IF Jl(J) < I TIII lf(J) • I 
1&so un 1 
166 t FOI J • I TO 110 
1'70 SM • I 
1681 FOl I • I TO J 
1'90 SftB = snn +till >•RIIJ·I•I) 
1780 JUT I 
1711 JI(J) : Slm:JF IIIJ> < I TBII JI(J) : I 
172t TTIJ) =TI1) • (J·1 )t)T/&1 
1730 nn J 
1740 tfSiftffllllfllfttJIIIJIStllOII IOUTIJCIIIIIIIfllfllftflfllflfllflfflf 

1750 FOR I z I TO lliiJ:TJ(J>=TTIJ>:QJIJ}:IJ(J):UJt J 
1760 Ill : 110 
1771 liT = .2 
1180 J = t:TUD=THO:Qt1)=Qflt>:JUOl = Qtl) 
17~1 J=l 
1800 Ill= JJTIITIIIJI>-Tlf1))/IJT)+I 
1810 FOI I = 2 TO Ill 
1828 Till>: T111·1)+RDT:Titi>=JITIIIO•ttlfi)•,Ot5>>1111 
1830 IF TIIJ) <= TIIJ> TIEl COTO 1851 
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18~0 J = J•l :COTO 1830 
1850 Qll> = QIIJ·I)•!QI!Jl·QIIJ·I})t(Tifll-TIIJ-1 ))IITIIJ>-TIIJ·I)) 
1860 IUOL : IMfOl • Ql I> 
1870 un r 
1880 IF IIVOL <= 2 TIEl JSIII> = O:GOTO 2190 
18~0 FOR I= I TO JO:ISID=m,I>:SIIl:W,SII):J[JT J 
1900 FOI I = I TO 10: BQ!I >=Ill 1,1> :QJI I )=il J ,JU >:JUT I 
191 0 RElit Ill HHtllft It II Iliff ffJQDT I JG COIIPGUT I OJSIIIIflllllllf lflfltlllt lftl 

t92o n = .out 
1930 DTS = R»T•3600 
1940 11 = ElPSP 
1950 I = Bl :COSDJ 2'50 
1%0 COSUI 2731 
1971 51 = STOR:OI c IJSCJ 
1980 821:81 :521=51 :021=01 
1990 RIS =51 • 01 t JTS/2 • !Qil) • QI2>>•DTS/2 
2000 LBSI = 521 + 021 ' JTS/2 
2011 IF HS!lBSI • :US><CV•RJS Tiii 522=51 :LIS2::11S1 :022:01 :122=11:COTO 2131 
2020 122 = 121 • .2 t SGIILBSI·RJS) 
2030 I=B22:COSOB 2651 
2040 cosn 2731 
2050 522 = STOI:022=JISCJ 
2~0 LIS2=S22•021•tTS/2 
2071 IF AISILIS2·RIS><C,tRJS TIEl 2131 
2080 JJ • LIS2-LJSI:Jf=l22-121 
2t91 121=122:LJSI=liS2 
2111 IF II • t TIEl 2131 
2111 122 a 122 • (11$2 ·JiS)IJf/JJ 
2121 GOTO 203t 
2130 10. 10 +lli(JQ)::J22:01l0>&022 
2141 JJ 1110) < 1110·1) TIII FSJit) = 1110·1) • tL1S1tCOTO 21'1 
2151 lF 10 >= JJI TIII TllO+I >=TIJO>•IDT:QIIO+I)=I 
21&1 S1=S22:01=022:tiS=S1·0t•tTS/2+1QIIO•I)•QIIO>>•trS/2 
2170 B21=822:S22=S21:022=0211LHSI=liS2 
2181 COTO 2021 
2191 JO a I :JEIT I 
2211 PIJIT 15, 
2211 PllJJT tS, •slnPli OF HOOt STOUCI IEICTS:•:PIIIT 15, 
2220 PIJIT 15 1 J;• O)serfltioDI•:PIIIT tS, 
2231 FOl J • I TO 1-11 STIP II 
2240 PRIJT 15, OSJIC • tl,tt•;fSIIJ•I>i1SI11•2>;JSBII•3>;FSJCJ+4)iJSIIJ+5)iJSJl 
J•&>;FSBIJ+7liJSJII•8>;FSiiJ+9>iJSIIl•ll) 
2250 IEIT I:PRJIT IS, 
2260 lld$ = •ftSlll.llt• 
2271 OPII •o•,t3,1l8t 
2280 PRIIT tJ,t,l 
2291 PRIJT l),•ftood Stora&t !ti&~t· 



2300 FOI I = I TO I 
2310 PRIIT tl,fSifl) 
2320 IHT I 
2330 ClOSE 13:PRIIt 
2340 REB ····-cOVIT UD HI/IIlAH 2£10 UliES····· 
2350 12 a I 
2 36 0 F 01 I = 1 TO I 
2370 IF FSI(f) > 0 T»£1 IZ = 12 +I :!ISBill)= FSI(J) 
2380 IEIT I 
2390 IO=I·IZ:EI2=101IJTII2/1I>:OJZ=IZ·EIZ 
2400 PIIIT 15, •Jutb4r of obatrYatloJt tqaal to 1: •;JO:Plllt 151 

2410 PRJIT as,•ftodilltd S&Ap!t ol Flood StoriCt Jti&hta•: 1lliT 15, 
2120 PRJIT 15, 11;• Obaer•1tlona":PRIIT 15 1 

2430 fOI I = 0 TO £12- 10 STEP 10 
2440 PRIIT 15, VSIIG • II .u•;IISBI 1•1>;11Siti+2};1!Sil l•3>i8SIII+4>;"SBI 1•5>;11SI( 
J +6 >;11581 1•7>;11Sil 1•8>ii!SBI 1•9>;11Sit 1•10> 
2~50 IUT I 
2460 FOI I ~ I TO 012 
2470 PRJIT 15, USIIC • ll.aa•;eSBIEJZ•l>i 
2480 IEIT I:PRJIT 15, 
2190 BIAIIS : •nflSTI.J&t• 
2510 OPEl •o•,e),IIIAeS 
2511 PRIIT t3,1i1Z 
2520 PRIIT I],•FtOOP STOJACE IIIGit• 
2530 FOI I a 1 tO IZ 
2541 PliiT 13,11SJ(J) 
2551 un 1 
2561 CI.OSI U - --
2571 ClOSE 15 
2580 PIIIT •JfSDlTS Of TIIS lVI &IE II FlliS:•:pJJIT 
2590 PRIIT:PIIIT •pJJIT OVT OF IISilTS : •;OITPt 
2~10 PIJIT •s IATl : •;cstt 
2611 PIIIT •a IAT& : •iGlft 
2&21 Plllt •JtOOJ STOI!CI IIICIT I&T& :•;l!!t 
2630 Plllt •101 2£10 FLOOD STOIACt IIIGIT lATA :•;&Jiat 
2610 Ell 
2650 lEDittttllttttttlttttttttSTOlJCI AS-A FIICTIOI Of ST!Ctltfttlttttttttlt 
2UO JF J <= JSll > TIEl STOI = 43~DIISI1 >rCOTO 2721 
2,71 If I ): BSCJO> TIEl STOJ = 43~11'St10>:COTO 2720 
26St FOI J2 • I TO 10 
2691 JF I<= BSIJZ> tiU 2711 
2710 JUT IZ 
2711 STOJ=4356D! I I Sl IZ·I >•I B·ISI fZ·1 ))t{ Sl 12 )·SII Z-1 ) )/!lSI 12 HSI JZ·U)) 
2121 nnn 
2738 RtattttttttttttttttttttltJJSCIAICI AS l FUJCTJOI OF STiCI•tttttttttttltt 

2710 IF I<= JQII) TiEl JJSCJ • QDII):CotO 2601 
2758 IF I >= IQIJO> TBII DISCI z QIIJO>rCOTO 2801 
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2760 fOR 12 : I TO 10 
2770 IF I<= BQIIZl THEM 27~0 

2780 lfiT 12 
27<l0 DISCH=QDfl 2-ll• l B·HOIIZ·I l l11 ODII Z Hit I 2·1 > )/t 101.12 HQI IH ll 
2800 RETVRI 
2810 REa•••••••••••••scRE£1 nrss&CE'''''''''''''''''''''''''''''''''''''''''''' 
2820 CLS 
2830 PRIJT •conPITIJC .•• •:pRJJT 
28~0 PRIJT •ror lnlloM bydro&rip' rottl»a:•:PIIIT 
2850 PJIIT •tt T•• SCS ctrtlllntar Vait lydro&rapll ie tted. T~ia pro&r.a• 
2UO PRIIT • appro1iutea tbit bydro,r•pb tltll a coatUD¢N fnetion.• 
2870 PRIIT 
2880 PIIJT •u Th r•lnetorJ pathrD o1ed I• co.apote-d uio& tilt SCS • 
2890 PRIJT • type II aethod.• 
2900 PRIIT 
2910 PiiiT .,, RtDolf IDd total abatroctlo• cotpvtatio~• art ••••d 01 t~ scs· 
2920 PJJIT • Cane hd~r appruc•. Thf stS cgru JDibtr equtlo• la:• 
2~3G Pillt • Q = (J • t.2S)A2/(I • 0.8Sl, for l ) 1.2a• 
29~1 PlJIT • •'ere S = tiOOOJCJ) • tt• 
2950 PUIT 
2960 PIIIT •tt ltltrlolr roati11 ia laae4 oa t~ coatiatltJ ·~••tlo• pritelpal• 
2970 PRIIT • I - 0 = DS/tt• 
2980 PRIIT 
2~1 PliiT • STAID Ill I 1• 
3000 RETVU 
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APPENDIX B 

SIMULATED S, RAINFALL, AND FLOOD 

STORAGE HEIGHT DATA 
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Sl1ulated raluts of S 

, ... Obser' at i ou 

8.&3 2." 11.7' S.lt 7.17 1,7, 1.91 1.89 4. sa 3.29 
4.25 4.77 1.N 8.4, ··" 2.24 2.14 3.55 39.83 3.43 
3.21 8.n 3.57 3. 73 '·" 4.24 ,,78 1.94 11., 1." 
3." 4. 81 1.n 9.24 3.51 21.31 1.,5 2.85 1.14 1.2' 

22.34 4.44 fd2 3.48 3.~ 3.2' 2.81 ,,5 '·" ,,,I 
4.12 1.91 1.43 1. 33 4.1] 5.81 1. 81 3." 5.79 2.17 

11.56 11.H 12.5' 7.52 4.~ 3.48 3.,4 14.33 7.43 ,,, 
6.12 3.94 5.47 3.48 3.47 7.41 (2.77 5.U 3.S8 11.48 
8.55 5.31 2.49 2.tl 1.21 2.U 5. 97 7.41 2.51 5.41 

11.93 3.25 9.89 2.81 4.72 ~.89 4.35 3.15 3.46 3.14 
5.85 3.94 5.78 4.7, 3.M 2.12 2.21 5.44 2.37 4.32 
2.34 2.11 1.72 3.47 11.89 7.U 1. 95 1.51 3.47 2.54 
3.n I. 91 ,,53 3.92 3.43 ,,14 1.~ 1. 91 11.41 1.11 
2.97 .. " ''·" 3.37 14.25 5.~ 2.K 11.58 4." 1.95 
3.~ 5.97 9.47 2.61 3.n 3.58 5.42 5,4, ,,14 2.~ 

2.3t 21.21 2.88 7.21 ,,, 1.1. t.H 9.22 1.71 2.78 
9.45 3 • .a 1.74 1.57 19.95 4.U 3." '·" 1.74 7.24 
5.38 1.15 ,,51 '·~ '·" 1.U 2.M 2.16 3.42 2.~ 

4.18 7.55 2.H 4.49 3.34 1.12 5.18 3.S2 •.n 11.32 
4.58 5.72 2." 3.58 2.58 •• ,5 2.15 2.3t 4.91 3.5£ 
4.t1 1.,5 1. ,, 1.42 3.32 2.K 2.11 3.42 1,,, 1.71 
4.7t 7.M 1.,5 5.59 2." 4.M I.M 4.17 '·" 2.~ 

'·" ,,93 '·" 1.U 7.55 2.21 1.45 3.11 r.n t.72 
1.- , .52 4.2t 14.14 1.12 , .n '·" n.11 , ·'~ 3.32 
1.11 ,,85 5.37 17.18 '·" 2.11 '·" 3.U 3.76 2.41 
S.l' 2.12 1t.74 8.43 2." 1.59 4.t4 t. 71 1.11 1.1' 
1.42 3.14 5.11 ,,22 3.)3 1.55 7.43 , .17 U.H 2.32 
4.78 1.88 :.a. 17 11.5' ,,22 29.87 ,,74 1.U 5.55 2.1, 

15.11 s.n 3.~ '·" 3.39 5.41 2.44 ,,51 9.74 1.13 
3. 41 5.54 4.54 4.13 11.12 4.13 1.N 1.93 4.72 ).38 
7.31 ~.•a 1.51 ,,,1 7.H 2.55 1.tt 3." 5.29 1.98 
4.~ 1.3' 5.11 1.8, 5.35 a.5a 1." 9.35 5.~ 7.15 
1.44 2.14 2.82 ~.84 5.57 2.61 ,,51 7.55 4.34 2.U 
t.n 4.59 3.1. 3.27 5.49 l.U ,,51 3.37 U.29 ),,5 
1.19 1.54 •• 59 2.51 2.27 3.35 1.55 3.37 2.31 3.11 
4.38 3.48 9.,4 e.n ,_,, 4.45 3.76 '·" 4.92 1.~ 

4.71 2.34 1.47 3.1t 2.92 3.34 1.4. 1.14 J.M l.a 
2.47 ,,u 1.71 1.67 19.98 5.77 7.13 3.45 3.~ 1 • ., 
•. ,1 11.53 ,,,, 2.64 2.13 '·" 1.35 3 •• 5 3.86 5,4, 
5.51 1.71 11.26 2.98 '·" 1.45 1.53 1.52 2.31 t.l2 
2.56 7.31 3.13 11.43 2.41 3.44 .... 2.54 3.27 '·" 11.71 2.67 7.33 3.21 3.71 2.l1 5.U 2.97 2.47 5.71 
,,,4 5.41 9.45 3.21 5.31 4.56 2.51 3.8, '·" M7 
3.2t 3.91 s.u 1.15 2 • ., 3.55 2.67 1.92 

··~ 
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tl. ~~ 1.93 7.25 ~." 2.14 , 1.93 3. 15 5.75 11.83 5.8~ 

3.8~ 5.92 5.29 3.2~ ~ ·', 4.58 8,49 2. 51 8.53 4,,7 
4.84 1.3, ,,81 3. 77 13.75 5.81 6.21 3., 5.66 1.11 
3. 2fj 6.23 2." 

'· 74 
3.11 2.91 4.72 2.14 11.98 14.12 

,,2t 2.34 2.89 2.57 3.11 9.85 1.94 5.21 4.11 1.22 
3.61 4." 6.21 2.79 ,,. 2.15 3.41 4.31 t .51 2.41 
2.64 ~.,. 2.41 ,,,., 1.94 3.17 1.33 2.,5 4." 3.33 
8.19 2.22 11.31 ,,ee 4.94 3.39 4.n 2.58 2.U 12.24 
5.14 4.U '·" 5.19 1.U 2.n 5.15 2.47 ,,58 3.24 
4.19 15.73 1.18 1.34 1.14 2.98 2.99 4,3, 3.61 12.19 
2.79 21.11 1.55 3.11 1.22 6.41 7.48. 1.42 1.18 2.12 
3.14 '·'' 2.91 '·'' 1.24 3.79 7.U 11.21 4." 1.94 
6.t3 7.51 3.11 1.18 3.11 ,,31 4.54 1.73 5.21 11.61 
1.81 s.u 7.11 3.,2 11.98 13.t5 1.61 2.15 3.21 1.98 
1.87 5.15 5.84 2.49 3.18 2.34 11.92 2.U 3.57 4.94 
2.76 1.55 3.45 8.13 8.18 1.68 3.49 3,5, ,,11 3.73 
3.~ 26.13 1.n 2.17 5.62 7.31 1.91 8.13 3.35 6.58 
5.4'1 ,,38 9.39 2.,2 4.85 2.43 5.27 7.29 2.44 2.52 
1.11 2.43 9.97 2.82 l.M 5.85 1.,4 7.12 '·" 4.n 
1.59 3.79 2.~ 5.35 8.56 3.41 3.23 7.59 2." 5.37 
3.39 2.29 7." 1. ,, 5.71 3.45 1.9;8 11.41 '.2t 2.14 
2.2t 1.81 5.48 2.n 3.51 5.11 4.31 ,,u 1.~ 3.11 
8.56 2.14 5,i2 ,,37 1.51 3.94 7.67 6.39 2.15 "·" 7,84 4.14 .... 2.25 4.15 2.61 , .31 9.12 t.92 2.81 
2.3t 5., 2.28 4.71 7.38 1.81 1 ... 2.71 6.22 2." 

12.13 ,,49 3.78 2." 2.51 '·'' 4.15 1.15 ,,,, 7.38 
3.18 3.42 3." 3.72 6.51 2.67 1." 4.U 12.99 5." 
9.48 1.4, 1.51 4.38 ,,,5 2.34 ,,12 2.29 4.24 3,4, 
6.28 3.23 7.31 2.47 4.t6 3.41 14." 4.77 13.91 1.26 

11.71 3.12 2.U S.M 5.21 7.25 2.~ 3.37 2.11 4.55 
9.17 2.71 4.28 7.31 2.15 5.72 1.53 1.46 4." 2.29 
1.62 3.41 8.21 2.U 2.71 6.75 1.38 5.48 6.61 4.33 
2.31 1.11 S.t1 2.77 14.32 18.21 S.r.2 1.26 2.54 9.55 
4.46 4.81 2.44 5.18 3.35 1.13 14.18 1.82 1.5f 1.42 
8.33 6.15 2.11 4.75 2.21 1.16 4.33 11.82 4.87 5.H 
1. 79 6.74 1.67 ,.22 1. t1 2.54 2.34 2.23 t.t2 2.73 
1.33 2.91 6.58 1.53 5.79 1.34 4.t5 4.46 

··~ 
1.97 

3.91 3.56 1.54 4.81 3.25 3.21 2.at ,,53 4.11 2.1] 
8.19 12.11 1.89 4.33 4.~ 4.88 8.43 '·" 5.32 ,,3t 
1.11 6." 12.82 "·" '·" 5.71 3.87 7.43 8.42 2.91 

13.54 1.58 4.22 3.66 1.6t 6.54 11.47 '·" 3.12 5.17 
2.21 7.11 7.17 5.77 7.24 2.5, s.~ 4.79 2.U 5.73 
9.44 1.71 3.9i 2.13 2.64 6.51 5.21 2.,, 11.88 3.33 
8.21 6.13 1.14 2.49 1.19 3.19 2.45 1.49 11.,3 4.38 
3.8t 3.93 1.13 8.33 1.61 3.88 5.31 3.11 9.U '·" 3.41 1.67 4.15 4.U 2.&t 4." a.ae 1.91 4.44 3.61 
2.84 '·" 11.37 1.11 3.84 12.23 2.te 3.91 2.15 ,.51 
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1.95 3.21 8.13 2.87 3.12 4. 79 2.n 5.23 5.14 4.53 
1.31 4.U 3.71 13.11 11." 3.88 1. 98 2.U ).67 3.11 

11.15 2. 73 6.32 2.19 6.19 2.12 14.27 4.98 4.14 11.52 
1.65 11.29 5.75 1.18 15.13 2.77 1.45 1." 1.13 2.73 
2.52 2.65 4.54 3.19 2.11 11.12 I.St 4.18 1.86 2.11 
1.72 4.14 1.83 5.55 7.11 12.41 1.31 2.97 1.11 2.51 
1." 7., 4.58 2.17 1.83 7.24 12.44 2.42 3.32 3.64 
1.94 1.41 1.3& 3.19 7.13 s.as 3.32 1." 3." 1,,,. 
1.71 8.67 2.21 1.14 3.,4 1.81 8.13 2.21 14.31 '·" 

Stetlstles: 

tlun Standard dewi1tion 

Orlghal 4 .• 92 3.99 
Silulated 4.83 3.78 



1 01 

Si1ulated Ralnfall 

1111 Obserut i ou 

3.84 '·" 7.21 7.81 4.34 3.24 e.n 4.74 1 .41 3.71 
3.36 1.82 3.61 4.33 3.28 2.17 2.1t 1.51 2.13 1.84 
3.JCJ 5.15 4.49 5.59 4.41 3.74 2.tl 4.15 4.37 4.82 
2.97 5.91 3.13 4.31 5." 5.12 ).~ 2.98 3.67 1. 71 
2.31 11.17 3.52 4.71 3.11 1.n 4.46 3.t3 5.37 3.83 
3.27 3.U '·" 2.43 1.65 4.11 3." 3.74 5.27 4.27 
1.75 2.89 4.51 4.37 2.45 3.73 2.84 2.79 3.44 4.n 
,,23 2.29 2." 2.47 3.3£ 1.43 2.91 3.83 5.11 5.43 
3.35 4.34 2. 7l 2.79 5.25 4.15 3 ... 3.27 3.85 2.28 
4.71 4.25 4.84 1.94 4.29 9.U 5.ts 2.88 2.&8 3.13 
1.55 4.95 4.17 3.~8 4.U 5.,2 3.11 4.51 1.18 5.t3 
2.U 2.77 4.59 1.42 4.39 4.U 3.12 2.8£ 2.e.a 4.19 
4.14 1.49 2.17 J.U 2.14 2.61 4.73 2.3) 7.78 4.11 
6.28 6.12 3.23 4.12 2.~ 3.27 4.25 3.99 2.55 4.U 
1.8t 4.21 3.93 2.91 3.44 2.U 4.~ 3.96 6.18 2 ... 
3.21 4.24 3.33 5.21 1,17 2.41 3.M 6.45 3.47 •.n 
3.45 2.31 2.15 5.211 6.12 3." 2.57 3.17 5.11 ~.14 

2.12 1." 4.12 1.62 3.11 3.15 3.~ 1." 3.1] 5.14 
4.25 6.19 2.49 '·" 5.22 2.39 3.17 3.U 4.81 2.at 
3.15 5.55 2.ta 3.78 1.18 1.U 4.76 2.74 2.J5 5.11 
5.11 t.n 1.31 3." 1.84 2.42 1.67 5.18 J.M '·" 4.55 2.U '·" 2.23 2.41 5.21 J." 4.95 2.97 3.41 
4.~ 3.58 1.31 2.31 4.24 3.45 J.n 3.37 2.n 3.~ 

3.,. 1.U 4.29 1.24 1.K 5.3t 3.47 2.71 2.55 1.92 
2.~ ··" ··" 5.59 1.61 2.5, ,,44 4.84 3 • ., 2.73 
5.71 6.13 2.91 4.59 S.ft 1.92 ,,17 3.82 5.2'9 1.95 
4.74 8.47 '·'' 3.71 I.U 4.17 1.M 2." 3.12 3.~ 

3.22 3.84 4.14 '·" 3.,4 3.59 2.51 2.83 6.25 2.31 
2.18 2.85 1.31 4." 1.98 2.15 3." 4.72 4.12 3.54 
5.41 3.5t 3.37 2.13 7.25 4.34 3.'H 4.44 ~ ... 3.53 
6." 5.1, 2.18 4.41 3.14 3." 1.73 2.15 4.74 us 
4.41 3.21 3." 3.71 s." 5.93 11.21 5.17 3.4f 5.38 
3.86 6.44 4.1, 6.51 4.21 7.75 7.71 5.93 2.75 4.95 
4.25 3.62 .3.19 3.93 ,,74 5.52 2.,3 5.15 3.11 1.99 

'·" '.75 5.16 6.45 3.26 4.11 2.71 ~.£8 3.8t f.ts 
2.~ 4.24 3.86 3.49 2." ~.37 4.16 4,4, 3.81 3.76 
5.18 3.75 2.57 2.52 2.18 '·" ~.95 3.3, 1.74 3.71 
3.,5 5.'7 1.7, 1.72 4.99 1.99 3.16 2.,2 3.32 4.76 
1.43 4.7, 3." 4.11 3.16 5.54 4.45 2.31 4.48 3.52 
2.83 1.98 12.21 4.23 1. 41 3.51 3.12 '·" 5." '·" 3.83 3.37 3.£8 5.t7 3.13 4.26 2.29 3.11 4.51 1.41 
3.11 2.77 4.19 2.94 3.34 2.21 5.11 4.33 1.47 4.89 
2.12 3.45 4.37 6.32 3.85 4.85 1.79 2.,5 3.21 5.71 
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1.&2 3 •• 3 3.84 2.16 3.28 2.91 2.41 1. 75 1.17 1. ,, 
~.32 4.15 1. 57 4.73 4.32 5.47 ,,59 4.11 3. 'H ··" 2.,5 6. 71 2.32 5.15 2.71 3.23 3." 3.U 3.U 3.19 
3.74 ~." 3.41 7.49 5.47 2." 2.,2 2." 5.1:2 3.11 
2.U 4.44 2.59 4.48 3.U 1.78 3.35 3. ]4J 3.17 3.47 
3.73 2.98 3.22 )." 2.13 4.21 3.81 1.18 2.11 3.98 
1.64 5.48 1.53 5.83 l.at 3.12 2.33 3.45 1.22 4.72 
3.33 4.98 ,,74 4.12 2.29 6.17 5.41 2.12 2.51 2.tl 
2.85 1. 97 3.31 3.49 )." 3.49 2.75 2.33 2.t1 

f ·" 4.23 4." 1.~ 3.54 2.25 2.83 8.21 2.77 2 • ., 3.38 
4.73 3.43 3.26 3.34 2.38 2.57 2.U 7. 39 1.~ 5.41 
2.67 J. 91 2.71 5.86 '·" 4.51 4.22 4.41 ,,21 3.57 
3.35 1., 4.61 2.&7 3.24 2.68 2.42 2.51 2.22 1.79 
1.95 5.45 3.59 3.18 1.39 3.54 3.47 7.18 2.H 3.27 
2.12 2.11 5.65 3.28 4." 2." 2.31 4.33 5.15 f .13 
2.81 5.22 1.98 3.11 2.14 2." 2.48 1 .sa 3.31 4.81 
4.12 2.14 2.64 2.84 2.88 3.35 3.59 2." 3.13 2.37 
8.29 1.21 2.15 5.71 2.&8 11.26 3.15 4.U 3.N 1.67 
1.45 3.U 4.51 2.71 3.88 3.1, 4.17 2.18 3.)2 4.'2 
2.31 2.18 11.72 s.aa 3.88 3.51 2.42 3.61 2.41 3.31 
2.98 2.'1 2.42 3.H 1.85 1.15 5." 3.25 4.11 l.K 
1.52 3.41 2.92 6.85 3.]4J 1.2, 3.37 3." 1.31 3.97 
2.22 2." 4.2t 3.25 4.52 4.,4 5.71 1.1) 2.36 3." 
2.9t 4.18 8.49 5.17 4.~ 2.11 f.st 3.11 5.71 5.~ 

11.46 6.51 2.98 3.91 4.12 2.,2 5.M 2.44 2.56 2.4) 
1.et 2.92 3.12 3.U 2.0 5.38 3.15 '·" 6.11 4., 
2.13 3.12 2.43 5.51 4.M 1.21 2.,1 7.31 1.13 ••• 
3." 3.71 1.'2 4.35 2.77 1.12 2.93 2.H 1.~ 1),,, 
3.32 4.98 3.M 7.21 2.11 3.27 1.16 3.U 3.39 l.K 
3.31 7.3t 3.91 6.72 '·" 2." 2.n 2.tt 4.11 l.U 
1.51 4.32 2.34 3.?3 2.85 1.17 4.t1 l.t4 1." 2.14 
3.25 3.71 4.15 4.57 2.11 2.11 3.23 5.75 3.'-1 4.11 
3." 7.22 2.13 3.95 1.92 2.29 ~.11 1.84 1.41 ~.57 

4.16 3.49 2.2f 3.17 1.74 1.71 2.88 3.39 2.35 5.11 
1.14 3.62 2." 1.24 2.15 3.21 1." ]." 2.93 4.88 

'·" 2.91 2.t5 2.61 2.56 ~·" 5.12 6.98 1." 2.56 
3." 1.79 1.n 3.52 3.15 7.71 3.44 2.52 3.95 '·75 
4.35 2.89 2.82 3.25 5.17 3.73 1.~ 2.63 3.13 5.15 
5.74 1.U 3.311 4.71 4.59 4.41 1.42 3.11 5.12 2.41 
4.,2 2.17 2.98 2." 4.23 2.4, 4.61 3.17 4.41 ~.43 

4.37 6.75 7.3t 5.36 5.19 4.61 3.11 2.89 2.84 4.13 
4.32 4.12 1.87 3.81 3.26 1.83 6.49 4 • .,. 3.31 2.~ 

1.87 5.14 3.69 5.11 9.11 2.47 2.54 2.71 2.76 3.52 
1.38 2.22 2.19 5.27 4.73 '·" 4.13 3.17 2.59 3.44 
4.32 , ·" 2.21 3.98 8.52 2.71 2.22 3.32 ~.52 3.81 
2.88 5.14 4.34 4.33 4.12 3.41 8.71 2.91 ]." ~-" 
1.51 2.63 4.49 2.53 3.22 3.15 5." 3.42 4.81 2.57 
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~.23 2.32 4.33 ~.5, 4.£5 3.32 3.'3 1.££ 5.83 1 '31 
2.23 5.45 3.12 1.n 4,1£ •·" 4.46 (.59 5." 1.39 
3.1£ ,,,8 1.53 3.65 1.77 3.87 2.15 1. 31 1.91 , ... 
2.84 2.55 £.85 3.78 5.41 2.U 2." 4.85 8.33 5,12 
6.32 7' 13 2.61 5.61 3.31 3.85 1.13 6.18 4.12 2.77 
2. 3fi 4.39 3.57 2.34 2.82 2.,4 2.H 3.11 4.61 1.13 
2.34 '·" 2.59 2." 2.99 5.11 4.31 ,,71 3.43 '·" 2.18 3.41 J.U 3.18 1.53 1.U ,,,8 1.67 4.8~ t.U 
5.43 4.83 3.34 4.74 4.,4 2.57 5,,5 2.87 5.51 4.89 
5.23 6.23 6.51 2.U 3.U 2.61 2. 32 1. 79 4." 2.51 

Statlstlcs: 

A 2-24 A 11t-24 Alpha Beta 
3.51 9.11 1.31 J.U 
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SWlE OF FLOOO STORAGE H£1GTS: 

Ull Ob,eniitloiS 

1.41 1.44 1.25 5." 1.75 2.49 8.39 5.45 1.14 1.81 
1.19 I.U 2.85 I.B 1.11 1.12 1.15 1.15 .... 

··~ 1.54 1.92 2.42 l.U 4.81 1.3, 1.31 4.U 1.32 4.U 
1.19 3.17 1.23 1.51 3.86 1.98 2.71 1.38 3.72 1.13 .... 8.43 I. 71 2.73 1.89 1.84 2." 3.U 1.54 1.15 
t.l7 2.11 7.71 1.89 1.11 1.11 2.91 1.,2 , .ee 3.36 

'·" . 1.15 1.23 1.83 1.46 1.71 '·" .... 1.43 1.11 
2.61 1.51 1.17 1.75 1.41 .... .... 1.98 3.14 

··~ 1.2'5 1.38 1.33 1.74 5.78 2.73 1.47 1.36 2.49 1.22 
1.46 2.37 I.U 1.59 1.58 5.81 2.49 1.23 1.14 1.34 
t.l2 2.66 1.t8 1.12 2.24 5.29 1.&1 1.45 1.61 3.41 
1.38 1.23 4.3t 1.13 1.35 1.91 2.14 2.26 1.H 2.n 
1.89 1.14 1.18 1.47 1.48 1.18 4.~ 1.35 1.89 3.61 
5.28 7,3, 1.15 2.U 1.11 1.,8 3.15 1.111 1.se 4.U 
1.29 1.11 1.35 1.42 1.73 1.81 1.41 1.11 2.54 1.73 
2.17 1.33 1.71 1.29 1.11 2.17 2.17 1.44 2.11 2.71 
1.21 1.51 1.25 6.71 1.15 1.84 1.76 1.51 4.84 I.H 
t.13 1.59 1.17 1.11 2.23 2.97 1.74 1.11 1.25 4.56 
1.78 1.83 t.M 4.19 3.42 2.13 1.73 1.61 1." 1.17 
t.K 2." 1.73 1.71 1.11 1.~ 4.15 1.41 1.32 1.11 
).45 1.47 1.14 3.95 1.11 1.33 1.41 3.33 2.73 7.39 
1.111 '·" 7.75 1.19 1.91 2.?1 4.15 2.48 1.31 1.75 
1.95 1.57 I.U 1.44 1.76 2.33 4." '·" 1.13 2.49 
3.15 1.95 1.8t 1.24 1.25 5.24 1.n 1.11 1.49 1.43 

"" , .13 1.65 1.19 1.12 1 ... 2.JS 2.59 '·" 1.34 
2.41 5.19 1.14 1.75 4.92 1.75 3.98 3.X 1.14 1.14 
4.89 7.15 1.29 1.16 1.11 3.98 1.12 1.11 1.17 1.H 
t.es 4.~ 3.11 .... 1.73 1.11 1." 2.27 2.94 1.15 .... t.U 1.11 '·" l.t2 1.13 2.31 1.24 t.35 1.29 
1.71 1.81 1.11 1.2t 1.71 1.95 4.25 1.61 '·" 1.57 
t.'M 3.71 1.37 1.47 1.21 2.21 1.33 1." 1." 2.11 
t.86 2.88 , .13 2.93 1.19 1.35 1t.11 l.at 1.7'5 1.~ 

l." 6.54 ~·" 5.64 1.~ 7.42 3.~ 1." '·" 3.19 

)." '·" 1.37 2.14 3.51 4.12 1.22 3.21 1.51 1.~ 

7.29 1.11 . t.9e 5.95 2.19 ~.11 t.ta 1.,2 ~-" 1.33 
1.59 2.23 1.28 3.99 2.32 1.44 1.97 1.15 1.11 2.95 
2.41 2.51 1.94 1.92 1.73 5.33 ~.39 3.41 1.31 ,,,.. 
2.35 1.U '·" 1.88 1.47 I.U 1.52 1." 1.41 4.49 
t.H 1.51 l.st ~.71 2.19 1.74 4.57 1.51 2.25 1.14 
1.47 1.11 ,,21 2.,4 1.11 3.19 2.59 8.91 5.25 ,,43 
2.41 1.42 1.98 1.63 1.77 2.27 2.tJ 1.58 ~.u 1.32 
1.15 1.29 1.73 1.19 1.26 I.U 2.ts 2.75 1.36 

f ·" t.21 1.82 1.51 4 ... 1.18 2." 1.59 1.75 1.13 5.35 
t.41 

f ·" 
1.99 1.71 2.24 1.14 '·" 1.42 3.91 l.lt 
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1.31 4.49 1.13 1.92 3,4, 1.59 5.44 1.11 1.15 1,1£ 

1.7, 3.13 1.2, 3.42 1.59 I. 91 1.17 2.34 I., '·" 1.1, 5.24 1.51 5.97 1.41 1.33 1.25 1.,4 1,74 2.98 
l.at 1.U , . ,. 1.U 1.87 1.4, 1.95 2.38 l.ts 1.14 
1.78 1,,5 1,5, 2.28 I.U 1.41 4.14 1.14 1.42 1.53 
1.21 2.75 1.27 4,8, 3.13 2." 1 • ., 1.14 I.Sf 3." 
1.82 2.22 ,,42 1.22 2.1J 5.84 5.85 1.78 1.48 1.11 
1.14 1.85 1.17 1.54 1.18 1.52 1.57 1.99 1.75 1.11 
1.~ 1.53 •• 15 1.92 1.1' 1.33 5." 1.41 1.33 1.51 
2.31 1.5, 3.23 3." 2.11 1.11 1.13 5.31 1.12 1.55 
1.17 1.11 1.1 a 4." 1. t4 1.15 '·'' 5.48 7.11 2.71 
1.'2 1.15 3.19 1.37 J.t] l.et t.U 1.14 1.31 1.81 
1.17 1. 37 1.83 3.12 1.17 I.U 1.t1 e.u 1.43 1.19 
, .11 1.13 '·" 1.28 1.53 1.28 1.41 3.73 3.4, 1.as 
LM 2.13 1.19 1.U t.U 1.37 1.19 1.31 1.32 1 .as 
2." 1.39 1.87 1.14 1.15 3.85 1.57 1.4, 1.35 '·" 7.33 1.11 2.N 5.35 1.47 ,,23 3.25 1.55 1.85 1.17 
1.12 I.U 1.57 1.27 1.~ 1. 78 1.22 1.15 1.t4 ),4, 
,,,3 1.83 4.82 4.9t 1.U 1.75 1.5, 1.55 1.11 I.U 
2.29 1." 1.17 1.58 I., 1.18 4.53 1.33 2.~ '·" 1.18 2.n 1.21 7.77 1.12 1.11 2.44 1.18 1.71 J.K 

'·" 2.82 1.24 2.11 2.41 1.41 3.11 •••• 1.U 1.'2 
1.12 2.57 5." 1.48 5.31 1.38 I.M 1.41 5.31 I.M 
7.21 3.71 1.39 2 ... 2.J2 1.11 5.41 1.15 2.46 1.93 
1." 1.44 '·" 1.12 1." 

. '·~ 1.14 1.n 2.45 2.U 
1.41 1.39 I.U 4.61 3.11 1.11 1.'-4 7.71 1.13 .... 
1.14 1.72 1.11 2.19 1.21 1.62 3.21 I.U .... 11.73 

I." s.u 3.52 5.13 t.ts 1.91 1.14 2.4. 1.12 1.17 
1.58 ,,31 1.,5 ,,33 1.21 1.89 '·" 1.72 t.n 3.57 
1.11 2.U 1.98 1.87 1.53 •••• 2.72 1,, 1.95 1.29 
I.U 2.11 1.~ '·" ,,,3 1.15 2.74 6.1, 1.1. 1.12 
3.13 5." 1.13 2." t,S, •. tl 2.41 .... l.t5 1.57 
3.2t 3.,4 1.24 1.4, 1.11 .... 1.47 3.3 1.12 1.73 
1.17 1.19 1.31 1.12 '·" 1.23 .... 2.,. 2;~ 1.88 
1.Sf 1.41 1.98 1.54 1.39 2.33 2.57 1.34 1.14 '·" 2.95 1.12 1.95 '·"' 2.18 7.51 2.1, 1.33 4.2' 1.24 
4.41 1.21 1.29 2.74 1.8t l.U t.M t.sa 4.35 4.13 

3." 1.19 3.91 1.89 2.n 2.58 1.2'4 1." 2.,5 1.34 
t.U .... 2.11 1.~ 1.U 1.41 '·'' 1.35 1.42 t.U 
4.74 ].13 1.11 2.99 1.31 1.43 1.11 t.21 1.12 ,,56 
1.14 3." t.n 1.67 2.U 1.13 1.1. l.t4 1.67 ·-~ 1.77 1.23 1.5, 1.1' 4.11 1.11 1.35 1.55 1.29 1.78 
1.11 2.3t 1.38 4.94 3.53 .... 1.19 1.n 1.34 1.51 
1.67 •••• 1.11 2.6, t.98 1.12 1.95 2.88 1.12 1.41 
1.93 2.91 1.78 1.65 4.74 1.27 6.ts 1.21 1.21 1.35 
1.21 2.89 2.12 t.49 1.77 1.81 1.17 2.59 2.25 1.77 
2.73 1.31 t.29 5.12 2.44 1.15 3.12 1.17 5." .... 
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1.21 3.81 1.22 1.41 2.52 1.88 3.19 1.41 2.57 1.14 
2.71 1.21 1.13 1." .... 1.U 1.t2 6., 1.33 4.71 
1.15 1.11 3.14 2.77 1.n 1.51 1." 1.11 ,,,] 1.52 
6.U 1.31 1.)2 ,,39 1.13 2.35 1.36 6.5, I.U 1.2, 
1.14 3.14 1.14 1.79 1." 1.n 3.21 1.98 5.31 l.n 
1.44 4." 2.U 1.39 1.29 1.43 4.41 5.84 1.33 1.27 
1.14 1.45 1.16 2.12 1.2, 1.13 1.11 1.52 3.11 e. a 
6.21 5.12 3.14 2.99 1.14 1.29 ~.t5 3.24 4.11 1.31 
,,37 1.41 6.31 2.33 1.13 1.61 1.14 l.n 1.18 1.11 

Nuabtr of obser•atiDOS equal to 1: 39 

"odlfled Saaple of Flood Storaae Helahts 

%1 Obserut 1 ons 

1.~1 1.44 1.25 s.u 1.75 2.49 8.1' 5.45 t.l4 1.51 
1.19 2.85 I.U 1.11 1.t2 1.15 1.15 1.~ 1.~ 1.'2 
2.42 3.61 4.81 1.3, 1.31 4.61 1.32 4.U 1.19 3.11 
1.23 1.51 3.K 1.91 2.71 1.38 3.72 1.13 8.43 1.71 
2.73 1.19 1.84 2.99 3.46 1.54 1.75 1.11 2.11 7.71 
1.ri 1.11 2.91 1.62 1.88 3.~ 1.15 1.23 1.83 1.~ 
, .ft 1." 1.43 , .11 2." 1.51 1.11 1.75 1.41 1.98 
3.14 1.62 1.25 1.38 1.33 1.74 5.71 2.73 1.47 1.36 
2.49 1.22 1.4, 2.37 I.U 1.59 1.51 5.11 2.49 1.2) 
1.14 1.]4 l.t2 2." 1.18 1.12 2.24 5.29 1.81 1.45 
I,,, 3.48 1.38 1.23 4.31 1.n 1.35 t.91 2.14 2.26 
1.H 2.77 1.H 1.14 l.ta 1.47 1.48 1.11 4.56 1.35 

'·" 3.U 5.28 1 • .H t.IS 2." 1." 3.15 1.11 1.51 
4.13 1.29 1.11 1.35 1.42 1.73 I.M 1.48 1.11 2.54 
1.73 2.t1 1.33 1." , .29 2.U 2.11 1.44 2.11 2.11 
t.2t 1.51 1.25 6.71 1.15 1.84 '·" 1.51 4.84 I.H 
1.13 1.59 1.87 1.11 2.23 2.n 1.74 1.17 1.25 4.~ 

1.78 1.13 1.94 4.19 3.42 2.13 1.n 1.61 '·" I. 17 
1.86 2." 1.73 1.71 1.11 1.5, 4.15 1.4t 1.32 3.13 
3.45 1.47 1.84 3.95 1.11 1.33 1.41 3.33 2.73 7.39 
1.81 I.,' 7.75 1.19 1.91 2.71 4.15 2.41 l.)t 1.75 
1.95 1.57 1.46 1.44 1.76 2.33 4.67 t.U 1.13 2.49 
3.15 1.95 1.81 1.24 1.25 5.24 1.19 1.49 1.43 1.68 
1.13 1.n t.19 1.12 1.18 2.35 2.59 1.19 1.34 2.41 
5.19 1.14 t.75 4.92 1.75 3.98 ).~ 1.14 1.84 4.89 
7.15 1.29 '·" 3.91 1.12 1.11 1.17 1.99 1.15 4.~ 

3.11 1.73 '·" 2.27 2.94 1.15 •• 43 1.11 1.£7 1.12 
1.13 2.31 '.24 1.35 1.29 3.71 1.11 1.11 1.21 1.71 
1.95 4.25 '·" I,,, 1.57 1.,. 3.71 1.37 t.47 1.21 
2.21 t .33 1." 1." 2.81 1.16 2.88 1.13 2.93 1.89 
1.35 11.71 1.51 1.75 1.~ 3." ,,54 2." 5.,4 1.21 
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-7.42 3.86 
1 ·" 

•. ,8 3.79 3.7, 1 .u 1.37 2.1~ 3.51 
~.12 1.22 3.21 1.51 1.86 7.29 1.11 1.98 s. 95 2.19 
2.17 1.18 1.92 2.,7 7.33 1.59 2.23 1.21 3.99 ~.32 

1.44 1.97 1.15 1.11 2.95 2.41 2.51 1.94 1.92 1.73 
5.13 2.39 3.41 t.31 ,,,4 2.35 , .13 1." 1.88 1.47 
I.H 1.52 1.86 1.~1 4.n 1.51 t.st 2.1t 2 ... 1.74 
4.57 1.51 2.25 t.84 1.47 1.11 6.2t 2.,. 3.19 ~.59 

8.91 5.25 ,,43 2.48 1.42 1.98 1.63 1.77 2.21 2.13 
LSI 2.U 1.32 1.15 1.29 1.73 1.19 1.2' 1.93 ~.15 

2.75 1.3, 1.£' 1.27 1.82 1.51 4.91 1.18 2.16 1.59 
1.75 1.13 5.35 1.41 , ·" 1.99 1. 78 2.24 1.H "" 1.42 3.97 1.31 4.49 1.13 1.92 1.46 1.59 5.44 1.11 
1.15 1." 1.76 3.13 1.2, 3.42 1.59 1.91 '·" 2.34 
I., 1.86 1.16 5.24 1.51 5.97 1.41 1.33 1.25 1.94 
1.74 2.98 1.81 1.1' 1.16 1.U 1.87 1.46 1.95 2.38 
l.ts 1.14 1.71 1.65 1.~ 2.21 1.63 1.41 4.14 1.14 
1.42 1.53 1.21 2.75 1.27 4." 3.13 2." 1.67 1.14 
1.51 3.U 1.82 2.22 ,,42 1.22 2.t1 5.14 5.85 1.71 
1.41 1.11 1.14 1.85 1.17 1.54 1.M 1.52 1.57 1., 
1.75 1.3, 1.53 1.15 1.92 1.39 1.33 5.n 1.41 1.3) 
1.51 2.31 1.56 3.23 3." 2.11 1.11 1.13 5.31 1.12 
1.55 t.17 3.11 4." , .14 1.15 1.76 5.41 1.11 2.71 
1.62 1.15 3.H 1.37 3.13 1.11 '·" 1.14 1.31 1.11 
1~17 1.37 1.83 3.12 1.17 1." 1.17 '·" 1.43 I.H 
1.11 1.13 1.61 1.21 1.53 1.28 1.4f 3.U 3.46 1.15 
t.K 2.1) I.H '·"· 1.,5 1.37 1.19 1.31 t.~ 1.15 
2." 1.39 1:11 I. 14 1.15 3.15 1.57 . 1.4, 1.35 1.61 
7.33 2.11 5.35 1.47 6.23 3.25 1.55 1.15 1.17 1.12 

'·" 1.57 1.27 1.25 1.71 1.22 1.15 1.94 3.49 1.93 
t.tl 4.12 4.9t t.U t.75 1.59 1.55 1.11 1.n 2.29 

'·" 1.17 I.SI 1.11 .... 4.53 I.:U 2.3£ •• ,1 1.1. 
2.26 1.21 7.77 1.72 1.18 2.44 1.18 1.71 3.16 1.K 
2.82 1.24 2.11 2.48 1.41 3.31 1.U 1., 1.12 2.57 
5.7, 1.48 5.38 1.38 1.41 5.38 1.94 7.21 3.71 1.31 
2.89 2.32 1.11 5.47 1.15 2.46 1.93 1." 1.44 '·" 1.12 1.19 ,,36 l.t4 1.63 2.45 2.13 1.41 

··~ 
I.U 

4.61 3.11 •• ,4 7.71 t.l3 1.84 1.72 1.18 Mt 1.28 
t.62 3.28 I.U 11.73 '·'' s.u 3.52 5.13 l.t5 1.98 
I.H 2.49 1.12 1.17 1.58 6.31 1.65 ,,33 1.27 1.19 
1.72 .... 3.57 2.,4 t.98 1.87 1.53 1.18 2.72 1.99 
t.95 1.29 I.U 2.18 1.56 1.97 1.63 1.15 2.74 ,,16 
1.19 3.12 3.13 5." 1.13 2." 1.5t 1.11 2.41 1.15 
t.57 3.21 3.,4 1.24 1.49 1.47 3.2t 1.12 t.n 1.17 
1.19 1.31 t.12 1.16 3.23 2.94 2.l' t.aa '.51 1.41 
1.98 1.54 1.31 2.33 2.57 1.34 t.14 1.~ 2.95 1.12 
1.95 1.67 2.18 7.51 2., 1.33 4.26 1.24 4.47 1.21 
1.29 2.74 t .at 3.61 .... t.sa 4.)5 4.83 3.61 l.tt 
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3.97 1.89 2.79 2.58 1.2~ I." ,,,5 1.34 1.83 2.11 
1.62 1.U •• 41 1.76 1.35 1.~2 1.13 4. 74 3.13 1, 1 1 
2.99 1.31 1.H 1.17 1.21 1.12 2.56 1.14 3." '·" 1.67 2.63 1.13 1.19 1.9~ 1.67 

··~ 
1.77 1.23 1.59 

1." 4.81 1.11 1.35 1.55 1.29 1.11 2.31 1.38 4.94 
3.53 1.19 1.U 1.34 1.51 1.,7 1.11 2." '·" 1.12 
1.95 2.88 1.12 1.41 1.93 2.'1 1.11 1.,5 ~.74 1.27 
6.15 1.28 1.24 1.35 1.21 2." 2.t2. 1.49 1.n t.N 
1.17 2.59 2.25 1.77 2.73 1.31 1.29 5.12 2.44 1.15 
3.12 1.17 5,,, 1.21 3.88 1.22 1.41 2.52 1.88 3.19 
1.41 2.57 1.14 2.71 1.21 1.13 I.K 1." 1.12 '·" 1.33 4.71 1.15 1.11 3.14 2.77 1.71 1.51 1.88 ,,U 
1.52 ,,,3 1.31 1.32 6.39 1.13 2.35 1.n '·~ '·" 1.2£ 1.14 3.14 1.14 1.79 1.67 1.13 3.28 1.98 5.31 
1.19 1.44 4.U 2.66 1.39 1.29 1.43 4.41 5.84 1.33 
1.27 1.14 1.45 1.1, 2.12 1.2, 1.13 l.tt 1.52 3.11 
1.19 6.21 5.12 3.14 2.99 1.14 1.29 4.15 3.24 4.11 
1.31 6.37 1.48 6.31 2.33 1.83 1.61 1.14 '·" 1.18 
1.17 
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FLOOD STORAGE HEIGHT PLOTTING 

POSITION DATA 
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11 0 

***•**** PLOTTING POSITION OF OBSERVED DATA ****** 

Flood Storage Height 

RANK VALUE RET PERIOD PLOT POS 
1 11 • 731 1001.000 0.090 
2 10.776 500.500 0.190 
3 9.980 333.660 0.290 
4 8.907 250.250 0.390 
5 8.843 :200.200 0.490 
6 8.596 166.830 0.590 
7 8.426 143.000 0.690 
8 8.392 125.120 0.790 
9 7.768 111.220 0.890 

10 7.753 100.100 0.990 
11 7.713 91.000 1.090 
12 7.713 83.410 1.190 
13 7.496 77.000 1.290 
14 7.423 71.500 1.390 
15 7.395 66.730 1.490 
16 7.356 62.560 1.590 
17 7.335 58.880 1.690 
18 7.329 55.610 1.790 
19 7.290 52.680 1.890 
20 7.207 50.060 1.990 
21 7.148 47.660 2.090 
22 7.100 45.500 2.190 
23 6.970 43.520 2.290 
24 6.697 41.700 2.390 
25 6.632 40.010 2.490 
26 6.627 38.500 2.590 
27 6.557 37.070 2.690 
28 6.536 35.750 2.790 
29 6.429 34.510 2.890 
30 6.119 33.360 2.990 
31 6.392 32.290 3.090 
32 6.372 31.280 3.190 
33 6.361 30.330 3.290 
34 6.326 29.440 3.390 
35 6.303 28.600 3.190 
36 6.297 27.600 3.590 
37 6.276 27.050 3.690 
38 6.233 26.340 3.790 
39 6.197 25.660 3.890 
40 6.160 25.020 3.990 
41 6.0-45 24.410 4.090 
42 5.?69 23.830 4.190 



1 1 1 

-43 5.962 23.270 4.290 
44 5.948 22.750 4.390 
45 5.848 22.240 4.490 
46 5.839 21.760 4.590 
47 5.836 21.290 4.690 
48 5.810 20.850 4.790 
49 5.783 20.420 4.890 
50 5.763 20.020 4.990 
51 5.694 19.620 5.0''0 
52 5.637 19.250 5.190 
53 5.614 18.880 5.290 
54 5.482 18.530 5.390 
55 5.472 18.200 5.490 
56 5.451 17.870 5.590 
57 5.437 17.560 5.690 
58 5.382 17.250 5.790 
59 5.381 16.960 5.890 
60 5.353 16.680 5.990 
61 5.350 16.400 6.090 
62 5.325 16.140 6.190 
63 5.312 15.880 6.290 
64 5.305 15.640 6.390 
65 5.292 15.400 6.490 
66 5.285 15.160 6.590 
67 5.254 14.940 6.690 
68 5.245 14.720 6.790 
69 5.244 14.500 6.890 
70 5.164 14.300 6.990 
71 5.155 14.090 . 7.090 
72 5.085 13.900 7.190 
73 5.031 13.710 7.290 
74 5.023 13.520 7.390 
75 5.020 13.340 7.490 
76 4.995 13.170 7.590 
77 4.935 12.990 7.690 
78 -4.918 12.830 7.790 
79 4.905 12.670 7.890 
80 4.895 12.510 7.990 
81 4.856 12.350 8.090 
82 4.843 12.200 8.190 
83 4.826 12.060 8.290 
84 4.822 11.910 8.390 
85 4.808 11.770 8.490 
86 4.807 11.630 8.590 
87 4.736 11.500 8.690 
68 4.735 11 .370 8.790 
89 4.700 11.240 8.890 
90 4.668 11 .120 8.990 
91 4.662 11.000 9.090 
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92 4.633 10.880 9.190 
93 4.615 10.760 9.290 
94 4.615 10.6"'0 9.390 
95 4.599 10.530 9.490 
96 4.573 10.420 9.590 
97 4.560 10.310 9.690 
98 4.560 10.21,0 9.790 
99 4.530 10.110 9.890 

100 4.491 10.010 9.990 
101 4.490 9.910 10.080 
102 4.471 9.810 10.180 
103 4.411 9.710 10.280 
104 4.347 9.620 10.380 
105 4.302 9.530 10.480 
106 4.262 9.440 10.580 
107 4.261 9.350 10.680 
108 4.251 9.260 10.780 
109 4.186 9.180 10.880 
110 4.155 9.100 10.980 
111 4.154 9.010 11.080 
112 4.140 8.930 11 .180 
113 4.131 8.850 11.280 
114 4.052 8.780 11.380 
115 4.020 8.700 11.480 
116 4.001 8.620 11 .580 
117 3.988 8.550 11.680 
118 3.979 8.480 11.780 
119 3.978 8.410 11.880 
120" 3.972 8.340 11.980 
121 3.967 8.270 12.080 
122 3.953 8.200 12.180 
123 3.883 8.130 12.280 
124 3.864 8.070 12.380 
125 3.858 8.000 12.480 
126 3.848 7.940 12.580 
127 3.813 7.880 12.680 
128 3.790 7.820 12.780 
129 3.785 7.750 12.880 
130 3.780 7.700 12.980 
131 3.763 7.640 13.080 
132 3.731 7.580 13.180 
133 3.722 7.520 13.280 
134 3.712 7.470 13.380 
135 3.689 7.410 13.480 
136 3.664 7.360 13.580 
137 3.663 7.300 13.680 
138 3.642 7.250 13.780 
139 3.606 7.200 13.880 
140 3.599 7.150 13.980 
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141 3.599 7.090 14.080 
142 3.597 7.040 14. 180 
143 3.571 6.990 14.280 
144 3.533 6.950 14.380 
145 3.520 6.900 14.480 
146 3.508 6.850 14.580 
147 3.485 6.800 14.680 
148 3.479 6.760 14.780 
149 3.462 6.710 14.880 
150 3.459 6.670 14.980 
151 3.456 6.620 15.080 
152 3.447 6.580 15.180 
153 3.419 6.540 15.280 
154 3.417 6.490 15.380 
155 3.408 6.450 15.480 
156 3.360 6.410 16.580 
157 3.327 6.370 15.680 
158 3.309 6.330 15.780 
159 3.279 6.290 15.880 
160 3.277 6.250 15.980 
161 3.265 6.210 16.080 
162 3.250 6.170 16.180 
163 3.238 6.140 16.280 
164 3.230 6.100 16.380 
165 3.229 6.060 16.480 
166 3.214 6.030 16.580 
167 3.204 5.990 16.680 
168 3.199 5.950 16.780 
169 3.188 5.920 16.880 
170 3.181 5.680 16.980 
171 3.153 5.850 17.080 
172 3.152 5.810 17.180 
173 3.1 -41 5.780 17.280 
174 3.13-4 5.750 17.380 
175 3.133 5.720 17.480 
176 3.132 5.680 17.580 
177 3.130 5.650 17.680 
178 3.125 5.620 17.780 
179 3.122 5.590 17.880 
180 3.110 5.560 17.980 
181 3.09"f 5.530 18.080 
182 3.089 5.500 18.180 
183 3.071 5.460 18.280 
184 3.060 5.440 18.380 
185 3.056 5.410 18.480 
186 . 3.043 5.380' 18.580 
187 3.0-42 6.350 18.680 
188 3.035 5.320 18.780 
1.89 3.031 5.290 18.880 



11 ~ 

190 3.028 5.260 18.980 
191 3.024 5.2~0 19.080 
192 3.006 5.210 19. 180 
193 2.995 5.180 19.280 
194 2.991 5.150 19.380 
195 2.989 5.130 19.480 
196 2.980 5.100 19.580 
197 2.965 5.080 19.680 
198 2.955 5.050 19.780 
199 2.948 5.030 19.880 
200 2.945 5.000 19.980 
201 2.942 4.980 20.070 
202 2.934 4.950 20.170 
203 2.909 4.930 20.270 
204 2.904 4.900 20.370 
205 2.890 4.880 20.470 
206 2.886 4.850 20.570 
207 2.883 4.830 20.670 
208 2.878 4.610 20.770 
209 2.865 4.780 20.870 
210 2.850 4.760 20.970 
211 2.823 4.740 21.070 
212 2.814 4.720 21 .170 
213 2.812 4.690 21.270 
214 2.788 4.670 21.370 
215 2.778 4.650 21.470 
216 2.774 4.630 21.570 
217 2.768 4.610 21.670 
218 2.754 4.590 21.770 
219 2.746 4.570 21.870 
220 2.744 4.550 21.970 
221 2.736 4.520 22.070 
222 2.735 4.500 22.170 
223 2.732 4.480 22.270 
224 2.730 4.460 22.370 
225 2.729 4.440 22.470 
226 2.728 4.420 22.570 
227 2.719 4.400 22.670 
228 2.715 4.390 22.770 
229 2.~13 4.370 22.870 
230 2.712 4.350 22.970 
231 2.701 4.330 23.070 
232 2.698 4.310 23.170 
233 2.669 4.290 23.270 
234 2.667 4.270 23.370 
235 2.666 4.250 23.470 
236 2.665 4.240 23.570 
237 2.663 4.220 23.670 
238 2.662 4.200 23.770 

• I 



APPE.NDIX D 

CHI-SQUARE GOODNESS OF FIT TEST OF THE 

LOG PEARSON TYPE III DISTRIBUTION 

FIT TO THE NONZERO FLOOD 

STORAGE HEIGHT DATA 
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Class Boundaries 

Lower 

0.000 
0.195 
0.400 
0.640 
0.900 
1.280 
1.600 
2.280 
3.100 
4.480 

2 

Upper 

0.195 
0.400 
0.640 
0.900 
1.280 
1.600 
2.280 
3.100 
4.480 
+ 00 

Total 

Xc = 34.35 

Observed 
Number 

11 0 
74 
89 
75 
79 

120 
123 
1 1 1 
79 

1 01 

961 

Expected 
Number 

96.1 
96.1 
96.1 
96.1 
96.1 
96.1 
96.1 
96.1 
96.1 
96.1 

961 

X.9. 7 = 12.02 (from Chi-square table) 
2 

Xc > X.9. 7 therefore, for a 10 ~ level of 

< 0 - E )2 

E 

2.01 
5.08 
0.52 
4.63 
3.04 
5.94 
7.53 
2. 31 
3.04 
0.25 

34.35 

/ 

confidence, the hypothesis that the log Pearson type III 

d1strlbut1on describes the nonzero flood storage height 

data is rejected <Haan, 1977>. 

The class boundaries were determined by us1ng the 
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statistics of the log transformed data <Table 12> and the K 

value for Pearson type III distribution table <Wilson, 

1987>. Ten equal expected frequency class Intervals are 

used. For a given cumulative probability value, P, the 

corresponding nonzero flood storage height, fp, Is 

determined from 

fp = exp <Ym + KT * Sy) 

where Ym and Sy are the mean and standard deviation of the 

log transformed data, KT ls a function of the skewness 



1, 7 

coefficient of the log transformed data, Cg, and T Is the 

return period d~termlned as the inverse of the exceedence 

probability. 

T = 1 /( 1 -P > 

Example of calculation: 

p = 0.1 then T = 1.11 

Cs = -0.922 then K1.11 = -1.339 

Ym = 0.0584 and Sy = 1.265 

f.1 = exp<0.0584- 1 .339*1.265) 

= 0.195 

For a given class interval, the Observed Number 

represents the number of nonzero flood storage height 

plottlng position data points bounded by the lnterval 

limits and the Expected Number ls the total number of 

observations divided by the number of class Intervals. 
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