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Synthetic flow generation is a useful tool in
the design and analysis of water resource engineering

projects. For irrigation projects, a measurement of maximum

accumulated water cleficit for the design life of the project
is an important requirement. The "rangie" of a series of

events is a statistical parameter which serves this purpose.

For reservoir design, the range corresponds to the size of
reservoir needed to supply a dependable flow which is equal

to the mean flow for the length of the series

H.E. Hurst studied thís parameter, both in theory

and for natural phenomena, and found signi.ficant dífferences

in these regards. That is, natural phenomena were found to
behave in a manner whích is different than theory would

predict for independent events. The difference is related

to the grouping of high anð./or low events in the series, and

is called the Hurst phenomenon. A statistical parameter,

called the Hurst Constant, describes the relationship between

the range and the number of events in the series.

Hurst also dealt with the problem of partial flow

regulation, where the depend.able flow is less than the mean

flow and the required reservoir size is correspondingly

sma.ller. A relationshÍp was found relating storage and range

to dependable flow and mean f1ow.

In this thesis, it was attempted to generate
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synthetic annual flow seríes for the Red River which exhibit
the Hurst phenomenon. This rnzas accomplished with respect

to the Hurst constant for 60-year annual flow series, by the

use of a seasonal version of the Thomas-Fi.ering model.

The resulting synthetic flow series were then

used to check Hurstrs equations for partial regulat.ion, and

to determine the distribution of benefits for a hypothetical

irrigation project on the Red. River. Routing'the synthetic
flows through reservoirs of different sizes and with

different demand flows confirmed the validity of Hurst's

equations. Also, a description of the variability of írriga-
tion benefits was found for each reservoir size and demand.
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acctmulated flow diagram, such as the Ripple diagram, suffice

to determine the size of reservoir that will achieve the

degree of regulatíon necessary to meet predetermined irriga-

tion requiremenLs up to the point where the available ríver

flow is fu1ly utilized. Engineers find such techniques

particularly attractive for two reasonsi fírstly, they lead

to a single unequivocal ans\der, and second-ly, they employ

only flow data that actually have been observed. The tech-

niques thus involve the engineer ín a minimum of uncertainty

and speculation. 
,

This is also the basic weakness of these techni-

ques. Determining the required size of a reservoir for future

use is a matter in which there are no single answers and

where certainty is an i1lusion.

The alternative technique j-s to go beyond the

recorded flows and to raise the question of what flotvs one

might expect in the future. In other words, synethetic

flow series wi]I have to be generated that are "equa11y

pOSsible" aS the recorded seriesr âS far aS we can tell, and

the behaviour of the reservoir must be tested with these.

synthetic traces of riverflow must be statisti-

Chapter T

Simple engineering techniques based on the

INTRODUCTTON



caIly indístinguishable from the recorded series with regard

to the hydrological properties that determine the engineering

requirements. These hydrological properties differ for

different projects, dependent on their purpose whether it

is flood control, 1ow flow regulation, recreation, irrigation,

etc. In the case of irrigation projects, the size of the

reservoir needed to meet the demand depends on the severity

of the dry periods. For over-year storage the grouping of

dry years is the crucial factor. It follows that one needs

a statist.ical parameter which measures this tendency of any

particular river íf one wishes to generate synthetic flows

that are statistically indistinguishable from the record.ed

flow series.

Tire correlation coefficient is not complet.ely

adequate in this regard. It measures the tendency for dry

years to foltow each other, but it does not measure how

severe a dry period actually can get. For this purpose the

so-ca1led. range is a better indicator. By definition, the

range of a series of events (such as hydrologic data) is the

difference between the highest and the lowest values in a

series of cumulative departures from the mean. The range of

a series of river flows corresponds to the reservoir size

which is needed to have a dependable flow out of the reser-

voir equal to the mean flow over the period covered by the

series. Figure 1.1 illustrates the concept; the range R is

equal to the sum of a and b

2-
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For a series of independent events the value of

R, which evidently is a statistical variable dependent on the

length of the serÍes, has been studied by several investigators.

Irühile the value of the range varies from sample to sample,

the mean value can be shown to increase v¡ith the number of

events in the seríes, N, according to the relation:

E(R) = I.25 Ow4

In this equationt€stands for the standard deviation of the

events in the series

The relationship shown above, however, cannot be



used to d.eterrnine the size of reservoir required, for two

reasons; firstly, one hundred percent regulation is rarely

if ever attempted, and secondly, it was found that natural

rivers behave quite differently than the relationshíp would

indicate" Both problems have been dealt with by Hurst

(les1).

' Regarding the first problem of parti-al regulation,

Hurst searched in vain for a theoretical relation between S,

the storage required to meetr on the averagê, the specified

draft B, and the range R, assuming B to be smaller than the

averagie flow M" He conducted, hovrever, a large number of

experiments with coins and cards to generate synthetic series

from which he determined an experimental relationship between

the variables mentioned above. He also arralysed natural

phenomena in two groups: 1) tree rings, varves, and river

levels (noda Gauge - Nile River), and 2) river discharge,

rainfa]l, and. temperature. He found that either of the two

following relationships adequately describe the relationship

of all the above observations:

4

or

The second

studying a

the rangie

logI0 S
R

S
R

problem is su.bstantially more serious. When

lárge number of natural events Hurst found that

almost invariably increases more rapidly with N

o.oB - 1.0sry
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than the formula given above

given above would seriously

For the purpose of plotting

and which are summarized in

above equation by taking the

follows:

, log (n/o') =

5-

The exponent K, which in the theoretical formula given above

has the value of 0.5 now becomes an experimental constant.

It is commonly called the Hurst constant.

indicat.es, and that the formulas

underestimate reservoir capacity.

the masses of data he accumulated,

Table 1.1, Hurst rewrote the

logarithm of the ter¡ns as

K l-o9 N/2

River leveIs, discharges, etc. 99

Rainfall 168

Temperature and pressure 115

Annual growth of tree rings 85

Varves (Lake Saki in the 114
Crimea)

Varves (Tamiskami.g, Ont., 90
Canada, and Moen, Norway)

Sunspot numbers and wheat 25
prices (combined as

Phenomena

Table 1.1

S{.MMARY OF K-VALUES

miscellaneous phenomena)

Means and totals

No" Mean

0.75
0.70
0.70
0.81
0.69

0.77

0"69

(0 "72e)

Standard
Deviation

0 .077
0.069
0.085
0.078
0.064

0.094

0.086

(o"oe2)690



Differentiating the previous equation with

respect to K, and using the data in TABLE 1.1, Hurst found

that the following relation described the mean results:

v= z
Thus,

with N for natural

which K = 0.5).

6-

R N 0.72

Hurst found the K values to be approximately

normally distributed. It can be seen that the deviation from

the value 0"5 in the theoretjcal formula is guíte significant"

At first it was generally assumed that the

difference between the value of 0.5 found theoretically for

ind.ependent values in a series and the larger values of the

Hurst constant for natural series was due to annual correla-

tion between successive elements in the natural series.

This assumption has proven to be untenable; the irregular

long tèrm fluctuations of the sample means (say of SO-year

samples) exhibited by numerous natural series cannot be

explained by any short memory dependence mechanism. The

effect of serial correlation is to raise the Hurst constant

for relatively short time seriest if N is increased then K

drops gradually towards the value of 0.5 for any artificially
generated series using simple serial correlation (tvtarkov

chain) 
"

During trial attempts at generating flows for

the Red River it was found. that adequate values of the llurst

R/o- was found to increase more rapidly
phenomena than for chance events (for

= .61 N o'72



constant could- be obtaíned for a 60-year period when usíng

a two season model, one season corresponding to the relati-

vely dry season from August to March and one corresponding

to the relatively wet season from April to Ju1y. Correla-

tions were calculated and used between successive seasons.

While this model- is not likely to be acceptable for longer

time horizons and more sophis-ticated models such as Frac-

tional Noise Models would have to be employed, it was

considered that the procedure that had been developed would

be adequate for t.he purpose of analyzing the variability of

irrigation benefits with partial river regulation.

The study is purely hypothetical. There is no

reservoir on the Red River, nor is there any opportunity for

building one. Tire purpose of the study is Lo deLermine the

type of statistical distríbution of irrigation benefits ole

could expect for a river with considerable flow fluctuation.

In particular, the relationships determined by Hurst for

partial regulation will be examined and checked for adequacy.

The study is divided. into three parts; the first,

described in Chapter 2, deals with the generation of the

synthetic flow series. Chapter 3 considers the variability

of the irrigation benefits assumj-ng various degrees of

development of the irrigation potential in tfu form of percen-

tage of the average flow utilized and various degrees of

control in the form of reservoir size ín terms of average

yearly flow. Chapter 4 gives the conclusions.

7-



GENERATTON OF SYNTHETTC FLOWS

Chapter IT



Synthetic flow traces, while different from the

recorded series, must be alike to the recorded series in so

far as the important statistical characteristics are con-

cerned. For the purpose of analyzing requíred reservoir

capacity the important statistical parameters are: the mean,

the standard deviation, the correlation between successive

flows, the range and Hurstrs constant K.

(a) Recorded Data

8-

GENERATTON OF SYNTHETTC FLOWS

Chapter II

The data used in this thesis are from the Red.

River (of the North) and consist of 60 years of consecutive

mean monthly flows at Emerson, Manitoba.

The analysis of the recorded. data consisted of

the calculation of the typical statistical parameters of

mean and standard deviation of monthly and annual flows, and

correlation coefficients for monthly flows and annual flows.

AIso, the Hurst's K and the Range were calculated, for

future comparison" The data were plotted on normal and

log-normal probability paper in order to determine the

distribution types of monthty and annual flows" These may

be seen in Appendix A.



For

menon, only the

for annual ffors

the purpose of examining

annual flows are needed"

are as follows:

Mean

9-

Standard deviation
Range

K

Annual serial
correlation

Note: flow units are in cfs-months; attained by
summing mean monthly flows in cfs units.

These figures would seem to indicate that this
recorded series for the Red River exhibits the Hurst Pheno-

menon" Note here that the values of the Hurst constant are

a little on the high side of the naturally observed ranges

for river statistics.

Figure 2.1 on the following page shows a sequen-

tial plot of the recorded annual flow series. Figure 2.2 on

the next following page is a scatter diagram of these annual

flows, that is fTowi vs. flow, + 1" The data do not group

closely enough to enable a graphical estimate of the corre-

lation coefficient.

The Red River annual flows \^/ere found to be log-

normally distributed, as shown by the plotting results (see

Append.ix A) . The computer prograrn used for plotting this

data is listed and explained in Appendix G.

ReaI Number Flows

36,892 cfs-months
26,690 cfs-months

428,908 cfs-months
.816
.4076

the Hurst pheno-

The parameters

Logs of Flows

4 .456

"3241
6.1

.861

.6005
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(b) Prelimínary Attempts at Flow Generation.

H.A. Thomas and. later * 
". 

Fiering have developed

a relatively simple model for the generation of normally

distributed flows which exhibit single serial correlation.

A transformation is necessary to gienerate flows that follow

a Iog-normal distribution but this does not present any

problem" The method can be used for the generation of annual

f lows as well as monthly f lorvs.

When generating monthly flows the dependence

between successive flows is expressed in the serial correla-

tion between successive months. Since the correlation

between flows that are more than one month apart in time

reduces rapidly this model results in annual floiøs that are

virtually indpendent.

An annual mod.eI, on the other hand. is too coaTse

for reservoir design. For the purpose of preliminary investi-

gation, five 60-year series of monthly flows and ten 60-year

series of annual flows have been generated. The results are

tabulated in Appendix B.

However, it was noticed that the statístical

distribution of monthly flows for the different months weïe

not similar. The monthly flows for the "wet" months of April

to July were Iog-normaIly d.istributed. The monthly flows

for August to March were of lower magnitude and had a distri-

bution between normal and log-normal. Appendix A contains

probability paper plots of these monthly flows

T2



Therefore, it was decided to attempt another

approach using two seasons formed by the addition of monthly

flows for the above mentioned. months. These seasons shall
be caIled the "wet" and "dry" seasons, for lack of more

suitable terminologiy" The wet season has flows which are

log-normally d-i-stributed, while the dry season has flows

which are in between a normal and a log-normal distribution"

The distribution of annual flows (from wet season to wet

seasonr or April to April) remains log-normal. These graphs

mav be seen in Appendix A.

The statistical pararneters for the "seasonal"

(Apri1-April) annual flows are slightly different than for

the calendar annual flows, but rather ínsignificantly sor

as a comparison with the table on page 9 shows.

13

Mean

Standard deviation
Range

Hurst K

Annual serial
correlation

It was decided to use the Thomas-Fiering method

to generate wet and dry season flows and then form annual

flows by additíon" It was further assumed that the dominant

wet season flows are log-normaIly distributed. To obtain a

normal distribution for the T-F model the logarithms of the

flows were used. The dry season flows were left as real

Real Number Flows

36,381
27,336

426 | 969

.808

"3930

Logs of Flows

4.443

"332
5.8

.842

"5814



numbers whích would imply a normal distribution when used

in the T-F model-" Therefore, the numerical analysis gave

the mean and standard deviatíon of the logarithms of the

wet season flows as well as the real values of the dry season

flows, and. gave the correlation between the time series of

alternating logarithm-real-loga.rithm-rea1-logarithm etc .

numbers for the series of wet-dry-wet-dry-wet etc. seasons.

Correspondingly, the generation process produced in alter-

natíng fashion the 1og of a wet season fIow, the real value

of a dry season flow, etc. To ob-bain the annual flov¡ series,

the annual flow for each year was found by adding the anti-

logarithm of the synthetic wet season flow to the synthetic

dry season flow, resulting in a series of real number annual

f lows.

74

The mean,

coefficients for the

Mean

Standard deviation
Correlation coeff icient

The wet season correlation coefficient describes

the dependence of the 1og value of the wet season flow values

on the preceeding real number flow values, and vice versa

for the dry season correlatj-on coefficient.

Using the notation of the above table, and the

subscripts 1 and 2 for wet and dry seasons respectively, the

standard deviation, and correlation.

seasonal flows are:

Wet Season

4.310
0.3394
0 .4987

Dry Season

8868.
6682.

0.6s11

Symbol

MEAN

SIGMA

ROE



generation process is described by the following two equa-

tions used in alternating fashion. The subscrÍpt N repre-

sents the year of the generated flow value, and thus

increases by one each time the cycle returns to the first

equation. In the third term, V is a random number from a

distribution with a mean of 0.0 and a standard deviation of

1.0; a new value of whích is used for each step in the

process.

-15

FLOW (1, N) = MEAN (1)

+ SIGIqA ( 1) x RoE ( 1) x

FLOW (2,N) = MEAN (2)

'+ sïcMA(2) x RoE(2) " I
L

+ V x SIGMA(I)

As in the Thomas-Fiering method., the firsL term

is the mean for the season, the second term is the component

due to the influence of the preceeding value, and the third

term is a random component. For the first generation of a

wet season flow, the second term was assumed to be equal to

zero in order to begin the process.

The preliminary runs for this approach indicated

promise, with all of the parameters being relatively close

to the desired recorded or theoretical values. These figures

may be seen in Appendix B

+VxSIGMA(2) x

FLOW(2,n-1) - MEAN(2)

RoE (1) 2

S]GMA ( 2 )

FLOI^7 (1, n-I) - MEAN ( 1)

ROE(2)2

SIGMÀ ( 2)
1

I



rhis method of generation v¡as then applied to

a more Íntensive study, with 50 different flow series of 60

years of annual flows being generated and analysed..

The figures for: the average values of all the

parameters and the standard deviations of their distributíons

(which were assumed to be normal) are given below an<l

discussed:

16

Parameter

REAL NUMBER FLOW VALUES:

Mean Annual Flow 37674" 5703"

Standard Deviation 27 427 . 7272.of Annual Flows
Range 309550. 106764

Hurst Constant " 711 "063
Yearly Correlation .325 .143

Mean of
Generated
VaIues

Mean Annual Flow
Standald Deviation
of Annual Flows

Range

Hurst Constant
Yearly Correlation

Standard
Deviation

LOGARTTHMIC FLOW VALUES :

4.466 .063

.314 .030

3.628 .862
.720 .056
.348 .113

For the real number flows, the mean annual flow

and standard d.eviatíon are Very close to the recorded values.

The mean value of the range of generated flows is about one

standard deviation below the rangie of recorded flows. The

mean and spread of values for the Hurst constant is quite

satisfactory, having nearly duplicated the world wide trends

Recorded
Values

36,381

27 ,336

426,969
o^o. Uvq

.393

4.443

.332

5.8
.842

" s81



for this parameter. The average generated annual serial

correlation is about 0.5 6 below the recorded serial corre-

lation.

For the 1og number flows, the mean annual value

and the standard. deviation are both quite close to the

recorded. va1ue. Once again the values of the Hurst constant

approximate closely the worId.-wide natural distribution.

The mean value of the range of generated values is about

2.5 standard deviations below that of the recorded log number

f1ows. The mean gienerated annual serial correlation is

about 2 standard deviations below the recorded vaIue"

The flow data distribution types were reproduced

as faithfully as could be expected. Four series of synthetic

wet season, dry season, and annual flows for varying values

of K and R were plotted for comparison with reccrded flow-

distributions. The four plotted. series had values of Hurstrs

K, and- Range which were:

1. small

2" Iarge

3. close to the values for the recorded flow
seríes

4" close to the mean values for all the generated
flow series.

T7

For all four example series the seasonal and

annual flows were distributed similarly to the recorded

flows.* These may be seen in Appendix C. For the 1og normally

å'Note: the dry season synthetic flow distributions are
irregular at the bottom end because of the built-
in check to curtail generation of negative flows 'which can happen when using this procedure f,or a

normal distribution"



distributed wet season and annual flows, the best fit line

from the recorded flow dístribution is shown for comparison

with the generated flow series.

The computer programs used in this analysis and

generation are shown and explained in Appendix D.

A1so, the four sample generated flow series were

plotted in sequentíal order and may be seen in Appendix C.

These compare reasonably well with the recorded flow series,

except that the high correlation of recorded annual florvs

for the dry decade of the 1930's is not exhibited to the

same extent in the generated series.

18



VARÏABÏLTTY OF TRRTGATTON BENEFTTS

Chapter IIT



The synthetic flow model will now be used,

firstly to verify Hurstrs equations for the required reser-

voir capacity as a function of the demand in terms of the

average river flow. Secondly, the distríbution of irrigation

benefits resulting from different capacities will be studies.

L9

VARIABÏLÏTY OF TRRÏGATTON BENEFITS

Chapter ITI

Hurstrs equation for partÍal flow regulation

expresses the required reservoír storage in terms of the

range. Both demand and. mean flcv¡ are maCe dimensionless by

dividing their difference by the standard deviation. The

empiiical formula is as follows:

where

S

R

S=

R_

M_

B-

d-

.s4 .s6 v
reservoir size

range

mean annual flow

annual flow demand

standard devíation

It is evident from this formula that

entire range of values sínce for M :

this out in his paper. For M,d, and.

(

of

mean flow)

annual flows

it is

B' S

R the

not valid over the

= R. Hurst pointed

average parameter



values of all generated fl-ow series were used:

M - 37,674 c.f .s.-months

d - 27 ,427 c.f"s "-months

R - 309, 551 c. f. s . -months

For the purpose of this study three cases have been analyzed'

corresponding to three d.egrees of flow r:egulation

(1) Demand B = Mean Flow M = 37,674 cfm.

This means full regulation S = R = 309'551 cfm.

(2) DemandB=M- 0.Il= 34.93I cfm"

Hurstrs formula gives for thís case

S - 0.65 R = 205'000 cfm.

(3) DemandB=M-0.2f = 32,IB8cfm.

Hurstrs formula gives for this case

S-0.511R=158,000cfm.

20

With these three reservoír sizes, S = R, S = 0.65 R and S =

0.511 R, and the corresponding annual demands, the behaviour

of the reservoir was analyzed for 50 periods, each of 60

years duration. Irrigation benefits vuere also calculated

for each case and each period in a manner that will be

explained below

The reservoir regulation criteria were established

only for annual regulation as in Hurst's work, because the

variations of flow and demand during the year can be dealt

with separately" The criteria are as follows:



1" The reservoir is assumed to be fuII at the

stagt of the flow series. Storage losses are

ignored.

2.

2r-

Change in storage = annual flow - annual

demand. i.e. Storage is increased when annual

flow is greater than annual d.emand and. vice

versa. The reservoir supplies the required

supplement or stores the excess, except as in

3 and 4 following.

When annual flow'exceeds annual demand and the

required change in storage is greater than the

available volume, the excess is wasted, and

the reservo-ir is fuIl"

When the annual demand is greater than the

annual flow, and the reservoir storage is less

than the required supplement, the reservoir

storage is added to the annual fIow, demand is

not met, and the reservoir is empty.

)

4.

The results of the analysis are assembled in

Appendix E in the form of cumulative distribution curves.

The most ímportant result is that for each case the reservoir

provides the demand flow without failure in 502 of the genera-

ted flow series. FulI irrigation benefits are thus obtained

in half of the series. This confirms the validity of the

Hurst formula for partial regulation in the sense that the



specified demand is met with a 50? probability. It should be

noted that the period of 60 years used is the same as the

one for which the range was calculated; this is of course a

prerequisite

The number of times the reservoir was ful1 in

each 60-year synthetic serïes was also recorded and the results

are shown on the graphs in the èpfen<]l¡-_q. This number is

an indicator of the amount of water wasted; ít can be expected

to increase as the reservoir size and the demand are decreased"

Average number of times full in 60 years were found to be 4,

B and 13 for the three reservoirs in order of decreasing

size

To deterrnine the irriga'ticn bencfits for any

given flow series a simplified benefit function was derived

from which the irrigation benefits for each year \^rere deter-

mined; these vrere then converted to a present worth value.

It was assumed that the irrigation benefits are

proportional to the amount of water supplied up to the point

where the design demand is fully met; beyond this point the

benefits are assumed to remain constant. Since irrigation

entails operational costs, a total crop loss corresponds to

negative benefits; these v¡ere assumed to amount to one half

of the maximum positive benefits" This amounts to assuming

that the operatrbnal costs are equal to one third of the crop

value when irrigation demands are met" The resulting benefit

function is shown on Figure 3.1"
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In this theoretical study the interest was not

a very critical-factor" Hence, without any great amount of

justification, a value of 6? was chosen" This figure is

used to determine the present worth of benefits derived in

the future.

23
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Cumulative distribution curves of the total

benefits thus calculatecl are shown in Appendix E.

The HursL equations are based on the means of

empirical observations, and therefore contain the inherent

requirement that the demand be fully met with a probability

of 504 in the design period. This requirement is not

related to economics nor to any social objective. All one

can say for it is that it corresponds to present engineering

practice as determined by the use of the Rippl diagram (mass

flow analysis) " The study was therefore extended to include

a reservoir size considerably smaller than demanded by the

Hurst equations.

The demancl was 'L.aken equal to l-ire smailest demand

of the previous three cases, namely 32r:-.BB cfm. Howeverr.

instead of using a reservoir size of 1581000 cfm as required

by the Hurst equations a sj-ze of 60,000 cfm was used. This

reservoir size was determined by trial and error to give

zero times empty in 60 years for the most favourable of the

50 generated flow series, or at least once empty for all

other flow series.

Using the same benefit function and reservoir

regulation criteria, it would be expected that:

24

1" Maximum benefíts should be about the same as i.n

the three previous cases, but should occur only

at the extreme end of the probability scale"



2. The maximum number of times empty in 60 years

for any flow series should be greater in this

case than for the reservoír size designed by

Hurstrs equation. There should be no flat

section at the low end of the curve.

25

3.

As can be seen from the graphs in Appendix E, these

expectations were realized to a high degree

The distribution of benefits for the reservoir

The number of times full might afso be expected.

to be somewhat greater on the averagie.

size of 60,600 cfs-months was almost Gaussian up to a frequency

of exceedence of about 30å, where the curve flattened

considerably, most likely due to the nature of the benefit

function in combination with the relation between the reser-

voir size and demand- Tt is speculated that using the same

demand with a stiI1 smaller reservoir would result in a

Gaussian distribution of benefits.

The distribution of the number of times fuIl in

60 years was Gaussian, with the average number of times full

being 15 and the maximum being 31. These are slightly higher

than in the pervious case for the same reservoir size, but

possibly not signifi-cantly so,

The number of times empty in 60 years was distri-

buted normally as wel-l, and the maximum number of times

empty rvas 23, significantly greater than the previous study,

as expected"



In Appendix F, the computer program for the

reservoir regulation and economic analysis of this hypothetic

irrigation projecL is shown.

26



Chapter IV

CONCLUSTONS



The seasonal version of the Thomas-Fiering

model was able to produce flows rvhich exhibited values of

the Hurst Constant quite similar to those observed for

27

natural phenomena the world over, and. with flow distributions
similar to that of the period of record. Although the

synthetic flows \,vere deficient \^rith respect to the annual

serial correlation and rangre as compared with record.ed

flows' they were still useful in checking Hurst's equations

for parLial regulatÍon, and evaluating the variation of

benefits for a hypothetical irrigation project.

Because the reservoirs designed by Hurstrs equa-

tion for partial regulation met the demand flow requirements

for one half of the generated flow series, the equation was

found to be va1id, ât least for the 60-year period used in

the study. The variability of benefits from a hypothetical-
.:irrigation project was established based on the different

synthetic flow series.

In general terms it is concluded that for a river

displaying the Hurst pheonomenon, reservoir design may be

based on the Hurst equation(s). Synthetic flow series which

exhibit similar behaviour wÍth respect to the Hurst constant

may be used in economic analyses to determine the distribution

Chapter TV

CONCLUSÏONS



of benefits which may result from possíble

series in the design lífe of a project.

2B

future flow



1. H.E. Hurst, Long-Term Storage Capacity of Reservoirs"
Transactions
Paper No. 2447, 1951.

2.
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H.E. Hurst,
Reservoirs.

LTST OF REFERENCES

It should be noted that this thesis was basecl mainly
or-ì the phenomenon described in the above two papers
by Hurst, even though it contains few specific refer-
ences to these papers.

Methods of Using Long-Term Storage in
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TABLES OF RESULTS FOR PRELTMTNARY

FLOW GEI{ERATTON ATTE}TPTS

Appendix B

1. Recorded calendar annual flow parameters

2. Thomas-Fiering method - monthly flows

3. Thomas-Fiering method - annual flows

4. Recorded "seasonal" annual flow parameters

B1

5. Final method - preliminary study



Note:

In the final analysis of output, it was discovered

that a computer programming error had resulted in erroneous

values of annual correlation, for recorded and synthetic

f lows. Tl" val-ues of annual correlation were too high in

all cases, but the error vras found to be consistently of the

same proportion. The erroneous figure for annual correlation

of recorded flows was used as a basis for trial runs of

flow generation by the Thomas-Fiering annual model only.

In the cases of the trial series using the Thomas-Fiering

monthly model and the final method (Z seasons), flows \,vere

generated based on correct values of monthly and seasonal

correlations, respectively. The resulting annual correla-

tions were erroneously calculated in all cases

The error was corrected and calculations \,vere

re-donà for recorded flows and the 50 synthetic flow series.

The stat.istical comparison of output data with recorded

data was found to be the same with both the erroneous and

the correct values of annual correlation. This is because

the error was of an approximately constant proportion. There-

fore, the erroneous values of annual correlation for these

trial runs have been stroked out, but left legible for

comparison. Corrected val-ues of recorded flows have been

included

sI (a)



1. Recordecl calendar annual flow parameters

(a) Real flotvs

APPENDÏX B

(b) Logs of flows 4.456

2. Thomas-Fiering method - monthly flows (S tríal series 60 yrs)

(a) Generated 47 ,693 (az ,soqP 47 6 ,BL3 o. 64, ;:äi?ii
real number 39 ,18 4 37 ,B5B 265 ,257 0. 57 2 O .565,6
annual- f lows 36,484 24,734 364,347 0.79L 0,54F4

36,854 25,053 22o,4oo 0.639 0.4)i6O
34 ,r20 23 ,BB7 25r ,233 9.692 o .2/827

Mean value 38 ,867 35;007 315, 6l-0 0.66 O Of+SZd

t;3iî3i1o, 5,2s0 :-6,s4s 10s,008 0.08r þ.nn
Comments O.K. high low a bil- low low

M. A.
Flow

36,892

B2

Annual ú-

26 ,690

"324r

Ranqe

428,908
6.1

(b) Logs of
generated
annual flows

5
. 816

.861

Arinuàf
Corre-
lation
----7- 63?,3

. î'9 67

Mean value
Standard
Deviation

Comments

o
ítr:(.)
d:,r -l
!- cí

o
(_l

i

.4076

4 .522
4.429
4.459
4.482
4.432
4.465

.039

o"K"

o this fic¡ure is questionable, but this is not very signi-
ficant with regard to the resul-ts of the thesis"

.34s3

.3682

.3111
" 2647
.3040
.3187

.0398

o"K"

"6005

3.6
3.3
4.9
2.3
4.1
3.6

r.0

lov¡

0.686
0.641
0.809
0.641
0.768
0.709

0.076

o.K" with
thec¡ry

*ERROR.*

o.so44
0 .47 0/6
0.46L3
0 .4938
0.6406

.0647

quite
lorv



3. Thomas-Fier:'-ng method

(a) Generated
real number
annual flows

M.A. f low Annual l-
22 ,4l-2
25 | 50I
3B,008
34 ,66I
51,843
28,929
35,003
4L ,226
19,202
32 ,97 6

9 ,602

o. K"

annual flows (10 trial series 60 yrs)

Mean value
Standarcl
Deviation

Comments

19 ,37 6
2I I L27
33,115
26,L50
4I ,092
19,381
23 ,7 25
32,344
11,050
25 ¡262

8,523

o. K.

(b) Logs of
gene::ated
annual flows

I

Range
44L ,292
4l_1,ggg
735,648
444,01l-
69L,859
405 ,27 2
296,84r
654,878
l.12,007
465,98l-

1BB,B61

B3

5
0.919
0.873
0.912
0.833
0.830
0.894
0.7 43
O.BB4
0.681
0.841

0.076

4 .2]-6
4.48s
4.435
4 .339
4"603
4.437
4.427
4.272
4 .256
4.386

0. 118

o. K.

t'nR.ROR*
Corre-
l-ation (A¡nua

Mean value
Standard
Deviation

Comments

o.Bes/
0.844'
0.81É
0.87¡8
0.8F3
0.BiB9
o-879
o.ht a
o /ett
d:'-
I
/0.068

0.245
0.354
0. 328
0.356
0.306
0.305
0.370
0.343
0.348
0. 328

0.036

o. K.

O.K. too high high
for theory

4" Recorded "seasonal" annual

z.o
7.7
4.9
8.0
5.0
s.9
8.3
7.0
7.3
6.3

L.7

o. K.

(a) Real

(b) Logs

0.7L7
0.906
0.792
0. 915
0.822
0.869
0.915
O.BB6
0.894
0.8s7

0.064

hiqh for
theory.

O. K.with
recorded

data

flows 36,381

of flows 4"443

ERRO
0.93
0"89
0.94
0.ed
0.82
o .4t
0.86
o.lgt
o /as

R
Ll
c
5
5
3
9
4
4
9

flow parameters

27 ,336

"332

426,969

5.8

hiqh

O.BOB

0 "842

-6
l'' uit9

.--4 --:!q
o-

U
{.

.39 30{

.5814



5" Final method - preliminary study (.10 trial series

(a) Generated
real number
annual flows

M.A"
Flov¡ Annual d-

44,537
43,591
31,663
4l,BB4
33, B 30
42,795
38,826
38,708
26,8r2
30,561
37 ,320

5,888
I

o. K.

4.509
1 .525
4.368
4.s04
4.434
4 .468
4.477
4 .393
4 .453
4.338
4"447

.063

o. K.

Mean value
Standard
Deviation

. 
.Comm

(b) Logs of
generated
annual flows

41,3 4B
27 ,7 93
24,LL]-
33 ,524
2I,909
40 ,29r
3r,499
32,47 4

17,260
L9 ,49L
28 ,97 0

7 t890

o. K.

. 3s9

.359

.367
" 326
. 311
" 387
.315
.293
.3sl
.290
.336

.033

o. K.

Range

53I ,323
444,278
279 ,459
266 t 693
163 ,7 69
5L4,057
422 ,586
410,584
255,873
158,52I
338,714

L34 ,362

a bit low

5.4
lloT¡U
3.9
3.4
2.8
5.0
4.7
2.9
5.1
4..5

4"3

0.9

1ow

B4

60 yrs)
*ERROR*

Corre-
la.tion

0.751
0.815
0.649
0. 610
0.591
0"749
0.763
0.7 46
0.793
0.616
0.708

0.079

o. K.

Mean value
Standard
Deviation

Comments

o.s7sl
0.78/
0 .6rP
0 - 444
o.sda
0.5hr
o.dzg
o. Þ94
o .4e5
o /sr¡
l.t*
I

/0.086

(Annua-

0 " 798
0.762
0.692
0.693
0.641
0.75I
0.798
0.675
0.785
0.808
0.7 40

0.060

o-K.

o. K.

*BFI.OR*
0
0
0
0
0
0
0
0
0
0

6271
7rl
63p
4q8
557
sba
ho

. lez
hsz
/ e s:

;T;*
I
10.092

low



GRAPHS SHOWT}TG STÃTTSTTCAI, DTSTRTBUTTONS

OF SAMPLE GEI\IRRATED FLOI¡7 SERIES - FOR

h]ET AND DB.Y SEASONS AND A}]NUAL VALUES.

SEQUENTIAL PLOTS S"AI'IPLE GENT]RÃ.TED

FLOW SERTES

Appendix C

Pages z C2 C5 Example 1 - Values of K and- R close
to recordet{ values

C6 Cg Example 2 - Large values of K and R

C10 - C13 Example 3 - Small values of K and. R

CLL - CLi Example 4 - Va1ues of K and R close
to r.ean values of K and

R for all generated flow
series

C18 - C21 Sequ.ential plots of the above four
example qenerated flow series.

c1
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FLOT^T GENERATION PROGRÄM - FTNAL VERSTON

includes:

Explanation of program

. Table of symbols

Listing of program

Appendix D

D1



The program shown here is the final version of the

flow generation and statistical analysis program. IL is
identical except for the maj.n data input to the one used to

analyse the recorded flow data"

The main program is broken into sections wiLh self-
explanatory labels which indicate the steps involved. in the

analysis and. generation process. A great portion of the

étatements are not inherent to the method, but were necessary

for the logical handling of the great amounts of output.

Three subroutines are used. Subroutine TEST is used in

calculating the range of the data, and its purpose is to scan

an array and locate the largest and smallest number. Sub-

routines GAUSS and RÀNDU are commercial subroutines which were

used in conjunction to produce a normally distributed random

nurnl¡er series with a given mean ancl standard deviation (0.0,

1.0) " This is used for the ranclom component of the generated

flow value

A list of some of the significant symbols in the

program follows:

FLOW GENERÀ,TTON PROGRAi\T - FTNAL VERSTON

APPBNDTX D

D2



Symbol Explanation

MEAN (3) Array of mean values of seasonal
and annual flows

SIGMA (3) Array of standard deviations of
seasonal. and annual ftows

ROE (3) Array of correlation coefficients
of seasonal and annual flows

FLOW (100, 3) Arrays of flows, logs of flows,
FLOW A (100, 3) _.. _a 1.and deviations from mean flows
FLOW B (100, 3)

SUMDEV (100) Array of cumulative deviations
from mean flow values

T(3), Y(3), Miscellaneous arrays used. for
VV(200) temporary storage of intermediate

' values, etc

D3

. RANGE Range of values of cumulative devia-
tions from mean flows

HURST Hurstrs constant

Following is a listing of the program.
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ì:ì:(31 =tx/(SO3T(D))illl4A'I ( . î r r 5Xr ¡ YFAFLY--:ir tr-.f-T-î-( 6; 7 4 I---!?ïE-I : l--
NJVR=\J\t:i+ I

I r 3)
N,3)

cf,\Tt \rJE-.
urì I TF ( 5. I C C )
CO\TI\IJF
IF( NrJ^.43.:Q. I )GC TO 5l
I=( \lJ\îi:j¡=3. 3)GO l-(l 5!
I ETf,iiJ r'1 ð; l-f. 4)G tì--ï-O -Zi-

*FLCì,,J(J.3)
shot¡ld be C= Y(3) - FL0!V ( N,3) y. FL0V/ f N,3)

cfrafìFLATIIN= e,trt 0 n4)
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C
C
44

Gtl\l EpAT i:lr'l CIF SY\l THÍ:T IC FLOit 3FR I rS
C]NfIN.J:
S=l "C

rl2
-ÂW=f; ô-_-

?i-
tJ7

ìEAD (5"1C7)'!x
þr ?IT:(ó"112)IX
=f]fì\'! AT(r1¡,r SFFD IX= r,Ieì
rrQI'T't(7.1f,7) tX
Filìitl/rr (¡ II IIII IIItIIII II II IIII IIIItF(.IìMAT ( T S)
I=D
x = 

q:-A-Ìi c"tl
I Y=/tRS=f,0
i'i= I Yi Aì S+ I
N=IYFAIS
)t) l4 IÂ=2rN
W=MFAÎ.J( 2 )
SIG=SIG^'14(2)
I=.[+1
fÃ-ff--G7'-tjSS
VV(I)=V
J=l
X=t4EAl.l( 1 ) +S IGMA{ I )¡t.irllE ( I I *( X-vr ),/SIGI +V'i,SI3 MA( 1 ) *SOFI ( t -( ÊíìE( 1) +ÊtrÊ ( t I ) )=-lvJ{ IA'.J )= lO*¡t( X )
l¡r=1,1 EAN( 1)
SIG=_s_LqrlA(1)
I=I+l
CA-_ GAIJSS( TX,STAM,V)
VV( I ) =V
J=2
X= r4qA\ ( 2 ) + S I GilA ( 2 ),i, tr Êl ( A ) Àk ( x -,r),/S IG

i +Vi, SIG¡rA(2)'¡SCIT(l-( ROE(2),: RCF(?)))
1F(XoLllolCu0) X=li"C
=LlW{ IArJ)=X

tlÄr5nAfti.V¡

14

1tr

I F( X "F0" 1 j. C)-..iì,Ci,, ( I 
^..,)=l¡i1i.¡,

1)

=Lllt'J ( I A '3 ) =FLOVT( ¡ A ' I ) +FL3r,{i ( I Ê,}Zl
CSNT I NJT

I I T I I I II I T Ii I I T I A )

ll¡?I TF: ( ¿rr I I I
;oR¡4¡\T (r ro
/r Iï5 (a)o!C9
,'cìliL- (6'1îC

C

é,,

l5
114

v;i -'-1-¡=at- t-Z_Il--li-r ¡--t r'.' ae-t, S-I-C r,¿Tj-l
þiRI TF (7,2C)a,

l9

23

f I I \T
fJIITE
=ll\iATD3'l9 I=2oll
fial¡F(ó.1 C3 ) (FLO\1( L J) rJ=1 r3)Gl 1-O a4
CO\TI \ILIF

?cq
c

lX,' il^í\jDt-rtzr NtUr.1i3f:tl SFR I E Sr )(VV(..1)r.J=1'I)

N3 GF\F-f, ATËD SYNT.JF'ì'TC F-C,I SÊ'? I 
'S61114)ror r lcX,f syNT{:l-I: Ft_Ofi SEIìtESr )

rtRI ÎF (7,2a4 ) ( FLO'/'R( I o 3Ì o I =2r N)
=ORVAT(frF12"0)

STOP
È\D

c
c
c
C

SUtsACJ'T f N! 1-EST

SU3ASUTT\I= T-ST
R=AL At?p,\Y(lCO)
Ç=ô

)f 3 I=?' IR
IF (ArììÄf ( I
I= (ARìÂY( I

3 Cf\TI\JE
RETUAN
E\)

Li- -t

c

( ARtìAY r¡vrRC¿ r IR r3.S)

) "3T " !l )i'l=Ê.?:ìÂY ( I )

) oLT oS )S=APPAY ( I )
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SU3ìOUT I I\!E GATJSS

PUrìrOîË
COVI-'UTES A \fn\4AL;f DIST?I3UT:D lAl.lDOvl NtJlil3F_e
\4 :a- ñ-- A-ñI-ST A ñ n-¡. a il n r-V ï [r I i-r'l-

USAGF
:ALL GAIJSS{ IX.S.AI. rV)

DESCR I PT IO\ TìF PAIAII'ETF-QS
TX -IX MIIST C3\TAI\ /.N 3D) INTEGËR NIJVBSR yjITI..' NjIN= fI

LESS t)IGITS O\¡ 1. 1-{! =I?ST ft\l TIIY Tn GALJSS. THF. lEAFTEÞ
IT vIILL cü\rAi\ A i.JNIFOP¡¡LY DISTFìIBUTÊ-D INTF-'Ge? ìÂN)t-ì¡.,1
NtJ¡438F GF. I!:AATFD E<Y TTE SUDì3UTIN- =Oì US= ON TH= NEXT
I:.I.JTRY I-LI T-{tr SUEIì[]LITT\JF.

S -THF DF-SIEFN STANDARI] trEVIÂTTt-I\ 3F THE NORMAL
)IS,TFjISU]-ll\.

A¡.,r -TH5 Dt,.SIeFj) \1 FAN OF T-JF- \3pVA- )lSllt3uTIO\
V _TI_IE VAI.I.J. D-- TIË.CO\,IPUTED NOI.ìI\,I AL ?AND]M VAIIIAB_E

RE)"4AIr< S GAUS ?43rHIS SU:iPLìTJTI\F USES RA\)J viHICI iS I.IACHIN: SPECI=Ic GAUS 2=c
GA,US 26CI

I Ê.\]U GAUS ?.gr,
GAUS ?,9Cv-Tlo) GAUS 30nJS:S ,2 Ur.t¡r¡0" eA\D_O:ll ¡{lulBilS le__ErM¿L.|Tå_-},t!3_UAL IANDO¡4 cÁtrS 3lC-*---N1t{tJF-n-s-F-Y-crVrnnl ltvtJ--f-¡r¡;1 Ç: " rrr ç,-rsu-r rs r-r:N GAUS 3?_(.1At)JLJSTE) Tl vATCH IHE GIV:N V=A\ AN) STANDÂR) D:VIATION. GAUS 33C

Ti-i i Ut\lIFOilv riANlDOj\4 NUVr B-pS C3VPL,TfD vr, ITHTN IHE SUBROT,JTINE GAUS _?/rC

GAUS 36C
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GA

Df 53 l=lr!
CALL 11 

^NiDU(I X= I Y
5t' A=A+Y

V=(A-6.1ì)'i.S
tÌ:TURf'l
F\l)

SLJ:]EOL,T I \II.: GAUSS (
A-=-3 . ñ-- 

-

GAUS 1 I-A

coo.e o"c"GAIJS ?'1
GAUS 7Ç
GALJS 4ì
GAJS 5C
GAUS 60

I,JI TI A 3I VËN GAUS 71

o o i c e c o o a o3 o o o a a o o oo o o c ôo o o r 3 o c c o e þ c

SI,,BRNUT I I'JF FANi DU

PUf-ifo3F

?
TXt IY,Y)

+4.[1

SgAMTV)

?:!¡!3I o F_A(.H E\Tì\. US:S Â' IN:,JT A\ iI..ITEGEI RANDoiu \UVBFI
A\N;JT.ìODUCT--S A NfW I\TFG=ì Â\D IEAL PA,NDNM NU!1 3FR.

iJS/rGF
CALL RANDU(IXCIYçYFL)

fFS:t)Irr Io\ cF PA?Ar\1 ËTEFì S

CN."IÞI.JTE.S I, INIF{.]â:}'1 LY I-ìIST''T3UT=D tr'A\DCM PEAL NUMBEIS BETl/JEÉ.N RA\I,' 7C,
li -l-¡5--J;¡-uf,)-itr¡..¡;¡¡r--t-¡.1-r=-cr.¡-S*Trt,- ñò pð

GAUS 8f;
GAUS 91
GÊUS 1C. 1
C,AUS I I C
GAUS I2?

__ GAtls_r_5l

GAI.JS I 3O

iX - FO? TU¡. FIAST F\I'IY THIS

GAUS 14T:

CA iJS I É,4
GAUS I7O
GÂUS I NE
GATJS I9C

IY - A ?ÊSt/LTr,\T I\l T:G=ì lANDOt"l N.rMêtR FIFOUIRFD FCR T,-t EF:NTÞY Tfr THIS StJf-'P3JTI\f" Tl-ll. TANGE OF THIS I,lUM3:R
BEÏh'Ff'N Z¡:et] ANi) ),t<t1,1

Gl\t/S 2()(:\
GAUS 2T}
GATJS ?-21}

FILJN'iFEP WiT:l l'rINE 3? -ESSIX St_,Ct/,L) 3F_ Tt_1É Þa=VIIIJS
St-tEìFOtjT T i\lF .

1,,/¡aSAGLIAo .JAC,,¡ l'1 .

Y:-_ TH: IFSIJLTAI'IT UIJITL]-ìVLY )iSTRISi.JTIDC=--'---T¡lfr'Jii 
a.ll'.{ -¡lLt¡¡3F-tr-f ñi-'rFlE--q-,{-r.G--[:J--Tfi--l;il

PEv1A.ì<S,
THIS SI.J3POUTINIE IS
?*¿,?9 TFFìMS FìF ;OF.:E
sFFt)s (f,5539 H:ìE),
Ê'A\.I if3T,,I DIí;ITS JSI\I3

RAND I C
. o c . . o . o . c c. o o o c c o. a . ê. . g c ô c . c RAND 21

RAND 3C

Lls 2-{a_

GA US 3 ¿<I:I

À¡JST COI.JTAIN ANY ODD
I)IGIÏS" AFTE? TI-IE =Iì

VALUF 3F f Y CCIMPUT=)

GAUS
GAUS
GAUS
GAUS
GAUS

SPt-Ci FTC TN SYSTÊI¡,/360 AND d ILL PìODUCF RA\D 278.Pg)-ATING" THi F'E=ÉRF.\CE BEt.3W DISCUSSFSRAND ?3CarJfl rlo?L--t:s, A\D pìnA_Ë,VS CSNCF?\ I\G aAN) ?çl

41C
4l o
4?î
43r
44C

l'HIS 3FN'F:,ATIl\ SC-HEtv1 E" MACLAËÊ.Nt Ai\t D
[)" t.i3-89 ' t.)l S,C r,JSS (-f,t'.tG"JFt'tT I AL

6AUS 46C
CÂllC tr-7 I

FAND ú C
RA\D 5C
PAND 5 Û

RA ND EC

= OATI\G POINT,

I\,I TFGIR PANiJ
ST -NTRY 

' RA ND
BY THTS RAND

PÂ\D

RA\D 9Û
RAND IÔC
RA\D 11C
RAND 121
RA\D I 3C
RAND 1 4C
?ô\tñ tcìl.,

NEXTRAND 2^1
IS RAND ?. IQ

6C
7C
o^

90

RA\D 2??}
B¡_\ 2_2 3 3
RAND 2¿+(:
f-ìA\D 25.O
RA\n 2óC

PA\l [) 3'ii
FìA\D 3 tÇ_



GFNFpT\Tl{:lÀ.1 f/ËTHnDS A\tD TFSTS. TTi tJSF, UF Tr.rO GFN=F]{: Q/iI,IDTJ TYP-I L: IIi F-II..LING A 1'A3L.F A¡JD O\: rTC,(I\G
f ABL E r IS t)F 3:\J f F-IT I\ Sl\1 E CASES. 65549 -{AS 3:=N
S(JGGTSTFT' AS A SËF) h'I..IICI HAS TIETTFP STATISTICAL PIOPEFìTFOR HIGH tlpr-)FR BIl'S rlF TH: G:f.lfpATF) DEVIATFo
SF-DS S{Ol.JLD 5J = C: H:,ìST_'N II..I ACCt.ìADA\CF dIII-J lFI E DISCJSSIS\I
GIVEN Il.l TlrF riË.FEF=\JCF BF-D,^. ôLSDr IT S-ICULD 3- \OTED THAIqANJD IBC

FL.DATING PCIi\I T DãVIATE.S Aì[: ¡,1 CI;IFIiD AND I\ FACT T-1 ES=
DEVIATFS HAVT-- HIGH DI:]3A3ILiTY ]F HAVING A TQAILINS Lo'/T
CR)EP 7-IT]C) BIT IN TI-i FIR FIACTIIINÂL PAìT

STJBPCJTTNE-S AND FJU\I CTIT,]N SU3TRI.'] GA¡\!iS A': OJTRED
\O\F

IF rL tlÀTrNG pCrr.lI F.ANDfIM NrJylÌEiÌ.!_4gL D¡=ilRF.p_,,ti:-j__AB-E_____ pA_\n 391_Â.VAI-Atli-F F"Clf'. QAliftJ, TH; aA\)avl CHA;ACTERISTICS :l= T*tF
rt ñ 

^ 
î I Àt- rañ t \r

IY=IX*Í553c,'
IF(I\I 5,á" \D 550

RAND 55O

a ! a o e a e c e o a c ? a e o o a ô o a o o a a e c a o o a ? G o o o oo o o o c 90 ? o o c t c c a e c c c o o o o c

SUIRSUTI\T trA\DiJ( IX. IY! YFL)

rltlJ
E)[ì',IER RESì IDUI:
I/1.\DOM l.lLr¡.1 REq

5 I V=I Y+21 47¿tB:J647+l
6, YF-=IY

YFL=YF- ìk, 4 6566 I 3F-cl
FEl'URN
FN)

I.'ETHOD DISCUSSt:D IN I3¡,,i i\4ANJr\L C2C-B3II,
G-NEiIAI.ICN AND TT:STING

ATCPS OF f?AND 32C
F?]M TH=RÂ\D 330

"UÕ

RA\D 34C
I FS I?AND 35C

R ANC' 35 0
?A\f 370

RAND E' }
RAND 410
F?AN]D 42O
RA\ D 43^,
RÂND 4/+A
RAN] 45C
RAND ¿1,5C

RAND r+8C
RAND 4çC
RANTO 500
RAND 5I C

o .. o. RAND 520
RAND 5:1C
RAND 543

R1\VD 47C

RAND 57Ô
RAND 58C
FAND 59C
RAND. 6C O
R Al.lD 61 0
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RESERVOTR REGULATION AND ECONOIVITC

ANALYSTS PROGRAM

including:

' Explanation of program .

Table of symbols

Appendix F

F'1

Listing of program



This program is used to carry out the process described

in Chapter 3. This involves the evalua.tion of reservoir

inflow, outflow, and storage as well as economic benefits
(discounted to present worth) for each year of the fl-ow

series. The program is labetled in sections which are self-

explanatory when referred to the following table of symbols:

' Symbol Explanation

FLOW (60) Annual inflow to resetvoir

DEMAND (31 Annual flow demand

SIZE (3) Reservoir size corresponCing to
above demand

SUMBEN Summation of present values of
. economic benefits

RESERVOTR REGULATION AND ECONOMTC

ANALYSÏS PROGRAM

ÀPPENDTX F

î2

sroR (61)

REQ

DEF

.NETI¡LO

Reservoir storage for any year

Required .flow supplement (positive
or negative)

Reservoir deficit (i"e" size-storage)

Reservoir outflow



Symbol

BEN

M' N 
:::":ï:=':;,:;*" 

of rimes fu'l

Following is a lÍsting of the program, as used for

the analysis of 3 reservoir sizes and corresponding demands.

Economic benefits for each parti-
cular year

Explanation

F3
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Appendix G

PROBPLOT . PROBABILTTY PLOTTTNG PROGRAM

including:

Explanation

Userrs guide with examples

Listing of prcgram
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CIVIL ENGT}ìEERING PROGRÄI'f LIBR.A.RY

Department of Civil Engineeríng
' University of Manitoba

Identification

PR0BPLOT - This program produces a noruial or 1og-norma.1 probability
plot on the Calöomp Plotter.
Programmed by Dick Beare
uodifie¿ by D. B. Letvak, sumner, 1972

Descriptíon

Up to 200 data points are plotted, uåíng the l^teibull method on

åîïå:.'î"1:- ;ä' THï-ä:: :' l,lå'ln: "',1ä;,,ili, :':::i.";li'nli"
from one to four cycles " The probability scale Ís standard in
both cases, and thä r¡hole plot is framed Ín an B%" x 11" boundary.

Ïnput Preparation

Card_l: Control Card (43, lX, 44, lX, A4)

Coh¡mns
1 -.3 punch LIN if a llnear probability plot ís desired;

punch LOc if a 1og probabiU.ty plot-is desired,
1/,¿ p6a¿'5 ctre fo Le. l¿íf ,ì1

. 5 - I punch NPOI^I ifl thå vertical scale r¿hich descríbes the data
values (e.g. 5.60 E4, wíll be r¿ritten as 5.60 - an incomplete
descrÍption of the value).
!"1v" btanlc if a complete descriptíon of the nr-ruiber in
E-forinat is desired.

10-13 punch PLSQ to have the best fit line calculated by the method
of least squares and plotted r,¡ith the data.
punch NLSQ to suppress least squares fitting

C{ð 2z Gríd limits (2F10.3)

Colt¡mns
1-10 minimr:m ordinate (l-ower lirnit of grÍd)

11-20 macímtm ordinate (upper linít of grid)

NOTE: that Ln the case of a LOG plot the second value should be equal
to the first value nultiplied by 10, 100, 1000 or 10,000.

o.1

PROBPLOT

l'



Card

Col-umn
1 - 5 the nranber of

Next N cards: Data

(r.s)
DaËa Count (IS)

Column
1 -15 value to be plotted (one per card)

Last Card: (44)

Cohmn
1- 4 ptrnch STOP íf no more daËa is to be processed,.

punch CONT if another data group is to be processed; the
next data group is presented in the sarne format as the
prevlous one, from card 1 to thís last card.

Exanp!i

polnts to be plotted

cards (F15.3)

This example plots
probabÍlity plots,
dlfferent ways of

. 
ltlthout powers) .

. The data cards are

(N points), right-justtfíed.

PROBPLOT = 2

tú/o graphs and demonstratejs 1og and 1Ínear
the best fit line through the data, and the

labelling the values of the data (with and

dÞ follows:
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PROBPLOT - 4

,Outp.uË. v

Output consists of prinLed output as rvel-l as the p1-otter diagram.

For each graph plotted, the printer outpuE consists of'a list of
the data in the order subrnitted and a líst of the data arranged

. from smallest to largest.

. In the case v¡here the least squares best fit line is plotted, the
slope and intercept of this line are incl-uded in the printed
outPut.

(/t



t0"

s)

T
'

5'
lN

3fusJ
0t 

0¿
t'¡t 3f N

3033:tX
3

0É
 0ñ 0s c9

J0 Å
fN

3n8fgj
0¿

 
08 

06 
56

/I

{

B
6 66 5'66 

6-68

/
/I

I

a

/
&

1I/

oo oo

I/n

0-a

Q
'g

0-n

0"9

o- 
tr

o'z

o'€

o"fi

0"s

0'I

0'2
,ìV

 ,, #Ë
/b/Ð

 ? ' 37¿
 N

A
X

ãf



(.
 U

U
( 

J

I 
.9

08
1

1 
" 

B
O

E
J

I .
7û

E
1

¡ 
- 

60
81

I 
" 
S

uE
l

1 
t{

0E
l

I -
 3

ùE
1

I 
- 

¿
0E

1

l.l
uE

l
1 

. 
U

U
E

]

9-
 û

08
0

B
 -

 0
0E

t

7 
" 

U
U

E
O

6.
 o

oE
g

5-
 ù

0E
ù

q-
 u

0E
0

9"
 0

08
0

E
" 

U
U

E
O

1 
" 
ût

E
û

0"
 0

0E
0

F
xn

nP
¿

E
 -

 6
 R

np
g.

,B
tì

4

99
.9

9
99

-9
 

99
.5

 9
9 

s8

d

95
 

9U
 

B
O

 7
u

F
N

E
G

¡U
E

N
C

T
 ü

F

rl

--
--

-E
4

g

rg

T
i0

 5
0 

r{
o 

3g
E

X
C

E
E

O
E

hJ
C

E
 1

D
{

u0
 l

r]
rE

ffC
T

$J
T

.5
-I

"0
1



I /T APE PLOì TAPE

DIf'IENSIiJN IS|JF(I000)¡yl 204)rX(200),IìC(20{))rP0s(200),(l(ll)sPl7?.lt
lvP( r0)
DATA P / .79r I .43r I "74 ¡ 2.08r 2 "53r 3.04 ¡3.59r 3. 99r 4. 3I r4.62 ¡1+ n94 ¡

tr_s.2ÍJ ? 5"6 7 ì 6.2I r 6 ,6Qt7-.I6,-1:59_, L:_l_.i. Ll_._4.!J9:..?2.!
DATA rl /2. ti o ¡r+ o r5. r 6" t7 " t'ò. ¡i" /
If{TEGER TYPË ( ö ) o P.D r lriT r VTYPE r PLTYPE t POl,IER

ftÃ-T/i fVÞË-7 'LljG ';, L-añi";' PLS 0Çi-ñ LSa' , rõl¡tT¡T-i-.$põw¡7
RD= 5

ALONG=YMAX

I'lT=6
HSCALÉ=l "242
Y¡it.lñ=0.-
YMAX= 6,55
XïI N=0 

"
Xi4¡\X=? " 2 5

C--- IN COLUir1N' S FIVE THROUGI] EIG}IT A;\II] ¡.PLS'I.. OR''PLi.I[I'' 
'4 

ITH THE

L--- rIRsT IErres tN coL!.Jyr.t TEN ¡r{i) Tr]E LAST LETTETìlí'l 6¡¡11MÌ'J Tì-llRTEE\"
C--- LIN i4EANS PI.IIT LINEAR HORIZ']i\TAL {;ìID-T-- Lõõ-¡lEì\¡rS-r, r_ or r_öc¡:{r'-1H¡îf-iîJ'ì i7-nniìT-õEïu
C--- NPllt^l i,{EANS Tl-lE Ptlr¡IERS ON THE ll,liitZ'l\¡TAL Gp.il) L^.JtlELI|'lG lrlLL 3Ë----**--e-':: --'LtFr" orr -rHF 'RÊal ¡iUr¡nepS. tr-¡LniiK.s" ¡s.e--FñCù[rNiTe *r.ti THË-"ijili-ûf5.
C--- I.ITLL IìE PR INTED C¡{ TIJE CPAPH N '

CALL PLOTS( IBIJFI IOOO)
önlu ptor(0.,:Io:B;:
XX= " 5
e-Ãf t- -ÞT¡'11¿;o;Lõ-;3-F3l

-g:--:--"pL5O ,'4gAtrs Tf,) cAIcuLArF- TiiE Bf-ST- F rr -Lli!r.-Ti]'ñi]UGil" Tiî[ -pi]li\Ïç
C-"i- BY TtJE Þ1ËTHtit) OF LEAST S(IUAES A,\,lr) FLST I I"
e-- ñL5erre n¡is r¡lÀi-îHË- [ËÃSï-SçT.jÂRE-S-Co]/-t-,u-f¡--mñ-] i¡',]f {l=Tll R.!t, 

-Ç--- ++ìt)F **+ ¡: *{:* **r >F* + *+* *r + **:* ** * +:X*X * ***.',: ++* * d¡l¡ì<i: Ír** + ir *)k +:i: +*<:i:::.:i<* {r;::*::. d: Ì: *

t-

t- nrÁo i an, 200 ) v TvpE, Þ0r^rER r PLTypE

C--- RËAf) IN LÜ}iEST.GRID LII'IL VALiJË A!!TJ iIIGHEST GRID LIi..]Ê VALUÉ F¡.IÈ

20L FüRI'îAT(2FlO.i)
-1-'-""" J.+J-!r!++*!J-J.J.J..q.L¿'*.;.¡*¡i-L¿-i:í*;;r:.¿r;:&¿****t+*({.':l<;F'i(**:F+*+*+*.*t¡ì!+*r¡È*;:::¡i:**
L--- i: ãÃ: iF lii. ir+ :Ã r,.a. a. Ã. + 4. i. f..5. + + + r. à. -Ê 5r r rr'f.f'ê -. ^

C--- REAJ IN Nitl^4rìt-ll tF Drll\TS Ïfl ßf: PL,:lTT[)

RF-AD (R. D, 2O t ) i,XTL ?.E XTI-I

C-==--+*ir*{¿***:ìlv¡**í. 1.*t: ji'*v¡Í::1:{:{:¡f,.f-$i.à*,1,:i:''k-ì:i:'i:{:*lr-f {.{<'F-:¡-Í-ì:"F*'da'Fdrd::f -}l:{:;lrf-;lri.:'I.,i':.*..*':
¡. REAr)(Rt)r 203ll"lM

C--- *1:**+**+i(+ìYd<*{r*X:***{(+*i.******:F*t<Í;.**++t<**+{.:¡+Í.+*+t.+**+++**f ****:***+
203 FflRIl^T(t5)

-C;:-:--.READ It{ vERrtcAL Polllls-
c--- + *+ + +** * ir t,+ + +*{: å * +* * + *rí+ dr$( {r$ r¡+ + +* +* * *Í<t¡ {: t * j¡ * ìk+i: + +t. * + +'+ * +:F{r {:'l: {:+ d: *a



204
c
ç
c
7

READ ( RD,
F{.1Rf4 

^T 
(

L2
AqRANGE FLOI^IS Fiì0I.4 Si4ALL EST
FORI{ \T(///l

z-ò4ilsbtr I, i=l'ï¡¡ll --
Fl5 .I ¡

pRtNr 712
pRINT 99, (BC( I l rI=l¡MNt)

99

c Ár-r- sorìr s( sc;'1r,ii---

c
c

PRI NT 112
PRINT 9e' (BC( I I rl:l,Mi4l
F0Rf'1ÂT ( r0r r 10Fl0.l)

' l^JRITE(r^/T,205)
-2os FûRf,iAT ( | [ r.lpr.JT- EÊ RoR 

':- pROi;RÁi"1 RE8ürRES "T'VÞË"-oF'-HoRi-Zi]ÑTAf-üR-tlt-

IBEFOR,E EXËCUTITJN CAN CONTi\IJEI )

i-¡:ITT-v p E - e-tìlT?ÐË1ll;õilV-TYF-E-;Ei;T-iÞ-Ë-(T)-t-r6õ-Tî-ZT6

206 CALL f'L0T(C. r-10.8 t-31
CALI EXT T

C--- a a c a o a o a a o ú a a o c . ó . ó o o â o c o c a a o ô o o a o a o o ô c a o o o o o o { o

2C7 IF(VTYPE.EQ;TYPE(2) I GO

C_-- PLCT OF LOGAC, ITHI"1 TC HCR. ¡ ZONTAL GRiD

õÄu[-ploï fo; , o. o_Fti

Ti'-LARGEST

208. BCT= EXTL'rl.00O0I'FL0.t*¡4--t r l*st r. G È ; r X i H-]--G õ--l o-2Tç-
i{=i4+ I

209
Gil To ?_)B

210

IF(!1.LEo¿+) GO TO
wqirE('r,tr,2ioi -
F0Rr.1AI { r Pfì 0GRA M

t penrT- .

2r1
CALL EX I T
FAC=M

2t2 tF(GL"LT.l0") GO TO 2L3

TO 300

GL=EXÏL
N=0

Ñ-;ÑTÏ

2r3

GL=GLl l0 .

2rl

Gl.) T0 2L2

hITLL NI]T ATTEi'1PT ¡4fRE THA\] ¿+ CYCLE LD3A{ITH'4IC, P

tF(GL.GE.l") G0 T0 ?1"4
N:ñ-t -

GL=GL*I0

?-14 Ntl= 0
GOTO2

GII=GL+IO.
' ASL=ALtlGto(GLl

Dl FF=AGll-ÂGL

DO ?1.5 [=Ir9
IF(Ê.GT.').')) l':N=l
G=G+( l.*( 1.1"+{.:{\l )

ZL5 CONI I NUE
Q(I)=G

o a ô a t o o o o a9 a a cû 4. o



VSC=ALCNG/DIFF

XNI=FAC+ (-.5 )
XN2=FÂC* (-.41
HEIGIIT= FAC *
x\4Âx=xi4ÂX+f_Âc
FAC= 1" 0/ f-AC
PFAC=0"0
CALL f-ACTOR (FAC}
F PN=GL
CALL NUA'11-lER ( XN 

' 
Yl4 I N r rtt IGIJT r FPN I 0.0 r I I

..IF.l'Pi]l.tER"E0"TYPE(6)}G0T(liq
CALL SYMB0L ( XNI rYtll N r ilEI GtlT r 1l-iÉ r 0 "0r 1)
FPN=N

nl

l0 CALL PL0l-(0"0r0"0rJ)
eA-LL NU'lrlEq ( x¡t2,vr¡l Irt, nrl e üT;Tpï\l 

' 
0,0 r-11

DO 2L7 J=lrtl
DO L?- I=lr9
n['l;- aL n G t o.lo ( 

-i l-l
VÂB=ÂLQ-AGL

I2 CONï t j'.ttJE
vt, ( I )=( V¡\B*VSC ) +PFAC

DO 2Ió I=Ir9r2

l_4 tF(Q(ì<¡,GT"50.¡ GO T0 l3

CALL SYi'180L ( XNI t VPl ¡1) ¡ l-{É t GHT I IHE r0.C I I)

540
IF(PÍJì''IEfì.E(ì.TYPE(6) ) 0'J Tt) 13
ç{L_L_UjjlBElljfJ, yt ( I I r_T-E 16llr r FPN r 0 . 0 r

lF(FPN"GT.'I.5) GO Ï0 ll
N=N+ I

i i- rpñ;ru

t3
CALL i\tUMBER(XN2 rVP( K), HEIGIIT, FP\r0.Cr-l )

LL=LL+l
TF(LL.GT"I} GO TiI ZL6
CÄt_u pLr.lr ( xu rr\, VP { (i;ïl-
cALL PLOT( XllAXr VP(K) r2l

IF(K"tT"9l GO Tr) 215
eTIf-Þ L o Tl-x-r:t n xîú ilt-rT-, ¡l

2L6 C[\lT lr.lr.JE

CALL DLOT (XVINIVP(K} I2}
Go-rr.l L4 '

---.PFAC;VP(9'
cALL PLt_ì f (X:.r lNr Vt) (? ) r3)

2 t?-ïoii Î-t ;,lu E- -- 
-

t' - --uoaScoeoaoaoac000óoooooco

C--- CALCULAT (ON {]I- VERT ICAL

CÀLL PLOT (0 '0 rC.O r 3l
XMAX=Xf4AX+FAC

r)

a o o oø c c o ô â ê o o oo o ¿ Ó o a o ô c a o o â a o o o a € to c o ! t 6 é

LI]GAR ITI.I:4I C P(JST IO;\



/lEXTL=ÂL(iGl0(EXÏL )

AEX_IH:,n-L oG I o ([X I_¡.!.¡

D¡FF=AEXTll-AExTL
vscÂLE=A LCNG /tttFF
IF ( 3C( f.1M l,GT.ù.C I I ) I
MR=MM
D0 4Ct I=IrttM

t+A9 CCNT I NUE

U U:llÇ-t-'181
14lì= ç1R- l

4 1O CONT INUE
4II D0 ZLB I_IIMM

DC 4LC I=Irr'lM
BC(Il=Y(tl

AßC=ALOGIC)(rlC(l))
AIIOV[=ABC-AEXIL

2IB CONTINUE

c--

GO TO.4ll

V t t I =ABU VE+V SICA IE -.-----'--'"

c---
GO T0 zle

300 GL=AtsS( E XTL )

s o o ô g c o o o ø o a a ôa ô c a a o o o a.a c a c o Q o a o a a o o a o o t a c o ø a o o c a a o a a o o & o c ô I õ r e c c c

Þ lrir- Ilñ r Ãn' uun I ¿0ñ TÃi--G R-tõ---

700 IF(GL"LT.9.9s99) GO TO 701
G[;GL*;Ö-1.-"-.-':._-_---...".
N=N- l

701 U=( EXrH-EXTLI /?0.

. F PN=-tl------ -'-- :" Cali i'ruuBER ( :-.4r.Vi¡ r N;-;i ;FPñ;o ;c ;=t l'--
7OV VSC.lLE=6 "55/?0.

IF(P0,^tE3..E3"TYpE(6) ) Gû T0 701
eÁùï-* r:ißaii- (:;5 

' 
y "ifN , . i;1lTg;¡ "õ; t ¡

'LL=l

7A4 FPf.l-G*IC. **N

3O2 V=V+VSCALE
V=C

705 CALL \UMRER,(-.9rVr " L r FPI'l r0 "0 tZl'.:-- 'tF(t)ûrER"EQ.TypF(5)) GD T0 ?05
CALL SYI'4ß0L(- "5 rVr. l r IHE r0.0 r I )

I F ( V ;ûT. Y\AX I GO TO 3OV

'F pN=-i'l

IF(FP\¡.LE.909999ì G0 TO 7C5
N=i.l- I
GC TO 70q

706'tF(LL.-(;T.
CALL r\lt,:4llER(- .4 tvr " I I FP\l r0.0r-l I

CALL PLOT
cALL PLOT(Xl.lAXtY¡21
V=V+VSCALE
IF(V.GT.YU,1X) Gtl TO--303
CALL PLOT(Xl'¡AXrV¡31

) G0 T0 302
XM I l.:r V r 3 I



303 VSC¡1LE=6.55/ ( EXTll-EXTL¡

CAL
LL=

L
2

GO TO 707

PLOT ( Xi1T Þi, V I2I

îo+ co¡,rT r NruE

c---

DO 3O4 ¡-1rt'îM
Y( I )=(BC( I !-iFXTL)*VSCALE

c---
J=I
CALI:
CALL
J=I +l

rcl-(tT Í Í'Èi AËV-ñfÃ x-;21
CALI- PLI] T ( XI'1 I N 

' 
Yî4AX I 2I

CALL PLOT {P( J),YMIN'2I
2zô cor'rr i¡'tuE

C,lLL PLCìT(P( J) rYMAXr3)

tlLoT(P(J)TYMIN?-3,1
PLI]T(P(JI¡YMAXI2}

c A_L -L P!: flr I Il|,!_ry I yi)1.lll :-l

CALL PLDT ( Xf'1ÂXrY¡4JNr 2)

C::-
22I CCNT I |.IUE

cALL PL0T ( X14l N r YMI N r 2 )

c---
a a a é c o c a Ê o a a a ô a a o c o o ô a a ô c o a a a o r a o o a a, a o o 3 o a o a a o o a o o a a o a a a o a a 3 ê a a a a

CALCULAT ION OF IiETBI-ILL PLOTTI:'II] POSITIO\S
P14=Mi4+ 1

D0 ?-27- I=lrFil'l

'1 ---'U--- a a o c o e o a a . a a o o a a a a o a o a o á a o a o a a a o o c a c o a a ê ô e a a . o a o ¡ o € c t o a â o c t ô ó o c a I

222 CONT IT,IUE

PI=PM-I

C-:- H0R I Z\INTAL AXI S LETIEP ING
CALL SYMACL (-.3 ¡-.2 r . I r 47Fr 99"99

PtlS( I )=PIlPl'l

1.0r37)
I 

---L:aaaoaaaacaocoêôoaacaaaoac---------e---=" CnLcu[nî t aru 0F Hotì Í zt]ri rAL, D0 61 t=l¡i.lt1

I 70 60'0¿O'47,
CALL SYllEt.ll ( 4 "4 ¡'.2 r. I r 4 9ll 50 40

It .01r0.0r1+9)
CÂLL SYI'lBtL ( 2.62 ¡- o/t¡ o I ¡V7H

T=SQRT ( ALiIG( | " / R**2 | )

---Âr,rls=t-PoS ( i )

IF ( APrIS-0. 5 ) 3A ¡ 40 t5D

'DtST=r)RD*t-tSClLE

X( I )=4,(¡25-{)lST

40 X(ll=!+.625
Gl]_ ro- óo -

50 R=l u0-APOS
GO 

-TO -60

99"9 9.)"5 99 9'8

T=SQRT(ilL(lG( 1 " /R**2 ) )

ta o a a o a ê a o a c a a a ¡ t a a a a a a o a a a a a c a a a o ó a c c a Ò

PIJSIT[OI NI'IO PLí)T ÓF. 
-Pi]STTIIiNS:

FREQTJENCY 0F EXCEEDENCT: IN PERCENT'

oRD=T-(2"5155L7+0.BO2g5irT+0"010i28+T+*21/llo.t-ln/,r32788*T+q"lE?26ç

30 2D lo

95 90

E



l* T+ + 2çO. 001 308*T** I l
D.I S.T -fIR.J *I.I SC A L.E

60
61

C--- c c € o6.G o o oe... o. o o o oó. o..... o c.. o..l,o:"-.-i-?--"-9 .-"i-..?-".1:.t t-." o--?.-:--3t-i-"-:-1-:.-t-:-:-t-t'

x(tl=:)[sT+4.t>25
CALL Syt4BtlL( X ( I I rY( I I
CUNT INUE

c--- CALCLILAT TiIN IIF 3FST F IT L TNE

62
tF( PLTYPE.NE.TYPE(3I ) GO T0-!!t
v r r _ì 

- 
tl \l

¡.r\,¡tJ- I'i,'l

EXY=0"
D0 70 f-lr\ti,l

- i-sút= r su u1+i'[Ïl-
YSUI¿=YSUM*Y( I )

EXY=EXY+(X(ll+Y(Il¡
?o col¡r t NUE -".--'-----

r'05¡4.r-9:0-.c

C-:-

X2SUM=X2 SrJi'l+ ( X( I I {.*2 )

65
c---

å! ? ?'i uÍo,l r-i li'!,tS rrÍ-+ Y sTi-¡l-I-7Trxr{r-rxzstl-lrr - rx-$Ii1r;-
i^lRI TE(WT'65) B

rodiiAT { i' sL0PÈ- ÓË ïlÑË-;-r;Ë tö" rT--

T 5 ç ¡n MÃï t-'---i ñTË-RC-E Þ ¡-=-1 i= fo -

C--- ttotaaôooaa"¡'ct"o'ot"'

INTERCEPT . -i; i ¡it iur+vsíßri: ( Ëiy*Í suii )'i7("lxñ0çx7.sür.1t;axsú]q*.'*-['1-- -

ç---.-_ÞLCTTING BIST FiT I. INE "

ItRITE(WT,75) A

500
IFtA) 5ttOr503 t504-ii=ÁnS t ÁZs ) -'---.'--';-
XD=X {:''lM I -XT
YL= XL)*B
IF(YL.LE.6.55) GO TO 5t0

5lö- tF( x ( t )-xr i 50t' çrl lr sol-

Vt=O"S¡

5OI CALL PLT)T( XT'Yi'I I[II'] )

X(t114)=XT+( YLlBl

---c A [ 
-i:--p I rÍr i x t'r "'t')-, Y L-;2'l

vv

502 is=g*.ti( tì:xT)
GO Ttì 10 B

YL=û*X(M11)
lF(YL.L8"6.55) GO

YL= 6.55
X(l¡r.t l=XT+( YLlBl

50? c,1LL DLfIT(Xil ),Ysr3)

5O4 YS=A+(ß*X( t ) )

YL=Â+(B*X(tl14)l

CALL PLrJT (.(( .lri ) rYLr2)
GO TO l0 rì

T0 50e



tjB_.

.-. l0B

x(t'l¡il=tr,lli-Ãt/g
ç,_A.L 1.. flL.iJ r ( x ( Ì ), Y.srl.l_-

-*_----ç-;-;-;-.-.. 
Rt{t) IN THE l{n{ìq::CONT" If= f'10'ìE DATA IS T0 rlË pR0CESSFD Ar{Dc--- PL{iT f ro .- -

---,--.-C.-::_-_' 

READ IN TllE ','¿CRD "ST(lP" IF N0 i40Rt DATA IS TO BE pRL-ICESSED,
ç-:- +*l*+*+***+++*ìY**ì!+'¡+*i*+***1.++,:+*+++*1.*-.*,+*+;:.*"+-t;l+**ii*i:*+i*++-*-*=

c^LL PLOI ( Xn.,r.1) r YLr 2)
CALL PL0I (-l"I r-0"5 r3l
cALL PLtIT(-l"l ¡7.9 ¡21
cALL PLOT (9.9r7 "9r21cALL PLtIT (9.9r-O"5r2i
çALL PL0T { I¿.00 r0.O r-3 I

5II F0Rl4AT(A/r)
B_E^ A q Ltì l?,1_i_ij!! - ? 1 2_l_13!Lu I ç

1O9 CALL EXTT

TF(II,,1JUTE"EQ.TYPT(5}) GO TO I
cÁ[L PLor ( l2;oo , o. o, çss I-- ---

M=N
-[îriG'F:Be-lf-I=-

K=l

ENt)

SUBROUT I I.JE

Ée¡L aCrñl

IF(LA.A.GE.GE.ùC( I---t-Änc 
c= rld ( I )

D(l 3 I=lr

SORÏS(
i r- Àr<c c

K=I
e oñÎ-iñlE
T Et,l P=ßC ( M )

BC'l'll "

5c-{ r¡ I =r-Jc-f Kl

---. -e---- - RËÞr-'ÁCË- rHis "CÀaD- 
i,l"rTr-l 

'-¡'*/r, -c¡.dD-"_-''

UC(Kl=Tt.YP
M;14=ï---"
IF(f''!.NE"0lGt)

I /GO" PLùTIAPE t)D DSN= PLûT r D iSp=SHR
i lço "sy S t r.¡ oo.- r .---' '---.'..---'--:

c
c

RETÚRÑ

)) GO TO 3

END

L LJG

o "?_l0

Tf] B

2.5
o,3

PLSQ

. 0,45_- 
o;

10. g

20.0

.ló;0
19. B



CONT
_Lj_t!__ N!__s-Q_

o"z
10" B

10
0.3

16"0
0"45

20 "o

0,9
0. gB

1.4
2"5
B"?

l9.B
STOP


