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A SIMPLE PROCEDURE FOR SYNTHISIZING DIRECT

RUNOFF HYDROGRAPHS

by S.t,{. Bauer and D.C. Midgley

i=::'i attempts to synthesize unitgraphs by routing procedures
':,: nevealed thatr provided the catchment js not of unusual
. - ::: , the di rect runof f hydrograph resul ti ng f rom uni f orm"ly
:' :: ri buted ra'i n can be reproduced wi th reasonabl e accuracy by

'.'-l'luskingum routing of excess rain through a single reservoir-
'.,:: storage, thus dispensing vrith conventional intermediary
-'' --graph steps. To test the val i di ty of the method, di rect run-
: ---- nydrographs were synthesi zed f or uni f ormly di s tri buted uni t
:,::ss rain on 92 South African catchments; when these were com-

:=':C with the corresponding unitgraphs derived from observed
",er flows, agreement was found in general to be highly satis-
--: --ar\/

-: storage through whjch excess rain is to be routed, i.e. the
'.s<ingum rout'ing K, was found to be dependent primarily upon

:':a of catchment and vegetal cover and'it was therefore possible
:'- :rov'ide a general ized basis for estimating appropriate K val ues

--- course, where runoff records are ava'i lable jn a region similar
'' characteristics to the problem site it is preferable to adopt
: ::l val ue deri ved f rom the record and sui tably ad justed for area
:-- catchment.

-' th i s report the suggested procedure i s expl ai ned, the val i d-
'---/ tests are demonstrated, and a comparison between the propos-
:: method and the conventional unitgraph technique is illustrated
:_,'ivorked example. A guide'in the form of a diagram and region-
= map for est'imating K values appropriate to South African
:"uchments is included.



INTRODUCTION

Unitgraphs for a large number of catchments widely spread
throughout South Afri ca were deri ved by Pul'l en 

I from analyses
of several runoff hydrographs result'ing from significant iso-
lated storm eyents in each of the catchments studied. Pul len's
uni tgraphs, together wi th the resul ts of a country-wi de study
of major storms analysed by hliederho'1d2, formed the basis of
the flood hydrograph synthesis technique suggested in the design
f'lood manual 3 issued by the Hydrological Research Unit in 1969.
An amendmenta to this nanua'1, embodying a tentative flood peak

formul a, fol I owed i n 1971 and an updated and metri cated vers i on

of the manual s was publ i shed i n 1972.

Those who haye had some experience of determining design storms
and synthesizing flood hydrographs wil I appreciate that the
methods proposed in the Hydrological Research Unit Reports can

be rather cumbersome and time-consuming. A considerably simpl i-
fied procedure for synthesizing the flood hydrograph associated
with a given design storm is offered in this report.

The ideas behind the proposed method suggested themselves to
the authors during work on a computerized flood runoff model.
It was found that uni tgraphs coul d be sati sfactori 1y synthesi z-
ed by routing excess.rain through storage employing Muskingum

routing procedures as modified by Nash6. The method was tested
by comparing unitgraphs derived by routing with those presented
by Pultent for gZ catchments Iocated in various parts of South
Africa. The value of K in the routing equation was found to be

strongly dependent on si ze of catchment and vegetal cover but
relatively independent of catchment shdpB, provided of course
the shape was not too unusual. For ungauged catchments, values
of the Nash-Muskinguni K can therefore be estimated with the aid
of the diagram and map accompanying this report.

MUSKINGUM FLOOD ROUTING

Muskingum fl ood routing" t is based on the continu'i ty equation

(t )Idt Odt = dS

-1
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--:re I is the rate of inflow to a channel reach,
0 the rate of outflow, and

dS the change of storage volume within the reach within
a time increment dt.

. = f lor^r is considered at discrete time steps At, e guation I

-::lmeS

-: l"e the subscri pts I and 2 refer respecti vely to the begi n-
-''g and end of the time step At. Also, discharge Q, at either
:-: upper or the lower end of a reach, and channel storage S

::' generally be expressed as exponential functions of stage y,
._r'S:

Q = uyn (3)
,'d g = bym (4)

-', in equation 3, discharges Q at the'inflow and outflow ex-
.'emities of the reach are replaced by I and 0 respectively

''d equat'ions 3 and 4 are comb i ned, s torage can be expressed

='t-ner as a function of inflow
I ''m/n

In Muskingum

the reach is
ataaln is equal

routing it is assurned that the
the wejEhted mean of SI and S0

to unjty. Thus,

actual storage 'i n

and that the ratio

(6)

(7)S = K{xI + (1 * x} ili
,,^ere ( = b/a and x is a weighting factor.
!.rbstitution of equatjon 7 in equation 2 and solving for OZ

,.ields:
0? = c0 TZ + cl Il + cZ 0l

' n wh i ch

(B)
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By substituting equat'i on 7 into equation I

exact solution of equation I such that K

H'i s modified Muskingum coeff ic'i ents arel-

, Nasht deri ved an

was 'i ndependent of At.
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K-AT

K= 
-At

(r 'z)
(Bd )

cZ . . . . o . . . . . . o . . . r . . . r . . . r . . . ( Be )

(Bf)

(r 'z)

From equation 7 1t can be seen that for x = 0 storage is a

function of outflow only (reservoir rout'ing) and for x = 0,5
storage js a function of both inflow and outflow, equally
wei ghted (channel routi ng) . In the present study, catchment
storage was assumed to be of reservoi r-type on1y. Thus equat'i on

Bf becomes

IC^ = 

-

, eArlK 
(8g)

Equatjon 8 can be solved in stepwise manner. Init'ia'l 1y, 'inflow

and outflow are known and, after the lapse of one time increment,
the new inflow'is known so the resulting outflow can be comput-
ed by equation 8. The d'ischarge at the end of the fi rst time
step becomes the discharge at the beginning of the next time
step. At the end of this time step'inflow'i s aga'i n known so

outfl ow can be computed. The procedure i s repeated throughout
the period of jnterest. The constants K and x can be determined
by cal'ibration.
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.' '=:t runoff f rom a catchment can be conven'ient'ly s jmul ated by

-,,ingum routing if it is assumed that inflow is excess rain,
-"' --- outf I ow j s runof f and that catchment s torage can be rep-
=.:nted by 0ne or more reservoi r-type storages. As i I I ustrat-

:: :! Figure l, inflow to each storage js the excess rain on
'.'= relevant area plus the 'i nflow from upstream.
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Figure 1

Catchrnent rapresented by a serias of rcservmla"*typa storages

. : ;l d i n general be sati sfactori 1y reproduced by routi ng excess
'': n of un'i t depth and appropri ate durati on through a s i ngl e
, : I rage.

-r r'llustrated by Figure 2 the crjteria for goodness-of-fit
:re that the peak djscharges should aEree, the w'idths of the

: :di es of the hydrographs at corresponding di scharges shoul d

:: roughly the same and the shapes of the S-curves should be

*K#ffixffit
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similar. In other words, relatively s1 ight importance 'is attach"
ed to the time scale. It should be noted that the criteria must

all be satisfied. For instance, unitgraph 3 in Figure 2 satis-
fies the peak discharge and width criteria but must be reiected
on the grounds that the S-curves are not similar. In general,
it was found that the criteria could be met by adiusting the
Nash-Muski ngum K val ue unt'i I the peaks of syntheti c and cor-
respondi ng "observed" uni tgraphs havi ng the same excess rai nfal l

durations were brought into agreement.

Key: I * mbssrved
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Unitgraph S -curw
Figure 2
Criteria for goodness-of-f it betwee,n synthetic and 'bbscrved" hydrographs

At first s'i ght'i t seemed startling that, by rout'ing excess rain
through a single storage over such a wjde range of size and

type of catchment, reasonably good agreement wi th uni tgraphs
deri ved from observati ons coul d be achi eved. 0ne woul d have

expected that the shape, drai nage pattern and other character-
i sti cs of the catchrnent woul d strongly i nfl uence the shape of
the resul ting hydrograph. 0n the other hand, one must appreci -
ate that the accuracy of the "observed" un'i tgraphs 'is rel ati ve-
1y poor. It seems cl ear,neverthel ess, that the shape of a

catchment must be qui te unusual before j t greatly affects the
characteri s ti cs of the uni tgraph.

r
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OPTIMISING THE K VALUES

r-liTr the unitgraph library of the Hydrological Research Unit 92

--'tgraphs vlere selected for this study. The particulars of
:-:se catchments are listed in Appendix A and the gauging po'ints
"':t command them are shown on the fidp, Figure 3.

: :omputer program was wri tten to faci I i tate the cal cul ati ons
-='erred to in Section 2 and to plot the resulting output for
=.:h syntheti c uni tgraph al ong wi th the correspondi ng "observed"
-'rtgraph so that ready comparisons could be made.

-'i al val ues of K were p1 otted against resul ting uni tgraph peaks

:: shown on Figure 4 and the adopted value for each catchment
":s that which brought the peak of the synthetic hydrograph in-
: : reasonabl e cot nci dence wi th that for the "observed" un i tgraph .

150

r29r

0

Figure

5 6,t 17 10Kh
4 Routing K as a function of unitgraph peak

-l improve the selection of K values, the computer was program-
-ed to print out also, on common co-ordinates, the S-curves de-
'i ved from the syntheti c and the "observed " uni tgraphs . Fi gure
i is an example of the computer print-out of unitgraphs and S-

r.rFV€s and Append'ix B contains comparisons between synthetic
,nd "observed" unitgraphs for al l of the 92 catchments studied.

:, BASIS FOR ESTIMATION OF K FOR UNGAUGED CATCHMENTS

a-i roo

o-
a

50
15

-", seeking a basis for estimating the
:e adopted when synthes'i zing a d'i rect
-ngauged catchment, one should recogni

value of the routing K to
runoff hydrograph for an

se that K is basically a

peak
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function of the natural storage in the catchment. The K value
should therefore depend primarily on area of catchment, so ex-
amination of a plot of K as a function of catchment area should
be a rewarding first step in the study.

Table I is a listing of optimum K values derived from the an-
alysis described in Section 4 for alI gz catchments and these
are plotted on log-1og co-ordinates in Figure 6.

1L
10

30

20

r5x

si6q
lit !

n,i-
trril

r,*-
llr(

*
ltl {-

*8i

- 
lril1

* lr"

{r{
,r irrtl --
{rd,0*
( ltlfi a-

.$
tt o, trll .-.{-
rili rlti

*i

a .sll

,rt

1r ,i 
"ni

{.4

d ir rntr

(,.
'n l.

-
{!

(,4

e st{

lt ,,

en

tr*

ft,! 
I

nd

ntt

!,ll

'' lll' |.

ie
{! r,il 9

nt
* ti$.

-5

6

_.d

rtl

iili

hrn

a-
rt'n

A,t

n

ilt* !

I

nrtl'

ns'
lrril

.?t{
{{

{a
'* lrltl

s
lilli

c0l
,' lti*

,,{rsr
I rf'

-l

itl

100 500 1000
Araa - kmZ

100 00010 000

-' 
k/nq, S *_- x,i 7-, 0

-a 
,r 6_*+

-A 
,, 9-+

-x

Figure' 6

Routing K as a function of catchrnent area

Key: I
!

2
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4
5

The straight line fitted to the data by least squares has the
equati on:

..................... o........ o o... (9)

in which K, the routing constant, is in hours and A, the area
of catchment, in km2. The standard error of estimate of the
Iogarithms is 0,2I99I, of which the antilog is .l,659.

Figure 7 shows a Iog-1og plqt of the peaks of the synthetic
unitgraphs plotted against those of the unitgraphs de.rived from
"observed" ri verfI ows.

clearly the scatter is too wide to permit the'routing constant
to be estimated on the basis of catchment area alone. As shape
and slope of catchment seemed Iikely to have an influence on K,
the next ste.p was to plot K values against catchment index I.

K = I ,87? A0'18I
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LLc
:E (lo)I=

in which L is the Iength (km) of the Iongest drainage line,
L. the di stance ( km) al ong the I ongest drai nage I i ne

to a point opposite the centre of area of the
catchment and

S a dimensionless average slope defined as the slope
at which a straight line superposed on the profile
of the 1 ongest drainage I ine (or catchment thalweg
must be set so as to cut off equal areas above and

below the thalweg.

The catchment index, I, has the dimensions of area and is in
effect d weighted area that takes account of both shape and

sldpe.

.g
t9
.C

c
ffi

c-
6

Figure 7

Peaks of synthetic unitgraphs
comparad with those of
'bbs'arved " unitgraph peaks
using overalt f it

s00 1000
QO'bbserved"

Key Zo,7e \=i,' 3 
-f,r 4 
-A,, 5 
-x

Zone,6 - x
tt 7- 0t, 8-+t, 9-+

The scatter of the plot of K as a function of I, however, was

no narrower than that displayed on Figure 6 and, as the determ-
ination of I is in 1ny event a tiresome process, the catchment
index was rejected as a parameter.
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b o ve a n d
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Itumber mf
eatchmemffs
repnesmmted
'i m the xGffiffi

q

TT!r
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TO

l8
7{

'x 
a

l2
I

eoefftctent
a

7r213
3*lgg
0u750

0,532
I ,o0l
1 ,I B0

0 , 07l
c , 34 7

0,43G

Hxponent
b

-0r008
0,215
0 ,394
o,4ol
0,283
a,277
0,592
0,357
0,35.I

Antt"l og of
standard
error

I *517

I,175
1 ,347
1 ,47 8

1,437
1,408
1,337
I,573
I o I 98

::-er f actors that would be 'l ikely to inf luence K, per-
:-: :rost important are: drainage pattern, surface geology,
,,, :: anci vegetal cover. None of these i s readi 1y expres-
- .-e ri ca1 ly but to a 1 arge extent they are i nterdepend-

can to a reasonable extent be generalized on a region-

3 nine main veld type zones of South Africa have been

:: d . The 92 s tudy catchments were grouped accordi ng to
,='d zones and for each the coefficient and exponent of
.:ion, K = aAb, were determined by least squares. The

ts are listed tn Table Z

r q r *s ryss-q vgl $ *5yp.qs.

: Evaluation of a and b in the equation K = aAl

type
e

":' 5e seen that the resulting antilog standard errors are
: cases smal I er than for the compos i te fi t but the number

:'--:hmentg in each zone is far too srnall for least squares
-'itting to be altogether meaningfu'l . Indeed, in the case

-:'e I the exponent turned out to be negative, implying a

:--ion in K v'r'ith "increasing

:sibility. If the resuJt
:o be reasonable to adopt

area of catchment a practical
for Zone 1 is ignored, it would

a family of parallel lines on
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the 1og-1og plot as a t'entative basis for estimating K as a

function of area and veld-type of catchment. Rather than ac

the value of the exponent [ = 0,]8.I based on the least squar
fit of all 92 catchments it would seem preferable to adopt th
average of the b-va'l ues deri ved f or the i nd'ivi dual zones, vi z

[ = 0,3.l8.

Table 3 li
lines each

group and

log plot,

sts the coefficients appropriate to a fami 1y of K-t
passing through the centre of gravity of the relev

having a common slope of 0,3'lB, as shown on the log
Fi gure B.

Table Coefficients in the equation K = aA0'3lB

Vel d-type
zone

Coefficjent
a

Exponent
b

Anti'tr og of
std. err0r

I

2

3

4

5

6

7

B

9

I , B3o

I ,303
1 ,l 02

0 , 9.6_8,.

o ,794
0 , B6 3

0,482
0,445
0,545

o,3lB
0,318
0 ,3.I g

0,3.I8
0 o 3l B

0,3l B

0,319
0,3l I
0,319

I ,597
1,233
I ,364
l,4Bg
"l,439

I ,416
I ,384
1 ,57 4

I ,?02

The antilog standard errors listed in Table 3, al
hi gher than those i n Tabl e 2, are I ower than for
fi t, equati on 9.

In Fjgure 9 the peaks of the
with those of the unitgraphs
vaJues given by Fjgure 8.

Comparison of Figures
introducing veld-type

1'observed" unitgraphs are compar

synthesized on the basis of the

though sligh
the c0mposi t

9 and 7 reveals
as a parametel".

the improvement gained
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equati on and Nash-Muski ngum constants ( i n whi ch
mr/s and K and At in hours):-
=cOIr+crIl*r.Ot

Kc0=-fi(l-cr)+l
- ,Z) - cZ

and 0

2 mm/h or 2,.l00 mm

m3/s:

= 55,56 m3/s

A\
TBICHARDT\ \-- 

^r

Figure 3

ized veld*type
E gauging points
ror unitgraph st

a

qe@
q794

OPTQ

2
ct/*5
0,5+S ; Wi s

50m0

covqrsd
ys Es

lat isnn

=#(rtr

,? = I l*At/X
Comp'i 1e the di rect runof f hydrograph res uI ti ng f rom
l0 mm of excess rain f a1'l i ng jn 5 hours over a catch-
ment .l00 km2 in area situated in Zone 9.
From Figure B, ( = 2,4 hours

-:,r1y time steps, rate of excess rajn js- lver the catchment. Input converted to
2C0 mm km2 I h I m I 0C0 000 m2

ordinates of thF resulting
undgr r r

flood hydroEraph are calculated

lrea: 100,0 km2; Nash Musk rout K: 2,4Q h

- - tf ( i+1)=0,182* tnf ( i+1)+0,159* lnf ( i )+0,659*0utf ( i )

Ra I n Ra i n Flow
(m3/s )

0r 00

(mnn/lnt) (rn3/s)

55,sf; Ln,3,2
55,56 25 r6f)

.DaI tme
(h)

0r 00
J.r00
2rA0
5r00
4r00
5,00
6r 00
7 , QA

8r 00
9r00

10,00
L1r 0o
12,00
13,00
th, oo
15,00
16r 00
L7r 0o
19,00
L9r o0
20,00
21,00
22 ,44
23 , CA
2l+, C0
25,00

Dur
(h)

0r 00
l'r00
2r00
3,00
llr 00
5r00

0,0000
2,0CICI0
2,0CI0n
?,000n
2,A|:)00
2,Aon0
0r 0
0r 0

0r o

0r 0
0r o

u,0
0r o
0r o

0r 0
0r o
0r 0

0r 0
0r o

0r 0
0r 0

0r 0

0r 0

0r 0
0r 0
nn-'r\t

0r 00

55 ,5 6

55r5S
55,56

flr 0

il, fl
fi, *
0r o

0r 0
0rfi
nn,,t 

I 
i.d

flr 0

cr o

0r 0
cr o

0r onn,J I ,..,

0r 0
0r 0
0r o

0r o
0r onn'J,\t

0r 0

55,81
l+2r 5h
l+6r97
3$j,78
26 ,2?
17 ,29
Ll"rhn

7 ,51
l+rq5
3 ,27
2 rls
1,\?
nrgh
0r6?
0'l+1
0 ,27
nrLS
n, J.2
n, n8
0, fl5
n, n3
A , nz
0, ftt

Total flow ln m3:
Totals ln mm:

1,00E+06 tr,00E+06
10,0000 10r 00 10r 00

l-a#affi?Ann c l nnn mrn 'l lrrn23600 s .l000 
mm I km
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EXAMPLE OF A DESIGN FLOOD HYDROGRAPH SYNTHESIS BY THE

NTt^I METHOD

It 'is required to establ ish the f lood hydrograph at a site jn

the Komati river (latitude 25o36' S and longitude 3lo5l' E) re-
sulting from a 24-hour storm of '100-year recurrence interval
uni formly di stri buted over the catchment. The area of the
catchment is l0 283 km2.

By the methods described in the design flood manual HRU 1/72
one may esti mate the excess ra'in i n 6-hour i nterval s aS shown

in Table 4;

Iubl.. t :

6-hour interval Excess rain (mm)

2 4j:h o u L I 00 -ye a.r. s t"o r.t[

I st

2nd

3rd
4th

3,Bl
12,70
7,ll
I ,78

Assume Zone

The Nash-Mus

or from the

Total storm 24 hours 25,40 mm

I to be

kingum

formul a

= l0o3

representative of the entire catchment.
routing K can be determined from F'i gure B

K = 0,545 A0,3lB (Table 3):

h o u rs .

Adopt hourly increments. The ord'inates of the design flood
hydrograph can now be cal cul ated j n a s tep-w'i se manner as showr

in Table 5.

It may be seen that the peak discharge of the 100-year flood
is 3227 m'/s.

From Figure 3, which shows the locations of the river gauges

whose records were employed in the analyses on which this repo
is based,it can be seen that gauge XlM0l is on the same river.
In such an instance, particularly since correlation is excepti
a1'ly good, i t woul d be preferabl e to adopt the K val ue deri ved
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lB -

: 24-hour I 00-year fl ood synthesis at Komati si te

a: L0283rA km'i Nash Musk rout K: 10,30 h

I i +1 )=0,047*lnf( i+1)+0,0h6*lnf( I )+0,907*Qutf( I )

IU

S

s i te i n

;l'E) re-
rte rva I

' the

1/72
s h own

ment.
g u re B

f I ood

a s s h own

f I ood

trauges

tis port
r1 ver.

exception
deri ved

-altme
(h)

r') nnt1 nn-,) nn
l,

i nnJ I \l

't, nn
i, nC
: nnL 2 -' r'

7 rln
p nn
'-' , 'J \''

3,00
11 nn

, \'r. I

11 nn
^L, 

!t.l

1) nn
--tE/\.t

!3 , n 0

1l+r00
1.5,0n
1F nn
o'Jlv'rr

1.7,CI0
.1 f; RR
-u?'/L'
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27 , {1 fi
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39rn0
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k5u0CI
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0r onn0
fl,635n
CI,fi35n
0,s35n
s, fi35q
il,6350
0,fi35n
2,11 67
2 r116 7
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2 ,1767
?,11 57
1 l AEn
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1,185n
1,1850
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0, ?s67
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0r o
0r o
fir o
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0r 0

0r o

0r o

flr o
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0, fl
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0, fl
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0r o

0r o
nn
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fl, fl

0, fl
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n, nn
Lg13,91
1913,g1
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1,9 13r91
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l_813,$1,
Eoh 6,fi?
fi0q6, n?
5nhfi,o?
6f!tr6rn?
snhfirn?
6nh6, ft?
3381+,82
33Rl+r 8?
3181+ , I ?

33Bl+,82
538ho g?

538r$,8?
th7,ho
th7,ho
th7,h0
8l+7, hft
thTr l+0

th7,l{fi
0, fl
0, fi
0, ff

0r 0
0, fi
0r o

0r o
0, fi

0r o

0, fi
0r o
0r 0
0r l
fJ, fi
0, finn, I , 

t'-'

f,, ft

0, fl
fir o
0, ft

0r o
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0r 00
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5?2,0h
6h1,55
75A,01
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3211, hg
3227 ,53
3L22,7q
291,2 , 27
27 2l ,22
25t+7 ,85
239n,51.
2247 ,7 4
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1711r51+
1553,19
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L27g rn7
116Q,73
L o 5 3 ,33

s 5 5 , ?,7
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7 87, 1 g
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q33 ,81+
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h39 r63
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32gr 5h
299,1h

Du r
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n, n0
1ro0
2rnn
Srnn
h, nn
5, nn
6, s0
1,0n
$ nn/.- I

3, fl0
4rnn
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',"tlri

2 raA
Srnn
hr qn

5,nn
Srfi0
LrR0
2r 00
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h, fi0
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Table 5: con td/ .

t9

Ra I n
(mm/ t nt )

0r o
0r o
0r 0
0r o
0r o

0r o
0r o
0r o
0r0
0r o
0, f,

0r o

0r o
0r o

0r o
0r o

0, fl
0, o

0r o
0r o

0r o

0r o
0r 0

0r o
0r o
0r o
0r 0
0r o

0r 0

0r o

0r onn
IJ,

0r 0

0r 0
0r o
0r o
0r o

0r o

0r o
0r o

0r 0
0r o
0r o

0r o
0r o
0r 0
0r o
0r 0
0r 0
0r o
0r 0
0r o
0r (}

0r o
0r o

Tlrne
(h)

l+6r 00
I+7r 00
48r00
l+9r 00
50, t)0
51,00
52,00
53,0n
5l+r00
55,00
56r 00
57,00
58r 00
59,00
60r 00
61,0n
62,0n
63,00
6h, no
65,00
66,00
67,0R
68,00
69,00
70,00
71,n0
72rAA
73 rAC
7h,00
75,00
76,00
77,QA
7 8 , A0
7gr 0n
80r 00
gLr00
82r oo
83,00
84, no
85rn0
86,00
97r 00
89,00
Sgr oo
90,00
91,00
92r 00
93rn0
94r 00
95,00
96r 00
97r 00
98,00
ggr 00

100,00

Dur
(h)

Raln
(m3 / sl

0r o
0r 0
0r 0

0r 0
0r 0
0r 0

0r 0

0r o

0r o

0r o
nn\r , *!

0r o
0r o

0r 0

0r o
0, fi
0r 0
0r 0nn
\.t 

, 
t.,t

0rc
0r o
0r 0

0r o
0r 0
0r o
0r o
0r 0
0r o

0r 0
0, CI

0r o
0r o

ara
0r o
0r o
0r 0
0r o
0r o
{), 0
0r 0
0, f)

0r o
0, ()

0r 0
0r o

0r 0
0r 0
0r o
0r 0
0r o
0r o

0r o
0r o

0r o
0r o

Flow
(m3 / s)

270,56
2\5,53
222, 8 1

2$2, 1 g

183r1+9
166,51
151r10
L37 ,12
L24, I+ l+

112 r92
L02,47

92,gg
8l+r 39
76r59
69r 50
63 rA7
57 ,23
51r gh
\7 ,13
\2r77
38r 91
35 ,22
31r 96
29r 01
26,32
23,gg
21r68
rg r67
17 ,95
16r 20
th rTa
L3 ,34
L2,lr
10rgg

9 ,97
9r 05
8 ,21
7 ,45
6r76
6r 14
5 r57
5, 05
hr59
h, 16
3 r78
3 

'l+33 ,l!
2 ,82
2 ,56
2 r32
2 rLI
1r91
Lr74
1r58
1rh3

r-'

.l

{-
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-rl'-v

' q nn
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--arWV'' ! s nn
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:i7, q0
' t a nn
- - r , t, V

::3,00
:r:,c0
:21,00
:72, C 0
'?? nn
--/rvJ

:2i+,00
" 1i nn
--'1J'.)

:23,00
:?1, 0 0
')Q nnr!'r/tt

:29,00
13C,00
:31,00
:3 2, C| 0

:-33, 0 0
134,00
135,00
:35,C0
\37,00
i18,00
139,00
il+0r00
Lh1r00
142,00
Ll+3r00
Ll+l+r00
Ll+5r00
:. l+5r 00
l.47ro0
1l+8r00
1l+9,00
150,00
151,00

c o n td / .
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Rain
( rnrn/ I nt )

0r 0
0r o
0r o
0r o
0, fl
0r 0nn\-t , \,r

0r o
0, f,
0r o
0, ft

0r.fl
arn
0r 0

0r 0

0, f)
'0r 

0
0r o
0r o
0r o
0r o
0r 0
(),0
0, fi
0r o
0r o
0, fi
0r o
0, f)

0r o
0r 0
0r 0
0, fl
0, fi
0r o
0r 0
0r o
0r o
0, [}

fl ,0
0, {)

0r o
0, fi
0r o
0r fJ

0 ra
0r o
0r o
0r o
0r o
0, f!

-'-e
lr.)

Du r
(h)

Rain
(m3/s)

0r 0
0r o
0r o
0, fi
0r o
0r 0
CIr 0
0r o
0r 0
fir o
0r o
0r 0
0r o
0r 0
0, fl
0, (]

0r o
0r (}

fJ, o
0r0
nn
'r , \'r

CIr 0
0, fi
0r o
(}r o
0, fi
0, fi
fi, c
0, fi
0r 0
0, (}

fir o
0r o
CIr o
0r o
(), 0
0r o
0r o
0r o
0, CI

0r 0
0r 0
CIr o
0r 0
0r o
0, fi
0r o
0r o
0r o
CIr 0
0r 0

Flow
(m3 / s)

1r30
1r18
1r07
A ,97
0r 88
0r 80
0 r72
0r 66
0r 60
0r 5lr
0' l+9

0, h5
0'l+0
A ,37
$ r33
0r 30
0 ,27
nr 25
0, ?3
0 ,2L
ilr 19
A rLT
0, 15
nr 14
0r 13
0, 11
0r 10
nr 09
fi, Ag
nr 08
0r 07
0r 06
0, n6
0, nF
0r 05
0r 0h
0r 0h
fir 0k
0r 05
CIr 03
0r 03
0r 0?
0n 02
A,Az
0, n2
0r 02
0, 01
0r ol.
0, nl
0r 01.

0, 01

Total flow in
Tctals ln mrni

Ar26E+09 Ar26E+09
25rl+0tl 0 25rh0 25,1+0

m3:

6

3

I
I
I
1

D

2
I+

2

7

I
I
I
0

7

3

l$

3

7

I
2
F
D

1

2

I
I
7
F

D

0

l$

I
B

7
l.
?

l
5
-
b

l+

7
-!
?
Ft

I
1

I
7
F

3

T

l
t
t
3

,
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from the constants Iisted for Zone 9 in Tab'le 2, viz.z

K = o,430.10283o'35.l - ll.o hours

The peak discharge based on K = Il hours works out at 3141 n3l
which is by a mere 2,7% smaller than the previous estimate.

The hydrograph synthesization could possibly be even further
'improved by modi fyi ng the K val ue deri ved f rom the Komati

record at station XlM0l in the manner illustrated by Figure l0
provided, of course, the characteristics of the larger area

are similar to those of the smaller gauged area.

30

10

s
tg

:<

5000 mom s0m0 rc000010 1mHfi 500 10m
Arca - km2

Figure 10

Ad just rnent 0t K value f or a
change in catchment araa

[{ith the value K = 7,87 hours
graph has a peak of 3659 m3ls

original estimate.

It must be emphasized that the
ed in th'i s report is applicable
runoff res ponse to un i forml y di
ments of not unusual shape and

about l0 000 km2.

KcY' €)- ;:ff" cowred
in anatysis
extrapotat ion

indicated by F'i gure 10,. the hyd

which is .l3,4% larger than the

technique described and demons

to synthesization of the dire
stributed design storms on cat

The same example is worked by conventional unitgraph and S-cu

techniques in Appendix C from which one can readily judge the
advantage of the new method. The fact that, apart from roundj
differences, the ordinates of the hydrographs derived by the
methods are i denti cal i s proof that the pri nci p'les empl oyed i .
Muskingum routing are equivalent to those of the unitgraph pr:
cedure.
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:'excess rain through a s'ing1e storage compels the
:': nydrograph to exhibit immediate response to the

di stributed storm. The t'ime distribution of synthes-
---:ff may therefore not be well sirnulated and some adiust-
::::3 on engineering judgment may be called for, depend'ing

: - ape and drai nage pattern of the catchment. General 1y
- l, *-he l arger and f I atter the catchment and the fewer

:-"'age lines that converge near the mouth the more likely
s-,'.thetic hydrograph to peak too soon. Time scale in-

:' : s are refl ected i n the compari sons between syntheti c

::s:rved" unitgraphs in Appendix B

.": -': be emphasized further that regional relationships
n area of catchment and K in Table 3 and Figure 8 represent

'- --s among fai r1y w'ide1y scattered values. Bearing in mind

:-: K value is basically dependent upon the extent of stor-
:"e catchment and its channels, it follows that decisions

: - :': K val ues to be adopted shou'ld be tempered wi th engi neer-
- -::rent. Flat, elongated, poorly-drained catchments, for
'ri, rvould tend to call for higher values than given by the

: ",1 map whereas steep, wel'l-drained basins, with drainage
i ::r^verging on the mouth of the catchment, woul d be 1ike1y

exhibi t I ower*than-average K val ues

-:,,, nrethod brings no relief to the somewhat tedious task of
;-'"9 a storm by the methods explained in HRU Report 1/72
: -:e the hyetograph of design excess rai n has been establ ish-
':s conversion to a direcL runoff hydrograph can be accomplish-

' sing'le step by simp'le calculations. All the time-consum-
:-::cesses of un'i tgraph compilation, unit duration adjustment

- - -.;drograph technique and hydrograph superposition are
' lred

,,r-EDGEMtNT

Hydrological Research Un'i t assisted sub-

opment of the concepts on wh'i ch the new



- ?3 -

REFERENCES

PulIen, R.A. Synthetie uni"tgraphs for South Afrdea,

Hydrol ogi ca'l Research Uni t, Report No. 3/69 , Department

of CiviI Engineering, University of the l,{itwatersrand,

Johannesb uFg r Dec. I 969.

Wi ederhol d, J. F. A. Design storm detev'mination in South

Africa, Hydrological Research Unit, Report No. 1/69,

Department of Civit Engineering, University of the tJit-

watersrand, Johannesburg, July 1969.

2.

M'idgley, D.C. o Pullen, R.A. and Pitman, l^I.V. Desi'gn

flood d,eterminati,on in South Afriea, Hydrol ogi cal Research

Unit, Report No. 4169, Department of Civil Engineering,

University of the Witwatersrand, Johannesburg, Dec. '1969.

4. Pitman, l^I.V., and Midgley, D,C. Amendments to design flo
manual HRU 4/6g, Hydrological Research Unit' Report No.

1/71, Department of Civil Engineering, University of the

l,litwatersrand, Johannesburg, Feb. 1971.

Desdgn fLood determination in South Afriea' HydroI

Research Unit, Report No. 1/72, Deparlment of Civi

ing, University of the t,{itwatersrand, Johannesburg

ogi cal

I Eng'i n

, Dec.

Nash, J. E . A note on the l|uskingum flood

Journal of Geophysical Research, Vol . 64,

K.R., Kohle F,

f or Engine ers

M.A. and Paulhus'

, McGraw-HilI, New

routLng metho d,

No. B, Aug. .l959

J.L.H.
York, .l958.

Linsley,
Hy droLo ga

5.

-



7A t

.tment

ra n d ,

S outh

j9 ,

3 l,'li t-

zsign

Research

3r'i ng,

c. .l969.

sLgn flo

rt No.

of the

Iogical

i I Engi ne

g, Dec. I

method,

Aug. .l95

-24

:- ::, Spen ehanneL hydraulies, McGraw-Hil I , New

C.0. Stoyrge and the unit Vtydrograph, Proceedings,

Civil Engineers, Vol. 69, No. 9,Society of

- : -a.e foz,m of the instantaneo?t.s ?,Lnit hydrograph,
.l957 

"
Toronto, Vol. III,

. -.:,I. A general theorg of the unit hydz,ograplt,
- ^ ' Seophys i cal Research , Vo'l . 64, No. 2, Dec. I959.

s0n , E . M. A catehment storage model for yunoff

of Hydrology, Vol . 2A, .l964., JournaJ

958.



- Al

APPENDIX A

DESCRIPTION OF CATCHMENTS SELECTED FOR ANALYSIS

Table AI is a'listing of the more important catchment chara
i sti cs of the catchments sel ected for analys'i s . The headin
used in Tabte Al stand for the following:

Number of catchment

Department of t,'later Affairs code

stat'i on at catchment outlet

Veld type zone in which catchment

Number of unitgraphs used in the
a mean un'i tgraph

Excess rainfall duration of mean

Catchment lag as given by Pullenl

0ptimum Nash-Muskingum K value

Peak of mean unit hydrograph

No

Code

Grp

NUg

Dur

Lag

K

Ug Peak

H*

Ht

L

L.

Index

T
c

Area

H = L.S
m

number of gaugin

i s I ocated

caJ cul ati on of

uni tgraph

Height bettveen highest and lowest points of
catchment

See page 1l

See page ll
See page l1

Time of concentration

Catchment area.

(defined on page 1l )

given by T. /o rB7 1a\o'33t 
11 a t

illl

ilr,

illi

H
sl,

illi
sti
itI

llli

rui
f,s!!
ffii
Hr

htr
;#ir
$tl,

ffilil

Hlt

illr

ffilt

ll*r,

l.t{i

ml

mt
}lnt

Hffi

ffil
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-lr5
(o
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Ncl Code Grrr La g,

(h)

L2rA hr667
2ra IrL67

30ro 6r833
7 ,A 3 r$83
I+, 0 2 ,bLT
v r5 gr oCIO

kr 0 3 r\L7
2ara 15r75o
15ro l0rooo
10r5 gr4L7

sr 0 6r oo0
315 21583
7rA 2r25n

L5r2 9r5no
3 r0 3 r593

15, 0 B ,333
22r0 11r853
9r0 5r833

1t$r0 tr0r000
13r0 91333
L3 rA 7r 5oo
6r5 2r75A
Br 0 I ,l+L7

26rA 20 r000
161 0 71 00rJ

61 0 t+ 1833
1Br 0 10r 25{}

9r 0 7 ,667
t 5 , c 2a ,6 6 7
22ro 22r0oC

K ug Park(h) (m3 ls)
44r232
49 n 071
29 o 8l+3
5tlr 256
59r 827

?r52r+
5,197

57 rL?Z
5hr[$nS

9r 793
2 ,65 t4

3, 6l+S
8r7C5

17 ,3 A7
11,01fi
I+1 , I3 2

70 r 6lh
10r 2tl 0
45 r7{)B
1'8,851
,+9r61k
19r213
3I , h96
t+3 r 209
11,055
13rln3
!4 r205

131 ,715
5 6, t+g2

1S 0 , A7L

I.,IUg

5
L2
Z3
L3

6
2

2

5
I
7
5

10
10

3
5

10
B

7
3
l+

3.5
b
It

3
l+

7

10
6

L2
3

l,
( lr )

Du r
(h)

lfrr,
(rn)

565r8
2 h3 , E

581.,ffi
2993 S

27kr3
335 ,3
3Zf) o {)

259 rI
2ggr6
457 ,2
l+26 , 

"f

520, s
457 ,2
I Ii ,9
670r6
LgBrl
7 52 rtl

76rZ
25g rl
243 ,8
Lt,2 rg
118 r 9
182r9
lB2rggl, tr

:.82,9
274,7
335 ,3
BTi rA
823,0

(;,:I
L

( km)

6l+0rtr. 70rL7
t+57 r? 32r19
553r1$ 76r6t)
E+57 ,2 55 ,3 6
59s,2 39r27
t+57 ,2 29 , g3

472 ot+ L8 t67
3nkr8 151" r32
50k,8 7n r17
91trrl+ 54r47
53. g, 2 22 ,53
67!3,6 lLr27
thkrg 2\r82
9l+ I+, g 91 , hlg?ir6 37 r98
27413 60r51
391,0 L22r3L

7C, r2 3L r54
391,0 79r82
426,7 61, L 6
335 13 79 r82
2I3 ,,4 3t+ ,LZ
391r0 73106
792r5 1il8 r79
91, h 29, fil

27413 37r98
35fi,5 hlr 8lr
487,7 LhBr06
487 ,7 L h lt ,20
9lhrk 276181

l,
( ltt" )

SB rf)?
16r09
h5r06
29 ,6L
I"6r7l+
trkrhB
lor3o
s7, g1

3?r83
25 ,LL
10r50

5 r7g
12 ,23
3Sr69
2kr l+6

39 r27
63 r 09
L5 , t+5

3 9, 91
30r90
l+I , ?0
L8ro2
37 ,0L
57 ,29
1Bro2
2A r60
21r?4
B2rl+0
59 r?2

1l{.8r06

llt,lr.n
( l..rrt' )

37 5't7
5951

489h7
2266S

78 63
k097
1l+69

200795
35860
1l+76tu

L6B6
387

21,03
3h10s

6992
ttlS 2V

218593
9915

ssg21
2992 6

6n707
101+18
5h0s7

Ls 20 23
96n5

TL275
10g78

256371
1130h3
7SLGht+

A t t',1
( l.,t'r )

lor6g t207
kr gt$ I+95

L2rfiB 1029
9125 11t+5
6157 1002
4,55 95
2160 60

29r3L 5965
th rZL 1585

6r g9 hgo
5 rLT 85
L r27 k9
2r6t+ 129

L2 r4g 873
t+ t55" 25 ll

t2 r47 165 0
2t+r78 5AI2

9 162 363
1511h 23s3
10165 821
15, g o 237 0

7 ,09 347
13r67 1409
16r33 3BL5

B, 3 h 3'+2
7 r2B 376
7 rt+L 666

28 rLA 6650
27 r25 6928
I$5 ,4\ 22L63

1 42M02
2 A2tq03
3 AZM06
l+ A 2M13
5 A5M01
6 A9M02
7 A9M03
B 81MO1
s 82M01

1 0 BiiM0l
11 86M02
L2 B7MO2
13 87M04
1lt BBIq09
15 BBItl 0
16 C5M03
L7 C5M0l$
18 C5M07
IE C5tvlL2
2A CBM05
27 01M01
22 nlM 0l+
23 D2t'405
2t+ D2M05
25 nl+M02
2() D5M0B
27 D5MO9
28 D6M02
29 E Ztvl0 2
3t) E2M03

8

B

I
I
I
3
3
I+

k
3
3
3
8

3
B
ll
l+

It

7

h
7

7
tl
k
6
6
6
6
6
6

l+

2
Ir

II
3
3
2
s
It

7
Ir

L
2

7
It
l+

L0
t)

B

h
I
3
6
I
2
h
I+

10
22
18
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I A Ti I E =EIET Ii= =l=:t-



No Code G rp

Table Al: con td/

Nl.Jg D u r
(h)

Ue pea lt
(m3 / s)

3L G1MO2
32 G1 Mol
35 G1M0 ti
3\ cl M07
35 G1M08
36 G2M08
37 H1M03
58 H1M07
5I H2M03
I+0 H7M03
ltl H 7M0 tt

42 J 5M01
t*3 K2M0 2
ItIl K5M01
I+ 5 Kl+M0 2
tl6 KI+M05
47 K5M02
l+8 L2M02
l$9 NLM03
50 N5M0L
51 Ql Mo6
52 Q2M 01
51 Q3M01
5 I+ QOM 0t
ss Q8Mo1
56 Q9M02
57 QgM0l+
58 Q9M0B

I

(.!)

I

h
1
7

8

3
3
I1

2
7
It

I
It

2
2
I+

2
I*

I+

I+

6
6
6
I+

3
l+

6
5
h

2
2
2

2
?
2
2
2
2
2
2
6
I
I
1
1
I
7
7

7
7

7

7

7

7

5
5
5

26
5
I

1l+
12

8
5

L9
5
5
3
6
3
3
l+

l*

5
I+

2

5
I

11
I
I
7

5
5
5

Lag
(h)

7 ro
515
8r5

15, 0

7 ,5
615

15r 0

7 ra
l3r5
1l+r 0

9 r5
10r0

3 ro
I0r 0

6r o

I"7r0
tr"?r0

6r o

10r 0
9r o

5r 0
Br0
hr 0

5r5
6r o

Br0
11r 5
l2 ,0

K
(h)

5 ,7 5 CI

5r083
6r667
Srooo
6r250
3 ,667
B ,667
5r000

11r585
9r500
5r250
6 1593
3 r5g3
6r 667
6r 000

L2r0o0
9r667
5r25A
6r833
6r500
t+ t533
3r500
2 r667
2,gL7
4 rL67
5r000
br250
g ,1, 67

5, g5 g

2rL3B
L,724

Lt+r980
12r955

0r 913
thrh4l
3r508

12 r327
10r 201
1,130

43 r5gg
6r Bl+3
1r606
0r691
1rl+8t+
2r 8gk

30r 351
3Ar3.5n
42r1 3h
52 , t437
6? ,21 3

43 ,7L7
36rl+80
39 r 11S
39rL3g
L7,067
L8,929

Hm
(m)

1066r8
2t43 , B

5e3 ,g
501+r 8
502 r9
3Blro
hn5rl+
497 ,7
tit+0rl
6L[0rl
565r8
565r8
h05r9
t+57 ,2
591r0
262.I
762rA
51 B, ?
457 ,2
5hgr6
535 ,3
563r9
457 ,2
51. g, 2
350r5
670r6
\87 ,7
30t+r8

H1
(m)

1066r8
335,\

1092,4
1L27 rB
7'-295 r l+

777 ,2
777,2

1127 r8
g4!+rg
701, o
792 r5
777 ,2

1219,2
1127 r8

609r6
737 ,6
7fi2 r0
762r0

l. 1s 8 ,7
1t$32r6

I+l I , 5
B23 rA
g3g r2
823 r4
899r2

1159r2
975,t+
975,4

L
( krn)

26 r39
9r 98

thrl6
50r86
25 r75
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APPENDIX B

COMPARISON OF SYNTHETIC },tITH "OBSERVED" UNITGRAPHS AND

S-CURVES

noted that Figure Bl was drawn directly from the
plotter at the tllITS Computer Centre. There is th
on between the synthet'ic and "observed" graphs.
c hydrographs and S-curyes can be distinguished,
the fact that they respond immediate'ly to excess
lie to the Ieft of the "observed" curves.

for scale selection by the plotter lrere kept
simplicity but this resulted, in isolated instan

ce of scale, e.9. K4M03 on page 87.

It should be

data by the
no distincti
The syntheti
however, by

rain and so

The cri teri a

constant for
in poor choi

ilslt
li*,,

ry

ffidWffi



- Be a

NDIX B R tKt'12) 3 123l
!( 0ffS) : U.66?

S-CUFVE

AZM03 R tKmzl
DUR (HRS) z 2 t( (HRS)

UN I TGRRPH

: 495
: 1. 167

S-CURVE

.00

l.a

r\'
cd-(9

cn

(r,
E

(3
o

{;.m

t

E

t-

@
:f
d.
l-

ct,

fi,
=

c)(f,

{;

C,O

ru
;-
tr,

c,r,

(a
E
()()

d

.00

(f)
(D

t.

rE)

a
(r,

=
(3(f

i;

ft
q_
rv

<f,

m-
=

O(3

{.00

?l
CD

n;-(r,

(f,

m
=

Go
Ot't

.m

cpt)
o
QO-
,-a

a\(r,
=
oo

{;.m

(u

!': -
rfi,

ct,

mr
=

c3o
{"0s

f.
ft,

l'-

E

@

fr!g

C}
m
qt

AND

y from the
lere is th
graphs.

lguished,
to excess
;.

r kept
Ied i ns tan

H0un5 
e0' 67

: i:KM2]

Hm.ffiS 
el " 33

HSLRS 
8'm

RZM13 R

OUR (HRS) : Ll

UN I TGRRPH

.00 H0ffi5 
'!,2.67

RgMO2
DUR (HRS) r 3

UN I TGRRPH

" m 
Henns 

15' 33

Bt1101 R

DUR (HRS) I 6

UNI TGRRPH

H$,JFS 
l0' 00

tKMzl : 1 1U5
K (HFS) : 3. 083

S-CURVE

' m 
HCIuFS 

13'33

Hu.mS 
au' 00

IKMZ] 1 3965
K HFS) r 15. ?50

5-CURVE

3 10e8
r 6.833

S-CURVE

K (HRS) a 8.Ut?

s*cunvr

R tKMal : 93
K (HBS) : 8. 000

S-CURVE

!{&ffiS 
lq.00

li-rE -rS) rZ K([-tffiS]e3.qt?

-r,,,*-:::ipl-1 S*CURVE

Hfi,ns 
tru' 00

HetRS 
30' 00

Hetns 
32' 00

SYNTHET g C RND
rmffi ga SmuTH

*BBSIRVED' 
UNITGRRPHS

RFNICNN CRTCHMENTS

r\
C)

d-J

V'
m
=
o(3

Ct't

@
8:
a--
t\

g,\
G'-

c)
C)

i;

tr): q tKilAl : trfi*f

RND S-CURVES

tr

(i,
4l*h

.00

-r--\

flns tr3.33

i1:



-83e

82r"1O
OUR (HRS)

UNI TGNRPH

[KMA) : 1585
K (HFS) : 10.000

S-CURVE

He[.Rs 
30' 00

:85
r 6.000

S-CURVE

HqJnS 
?l '33

: 129
z 2. e50

S-CURVE

15.33

3 251+

3 3.583

S-CUNVE

16.00

86r"10 1

OUR HRS) t 7

UNI TGNNPH

R tKMz) : {90
K (HBS) I 9.U17

S-CURVE

tR
ju

.m

(f,
f\
o;-.{

ln\(rr.
=

Cf
c)

i;.m

o
@

lrg)

(n\$l-
=
oot.m

nlc)
d
rd.
?a

(n\(o
=

(f
(:)

i;.m

r'a.
a-JA

(f,

<r,\
(?a

=,
(f
(3

{;

t\
1D

o;-
1:a

U'\G'.
=

C)o
i;.CIo

rn
@

cr';'

en\(r,
=

c)(5

i;.00

ut(o
,r

n,

v,\(O-
=
o
c)

$

o)
s)
r:-
a-c

crt\(rr.
=

()()t.00

or-
ad

@

ct,\
(t, a

=
o(3
{;

NJf-
t{-
c'

a\
Ct, -

=
C)o

)t

n.m

(\l

e
e-l .
FI

v,
(r,
-,

Cfo
Ct

EL
U

Hq.ns 
?q'6-l

86M02 R tKMa)
DUR(HRS):1l KHRS)

UN I TGRRPH

He[fis 
15' 33

87M0U R ffiMa)
DUnHRS] 32 K(llRS)

UNITGRRPH

1ffi.H5 
20' 00

HnnS 28'00

87M02 R(KMz):ue
DUR ft{RS) r I K (HBS) a 2.583

UNITGRRPH S-CURVE

Hfl.ffs 
g" 33 'm HElns 

t5'ff1

B8M0g R(KMz);873
DUR (l'lRS) i 7 K fl-lFs) r 9.500

UNITGRRPI-I S-CURVE
(r?
(D

o
d

..Jr(a

CT'\(Yr-
=

(f,
c,

t-t

f\
rn

a-Jtd-
?.

v,\(7r.-
I
i;.m

rE*
(Y'

d-
€a

w\ttt -
C+

I
Oc

%

C'}
o)
.j.
=

C"\(r, .-
c)(f

Or

1

HeLnS 
9' 33

BBJ'4 10 R ffiHzl
DURffiRS) z U xfiRS)

UN I TGRFPII

'm Hqng ?s'33

C5M03
0UH tl-fFs) z U

UN I TGRRPI-I

rmns ??'67

.m'm Hq.Rs

R IKMz]
l( 0-fRS)

ilqns 26'm

3 1650
: 8.333

5-CURVE

HUffs l1' 33 .m'm rflns

il
tr

ut

.n\
cq
=
o
c)

ii

FIGURE 81 : C0NTD/ . .. .

rfc.R3 
ez'm

.m

ii

Hiiil|].-il 
,

Iitun,mui

ilmlll'l

M"r,

il

lffi

JL
fu*ru; {

flr, , filltliit
,,ril, iillll{tfi*
{iilllti.tt*i. lrb

I



ffitl

2\ i q90
RS) r 9.U17

S-CURVE

m 
Hfr.ns 

28' m

2, : t{9
R5) ,. 2.583

S-CURVE

m rffi,ffs 15' 33

,,;illfitt ,,, 'h.n*dp *

l[t. lM,

t)${2) : 50 12
K 0ff5) r 11 .833

F S-CUffVE

ffi[ffs e3'33

: iKl'12) z 2383
l< (t'1FS) I 10. 000

S-CURVE

C5M07 RffiMz) 2363
0UR (HnS) r 6 l( (l-lRS) I 5. 833

UNITGNHPH S-CURVE

He[.Rs 
lts' 6?

HeuRS 
18' 67

tBMt3 RrKMz) : BZI
0UR fi-lH5) r { K ffifiS} e 9.333

UNITGNRPH S-CURVE

He"ms 
eB"s0 HnnS 

e8' 6?

D1M0U RffiMe):3qT
BUR (HRS) e 3 K tHftS) r 2.?50

UNITGRfiPH S-CURVE

rffiJns 
la'00 I,l&.Rs 

t?"61

*\

"00

&"
eo

d-
ad

tn\
(t) .

=
oo
i;

t21 r 873
RS) s 9.500

S-CURVE

!il|il
|.lti5 

',l'*
," tlut.

#t fi;rr{r$!Ld Hei.RS 
a6' 00

a tK[12] z ?3?C
K (HffSl : 7"500

S-CURVf,

'i. l'

rBfnlr3it\.a
,'lv

,rh,, - ' ;l ,l;,r -

l2l : 1650
lFSl : 8.333

S-CUNVE

\

lru.Rs 
2U' 00

R [KHZ) : 1U0g
K HR$ i 8.U17

s-cunvE

il2r',105
nUR ffiRS) r I

UNITGRffPH

fi *{M2} : 3815
K (HftS) r e0.000

S-CURVE
rs

" ,itllfi,

r :rlffi

m
,u5\,

ililti
ru

t
.m

r'
(1,

a

ffi-3

v,\(rr{
E

q.
tI{,.F5 e0'm

Hu.ns 
ao'm

Ett

tn\
mr

C}cl

i;

*
ru
d.
.1

tn\(?.
=

Cfo
{;

o
r*
(i-

(f,,\(r-
=

c)
c)

i;

n,
c3

a

l\-tlt

a\
m
=,

(3
c)

i;

G''

rr-t-
a\
(f,
E

o
EI

i;

rt
ru

a

(l) -
ad

(n\(rr-
=

Qo
{;

$r
q-a

n;-
m

q{,\fi,
=
oo.tm ffi.ns 26'm

(7'
ru

a

u)-
C9

<n\(n
=
I
t

r.*
t

nfn.
rn.i

ah-
tE,

I
i;m 

Hnns ee.(x)

,p
{tlr rfl D CONTU/ *. A '

Hg.ffis 
33'33

Hilrns 
s'00

\-*.
.00.m

.m

*
F

a

nl
tE

eD\
mE

o
c)

a.m

,1



- 85 -

DUM02 RtKMa):3qa
0UR HRS) l 2 K (HBS) : 7.000

UNITGRRPH S-CURVE

D5M0B RtKMzt,376
OUR HRS) : I K HBS) : U.833

UNITGRRPH S-CURVE

.00.00

l.n
:f
r{-a

(n\
(7'-

(f()

i;.m

30

c
rFl -
tt'

cn\(?
=

c)o
,i

n

.m"m

(\,
GI
(i-
-a

CI'\
(?I-

cf
cf

tr
CL

U.m

a-l
n,

a

5'
G''

(r,\(n
=
o
C)

i;

.m.m

g)
a

(i-
ut

a\
(?,

=
o(3

a.t

.m

u)q)

o;-
Fa

v,\
(Y' --
oo

Ct

n.m

*
tr

ftr

v,\(O.-
e
f-)t.m

i-l*
o;-
t'l

v,\
(j, --

(3o
i;.m

rDo
aa

tl
(r,\(r).
-

(f()

$

o(n
oi-
G'l

.n\
(fli-

c)ot

a-t
a-t
(tr -
t-

(f)\(ll.
=
o()

tr

1

r\
G)

ci(r) -
a1

vt\
(f,-

c)
C3

i;

@
Cf
(i-
nr

a\(r,-
o
Cf

i;

ao
F.

o
d
J

GO.
F.

a\(?--
It

HU.HS 
lu' 67

Hetns 
?3'33

D5M0g RtKMa):EoE
tlUR HRS) i tl K (HBS) : 10. 250

UNITGRRPH S-CUHVE

Her,ns 
lu' 67 'm ffi.ns 16'6?

D6M02 RffiMa)ioo3o
DUR HRS) ! 10 K HFS) : 7.661

UNI TGRRPH S-CURVE

Hei.Rs 
2?'6? 'm Heins t9'3l

12M03 *{KHz): ?zl 63
DUR (HRS) 3 t8d( ffiRS) z ??.000

UNITGRRPI-I I S-CURVE.- c,
nl
Jc,

U'\(n-
C)o

HU.Rs 
qtl' 67

GtM03 RrKMa):u7
BUR HRS) r I K (HBS) : 5.083

UNITGRRPH S-CURVE

HU.Fs 
2E' 00 }rfiffs 26'67

7?M0A RrKMe]!EeaB
BUn HRS) z 2? K fi-lHS) r 20.667

Hq.Rg 
5q' 57

Hq"n5 
tlE' 00

G 1M02 R ffiM2) : lBG
BUR [HRS) ! q K (HHS) : 5.750

UNITGRHPH S-CURVE

rm.Rs 
16'm

HnnS 
2l "33 lnns 10'67

UNI TGHHPH S-CURVE
coJ

a

f\.
@

a\
(t, --

CT
c)

lrt

FIGURE Bt r CONTD/ . .. .

Her.ns 
2?'

Jflilt,

ffilll
,ctt

,{xt(,

li

,Ht
h,

lrrill,..,, @r



86-

'12) i 376
HRS) r $.833

S-CURVE

l'm ffi.ns 16'

M2l : 6630
:HRS) t 7.667

S-CURVE

ffir.Rs 
t9'

l*tt 'i.ffi

,,ilrlil 
" 

, :: :.r -

-{-

, *Z : lJ
-=l r 4.667

3 - CURVE

luns 20 '67

l0€l 3 396
iOftil: 6.250

s-clffivE

T.m
ffir.Fs lE'67

R [KHZ) : 596
K tl'HSl : 8.567

S-CURVE

ffi.nS ?4'67

H [KHZ) : 715
KHFS) r 11.583

G 1,M07 R ffiMz) t TLZ
DUR HRS) r I K (HRS) : 8.000

Hq.ns 
30' 67

HCLRS 
28' 00

G2M0B RrKMz) ;zL
DUR HRS) r 3 K (HBS) r 3.667

UNITGRRPH S-CURVE

HotffS 
lU' 00

HS.RS 
t6' 00

H1M07 R(KMz):83
DUR(HRS) z2 K(l-lBS) r 5.000

UNITGRRPH S-CURVE

rlilr

litlilr'

{{tfiilt

--

.,rrfitr16gll*' 'e

.m

rf)
q_
a-l

U'\
(7'

=
o
c)

i;"m

f-f
(r)

a.

ct

ct,\c,.t
Cf
c)t

(MZ) : 221 63
(HFS) z ??.000

S-CURVE

t'm 
Hu.Rs 

3e'

(H2) : U7
fi-lRS) r 5. 083

-\

'm Hu.Rs 
13,-33

H7M03
DUR (HRS) r I

UNITGFRPH

I,ru.Rs 
20' 57

R ffiMz) : U51
K (HFS) r 9. 500

1!llrr,

i* 'o$r- r
I

-t

tt _ ';n/t 
d

{F

a:
a1

=
(,l\
G'-

c)
e

r,
t)

a

v
I

- 
rfill[
,l.illil,

] "'$t' *

rffir
lrru*

$
as \

HUfiS 
?5'67

{b. !F,

. r*,

)
f

n-- E(a

UN I TGBFPH
o
C')
j.
ar{

v,\(r).
=
o
C3

Jt

1

S-CURVE
(rI
t\
j.
(\,

c.rt\(r,
=
oo
n

oq
a-l .
r-{

jn\
(f,-

Cfo
Ort

S-CUFVE S-CUFVE
t\
(7'

d.ol
g,\fir.-

c,o
n

5-CURVE
(3
o.
rFt r
tY,

U'\(rl.-
(3
C5

i;

o(u
d.
a{

cf,\
(t, .-
o()

tr

116 lruffS 
??'efr

CONTD/ . .. .

Hq.Rs 
?l '33 luns 2A'6?

l

l

tliililii. *\
I

ln' {ilhlllliliu,,,rrffi 
{ffi*ry 

, .l i:

@
@

a;
(7'

tn\
mt

,ffi
,'l!!lUllltrurm

,dn*r

p
fr

il, ,*

F.

rn
)t

G'

v,\
(l,r-
oo

Or

n

.m



87-

C9o
a

(")
C).
ea

a
(o
=
o
c)

i;

oJ
d.
-a

CN

(r,

=
(3o
{;.00

(n
3-a

lr
F.

a
(f,

=
o(3

a

.00

(I)
CD

G'

u,
0()-
=
o(3
{;.m

Fa

CD
aa

Fa

a
(n
=

(3
(:)

i'.00

r-(f
d-
Ff

a
rl
=

C}(3
)t't

{.
d.g,

a
(Y'

=
c)
c)

Ot

n.m

a
(?,

d-
oa

(n
(,
=
()
(3

i;.m

o)
cr)

Oa

@

v,
(7' -

=
Cfo
{;.00

(t)
ao

O-

(\,

v,
(V,r

=
(3ot

H7M0rl
DUR HRS) r I

UN I TGRRPH

R [KMZ) z 26
K (HRS) : 5. 250

S-CURVE

H0uR5 
22' 00

3 13?
: 3.583

S-CURVE

J3MO 1

DUR (HRS) : Ll

UN I TGRRPH

.00 
H0uR5 

16.67

K3MO 1

DUR HRS) z 2

UN I TGRRPH

R tKMz) : IUALI
K (HFS) : 6. 583

5-CURVE

Hetas 
?1 '33

R tt(MA) : t{9
K (HBS) : 6. 667

S.CURVE

HguRS 
t?'67

l<,2M02 R (KMz)

DUR(HRS) z2 K(HRS)

UN I TGRHPH

.00

rf)
(r,
(r5-
F.

a
(o
=

C)o
i;.00

.-t

@
O-

G'

a
(n
=

c)
Cf

i;

.00

@..-,

-:'
vl
cq

=
()
cf

d.00

tr)q.
e-a

CN

(Y)

=
o
c)

i;

co
(D

(:)

en

m
=

cfo
d

HgtJRS 
10' 00

KUM02 R tKMz)
DUR(HRS)rU K(HRS)

UN I TGRRPH

HmJFS 
t7 '33 Hguns 

?3'33

1'(L{M03 RrKMa) ,13
OUR(HRS) zZ K(HRS): !2.000

UNITGRRPH S-CURVE

HgLnS 
l0' 00 .00 

HguRS 
36.67

12M02 RtKMa)!Bss
DUR (HRS) : q K (HRS) r 5"250

UNITGRFPH S-CURVE

HguFS 
16' 67

H0uR5 
l8' 00

?23
r 6.000

S-CURVE

HgLnS 
l8' 00

K5M02 R tKr',rz)
DUR(HRS)rU K(HRS)

UNI TGRRPH

HgtfrS 
11 '33

: 129
3 9.567

S-CURVE

Hen RS 
e2' 00

CD
F'.

)t

r-

a
(r,
=
oo
{;

FIGURE Bt: CONTD/.

HU.RS 
?3'33 ' oo 

H0.ms 
t6'67

"&-
tin
tfi0' rriNr

.m



BB

LISLI

.583

IURVE

N3[4O T

DUR (HRS) : 6

UN I TGRRPH

' oo 
HguRS 

l8' 67

a2M0 t
DUR (HRS) : 6

UN I TGRRPH

' oo 
HouRS 

lu' 67

a6M0 r
DUR (HRS) z 3

UN I TGRRPH

HguRS 
16' 67

R tKMzl : t5g8
K (HRS) : 6. 500

S-CURVE

: 1062
: 6.833

5-CURVE
<a

r\
a;-r\

(o
(r,t

o(f

n

@
ct)

cri "r\
v,
(a
=

c)(f,.
n

(n

c\i -

=
a
$,
=

O
c)

d

(u
(f

d.
r\.

(n

a
=
o
Cf

a.

(f-
U

c-f

(\J

cri -
G)

g,

a
=

(3o
d

Cfi
-44

o;-
(D

a
a
=

(3
(3

d

-n5 
?1 '33 .00.00

H0uR5 
16' 57

HOURS 
19" 33

r9
6. 567

-CURVE

gtffiS ?3'33

13
12.000

}-CiJRVE

t-rguns 
36'61

I 8gg
r 5.250

S-CURVE

.rri,n_: UD ErKMZ]
:-= -rS) :6 K(HRSI

:- j::Ptl

: 1511
; LI .333

5-CURVE

R tKMzl : 1101
K (HBS) : 3. 500

S-CURVE
(uo
cr; -r\

tn
(,
=
o
Cf

d .00.00
H0uR5 

t?'67
HguBS 

1?'67

J: _ 
.'1 

01
. -: -iSJ : U

:- j=qPH

(KMzl : 862
K (HfiS) : 2. 667

S.CURVE

R tKMzl : 686
K (HBS) : 2. 917

S-CURVE
ct)
@

d.
Lfi

(0
(T'

=
(3o

{;

@

,g-
a

(r,

cq
=
o(f

a-

n

R [KMA) : 995
K (HftS) : U. t 67

5-CURVE

HOURS 
12.67

AgM02 R tKMz)
DUR(HRSI:6 KTHRS)

UN I TGRRPH

.00.00.00
H0uR5 

11 .'33
H0uR5 

12' 00

: 1261
: 5" 000

S-CURVE
u)()
d.
CD

<-r,

(r,
=
oo
d

da

d-a
a
a
=
o(3

a-

a

tt
(D

d-t,

<f,

a
=

(f,o
{; .00.00.00

H0uR5 
15' 33

H0uR5 
16' 67

CONTD/ .

I



Bg

egM0U R tKHe)
DURHRS):3 K(HRS)

UN I TGRRPH

GgM0B R tKMa)
DUR (HRS) : Ll K (HRS)

UN I TGRRPH

Hguns 
20' oo

R1M02 RtKMz)
DUR(HRS):6 K(HRS)

UNI TGRRPH

Houns 
a2' oo

R2M05 R tKMz)
DUR (HRS) : Ll K (HRS)

UN I TGRRPH

; 409
: {.250

5-CURVE

: 751
: 8.167

5-CURVE $
r9
Fl

n:-
rn

u,
(n
=

cf,q.
R.00

frrg)

d-
Fa

w
(r,

=
(3
C3

d.00

rn
@

a

l\_
t1':t

tf,
(o
=

(3
cf,

tr

%

t\a
r:-
Ga

(n

a
=
s
Cf

tct

.00

Fa

CO

ci-(r,

(n
a
=
oo
{;.00

o)
(D

d-
7-l

a
(o
=

C)
c)

n.00

rn
m
d-
u!

m
(r,
E

oa
d.00

CDr\
d-
Fl

(n

$,
=

c3
C}

%

f\
rJ)

ar-(u

a
a
=

C3
c)

d

r\t\
arr-

Fa

,w
(n
=

cf,()
a.

R

.00

:t
(D

c\i -
u)

a
(rt
=

cf,
t3

{;.00

crro
r:"
a7,

q,r,

a
=

tf(f

n.ocl

r\
ru

lr

ID

r(I)
m
=

c3
C)

d.00

@-.{
i:

.{a
J

(r,
(r}-

(3()
a1

e-
U

' oo 
Hguns 

16' 67

QgMl 1

DUR (HBS) ; 3

UN I TGHRPH

H0ufiS 
e0" 00 .00

Hgu15 
e6' 00

R [KMZ] : SUU
K'(HHS) : 5. 750

S*CURVE

: 666
z 1.500

5-CURVE $

H0uR5 
19" 33

RtHilS ffi(KHe)
OUR {HnS} i L& K (HR$}

UNI TGRRPH

H0uR5 
22" 00

H0uR5 
2?'67

; q7g
r 5"U17

S-CURVE

: q12
: 5.333

5-CURVE -$l
f.
{\I
si"
m

m
(?,

=
B(f

d.oCI

:,
CD

d-
Fl

(n
{r7

=
(3()

{
Hgtffis 

x3" 33

R2M0B R rKMa)
DUR fi-tn5) -" ? K (HffiS)

UNITGHHPH

.00"00 l-totffiS 
2e' 00 ' oo 

Houns 
20' 67

S2MO 1

UUR [HRS) : 6

UN I TGRHPH

H0ffi5 16' 00

H0uR5 
2e' 00

:60
: t. g1?

5*CURVE

R (KMzl : 1137
K (HfiS) : U. 500

S-CURVE fl

He[.m5 
10' 00

Hot H5 le" 00
H0t"t?5 

16' 00

TIGURI Bt: C0NTA/.

tni, m

ffi riil
qad-

ffil 
.

,tilt .qa

,til'rilffir 
lt'

{frllih ..r" ,, 
'

& rir

,il/il

ffi#r

\ffi-

',fi,*

,,, *'il*
*,11,,a,, lis



B 10-

L

67

IRVE

_ 26.00
)

6
500

URVE

1,2

.333

]URVE

137
l,. 500

CURVE

LRS 
16' 00

53M02 R tKMaLtBuT
OUR (HRS) : I K HRS) t 2.917

I}IITGRRPH S-CURVE

S6M02 RtKMz):Lrso
DUR HRS) : 6 K (HRS) : I?.333

UNITGRRPH S-CURVE

Hgr..HS 
ztl' 67

Hotffis 
?1 '33

T3M0U RtKMz): loaa
DUR HRS) r 5 K (HffS) : 6.083

UNITGRRPH S-CUffVE

(3o
d.
tnt

(n\
c,r
=

Cf(3
a.

n .00

...1
-aaJ

lr

@

(n
(Y'

=
cf()

a.t"00

.00

(u
G-a

r:-tr
a
cf,
=

clo
n

:f
fil
r:-g,

ln
(o
=
oo

Ot

EL
u

.00

{
<9

d.:r
v,
cf,
=
o(3

ar

n.00

l\
-raJ

a

f*-
Fa

v,
a
=

(3
(f,

d.00

cd
?{

d
Fa-
Fl

a
G'
=

cf
c)

a.

n

.00

t)(f
r:-(r'

v,
ct,,

=
C3(tr

d.m

r\t\
t':'
Fl

a\
ar
=

(fo
lr

EL
U.00

(r,
(a

uinr.
?a

(r,\c7, .

=
(f
c)
q;

Hgtm5 
1l ' 33Hfl,ffs 1l " 33

T 3Mil2 R (Kr4e)

DUR(HRS):6 K(HmS)

.N I TGRRPH

221 00
! 5.500

S-CURVE

He[fiS 
16' 00

HoLms 
21'33

HgLmS 
18' 67

T3Hil5
IUR (HnS) ; 6

*.I.I I TGHAPH

H$.,HS 
20' 00

TSMC I
DUR (HRS) : I

;l'-,1 I TGRRPH

n ffiMa)
K fi-rn5)

2255 1

: 10.833

5-CURVE

TUMO 1
DUR (HBS) : U

UN I TGRRPH

R tKMz] : 715
K (HRS) : 8. 583

5-CURVE

I
l,

R [KMZ) : 3618
K [HHS) : 12.750

S-CURVE

H0ffi5 
20' 00

T5M0L{ R tKmzl
DUR(HRS):U K(HRS)

UN I TGRRPH

Henn5 
29' 33

H0uR5 
22" 00

: 531{
: 5.333

S-CURVE

HO|.RS 
19' 33, -fl_

Henn5 
?7 '33 He[a5 

16' 67

u)(o

d.
nr

tt,
cf, .
=
o
cf

Otrt

oo
d-(I'

(n\(".
=

(f,
Cf

d
t5 2?.67

T
H5 

22.00

26.67

--=: Bt: CONTD/ . .. .



- 811-

: u25
z ?. 917

S-CURVE

: u58
: 3. e50

5-CURVE

U2M 12 R tKMa)
DUR(HRS):3 K(HRS)

UN I TGNRPH

U2M13
DUR (HRS) : I

UN I TGRRPH

R tKMzl z 290
K (HfiS) : 10. 500

S-CURVE
.{a-(r,

a(u-
N

a
(r)
=
o

Ot

n

CD
C)

a-

IE'

a
CO

=
C3
c)

tr

n

nrq
cl-

Fa

f\t,

co
=
o(3

a-

n.00

<T'q
!-l -
(t7

<n

a
=
o(3

Ot*b

Ga
ct)

ci-
nr

CN

(7,

=
C3(f

{;

.00.00.00.00

(l?
(n

d-(r,

(J,)

(r'
=

Cf
e.
R

HSURS 
lU.67

H0uR5 
lu' 67

HSURS 
3U. OO

{a

F{

a

Cf,-
(U

a
a
=

(3
(3

a-

E-
U

H0uR5 
11'33

V 1M0L+ R tKMzl
DUR(HRS):U K(HRS)

UN I TGRRPH

V1M09 RtKMz) :17s
DUR[HRS) z? K[HRS) z2.333

UNITGRRPH S-CURVE

HguRS 
l0' 67.00 

HguRS 
1 1.33

v2M0 1
OUR (HRS) : 8

UNITGRRPH

.00 
H0uR5 

26.67

N2M02 R

DUR (HRS) : t0
UNITGRRPH

HguRS 
lu' 00 .00

R (KMz) ? 2028
K (HBS) : 8. 000

S-CURVE

V3M02 R (KMa)

DUR(HRS):B K(HRS)

UN I TGRRPH

: 1518
: 6. 917

5-CURVE
Fa
-a

d-
1\

v)
c|,,

=
Cf(f

a-

cf,-
U

-.4
dr\

a(u-
J

<r,

ca-
=

cf(f,
a-

Ef,-
U

cn(,
6-(n

v,
crt
=

(fo
d

.00.00
H0uR5 

e5' 33 ' oo 
HouRS 

2?'67

N3MO 1
DUR (HHS) z 7

UN I TGRRPH

Hguns 
16' 00

H0uR5 
l6' 67

c)r\
n! -
u)

a
a
=

cf
c)

d

(n
@
j.
(|1,

rn
cq
=

C3
cf,

d

r\
ru
cd-
rrl

(,
a
=
oo
d

[KMA) : 3UtG
K (HRS) : 7. 250

S-CURVE

R tKl4zl : lUGg
K (HRS) : U. 833

5-CURVE
(ur\
d-
$t

v,
g,
=

C3(3

d

CD
CT,

ni-

(r,

crl
=
o(f,
n

H0IJRS 
l9' 33 .00.00.00.00

H0uR5 
e0' 00

HguRS 
16' 67

CT,
@

a

-ra -
(U

a
a
=

(f
c)

{;

FIGURE 81: CBNTD/.

llm[]l

tillti, +.#
tlt,

ii&!
t*.Hb

,!l$.

"lt
,,,it,,,,*

rilll

flth

'iln

*
qf--

:"ffi

,i,lli

.iii$ ,* t,

;illlr

W*,
I'F

#rl

.e4,
* 'Tr

*, allr,-



B 12-

t0
I. 500

;URVE

rRS 
3U ' 00

79
2. 333

.CURVE

1518
6.917

i-CURVE

r 1U6g
: u.833

5-CURVE

,^,-l M02
: -r (HRS) ; g

.**]-GRf,FH

X1MO1
il.n (HRS) r I

UIITGRRPH

R tKMz)
l( (HRS)

: 5620
: 10.500

5-CURVE

t'l 4l{Otl R tKMzl : eqs
DUR (HnS) ; I K (HRS) : 5.50C

UN I TGRRP}{ S-CIJRVErn
i{

U;
CD.
?.4

a
co
=

(3
(f

d

r\3
d.(g

a
(n
=
o
cf

{

.00

ru
cr)

@.

@

r,
=
o
Cf

{.00.00

(B
Cf

co-
ru

(n

a
=

Cf,cf
*b

.00

ru
@

,
-r. -
C\J

<f)

Cr)

=
Cfo

Ot

-b.00

3r\
ar\-

r-a

v,
cr7

=
()
(f,

d.00

CO
@

d-
co

a
co
E

o(f
n

(3
q
Gl-

(r,

cn
(o
E

c3tf
a

hl5M05 R ffiMa)
Un HRS) : 6 l( (HRS)

INITGHHPH

N5M07 RtKMzj :sus
DUn (HRS) : I K (HFS) : 15.50C

UNITGNNPH S-CUBVE

H0IJFS 
16' 00

HguRS 
26' 00

XAM0B R (KMzl

DURtHRSi zZ K(HRSI

UN I TGRRPH

.00.00.00
H0uns 

30' 00 21 ."3
HOI,FS 

I- " ..

: 751
: 5.500

5-CUBVE

IURS 
13.33

tf)nl
Crt\

U'
{f,

=
c)(3

d

{,
crt

d-
F.l

a
$,
=

c)
Cf

n.00

r\r\
J-g,

(n

eo

=
c)o
d

@(a
ar\

@-
Fa

a
(r,
=
o(3
{;

H0uR5 
??'61

: 5U05
: 6.U17

5-CURVE

H0rss 
30 ' 67

R IKMz]
K IHRS)

2 20e
z 2.U17

5-CUHVE

.tguns 16' 67 HoIJRs 
18' 00 'oo HguRS 

a'oo

X2M1 1
ilUR (HRS) : tl

UN I TGRRPH

Hot.ffiS 
10' 67

He[n5 
18' O0.00

X?M0g R tKmal
UnffiHS) z? KTHRS)

If,ITGRHPH

z 280
: 3.000

5-CURVE

H01.fr5 
16' 67

R [KMZ) : 357
K (HHS] : 2. 750

5-CUHVE

H&as 11' 33

CONTD/,

#
H0LRS 

16' 67

f,ns 20.67



813-

X2MI5
DUR HRS) 3 U

UN I TGRRPH

R IKMz)
K (HRS)

: 1606
: [. 167

S-CURVE

XZY|?Z R tKMal
DUR(HRS):9 K(HRS)

UN I TGRRPH

: 162U
: 10.667

5-CURVEaraq
a-f

ara -
G.

vt\c'., -

=
(3
(f

Ot

n.00

nl:t
er'; -
|E)

a\a-
=

cf
c)

$ .00

(\r
Fl

d-
lJl

a\
$,r

=
Cfcf

i;.00

(\,
r.f,

a

F-
nl

(n\G'-
=
o(f
{;.00

.00

.{a
J

nr
6-
t-l

a
(o.
=

(f
(3

trt.00

(rl€
lr

,..

v,
(a-
=

(f
(3

{i

Hen.ns 
l5' 33

X3M03 R tKMa)
BURHRS) zZ K(HRS)

UNITGRRPH

X3M06 RtKMz):701
DUR (HRS) 3 6 K (HRS) : 9.000

UNITGRRPH S-CURVE

HgtRS 
16' 00 Hgtns 

eu' 00
HOLnS 

25' 33

:52
z 2.500

5-CURVE

H$ns 16' 67 H$ns 16' 67
Hgl.HS 

?7 '33

F IGURE Bt : CONTD/ -

o)
ru

Oq

G'

v,\a-
=

(3
c)

i;

rn
nr
ui-
G'

to\A.
=

(fo
Ot

EL
U

He[n5 
9' 33.00



I CI

APPENDIX C

E EXAMPLE t^I,ORKED BY CONVINTIONAL UNITGRAPH TECHNIOUE

i7
,E

I

i

1

I

i

r_-..|
5.33

/E

-..}
I

I

rJ---l

/--'-l
I

I

I

I

i

I

I

li

ii
i

l1 .33

e example set
chnique so as

in Chapter 7 is worked by conventional unitgraph
to i 1 I ustrate the saving in conputational effort
use of the new method.-: gained by

,- ? Cl contains a listing of a l0-hour unitgraph for the
".:'em si te. Since the 24-hour excess rainfal I has been sub-

':ed into four pulses each of 6 hours duration, it is neces-
:-". to convert the given l0-hour unitgraph into a 6-hour unit-

: ':: "r . The resul t of the conversion by S-curve techn'ique, as

.:-t.jbed by Linsley et dl7, is shown in TabIe C2,

", :iown in Table C3 the 6-hour unitgraph was mu'ltiplied in turn
:re excess rainfal'l depths of the four excess rain pulses, viz

:- rT'rfir, 12,7 ffifi, 7,11 mm and I,78 ffirnr to yield four direct run-
: -- rydrographs. Superpos i ti on of these i n correct order, as
'-,r 'in Table C4, yields the 24-hour 100-year design flood.

"::'t from rounding errors, the design flood hydrograph listed
" -able C4 may be seen to be identical to that listed in Table 5

:-:arison of the volume of calculations in Appendix C with those
'-able 5 emphasizes the substantial savings in computational

-i---nt

fbuld it have been necessary

Fffering lengths, the calcul

Ina to be repeated each time

Ft.tions of the excess rain
frlcul ati ons .

to adopt excess rainfall pulses of
ations shown in Table CZ would have

whereas in the new procedure the
pulses do not affect the volume of



Tabl e Cl 10-hour unitgraph_at Kggati sije

Area: 10283r0 km2i Nash Musk rout K: 10r30 h

0utf( l+1)'0,01r7* I nf( l+1 )+0r046* I nf( I )+0,907*0utf( I

Tlme
(h)

0r 00
1r00
2r0A
S rAA
Ir 00
5r00
6r 00
7 ,04
8r 00
9r 00

10r 00
11,00
12r 00
13,00
1l+r 00
15,00
16,00
17,00
l8r oo
19,00
20r 00
21,00
22, Ar)
23 ,04
2l+, 0 0
25,oA
26r 00
27 ,0A
28r00
29, 00
30r 00
31r00
32r04
33 rAA
3ll ,00
35r 00
36r 00
37 ,AA
58r 00
39r 00
h0r oo
h1r00
ll 2r 00
h3ro0
l+l+r 00
h5r00
ll 6r 00
h7,00
ll 8r 00
hgr 00
50r 00

Dur
(h)

0, 00
1r00
2, A0
3r00
hr 00
5r00
6r 00
7 ,A0
8r00
9r00

10, n0

c2r

Raln
(mm/ I nt )

0,0000
0,1000
0,10n0
0,1000
0,1000
0,1000
0,1000
0,10n0
0,1000
0r 1000
0r 10n0
0r o
0r o
0r o
0r o
0r o
0r 0
0, fl
0r o
0r o
0r o
0r o
0r o
0r o
0r o
0r 0
0r o
0r o
0r o
0, f)
0r o
0, o
0r o
0r o
0r o
0r o

0r o
0r o
0r o
0r o
0r o
0r o
0r o
0r o
0r o
0r o
0r o
0r o
0r o
0r 0
0r o

Raln
(m3 / s)

0r 00
295, 6 h
285, 6 4
285, 6lr
285, 6 t[

285r6lr
285r64
2A5,64
285r6h
285r61+
295,64

0r o
0ro
nn
\,r , 

\4{

0r 0
0r o
0r o
0r o
0r 0
0r o
0r o
0r o

0, f)

0r o
0r o
0r o
0r o
0, fl
0r o
0r o
(), ()

0r o
0, f)

0r o
f'l , fi
0r o
0r o
0r o
0r o
0r o
0, f)

0r o
0r 0
0r o
0r o
0, ()

0r o
0r 0
0r 0
0r o
0r o

Flow
(m3/s)

0r 00
L3 ,43
38r61
61r ll 7
82 ,2I

101 ,03
119r 11
L33, 6 1
1l+7r68
160, I+l+

L7 2 ,03
169,11
153r1+6
13 9 ,26
126 139
114,69
1Otr r07
94rlt5
95r71
77 r79
70r 59
64r 05
58,12
52r75
,*7 ,87
tlSrhh
39 ,42
35 r77
32r ll 6
?9rll 6
26 r73
24 ,26
22, AI
l9rgg
19r13
16, h5
thr93
13r55
12 ,29
11r 16
10, 15
9, tg
8 r34
7 ,57
6r87
6 ,23
5r 65
5 ,I3
hr 66
\ ,23
3 ,83

I



Table C1: contd/ .

taI lme
(h)

5lr oo
52r 00
55r00
5h,00
55r 00
56r 00
57r00
58r00
59r 00
60r 00
61,00
62r00
63r00
6l+r 00
65nn0
66,00
67r 00
69r00
69r 00
70,00
71,00
72,00
73,00
7h,00
75r 00
76r 00
77,$A
78, CI0

79r 00
80,00
81r00
82r 0ll
83,00
84r 00
85,00
86r00
87r 0C
88r00
89,00
90r 00
91,00
92,00
93,00
thr 00
g5r0o
9s,00
g7r o0
98r00
99,00

Lo0r o0

Dur
(h)

c3 -

Raln
(mm/ I nt )

0r o
0, CI

0r 0
0r o
0r o
0r 0
0r o
0r o
0r o
0r o

0r o
0r o
0ra
0, f)

0r o
0r o
0r ()

0r 0
0r o
0r o
0r 0
0r o
0r o
0r o
0r o
0r o
0r 0
0r o
0r o
CIr o

0r o
0, fi
0r o
0r o
CIr o
0r o
0r o
0r o
0r 0
0r o
0r o
0r o
0, fi
0r o
0r o
0, fi
0ro
0r o
0r o
0r o

Raln
(m3 / s)

0r o
0r 0
0r o
0, f)

0, f)

0r o
0r o
0r o
0r o
0r 0
0r ()

0r o
0r 0
0r o
0ro
0, fi
0r o
0r o
0r 0
0r 0
0r o
0r o
0r 0
0r 0
0r 0
0r o
0r o
0r 0
0r o
0r o
0r o
0r o
0r o
0r 0
0r o
0r 0
0r o
0r 0
0r o
0r o
0r o
ar0
0r o
0r o
0r o
0r o
0r o
0r o
0r o
0, CI

F I ot^,
(mg I sl

3' l+8

5r16
2 ,87
2r 60
2 136
2 rU+
lrgll
lr76
1r 60
1rh5
I r32
1r 20
1, 09
0r 99
0r 89
0, 81
Ar74
A ,67
0, 61
0r 55
0r 50
0' l+5

f), I+ 1

0 ,37
0r 3lt
A rSI
Ar28
n ,25
A ,23
A ,21
0r 19
A rLT
0r 16
0r 1k
0r 15
n rL2
0r 11
fir 10
0r 09
0, nB
0r 07
0r 06
0r 06
0r 05
0r 05
0, 0lr
0r 0h
0r 0tl
0, n3
0r 03



Table Cl: con td/ .

IF.I lme
(h)

101,00
102,00
1.03r00
L0l+r 00
105,00
106,00
107,00
108r00
109,00
110,00
111,00

Du r
(h)

- c4

Raln
(mm/lnt)

0r 0

0r o
0, CI

0r o
0r 0
0r 0
0r o

0r 0
0, fi

0r o

0r 0

Raln
(m3/s)

0, ()

0r o
0r 0
0r o
0r 0
0r o
0r 0
0r o
0r 0
CIr o
0r o

FIow
(m3 / s)

0r 03
0, n2
0r 02
0r 02
0r 02
0r 02
ArA2
0r 01
0r 01
0r 01
0r 01

Total flow ln m3:
Totals in mm:

0r 10E+gg 0r 10E+08
1,0000 1r 00 1r 00

r{.

-

F-G
e

\
G
.b

E

b

'-

e-A
v

-t{
_
(
lb

>:'-_
,-! l

-'
Y

4
,!,

a
Y

^
-,,

t



l,rl,l,' {,' { rrllvr't', 1,,11

Catchrnent area: 10285, n km2

', r lll vr- I r-r lrlf l.f llf=

S-c -r S-c 6100 h Ug
(m'/s) (m3 /s\

TIme 10,
(h)

0r 00
1r 00
2rAA
3r00
l+r00
5r00
6r 00
7 ,0A
8r 00
9r00

10,00
11,00
12r 00
13r00
1b,00
15r 00
16r 00
17,0C
L8r 00
19,00
20,00
21,00
22 r 0'A
23 ,04
2l+r 00
25,00
26r 00
27 ,0A
28r 00
29r 00
30,00

00 h Unltg
(rn3 / s)

0r 00
L3 , t+3

38,61
6Lrh7
82,21

101 ,A3
11 8, 11
L33, 6 1

L47, 6 I
L60r l+4

L72,A3
169,11
L53r ll 6
13I ,26
L26r58
111+r 69
10lr rA7

9l+rh5
85r 71
77 ,7 8

70,58
6h,05
58,12
52r75
47 ,87
43,411
39 r\2
35 r77
32 r t+6

29,b6
26 r73

S-curve ad
(m3 / s)

S-curve
(m3 / s)

0r 0n
L3 ,43
3$r61,
6L ,47
82 ,2L

1"01,ff3
LI.g,11
133,61
Ltl 7r68
160,4h
172, S5
182,54
1g 2 , fi7
200 ,73
?08,59
2L5 ,7 ?

222, 1 I
228, o 6

233 ,39
238,??
2b2, 6 1
2t+6, 5 I
250,19
253, h 8
256, h 6

259,16
261,60
263, I 5

265, I 5

267, 6 8

269 ,3 4

I ag S-c
(m3 / s)

0r 00
13 , t+3

38r 61
61rl+7
82 ,2L

1n1 ,03
11B,11
L33, 6 1
Ir+7, 6 8
160r1+t+
172,A3
182,54
192,A7
20n,73
208,59
215,72
222, 1 I
228, o 6
233, 3 g

23 .9 ,?2
242, 6 1
246, 5 I
254, 1 g

253, h I
256, h 5

0r 00
L3 ,l+3
38,61
61 r\7
g2 ,27

t 01 ,03
119r 11
120,18
1og,a7
9grg7
89r 82
81r51
73 r96
67 ,L2
60r91
55,29
50,15
\5,s?
\l ,32
37 ,l+9
34rfl2
30 ,87
28 ,07
?5 , t+2

23 rA7
?0rgh
18r99
L7 ,2t+
15r 66
thr 20
12,99

0r 00
22 ,39
6l+, 3 5

102 r\5
L37 , A2
168 r38
Lg6r 85
200,34
191,79
161+ r95
1ll 9 r70
135,85
123 ,27
111,87
101,52

92, 13
83,58
75 r87
6grg7
62, h8
56r 70
51r l+5
l+6r68
42 ,37
38, h5
3hr90
31r 55
28 r73
26r10
25,67
2L,\7

C,
(rt

0r 00
L3 , t+3

58r61.
61",k7
82 ,2L

101 ,03
119,11
133, 6 1

1l+7r68
160,hh
L72,03
182r51|
I92 , A7
20n r73
208 ,59
215,72
22?, 1 I
229, 0 6
?33, 5 g

23 8 ,22
2tt2, 61

ir urli_lrl rl,l, irilr, 1,, ttll l, rrrritl'r.r;rf1 l,i'

-I-.-

r-I--

.I'II

--------

aDt--rE



Tab I e C2: con td/

Tlme ln,00
(h)

3'L ,0 0
32, AA
53,00
3h,00
35,00
56r 00
37r 00
38r 00
39,00
h0r 00
41r 00
l+2r 00
l+3r 00
4hr 0CI
l+5r 00
46,00
l+7r 00
Ir8r 00
l+9, CI0

50r 00
51,00
52r40
53,00
5t$r 00
55r 00
56r 0CI

57 ,04
58r 00
59,00
60r 0CI

h Units
(m3 / s)

ztr_ ,26
22,$L
L9r98
18r L3
L6rlt5
1l$r 93
L3 ,55
L2,29
L1r 1S
1.0r 13

9r Lg
8 r3h
7 ,57
6 ,87
6 ,23
5r65
5 rL3
l$r 66
l+ ,23
3 ,83
5, hB
3r 16
2r87
2r 60
2 136
2 ,It+
lr gh
L176
Lr60
1rh5

S-curve arl
(m3 / s)

2h6,59
250r19
253, l+ I
256, h6
259,16
26L, 6 0
263 ,83
265r85
267, 6 I
269 ,3\
27$,85
27?,?A
273, h6
27h,59
275,61
27 6 ,53
27 7 ,38
27 8, 1ll
27 & ,811
27 g ,47
28n, oh
280r 5ll
281 ,*3
?81. r46
281r 8h
282, 1 I
282,5L
282, I 0
283 , A7
283 ,30

S-curve
(m3 / sl

270,85
27 ? ,zfi
273, l+6

274,59
27 5 ,6L
27 fi ,53
277,38
278,14
27fr,S4
279rt+7
280, Sh
280,54
291 , *3
281,t+6
281,8b
?.92, 18
2?,2, 51
28,?, g 0
2*3 r fr7
283,30
283,52
283 ,7 A

285,9,0
28hro6
2Sh,Zfi
284,32
28h,ta1
28h,55
2 8l+ ,67
28h,75

I ag S-c
(mg / s\

259r1.6
261r60
263 ,83
265,85
267, 6 I
269 r3\
27n,85
27 2 ,24
273, h6
27t+r 59
27 5, 61
27 6 ,53
277 r38
27gr 1h
27 * ,8t+
27 9 ,47
?8n, CIh

280,51r
28I.,A3
281r1+6
291,8h
292, 1 8
28?r5L
282, I 0
283 ,07
283 ,30
283,52
283 ,7 A

293, I0
28h,06

S-C - S-C
(m3/s)

L1r 69
10r 60

g ,63
8 r7t+
7 ,93
7 ,Lg
6 ,53
5r9t[
5 r3B
hr 88
l+ ,l+3
t+, (11

5rS5
3 r12
3r0CI
2rll
2'l+7
2 ,26
2, $4
lr 8ll
1r 68
I ,52
1r39
l 126
l rl3
L rA2
0r 93
0r 86
0 r77
0r 59

6100 h us
(ms / s)

19, t[8
17 167
1.6r 05
L4 ,57
Lr r22
11r98
10r gg
9r90
8 ,97
8 rL3
7 ,38
6r 68
6r 08
5 ,53
5, CIS

b ,52
4 rL?
3 r77
3' l+0

3 rA7
2r8(}
2 ,53
? ,32
2rL0
1r 88
LrTQ
Lr55
1 ,\3
Lr28
1 ,I5

C,
Cfi

rl,I



Tab l e C2: con td/ .

Tlme 10,
(h)

61r00
62r 00
65r00
6hr 00
65, 00
66,00
67r 00
68r 00
69r 00
7or o0
71r 00
72rAA
75r00
7!|r 00
75r00
76, SCI

77 r00
78r 00
79r 00
90r 00
81r00
82r 00
85r 00
8lr, 0 0
85,00
g6r 0o
87,00
88r 00
89r 00
90,00

L r32
I ,24
1rCI9
0r 99
0r 89
0r 81
0r 7lr
0r67
0r 61
0r55
0, 5 0
0, h5
0r l$1

0 ,37
0r 3ll
0, 51
0, ?g
A ,25
A ,23
0r 21
0r 19
ArIT
0r 16
0r 1l+
0r 13
0r 1?
0r 11
0, 10
0r 09
0r 08

00 h Unlts
(rn3 / s)

S -cu rve ad
(m' I s,

293 r52
283 ,7 A

283,90
281+r 06
28tl r2A
28h,32
28hrl+5
28h,56
2gh r67
28ll r75
28lrr 8lr
281+r 90
281+r99
295, 0 5
285,09
285rtr3
285,19
?95 r23
285 ,28
285,30
285 13\
285,35
285r1+0
285,42
285'rl+3
?85,1$h
285 ,t+7
285rh8
285 ,5L
295r 51

S -CU fve
(m3 I s)

28\, 8lt
28$,9{)
28tlr99
285,05
285,09
285 ,13
285r 19
285,23
285,28
2I5 ,3A
2 S 5 ,3ta
295 r35
285rr+0
285rh2
285 rh3
2B5rl$l$
285,47
285r1*8
295,5L
2g5 r5I
2S5,53
285,52
285,56
285,56
285r56
295,56
285,58
295,58
285rSo
295,59

I ag S-c
(rn3 / s)

?81[ r20
28h,32
281+, h5
28h,56
2SI+ r67
2gb r75
281+r 8lr
28h,90
284,99
28r, 0 5

285,(}9
295,L3
285r19
295 r23
285,28
?85r30
285 ,34
285,35
285rltil
285 r\2
285,h3
285r4ls
285,47
285 rt+*
285,51
285r 51
285,53
285 r52
285r56
285r56

S-c - S-c 61 00 h Us
(m3 lil (m3 lsl

0r 6l+

0r 5 8
0r 5h
0, hg
0rll 2

0r 58
0 r35
0 r33
0r 29
A ,25
A ,25
A ,22
0, 21
CIr 19
CI,15
0r Il+
0, 13
0r 13
0, 11
0r 09
0r 10
0r 08
0r 09
0r 08
0r 05
0r 05
0r 05
0r 06
0, 0l+
0r 05

1r07
ArgT
0r90
0r 82
0r 70
0r 63
0r58
0r 55
0, h8
A ,42
0, h2
0 r37
0 ,35
,A ,32
A ,25
0 ,23
A ,22
0r22
0r 18
0r 15
0 ,17
0, 13
0r15
0r 13
0r 08
0r 08
0r 08
0r 10
A rAT
0r 05

I

C)
!



Table C2: contd/

.aD allme
( h)

91,00
92r 00
93,00
th,00
95r00
96,00
97,00
99,00
99r 00

L00,00
101,00
102, o0
103,00
1.01+ rAA
1.{)5r 00
Lo6r 0o
L07 ,00
108,00
L 0g, 0 0
l, 10,00
11Lr00

10,00 h Unlts
(m3 / s)

S -cu rve a cl

(m3 /s)
285,53
285,52
2I5 ,56
2&5, 5 6

285,56
285,56
285,58
285, 5 g

285,60
285, 5 I
285, 6 0
285,58
285,62
?85, 6 1
285 ,6L
285, 6 0
285,62
?"85 ,62
285,63
285 16?
285,63

S -cu rve
(m3 / s)

285,64
285,58
285,62
285,61
285,61
? 8 5 ,6{)
?8q,fi?
2&5 ,62
?85,fi3
? 8 5 ,62
285,63
285,6{)
285,6h
285,63
295 r63
295,62
285,6h
285,63
295,64
285 ,63
285,6h

I ag S-c
(m3 / sl

285, 5 6
285,55
285r58
285,58
285, 6 o

285 r59
285,60
285,58
285,62
285,6L
285 , 61
295,60
295 ,62
2fr5 ,62
285 ,63
285,62
285,63
285,60
285,6h
285, 6 1
295,63

S-c - S-c 6rn0 h Ug
(m3 /sl (m3/s)

0rA7
0,06
0r 06
0r 05
0,05
0r 0h
0r 0l+
0r 0l+
0r 03
0r 03
0rn3
0r 02
0r 02
0, Az
0 ,02
ArA2
0, A2
0r 01
0r 01
0,01"
0,01

0, nh
0 rCI?
0r 0h
0, 03
0r 01
0, CI1

0r 02
0r 0lr
0r 01
0r 01
A ,02
0r 00
0r 02
0,01
0r 00
0r 00
0, 01
0r 03
0, n0
0r 00
0, 01

ArAT
A, A3
0rr7
0r 05
0rAz
0r 02
0r 05
0r 07
0r 02
0r 02
0r 05
0r 00
0r 03
0r02
0r 00
0r 00
0r02
0r 05
0r 00
0r 00
0rA2

I

C)
@

Totrs(m3)t0,
Total s(mrn) 3

1.0 E+ 0 8

1r00
0r 10E+08

1r 00

q,
g

I

I

I

i

l

i

i



I C9

-able

Tlme(h)

0r 00
1r 00
2r 00
3r00
hr 00
5r 00
6r 00
7r 00
8r 0n
9r 00

10, no
l. 1rn0
12, n0
13,00
th,00
15,00
16, n0
L7, f! 0
19, n0
19r 00
20r 00
21,00
22, n0
23 , Afi
2h, on
25,00
26,0C
27 rArJ.
29r 00
29, n.0
30,00
31r00
32r 00
33r 00
5l$, 0 0
35r00
56r 00
37 roA
38r 00
39r 00
l+0r 00
l+1r00
b2r 00
l+3r00
l+4r 00
h5,00
46,00
h7,00
l+8r00
49r00
50r 00

Unltsph 3,

0r 00
22 r39
6llr35

102, h5
I37 , Q2
169,39
196r 95
2$0 ,3A
181,79
16hr g5

1l+9 r7fr
L35r g5

r23 ,27
111" , 87
1n1 ,52
92,I3
g3r5g
75r97
6grg7
62, hg
56r 70
51,h5
l{6, SB
u2 ,37
38rl+5
3h, go

31", fi5
?8 r73
26, L0
23 ,67
2L, l1'7

19, hg
17 rfiv
16r 05
L\ n57
13,22
11,99
10, RB

9rgn
8 ,97
8, 13
7 ,38
6r68
6r08
5 ,53
5r00
\ ,52
\ ,12
3 r77
3rh0
3 ,07

0r 00
85 ,27

2h5,17
39n,33
522, o 5
6 41 ,53
75A,00
763,1h
692,59
6?gr4S
570 r36
517, 5 g

Ir69r66
h26 r22
386 r79
351,A2
318,htl
?ggr06
26? r3g
239, o 5

216 rfr1
196,A2
L77,95
l"fit rtt3
146r1+9
13?, tl 7
12n,59
1n9 , h 6

99,1+l+
90rl.g
8lr gn

7 4 ,22
67 ,72
61,15
55 ' 51
50r57
h5,61+
h1, h5
i7 r7?
3hr1g
30, eg
?8 rI2
25 ,45
23 r16
2r ,07
19rn5
17 ,22
15r70
thr 36
12r 95
LLrTA

0r 00
28t+ ,23
81"7, ?k

1301, t1
171+0, L5
21,3 g , h 3
2\99,99
2543, B 1

23rJ9,61
2091+, Bfi
190Lrl"g
17 25 ,29
1565,53
1l+2nr75
1299,30
117n, n5
106I,47
9fi5,55
87h,fi5
7$3,5f]
720,09
653,h1"
5q2, g h
538,10
4I g ,3I
l+l+3 ,?3
h01,95
361+r 87
33r,47
300,fil
272rfi7
247, h 0
224, l+ L

2fr3, I 3
185,fl1+
167,99
152, 1 5

138,18
I25 ,7 3

113 ,9?
103 ,25
93,73
8l+r Bl+

77 ,22
74,23
65,50
57 ,'+n
52r32
l+7, $8
43r 19
38, ?q

0r 00
159,r2
457 ,53
7 ?8 ,42
9Ttr rZL

11A7,19
13Aq,6o
14?4,13
1292,46
1172,79
1n54r37
g65,gg
876 rt+S
7g5,ho
721 ,91
655,04
594,25
539,44
l$89 r67
t+hq ,23
hn3 ,L\
365,91
33Lr gg

301 ,25
273,39
2h8r1h
225,03
2 0l+ ,27
195,57
169,29
L5? r 65
139,50
125,63
111+ ,12
103,59
95,99
g5r1g
77 ,36
70r39
63,79
57,90
52,47
l+7rt$9
l+3 ,23
39 r32
35 r55
32 rltt
29 r29
26r gn
2t+ ,17
?Lr83

0r 00
39r 8tr

11h r5t+
192,36
243, g 0
29g ,7 2

350,39
356 r53
323 ,57
293, 6 1
266 r47
241, g 1
219 ,42
tgg ,13
180,7L
163,99
148,77
135,05
I?2 ,59
111 , 2\
100,93
glr5g
83,09
75 r42
68rl$l+
62,L2
5 6 r3t+
51,1h
h6, h6
\2r13
39 r22
34r67
31r l+5

28 ,57
25 r93
23 ,53
27 r32
Lg r37
L7 ,62
L5 rg7
Ll+ , \l. 13r1'+
LL, gg

10r 92
9r 8t$
8r90
8r 05
7 ,33
6r7L
6r05
5rh6

81*tlte 12170*Utg 7 rll*Utg L,7 8*Uts

Llstln
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Table C3:

T I me( h )

51r0CI
52r 00
53r00
5l+, 0 0
55r 00
56r00
57,00
59r00
59r 00
60,00
61r00
62r00
63r00
6h,00
65,00
66r 00
67,00
68r00
69,00
70r 00
71,00
72,40
73 r0A
7h,00
75,00
76r 00
77 r0A
78roo
79, n0
80,00
81,00
82,00
93,00
8l+r 00
95r00
86,00
87,00
88r 00
gg, o0
90,00
91r00
92r 00
93,00
9l+r 00
95r00
96r 00
97r 00
ggr 00
ggr 00

100r 00

contd/.

Un I tsph

2r80
2r53
2 r32
2rL0
1r 88
lrTA
I ,55
1'll 3
1r 28
1r15
lr07
A ,97
0r90
0r g?
0r 70
0r 65
0r58
0r 55
0'l+8
0'l+2
n, h2
A r37
A r35
A ,32
0 ,25
0 ,23
A ,22
0 ,22
0, 18
0, L5
0,l'7
0,1"3
0r 15
0 ,I3
0rfi8
0r 08
0r 08
0, 10
0, n7
0r 05
Arfl-7
0r 03
0r 07
0r 05
CI ,02
0, n2
0 rA3
0r 07
Arnz
0r 02

10r 67
9r6l+
8r 8tl
8r 00
7r 16
6'l+8
5r91
5r45
l$r 88
l+ r38
4r 08
3r7A
3 ,43
3 rl2
2 ,67
2 ,40
2 r2l
2, 10
1r 83
1r60
1r 6n
1'l+1
I r33
L ,22
nr 95
0r 88
CI, 8l+
0r 84
0r 69
Ar57
0r 65
0r 5n
n r57
0r 50
CI,30
0r 30
0r 30
Ar38
A ,27
0r 19
ar?7
0, 11
A ,27
0r 19
0r 08
0, n8
nr 11
A ,27
0r 08
nr 08

55,56
3 2 ,],"3
29 ,lrd
26 ,67
23 , &?,

2l ,59
19,69
18,15
L6 ,26
1l+r 60
13r 59
L2 r32
11, h5
10r l+1

8r89
8r 00
7 r37
6r98
Sr10
5 ,33
5 ,33
4r7A
l+r l+h

h, C6
3 rL7
2., qZ

2.,7q
2r7il
?,?e
1r90
2rLfi
1r 65
1r90
1r65
!rfiz
l, fiZ
I r*2
L r?7
0r 89
0r 63
0r 89
0r38
0r 89
nrAS
n ,25
n ,25
0r 38
nr 89
a r?5
nr 25

1grg1
17rgg
16r50
1l+r93
13 r37
12,09
ltro2
10,17
9, Ln
8r18
7 ,6I
6r90
6r 40
5 ,83
hr98
h, h8
4 rlz
S rgl
3 

'l+I2 ,99
2 ,99
2 ,63
2 

'l+9
2 ,28
Ir78
1r 6h
Lr56
1r56
Lr28
LrAT
I ,21
n ,92
1r07
0rg?
n r57
n ,57
A ,57
n rTl
0r50
0r36
0r 50
n ,2L
0r5n
0r 36
0, 14
0,lll
n ,2L
nr 50
0, 1l+
n, th

hr98
4r 50
hr 13
3 r74
3 r35
3 rA3
2 rl6
2 ,55
2 ,28
2rAS
1r 90
L ,73
1,6{)
1, h6
L ,25
l rI2
1, 03
0r98
0r 85
A r75
0r75
0r 66
0r 62
A r57
0, l+ t+

0, hL
A ,39
A r39
0r32
A ,27
nr 30
A ,23
A ,27
A ,23
0r 14
0r 1lr
0, th
0,18
Q ,12
0, ng
0 ,12
A, As
* ,12
nr 09
0r 0l+
0r 0h
A rA5
nr12
0, nh
0, CIlr

3r81 *tltg L2170*Ute 7,Ll *tJtg Lr7 8*UtS
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Table C3:

Tlme(h)

101r 00
L02r oo
103,00
10,+r 00
105,00
106r 00
107,00
108r 00
Lo9r 00
110,00
111,00

con td/ . .. o

Unltsph 3r81*Uts 12r70*tJtg 7 rll *Utg Ir7 8*UtS

0r 03
0r 00
0r 03
0r 02
0r 00
0r 00
0r02
0r05
0r 00
0r 00
0r 02

0, 11
0r 00
0, 11
0r 08
0r 00
0r 00
0, nB
0, 19
0r 00
0,00
0r 08

0r 38
0, CI0

0r 38
A ,25
0r 00
0r 00
0,25
0r 63
0r 00
0r 00
$ ,25

0r 21
0r 00
A ,2I
0,llr
0r 00
0, n0
0r 1l+
0r36
0r 00
0r 00
0, th

0r05
0r 00
Or05
0r 0l+

ArC0
0r 00
0r 04
0r 09
0r 00
0r00
0r 0l+

I
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Table C4

Superposltlon of

TIme(h) 1(m3/s)

hydrographs;

2(m3/s) 5(m3/s)

a rea 3 10283,0 km2

h(ms/s)

0r 00
1r 00
2r 00
3r00
llr 00
5r00
6r 00
7r 00
8r 00
9r 00

10r 00
11r00
12r 00
13,00
th, o0
15,00
15r 00
17r 00
lgroo
19r 00
20,00
?1r00
22r 0fl
23 r00
2hr o0
25r00
26r 00
27 ' fi{)28r 00
29r00
30r 00
51,00
32,oA
35,00
5l+, 0 0
35,00
36r 00
37r 00
58r00
39r 00
h0r 00
hlr o0
b2r oo
h3r00
hl+r 00
ll 5r00
b6r 00
l+7r00
h8,00
hgro0
50r00

0r 00
85 ,27

245 ,17
390,33
522, o 5

6h1 ,53
750.00
7 63, 1lr
6g2r 5g
62grh6
570r 36
517,59
IlS9rS6
h26,22
586 r79
5 51 ,02
318rIl+
289, f)6
262 r39
238,05
216,05
196,02
177 r g5

161rt[3
th6, hg
L32,97
120,59
109, h6

99rl+lt
gnrlg
81r 90
7\r22
67 r32
61r 15
55r51
50 r37
Ir5r6l+
I+1, b5
37 r72
3hr 18
30r98
28,L2
25,h5
23 116
21,07
19r 05
L7 ,22
15r70
1llo36
L2 ,95
11r 70

a!l-!

0.00
28h r25
817 ,2t+

1301,11
171+0r15
2L38,h3
2t+99r99
25\3, g 1
2308,61
209hr g6
1901,19
1725r?g
1565,53
1b20,75
1?89r 30
1170,05
1{}61,[7
I65, 5 5

87h, fi5
793,50
7 20, fl9
s55rh1
592,8h
53gr 1o
h88,3I
l+h3 ,23
401,95
36h,97
33L ,47
30 0, 61
?7 2 ,67
2\7. lt 0
22\, tl 1
203,g3
185r 0lr
167,99
152, 1 5

138,19
L25 ,7 5
113 ,92
103 ,?5

93 r73
th,8lr
77 r22
74 r23

0, n0
15g,12
l+57 r53
729, h2
97t+rZL

11g7,lg
13gg,6o
th2t+rL3
1292r 1+6

1172r79
106|,4r37
g65, gg

876,45
795,h0
72L,91
655,01+
594r25
539,1+h
l+89 ,67
hhl+,23
h03r1ll
555,81
31L, I g
3 01 ,25
27 3 nlg
?hg,1ts
225,03
20h,27
185,57
169,29
152,65
138,50
12 5, 65
1th,12
103,59
95rgg
85,18
77 ,36
70 ,59

0r 00
59,8h

11hr 5l+
1S?,36
2t+3, I0
299 r72
350,39
356r 53
323,57
?95rS1
2 6 6 ,t+7
?hLr 81
2l" 9 r t+2

19q,15
I"80,71
LS3,gg
1lr8 r77
135,05
I22, 5 g

1. 11 ,2L
10 0 ,93
91,59
83, o9
75 r\2
68,h1$
62r1?
56r3ll
51,1h
l+6rl+6
4? rL3
3g ,22
3h,67
51rt;.5

(ms / sl

0r 00
g5 ,27

2h5 ,L7
390 r33
522, A5
5h1r55
750r 00

10[7,37
1509,92
1929,57
23'-j,0, 51
2656, CI2

2969r65
3L29, 15
3152,93
317 l+, 5 0
3 19 3 ,8t+
32II ,53
3227 ,52
3122 ,7 7

2912,33
27 2I,22
25h7,59
21go,5g
22t+7, I I
2A7g,h0
1886r 06
1"71Ir5?
1553,00
1f+ 0 9 ,53
L279,20
1160, g1
1053,L2

9 5 5 ,92
867,61+
7 87 ,28
71h , 2g
6l+8 r2A
5I8, 0g
533, g 6

h8l+r 68
l+39 r72
3 S I , 69
361,96
329,77
298,23
270 r52
2\5 r55
222, 6 0
20? r 2A
183,77

-Q-I

44-houq 109-year flood hydrograph at Komati site
derived by conventional unitqm-

-ru
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Table C4: contd/

Tlme(h) 1(m3/s)

51r 00
52r00
53r00
5l+r 00
55,00
56r 00
57r00
58r 00
59r 00
60r 00
61r 00
62,00
63r00
6llr 00
65r 00
66r 00
67r 00
69r00
69r 00
70r oo
71r00
72r0A
73 r 00
Thr oo
75,00
76r 00
77,A0
78r00
79 r 00
90r 00
91r 00
82 r 00
83,00
8l+, 0 0
85r0(}
86r oo
87r 00
99,00
89,00
gor 00
91r00
92r 00
95,00
gbr 00
95r00
96r00
97 r 00
98r 00
ggr00

10 0, 00

10r 67
9r6lr
8r 8l+
8r 00
7 ,16
6r ll 8
5r91
5, h5
b,88
l+r 38
hr 08
3 r7A
3 

'Lt13 r12
2r67
2, h0
2r2L
2, 10
1r 85
1r 60
1r60
1'l+1
Lr33
L r22
0, g 5
0r 88
0r 8l+
0r Blt.

0u 69
0r 57
0, 6 5
0, 5 0
Ar57
0r50
0r 3[l
0r30
0r 30
0r 58
0 ,27
0r 19
A ,27
0-, 11
0 ,27
0, 19
0r 08
0r 08
0r 11
A ,27
0r 08
0r 08

2(m3/s)

63r50
57 ,\A
52 n32
hTr gg
h3r18
38r99
35r 56
32r13
29, h6
26 ,67
23,88
21r59
19r 69
18r 16
16,26
1ll ,60
13r 59
L2 r32
11, h3
10, h1

8, 89
8r 00
7 ,37
6r98
6, 10
5 r33
5 ,33
l+ ,7 0
l+, lltl
qr 06
3 ,17
2 ,92
2r7g
2 r79
2 ,29
1rg0
2 r16
1r65
1r 90
1r65
L rA2
1r02
I r02
I r27
0r 89
0r 53
0r 89
0r 38
0r 89
0r 63

3(m3/s)

63r79
57r 90
52r\7
llTrhg
\3,?3
39,32
35 r55
32 rL|{,
29 ,29
26r 90
2\ r17
21,93
19, g1
l7rgg
16r 5n
1l[, I3
L3 r37
l2rAg
11,02
10 ,17
9r10
8,1"8
7 ,6L
6r90
6, h0
5r 83
l+r98
k'l{8
l4 ,12
SrgL
3 

'l+l?r gg
2r 99
2 ,63
2 ,49
2 ,28
1r 78
lr6lt
1;55
1r56
I ,28
L ,07
I r2]
0r92
1, 07
0r 92
A ,57
Q ,57
O ,57
ArTL

h(rn3/s)

29 r57
25 ,93
25 r55
2I ,32
19, 37
L7 ,62
15,97
1l+, t+7

13 , 1lr
1lr gg
10r 92
9r 8h
8r90
8r 05
7 ,33
6 ,7I
6r 05
5'l+6
Ir98
hr 50
tlr l3
3 r7t+
3 ,35
3 rA3
2r76
2 ,55
2 ,28
2r 05
1r9CI
I r73
1r60
1rh6
!r25
L rL?
1r 05
0r98
0r85
0r75
0r 75
0r 66
0r 52
0 ,57
0, hh
0' t$1

0r 59
0r 39
0 r32
0 ,27
0r 50
CI ,23

(m3 / sl

16 6 ,52
150 r77
I37, 1 6
12lrr6g
LIz, 9tl
102, h1
g2rgg
thr lg
76r77
69r 7lr
62r95
56r96
5Lr92
ltl ,32
l+2 ,7 6
38r 6lr
35 ,22
3I ,97
29 ,26
26,69
23 r72
2L r33
19r66
19r 15
16r 21
1l+, 5 I
L3 r45
L2, A7
11r 15
l0 ,27

8 ,83
7 ,87
7r 60
T rAu
6, 11
5, h6
5, 09
\,\2
h, hB
l+r 06
3rl9
2 r77
2r9t+
2rlI
2, \3
2, A2
1r 89
1'lt9
1r8lt
1r65



. CI4 .

Table C4: contd/.

TIme(h) 1(m3/s)

ooa

2(m3/s)

0 ,25
0r25
0r38
0r 89
0r 25
0 ,25
0r58
0r 00
0r 38
0 ,25
0r 00
0, f)0
0, 2 5

0r 63
0r 00
0r 0CI

0r 25

5(m3/s)

0r 50
0 ,36
0r 50
A rZL
0r 50
0 136
0r lll
0r1l+
0, 21
0r50
0r 1l+
0, 1lt
0, 21
0r 00
0r 21
0r 1lt
0r 00
0r 00
0, 1l[
0r 36
0r 00
0r 00
0r 1l+

101,00
102r 00
103,00
10h,00
105,00
106r 00
107,00
109r 00
109,00
110r 00
111,00
LLz, 0 0
113r00
11[,00
115,00
116, o 0
117,00
L1gr o0
119, 0 0
120r 00
L21,, 0 0
L22, 0 0
L23, 0 0
12hr 00
L25, 0 0
126,00
L27, 0 o
128,00
129r00

0, 11
0r 00
0r 11
0r 08
0r 00
0r 00
0r 08
0, 19
0r 00
0r 00
0r 08

h(m3/s) (rng/s)

ar?T 1rI3
a,23 0, grr

0,1ll LrIS
ortk Lr32
0, th 0r gg
0r1g arTg
arl? Ar72
0,09 a,\20,r2 a,7I
0r 05 0, g0
4,12 0r 3tr
0r0g ar23
0r 0l+ 0r 50
0r 0l+ 0r 67
0r 05 0r 26
QrL? 0126
0r 0l+ 0r 29
0, 0l+ (l , Olt
0r 05 0r 19
0r 00 0r 36
0r 05 CIr 05
0r0h 0r0h
0r o0 0r lrt
0r 00 0r 00
0r oh 0r Ott
0r 0g 0r 0g
0r 00 0, o0
0r o0 0r 00
0r 0h 0r 0t+

------!-rrr-irrpr

Totals(m3):0r39E+08. O,:.3E+09 0,738+08 0,18E+08 0,26E+09
Totals(mrn)r 3,81 l2r70 7,ll 1,78 25r40
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