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F L O O D P R O T E C T I O N S E C T O R P R O J E C T 
\ F E A S I B I L I T Y S T U D I E S F O R F L O O D M A N A G E M E N T 

OF K A H A HILL T O R R E N T 

Dear Sir , 

We takë p leasure in t ransmi t t i ng f i na l F e a s i b i l i t y Repor t for F lood Management 
of Kaha Hil l T o r r e n t . The repo r t has been f ina l ized in the l ight of comments 
rece i ved from F F C and the A s i a n Development Bank and the d iscuss ions 
held wi th A D B mission on 6th March 1990. 

Kaha which is the b igges t among the D . G . K h a n Hi l l T o r r e n t s , is located on 
the western s ide of D . G . K h a n , t h r e e - f o u r t h of which l ies in Baloch is tan 
P r o v i n c e while remaining f al Is in P u n j a b . It has the maximum flood damage 
haza rd and a large development potent ia l if p roper l y managed. 

The repor t descr ibes the f lood prob lem in pe rspec t i ve , hydrometeoro log ica l 
s tud ies ca r r i ed o u t , p lann ing s t r a t e g y , and var ious a l te rnat ives for f lood 
management with the i r cost es t imates . 

A n a l y s i s of the prec ip i ta t ion shows that the amount of ra in fa l l and its areal 
d i s t r i bu t i on are both un favou rab le for sus ta ined ag r i cu l t u re . Annual ra in fa l l 
is low, uncer ta in and p a t c h y . Howeve r , sudden cloud bu rs t s in the uppe r 
catchment often generate s h o r t l i v e d h igh peaked floods which resu l t in heavy 
monetary losses in the downst ream areas coup led with loss of human l i f e . 
Floodf lows f requent ly shat ter the economy of the a rea . T h u s , h a r n e s s i n g 
of the hi l l tor rent is u rgen t l y ca l led •• for not only to sa feguard the people 
against f requent ons laught of the hi l l t o r r e n t , but also to ut i l ize the f loodf lows 
for the development of p lanned a g r i c u l t u r e in the Kaha B a s i n . 

( C o n t d . . . P / 2 ) 
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The fol lowing four d i f fe ren t s t r u c t u r a l a l te rna t i ves have been cons idered for 
optimal management of des ign f l o o d . These are shown in Exh ib i t T - 1 . and 
are summarised as: 

A l t e rna t i ve Cost 

1. Disposal to Indus t h r o u g h 
c ross -d ra inage Rs 563 mil l ion 

2. Disposal th rough Dajal B r a n c h Techn ica l l not feasible 

3. Disposal to Indus by 
Channel izat ion a long r i g h t bank 
of Dajal B r a n c h Rs 405 mil l ion 

Management in sub -moun ta in 
and Pachad A r e a Rs 190 mil l ion 

A l te rna t i ve -2 was not c o n s i d e r e d for fu r the r cons ide ra t i on , because it was 
not technical ly feas ib le . A l te rna t i ve -1 and 3 have been s tud ied in more 
detai l technical ly and f i n a n c i a l l y . A l te rna t i ve-1 not only has proh ib i t i ve 
cost but also has a d i sadvan tage that it t r a n s f e r s the f lood hazard from 
Pachad area to the area of its d i sposa l point into the Indus. In add i t ion , it 
squanders the prec ious water wh ich is d i re ly needed for fer t i le but th i rs ty 
lands in Pachad area of Punjab and d rough t s t r i c k e n sub-mounta inous region 
in Ba loch is tan . A l t e rna t i ve -3 though comparat ive ly less expens ive than 
a l ternat ive-1 also does not fa l l in l ine with our p lann ing s t ra tegy that 
f loodflows should be tamed and u t i l i zed for the benef i ts of the area ra ther 
than sca r ing them off into the Indus . 

A l t e rna t i ve -4 , the recommended a l t e rna t i ve , has been p repa red not only to 
protect the area from the r e c u r r i n g f lood damages, but also to prov ide 
maximum socio-economic bene f i t s to the local people. The cost of the 
a l te rnat ive is low and has far r each ing e f f ec t s . Salient features of the 
recommended al ternat ive are h i gh l i gh ted in E x h i b i t T - 2 . 

Ana lys is of agronomic data of Kaha Hi l l To r ren t Basin for the last few years 
have shown a vast va r ia t ion in terms of c ropped area i . e . , rang ing from 
670 hectares (ha) to about 5,800 h a . Ave rage annual c ropped area under 
p re -p ro jec t condi t ion is about 2,900 ha with a c ropp ing in tens i ty of 8 percent . 
With regulat ion of f lood supp l i es unde r the post -pro jec t cond i t i ons , the average 
annual c ropped area would inc rease to about 20,440 h a . However , in the 
year of design f l ood , (25 year r e t u r n pe r i od ) about 51,200 ha would come 
under i r r iga t ion ra is ing the c r o p p i n g in tens i ty to 87 pe rcen t . 

The net average annual a g r i c u l t u r a l benef i ts have been estimated as Rs 
14.72 mi l l ion. In add i t i on , average annual benef i ts acc ru ing from the 
incremental safety to canal s y s t e m , i n f r a s t r u c t u r e and c ropped area , work 
out to be Rs 19.08 m i l l i on . Summed total annual benef i ts aggregate to Rs 
33.80 mi l l ion. 

( C o n t d . . . P / 3 ) 



Est imated cost of the proposed p lan comes to Rs 190 mi l l ion . Economie 
eva luat ion ind ica tes . that the p l a n , if implemented as p r o p o s e d , would 
c o r r e s p o n d to an Ihternal Rate of R e t u r n ( IRR) of 17 percent which is 
reasonab ly above the oppor tun i ty c o s t . T h u s , the works p roposed in the 
p lan are techn ica l ly feasible and rep resen t an economically v iab le solut ion to 
the p rob lem. 

We t rus t that th is Repor t would meet your k i nd app rova l . The proposed 
p lans if implemented would go a long way in so lv ing the long outs tand ing 
requ i rements of the area and u s h e r i n g in a new era of economie p rosper i t y 
for the péople. 

A s s u r i n g you of our best serv ices at all t imes, we remain. 

Y o u r s fa i th fu l l y , 
for National Eng inee r i ng Serv ices Pak is tan (Pvt ) L t d . 

( S . A . B H A T T I ) 
Project Manager 

E n c l : As above. 



FLOOD. MANAGEMENT ALTERNATIVE.S S C O S T S - K A H A HILL. TORRENT: 

FLOOD P E A K 2 ,562 CUMECS 
( 9 4 0 0 0 Cf i ) 

25-YEAR RETURN PERIOO 

vRECOMMENOEDy 
.STRATEGY/ 

OISPOSAL TO IN0US THROUGH CROSS 
ORAINAGE WORKS 2,343 CUMECS 

ESTIMATED COST 563 MILLION 

DISPOSAL THROUGH OAJAL BRANCH 
2,343 CUMECS 

NOT FEASIBLE-NOT EVALUATED 

DISPOSAL TO INOUS OF 3ALANCE 
PEAK 2,343 CUMECS 3Y CHANNELiZATION 
ALONG RIGHT BANK OF DAJAL BRANCH 

TOTAL ESTIMATED COST 405 . MILLION 

'MANAGEMENT OF BALANCE PEAK 2662 CUMECS 
IN SUB-MOUNTAIN ANO PACHAD AREA 

TOTAL ESTIMATED COST Rs.l90.2S MILLION 

MANAGEMENT IN SUB-MOUNTAINOUS REGION 
(UPPER CATCHMENT IN 8AL0CHISTAN) 
566 CUMECS ESTIMATED COST Rs. SO-OO MILLION 

AD0IT10NAL H.T. CROSSING ON 
DAJAL BRANCH R.D99- I00 

142 CUMECS 

CONSTRUCTING DRAIN ANO OUTFALL 
1473.0 CUMECS 

TWO EXISTING STRUCTURES 
85 CUMECS 

STRENGTHENING RIGHT BANK 
OF DAJAL BRANCH ANO PROVIQING 
PROTECTION TO EXISTING H.T 
CROSSINGS OF CAPACITY 72 8 CUMECS 

SIX EXISTING STRUCTURES AFTER 
MAJOR REPAIR WORKS 

255 CUMECS 

FOUR NEW STRUCTURES AT 
APPROPRIATE LOCATIONS 

226 CUMECS 

BALANCE REACHING PACHAD AREA 
1777 CUMECS 

'1142 CUMECS 1473 CUMECS'' 

S A O A U F DISPERSION 
S Y S T E M 

132 C U M E C S 

MOHAMMAO WAH OISPERSIOM 
S Y S T E M 

74 C U M E C S 

NOOR WAH OISPERSIOM 
S Y S T E M 

331 C U M E C S 

C H A T O O L WAH OISPERSIOM 
S Y S T E M 

3 2 6 CUMECS 

L A S H A R I WAH DISPERSIOH 
S Y S T E M 

39-1 CUMECS 

SlOGAH WAH OISPERSIOM 

S Y S T E M 

473 C U M E C S 

AOOITIONAL H.T. CROSSING FOR 

1616 CUMECS 

D A J A L BRANCH SIX EXISTING H.T. CROSSINGS 

727 CUMECS . 

AOOITIONAL H.T. CROSSING FOR 

1616 CUMECS 

SIX EXISTING H.T. CROSSINGS 

727 CUMECS . 
D A J A L BRANCH, 

1474 
CUMECS 

728 CUMECS 

f f t r 
RIGHT BANK 

DRAIN 

3 1 9 

D A J A L B R A N C H O A J A L 
D A J A L B R A N C H 

B R A N C H 

t̂ H-T. CROSSING OF 
AGGREGATE CAPACITY 778 CUMECS 

•«LEFT BANK ORAIN 

TECHNICALLY NOT FEASIBLE 
— INADEQUATE CAPACITY OF CARRYING CHANNEL 
-HIGH SILT 
— REGULATION CONSTRAINTS EXHIBIT T - l 

http://Rs.l90.2S


MAP OF 
D.S.KHAN--HILL TORRENTS 

. . S C A L E i I*? 2 Z - S 5 . Mll«« 

MAP OF 
KAHA BAS1N 

L E G E N D 

H I L L T O R R E N T 
ROAD METALLED : 
P R O V I N C E B O U N O A R Y — — -
C A T C H M E N T BOUNDARY • 
E X I S T I N G S T R U C T U R E • 

C R O P P I N G I N T E N S I T Y A F T E R U A N A C E M E N T 

RETURN PERIOO 

1.11 - TEAR 
S - YEAR 

10 - YEAR 
2$ - YEAR 

"HH PHOJETT 
» PERCENT 
57 PERCENT 
«1 PERCENT 
tl PERCENT 

I N T E N S I T Y 
VtrlIHüUT PHUJECT 

• PERCENT 
21 PERCENT 
n PERCENT 
IS PERCENT 

SAL1ENT FEATURES OF KAHA BASif 
W I N F A U . PATTERN ~ 

MAXIMUM R A I N F A L L IN H M _ ( I N C H E S ) - -

71.17 t 2 . 9 2 ) 

STATISTICS OF CULTURABLE AREA 

O E S C R I P T I O N 

C U L T U R A B L E AREA 
ABOVE DARRAH 
BELOW OARRAH -

AREA IN HECTARES 

51.518 
21,663 
36.25J 

" ' 1 - D A Y 

7-OAY 

15-OAY 

1-rtOHTH 

NO. OF RAIH GAUSE STATIONS. 

PERENN1AL SUPPLY . 

MAXIMUM AHNUAL RUN-OFF . 

AVERASE ANNUAL RUN-OFF . 

2 2 7 . 8 4 ( 8 . 9 7 ) 

2 8 7 . 7 8 ( 1 1 . 3 3 ) 

3 5 2 . 3 1 ( 1 3 . £ 9 ) 

1 0 

ONE CUMECS ( 3 5 C F S ) 

1 3 0 , 1 9 0 HA-METER 

9 1 , 5 0 0 HA-METER 

PEAK DISCHARGES FOR RETURN PERIODS 

25 - YEAR 2 , 6 6 0 C U M E C S ( 9 4 , 0 0 0 C F S ) 

| 1 0 - YEAR 2 * 2 1 0 C U M E C S<79,160 C F S ) 

5 - YEAR 1 , 8 6 0 C U M E C S ( 6 5 , 8 1 0 C F S ) 

2 . 3 3 - YEAR 1 , 4 0 0 C U M E C S ( 4 9 , 4 2 0 C F S ) 

H I L L TORRENT CROSS ING i 

CANAL B I CAPACITY 

, D A J A L BRANCH 7 9 + 7 0 0 2 8 3 CUMECS ( 1 0 , 0 0 0 C F S ) 

D A J A L BRANCH 9 5 + 2 8 0 2 0 CUMECS ( 7 0 0 C F S ) 

D A J A L BRANCH 1 0 9 + 7 7 0 2 8 CUMECS ( 1 , 0 0 0 C F S ) 

D A J A L BRANCH 1 2 3 + 6 5 0 1 4 1 CUMECS ( 5 , 0 0 0 C F S ) 

D A J A L BRANCH 1 1 5 + 7 6 0 1 9 8 CUMECS ( 7 , 0 0 0 C F S ) ! 

D A J A L BRANCH 1 6 5 + 7 6 0 5 7 CUMECS ( 2 , 0 0 0 C F S ) 

CATCHflBIT CHARACTERISTICS 

MAJOR CATCHMENT 
TRIBUTARIES AREA, 

sa .KM. 

AVERAGE TIH£ OF TIME TO 
SLOPE. COMCEN- PEAK, 
METER/KM TRATION, KOURS 

KOURS 

RAKHNI NALLAH I , 6 8 4 S 15 .24 1 0 . 8 2 

GAKD NALLAH 1,365 9 13 .67 9 . 1 1 

PHILAKAGH NALLAH 1 ,018 6 1 1 . 7 6 9 . 8 4 

KAHA NALLAH 1 ,153 10 7 .44 «.96 

TOTAL: 5 ,720 

E C O N O M I C P A R A M E T E R S 

P A R A M E T E R S 10 15 20 25 

O I S C O U N T E D B E N E F I T S 230.11 170 55 112.63 78.96 

O I S C O U N T E D C O S T S 171.75 150. 25 131.95 122.96 

N E T P R E S E N T WORTH 108.36 20. 20 -22.32 - « « . 0 0 

B E N E F I T / C O S T R A T I O 1.63:1 1.13 : i 0.83:1 0 . M : 1 

I N T E R N A L R A T E OF R E T U R N 17 38 P E R C E N T 

EXHIBIT T - 2 

LUXÜUir---
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GLOSSARY OF ENCHORIAL WORDS 

BU ND 

B U N D E D F I E L D 

C H A K 

C H U R 

D A R R A H 

C A N D A H 

HAQOOQ 

K A L A PANI 

K A M A R A S Y S T E M 

K H A R I F 

K H AD 

L A T H 

M A Q A S M A 

NAIN 

N O N - H A Q O O Q 

P A C H A D 

P A C H A D A R E A 

Embankment 

F ie lds su r rounded by ear then embankments ( L a t h ) . 

V i l l age . 

Small h i l l t o r ren t . \ 

The s i te or the mouth at which a to r ren t or a Nallah 
comes out of h i l l s . Below da r rah the to r ren t fans 
out into d i f fe ren t b r a n c h e s . 

A n y obs t ruc t ion cons t ruc ted across the bed of a 
to r ren t or its b ranch for d i v e r t i n g f loodf lows. 

The area or channel hav ing water r i gh t s on f loodf lows 
of hi l l t o r r e n t s . 

Perenn ia l flow of a hi l l t o r ren t . 

A sys tem preva lent in DG Khan area where work for 
d i ve rs ion of f loodflows is c a r r i e d out on a se l f -he lp 
bas is in accordance with the share f i xed under Minor 
Canal Act of 1905. 

Summer C r o p s s ta r t i ng from Apr i l to September . 

A deep b ranch of a h i l l t o r ren t . 

Ear then embankment cons t ruc ted a round the f ie lds to 
hold f lood water for bas in i r r i g a t i o n . 

The works cons t ruc ted for d i s t r i bu t i on of f loodf lows 
accord ing to shares of var ious o f f - takes at any 
d i s t r i bu t i on s i t e . 

B ranch of h i l l to r rent 

The area or channel hav ing no water r i gh t s on f lood 
f lows of hi l l t o r r en t s . 

It means west side of any re fe rence l ine. 

The area l y i ng on the western s ide of the re fe rence 
l ine. In DG Khan and Rajanpur d i s t r i c t s , the area 
l y ing on the western side of Cana l System upto the 
toe of h i l l s is cal led Pachad A r e a . 



P O R A - B r o a d c a s t i n g of seeds. 

R H O D KOHI - Hill t o r r e n t . 

R A B I - Winter C r o p s s ta r t ing from October to M a r c h . 

S A D - A small d i v e r s i o n b u n d . 

S A L A l i - . A small embankment . 

5 A R 0 P A P I A N A - The upper st ream f ields on a h i l l t o r ren t are ca l led 
Saropa and have pr ior r i gh ts whi le the lower f ie lds 
are ca l led Piana ^and have secondary r i gh t over f lood 
f lows . T h i s is a relat ive term and is used for all 
the f ie lds on a hi l l tor rent with respec t to thei r locat ion 
to each o the r . 

S H A K H - A na tu ra l channe l o f f - tak ing from main hi l l t o r r en t . 

T A R O R - Flood Water f lowing down after b reach of d i ve rs i on 

b u n d to areas hav ing secondary or no r i g h t . 

WAH - A na tu ra l channe l o f f - tak ing from b r a n c h / s h a k h . 

WAHI - A na tu ra l channe l o f f - tak ing from Wah. 

WAKRA - Any obs t ruc t i on const ruc ted in wah or wahi for bas in 
i r r i ga t i on of f i e l ds . 



FOREWORD 

A U T H O R I Z A T I O N 

Prepa ra t i on of th is repor t was au tho r i zed under Con t rac t between the Federa l 
Flood Commiss ion, M in i s t r y of Water and Power , Government of Pak i s tan , 
and National E n g i n e e r i n g S e r v i c e s P a k i s t a n (Pv t ) L t d . , in associat ion with 
Harza Eng inee r ing Company and Zafar & Assoc ia tes . The assignmeht has 
been f inanced by the Government of Pak i s tan t h rough Loan No.837 - Pak 
( S F ) of the As ian Development Bank and admin is tered by the Federal Flood 
Commiss ion , Government of P a k i s t a n . Under the Agreement s igned on 5th 
A p r i l 1989, the Consu l tan ts were commissioned to p r o v i d e Eng ineer ing Serv ices 
for the Flood Pro tec t ion Sector Pro ject P a k i s t a n . F lood management of Kaha 
Hil l To r ren t is one of the pro jects for which eng inee r ing se rv i ces are to be 
p r o v i d e d by the C o n s u l t a n t s . 

P R I N C I P A L O U T P U T S C A L L E D FOR C O N S U L T A N C Y S E R V I C E S A R E : 

The Consu l tan ts shal l adv ise and ass is t Federa l Flood Commission and 
P rov inc ia l I r r igat ion & Power Depar tments (PIDs) in c a r r y i n g out the fo l lowing: 

P repare Feas ib i l i t y S tud ies and P C - l s for Sub -P ro jec t s l isted in 
T a b l e - F ; 

Detai l Des ign and Tender Documents of Co re -P ro j ec t s and S u b -
Projects l is ted in T a b l e - F ; 

Procurement of B i d E v a l u a t i o n ; 

Cons t ruc t i on S u p e r v i s i o n of p ro jec ts ; 

S tandard iza t ion of D e s i g n ; and 

Prepare programme for 'On the Job ' t r a i n ing and overseas t ra in ing 
for the eng ineers and techn ic ians of P I D s , WAPDA and Meteorological 
Depar tment . 

R E P O R T L A Y O U T 

The repor t has been p resen ted in s ix sec t i ons . Sect ion-1 br ie f ly out l ines 
the in t roduct ion of the pro jec t . Sect ion-2 g ives the descr ip t ion of the 
pro ject a rea . Sect ion-3 re lates the f lood problems of the area with a br ie f 
rundown of the past h is tor ie f l oods , ex i s t i ng f lood pro tec t ion faci l i t ies and 
the i r eva lua t ion . Hydrometeoro logic eva luat ion and p rocedu res for determining 
f lood peaks for var ious r e t u r n per iods and run -o f f are desc r i bed in Sec t ion-4 . 
Va r i ods a l te rnat ives for f lood management with cost est imates and selection 
of the recommended a l te rnat ive have been p resen ted in Sec t ion-5 . 
Recommended sequence of cons t ruc t i on and s t r uc tu ra l spec i f icat ions are also 
desc r i bed in this sect ion a longwith cost est imates. A g r i c u l t u r e and economie 
eva luat ion of the project have been d i scussed in Sec t i on -6 . 



T A B L E - F 

S U B - P R O J E C T S R E Q U I R I N G F E A S I B I L 1 T Y S T U D I E S 

S r . 
No . Name of the Pro jec ts 

1. R i v e r Pro tec t ion - Rav i R i v e r , Rav i Syphon to Ba l lok i B a r r a g e . 

2. R i v e r Pro tec t ion - Chenab R i v e r , Qadi rabad Ba r rage to Tr immu 
B a r r a g e . 

3. C o r r e c t i n g Approach - Panjnad B a r r a g e . 

4. C o r r e c t i n g Approach - S idhnai B a r r a g e . 

5 . Resec t ion ing of 2nd L ine B u n d S u k k u r Ba r rage - Ko t r i B a r r a g e . 

6. R i v e r T ra i n i ng Works - Kabu l R ive r and Swat R i v e r . 

7. Bugh t i (Pat Feeder) Hil l T o r r e n t s . 

8. Kaha Hil l T o r r e n t . 

9 . Any other scheme decided by Federa l Flood Commiss ion. 

L I S T OF C O R E - P R O J E C T S 

Name of C o r e - P r o j e c t s 

1. Flood Management óf Ka lpan i Na l lah , Mardan ( N W F P ) . 

2. Flood Management of T r immu-Pan jnad R e a c h , Chenab R i v e r , 
( P u n j a b ) . 

3 . Flood Management of C u d u - S u k k u r R e a c h , Indus R i v e r ( S i n d h ) . 

4. Flood Management of Quetta C i t y (Ba loch i s tan ) . 



SECTION - 1 

INTRODUCTION 

Flooding from h i l l t o r r en t s in d i f ferent par ts of Pak is tan const i tu tes 

one of the most se r ious env i ronmenta l and economie h a z a r d s . Most 

of the sett lements in these areas have developed around the banks 

of hi l l to r rents as the r i c h a l luv ia l soils t ranspor ted by the hi l l 

to r rents onto the p la in areas have held much lure for the people. 

Since the time immemoria l , people have been d i ve r t i ng f lood f lows 

to their f ie lds by c o n s t r u c t i n g small d ivers ion b u n d s . These ear then 

bunds adequately d i v e r t low f l oods , but genera l ly fai l in case the 

f lood f lows exceed the manageable l imits. In case of breaches in 

the d i ve rs ion b u n d s , concen t ra ted f lows move downstream damaging 

s tand ing c r o p s , communicat ion faci l i t ies and other i n f r as t r uc tu re . 

It is genera l ly beyond the capac i ty of the farmers to recons t ruc t 

these bunds d u r i n g the f lood season. A major f lood, thus , depr i ves 

the farmers from the s u b s e q u e n t benef i ts of low f loods a lso. 

The complexi ty of h i l l t o r r e n t s problems in D . G . K h a n and Ra janpur 

d is t r i c ts has been pos ing a chal lenge to the ingenui ty of eng ineers 

and p lanne rs . Hi l l t o r r e n t s f lood ing has been the pr imary const ra in t 

in the development of these twp d i s t r i c t s . The f i rs t major 

development ef for t in these d i s t r i c t s was ini t iated by the in t roduct ion 

of weir cont ro l led i r r i g a t i o n system in the late f i f t ies when the 

D . G . K h a n Canal Sys tem of f tak ing from Taunsa Ba r rage was 

c o n s t r u c t e d . The canal was hard ly in the last phase of complet ion, 

when it exper ienced the f i r s t b run t of hi l l to r rents f lood ing . 

Twenty hi l l to r rent c r o s s i n g s with an aggregate capaci ty of 2,920 

cumecs (103,100 c fs ) were cons t ruc ted du r ing const ruc t ion stage of 

the cana l s . Paradox ica l as it may sound , no p lann ing was done 

for cons t ruc t i ng the c a r r y i n g channels which cou ld t rans fér hi l l 

torrent f lows from the cana l c ross ing to the Indus R i v e r . Th is 

was tantamount to s h i f t i n g of f lood hazard from Pachad area to 



canal i r r iga ted areas hav ing more damage potent ia l . Ha l f -baked 

p lann ing has r e s u l t e d in over 800 breaches in canal system and 

inundat ion of about 300,000 hectares (ha) of i r r i ga ted area in the 

last 15 y e a r s . These d i s t r i c t s have not been able to achieve the 

fu l l benef i ts of the i r r i ga t i on sys tem, as i r r iga t ion losses have 

aggregated to about R s 1 ,200 mill ion in the recent major f l oods . 

The hi l l t o r ren ts a re con t ro l led under Canal Act of 1 905. Wa^er 

r igh ts exist for 276,51 8 ha (683,000 a c r e s ) , but only about 90,000 

ha is present ly be ing i r r i g a t e d . Th i s reduct ion is pr imar i ly due \ó 

changes in soc io-economic condi t ions and to low f inancial r e tu rns 

from i r r iga t ion in the Pachad a rea . 

D . G . K h a n and Ra janpur D is t r i c t s hav ing a populat ion of over two 

mill ion and cove r i ng an area of about 24,000 s q . k m (9,400 sq .mi les) 

are un iquely s i tua ted as they are bordered by three other p rov inces 

of the coun t r y . Pa r t of the area is i r r i ga ted th rough the D . G . K h a n 

Canal System o f f t ak i ng f rom the Indus R iver at Taunsa B a r r a g e . 

The canal r uns almost pa ra l le l to the r i ve r up to about 112 ki lometers 

(70 mi les ) , where it b i f u r ca tes into Dajal B ranch and L i n k - H l . 

The two d i s t r i c t s can be mainly d iv ided into three categor ies from 

the s tand-po in t of land u s e . (F. iguré 1.1 shows these areas in 

de ta i l ) . Hi l ly catchments of h i l l to r rents aggrega t ing to about 1.17 

mill ion ha (2.9 mil l ion a c r e s ) forms about 49 percent of the total 

a rea . The second ca tego ry cove r i ng about 0.81 mill ion ha (two 

mill ion acres) is ca l led ' P a c h a d ' area and lies between the hi l ly 

catchment and the canal i r r i ga ted area of D . G . K h a n Canal system 

and Indus River f rom Ramak to Taunsa B a r r a g e . The area comprises 

r i ch a l luv ia l soi ls w i th h igh fer t i l i t y t ranspor ted by hi l l to r ren ts 

from Suleiman R a n g e . P resen t l y in only ten percent of this a rea , 

ter raced i r r iga t ion is p r a c t i c e d . The th i rd category roughly cove r ing 

0.40 mill ion ha (one mil l ion acres) is commanded by the D . G . K h a n 

Canal System o f f tak ing f rom Taunsa B a r r a g e . 
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Hil l t o r ren ts have been caus ing damage to areas in D . G . K h a n and 

Rajanpur d i s t r i c t s s ince the time immemorial. Heavy f loods have 

been reco rded d u r i n g 1906, 1917, 1929, 1955, 1967, 1973, 1975, 

1976 and 1988. Ser ious ef for ts for f lood p ro tec t ion were in i t ia ted 

after heavy f lood damages in 1 929 when Mr . P . C I e x t o n , the then 

Execu t i ve E n g i n e e r , Indus Canal Div is ion was deputed to s tudy the 

problem and pr-opose f lood contro l measures for the a r e a . However , 

the measures p roposed by him were not execu ted because they 

were based on^ inadequate geohydro log ic da ta . S ince t h e n , severa l 

techn ica l p roposa ls have been d rawn-up in response to some impeding 

f lood problems at var ious times and par t ia l ly implemented a lso. 

There are more than two hund red hi l l to r ren ts emanat ing from the 

Suleiman Range of wh ich 13 are major. The complex nature of h i l l 

to r rent f lood ing war ran ts comprehensive s tudy of h i l l tor rent f lows 

and thqir management based upon detai led f r equency and r i sk 

ana l ys i s . In view of the complex nature of the f lood p rob lem, 

there are a number of a l te rnat ives which r equ i r e comprehens ive , 

technical and economie evaluat ion before the select ion and adopt ion 

of a f inal s t r a t e g y . N E S P A K in their Nat ional F lood Pro tec t ion 

Plan (Phase I & II) for P a k i s t a n , h igh l igh ted the problem of the 

sever i t y of Hi l l T o r r e n t f loodings and recommended that due to the 

complexi ty of f lood and h igh f lood damage po ten t i a l , the problem 

be tack led as a h igh p r i o r i t y issue and feas ib i l i t y s tud ies for 

management of f lood- f lows of hi l l tor rents be c a r r i e d ou t . 

Kaha is one of the major hi l l to r ren ts of the a rea . It r i ses in the 

Suleiman Range in the area l y ing within the admin is t ra t ive jur isd ic t ion 

of Ba loch is tan p r o v i n c e . Of the 13 major h i l l t o r ren ts emerging 

from the Suleiman Range , Kaha Hill Torrent has the maximum f lood 

damage po ten t ia l . In 1981, NESPAK p repa red a Master P lann ing 

Report (in four volumes) of D . G . K h a n Hill to r ren ts in which Kaha 

Hil l To r ren t was i n c l u d e d . Now the Federa l F lood Commiss ion, 



Government of P a k i s t a n has asked N E S P A K / H A R Z A / Z & A to prepare 

a feas ib i l i ty repor t for f lood management of Kaha Hil l Torrent on 

p r io r i t y bas is under the F lood Pro tec t ion Sector P ro jec t . The Project 

has also been h i gh l i gh ted in the As ian Development Bank ( A D B ) 

Mission Repo r t of 1 987 a n d has been g iven high p r i o r i t y . I r r igat ion 

& Power Depar tments , Governments of Punjab and Balochistan have 

also shown keen in te res t in the Pro ject in v iew of i ts h igh f lood 

damage hazard and excep t iona l l y h i gh development po tent ia l . It is 

expected that the P r o j e c t , on comple t ion , would help b r i ng about a 

socio-economic revo lu t i on fo r the locals of the area th rough prevent ion 

of r e c u r r i n g f lood damages and b r i n g i n g addit ional area under f lood 

i r r i g a t i o n . 
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SECTION - 2 

PROJECT AREA 

2.1 L O C A T I O N A N D E X T E N T 

Kaha Hi l l To r ren t r i ses in the Suleiman R a n g e , in the Prov ince of 

Ba loch i s tan , between Koh lu and V i tak r i at an approximate att i tude 

pf 2,050 meters (6,730 feet ) above mean sea level (ms l ) . It enters 

the Punjab Prov ince near Murunj and debouches onto the Pachad 

area of D . G . K h a n D i v i s i o n at its Da r rah near H a r r a n d . Kaha is 

the b igges t h i l l t o r ren t of Suleiman Range . It has a catchment 

area of about 5,720 s q . k m ( 2, 208 sq .mi les ) of which near ly 1,450 

s q . k m (1,718 sq .m i l es ) l ies in Balochistan and 1,269 s q . k m (490 

sq .mi les ) in Pun jab . T h e catchment area lies between lat i tude 29° 

15'N to 30° 21'N and long i tude 11° 69'N to 05° 7 0 ' N . Sangarh and 

Mithawan hi l l t o r ren ts lie in the north of Kaha hi l l t o r ren t . Dajal 

B ranch lies on the eas t , Dera Bugt i Dis t r ic t and Chachar hil l t o r ren t , 

on the south-west and the Koh lu D is t r i c t to the west of the Project 

a r e a . The D . G . K h a n - L o r a l a i Highway passes th rough the area . 

B a r k h a n , V i t a k r i , M u r u n j , R a k h a n i , Bewat ta , Mat , Jamal i , Chacha 

and Rarkan are some of the important satel l i tes in the upper a reas . 

The people mostly depend upon meagre subs is tance agr icu l tu re and 

catt le r a i s i nc as a way of l i f e . The Project area alongwith the 

major towns /v i l l ages is shown in Exh ib i t 2 . 1 . 

Phys iog raph ica l l y the area can be d iv ided pr imar i ly into three dist inct 

u n i t s . The mountaineous and sub-mountaineous a r e a ; the Pachad 

sub-mounta ineous area forms part of Suleiman Range wi th an elevat ion 

rang ing to more than 2,130 meters (7,000 feet) and lies to the 

2.2 P H Y S I O G R A P H Y 

area and canal i r r i g a t e d area . The mountaineous and 

2-1 



west of the Project a r e a . The slope of the ter ra in area is p r imar i l y 

from hor th -wes t to eas t . The Pachad area is sandwiched between 

Suleiman Range and Cana l Commanded area in the sou th . T h i s 

area has been formed by r i ch a l luv ia l deposi ts b rough t by hi l l 

to r rents from Sule iman R a n g e . Bas in i r r iga t ion is p rac t i ced s ince 

the time immemorial by cons t ruc t i ng bunds around the f ie lds to 

store about one to one and a half meter of f lood water . 

The th i rd p h y s i o g r a p h i c un i t , the canal i r r i ga ted area (flood p la in) 

has been fo rmed , mainly by the sediments deposi ted by Indus R i v e r 

d u r i n g the s u b - r e c e n t t ime. Th is area has a general slope of. 

about O. lm per km towards sou th . There is a comparat ive ly low 

ly ing a rea , r u n n i n g no r th to south in the middle. The presence 

of channel s c a r s , old r i v e r s b a r s , meander scro l ls and levees are 

observed in the f lood p l a i n . The width of the area var ies f rom 26 

km (16 miles) to 32 km (20 m i les ) . 

2.3 C L I M A T E 

Climate of the area is a r i d and is charac te r i sed by the movement of 

Monsoon in summer and Wester l ies in w in ter . The summer 

temperatures are fa i r l y h igh and winter temperatures are b i t ing 

c o l d . Average annual ra in fa l l var ies from about 250mm (10 inches) 

in the extreme sou the rn t ip to 380mm (15 inches) in the no r th -wes t . 

Summer ra ins compr ise s i x t y (60) percent of the annual ra in fa l l in 

the southern p a r t , and it decreases to about 50 percent in the 

no r th -wes te rn p a r t . The pat tern of ra in fa l l is e r ra t ic and p a t c h y . 

Years of in tense ra in fa l l are l ike ly to be fol lowed by long spel ls of 

d ry y e a r s . 

2.4 ECONOMY 

The economy of the Pro ject area largely depends upon ag r i cu l t u re 

and l i ves tock . The c r o p p i n g pa t te rn is largely contro l led by the 



avai labi l i ty of water and mode of i r r i ga t i on . Lack of i n f r a s t r u c t u r a l 

fac i l i t ies shor tage of water for i r r iga t ion and mass i l l i te racy 

are among the causes of the low Standard of l i v ing for the greater 

part of the popula t ion and are the main const ra in ts to the deve lop 

ment of the a r e a . 

Pachad area is a r id and sparse ly vegetated where ag r i cu l t u ra l 

product ion is dependent on f lood i r r igat ion or soil moisture re ten t i on . 

Only a small par t of the ra in fa l l in the catchment area is u t i l i zed 

for ag r i cu l t u re , while a major propor t ion of it causes ser ious damage 

in the command area by f looding as it makes its way from the 

upper catchments of the hi l l to r ren ts to flow across the main 

agr i cu l tu ra l a rea . C r o p p i n g in tens i ty in Pachad area va r ies great ly 

accord ing to the ex ten t and f requency of f l ood ings . The main 

p roduc ts in the canal i r r i g a t e d area are cot ton, r i ce , wheat and oil 

seeds whereas s o r g h u m , wheat , pu l ses , oil seeds and l ivestock 

(meat and wool) are of the Pachad a rea . 

In the absence of o r g a n i z e d and developed agr icu l tu re in the Pachad 

a rea , l ivestock ra i s i ng is an important suppor t ing occupat ion for 

farm fami l ies. Th i s is a major source of income for the farmers 

and its con t r ibu t ion to ag r i cu l t u ra l development is subs tan t i a l . 

L ivestock also con t r i bu te to secu r i t y against erop fa i lu res in years 

of except ional ly h igh f loods or d rough t . The l ivestock in the area 

include ca t t le , goa ts , s h e e p , camels , horses and d o n k e y s . L ives tock 

in fact p lays a p r imary ro le in the economy, for ag r i cu l t u re depends 

largely on ca t t le , wh ich are used as draught animals for the 

const ruc t ion of b u n d s , p l o u g h i n g and ca r t i ng . On the other h a n d , 

the l ivestock depend on ag r i cu l t u re for the greater par t of thei r 

feed requ i rements . 

The mode of communicat ion and t ranspor t cost affect the economy 

cons ide rab l y . Market p r i c e s f luctuate from season to season and 

accord ing to the time of the y e a r . 



2.5 H Y D R O L O G I C B A S I N S 

Catchment area of Kaha H i l l T o r r e n t can be d iv ided into the fol lowing 

s u b - b a s i n s and its t r i bu ta r i es as shown in F i g . 2 . 1 : 

1. R a k h n i Nal lah 

Cand Nal lah 

Ph i lawagh Nal lah 

Kaha Hil l To r ren t 

(Main T r i b u t a r y ) 

5. Higgan Nallah 

- C h h u r i Nal lah 

- C h a n g Nallah 

- Wandoi Nal lah 

- Cuj j i Nallah 

- Wahi Nallah 

- Ka r i n Nal lah 

- Waram Nallah 

- Gud Nal lah 

- Warsala Nallah 

- Kuna l Nal lah 

- Thadha Nal lah 

- Makhi Nallah 

- Caro Nallah 

- Bagh i Nal lah 

- Saur i Nallah 

- Darazho Nal lah 

- Kala Khosra 

- Bagga k h o s r a 

- Sabegar i Nal lah 

These s u b - b a s i n s form par t of the Indus R ive r Bas in as ult imately 

these outf low into the Indus R i v e r . The i r catchment areas vary 

from 1,018 s q . k m (393 sq .m i l es ) to 1 ,865 s q . k m (720 s q . m i l e s ) . 

The length of the main channe ls var ies from about 76 km (47 

miles) to 130 km (81 m i les ) . They r ise from an elevat ion of 700 

meters (2,300 feet) to 2,130 meters (7,000 feet) and their level at 

the conf luence point va r ies f rom 225 meters (738 feet) t o 6 1 3 meters 

(2,010 f e e t ) . 

A l l the streams have steep g rad ien ts and b r i ng f l ash - f lows which 

are c h a r g e d wi th h i g h - s i l t con ten t . Cand Nallah is the largest 



t r i b u t a r y and joins the R a k h n i Nal lah near Murun j v i l lage to maké 

Kaha Nallah at the bo rde r of Punjab and Balochis tan p r o v i n c e s . 

Ph i lawagh Nal lah joins Kaha Nal lah 18 km (11 miles) downstream of 

Murunj near Nila K u n d v i l l age . Kaha nallah f lows out of its Dar rah 

in d i f fe ren t wahs in the Pachad area to i r r iga te areas of Chaks 

H a r r a n d , Mare te , L u n d i S a i j i d a n , e t c . 

2.6 E X I S T I N G S I T U A T I O N 

Kaha Hi l l T o r r e n t d ra ins off an area of about 5,720 s q . k m (2,208 

* s q . m i l e s ) , of wh ich t h r e e - f o u r t h fa l ls in the p rov ince of Baloch is tan 

and remain ing one - fou r th l ies in Punjab P rov i nce . The source of 

water is ra in o n l y . T h e r e is about one cumec of 'Ka la Pan i ' 

(Perenn ia l f low) in Kaha Hi l l T o r r e n t , which is used for d r i n k i n g 

purposes and i r r i ga t i on on some very small areas wi th in the mountains 

and the Pachad a r e a . 

The re are severa l va l l eys hav ing v e r y fer t i le land where baran i or 

f lood i r r i ga t i on is be ing p r a c t i s e d . Low level d i ve rs ion weirs have 

been cons t ruc ted on some of the nal lahs for u t i l i z i ng perenn ia l 

supp l ies Ka la P a n i . for cu l t i va t ion of crops and to raise gardens 

of apples and a lmonds. On some of the t r ibu ta r ies of Kaha , the 

Government of Ba loch is tan has cons t ruc ted flood d ive rs ion s t ruc tu res 

to d ive r t f lood- f lows up to about 30 cumecs to 60 cumecs into 

excava ted i r r i ga t ion c h a n n e l s . There are eight ex i s t i ng d ispers ion 

s t r u c t u r e s in the upper catchment area (Ba loch is tan P r o v i n c e ) . 

Bas in i r r iga t ion is be ing p r a c t i s e d in the Pachad area ly ing between 

the toe of the h i l ls and Dajal B r a n c h . The total cu l tu rab le haqooq 

area between the footh i l ls and Dajal B ranch is 36,258 hectares (89,580 

a c r e s ) , but p resen t l y i r r i ga t i on is be ing prac t ised on about 2,900 

ha (7,160 a c r e s ) . Flood water is d i ve r ted into var ious b ranches 

and Wahs with the help of ear then d ivers ion bunds which genera l ly 

get damaged d u r i n g f loods with the resul t that a major par t of 



f lood waters reaches the Dajal B ranch u n - u s e d and at tacks the 

r igh t canal bank in the reach RD 70+000 to RD 177+000. To pass 

f lood f lows, s ix h i l l t o r ren t c ross ings with an aggregate capaci ty 

of 728 cumecs (25,700 c f s ) have been p rov ided along Dajal B r a n c h . 

Flood flows exceed ing the capac i t ies of the hi l l tor rent c ross ing 

have breached Dajal B r a n c h at var ious places caus ing ser ious damage 

to the canal s ys tem, c r o p s , and proper ty in 1 973, 1 975, 1 976, 1 988 

and 1989. 

2.7 D A T A C O L L E C T I O N 

2.7.1 General 

Comprehensive and re l iab le data prov ides the ideal bas is for p roper 

p lann ing and in teg ra ted management of h i l l t o r ren ts f lows. For 

rea l is t ic p l a n n i n g , the f i r s t p r e - r e q u i s i t e is to col lect all avai lable 

data and make a p re l im ina ry rev iew and analys is to have some 

rough estimate of des ign parameters . However , sometimes the data 

are l imited or non -ex i s ten t and limitation of time does not permit 

the observat ion of r e q u i s i t e data for an ideal s tudy and ana lys is . 

Su rvey maps, aer ia l p h o t o g r a p h s , satel l i te imagery , hydrometeoro-

logical and sediment load of f lood f lows, p rev ious repor ts and 

p roposa ls , e x i s t i n g f lood protect ion fac i l i t ies , and h is tor ie f lood 

losses may great ly help in the formulat ion of an effect ive f lood 

contro l p l an . In view of the socio-economic nature of the Pro ject , it 

was p lanned to in te rv iew the author i t ies of the local government , 

the c i v i l admin i s t ra t i on , po l i t ica l agent , and the concerned personnel 

of the I r r igat ion and Power Department at L a h o r e , Mu i tan , D . G . K h a n 

and K o h l u . Given below is the br ie f descr ip t ion of data co l lec t ion , 

in terv iews . 

2 .7 .2 Prec ip i ta t ion Records 

Within and a round the Kaha catchment area of 5 ; 720 sq .km (2,208 

sq .m i l es ) , there are 19 ra ingauge si tes in and around the whole 

catchment a rea , where p rec ip i ta t ion records have been observed 



from time to t ime. Of these, 11 s ta t ions are located inside the 

catchment a rea , whi le remain ing l ie in the c lose v ic in i ty of the 

a rea . The data from these stat ions are mostly in the form of dai ly 

p rec ip i t a t i on . The catchment area is so b i g that ra in fa l l genera l ly 

does not fal l on the whole area at the same time. Avai lable p r e c i p i 

tat ion records are shown on T a b l e - 2 . 1 ; 

2 .7 .3 Sur face R u n - O f f Reco rds . ^ 

Flood flows reco rd of Kaha Hi l l T o r r e n t at the Da r rah are avai lable \ 

for the years 1958-1964 and 1975-1989 in the form of stage above a 

benchmark l eve l . Pe renn ia l d ischarge is about one cumec (Ka lapan i ) . 

There is no d i rect out fa l l into the Indus R i v e r . Flood flow reach 

the r igh t bank of Dajal B r a n c h Cana l in reach R D 70 to RD 170 

and crosses the canal command area t h rough s ix dra inage c r o s s i n g s . 

Est imated average annual r un -o f f is 41 ,530 ha .m ( 336,400 a c r e - f e e O . 

Avai lable d ischarge data of Kaha Hil l To r ren t i s : 

Ava i lab le Data with Per iod 

1-

2-

Name of Stat ions Monthly Dai ly Hourly 

Dar rah - 1/61 - 5/64 1/61 - 5/64 

- 4/75 - 12/81 4/75 - 12 /81 , 
7/89 - 8.89 

Dajal B ranch 
C r o s s i n g s - 7/78 - 9/78 7/78 - 9/78 

- 2/79 - 9/79 2/79 - 9/79 

- 7/80 - 8/80 7/80 - 8/80, 
7.89 - 9/89 

2 .7 .4 Prev ious Repor ts & Plans 

A number of repor ts have been wr i t ten for management of D . G . K h a n 

Hill T o r r e n t s . Some of the repor ts are general and cover the 

ent i re pro ject , while o thers are for spec i f i c hi l l to r rents or special 

problem areas . Most of the f lood management plans presented have 



TA13LE - 2.1 

P R E C I P I T A T I O N R E C O R D & D U R A T I O N 

Available Data with Period 
Name of S ta t ions Month ly Dai ly Hoür l y 

1- B a r k h a n 1/53 - 12/66 1/53 - 12/55 -
1/60 - 1 2/66 -

4 / 7 5 N 4/82 4/75 - 4/82 7/82 -

2- Rakn i 1/61 r 1 2/63 1/61 - 1 2/63 7/82 -

3- Chacha 1 /61 
\ 

4/67 1/61 - 4/67 -
4- V i t a k r i 1/61 - 5/64 1/61 - 5/64 

5- Ziarat S h e r u 1/61 - 12/54 1/61 - 1 2/46 

1/76 - 5/82 1/76 - 5/82 -
6- Chha jar 4 /75 - 5/32 4/75 - 5/82 -
7- Mat 3/75 - 5/82 3/75 - 5/82 -
8- Jam A l i 1 /65 - 1 2/66 1/65 - 12/66 -
9- Muran j 1 / 54 - 1 2/57 1/54 - 1 2/57 -

1/61 - 12/67 1/61 - 12/67 -
1 /77 - 1/82 1/77 - 1 /02 7/82 -

10- Bewu l l d 4 /75 - 5/82 4/75 - 5/82 -
11- R a r k a n 1 /61 - 3/63 1/61 - 3/63 -
12- Chacha r 3/75 - 5/82 3/75 - 5/82 -
13- Nabi L a h r i 1/61 - 1 2/64 1/61 - 12/64 -
14- Ka l khas 5/52 - 12/57 5/52 - 12/57 -

1/61 - 1 2/64 1/61 - 1 2/64 -
15- For t M inro 1/47 - 1 2/72 1/47 - 12/72 -

8/75 - 5/82 8/75 - 5/82 -
16- Mehal 3/75 - 5/82 3/75 - 5/82 -
17- Mard B u n 7/59 - 1 2/68 7/59 - 1 2/68 -

4/75 - 5/82 4/75 - 5/82 -
1 8- H inglum 1 /54 - 3/59 1 /54 - 3/59 -
19- Koh lu 1/63 - 3/74 1 /63 3/74 1/63 -

9 /82 

9/82 

9/82 

3/74 



been p repa red wi thout due cons iderat ion to flood f requency ana lys is 

and flood management p lans have not been corre la ted with theoret ical 

r e tu rn per iods of e v e n t s . In some cases other poss ib le a l te rnat ives 

have not been c o n s i d e r e d . These r e p o r t s , however , p r o v i d e very 

usefu l bas ic d a t a , wh ich has been ex tens ive ly used for the 

prepara t ion of th is r e p o r t . Given below is the l ist of p rev ious 

repor ts and p lans of Kaha Hi l l T o r r e n t . These were col lected from 

var ious o f f i ces : 

k 
i- Ha r rand Dam Scheme by R . B . Kanwar S a i n ; 

i i - Scheme for c o n s t r u c t i n g Gandas at Boot Hawa Wali near 

N a u s h e r a ; 

i i i - Scheme for c o n s t r u c t i n g Gandas in L u g h a r i Wah at T i b b i 

S o l g i ; 

i v - Scheme for r e g u l a t i n g f lood water of Kaha Hi l l To r ren t in 

D . G . K h a n D i s t r i c t ; 

v - P re l im ina ry Note by M r . G . E . M e a d on Kaha Hi l l T o r r e n t ; 

v i - D i scha rge Tab le and c ross -sec t ion of Kaha at Dar rah s i t e ; 

v i i - Repor t on damages caused by Kaha Hi l l To r ren t by Execu t i ve 

Eng ineer Ra janpur D i v i s i o n ; 

v i i i - Plan of Kaha Hi l l T o r r e n t ; 

i x - H y d r o g r a p h of K a h a Hill to r rent for the year 1975-1979; 

x - P laneTab le s u r v e y of Kaha Hi l l To r ren t ; 

x i - Plan showing rou tes of Hil l Tor ren ts c r o s s i n g RD 79+500, 

RD 95+280. R D 115+760 and R D 1 23+650 

x i i - Con tour Plan of K a h a 8 ki lometer upstream of Dajal B r a n c h ; 

x i i i - P lan of Kaha D i s t r i b u t o r showing crest shape ogee. 

x i v - Report on Ha rness i ng of Hil l Tor rents and Development of 

Pachad A r e a by M r . Rahmani. 

x v - Flood f i gh t i ng p lan for D . G . K h a n Canal Div is ion and Rajanpur 

Canal D i v i s i on for the year 1 978, 1 979 and 1 980. 

x v i - Report on Hi l l T o r r e n t s of D . G . K h a n by M r . P . C I e x t o n . 

x v i i - P lann ing and D e s i g n Report (Four Volumes) of D . G . K h a n 

Hil l T o r r e n t s , b y N E S P A K . 



M E E T I N G S AND F IELD V I S I T S 

N E S P A K e x p e r t s held d i scuss ions with the fo l lowing of f ic ia ls of 

var ious depar tments to e l ic i t the i r views about the Pro jec t . 

Federa l M in i s t r y of Water and Power 

i- Federa l M in is te r , Water & Power , Government of P a k i s t a n . 

i i - Ch ie f E n g i n e e r i n g A d v i s e r / C h a i r m a n Federa l Flood 

Commiss ion , Government of P a k i s t a n . 

i i i - Ch ie f Eng ineer (F loods) F F C , Government of P a k i s t a n . 

I r r igat ion & Power Department Government of Punjab 

i- S e c r e t a r y , I r r iga t ion & Power Depar tment . 

i i - Ch ie f Eng ineer (Dra inage & F lood) . 

i i i - Ch ie f Eng ineer (Mui tan Zone ) . 

i v - Supe r i n tend ing Eng ineer (Derajat C i r c l e ) . 

v - D i rec to r ( F l o o d s ) . 

v i - Execu t i ve Eng ineer ( D . G . K h a n D i v i s i o n ) . 

v i i - Execu t i ve Eng ineer (Ra janpur D i v i s i o n ) . 

I r r igat ion & Power Department Government of Ba loch is tan 

i- Supe r i n t end ing Eng inee r (Lora la i C i r c le ) 

i i - Execu t i ve Eng ineer (Koh lu D i v i s i o n ) . 

A mu l t i - d i s c i p l i na r y p lann ing team of N E S P A K v is i ted the area and 

c a r r i e d out ins i tu s tud ies for the ex i s t i ng s t r u c t u r e s . The team 

held meetings with o f f i ce r s /au tho r i t i es of d i f ferent depar tments/ 

o rgan i za t i ons . The pu rpose of t h i s vis it was to col lect addit ional 

data and conduct f ie ld inves t iga t ions and s u r v e y s in var ious 

d isc ip l ines of the s tudy in consu l ta t ion with concerned depar tments . 



S E C T I O N - 3 

F L O O D P R O B L E M IN P E R S P E C T I V E 

,3.1 N A T U R E AND S E V E R I T Y OF FLOODS 

Flood problems in the area are on account of f lashy flows resuf t ing 

from excess ive ra in fa l l on the bar ren hi l ly catchment areas of Kaha 

Hi l l To r ren t with l i t t le abso rp t i on . Flood f lows from denuded h i l l 

to r ren ts move wi th steep grad ients resu l t i ng in h igh veloci t ies 

associated with cons ide rab le soil e ros ion. About 12 percent of the 

catchment area l ies above 1,830 metres (6,000 f t ) above mean sea 

level (ms l ) , while 60 percent l ies between 1,830m to 915m (6,000 ft 

to 3,000 ft) and the r e m a i n i n g , below 91 5m. Of the total catchment 

a rea , 22 percent l ies in D . G . K h a n and Rajanpur d is t r i c ts and 

remaining 78 pe rcen t in Ba loch is tan . Kaha Hil l To r ren t b r i n g s 

down f lashy f lows c h a r g e d with high si l t content depending upon 

the in tensi ty of ra in fa l l and the condit ion of the soil cover complex 

at the time of r a i n f a l l . For the years 1 958 to 1 989 and 1975 to 

1939, total r un -o f f for each year and maximum peak data are 

ava i lab le . 

The dar rah of the t o r ren t is about 45 km (28 miles) west of Dajal 

B ranch (Pho to -3 .1 ) . The Pachad area l y ing between the toe of 

hi l ls and the canal is v e r y fer t i le where basin i r r igat ion is be ing 

Photo - 3.1 
Panoromic View of Kaha Darrah 
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prac t i sed on a par t of the a rea . The cu l tu rab le Pachad area 

(haqooq) is about 36,253 ha (89,580 a c r e s ) . The tor rent has also 

perennia l supp ly 'Ka la P a n i ' of about one cumec at dar rah wh ich is 

be ing used for i r r i ga t ion acco rd ing to w a t e r - r i g h t s . The tor rent 

after emerging from the h i l l s fans out l ike most of other major h i l l 

to r rents of the a r e a , but re jo ins again near Bast i Mir Mohammad 

and flows down as one channe l upto v i l lage T ibb i So lg i , wh ich is 

s i tuated about 35 km (22 miles) downstream of the darrah-y, At th is 

s i te , the tor rent sp l i t s up into three main b ranches . The left s ide 

channel cal led Main Legha r i Wah, a'non-haqooq channel,has been c losed 

at the head by c o n s t r u c t i n g a bund known as Leghar i Ganda . The 

r igh t side b ranch is ca l led Ghawaz Wah and has a r ight to draw 

one- th i rd of the f lood- f lows reach ing th is s i te . The remain ing 

two- th i rd of water f lows th rough the cen t ra l b ranch for f u r the r 

d is t r ibu t ion between S h a k h Shumali and Janub i . A l l the th ree 

branches are fu r ther s u b - d i v i d e d as they move towards Dajal B r a n c h , 

(Exh ib i t 3 . 1 ) . Or ig ina l l y these channels extended almost upto the 

Indus R i v e r , but have been la rge ly b locked by the const ruc t ion of 

D . G . K h a n Canal System in 1958. The spread ing area for f lood 

flows has also cons ide rab ly reduced after the const ruc t ion of D . G 

Khan Canaf sys tem. Flood f lows from the main channels sp read 

both in t r ansve rse and long i tud ina l d i rec t i ons , because of b i la tera l 

slopes and hit the canal in an unpred ic tab le manner, genera l l y 

away from the hi l l t o r ren t c r o s s i n g s . Kaha hi l l tor rent flows approach 

Dajal B ranch between R D 70 to RD 170 and cross the canal t h rough 

s ix (6) hi l l t o r ren t c r o s s i n g s with an aggregate capaci ty of 728 

cumecs ( 25,700 c fs ) as deta i led below: 

S r . Dajal B r a n c h Capaci ty 
No. RD Cumecs (c fs) 

1 . 79 + 500 283 10,000 

2. 95 + 280 20 700 

3. 109 + 770 28 1 ,000 

4. 123 + 650 112 5,000 

5. 1 '45 + 760 198 7,000 

6. 165 + 760 57 2,000 

728 25,700 



The total haqooq area l y i ng between the dar rah and the Dajal 

B ranch system is about 36,250 ha (89,580 a c r e s ) , which has the 

water r ight as per the Cana l Ac t of 1 905. Du r i ng normal f low, the 

area is i r r iga ted by u t i l i z i n g f lows of var ious wahs. Dur ing h igh 

f lows, there are numerous breaches in the earthen bunds cons t ruc ted 

by the cu l t i va to rs and water gushes to DG Khan Canal System wi th 

h igh ve loc i ty . T h e r e is genera l ly a ponding ef fect , because the 

agoregate c r o s s - d r a i n a g e capac i t y is less than^ the flow reach ing 

the cana l . High ve loc i t ies below da r rah sometimes resul t in channel 

erosion and a major por t ion of f lows s tar t concent ra t ing in one 

channe l , thus d e p r i v i n g the other channels of a share of the f low. 

This tendency of concen t ra ted flow in one channel has been obse rved 

to be one of the major causes of breaches in the cana ls . The 

water from the b reach is supplemented by the flows th rough the 

hi l l tor rent c ross ings and the combinsd water moves in the canal 

commanded area with no natura l or man-made drainage channels 

leading to the Indus R i v e r . As the f lood flows moves towards the 

west in the d i rect ion of Indus R i v e r , genera l ly the r iver is also in 

high flood du r i ng th is p e r i o d . Th i s resu l ts in holding up the 

flood flow of the hi l l t o r r e n t . Th is has resu l ted in the development 

of a natura l dra inage l ine in the south-west d i rect ion at a d is tance 

of about 7 to 13 km from the r i v e r . The r i ve r bank is cons ide rab ly 

h igher than th is d ra inage c h a n n e l , which makes the hi l l to r ren t 

flow move towards sou th -wes t t i l l it f inds its way into the Indus. . 

The system of Pachad format ion was ve ry act ive and dynamic 

Equi l ib r ium condi t ions had not been attained when DG Khan Canal 

System was in t roduced to in tercept qui te a percentage of the 

west-east flow path of the hi l l t o r r en t . Th is man-made ba r r i e r has 

resu l ted into an ent i re ly new flow regimen of the hi l l t o r ren t . 

3.2 SPECIF IC F L O O D P R O B L E M S 

The flood flows largely exceed ing the capaci ty of thé h i l l to r rent 

c r o s s i n g s , b reached Dajal B r a n c h at var ious places and caused 



ser ious damage to the cana l sys tem, crops and p roper t y in addit ion 

to loss of human life d u r i n g 1973, 1975, 1976, 1977, 1978, 1979, 

1988 and 1989. Tab le 3.1 g i ves the number of breaches in DG 

Khan Canal System d u r i n g the major f loods s ince 1967. Since 

there is no t r a n s - c h a n n e l to the Indus R i v e r , the f lood waters 

accumulate along the b a n k s of channels and depress ions in the 

canal command area t he reby agg rava t i ng the problem of water - logg ing 

and sa l i n i t y . The re is no p roper d ispers ion s t r uc tu re at any of 

the d is t r ibu t ion site and small d i ve rs ion bunds cons t ruc ted for th is 

pu rpose are f requen t l y damaged, resu l t i ng in unequal d i s t r i bu t i on . 

For ef fect ive f lood management, p roper d is t r ibu t ion s t ruc tu res and 

t ra in ing works are r e q u i r e d . 

3.3 P A S T FLOOD E V E N T S 

In the Pachad area bas in i r r i ga t i on by hi l l to r rents has been prac t i sed 

s ince cen tu r i es . The f ie lds are even ly ter raced and b u n d e d , so as 

to store about one meter depth of water . In the pas t , the basin 

i r r i ga t i on was very e f fec t i ve and used to i r r iga te an area of about 

0.28 mil l ion ha (0.68 mi l l ion a c r e s ) . A substant ia l amount of f lood 

water was, t h u s , u t i l i zed in bas in i r r i ga t i on . Due to changes in 

the socio-economic cond i t i ons d u r i n g the past th ree decades, the 

system has g radua l l y d e t e r i o r a t e d , and reduced the i r r iga t ion to 

less than 0.04 mil l ion ha (0.10 mil l ion a c r e s ) . At present even the 

normal f lood flows are not e f fec t ive ly contro l led for i r r iga t ion and 

f low th rough to cause damage to canal i r r iga ted areas, left of the 

DG Khan Canal and Dajal B r a n c h . DG Khan Canal and Dajal B ranch 

cons t ruc ted d u r i n g the s i x t i es and runn ing almost paral le l to the 

mountain r ange , se rve as the f i r s t l ine of defence against the flood 

f lows from hi l l t o r r e n t s . A f te r the const ruc t ion of C R B C and Dajal 

B r a n c h ex tens ion , these canals wil l also face the b run t of f lood 

f lows from other hi l l t o r ren t s of Suleman Range. 

A f te r a long d r y s p e l l , heavy ra ins were exper ienced in 1967 du r i ng 

the cons t ruc t ion stage of Dajal B ranch Cana l . The heavy ra ins in 

1967 and in the sevent ies caused abnormal f loods and resu l ted in 

colossal d3mages in the i r r i ga ted a rea . Major f lood events since 

1967 are b r ie f l y desc r i bed in the succeed ing pa rag raphs . 



TABLE -3.1 

LIST OF BREACHES TO DG KHAN CANAL SYSTEM 

Year Main Canals and 
Distributaries 

No. of 
Breaches 

Reach RDs 

1967 

1973 

DG Khan Canal 

Dajal Branch 

Distributaries 

DG Khan Canal 

Dajal Branch 

Distributaries 

317, 325 

1975 DG Khan Canal 

Dajal Branch 

Distributaries 

14, 15, 18 & 19 

1976 DG Khan Canal 

Dajal Branch 

Distributaries 

7 

3 

3 

1978 

1986 

1989 

DG Khan Canal 

Dajal Branch 

Distributaries 

D.G. Khan Canal 

Dajal Branch 

Distributaries 

D.G. Khan Canal 

Dajal Branch 

Distributaries 

2 

40 

204 

229 

4 

322, 323, 

R 15 and 16 

L 20 and 21 



3.3.1 1967 Flood 

The e x t r a o r d i n a r y heavy ra ins du r i ng March 1967 in the catchment 

areas caused unp receden ted f low in the Mithawan, K a h a , C h a c h a r , 

Pitok and Sor i Hi l l T o r r e n t s . The Kaha Hil l To r ren t approaches 

Dajal B ranch in s ix b ranchés and crosses the canal th rough hi l l 

to r rent c r o s s i n g s at RD 79+500, RD 95+230, RD 109+760, RD 1 23+350, 

RD 145+7G0 and RD 165+970. \ 

Du r ing March 1967 a peak d ischarge of about 391 cumecs (13,800 

c fs ) s t r uck Dajal B r a n c h at RD 79+500, where hi l l to r rent c ross ing 

was under c o n s t r u c t i o n . S t r u c t u r e site was enclosed by a temporary 

protect ion b u n d and f low was by -passed through a temporary 

d i ve r s i on . Due to concen t ra t ion of f lood flows on the upstream of 

the r i ng bund the r i g h t bank of Dajal Branch breached at two 

places and f lood water en te red the cana l . To dispose it off th rough 

its or ig ina l c o u r s e , the le f t bank at RD 78+300 was c u t . The f lood 

f lows after escap ing t h r o u g h the left bank of the canal hit Fateh 

D is t r i bu ta ry between R D 12-20 (Tai l ) and breached i t . Tayyab 

D is t r i bu ta ry was then b reached between RD 12-15. A par t of flow 

c rossed Tayyab D i s t r i b u t a r y t h rough Khato Syphon at RD 25 and 

s t ruck Da rkhas t D i s t r i b u t a r y . However, the major por t ion was 

d iver ted along the r i g h t bank of Tayyab D is t r i bu ta ry from RD 

25-41 (Ta i l ) and L e g h a r i F lood B u n d , which ult imately hit Dajal 

D i s t r i bu ta ry in its tail r e a c h R D 28-33 and washed off its banks 

from RD 30-33. The Kaha f lood water joined the flow of Mithawan 

a n d c o m b i n e d waters c r o s s e d Dajal -Jampur road between 11 km and 

16 km and then accumulated on the r ight side of Darkhas t 

D is t r i bu ta ry and Dh ingana Flood Bund which could not wi thstand 

its p ressu re and b r e a c h e d . The f lood flows enroute also breached 

the left bank of F i rdous D i s t r i b u t a r y from RD 38-47 ( T a i l ) . The 

r igh t bank was p ro tec ted by making strenous e f fo r ts . The flood 

water of Kaha Hil l T o r r e n t also passed th rough the Hill Tor ren t 

C ross ing at RD 95+200 of Dajal B ranch which remained under flow 

for about f ive days . T h i s water breached Dajal D i s t r i bu ta r y between 

RD 4 to R D 5. 



The f lood flows of Kaha Hi l l To r ren t also star ted accumulat ing in 

reach RD 100 to RD 102 of Dajal B r a n c h , where it is in a h igh f i l l . 

The water level rose to R L 102.3 against bank R L 404.5 . A cut 

was made at RD 101 of Dajal B ranch to re l ieve the s i tua t ion . 

C r o s s - b u n d s had been cons t ruc ted in Dajal B r a nch for the safe 

passage of f lood water . The magnitude of flow in the reach was 

so great that it resu l ted in two breaches in Dajal B r a n c h which 

washed away the c r o s s - b u n d s . This; caused deposi t ion of s lush in 

the bed of Dajal B r a n c h in the reach RD 101-102. The f lood water 

b reached the left bank of Dajal Branch^ between RD 97-101 at several 

p laces . The flood f lows escap ing Dajal B ranch breached Kausar 

and F i rdous D is t r ibu ta r ies at a number of places between R D s 0-10. 

The f lood water after b r e a c h i n g these d is t r ibu ta r ies joined flood 

flows coming from the s t r u c t u r e at RD 79+500 Dajal B r a n c h . The 

flow of Kaha Hil l T o r r e n t also c rossed Dajal B ranch th rough hi l l 

to r rent c r o s s i n g RD 109+760 and breached Kausar D is t r i bu ta ry at 

severa l places between R D s 15-25. . A par t of water of Kaha Hil l 

To r ren t moving from no r th to south along r i gh t bank of Dajal 

B r a n c h , eroded it se r ious l y in the reach RD 114-120, breached 

both the banks at R D 120, and s i l ted its excavated bed between 

RD 119-120. A d i ve rs ion for f lood waters had been p rov ided at 

RD 123 to pass the f lood water by cons t ruc t ing c r o s s - b u n d s in 

Dajal B r a n c h at RD 1 23-1 25. A peak d ischarge of over 280 cumecs 

(10,000 c fs ) passed t h rough the d ivers ion and the c r o s s - b u n d s 

were washed away. T h i s caused severe s i l t ing in the canal in 

reach R D 120-130, where the work of excavat ion was in p rocess . 

The canal also breached on the left side at RD 127. 

At RD 145+750 of Dajal B r a n c h , another hil l tor rent c ross ing was 

also under cons t ruc t ion to pass f lood flows of Kaha Hil l T o r r e n t . 

The cons t ruc t ion pit was enclosed by a temporary flood protect ion 

bund and a temporary d i ve r s i on was made upstream of h i l l torrent 

c r o s s i n g to safely pass f lood f l ows ; but the d ivers ion bund was 

breached and the foundat ion pit was f looded. S lush was deposi ted 



in the pi t and in the excava ted bed of Dajal B ranch between RD 

142-147. The left bank of Dajal B ranch also breached between RD 

1 39-1 40. The f lood water of Kaha Hil l To r ren t coming out from a 

cut at R D 166 of Dajal B r a n c h en te red Abe-Haya t D is t r ibu tary and 

ove r - t opped its tail r e a c h . One component of this water also t rave l led 

towards Haj ipur D i s t r i b u t a r y caus ing a number of breaches in the 

d i s t r i b u t a r y and its minors and s i l ted i ts excavated bed . Before 

^ the onset of the 1967 f l o o d , on ly the left bank of Dajal Branch had 

been cons t ruc ted between RD 160-190 and a pi lot channel had been 

\ excavated to lead water f rom hi l l to r ren t c r o s s i n g . Flood water 

entered the pi lot channe l resu l t i ng in deposi t ion of half meter to 

one meter of s l ush and innumerable breaches on the left bank . 

3 .3 .2 1973 Flood 

There were heavy ra ins on Suleiman Range du r i ng July and Augus t 

1973. On Ju ly 1 7, 1973 the f lood f lows in Kaha breached the 

ear then bund bui l t on i ts main b ranch for d is t r ibu t ion of f lood 

water for bas in i r r i g a t i o n . Concent ra ted d i scharge f lowing in the 

main stream hit the Dajal B r a n c h in the reach R D 110-132. Outf lows 

th rough hi l l t o r ren t c r o s s i n g at RD 123+650 were about 19 cumecs 

(6,700 c f s ) , bu t excess i ve inf lows resu l ted in 148 breaches in the 

r igh t and left banks f rom R D 115-114. The f lood water emerging 

th rough the breaches damaged the Nausheh ra , Zamzam, Islam and 

Abe-Hayat d i s t r i b u t a r i e s . Af ter f o rc ing its way through the 

abandoned Nur Dhund i Cana l ( N D C ) , the f lood water ponded up 

against the Dhundi Ku tab Cana l ( D K C ) . Due to heading up of 

water , the r igh t bank of D K C breached at severa l places but the 

left bank remained intact and water was dra ined off th rough its 

o f f takes . 

3 .3 .3 1975 Flood 

Du r i ng J u l y , A u g u s t and September 1 975, h i l l to r ren ts of DG Khan 

Dis t r ic t exper ienced severe f loods which caused colossal damage to 

cana ls , c r o p s and other p r i va te and pub l ic p rope r t i es . 



On Ju ly 1 5, 1 975, the to r ren t was in f lood and f lood water s tar ted 

f lowing th rough the h i l l t o r ren t c ross i ngs at RD 79+500. A peak 

d ischarge of over 250 cumecs (8,000 c fs ) escaped th rough it for 

about three h o u r s . Af ter c r o s s i n g the cana l , the f lood water 

entered Patt i Machh i , Izmatwala and Darkhas t Jamal Khan v i l lages 

and f lowed towards Da rkhas t D i s t r i b u t a r y and Dh ingana Flood B u n d . 

Substant ia l h igh f lows on a b r a n c h of Kaha approached the hil l 

to r ren t c ross ing at R D 95+230 Dajal B r a n c h , which exceeded the 

des igned capaci ty of on ly 20 cumecs (700 c f s ) . Floodwater ponded 

beh ind the r i g h t bank to a water level of 123.1m (403.90 f t ) which 

exceeded the des igned water level of 1 22m (400 f t ) . The excess ive 

flow accumulated along r i g h t bank of Dajal B ra nch from RD 96-101 

and breached both the r i gh t and left banks of the cana l . The 

flow then moved towards the eas t , joined f lood f lows from the hil l 

to r rent c ross ing RD 79+500 and headed up along Darkhas t D i s t r i 

b u t a r y . Two causeways and a number of cu l ve r t s in the Jampur-

Dajal Road were i n s u f f i c i ë n t , which resu l ted in damage to the róad 

near Darkhast D i s t r i b u t a r y . Flood f lows rushed towards south and 

accumulated on the r i gh t s ide of Darkhas t D i s t r i bu ta r y from RD 

39-54 and Dhingana Flood B u n d RD 0-28. On July 1 8, 1975, the 

pond ing up of f lood water along Dh ingana Flood Bund reached 

maximum level and b reached it at RD 15. The b reach developed to 

a width of 113m (370 f t ) . The d i scha rge escap ing th rough this 

b reach f i l led the pocket between Dh ingana Flood B u n d , Darkhast 

D i s t r i bu ta r y and Islam Mino r . A f te r c r o s s i n g Islam Minor the water 

reached the J a m p u r - F a z i l p u r Road and f lowed along its r igh t s ide . 

Cuts were made in Mohammadpur Minor between R D 11-13 to pass 

the water towards east and to save the r o a d , but the drainage 

cu l ve r t s in the road at 61 to 63 km were not su f f i c iën t to cater for 

such heavy f lood d i s c h a r g e . The road breached on July 19, 1975 

and water c rossed Mohammadpur Minor th rough the cu t s . The 

cuts in Mohammadpur Minor d id not develop and substant ia l d ischarge 

f lowed onto the south along west s ide of the road and over - topped 



at 64 km. Then it f lowed on both sides of the road beyond 

Mohammadpur T o w n . F i n a l l y , th is water f lowed towards abandoned 

Nur Dhund i Canal ( N D C ) and accumulated in Hamunwala d e p r e s s i o n . 

Du r i ng Augus t 1 975, there were more high ra ins in the catchment 

a rea . The major par t of f lood flows rushed th rough the main 

channel and approached the hi l l to r rent c ross ings at RD 79+500. 

On 14th Augus t 1 975, a peak d ischarge of over 481 cumecs (17,000 

c fs ) passed th rough the hi l l to r rent c ross ing against a des igned 

capaci ty of 283 cumecs (10,000 c f s ) . The excess ive flow resu l ted 

in a number of b reaches on the r i gh t bank between R D 74-85. 

The flow en te r ing the canal over - topped the left bank at many 

places between R D 71-86 and caused numerous b r e a c h e s . The 

total flow pass ing t h r o u g h all the breaches and hi l l to r rent c r o s s i n g s 

was rough l y assessed to be about 1,700 cumecs (60,000 c f s ) . 

Af ter c r o s s i n g Dajal B r a n c h , the flood water adopted the same 

route as fol lowed b y f lood f lows du r i ng July 1975. It b reached all 

channe ls p rev ious ly damaged in Ju ly 1 975 and caused excess ive 

damage to Fa teh , T a y y a b , Lower Manka Dis t r ibu tar ies and Razi 

M inor . Oh its way it ove r - topped Rasu lpu r S u b - M i n o r and 

accumulated in the pocket s u r r o u n d e d by abandoned Sohan B r a n c h , 

L ink No.III and Jampur -Da ja l Road up to Khanpur D i s t r i b u t a r y . 

Reliëf cu ts were made in o ld Sohan Branch up to its tai l R D 8+800. 

The water re leased t h r o u g h these cuts t ravel led towards south along 

the Jampur -Ra janpur Road and accumulated along o ld Islam B r a n c h , 

Mohammadpur Minor , and Kamber Shah S u b - M i n o r . Two re l ië f cu ts 

were made, one in Kamber Shah Sub-Minor and the other in 

abandoned Islam B r a n c h . Flows escaping th rough these cu ts o v e r -

topped Kamber Shah S u b - M i n o r from RD 9-32 and joined the f lood 

water f lowing towards Hamunwala L a k e . 

On September 03 , 1 975, f lood water of Kaha Hill Tor rent again 

reached hi l l tor rent c r o s s i n g RD 79+500. A substant ia l flow en te red 

Dajal B ranch th rough b reaches in the r igh t bank and washed away 



c losure bunds at b reaches between RD 77-83 and between RD 96-97 

on the left bank . Aga in on 9th September, the f lood f lows of a 

h igh magnitude passed t h rough hi l l torrent c ross ing at RD 79+500 

and caused breaches between RD 76-78 in r ight and left banks of 

Dajal B r a n c h . 

3.3.4 1976 Flood 

Du r i ng the f i rs t week of September 1 976, flood flows of Kaha Hi l l 

Tor rent at tacked the r i g h t bank of Dajal Branch between RD 77 to 

RD 100 and caused a number of breaches in this r each . The f lood 

flows escap ing t h rough breaches and the hil l t o r ren t c ross ings 

damaged d i s t r i bu ta r i es and moved down to Dhingana Flood B u n d 

after c ross ing Jampur -Da ja l Road . F inal ly the f lood water f lowed 

down to Dhund i Ku tab C a n a l , and after b reach ing its banks 

accumulated in Hamunwala Dep ress ion . 

3 .3 .5 1977 Flood . 

Kaha Hil l To r ren t e x p e r i e n c e d f i r s t f lood dur ing ear ly June 1 977. 

A maximum d ischarge of 142 cumecs (5,000 c fs) passed th rough the 

hi l l tor rent c ross ing R D 79+500 of Dajal B r a n c h . There were no 

ser ious damages except three breaches in the banks of Suleiman 

D i s t r i b u t a r y . 

Aga in on June 27, 1 977 the f loodf lows hit the Dajal B r a n c h and the 

f lood water pass ing t h r o u g h the hi l l to r rent c ross ings RD 145+760 

and RD 1 65+760 b r e a c h e d Islampur D is t r ibu ta ry and Abe -Haya t 

D is t r i bu ta ry and joined the f lood flows escaping th rough hi l l tor rent 

c ross ings at RD 95+280, RD 1 09+770 and RD 1 23+650. The combined 

f lood water moved down and headed up along the left bank of 

Zamzam D i s t r i bu ta r y in i ts tail reach and damaged its b a n k s . 

The rea f te r , it f lowed f u r t h e r down after c ross ing abandoned Nur 

Dhund i Canal t h rough a cut at RD 165, attacked Dund i Kutab 

Canal and breached i ts r i gh t bank between RD 93-94 and 94-95. 

The th i rd f reshet was reco rded du r i ng last week of July 1 976, 
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when a peak d i scha rge of about 210 cumecs (7,445 c fs ) passed 

th rough the h i l l t o r ren t c ross ing RD 79+500. The f lood water 

while moving down caused many breaches in Dh ingana Flood B u n d . 

3 .3 .6 1978 Flood 

DG Khan area t rad i t iona l l y su f fe rs damages from two elements of 

na tu re v i z ; R i v e r Indus from 'its eastern s ide and hi l l tor rents 

o r ig ina t ing f rom Sule iman Range from the western s ide . Du r i ng 

the yea r 1978, the ra in fa l l on Suleiman Range was unp receden ted , 

which resu l ted in abnormal ly h igh f loods on some of the hi l l t o r ren ts . 

Kaha Hil l To r ren t was in h igh f lood on Ju ly 0 5 , 1978 with a peak 

of about 2,266, cumecs (80,000 c f s ) . Dajal B r a n c h breached at 

about 45 p laces from R D 100 to RD 168. Flood f lows passed through 

these breaches as well as th rough the h i l l to r ren t c r o s s i n g s . The 

flow en te red Dajal B r a n c h th rough breaches in the r i gh t bank , 

which resu l t ed in b reaches on the left bank at severa l p laces. : 

The f lood f lows also en te red of f tak ing channe ls of Dajal Branch 

caus ing ser ious d a m a g e . A f t e r moving along both the banks and 

th rough bed of the ; damaged d i s t r i b u t a r i e s , the f loodwater 

accumulated in Hamunwala Depress ion . Kaha Hi l l To r ren t was 

f requen t l y in spate up to Augus t 30, 1978. 

The ra i lway t rack was damaged by f lood f lows of Sor i Shumal i , 

C h a c h a r , Kaha and V ido re Hil l T o r r e n t s . The major damage was 

done by Kaha from;- k i lometer 278 to 290 where breaches ranged 

from 15m to 60m in length and two to three meters in d e p t h . 

3 .3 .7 1979 Flood ^ ' ' V » " .j 

i 
D u r i n g the 1979 f l ood , the f i r s t f reshet in Kaha Hi l l To r ren t was 

exper ienced in Ju ly 1979, but due to cons t ruc t i on of Gandas on 



Leghar i Wah, B u t t Havva and Bu t t Paho re , the f loodf low was d ispersed 

wi thout caus ing much damage. Only a medium flow approached 

Dajal B r a n c h which c r o s s e d th rough hi l l to r rent c r o s s i n g s R D 79+500 

and R D 95+280 Dajal B r a n c h , caus ing damage to S u l t a n , Daja l , 

F i r dous D i s t r i bu ta r i es and Tareen Minor . 

Du r i ng the second f r e s h e t , the f lood water in excess of the des igned 

capac i ty (112 cumeès) o f$h i l l to r rent c r o s s i n g at RD423+6501 hit Dajal 

B ranch r e a c h . The, r i g h t bank of the canal was b reached at nine 

places between RD 115—125 and then entered Dajal B r a n c h . The 

excess ive d ischarge e n t e r i n g the canal passed into downstream 

off takes and caused damage to seven d i s t r i b u t a r i e s . The flood 

water escap ing th rough the hi l l to r ren t c ross ings and breaches on 

its way to the Indus R i v e r caused damage to the Dhund i Kutab 

C a n a l . 

The t h i r d f reshe t ; in Kaha Hi l l To r ren t was expe r ienced du r i ng 

Augus t 1979. It caused breaches in both banks of Dajal B r a n c h . 

The f lood water of a subsequen t f reshet entered the canal th rough 

these breaches to damage its left bank and the head regu la tor of 

Sad iq Feede r . F u r t h e r downst ream, the f lood water a t tacked Dhund i 

Kutab C a n a l , wh ich was saved by making a re l ië f cu t in its left 

bank between R D 97 to R D 98. 

3 .3 .3 1985 Flood V~;•_[.',:. ; ' V . ;,. 

D u r i n g the 1 985 Kaha.;Hi l l To r ren t fexpenenced a d i scha rge of 2,260 

cumecs (80,000 c fs ) on 9th Augus t 1986. The f lood f low approached 

the r igh t bank of Dajal B r a n c h in the reach RD 67+000. Bagga 

and Kala Khos ro , ' the two t r ibu ta r ies of Kaha also b rough t about 

700 cumecs (25,000 c fs ) which synch ron i zed with the Kaha Hil l 

To r ren t peak and caused breaches in the Dajal B r a n c h in a width 

rang ing f rom 30m tO;300m. • 
• •1 -iW ! 
' • • - 'V¥. : ; 
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The maximum d ischa rge recorded at Hil l T o r r e n t c r o s s i n g s at RD 

79+500 and R D 95+230 o f ' t he Dajal Branch were 342 cumecs (12,000 

c fs ) and 396 cumecs (14,000 c fs ) against the i r des igned capac i t ies 

of; 28 cumecs (1,000 c fs ) and 85 cumecs (3,000 c f s ) , r e s p e c t i v e l y . 

The f lood water.;,, damaged upstream and downstream f la red wing 

wa l l s . A c ross b reach of 130m ('100 f t ) width o c c u r r e d just upst ream 

of the h i l l t o r ren t c ross jng RDi79+5Q0. The f lood water put p r e s s u r e 

all a long the, r i g h t bank from RD '\QQ to R D 190 and resu l ted in 

455 b reaches in Dajal B ranch at var ious p laces . 

Fu r t he r downs t ream, the flood damaged K a d r a Cana l System and 

va r ious d i s t r i b u t a r i e s 1 in which many rel iëf c u t s were made to ease 

the s i t u a t i o n . 1 / . ' 

3 .3 .9 1989 Flood j 

There was heavy, ra in fa l l in the catchment area of K a h a . F lood f lows , 

a t tacked Dajal B r a n c h o n 5 t h July 1989 f rom RD 100 t o t a i l ' a n d , 

b reached both its banks in the reach RD 103 to RD 123 in d i f fe ren t 

locat ions ( P h o t o - 3 . 2 ) . La te r , it entered the command a r e a ' a n d 

damaged seve ra l o f f takes of Dajal B ranch and the s tand ing c rops 

of the area ( P h o t o - 3 . 3 ) . 

Photo-3.2 



Pho to -3 .3 

A second f reshet hit on 27th Ju l y 1989. It over f lowed Dajal B r a n c h 

at var ious locat ions and d i s rup ted the major par t of the commgnd 

a rea . Flood water af ter pass ing th rough the h i l l to r rent c ross ings 

at R D 109+770, 123+650, 165+760 and from the breaches over topped 

Dund i Kutab Canal and Raj D i s t r i b u t o r y . F ina l l y it was escaped 

into the Indus th rough re l ië f cu ts made in K a d r a C a n a l . 

3 .3 .10 Ecological Imbalance 

In addi t ion to in f l i c t ing heavy loss of l ife and p r o p e r t y , the f loods 

of Kaha also create ecological imbalance in the a r e a . Normal life 

remains d i s r u p t e d for months. The heal th haza rd is created due 

to contaminat ion of d r i n k i n g water . Programmes of immunization to 

human be ings and the l ive s tocks have to be l a u n c h e d . The value 

of p roper t y d rops as a resu l t of insecur i t y and uncer ta in ty created 

by f lood . A s ' a r e s u l t , economie development is hampered ser ious ly . , 
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3.4 E X I S T I N G / P R O P O S E D F L O O D P R O T E C T I O N WORKS 
AND THEIR E V A L U A T I O N 

3.4.1 Genera l 

Fo r the last th ree decades , ef forts have been made to cons t ruc t 

d i f fe rent types of s t r u c t u r e s to e f fec t ive ly manage f loodflows of 

h i l l t o r r e n t s . The ea r t he rn and concrete s t r u c t u r e s cons t ruc ted to 

d i ve r t f loodf lows : have genera l ly fa i led . Recent ly some f lex ib le 

s t r u c t u r e s have been cons t ruc ted us ing gab ions . T h e s e s t ruc tu res 

have had more success in bear ing the b run t of f loodf lows. The 

c u r r e n t l y ex i s t i ng s t r u c t u r e s bui l t in Ba loch is tan and Punjab are 

a s : 

(a) S t r u c t u r e s c o n s t r u c t e d by I r r igat ion & Power Depar tment , 
Government of Ba loch i s t an : 

i - C h u r r i : I r r iga t ion Scheme; 

i i - R a k h n i I r r iga t ion Scheme; 

i i i - Seakle I r r iga t ion Scheme; 

i v - Dubba I r r iga t ion Scheme; 

v - Ca the r i ne I r r iga t ion Scheme; 

v i - : Naharkot and V i t a r k i I r r igat ion Scheme; 

v i i - : ; C h u n g Nu l lah I r r igat ion Scheme; 

v i i i - ' T h a n g u r a n i I r r igat ion Scheme. 

(b) S t r u c t u r e s c o n s t r u c t e d by I r r igat ion & Power Department , 
Government of Pun jab : 

i - Sad A l i f Sala i i 

i i - Mohammad Wah Salaii 

i i i - Hazoori Wah Salai i 

i v - K h a n W a h Salai i 

v - Upper Noor Wah Salaii 

v i - L ink C h a n n e l Salai i 

v i i - . Chatool. C r o s s - S t r u c t u r e ; 

v i ü - Lashar i C r o s s - S t r u c t u r e ; 

i x - C r o s s - S t r u c t u r e J indara Wah 

x - C r o s s - S t r u c t u r e Hajoo Wah 
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3.1.2 Eva lua t ion of Flood Management Schemes -
Ba loch is tan P rov ince 

Out of the e ight I r r igat ion Schemes mentioned above, the fo l lowing 

four were i n s p e c t e d : 

3 .1.2.1 R a k h n i I r r i ga t ion Scheme: 
i 

T h i s scheme has been cons t ruc ted on Rakhn i Nal lah veryv close to' 

Rakhn i Town about two ki lometers upstream of D . G . K h a n , Rakhn i 

Road C r o s s i n g . * 

T h i s scheme was bu i l t in ear ly e ightees. In i t ia l ly a stone masonary 

re ta in ing wall type h igh level d ivers ion weir was cons t ruc ted with 

an u n g a t e d , uncont ro l led earthen flood channe l o f f tak ing beh ihd 

the left abutment ( P h o t o - 3 . 4 ) . 

Photo-3.4 

Rakhn i I rr igat ion Scheme 
A View from Le f t Abutment of the Main Weir 

and Extension on the r igh t side 



Th i s weir funct ioneel well only for about a year or so when it was 

ou t f lanked b y the r i v e r beh ind its r ight abutment . Th i s ou t f l ank ing 

was probab ly due to two reasons: 

i- Improper locat ion with respect to nal lah morpho logy . 

i i - .• Inadequate length of wejr resu l t ing from under -es t imat ion of 

f lood d i s c h a r g e ; t 

Consequen t l y , the weir was extended on the r i gh t f l ank . The 

ex tens ion was bu i l t w i th stone in steel wi re c ra tes (gab ions) bu i l t 

at s i te . 

Th i s ex tens ion wei r has a crest which is about one meter h ighe r 

than the o r ig ina l weir and at an angle of about 25° to the or ig ina l 

ax is ( P h o t o - 3 . 5 ) . T h e downstream glacis c i s t e rn (apron) and end 

wall are al l bu i l t in gab ions (see Pho to -3 .6 ) . 

Photo-3 .5 
R a k h n i I r r iga t ion Scheme-Ba loch is tan . 

Cres t of ex tens ion weir one meter h igher 
than or ig ina l weir. 



Photo -3 .6 

R a k h n i I r r iga t ion Scheme Balochis tan 
C l o s e - u p v iew of r igh t extension we i r . 

The ex tens ion weir i tse l f seems to have behaved well but because 

its c res t is h ighe r than the masonary weir instead of p r o v i d i n g 

re l ië f , it c rea ted f low concent ra t ion on the left f lank which caused 

ou t f lank ing on the left beh ind the left f lood channel intake wall 

Pho to -3 .7 

R a k h n i I r r iga t ion Scheme-Baloch is tan 
Ou t f l ank ing on the left beh ind 

Le f t F lood Channe l Wall. 



Th i s ou t f l ank ing c a u s e d extensive damage to the flood channe l 

downst ream. 

In o rde r to c a r r y out the necessary repai r to the flood c h a n n e l , 

the I r r igat ion Depar tment has temporari ly p lugged the breach and 

the channel I n take . 

St reaml in ing and s t r e n g t h e n i n g of the left approach of the Nal lah 

is l ike ly to help avo id ou t f l ank ing in fu tu re . 

3 . 4 . 2 . 2 Seakle I r r iga t ion Scheme: 

Th is scheme is s i t ua ted on R a k h n i Nallah two kilometers downstream 

of D . G . K h a n - R a k h n i Road c r o s s i n g . It was cons t ruc ted of stone 

masonary in the y e a r s 1981-82. Separate channe ls for perenn ia l 

and f lood water have been bu i l t . The s t r u c t u r e faced d isas ter 

soon af ter commiss ion ing . 

It had u n d e r - s l u i c e s and gated head regu la to rs to handle f lood 

d ischarges of 28 cumecs (1 ,009 c fs ) and 3 cumecs (100 c fs ) dn left 

and r i gh t bank r e s p e c t i v e l y . There is a separate in take for 

perennia l f low ( P h o t o - 3 . 8 ) and a concrete l ined c a r r y i n g c h a n n e l of 

about 0.1 cumecs (3 c f s ) capac i ty (Pho to -3 .9 ) . 

Pho to -3 .8 

Seak le I r r igat ion Scheme 
Pe renn ia l Water Intake. 



Photo-3.9 

Seakle I r r igat ion Scheme-Baloch is tan 
Perenn ia l Water Channel 

The weir was ou t f l anked on both sides caus ing ex tens ive damage 

on both f l a n k s . The r igh t canal offtake of 3 cumecs capacity was 

completely washed ou t . Considerab le length of the weir crest 

adjacent to r igh t abutment was under scoured and sett led (Photo-

3 .10) . 



' . . Photo-3.10 

, Seakle I r r iga t ion Scheme - Balochistan 
\ Ou t f l ank ing on the R igh t Flank Remnants 

of Right Of f take s t ruc tu re and Abutment . 

The fa i lure of the r i gh t f lank occur red as a resu l t of flow concen t ra -

tion on the r i gh t due to obl ique approach (Pho to -3 .11 ) . 

Photo-3.1 1 

Seakle I r r iga t ion Scheme - Balochistan 
Ob l ique Nallah Approach 

and Flow Attack on Right F lank . 

1 i i 
y 



Left bank of R a k h n i Nal lah upstream has an earthen channel of 

about 9.1 cumec capac i t y (Pho to -3 .12) . 

Photo-3 .12 

Seakle I r r iga t ion Scheme - Balochistan 
Ea r then Perenn ia l Flow Channel 

The ou t f lank ing on the left f lank damaged the left abutment wall 

(Photo-3.13) . 



P h o t o - 3 . 1 3 

Seak le I r r iga t ion Scheme - Balochistan 
O u t f l a n k i n g on the Lof t Side and 

Damage to Le f t Abutment Wall nnd O lhe r S t ruc tu re 

Obl ique app roach of the na l lah and flow concent ra t ion towards the 

r igh t f lank also r esu l t ed in an eddy and sediment depos i ts in f ron t 

of the left cana l o f f take i V h o t o - 3 . 1 ' l ) . 

/ 

Pho to -3 .1 ' l 

Seakle I r r iga t ion Schome - Balochistan 
Mask ing in F ron t of Le f t Canal Of f take. 

3 - 7'\ 



T h i s mask iny is abnut. ono motor above the bed of the f lood in take 

channe l r e q u i r i m j d r e d g i n g f.or ros to ra l ion of the approach channel 

3 . '1 .2 .3 C a l h e r i n e I r r i ga t i on Scheme: 

T h i s scheme is s i tua ted 2'! k i lometers downstream of Seak le scheme. 

A low level stone masonary weir hns been bui l t to d i v e r t perenn ia l 

flow for i r r i g a t i o n . A small concre te l ined i r r i ga t i on channe l of f takes 

from the r i gh t abutment (Photo-3.1 5 ) . 

P h o l o - 3 . 1 5 

C a t h e r i n e I r r iga t ion Schem - Ba loch is tan 
Perenn ia l Cana l Of f take . 

3-25 



Th i s scheme was commissioned in 1977 and func t ioned sa t i s fae to r i l y 

l i lt 193 2. ' 

D u r i n y the 1902 h igh f l ood , the weir was ou l f l anked on the r i gh t 

abutment caus ing damage to the channe l (Pho lo -3 .1 6 ) . 

Pho to -3 .16 

C a t h e r i n e I r r iga t ion Scheme - Ba loch is tan 
Ob l i que Nal lah approach 

and Ou t f l ank ing on the R i g h t F l a n k . ..>'• 

I r r i ga t ion Depar tmen t , Ba loch i s tan has bu i l t two stone p i t ched b u n d s 

one ups t ream and the second downst ream end of the r i gh t abutment 

wall lo b lock the na l lah app roach beh ind iho r i gh t abutment. 

(Phol<,c>s 3. 17 & 3.18) . 



Pho to -3 .17 

C a t h e r i n e I r r i ga t ion Scheme - Ba loch is tan 
Upst ream 3 u n d at Upst ream E n d of Abu tmen t . 

P h o t o - 3 . 18 

C a t h e r i n e I r r iga t ion Scheme - Ba loch is tan 
Downst ream B u n d at Downst ream End of A b u t m e n t . 



The ow l f l ank ing has bv.cn proh; i l ) ly due lo ob l ique approach of the 

nal lah (Phol o-3 .1 9 ) . 

Pho to -3 .19 

C a t h e r i n e I r r i ga t i on Scheme - Ba loch is tan 
Ob l i que Na l lah A p p r o a c h . 

3. '1 .2.4 C h u r r i I r r iga t ion Scheme - Ba loch is tan 

Th is is located on C h u r r i Na l lah a t r i bu ta r y of R a k h n i Na l lah , and 

cons is ts of h i gh c res t leve l concre te weir bui l t ac ross C h u r r i Nal lah 

with o f f takes on both s i d e s . T h i s s t r uc tu re has not func t ioned 

p r o p e r l y . The left f lood channe l has s i l ted u p . Some ef for ts were 

made in 1982 to res tore . the s t r u c t u r e , but p r o v e d fu t i l e . 

' " ' * : ! ' * ' 

3. '1. 3 Eva luat ion of Flood 'Management Schemes - Punjab P rov ince 

Punjab I r r iga t ion Depar tment has bu i l t var ious f lex ib le s t r u c t u r e s 

, compr ised of s tones in w i re cral.es (gab ions) for the bed cont ro l 
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and d i v e r s i o n of f lood f lows into wahs. These s t r u c t u r e s are 

runc t ion ing sa t i s fac to r i l y . These -;l r u c l u r o s are cheap in cos t , 

nood small O&M and are more su i lab le for management of f loodf lows 

of hi l l t o r r e n t s . Major s t r u c t u r e s are desc r ibed as u n d e r : 

3. '1.3.1 Lasha r i C r o s s S t r u c t u r e 

Th i s has been bu i l t ac ross Kaha Hi l l To r ren t for feed ing Lasha r i 

'Wah. It c o n s i s t s of stone in ga lvan izod wire cage wooven at s i t e . 

Th is s t r u c t u r e was c o n s t r u c t e d al a cost of about Rs 1.2 mil l ion in 

1985. T h e r e was some damage to the s t r u c t u r e d u r i n g the 

subsequen t f l oods . The damages were repa i r ed at a total cost of 

Rs 0.3 m i l l i on . An area of about 3,200 ha (8 .000 ac res ) is under 

cu l t i va t ion d u r i n g th is y e a r . However , it is p l anned to increase 

this area to about 1,150 ha (1 1 ,000 acres) under ul t imate c o n d i t i o n s . 

Pho to -3 .20 shows po r t i on of the Lashar i c ross s t r u c t u r e and its 

r igh t abu tment . 

P h o t o - 3 . 20 

Lasha r i C r o s s - S t r u c t u r e - Punjab 
Showing Downst ream Glac is and R ight Guide B u n d . 



Major damage o c c u r r e d du r i ng 1988 f l ood . A por t ion of the 

downstream stone was washed away. Some modif icat ion in the 

downstream apron was also made to improve h y d r a u l i c pe r fo rmance . 

Photo-3.21 shows the c lose-up view of the wire c ra te of c o n s t r u c t i o n . 

Photo-3.21 

C l o s e - u p View of Lashar i C r o s s - S t r u c t u r e . 

Of f take channe l of th is c r o s s - s t r u c t u r e is L a s h a r i Wah which is 

d raw ing about 79 cumecs (2800 c fs ) (Phogo -3 .22 ) . 



Photo-3 .22 
Lasha r i Wah Off take 

Th is s t r u c t u r e has func t ioned for the last 4-5 yea rs and has great ly 

he lped the people of th is area by way of improv ing their soc io -

economic cond i t i on . Loca l farmers and the bene f i c ia r ies of these 

schemes were i n t e r v i e w e d . They showed s igns of happ iness over 

the f lood management pro jec ts being under taken by the I r r iga t ion 

Depar tment . A c c o r d i n g to a rough est imate, the net year l y benef i t 

to the farmers from the Lasha r i C ross S t r u c t u r e is to the tune of 

Rs 20.00 mi l l i on . Pho to -3 .23 shows the type of y i e l d from the 

Pachad a rea . 



Photo-3 .23 

Flood Management in Pachad Area Healthy Sp ike 
Head Sorghum depict Ag r i cu l t u ra l P r o s p e r i t y 

in Pachad Area resu l t ing from 
Kaha Hi l l To r ren t Management. 

Giwaz Wah C r o s s S t r u c t u r e 

Th is has been bui l t about 1 , 200m ('1,000 ft) downstream of the 

Lashar i C r o s s S t r u c t u r e du r i ng 1908-1 989 at a cost of about 

Rs 2.5 mil l ion to feed a network of wahs, the major being Giwaz 

Wah which ca r r i es about 113 cumecs ('1,000 c f s ) . It has also 

been bui l t with stones in wire crates (Pho to -3 . 2')). 



Photo-3 .24 

Flood Management in Pachad Area 
Giwaz C r o s s S t r u c t u r e . 

D u r i n g the 1989 f l ood , there was some damage to the left 

where a por t ion of the weir s t r u c t u r e was washed away. 

has not been done so far ( P h o t o - 3 . 2 5 ) . 

Pho to -3 .25 

Outf lank on the Left of Giwaz Wah 
C r o s s - S t r u c t u r e . 



i i i . Chatool C r o s s S t ruc tu re 

It is located on Kaha Nal lah about 21 km downstream of the d a r r a h . 

It was cons t ruc ted with gabions in 1986-87 at a cost of Rs 2.08 

mi l l ions. The fo l lowing three Wahs draw water from this s t r u c t u r e ; 

Makwal Wah 31 cumecs 

Jhoke Wah 10 cumecs 

Chatool Wah 57 cumecs 

The s t r u c t u r e is f unc t i on ing normal ly . 

i v . C r o s s S t r u c t u r e Sad Gah Wah 

It is located 31 km downstream of the ' D a r r a h ' to feed Hajoo Wah 

and Sad Cah Wah. The total d i ve rs i on is 310 cumecs. It was 

bui l t at a cost of Rs 2.13 mil l ions us i ng gab ions . 

v . Mohammad Wah Salai i 

It was bui l t on Kaha Nal lah d u r i n g 1988-1989 to d iver t about 31 

cumecs of f lood f lows into Mohammad Wah. It is a f lex ib le s t ruc tu re 

cons is t ing of gabions (stones in wire c ra tes) about 215 meters long 

bui l t at a cost of Rs 0.36 mi l l ions. It is func t ion ing wel l . 

v i S"-r[ Al i f Salai i 

Th i s is located just downstream of the d a r r a h . It cons is ts of a 

f lex ib le s t r u c t u r e bu i l t wi th stones in wire c ra tes to d iver t the 

perenn ia l f low of about 1.1 cumecs (Ka la Pan i ) into Nokh Wah. 

This flow is i r r i g a t i n g about 200 ha on the left b a n k . The s t ruc tu re 

which was bu i l t in 1985 su f fe red some damage d u r i n g 1989 f lood. 

Ef for ts are be ing made by the I r r igat ion Department for its repair 

d u r i n g c u r r e n t d r y per iod (1989-90). 
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SECTION - 1 

Kaha Hil l To r ren t is the b igges t hi l l to r ren t of Suleiman Range . 

The catchment area l ies between lat i tude 29° 16'N to 30° 21 'N and 

longi tude 11° 69'N to 05° 70'N and total catchment area is 5,720 

s q . k m (2,208 s q . m i l e s ) . The climate of the area is a r i d to semi -a r id 

and average annual ra in fa l l va r i es from about 250mm ( ï ö inches) to 

380mm (15 i n c h e s ) . Annua l isoheytes and monsoon isopercental are 

shown on Exh ib i t 1 .1 . The h i l ls are bar ren and r u n - o f f is generated 

as a resu l t of excess ive ra in fa l l on the h i l ly catchment areas with 

l i t t le abso rp t i on . 

Hydrometeorological data of all the major h i l l t o r ren ts of D . G . K h a n 

( i nc lud ing Kaha Hil l T o r r e n t ) is avai lable in f ragniented form for 

per iods v a r y i n g in length f rom 5 to 30 y e a r s . Most of the observat ion 

si tes are located in t r iba l a r e a s , where access condi t ions are hard 

and p roper supe rv i s i on of the staff respons ib le for data observat ion 

is a d i f f i cu l t t a s k . Moreove r , the agencies respons ib le for data 

col lect ion have changed f rom time to time and the records of f ie ld 

observat ions have been i n t e r r u p t e d in between due to po l i t i ca ! , 

admin is t ra t ive or f inanc ia l r easons , for cons ide rab ly long per iods . 

Actual records of f lood f lows are natura l ly p re fe rab le to theoret ical 

computat ions. Flood r e c o r d s of Kaha Hi l l T o r r e n t are avai lable for 

the yea rs 1959-1961 and 1975 to 1989. Flood f low measurements 

have been made at i ts d a r r a h near Har rand by conver t i ng gauge 

he ights into d ischarge us ing a ra t ing cu rve p repa red for the s i te . 

In view of miss ing l inks of the obse rved data , var ious 

ana ly t ica l techniques have bee r used to generate run -o f f records 

and f lood h y d r o g r a p h s . Prec ip i ta t ion data and catchment 

cha rac te r i s t i cs have been used to generate r un -o f f syn the t i ca l l y . 
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Frequency ana lys i s has been ca r r i ed out to determine run -o f f for 

var ious r e t u r n pe r i ods and synthet ic records have been cor re la ted 

with the o b s e r v e d r e c o r d s . F requency analys is of syn the t i ca l l y 

generated data and ac tua l l y observed data (with miss ing l i nks 

synthet ica l l y d e t e r m i n e d ) , have been used to determine run -o f f for 

des ign ing s t r u c t u r a l m e a s u r e s . Precip i ta t ion records and catchment 

cha rac te r i s t i cs have been used for synthet ic genera t ion-o f r un -o f f 

as detai led be low. 

4.1 A V A I L A B I L I T Y OF D A T A 

Methodology for determinat ion of hyd rog raphs and peak d i scha rge 

for d i f ferent f r e q u e n c i e s p r imar i l y depends upon the avai lab i l i ty of 

da ta . Parameters of i n te res t are p rec ip i ta t ion , d i s c h a r g e , type of 

so i l , land u s e , land t rea tment , e tc . 

4.1 .1 Prec ip i ta t ion R e c o r d s 

There are 48 s i t es in and a round the whole catchment of D . G . K h a n 

Hill t o r r e n t s , where p rec ip i t a t i on records have been observed from 

time to time. T h e r e is ha rd l y any stat ion where cont inuous reco rds 

have been o b s e r v e d . Tab le -4 .1 l ists the names of ra ingauge s i t e s , 

their location and p e r i o d s of record which are shown in Exh ib i t 

4 . 2 . Most of these s ta t ions are operated by I r r igat ion Departments 

of Governments of Pun jab and Ba loch is tan , while some are s u p e r v i s e d 

by the d is t r i c t admin is t ra t ion author i t ies or Sur face Water Hydro logy 

Pro jec t , W A P D A . 

Raingauge s ta t ions measur ing ra in fa l l in the catchment of Kaha are 

B a r k h a n , R a k n i , C h a c h a , V i t a k r i , Mat, Jam A l i , Ziarat S h e r u , 

Chha ja r , M u r a n j , Bewat ta and R a r h a n . Ba rkhan located on thé 

western part of ca t chmen t , is the only s ta t ion , which has more 

than 25 years r e c o r d , whi le remaining stat ions have less than 15 

years reco rds . For t Mun ro ra ingauge station ly ing in close v i c i n i t y 



TABLE-•k. 1 
Page 1 of 3 

LIST OF RAIN GAUGE STATIONS IN DG KHAN AND ADJOINING AREA 

(Meters) 
Sr. ; 
No.

 1 

Name of Station J Latitude 

i 
i 

J Longitude 1 Elevation 
| River J 
J Basin J 

Period of 
Record 

i ! 2 : 3 
1

 4 
• A 

1 5 : 6 7 

1-

2-

Ali pur* 
A * 

Barkhan 

29°20 ' 

29° 34' 

T 

70° 50' 

69?. 3 2' 

102 

1,112 Kaha 

1946-1975 

196Ö-1965 
1975-1982 

3- Bandlukh 30° 10' 7C°18' 527 Vidor 1976-1981 

4- Bandukh 30° 09' 70° 13* 899 Vidor 1975-1981 

5- Bangu Bun 31
fl

02' 70° 14' 904 11 1964-1966 

6-

7-

• Beria 
** 

Bewatta 

30" 08' 

30° 01' 

70° 10' 

69° 5' 

. 1,045 

1,128 

tt 

Kaha 

1975-1981 

1975-1988 

8-

9-

Bharti 

** 
Chacha 

30° 34' 

29° 49' 

70° 22' 

69°50' 

556 

969 

Sanghar 

Kaha 

1956-1958 

1961-1967 

10-

11-

Chachar 
** 

Chhajra 

29'23' 

30° 02' 

69° 50' 

69° 44' 

533 

1,219 

Chachar 

Kaha 

1975-1987. 

1980-1988' 

12-
* 

Dera Bugti 29° 03' 69° 08' 457 - 1962-1969 ' 

13- DG Khan * 30° 04' 70°38' 122 - 1946-1975 

14- Fort Munro 29° 56' 69°58' 1,981 Mithawan 1947-1968 
1975-1989' 

15- Fort Sandeman* 31° 20' 69° 28' 1,417 - 1960-1978 

16- Hingluin 30° 28' 70° 03' 937 Sanghar 1954-1959 

17-
* 

Jampur 29° 59* 70°3b' 1 17 - 1946-1975 

18- Janm Ali 29° 24' 69° 21' 762 Kaha 1965-1966 

19- Kala Mar 30° 46' 70° 17' 592 Sanghar 1975-1981 

20- Kalkhas 29° 21' 69° 4 2' 722 Chachar 1952-1957 
1961-1964 

21- Kingri 30° 27' 69° 4 y' 1 ,219 Sanghar 



22-

24-

25-

26-

27-

Kohlu* 

Mard Bun 

Mat 

Mi hal 

Moli Bun 

Mubarki 

29° 54' 

30° 18' 

O 1 

29 43 

30°05' 

29°5l' 

30°15' 

69° 14' 

70° 07' 

69° 41' 

70°06* 

70°08' 

70°07' 

1,167 

1,829 vidor 

853 

1,793 

427 

2,063 

Kaha 

Mithawan 

i i 

Vidor 

196 3-1974 

1959-1968 
1975-1989 

1975-1988 

1975-1981 

1975-1981 

1947-1948 
1955-1958 

28-

29-

Multan 

Murunj 

30°10' 

29°3o' 

71°25* 

69°37' 

123 

7 01 Kaha 

1959-1980 

1954-1957 
1961-1965 
1977-1988 

30- Musa Khel 

31- Muzaffargarh' 

32- Nandi Ghar 

33- Nelo Har 

34- Nili Lakri 

35- Nonkandki 

36- Nul Gaz 

30°42' 

30°04' 

30°19' 

31°08' 

29°24' 

O I 

30 28 

O | 

29 14 

69
e

50' 

71°12' 

70°2l' 

O I 

70 21 

69°54' 

70°18' 

O I 

69 34 

1,347 

116 

610 

472 

488 

686 

683 

Sanghar 

Sori Lund 

Vehowa 

Chachar 

Sanghar 

Sori 
Janubi 

1946-1965 

1946-1975 

1975-1981 

1980 

1961-1964 

1975-1981 

1965-1966 

37- Rajan Pur* 

38- Rakhi Muhn 

** 

39- Rarkan 

** • 
40- Rakhani 

41- Sakhi Sarwar 

42- Sangha Sluf 

o » 

29 20 
o » 

29 57 

o I 

30 17 
O » 

30 03 
O I 

29 58 

O ? 

30 16 

O I 

70 50 

O t 

70-10 

O | 

' 69 53 

\ 69 -55 
O I 

70 18 

O t 

70 15 

102 

• 325 

351 

1,094 

579 

789 

Mithawan 

Kaha 

Sakhi 
Sarwar 

Vidor 

1946-1975 

1962-1963 
1962-1963 

1961-1963 

1961-1963 

1975-1981 

1959-1960 
1975-1981 
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43- Shadani 29° 13' 69° 53* 

44-

45-

46-

47-

48-

Sori 
O I O I 

29 07 69 54 

O I 

Siah Tang 29 08 

Taunsa* 30°42 

Vitakri ** * 29°4l' 

Ziarat ** 29° 37* 
Sheru 

o » 
69 25 

o t 

70 38 
O I 

69 23 

427 

183 

632 

173 

937 

69° 56' M'
8 

Pitok 

Sori' 
Shumali 

Sori 
Janubi 

Kaha 

Kaha 

1961-1963 
1975-1981 

1961-1963 
1975-1981 

1965-1966 

1946-1980 

1961--1966 

1961-1964 
1976-1988 

* Stations located outside catchment area of D.G. Khan Hill Torrents. 

**Stations measuring Rainfall of Kaha Hill Torrent. 
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of the catchment a r e a , has 35 years record with short b r e a k s . 

The récords of these s ta t ions are mostly in the form of dai ly 

p rec ip i t a t i on . Hour ly r e c o r d s are not avai lable for any stat ion in 

the catchment a r e a . T h e r e f o r e , for the in tens i ty p a t t e r n , data 

from nearby hyd ro log i ca l l y homogenous stat ions outs ide the catchment 

area have been u s e d . Koh lu which sat isf ies the condi t ion of 

hydrometeoro log ic s im i la r i t y has been selected for t ranspos i t ion of 

hour ly p rec ip i ta t ion data to watershed of Kaha Hill T o r r e n t . 

4 . 1 . 2 D ischarge and R u n - o f f Da ta 

Rea l is t ic est imation of d i s c h a r g e and run -o f f is the major determinant 

which forms the co rne r stone of all f lood management p ro jec ts . 

Long - te rm data of s u r f a c e f lows great ly faci l i tate the formulat ion of 

f lood cont ro l plan of an a r e a . The quant i ty and qual i ty of data 

determine the p robab i l i t y of uncer ta in ty and consequent ly the 

economie v iab i l i t y of d e s i g n . 

The flow reco rds of Kaha Hi l l To r ren t at its da r rah are avai lable 

in the form of stage for 1958 to 1964 and 1975 to 1989. Staff 

gauge has been ins ta l led at the dar rah to reco rd the stage at 

spec i f i c times d u r i n g the f l ood . The d ischarge co r respond ing to a 

stage is read from the stage d ischarge c u r v e . Th is c u r v e is 

developed by us ing c r o s s - s e c t i o n s and hydrau l ic parameters with 

the aid of Lacey ' s F o r m u l a : 

Q = * A * R 2 / 3 * S 1 / 3 

— e 

Where Q is d i scha rge in cumecs at the c ross -sec t ion with area A 

in sq .meter and h y d r a u l i c mean dep th *R in meter . S g is the 

slope of the ene rgy g r a d i ë n t . The c ross-sec t ions are observed 

after the f lood s u b s i d e s . Since the b e d , roughness and the width 

e t c , of the nal lah at th is location do not change with t ime, hence 

the values of AaR remam cons tan t . Data observa t ion was 

d iscont inued d u r i n g 1965-1 974, but the data gaps have been f i l led 

syn the t i ca l l y . V e r y few complete hyd rog raphs are ava i lab le . Stages 

co r respond ing to r i s i n g or recess ion limbs of the hyd rog raph are 



genera l l y m i s s i n g . T h e time in te rva l between the measurement of 

two success i ve stages is too long for the rap id l y v a r y i n g flow of 

h i l l t o r ren ts a n d , thus shape of the run -o f f hyd rog raph cannot be 

exp l i c i t l y d e f i n e d . T h u s avai lable data is only usefu l for analys is 

of peak d i s c h a r g e . Est imat ion of volume of flood water passing, 

t h rough the d a r r a h for va r ious per iods or the determinat ion of the 

shape of the h y d r o g r a p h is not feas ib le . 

The observa t ion s i tes are genera l ly manned by semi- l i terate persóns 

and are located in a r e a s , where approach condi t ions are d i f f icu l t 

and s t reneous e f for ts are requ i red for superv i s ion of f ie ld s taf f . 

These fac to rs together with lack of unde rs tand ing towards importance 

of data observa t ion have af fected the qual i ty of da ta . The resu l ts 

de r i ved f rom th is d a t a , t he re fo re , c a r r y with them the same amount 

of uncer ta in ty as is inherent in data obse rva t i on . In order to 

obviate the shor tcomings of the da ta , var ious syn the t i c techniques 

have been used to supplement the data and to determine hyd rau l i c 

c h a r a c t e r i s t i c s . D i f fe ren t s ta t is t ica l p rocedures were employed to 

a r r i vé at the rea l i s t i c des ign parameters . 

4 .2 S T R E A M FLOW D A T A A N A L Y S I S 

4.2.1 F requency Ana lys i s 

Hydro log ie phenomena genera l l y resu l t as a consequence of h ighly 

complex na tu ra l e v e n t s . S t ruc tu ra l measures for f lood management 

requ i res the knowledge of p robab i l i t y of occur rence of an event 

exceed ing an assumed magni tude and r i sk ana lys is s tudies for 

appropr ia te d e s i g n i n g . 

Both u n d e r - d e s i g n or o v e r - d e s i g n of s t ruc tu res have their merits 

and demer i ts . Des ign ing a s t r u c t u r e to p rov ide total protect ion 

against losses may be impract icable due to p roh ib i t i ve cos t , while 
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low levels of p ro tec t ion may resu l t in unbearable damage for the 

s t r u c t u r e and excess i ve f lood losses in the Project a r e a . T h u s , 

r i sk ana lys i s forms the foundat ion for ef f ic iënt and economical des ign 

of all h y d r a u l i c s t r u c t u r e s . 

Many p robab i l i t y d i s t r i bu t i ons have been found to be usefu l for 

hydro log ie f r equency a n a l y s i s . The Log -Pearson Type-111 and 

Gumbel D is t r i bu t i on are p re fe rab ly used for f lood computat ion. 

The ev idence g iven in suppo r t of var ious d is t r ibu t ion is the ab i l i t y 

to f i t the p lo t ted data of one or more streams*. Va r ious s ta t is t ica l 

techn iques can be used to f i n d , which of thé d i s t r i bu t ions g ives a 

bet ter f it to the data . 

Ava i lab le d ischarge r e c o r d s wi th the data gaps f i l led in were used 

for f r equency a n a l y s i s . G u m b e l , Log Gumbel and Log Pearson 

Type-111 d i s t r i bu t i ons have been used for f requency ana lys is and 

the C h i - S q u a r e Test was used to f ind which of the d i s t r i bu t i ons 

bet ter f it the da ta . 

1.2.1.1 Select ion of Data Ser ies 

Two types of data are genera l l y used for f lood management s tud ies 

- the par t ia l dura t ion ser ies and the extreme value s e r i e s . The 

extreme va lue ser ies inc lude the largest flood peak or smallest low 

flow va lues with each va lue selected from within equal time in te rva ls 

in the r e c o r d . The time in te rva l is usual ly taken as one water 

year and the ser ies so se lec ted is the Annual S e r i e s . For largest 

annual d i scha rge peak it is ca l led Annua l Maximum S e r i e s . 

In par t ia l dura t ion s e r i e s , the data consist of all peak d i scha rges 

that are greater than a ce r ta in base va lue . The base is genera l ly 

selected as equal to the lowest annual f lood so that at least one 

flood in each year is i n c l u d e d . However, in a long reco rd the 

base is genera l l y ra ised so that on the average only three to four 



f loods a year are i n c l u d e d . The only other c r i t e r ion fol lowed is 

that each peak be i n d i v i d u a l i . e . , be separated by subs tan t ia l 

recession in s torage and d i s c h a r g e . The use of only f lood in each 

year is the most f requen t objection to the use of Annual Maximum 

Ser ies . I n f r equen t l y , the second highest f lood in a g i ven y e a r , 

which is omit ted in the above def in i t ion may out rank rriany annual 

f loods. T h i s object ion is reso lved in par t ia l dura t ion ser ies by 

l is t ing all f loods that are greater than a selected base wi thout 

regard to number w i th in any g iven pe r iod . The greater number of 

f loods l i s ted might be an advantage pa r t i cu l a r l y if the reco rd is 

sho r t . However , most of the addi t ional f loods are of low d i scha rge 

and lie on that par t of the f requency c u r v e , where it is well 

de f ined. The h igh d i scha rge floods are genera l ly ident ical wi th 

those in annual f lood s e r i e s . 

The stream flow reco rds are avai lable with a break of 10 years and 

the miss ing data has to be synthet ica l ly genera ted . For annual 

se r i es , genera t ion of h ighes t peaks of the missing per iod is r e q u i r e d 

while for par t ia l du ra t ion ser ies the peaks above a th resho ld level 

have to be eva lua ted . The re l iab i l i ty of syn the t i ca l l y genera ted 

data cannot match with that of observed da ta . The more the 

generated va lues in the d a t a , the more uncer ta in are l i ke ly to be 

the r esu l t s . Mo reove r , f rom the re lat ionship between extreme va lue 

and par t ia l du ra t ion s e r i e s , it is clear that for h igher d i scha rges 

there is v e r y l i t t le d i f f e rence in the magnitude of the f lood peaks 

given by the two s e r i e s . 

4 . 2 .1 .2 Synthet ic Genera t ion of S t ream Flow Data 

Peak flow reco rds for Kaha Hil l Torrent are avai lable f rom 1959-1964 

and 1 975-1 989 as shown on T a b l e 4 . 2 . Data observat ion was s topped 

du r i ng the per iod 1955-1974. Stream flow data could not be 



TABLE 4.2 

SYNTHETIC GENERATION OF MISSING STREAM FLOW 
DATA CUMULATIVE MAXIMUM PEAK DISCHARGE 

KAHA HILL TORRENT 

* CUMULATIVE DISCHARGE DATA 
YEAR PEAK MAXIMUM WITH GENERATED 

DISCHARGE 
IN CUSECS 

PEAK 
DISCHARGES 
IN CUSECS 

FIGURES 

CUSECS CUMECS 

1959 17859 17859 17859 506 
1960 51017 68876 51017 1444 
1961 25448 94324 25448 721 
1962 18978 113302 18978 537 
1963 23602 136904 23602 668 
1964 78264 215168 78264 2216 
1965 237378 22210 629 
1966 279378 42000 1189 * 

1967 323378 44000 1246 * 

1968 369378 46000 1302 
1969 419378 50000 1416 
1970 468378 49000 1387 
1971 519378 51000 1444 
1972 562378 43000 1217 Jr 

1973 618378 56000 1586 * 

1974 659378 41000 1161 
1975 701193 41815 1184 •X 

1976 32300 733493 32300 915 
1977 30575 764068 30575 866 
1978 118500 882568 118500 3355 
1979 70500 953068 70500 1996 
1980 70519 1023587 70519 1997 
1981 55322 1078909 55322 1566 
1982 39960 1118869 39960 1131 
1983 39800 1158669 39800 1127 
1984 48000 1206669 48000 1359 
1985 55483 1262152 55483 1571 
1986 57226 1319378 57226 1620 
1987 50000 1369378 50000 1416 
1988 55000 1424378 55000 1557 
1989 84820 1509198 8 4 8 2 0 2401 

*Sou.rce Ir r i g a t i o n Department,Punjab 
**Synthetically Generated Figures 



syn the t i ca l l y generated on the bas is of prec ip i ta t ion da ta , which 

was also miss ing for the same p e r i o d . Var ious a l terhat ives were 

t r ied to synthestze the miss ing f lood flow da ta . There was some 

over lap of p rec ip i ta t ion reco rd of some of the stat ions in the area 

or in close v ic in i ty of the pro ject . The prec ip i ta t ion records of 

the fol lowing ra ingauge stat ions was used to develop co r re la t i onsh ip : 

i- Fort Munro wi th B a r k h a n 
(1955 - 1 989) (1960-65\& 1975 to 1 982) 

i i - For t Munro wi th Murun j 
(1955 - 1989) (1961-1965 & 1977 to 1988) 

i i i - Kohlu (out of project area) wi th Murun j 
(1963 - 1973) 1961-1965 & 1977 to 1988) 

In add i t i on , p rec ip i ta t ion of For t Munro and annual f lood peak at 

the ' D a r r a h ' was used to develop some re la t i onsh ip . The value of 

cor re la t ion coëf f ic iënt ranged from 0.1 to 0.6 which was very low. 

Hence this method was d i s c a r d e d . 

It was repor ted by the concerned eng ineers of the I r r igat ion & 

Power Department, Government of Punjab that the per iod between 

1 965 to 1971 was a low flow d ry per iod in DG Khan a rea . Observat ion 

of prec ip i ta t ion and f lood flow records were d iscont inued du r i ng 

th is pe r i od . Delet ion of th is per iod from f requency analys is would 

produce biased and h igher f lood f lows for d i f ferent r e tu rn pe r iods . 

In order to generate f lood flows for the miss ing p e r i o d , a method 

was t r ied which would only produce normal f lows. 

For f i l l ing of data gaps it has been assumed that the years for 

which data is unknown adjacent to the group of years for which 

data is known , exper ienced similar meteorological cond i t i ons . t h i s 

assumption can fu r the r be extended to the point that adjacant years 

exper ienced f loods hav ing similar magn i tudes . Keep ing in view the 

above mentioned assumpt ion the miss ing data has been generated 

by the fol lowing method. 





The cumulat ive d i scha rges f igures are plotted on a semi- log paper 

keeping yea rs in the i r sequence on the abc issa and d ischarges on 

log side ( F i g . 1 .1 ) . From the plotted po in ts , a c u r v e is dravvn 

ex t ra -po la t i ng it up to the last year for which data is u n k n o w n . 

D ischarges of the second group are added in the last ex t ra -po la ted 

cumulat ive d i scha rge f i gu res to get the cumulat ive d i scharge f igu res 

for each of these y e a r s . The cumulat ive d i scharge f i gu res of the 

second g roup are p lo t ted and then conformity wi th the t rend of 

the c u r v e is c h e c k e d . If they do not conform to the t rend of the 

c u r v e then c u r v e is read justed unt i l cu rve conforms to all the 

observed d i scha rge f i g u r e s . Cumulat ive d i scharges for the miss ing 

years are read from the f i t ted cu rve and from these annual peak 

d ischarge f i gu res can be determined ( T a b l e - 1 . 2 ) . Th i s method has 

its l imitat ions but is the only way that could be u t i l i zed under the 

present cond i t i ons . By the use of th is method, the abnormal events 

cannot be i den t i f i ed . From the studies of f lood damages, it is 

ev ident that th is pe r iod d id not exper ience any unusua l event . 

1 .2 .1 .3 Gumbel or Type - I Ext remal D is t r ibu t ion 

Th is is one of the most widely used d is t r ibu t ions in f lood f requency, 

ana l ys i s . Two p robab i l i t y papers have been des igned to l inear ize 

the d i s t r i bu t ion so that p lot ted data can be eas i ly ana lysed fór 

ex t ra -po la t ion or cömparison pu rposes . The abc issa of both these 

papers denotes the r e t u r n per iod in yea rs , whi le ord inate is for 

rep resen t i ng the magni tude of the event . One paper has l inear 

ord inate and the other log ord ina te . P lo t t ing posi t ion on the 

probab i l i t y paper has been determined by us i ng the Wiebul l 's 

Formu la : 

T - n * 1 

r ~ m 

Where ' T is r e t u r n per iod in yea rs , n is number of years of 

r e c o r d , m is rank of the event in order of magn i tude . Annual 

maximum peak d i scha rge cor respond ing to the re tu rn per iod 

(Tab le -1 .3 ) determined by this formula are p lo t ted on Extremal 



TAB LH 4 .3 

ANNUAL MAXIMUM FLOOD FREOUENCY ANALYSIS 
KAHA HILL TORRENT 

RIVER KAHA 
SITE DARRAH 
PERIOD OF DATA AVAILABLE 1 959 TO 1989 
NUMBER OF YEARS RECORD ( N ) 31 

PROBABILITY ANALYSIS 
YEAR PEAK YEAR DISCHARGE RANK RETURN PROBABILITY 

DISCHARGE IN DESCEND- PERIOD OF 
IN CUMECS ING ORDER

1

 (YEAR) EXCEEDENCE 
CUMECS (X) 

1959 506 1978 3355 1 32 00 3 13 
1960 1444 198 9 2401 2 16 00 6 25 
1961 721 1964 2216 3 10 67 9 38 
1962 537 1980 1997 4 8 00 12 50 
1963 668 1979 1996 5 6 40 15 63 
1964 2216 1986 1620 6 5 33 18 75 
1965 629 1973 1586 7 4 57 21 88 
1966 1189 1985 1571 8 4 00 25 00 
1967 1246 1981 15 66 9 3 56 28 13 
1968 1302 1988 1557 10 3 20 31 25 
1969 1416 1971 1444 11 2 91 34 38 
1970 1387 1960 1444 12 2 67 37 50 
1971 14 4 4 1969 1416 13 2 4 6 40 63 
1972 1217 1987 1416 14 2 29 4 3 75 
1973 1586 1970 1387 15 2 13 4 6 88 
19 74 1161 1984 1359 16 2 00 5 0 00 
1975 1184 1968 1302 17 1 88 53 13 
1976 915 1967 1246 18 1 78 56 25 
1977 866 1972 1217 19 1 68 59 38 
1978 3355 1966 1189 20 1 60 62 50 
1979 1996 1975 1184 21 1 52 65 63 
1980 1 9 97 . 1974 1161 . 22 1 45 68 75 
1981 1566 1982 1131 23 1 39 71 88 
1982 1131 1983 1127 24 1 33 7 5 00 
1983 1127 1976 915 25 1 28 78 13 
L9.8 4 1359 1977 866 26 1 2 3 8 1 25 
L 9 8 5 1571 1961 721 27 1 19 8 4 38 
198 6 1620 1963 6 68 2 8 1 14 87 50 
19 8 7 1416 1965 629 29 1 10 9 0 6 3 
1980 1557 1962 537 3U 1 0 7 93 75 
19 8 9 2 401 1959 50 6 31 1 0 3 9 6 8 8 



Type- I p robab i l i t y pape r and a s t ra igh t line is f i t ted th rough the 

plotted po in t s . R e t u r n per iods or probabi l i ty of occur rence or 

exceedence of an event is then determined from the f i t ted l ine. 

Stat is t ica l parameters for th is d i s t r i bu t ion are mean and Standard 

dev ia t i on . The d i s c h a r g e c o r r e s p o n d i n g to a cer ta in r e tu rn per iod 

can be determined by u s i n g these parameters in the s impl i f ied 

equat ion of Gumbel D i s t r i b u t i o n : 

Q T = Q - 0 . 4 5 S ~ + 0.7797 S n In T I r U Lj r 

Where Q is mean, SQ S tanda rd deviat ion of d i scharge data and 

Q-j- r is the magni tude of the event with re tu rn per iod T . The 

L inear Gumbe l , Log Gumbel and Gumbel Equation resu l t s are g iven 

in Table 4.4 and shown in F i g s . 4 . 2 to 4 . 3 . 

4 . 2 . 1 . 4 Log -Pea rson Type-111 D i s t r i b u t i o n 

L o g - P e a r s o n T y p e - l i l D i s t r i b u t i o n is one of the most widely üsed 

for extreme value s e r i e s . The d is t r ibu t ion conforms to the 

log-normal d i s t r i bu t i on wi th skew = 0. The three s ta t is t ica ! 

parameters - L o g - M e a n , L o g - S t a n d a r d Deviat ion and Log -skew 

co-e f f i c ien t are used for L o g - P e a r s o n Type-111 D i s t r i b u t i o n . Skew 

c u r v e , factor K ^ r for each r e t u r n per iod is obtained from T a b l e - 4 . 5 . 

Annua l maximum peak d i s c h a r g e s , Q y r , with re tu rn per iod T f have 

been obtained by u s i n g the fo l lowing equat ion: 

Log Q J r = Log Q + K J r S LogQ 

Where Log Q is Log Mean of the peak d i scha rges , Q , Log 

Standard Deviat ion and is the skew curve factor co r respond ing 

to r e tu rn per iod T r and L o g Skewness Co-ef f ic ient G |_ 0 gQ. These 

terms can be def ined mathemat ical ly a s : 

£ L o g Q. 

N Log Q = 

S Log Q = I ^ ( L ° 9 Q - Log Q ) 2 ]*. 
(N-1 )* 



TABLE -4.4 

GUMBEL DISTRIBUTION RESULTS (KAHA HILL TORRENT) 

„ . , DISCHARGE IN CUMECS (CUSECS) FROM 
Return Period, 
Years Linear Log Gumbel Gumbel 

Gumbel Paper Equation 
Paper 

2.33 1,399 
(49,420) 

1 ,400 
(49,500) 

1,499 
(52,965) 

5 1 ,858 
(65,810) 

1 ,770 
(62,500) 

1,844 

(65,131) 

10 2,241 
(79,160) 

. .2, 152 
(76,000) 

2,157 
(76,175) 

25 2,661 
(94,000) 

2,732 
(96,500) 

2,570 
(90,774) 





I 

03 

SITE . DARRAH 
RIVER. KAHA HILL TORRENT 

10 
101 1-2 1-3 l~* 1-3 3 4 3 6 7 8 9 10 

Recurrence . Intervol, in Yeors 
2 0 3 0 

FEDERAL FLOOO COMMISSION 
GOVERNMENT OF PAKISTAN 

FLOOO PROTECTION SECTOR PROJECT 
FLOOD MANAGEMENT OF KAHA HILLTORRENT 

DISCHARGE FREQUENCY CURVES 
LOG GUMBEL ANALYSIS 

NATIONAL emjWKRIHB SCRVICCS PAKISTAN (PVT)LTO LHK 

I* f t t t h t h l wit» 
HARTA eN0 IM t e« IH9C0MMHYAH0 IAM« 6 ASSOCIATES 

FIG.4.3 

M.BIUAL 



TABLE-4.5 

SKEW CURVE FACTORS -K- FOR USE WITH LOG PEARSON TYPE III 
DISTRIBUTION 

Coëfficiënt Recurrence Interval in Years 
or Skew 

(g) 2 5 10 25 100 200 1000 

Per cent Chance of Occurrence 

50 20 10 4 2 1 0.5 0.1 

3.0 -0 396 0 420 1.180 2 278 1 152 4.051 4 970 7̂ 250 
2.5 -0 360 0 518 1.2S0 2 262 3 048 3 845 4 652 6.600 
2.2 -0 330 0 574 1.284 2 240 2 970 3 705 4 444 6.200 
2.0 -0 307 0 609 1.302 2 219 2.912 3 605 4 298 5.910 
1.8 -0 282 0 643 1.318 2 193 2 848 3 489 4 147 5.660 
1.6 -0 254 0 675 1.329 2 163 2 780 3 383 3 590 5. 390 
1.4 -0 225 0 705 1.337- 2 128 2 706 3 271 3 828 5.110 
1.2 -0 195. 0 732 1.340 2 087 2 626 3 149 3 661 4.820 
1.0 -0 164 0 758 1.340 2.043 2 542 3 022 3 .489 4.540 
0.9 -0 148 0 769 1.339 2.018 2 498 2 957 3 401 4.395 
0.8 -0 132 0 780 1.336 1 .998 2 453 2 891 3 312 4.250 
0.7 -0 116 0 790 1.333 1 .967 2 407 2 824 3 .223 4.105 
0.6 -0 099 0 800 1.328 1 .939 2 359 2 755 3 132 3.960 
0.5 -0 083 0 808 1.323 1 910 2 311 2 886 3 041 3.815 
0.4 -0 066 0 816 1.317 1 .880 2 261 2 615 2 949 3.670 
0.3 -0 050 0 824 1.309 1 849 2 211 2 544 2 856 : 3.525 
0.2 -0 033 0 830 1.301 1 818 2 159 2 472 2 763 3.380 
0.1 -0 017 0 836 1.292 1 .785 2 107 2 400 2 670 3.235 

0 0 0 847 1.282 1 .751 2 054 2 326 2 .576 3.090 

-.1 0 017 0 836 1.270 1 716 2 000 2 252 2 482 2.950 
-.2

 : 

0 033 0 850 1.258 1 680 1 945 2 178 2 388 2.810 
-.3 0 050 0 853 1.245 1 .643 1 890 2 104 2 294 2.675 
- .4 0 066 0 853 1.231 1 .6061 1 834 2 029 2 .201 2.540 
-.5 0 083 0 856 1.216 1 . 567J 1 777 1 955 2 108 2.400 
-.6 0 099 0 857 1.200 1 528 1 720 1 880 2 016 2.275 
-.7 0 116 0 857 1.183 1 .488 1 663 1 806 1 926 2.150 
-.8 0 132 0 856 1.166 1.448 1 606 1 733 1 837 2.035 
-.9 0 148 0 854 1.147 1 407 1 549 1 660 1 749 1.910 
-1 .0 0 164 0 852 1.228 1 .366 1 492 1 588 1 664 1.800 
-1.2 0 195\ 0 844\ 1.086\ 1 .282} 1 37§ 1 449] 1 501 1.625 
-1.4 0 225/ 0 832/ 1.04JV 1 198/ 1 270 1 318

1 

1 351 1.465 
-1.6 0 254 0 817 0.994 1 .116 1 166 1 197 1 216 1.280 
-1.8 0 282 0 799 0.945 1 035 1 069 1 087 1 097 1.130 
-2.0 0 307 0 777 O'(095 0 959 0 980 0 990 0 995 1.000 
-2.2 0 330 0 .752 0.844 0 .888 0 900 0 905 0 907 0.910 
-2.5 0 360 0 711 0.771 0 .793 0 798 0 799 0 800 0.802 
-3.0 0 396 0 636 0.660 0 666 0 666 0 667 0 667 0.668 

\ 



[ ^ (Log Q - Log Q ) J ] 
Q _ ! 

L ° 9 Q (N -1 ) (N-2 ) ( S L o g Q ) 3 

N is number of years of r e c o r d . 

The three s ta t is t ica l parameters have been ca lcu la ted us ing the 

peak d i scha rge data and are g i ven on Tab le 4 . 6 . These parameters 

have been used to evaluate f lood peaks co r respond ing to r e t u r n 

per iods of 2 .33 , 5 , 10 and 25 yea rs and are l is ted in Table 4 . 7 . 

F i g . 4 . 4 shows the p lo t t ing of These d i scha rges on Log Normal 

P robab i l i t y P a p e r . 
\ 

4 . 2 . 1 . 5 Select ion of F requency D i s t r i b u t i o n : 

The f r e q u e n c y c u r v e s / l i n e s have been f i t ted th rough the plots of 

h is tor ica l data on Gumbel Powell p robab i l i t y (both wi th l inear and 

log ord ina te) for Gumbel D i s t r i bu t i on and on log-normal p robab i l i t y 

paper fo r Log Pearson Type- I II D i s t r i b u t i o n . There is no set 

c r i t e r i a for select ion of a d i s t r i b u t i o n . Only c r i t e r i a that is fol lowed 

is the goodness of f it of the d i s t r i bu t i on to the data of one or 

more s t reams. Goodness of f i t of the f requency cu rves to the 

h i s t o r i c a l / s y n t h e s i z e d data have been checked by C h i - S q u a r e Test—'. 

The magni tudes of C h i - S q u a r e parameters which determine the 

goodness of f i t of the f requency c u r v e , have been worked out and 

compared for all the three types of f requency c u r v e s for each hi l l 

t o r ren t . The d i s t r i bu t ion g i v i ng least value of C h i - S q u a r e parameter 

is the best f i t and is se lected for determinat ion of the peak d ischarges 

co r respond ing to var ious r e t u r n p e r i o d s . L inear Gumbel has shown 

the best resu l t and the peak d i scha rges as est imated for 25-year 

r e t u r n per iod is 2,662 cumecs (94,000 c f s ) . 

4 .3 P R E C I P I T A T I O N D A T A A N A L Y S I S 

Shor t length of h is to r ica l f lood f low data and its qual i ty war rant 

that the resu l t s de r i ved from such data should be supplemented 

and suppor ted by addi t ional s t u d i e s . 

W Handbook of App l i ed Hydro logy by V . T . C h o w . 



TABLE 4.6 

FLOOD FREQUENCY ANALYSIS 
LOG PEARSON TYPE III DISTRIBUTION 

RIVER =KAHA HILL TORRENT 
SITE =DARRAH 
PERIOD OF DATA AVAILABLE = 1959 - 1989 
NUMBER OF YEARS RECORD (N) = 31 

LOG MEAN OF DISCHARGE...^ = 3.1022565 
LOG STD. DEVIATION OF DISCHARGE..= 0.1858652 
LOG SKEW COEFF = -0.298242 
KTR ( 25.00 YEARS RETUR\N PERI0D)= 1.647 
LOG QTR. .= 3.4083766 
DISCHARGE(CUMECS) ..= 2561 

(TABLE) 

YEAR PEAK LOG LOG 
DISCHARGE LOG (Q) LOG DIFF . DIFF. 

CUSECS CUMECS DIFF . SQUARE CUBE 
M * II " II * ** l l * "* II II * ** It ** II * ** II v "* t l " " 11 * v H A ** ~ ~ II -

v II *• ~ II "* II A ** II * 

1959 17859 506 2 . 704 -0.398 0 .159 -0. 063 
1960 51017 1444 3 .160 0.057 0 . 003 0. 000 
1961 25448 721 •, 2 .858 -0.245 0 . 060 -0. 015 
1962 18978 537 2 . 730 -0.372 0 .138 -0 . 051 
1963 23602 668 2 .825 -0.277 0 .077 -0. 021 
1964 78264 2216 3 . 346 0.243 0 . 059 0 . 014 
1965 22210 629 2 .799 -0.304 0 .092 -0. 028 
1966 42000 1189 3 .075 -0.027 0 .001 -0. 000 
1967 44000 124 6 3 .095 -0.007 0 .000 -0. 000 
1968 46000 1302 3 .115 0.012 0 . 000 0. 000 
1969 50000 1416 3 .151 0.049 0 .002 0. 000 
1970 49000 1387 3 .142 0.040 0 . 002 0. 000 
1971 51000 1444 3 .160 0.057 0 .003 0. 000 
1972 43000 1217 3 .085 -0.017 0 .000 -0. 000 
1973 56000 1586 3 . 200 0.098 0 .010 0 . 001 
1974 41000 1161 3 .065 -0.037 0 .001 -0. 000 
1975 41815 1184 3 .073 -0.029 0 .001 -0. 000 
1976 32300 915 2 .961 -0.141 0 .020 -0. 003 
1977 30575 866 2 . 937 -0.165 0 . 027 -0. 004 
1978 118500 3355 3 . 526 0.423 0 .179 0 . 076 
1979 70500 1996 3 . 300 0.198 0 . 039 0 . 008 
1980 70519 1997 3 . 300 0.198 0 .039 0. 008 
1981 55322 156 6 3 .195 0 .093 0 . 009 0. 001 
1982 39960 1131 3 . 05 4 -0.049 0 .002 -0 . 000 
1983 39800 1127 3 . 052 -0.050 0 . 003 -0 . 000 
1984 48000 1359 3 .133 0. 031 0 001 0. 000 
1985 55483 1571 3 .196 0.094 0 009 0. 001 
198 6 57226 1620 3 .210 0. 107 0 012 0. 001 
1987 50000 1416 3 .151 0.049 0 002 0 . 000 
1988 55000 1557 3 . 192 0 .090 0 008 0 . 001 
1989 84820 2401 3 . 380 0 . 278 0 077 0. 022 



TABLE -4.7 

LOG PEARSON TYPE III DISTRIBUTION RESULTS 

RETURN PERIOD PEAK DISCHARGE 
Y

^
U t ó

 CUMECS (CUSECS) 

2.33 1,292 (45,630) 

5 1,823 (64,390) 

10 2,158 (76,220) 

25 2,561 (90,450) 





There is neg l ig ib le snowfa l l in the catchments of Kaha Hi l l to r rent 

and f lood f lows are caused by ra infa l l o n l y . A network of 

p rec ip i ta t ion measur ing stat ions ex is ts in the catchment area and a 

re la t i ve ly longer pe r iod of record of some of the stat ions is ava i lab le . 

T h i s data has been u t i l i zed to estimate flood p e a k s , f lood h y d r o g r a p h s 

and volume of annua l r un -o f f wi th monthly d i s t r i bu t i on for the 

major hi l l t o r ren ts and also at other points of in teres t for d i f ferent 

r e t u r n p e r i o d s . 

k 
4 . 3 . 1 , Ra in fa l l Pa t te rn and D i s t r i b u t i o n -

Prec ip i ta t ion r eco rds of the si tes were tabulated and maximum ra in fa l l 

for var ious per iods i . e . , one day to seven d a y s , 15 d a y s , month ly , 

monsoon per iod ( J u n e to September) and annual ra in fa l l were 

computed . Annua l and monsoon isohyetal maps were p repa red 

(Exh ib i t 4 . 1 ) , which ind ica ted that ra in fa l l is minimum at the southern 

ext remi ty of the a rea and is maximum in the no r th -wes te rn pa r t . 

The ra in fa l l genera l l y increases at h igh a l t i t udes . In the 

no r th -wes te rn par t of the a rea , there is an e l l ipso ida l belt wi th 

ra in fa l l of the o rde r of 380mm (15 inches) with Musa Khe l as one 

of the foei of the e l l ip t i ca l a rea . 

f a k i n g into cons ide ra t i on the annual isohyetes and monsoon 

i sopercen ta ls , the catchment area of D . G . K h a n Hil l To r ren t s has 

been d i v ided into th ree zones . Zone I, II and III (Exh ib i t 4 . 1 ) . 

The boundar ies of the zones are marked along the catchment 

boundar ies of h i l l t o r r en t s so that none of the hi l l to r ren ts is 

d i v i ded into two or more than two p a r t s , which would otherwise 

complicate the ana lys i s u n n e c e s s a r i l y . In th is way Kaha Hil l To r ren t 

fal ls in Z o n e - l l l . 

Zone-I is the area w i th the maximum alt i tudes of about 600m (2,000 

f t ) . The ra in fa l l in th is area is minimum and var ies between 

125mm to 250mm (5 inches to 10 i n c h e s ) , of which 65 percent fa l ls 

d u r i n g monsoon. Z o n e - l l l is the area with maximum a l t i t udes . 

The maximum e levat ion in th is area are around 3,000m (10,000 f t ) . 

Th i s area is of maximum prec ip i ta t ion and annual ra in fa l l var ies 

1_/ P lann ing and Des ign R e p o r t , Vo lume- I , Flood Management of 
D . G . K h a n Hil l T o r r e n t s , N E S P A K - 1 984. 



from about 250mm to 370mm (10 inches to 15 i nches ) , of wh ich 

nèar ly 55 percent fa l ls in monsoon. Storm s izes du r i ng monsoon 

are. of medium to h igh in tens i t y with shor t du ra t ions . 

4 .3 .2 Design Storm 

Ana lys i s of ra in fa l l r e c o r d s ind icates that ra in storms genera l l y 

follow a set p a t t e r n . The re are winter ra ins which s tar t in January 

, and cont inue in te rmi t ten t ly t i l l A p r i l . The intensi ty vof these ra ins 

is low and areal ex ten t is genera l l y l im i ted. Moreover , the in te rva l 

between one shower and the other is often so long that antecedent 

moisture almost tota l ly evapora tes before the onset of the next ra in 

and consequent ly they p roduce a v e r y low percentage of r u n - o f f . -

On the other h a n d , monsoon season which s tar ts from June and 

lasts t i l l September expe r i ences ra in fa l l storms of moderate in tens i ty 

and ex tens ive areal c o v e r a g e . The in terva l between the two 

consecut ive storms is re la t i ve ly smal l , which keeps the soil moisture 

high and depress ions f i l led so that any s ign i f icant amount of ra in fa l l 

is usual ly re f lec ted in a h igh f lood with high damage potent ia l in 

the a rea . It i s , t he re fo re , more expediënt that des ign storm shou ld 

bè selected from the pa t te rn of the monsoon season. 

Master p lann ing s tud ies c a r r i e d for D . G . K h a n Hi l l To r ren t s ind icated 

that f lood management measures for Hi l l Tor rents should be des igned 

for a theoret ica l r e t u r n per iod of about 25-year . Flood damages 

and est imated costs fo r va r i ous r e t u r n per iods were annut ized and 

c u r v e s were d rawn for major h i l l t o r ren ts of the a rea . The optimal 

des ign r e t u r n pe r i od was determined wh ich var ied from about 20 

years to 29 y e a r s . From these va lues an average of about 25-year 

was taken for des ign p u r p o s e s . Kaha Hil l Tor ren t being a component 

of D . G . K h a n area is p roposed to be managed for the same r e t u r n 

p e r i o d . It may be c la r i f i ed that the 25-year re tu rn per iod f lood 

has been adopted for the des ign of s t ruc tu res under normal 

condi t ions where in a f r e e - b o a r d of 1.5m has been p rov ided over 

the maximum des ign f lood l eve l . Under except ional condi t ions when 

floods of h igher magni tude are to be passed for short dura t ions 

the s t r u c t u r e s wi l l be able to cater for the same through enc roach -

ment on f r e e - b o a r d wi thout o v e r t o p p i n g . Under except iona l 



c i rcumstances the s t r u c t u r e s w i l l , t he re fo re , be able to pass f loods 

of upto 100 -yea r r e t u r n per iod with minor damage to downstream 

p ro tec t ion . 

For syn thes i s of r un -o f f f rom p rec ip i t a t i on , the shape of the r un -o f f 

h y d r o g r a p h is governed b y the d is t r ibu t ion of p rec ip i ta t ion wi th in 

a d a y , espec ia l ly for catchments with times of concen t ra t ion less 

than one d a y . In the absence of actual p rec ip i ta t ion d i s t r i bu t i on 

da ta , the assumpt ion of un i fo rm prec ip i ta t ion d i s t r i bu t i on is l i ke ly 

to resu l t in peaks ^ h a t are too low. It is t he re fo re , imperat ive to 

use hour ly ra in fa l l for s y n t h e s i s of run -o f f h y d r o g r a p h s . However , 

due to non-ava i lab i l i t y of hou r l y ra in fa l l reco rds for Kaha B a s i n , 

dai ly data had to be used fo r syn thes i s of r un -o f f h y d r o g r a p h s . 

The l inear Gumbel method has been used for f r equency ana lys is 

for one day maximum ra in fa l l data of C h a c h a r , Mard B u n , Fort 

* Munro , B a r k h a n , Bewa t ta , M u r u n j , Ziarat S h e r u and Ka lkhas 

ra ingauge s ta t ions . One day ra in fa l l s with their co r respond ing 

r e t u r n per iods are p lo t ted on Gumbel Paper and a best f i t s t ra igh t 

l ine is drawn th rough the po in ts ( ra ingauge stat ions l ines) as shown 

in F i g . 4 . 5 . To conver t the dai ly ra in fa l l into t rue 24 hours r a i n f a l l , 

the resu l t s of the f r equency ana lys is of the dai ly ra in fa l l data 

have been mul t ip l ied by 1.13 factor — . To conver t the point 
? / 

^ \ a i n f a l l into area ra in fa l l a mu l t ip l y ing factor of 0.735— is u s e d . 

4 . 3 . 3 Evaluat ion of Hydro logie Parameters Related to 
Prec ip i ta t ion and Catchment Charac te r i s t i cs 

Estimation of f lood p e a k s / h y d r o g r a p h s from prec ip i ta t ion data 

invo lves parameters which can be s u b - d i v i d e d into two g roups namely 

prec ip i ta t ion parameters e . g . , magnitude of ra in fa l l in a ce r ta in 

per iod of time and i ts d i s t r i bu t i on both in time and space ; and 

catchment cha rac te r i s t i cs e . g . , a r e a , shape , s l opes , s o i l , vegetal 

cover e t c , of the wa te rshed . 

]_/ Khan Wirasat U l lah , Repor t on the Hydrometeoro logy of Ba loch is tan 
( V o l . I), C h a p t e r - 9 . 

21 Flood Est imat ion - Des ign Guide - Ba loch is tan Minor I r r iga t ion and 
A g r i c u l t u r e Development P r o j e c t . 
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In o rder to s tudy the time d i s t r i b u t i o n of r a in fa l l , Depth F requency 

C u r v e s and In tens i ty Du ra t i on F r e q u e n c y C u r v e s are used . t h e s e 

c u r v e s have been p r e p a r e d for d i f fe ren t r e tu rn pe r iods . 

The reco rd ing ra ingauge s ta t ion at Koh lu outs ide the boundary of 

the catchment , r eco rds hour l y r a i n f a l l ; therefore hour ly ra in fa l l 

d i s t r i bu t i on pa t te rn at K o h l u was selected to p rov ide the hour l y 

pa t te rn of da i ly ra in faH w i th in Kaha catchment . 

The data ser ies and the f r e q u e n c y d i s t r i bu t i on selected for ana lys ing 

p rec ip i ta t ion data are same as that for stream flow data ana lys is 

i . e . , Annua l Ser ies and Gumbel D i s t r i b u t i o n , so that resu l ts de r i ved 

from the two t ypes of data can be compared . 

For the computat ion of hydro log ie parameters , Depth Durat ion 

F requency and In tens i ty Dura t ion F requency C u r v e s have been 

developed fo r 2 .33 , 5 , 10 and 25 yea rs and have been shown in 

F i g s . 1 . 6 to 1 .7 . These c u r v e s have been used to estimate f lood 

peak c o r r e s p o n d i n g to des ign storm u s i n g the Rat ional Formu la . 

1.1 E S T I M A T I O N OF H Y D R O L O G I C P A R A M E T E R S 
R E L A T E D TO C A T C H M E N T C H A R A C T E R I S T I C S 

T h e par t of the ra in fa l l of a watershed which is conver ted into 

run -o f f depends upon the na tu re of s o i l ; the type and extent of 

vegeta l cover as well as the a g r i c u l t u r a l p rac t ices such as contour ing 

and t e r r a c i n g . US S C S ^ (Un i ted States Soil Conserva t ion Se rv i ces ) 

have developed a method, wh ich takes into account all these 

paramete rs , whi le est imat ing r un -o f f from a b a s i n . 

In th is method, soi ls are c lass i f i ed in four g roups A , B , C & D 

depend ing upon the in f i l t ra t ion and t ransmiss ion r a t e s . Soils in 

g roup A have h igh in f i l t ra t ion and t ransmiss ion rates a n d , there fore , 

are associated w i th v e r y low r u n - o f f po ten t ia l . Soi ls in g roup B 

and C have intermediate in f i l t ra t ion and t ransmiss ion rates and 

have r u n - o f f potent ial h ighe r than A and lower than D , respec t i ve l y . 

The effect of the su r f ace cond i t i ons have been evaluated by 

determin ing ' L a n d U s e ' and ' L a n d Trea tment ' . Land use in a 

U US Department of A g r i c u l t u r e , Soil Conse rva t i on S e r v i c e s , Sect ion 
1, Hyd ro l ogy . 
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watershed inc ludes e v e r y k i n d of vegetat ion. L i t te r and mulch 

and fallow as well as n o n - a g r i c u l t u r a l uses such as water su r faces 

( L a k e s , Swamp, etc) and imperv ious sur faces ( roads , roofs e t c ) . 

Land treatment app l ies mainly to agr icu l tu ra l uses and inc ludes 

mechanical p rac t i ces such as con tour ing or te r rac ing and management 

pract ices such as g r a z i n g cont ro l or rotat ion of c r o p s . 

The combinat ion of a hyd ro l og i e soil group (Soil) and a l a n d - u s e 

and treatment c lass ( cove r ) is a hydro logie soil cover comp lex . 

The run -o f f gene ra t i ng potent ia l of t h i s \ o m p l e x is rep resen ted by 

a cu rve number wh ich is determined from tables developed f rom 

evaluat ion of the hyd ro log ie data of the gauged watersheds . T h e 

higher the c u r v e number of a complex, the h igher is its r u n - o f f 

potent ia l . 

The soi l moisture cond i t i ons p r i o r to occurrence of a ra in fa l l s torm 

also in f luence the amount of r u n - o f f p roduced . If soil moisture is 

h i g h , the loss of water by absorpt ion into the ground is less 

which resu l ts in h igh r u n - o f f . Soil moisture condi t ions or Antecedent 

Moisture Cond i t ions ( A M C ) a re d iv ided into three ca tegor ies , I, II 

and III depend ing upon the 5-day antecedent p rec ip i ta t i on . T h e 

c lass i f ica t ion is desc r i bed be low: 

Moisture60'' 5 -day To ta l An teceden t Prec ip i ta t ion 
- .... Inches Condi t ions 

(AMC) D O R M A N T S E A S O N CROWINC S E A S O N 

I Less than 0.5 Less than 1.4 
II 0.5 to 1 .1 1.4 to 2.1 
III More than 1.1 More than 2.1 

For watershed Kaha Hi l l T o r r e n t , the above mentioned catchment 

charac te r is t i cs have been de f ined below as an example: 

Soil Group C and D 
Land Use and Trea tment Fal low, Pas tu re or Range (Fa i r ) 
Antecedent Mo is tu re n> * c 

•n -i-»- r A . « / - s Dormant Season Condi t ion ( A M C ) 
A M C - I 76 
AMC- I I 89 
AMC- I I I 96 

Once the cu rve number for a hydro log ie soil cover complex is 

known, the d i rect r u n - o f f may be determined by us ing a Standard 

curve or by the use of the fo l lowing equat ion: 



(P - 0 . 2 S P 
Q = P + 0.8S 

Where Q = Volume of d i rec t r un -o f f in inches 

P = The p rec ip i ta t ion from which the d i rec t run -o f f is to 

be est imated 

S = T h e potent ia l in f i l t ra t ion in inches and is re lated to 

c u r v e number as u n d e r : 

5= - 1 0 b C N l u 

\ 
Where C N is the c u r v e number 

S E L E C T I O N OF M E T H O D O L O G Y FOR D E T E R M I N A T I O N 
OF DESIGN H Y D R O G R A P H 

Qual i ty and quan t i t y of avai lable hydro log ie data determine the 

methodology to be used for evaluat ion of va r ious parameters for 

management of f loodf lows of a wa te rshed . The s t ream flow data of 

Kaha Hil l To r ren t compr ises year l y peak d i s c h a r g e s and a few 

h y d r o g r a p h s . In most cases , the stages c o r r e s p o n d i n g to e i ther 

r i s i n g or recess ion l imbs are m i s s i n g . Moreover , the time per iod 

between the two stage read ings is too long to def ine exp l i c i t l y the 

shape of the h y d r o g r a p h . In view of f ragment ry hydro log ie da ta , 

Kaha Hi l l T o r r e n t can be c lass i f ied in the ca tego ry of ungauged 

wa te rsheds . T ranspos i t i on of h y d r o g r a p h from a gauged site of similar 

phy s i og raph i c and c l imat ic cond i t ions is also not feasib le as 

comparable data is not ava i l ab le . The re fo re , the only feasib le 

solut ion was to deve lop h y d r o g r a p h s from va r i ous syn the t i c 

t echn iques . The d imensionless hyd rog raphs of US S C S developed 

by V ic to r M o c k u s ^ is one of the methods se lec ted for comput ing 

h y d r o g r a p h s of va r ious r e t u r n pe r i ods . It was d e r i v e d from a 

large number of na tu ra l uni t hyd rog raphs from wate rsheds v a r y i n g 

widely in s ize and geograph ica l locat ions, a n d , t he re fo re , has the 

f l ex ib i l i t y of f i t t i ng on catchments v a r y i n g w ide ly in s ize and 

National Eng inee r i ng Handbook, Sect ion 4, H y d r o l o g y , 
US Department of A~gr icul ture. 



meteorological env i ronmen ts . T h i s dimensionless l inear 

h y d r o g r a p h has its o rd ina te va lues e x p r e s s e d in a d imensionless 

ra t io Q/Qp and its abc issa va lues at T / T p . Mu l t i p l y ing ord inate 

va lues with peak d i scha rge and abc i ssa values by time to peak 

y ie lds the des i red un i t h y d r o g r a p h . 

4.5.1 Size 

\ 

The catchment boundar ies were d rawn from G . T . S h e e t s obta ined 

f rom Su rvey of P a k i s t a n . The area was then measured by plani.meter. 

4 .5 .2 Time of Concen t ra t ion 

Modi f ied K i r p i c l v - ' formula was used for ca lcu la t ing time of 

concent ra t ion which is as fo l lows: 

L 1 -15 
Tc = 

7700 x ( H ) 0 ' 3 8 

Where Tc = Time of concent ra t ion in hours (28 hou rs ) 

L = L e n g t h of longest stream in the watershed in feet. 

H = Di f fe rence of e levat ion in length L in feet . 

4 .5 .3 Time to Peak 

Time to peak , T p was ca lcu la ted f rom T c by the re la t ion : 

T = + 0.6 T 

p 2 c^ 

Where T ^ = Time to peak in hours (19 hou rs ) 

D = Unit s torm du ra t i on . 

1/ K i r p i c h Z . P . 'T ime of Concent ra t ion of Small A g r i c u l t u r a l Watersheds' 
~ C i v i l E n g i n e e r i n g , Vo l -10 N o . 6 , Page-362 (June 1 940). 



4 .5 .1 Time of Recession 

The time of r e c e s s i o n , when flow wi l l cease to e x i s t , is ca lcu la ted 

by the re la t i on : 

T = 1 .67 T r p 

Where T r = Time of recess ion after peak in hours (32 hou rs ) 

4 . 5 . 5 Uni t . Storm Durat ion 

Uni t storm durat ion is the dura t ion of storm for uni t h y d r o g r a p h 

made from dimensionless h y d r o g r a p h . For the dimensionless 

h y d r o g r a p h of V i c to r M o c k u s , it shou ld be 20 percent of time to 

peak and should not exceed beyond 25 percent . 

Unit Storm Durat ion D is g i ven b y : 

D = 0.133 T c (4 hours) 

4 . 5 . 6 Peak Rate of Flow 

Peak rate of flow has been ca lcu la ted from the fo l lowing fo rmu la : 

484 x A x Q 
T 

P 

Peak ra te of f low in cusecs 

Catchment a rea in sq .mi les 

Depth of r u n - o f f in inches 

Time of peak in hours 

Q P = 

Where Q = 
P 

A = 

Q = 

T = 
P 



1.5.7 Determinat ion of Uni t H y d r o g r a p h 

Knowing peak d i scha rge and time to peak of the unit b h y d r o g r a p h , 

complete un i t h y d r o g r a p h is obta ined by mul t ip ly ing time rat ios 

and d ischarge rat ios of the dimensionless hyd rog raph with time to 

peak and peak d i scha rge of the uni t h y d r o g r a p h . 

4 . 5 . 8 Flood Hyd rog raphs v 

The magnitude and d i s t r i bu t i on of ra in fa l l have been obtained from 

des ign s to rm. Computer program has been developed to estimate 

the resu l t i ng f lood of each 4.00 hour s u b - h y d r o g r a p h . The resu l t s 

of design f lood peak for va r i ous r e t u r n per iods are given in Tab le 

4 .8 . The computer ou tpu t l is ts the catchment charac ter is t i cs for 

2 .33, 5, 10 and 25-years r e t u r n per iod are g iven in Table 4.9 to 

4.12 and are p lot ted in F i g s . 4 . 8 to 4 . M . 

T A B L E - 4.8 

F L O O D P E A K WORKED O U T BY 

V I C T O R M O C K U S METHOD 

Return Per iod 

Years 

2.33 

5 

10 

25 

Flood Hydrograph Peaks 

Cumecs (Cusecs) 

927 

1 ,567 

2,106 

2,815 

(32,744) 

(55,340) 

(74,376) 

(99,436) 

\ 



TABLE -4.9 

DANB OP CATCHNENT RAHA HILL TORRENT 
RETURN PBRIOD 2.33-YEAR 

AREA DRAINING. SQ.MLBS 2208.000 
2.33-YBAR,2*-HOÜR POIHT RAINFALL 1.458 
2.33-T.BA1.24-ROUR POIÏT RAINFALL 1.458 

PÖINT TO ARBA REDUCTION FACTOR = 
2.33-YBAR,24-HOUR ARBAL RAINFALL ^1.071 

ADOPTBD STORM 24-HOUR RAINFALL 1.071 
HULTIPLYIHG FACTOR FOR '1.000 
2.33-ÏBAR 

CURVE NUNBER 96.00 
8 0.4167 

0.2S 0.0833 
0.B3 0.3333 

TINB TO PBBAK(HOUR) 19.000 
PEAK DISCHARGES(CUSECS) 56246 
TIHB INTERRYAL(HOUR) 4.000 

DIMENSIONLESS U N I T H Y D R O G R A P H 
HYDROGRAPH Calculated Adopted 

T Q T Q 
T/Tp Q/Qp Hours Cusecs Hours Cusecs 

D E S I G N S T O R h* ! RESULTING 
1

 Time Pattern Accultd Acc:Eicess Inc:Ercess ! Flood 
Rainfall Rainfall Rainfall Rainfall I Hydrograph! 

Hours Inches Inches Inches ! Cusecs 

0.000 0.00 0.00 0 0.00 0 0.0 . 0.000 0.000 0.000 0.107 0 
0.100 0.10 1.90 5625 '4.00 11841 4.00 0.331 0.355 0.107 0.398 1267 
0.200 0.20 3.80 11249 8.00 23682 8.00 0.802 0.859 0.505 0.055 7245 
0.300 0.30 5.70 16874 12.00 35524 12.00 0.860 0.921 0.560 0.051 13873 
0.400 0.400 7.60 22498 16.00 47365 16.00 0.913 0.978 • 0.611 0.050 21103 
0.500 0.500 9.50 28123 20.00 54473 20.00 0.965 1.034 0.661 0.034 28423 
0.600 O.600 11.40 33748 24.00 47383 24.00 1.000 1.071 0.695 0.000 32744 
0.700 0.700 13.30 39372 28.00 40292 28.00 1.000 1.071 0.695 0.000 31156 
0.800 0.800 15.20 44997 32.00 33202 32.00 1.000 1.071 0.695 0.000 28547 
0.900 0.900 17.10 50621 36.00 26111 36.00 1.000 1.071 0.695 0.000 24980 
1.000 1.000 19.00 56246 40.00 19020 40.00 1.000 1.071 0.695 0.000 20536 
1.100 0.940 20.90 52878 44.00 11930 44.00 1.000 1.071 0.695 0.000 15608 
1.200 0.880 22.80 49510 48.00 4839 48.00 1.000 1.071 0.695 0.000 10680 
1.300 0.820 24.70 46142 52.00 0 52.00 1.000 1.071 0.695 0.000 5993 
1.400 0.760 26.60. 42774 56.00 0 56.00 1.000 1.071 0.695 0.000 2720 
1.500 0.700 28.50 39406 60.00 0 60.00 1.000 1.071 0.695 0.000 1495 
1.600 0.640 30.40 36038 64.00 64.00 1.000 1.071 0.695 0.000 650 
1.700 0.5B0 32.30 32670 68.00 68.00 1.000 1.071 0.695 0.000 165 
1.800 0.520 34.20 29302 72.00 72.00 1.000 1.071 0.695 0.000 0 
1.900 0.460 36.10 25934 76.00 76.00 1.000 1,071 0.695 0.000 0 
2.000 0.400 38.00 22566 80.00 80.00 1.000 1.071 0.695 0.000 0 



TABLE - 4.10 

. NAKB OF CATCHMENT * KAHA HILL TORRENT 
RBTURN PERIOD * 5 YBARS 

, AREA DRAINING. SQ.MILES = 2208.000 
5 YEARS , 24-HOUR POIIT RAINFALL = 2.147 

5 YEARS , 24-HOUR POINT RAINFALL = 2.147 
POINT TO ARBA RBDUCTIOH FACTOR * 0.735 

5 YBARS , 24 -HOUR ARBAL RAINFALL , = 1.578 
ADOPTBD STORM 24-HOUR RAINFAL k = 1.578 
HULTIPLY1NG FACTOR FOR 1.000 
5 YBARS 

CURVE NUNBER \ = 96.00 
S » 0.4167 
0.2S » 0.0833 
0.8S = 0.3333 

TIHB TO PBAK(HOUR) = 19.000 
PBAK DISCHARGES(CUSBCS) = 56246 
TINB INTBRVAL(HOUR) = 4.000 

DIMENSIONLESS 
HYDROGRAPH 

T/Tp Q/Qp 

U N I T H Y D 
Calculated 
T Q 

Hours Cusecs 

R O G R A P H D 
Adopted Time 
T i Q 

Hours Cusecs Hours 

B S I G N S T O R M 
Pattern Accoltd Ace:Eicess Inc:Bicess 
Rainfall Rainfall Rainfall Rainfall 

Inches Inches Inches 

RESULTING ! 
Flood ! 

Hydrograph! 
Cusecs ! 

0. 000 0.00 0.00 0 0.00 0 0.0 0 000 0.000 0.000 0.225 0 
0. 100 0.10 1.90 5625 4.00 11841 4.00 0 331 0.522 0.225 0.649 2667 1 
0. 200 0.20 3.80 11249 8.00 23682 8.00 0 802 1.266 0.874 0.086 13018 ! 
0 300 0.30 5.70 16874 12.00 35524 12.00 0 860 1.357 0.960 0.079 24384 ! 
0. 400 0.400 7.60 22498 16.00 47365 16.00 0 913 1.441 1.039 0.078 36682 ! 
0 500 0.500 9.50 28123 20.00 54473 20.00 0 965 1.523 1.116 0.053 48835 ! 
0 600 0.600 11.40 33748 24.00 47383 24.00 1 000 1.578 1.169 0.000 55341 ! 
0 700 0.700 13.30 39372 28.00 40292 28.00 1 000 1.578 ï. 169 0.000 52227 ! 
0 800 0.800 15.20 44997 32.00 33202 32.00 1 000 1.578 1.169 0.000 47523 ! 
0 900 0.900 17.10 50621 36.00 26111 36.00 1 000 1.578 1.169 0.000 41334 1 
1 000 1.000 19.00 56246 40.00 19020 40.00 1 000 1.578 1.169 0.000 33792 i 
1 100 0.940 20.90 52878 44.00 11930 44.00 1 000 1.578 1.169 0.000 25504 i 
1 200 0.880 22.80 49510 48.00 4839 48.00 I 000 1.57B 1.169 0.000 17216 ! 
1 300 0.820 24.70 46142 52.00 0 52.00 1 000 1.578 1.169 0.000 9435 ! 
1 400 0.760 26.60 42774 56.00 0 56.00 1 000 1.578 1.169 0.000 4205 ! 
1 500 0.700 28.50 39406 60.00 0 60.00 1 000 1.578 1.169 0.000 2308 ! 
1 600 0.640 30.40 36038 64.00 64.00 1 000 1.578 1.169 0.000 1003 . ! 
1 700 0.580 32.30 32670 68.00 68.00 1 000 1.578 1.169 0.000 254 ! 
I 800 0.520 34.20 29302 72.00 72.00 1 000 1.578 1.169 0.000 0 ! 
1 900 0.460 36.10 25934 76.00 76.00 I 000 1.578 1.169 0.000 0 ! 
2 000 0.400 38.00 22566 80.00 80.00 I 000 1.578 1.169 0.000 0 ! 



T A B L E - 4 . 1 1 

FLOOD HYDROGRAPH - KAHA HILL TORREHT 

NAKB OF CATCHMENT 

RETURN PERIOD 

ARBA DRAINING. SQ.HILBS 
10 YEARS, 24-HOUR POINT RAINFALL 
10 YBARS, 24-HOUR POINT RAINFALL 

POINT TO ARBA REDUCTION FACTOR 
10 YBARS, 24 -HOUR ARBAL RAINFALL 

ADOPTED STORM 24-HOUR RAINFAL 
MULTIPLYING FACTOR FOR 
10 YEARS 

CURVE NUMBER 
S 

0.2S 
o.es 

TIME TO PEAK(HOUR) 
PEAK DISCHARGES(CUSBCS) 
TIHB INTERVAL(HOUR) 

KAHA HILL TORRENT 

10 YEARS 

2208.000 
2.712 
2.712 
0.735 
1.993 
1.993 
1.000 

96.00 
0.4167 
0.0833 
0.3333 
19.000 
56246 
4.000 

DIMENSIONLESS U N I T H Y D R O G R A P B D E S I G N S T 0 R M RESULTING ! 
HYDROGRAPH Calculated Adopted Tiae Pattern Accnltd Acc:Bicess Ine:Eicess Flood ! 

T Q T Q Rainfall Rainfall Rainfall Rainfall Hydrograph! 
T/Tp Q/QP Hours Cusecs Hours Cusecs Hours Inches Inches Inches Cusecs ! 

O.000 0.00 0.00 0 0.00 0 0.0 0.000 0.000 0.000 0.335 ! 0 ! 
0.100 0.10 1.90 5625 4.00 11841 4.00 0.331 0.660 0.335 0.854 .3962 ! 
0.200 0.20 3.80 11249 8.00 23682 8.00 0.802 1.599 1.189 0.111 18035 ! 
0.300 0.30 5.70 16874 12.00 35524 12.00 0.860 1.714 1.299 0.101 33418 ! 
0.400 0.400 7.60 22498 16.00 47365 16.00 0.913 1.820 1.401 0.100 50002 : 
0.500 0.500 9.50 28123 20.00 54473 20.00 0.965 1.924 1.500 0.067 66186 ! 
0.600 0.600 11.40 33748 24.00 47383 24.00 1.000 1.993 1.568 0.000 74376 ! 
0.700 0.700 13.30 39372 28.00 ' 40292 28.00 1.000 1.993 1.568 0.000 69918 ! 
0.800 0.800 15.20 44997 32.00 33202 32.00 1.000 1.993 1.568 0.000 63411 ! 
0.900 0.900 17.10 50621 36.00 26111 36.00 1.000 1.993 1.568 0.000 54990 ! 
1.000 1.000 19.00 56246 40.00 19020 40.00 1.000 1.993 1.568 0.000 44830 ! 
1.100 0.940 20.90 52878 44.00 11930 44.00 1.000 1.993 1.568 0.000 33713 ! 
1.200 0.880 22.80 49510 48.00 4839 48.00 1.000 1.993 1.568 0.000 22595 i 
1.300 0.820 24.70 46142 52.00 0 52.00 1.000 1.993 1.568 0.000 12231 ! 
1.400 0.760 26.60 42774 56.00 0 56.00 1.000 1.993 1.568 0.000 5408 ! 
1.500 0.700 28.50 39406 60.00 0 60.00 1.000 1.993 1.568 0.000 2967 ! 
1.600 0.640 30.40 36038 64.00 64.00 1.000 1.993 1.568 0.000 1288 ! 
1.700 0.580 32.30 32670 68.00 68.00 1.000 1.993 1.568 0-.000 326 i 
1.800 0.520 34.20 29302 72.00 72.00 1.000 1.993 1.568 0.000 0 ! 
1.900 0.460 36.10 25934 76.00 76.00 1.000 1.993 1.568 0.000 0 ! 
2.000 0.400 38.00 22566 80.00 80.00 1.000 1.993 1.568 0.000 Ö ! 



TABLE - 4.12 

NANB OF CATCHHBHT = KAHA HILL TORRBHT 
RETURN PERIOD = 25 YBARS 

AREA DRAIHIHG. SQ.HILBS = 2208.000 

25 YEARS, 24-HOUR POIHT RAIRFALL * 3.446 
25 YBARS, 24-HOUR POIHT RAIHFALL = 3.446 

POIHT TO ARBA RBDUCTIOI FACTOR = 0.735 

25 YBARS, 24 -HOUR ARBAL RAIRFALL = 2.533 
ADOPTBD STORH 24-HOUR RAIRFAL = 2.533 

KULTIPLYIHG FACTOR FOR 1.000 
25 YBARS 

CURVB RUHBBR • = 96.00 
S - 0.4167 
0.2S = 0.0833 
0.8S - 0.3333 

TIHE TO PBAK(BOUR) = 19.000 
PEAK DISCHARGES(CUSECS) = 56246 
TIH8 IHTBRVAL(HOUR) = 4.000 

IHENSIONLESS U 1 I T H Y D R 0 G R A P H D I 1 S I G H S T 0 R K RBSULTIHG ! 

HYDROGRAPH Calcul ated Adopted Time Pattern Accnltd Ace:Bicess Ine:Eicess Flood ! 

T Q T Q Rainfall la in fa 11 Rainfall Rainfall Hydrograph! 

T/Tp Q/Qp Hours Cusecs Hours Cusecs Hours Inches Inches Inches . Cusecs ! 

.000 0.00 0.00 0 0.00 0 0.0 0.000 0.000 0.000 0.487 0 ! 

.100 0.10 1.90 5625 4.00 11841 4.00 0.331 0.838 0.487 1.118 5761 ! 

.200 0.20 3.80 11249 8.00 23682 8.00 0.802 2.031 1.605 0.143 24763 ! 

.300 0.30 5.70 16874 12.00 15524 12.00 0.860 2.178 1.747 0.131 45454 ! 

.400 0.400 7.60 22498 16.00 17365 16.00 0.913 2.312 1.878 0.129 67693 i 

.500 0.500 9.50 28123 20.00 54473 20.00 0.965 2.444 2.007 0.087 89151 ! 

.600 0.600 11.40 • 33748 24.00 »7383 24.00 1.000 2.533 2.093 0.000 99436 ! 
,700 0.700 13.30 39372 28.00 10292 28.00 1.000 2.533 2.093 0.000 93169 1 
.800 0.800 15.20 44997 32.00 33202 32.00 1.000 2.533 2.093 0.000 84258 ! 
.900 0.900 17.10 50621 36.00 16111 36.00 1.000 2.533 2.093 0.000 72883 ! 
.000 1.000 19.00 56246 40.00 19020 40.00 1.000 2.533 2.093 0.000 59271 1 
.100 0.940 20.90 52878 44.00 11930 44.00 1.000 2.333 2.093 0.000 44427 1 
.200 0.880 22.80 49510 48.00 4839 48.00 1.000 2.533 2.093 0.000 29584 ! 
.300 0.820 24.70 .46142 52.00 0 52.00 1.000 2.533 2.093 0.000 15836 ! 
.400 0.760 26.60 42774 56.00 0 56.00 1.000 2.533 2.093 0.000 6960 ! 
.300 0.700 28.50 39406 60.00 0 60.00 1.000 2.333 2.093 0.000 3816 ! 
.600 0.640 30.40 36038 64.00 64.00 1.000 2.533 2.093 0.000 1657 ! 
.700 0.580 32.30 32670 68.00 68.00 1.000 2.533 2.093 0.000 420 ! 
,800 0.520 34.20 29302 72.00 72.00 1.000 2.533 2.093 0.000 , 0 ! 
.900 0.460 36,10 25934 76.00 76.00 1.000 2.533 2.093 0.000 0 ! 
.000 0.400 38.00 22566 80.00 80.00 1.000 2.533 2.093 0.000 o r 
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R A T I O N A L F O R M U L A 

Rat ional Fo rmu la is one of the oldest empir ica l formula in use . 

The formula is ca l led ra t iona l because the uni ts of quant i t ies invo lved 

are numer ica l ly cons is ten t approximately. 

The rat ional formula i s : 

Qp = C IA 

Where Qp is p-sak d i scha rge in cusecs 

C is the r u n - o f f co-ef f ic ient depend ing upon the 

c h a r a c t e r i s t i c s of the drainage a r e a . It is assutned 

to be equal to rat io of sur face run -o f f to ra in fa l l of 

a ca tchment . 

I is in tens i ty of ra infa l l in i n c h e s / h r co r respond ing to 

time of concent ra t ion of the wa te r shed . 

. A is catchment area in acres 

Table 4.13 g i v e s va lues of C for di f ferent types of so i l s . The 

catchment area of Kaha cons is ts of hard rocks with v e r y l i t t le 

vegetal c o v e r . Mo reove r , steep slopes allow very l i t t le amounts to 

be absorbed and most of the ra infa l l is conver ted to r un -o f f . For 

h igh in tens i ty storms of h igh re tu rn per iods h i ghe r values of C 

are, recommended. T h e r e f o r e , value of C for Kaha with storm 

in tens i ty of 25-year r e t u r n per iod is estimated as 0 .70 . Intensity 

of ra in fa l l has been obta ined from the intensi ty dura t ion f requency 

cu rves p r e p a r e d for K a h a ( F i g . 1 .7) . The in tens i ty of ra in fa l l 

from i n t e n s i t y - d u r a t i o n - c u r v e of 25-years re tu rn per iod against time 

of concent ra t ion of 23.0 hours is 0.10 i n c h e s / h r . 

Area of Kaha is 571 ,882 ha (1,413,120 a c r e s ) . Pu t t i ng al l these 

values in Rat ional Fo rmu la : 



TABLE 4.13 1/ 

VALUE OF RUNOFF COËFFICIËNT, C, 
FOR DIFFERENT KINDS OF SOIL 

TYPE OF CATCHMENT VALUE OF C 

Rocky & Impermeable 0.80 - 1.00 

Slightly Permeable, bare 0.60 - 0.80 

Slightly Permeable, partly 

covéred with vegetation 0.40 - 0.60 

Cultivatèd Absorbant Soil 0.30 - 0.40 

Sandy Absorbant Soil 0.20 - 0.30 

Heavy Forest 0.10 - 0.20 

\J Flood Estimation and Control By B.D. 
Richards Third Edition, 1955, page 59 



Qp = C IA = 0.7 * 0.10 * 1 ,413,120 

= 98,918 c fs (2 ,800 cumecs) 

As th is formula is recommended for small catchments and there is 

cons iderab le judgement i nvo l ved in the est imation of co-ef f ic ient of 

r u n - o f f , the re fo re , resu l t obta ined from th is formula should be 

cons idered as the f i r s t approx imat ion of peak d i s c h a r g e . 

S E L E C T I O N OF DESIGN H Y D R O G R A P H 

The socio economie ana lys i s of the area af fected by Kaha Hill Tor ren t 

and the ant ic ipated costs of tentat ive f lood management techniques 

indicate that f lood mi t igat ing system should be des igned for 25-year 

r e t u r n p e r i o d . Peak d i scha rge of 25-year r e t u r n per iod has been 

estimated b y f requency ana lys is of both stream flow and precip i tat ion 

da ta . Fol lowing table compares the resu l t s obta ined by d i f fé ren t 

methods. 

COMPARISÖN OF R E S U L T S BY D I F F E R E N T M E T H O D S 

Streamflow Data Ana lys i s 
25-year Peak D ischarge 

Cumecs (Cusecs ) 

! Prec ip i ta t ion Data Ana lys is 
! 25-Year Discharge ~ 
i Cumecs (Cusecs) 

JL 
Log 
Pearson 
T y p 2 - l l l 

Gumbel 
D i s t r i 
but ion 
(L inear ) 
Ord inate) 

Gumbel 
D i s t r i 
bu t ion 
(Log) 
Ord ina te) 

Gumbel 
E q u a 
t ion 

Rat ional 
Formula 

Dimensionless 
Hydrograph 
Method 

2,551 2,550 2,732 2,570 2,800 2,315 

(90,450) (94,000) (96,500) (90,774) (98,920) (99,440) 



Resul t of Rat iona l Formula g ive the f i rs t approx imat ions of the 

peak d i s c h a r g e . Dimensionless hydrograph method (V ic tor Mockus) 

show the resu l t on h ighe r s ide . By app ly ing goodness of f it 

( C h i - S q u a r e Tes t ) on stream flow data for all three types of 

f requency c u r v e s ( L o g Pearson T y p e - M l , Gumbel D is t r i bu t i on and 

Log Cumbel D i s t r i b u t i o n ) . The Gumbel D is t r ibu t ion g i v i n g least 

value of C h i - S q u a r e parameter is the best f i t . T h e r e f o r e , peak 

d ischarge of 25-year r e t u r n per iod has been f ixed at 2,652 cumecs 

(94,000 c u s e c s ) . 

. 'i 

R U N O F F 

The p rec ip i ta t ion da ta have been used for runof f est imation by 

ca lcu la t ing the ave rage monthly rainfal l for the Project area from 

the ra ingauge r e c o r d s . The average monthly ra in fa l l are mul t ip l ied 

by the ra in fa l l of va r i ous re tu rn per iods ( F i g . 4 . 5 ) . The runof f 

volumes have been determined by Soi l Conservat ion S e r v i c e s method. 



SECTION - 5 

MANAGEMENT OF FLOOD WATER 

5.1 G E N E R A L 

Management of f loodf lows of DG Khan Hi l l T o r r e n t s is a complex 

p rob lem, because quan t i t y and d is t r ibu t ion of ra in fa l l c o n t r i b u t i n g 

to f loodf lows is u n c e r t a i n and pa t chy . A year wi th in tense ra in fa l l 

may be fol lowed by a long span of d r y y e a r s . F lashy 1 f loodf lows in 

the l ight of unce r ta i n t y of thei r occur rence add complexi ty to the i r 

economical management. Flood management of hi l l t o r ren ts has 

severa l a l te rna t i ves or combinat ions of adjustments. A cho ice of 

optimal solut ion can be made us ing cost e f fect iveness techn ique . 

Ef fect ive f lood management requ i res s t ruc tu ra l and n o n - s t r u c t u r a l 

measures to be app l ied in ba lance . S t ruc tura l measures minimize 

the effect of f lood water whi le non -s t ruc tu ra l measures fac i l i ta te in 

chang ing the i n t e n s i t y , dura t ion and volume of f loodf lows. The 

former t ypes inc lude d i k e s , f lood wal ls , channel improvements , 

d ivers ion w e i r s , r e s e r v o i r s e t c , while later type ecompasses 

measures l ike wa te rshed management by t e r r a c i n g , gu l l y c o n t r o l , 

af forestat ion or pas tu re deve lopment . Sometimes f lood losses may 

also be minimized by f lood w a r n i n g , flood f igh t ing or evacua t ion . 

Flood management of Kaha Hill Tor rent has been proposed to be 

under taken us ing both s t r u c t u r a l and non -s t ruc tu ra l measures. 

5.2 P L A N N I N G S T R A T E G Y A N D O B J E C T I V E S 

The key to f lood management p lann ing for Kaha Hi l l T o r r e n t s l ies 

in reduc t ion of f lood peaks to a th resho ld level at which the f lood 

threat in the area is s ign i f i can t l y reduced . In view of h igh si l t 

content , and the e r ra t i c nature of f loodf lows, damming or s to r i ng 

of f lashy f lood water is genera l ly uneconomical. Moderate f loods 

that overf low the p la in area are used for terrace i r r iga t ion as long 

as they are wi th in manageable l imits. In case of h igh f lows, ear then 



f lood embankments are shat tered and run-o f f gets concent ra ted along 

r i gh t bank of Dajal B r a n c h . Floodflow after b reach ing the canal 

or pass ing t h rough canal c r o s s i n g s sweeps across the canal command 

a r e a , where it in f l i c ts severe damage to c rops and other 

i n f r as t ruc tu re before f i nd ing i ts way onto the Indus R i v e r . The 

damage potent ial genera l l y increases after c r o s s i n g Dajal B r a n c h . 

On the other h a n d , shor tage of water is the major const ra in t to 

the development of the Pachad A r e a . T h u s , the p r imary object ive 

of the f lood management p lan is to manage and u t i l i ze f loodf lows in 

the h i l ly and Pachad a r e a . Th is would not only help in reduc ing 

f lood damages but would usher in a new era of economie development 

in the a rea . The goal of f lood management p lann ing is to stimulate 

economie development and to mitigate f lood losses to the extent 

technica l ly and economical ly feas ib le . 

The re is good network of natura l channels (wahs) in Pachad area . 

In order to manage f lood flows of Kaha Hill To r ren t in Pachad area 

only d i s t r i bu to rs are r equ i r ed to be cons t ruc ted in the main K a h a . 

However, there are some hil l t o r ren t s , of wh ich Bagga and Kala 

Khos ra are major, wh ich con t r ibu te to the f lood f lows of Kaha near 

Dajal Branch C a n a l . These hi l l to r rents cause large scale erosion 

of fer t i le top soi l on the left s ide of Kaha . F r e q u e n c y ana lys is . of 

f lood f lows were c a r r i e d out and detai led reconna issance s u r v e y s 

were conducted in the f lood p la ins of these h i l l t o r ren ts to assess 

the poss ib i l i t y of dove ta i l i ng the management of these with the 

main Kaha . It was f o u n d , however , that the morphoiogical features 

of these hi l l t o r ren ts are ent i re ly d i f fe ren t . The f lood plains of 

Bagga and Ka la Khos ra have no natura l wahs ( c h a n n e l s ) . For 

their p roper management, new d is t r ibu t ion channe ls (p r imary , 

secondary and te r t i a ry ) would have to be cons t ruc ted in accordance 

with the ava i lab i l i ty of water and the land po ten t ia l , which requ i res 

detai led topograph ic s u r v e y s of the catchment a rea . The management 

of f lood flows of these to r ren ts th rough cons t ruc t ion of new channels 

wou ld , t hus , tantamount to f lood i r r igat ion scheme which is beyond 

the scope of F lood Pro tec t ion Sector Pro jec t . 



In o rder to achieve economical management of f lood flows of hi l l 

t o r r en t s , the p lann ing has been ca r r i ed out under the framework 

of the fo l lowing gu ide l ines : 

•Ut i l i ze f loodf lows r igh t in the a rea , where they are generated 

as far as poss ib l e ; 

Reduce losses and su f fe r ing due to f lood in an economically 

• sound manner such that benef i ts of f lood damage abatement 

measures exceed the i r costs as far as poss ib le ; 

G ive p r i o r i t y for f lood protect ion to areas of greatest f lood 

damage hazard and /o r greatest potent ia l for human s u f f e r i n g , 

as far as poss ib le ; 

P r o v i d e , as far as feasible protect ion from f lood damages to 

c i t i e s , i r r i ga t i on w o r k s , communication fac i l i t i es , and other 

v i ta l i n f r a s t r u c t u r a l insta l lat ions that l ie wi th in the f lood 

p la ins of the hi l l t o r r e n t ; 

Make maximum use of ex is t ing f lood con t ro l /p ro tec t i on fac i l i t ies 

by improvement where necessary to b r i n g them to a level of 

func t iona l capab i l i ty and re l iab i l i ty that conforms to cu r ren t 

s t a n d a r d s ; 

Obta in maximum f lood contro l ut i l izat ion of mult iple purpose 

fac i l i t ies without adverse ly af fect ing other funct ions or 

compromis ing the safety of the fac i l i t y ; 

Promote appropr ia te land use by avo id ing the growth of 

f lood vu lnerab le development in f lood hazard a reas , and 

ad jus t ing land u s e , where poss ib le , to be compatible with 

the f r equency and durat ion of f lood ing ; and 

To minimise adverse effects on the natura l ecosystem and 

env i ronment . 



5.3 M A N A G E M E N T OF F L O O D F L O W S T H R O U G H 
N O N - S T R U C T U R A L M E A S U R E S 

The damages caused by h i l l to r ren t f looding can be cont ro l led to a 

cer ta in ex tent by adopt ing n o n - s t r u c t u r a l measures in their 

catchment a reas . These type of measures inc lude soi l and water 

conserva t ion techn iques , range management p r a c t i c e s , watershed 

management by t e r r a c i n g , gu l l y cont ro l and af foresta t ion or pas tu re 

development works in the h i l l s . These measures also great ly help 

in char ig ing the i n t e n s i t y , dura t ion and volume of f loodf lows. 

Sometimes f lood lossès may also be minimised by f lood w a r n i n g , 

f lood f i gh t i ng or evacua t ion . Such operat ions can be summarised 

a s : 

Sowing and p lan t ing along in te r rup ted contour t renches dug 

on grad ien ts not above 30 degrees to catch ra in water to 

help the p lants growth and es tab l ish themse lves . 

Contour bund ing on easy slopes to hold run -o f f to increase 

in f i l t ra t ion of water and p rov ide moisture to p lants ra ised 

along ear then b u n d s . 

Contour f u r r ow ing su i tab le patches on easy slopes and 

reseed ing with palatable g r a s s e s . 

C losu re against g r a z i n g t i l l revegetat ion i nc lud ing g rass 

estab l ishes i tse l f , and thereaf ter p r o v i d i n g rotat ional g raz ing 

to a permiss ib le g raz i ng capac i t y . 

Gu l l y p l ugg ing wi th loose stones and check damming with 

d r y stone rubb le masonry work at su i table in te rva ls to re ta rd 

the veloci ty of water in the na l lahs , thereby improv ing the 

flow reg imen, a r r e s t i n g si l t beh ind the stone s t r u c t u r e s for 

c rea t ing p lant ing b e d , and ra is ing t rees in appropr ia te ly 

pro tec ted soil pocke ts beh ind the check dams. 

Cons t ruc t i on óf logg ing roads to expedi te forest management 

ac t i v i t i es . 



5.3.1 Watershed Management 

Watershed management is a long-term process and requ i res qui te 

some time bef ore e f fect ive f lood mit igation can be r e a l i s e d . The 

funct ior i of watershed management in h i l ly areas is to check the 

sediments at source and decrease the stream f low by restorat ion of 

the forest cover in the upper catchment. The best way to deal 

with f loods is^ to cont ro l them where they are fo rmed . Unp lanned 

deforestat ion 'and devegetat ion are one of the p r imary causes of 

f l oods . The re fo re , the most appropr iate course of act ion is to 

plant t rees and develop pas tu res in the catchment area to improve 

the vegetat ion cover in areas subjected to soil eros ion and to phase 

out farm p rac t i ces that cont r ibu te to such e r o s i o n . Watershed 

management se rves both for low flow augmentation and f lood reduc t ion 

and it has made great advances in western coun t r i es . The success 

of p lant ing and g r a s s i n g in P a k i s t a n , pa r t i cu la r l y in the Project 

a rea , is only poss ib le under s t r ic t c losure against g r a z i n g and 

th rough p roper maintenance of plants and g r a s s e s . Present ly the 

sparse vegeta t ion cover has deter iorated th rough o v e r - g r a z i n g by 

nomadic f l ocks which aggravates the degree of r un -o f f and great ly 

increases the damage potent ia l of f loodf lows. The resu l t is 

denuda t ion , heavy showers in the catchment generate f loods with 

tu rbu len t f lows impregnated with high si l t c h a r g e , caus ing eros ion 

of stream b a n k s . These f lood damages can be minimized by adopt ing 

such measures as : 

A f fo res ta t ion in mountaineous areas; and 

Pasture development in sub-mountaineous a reas . 

Other measures which are usual ly associated with conserva t ion 

p rac t i ces , such as , t e r r a c i n g , contour p l o u g h i n g , s t r i p c r o p p i n g , 

p lant ing cover camps, cons t ruc t i on of logging roads , f i re management 

or us ing farm p o n d s , also s ign i f i can t l y con t r ibu te in f lood abatement 

and reduc t ion in losses to c r o p s , i n f ras t ruc tu re and sett lements in 

the downstream a r e a . 



5.3.1.1 Af fores ta t ion in Mounta ineous R e g i o n s : 

Due to the desolate and bare land of the mountains, heavy showers 

in the catchments cause s t ream flow of h igh veloci ty which c a r r y 

heavy s i l t load and cause damage as they erode the stream b a n k s . 

The vo lume, peak and t iming of run-o f f can be modified by 

af forestat ion and the damages can be minimized by developihg sound 

forest management p r a c t i c e s . 

Af fores ta t ion is a long p rocess and d i f f icu l t to estab l ish in view of 

lack of p roper soi l p r o f i l e , low ra in fa l l and o v e r g r a z i n g . Under 

natura l c l imat ic cond i t i ons , t rop ica l thorn type of forest occupies 

these t rac ts in wh ich sca t t e red low xerophy t ic species grow with 

predominance of t h o r n y hardwood t rees . However, good resu l ts 

can be ach ieved t h r o u g h the co-opera t ion of the people of watershed 

a rea . A n u r s e r y fo r recommended plants may be establ ished by 

the Forest Department and land owners may be paid for p lant ing 

and protect ion against g r a z i n g . The fol lowing drought res is tant 

( xe rophy t i c ) t rees and s h r u b s are recommended for land cover in 

th is a rea : 

Acac ia modesta ( p h u l a i ) : A medium sized t ree grown on 

foo t -h i l l s as a s o i l - b i n d i n g p lan t . Good for fue l , medium 

qua l i t y shade and t imber and leaves good as goat fodder . 

Acacia A rab i ca ( K i k a r ) : A tai l t ree , suscept ib le to f rost 

g rown for s o i l - b i n d i n g , t imber and fuel wood. The leaves, 

tender b ranches and f r u i t are re l ished by goats . 

Prosop is S p i c i g e r a : T h i s is famil iar by the name of ' K a n d i ' 

in the Project area and is the main species of the t r ac t . 

Th i s tree can be success fu l l y planted by ra is ing in a nu rse ry 

in the p la in and then t r ansp lan t i ng to the hi l l areas du r i ng 

monsoon season . These t rees mature wi th in four to f ive 

years wi th l imited f lood water i r r igat ion under reasonable 

c losure against g r a z i n g and through proper maintenance of 



the p lan t s . These trees great ly faci l i tate check ing sediment 

t ranspor ta t ion and mi t lgat ing runof f con t r i bu t i ng to stream 

f lows. In add i t i on , pods and leaves are browsed by catt le 

and the wood is used for bu i ld ing material and f i re -wood . 

Rob in ia pseudo acac ia : T h i s is v e r y suitable h igh xerophy t i c 

tree for h i l ly area to check the erosion and to increase the 

wnlnr ho ld ing cnpnclly of Innd. Nursery is rn isod in Ihn 

cold p la in area and then plants are t ransp lanted into the 

p i ts and d i tches In the h i l l y a rea . l ts leaves are used as a 

fodder . 

Z iz iphus nummarlar ia (Muh la ) . Th is tree can be ra ised 

th rough pit and t rench sowing method. Seed should be 

soaked for bet ter germina t ion . The smell of seed l ing plants 

is ve ry a t t rac t ive to wi ld animals, there fore , s t r i c t protect ion 

is noccssary for their s u r v i v a l . These trens help in shnv ing 

off f lood p e a k s . Moreover , the bark is used for tanning 

and the leaves for f odder . F i re -wood and f ru i t are re l ished 

by the people . 

These trees and s h r u b s play fol lowing three main roles in flood 

h y d r o l o g y : 

Stabi l ize s i l t , minimizing eros ion and the downstream sedimen-

la l lon assoc la lod w l lh Increasod flood s tages; 

Prov ide addi t ional water storage through the effects of 

in tercept ion storage and th rough evapotranspi rat ion in d r y i n g 

out the u n d e r l y i n g so i l ; and 

Maintain h igh in f i l t ra t ion ra tes . 



5 . 3 . 1 . 2 Development of P a s t u r e s in Sub-mounta ineous Reg ions : 

The sub-mounta in land wi th more than one percent slope is p roposed 

for pas tu re development where some common species of usefu l g rasses 

can be sown and would f l ou r i sh under pro tec t ive measures against 

g raz ing wi th in one and a half y e a r . At p resent there is a h igh 

wastage of water due to excess ive sur face run -o f f from sparse ly 

vegetated and excess i ve l y g razed sub-mounta in lands 'dur ing almost 

every s to rm. Poor g rasses and s h r u b of s tun ted bushes can be 

rep laced by sowing recommended drought res is tant g rasses for better 

vegetat ion. 

Grasses play an important role in bu i l d i ng -up the economy of a 

c o u n t r y . They have a spec ia l ized use for erosion contro l on account 

of thei r f ine h a i r - l i k e roots that b ind the soil pa r t i c les . Top 

g row th , well e s t a b l i s h e d , a f fords protect ion against wind and breaks 

the force of the ra in d r o p s . The run -o f f on such lands is held to 

the minimum. This p reven ts erosion of the soil and keeps this 

important na tura l g i f t intact for pro f i tab le use by man. R igh t l y it 

has been s a i d : 

"Grass— (s the fo rg i veness of Nature - her constant bened ic 

t ion . Fores ts d e c a y , harves ts p e r i s h , f lowers van ish but 

g rass is immortal . l ts tenacious f i b res hold the earth in its 

place and p reven t its soluble components from washing into 

the wast ing s e a " . 

Some of the important species of g rass which have p roved success fu l 

in t r ia ls at the Soil Conse rva t i on Farm, for h i l ly area area g iven 

below: 

A g r o p y r o n dese r to rum: T h i s is a perenn ia l cool season, 

drought to lerant b u s h grass with an ex tens ive root sys tem. 

The roots penet ra te upto a depth of about 3 meter. Only 

]_/ Forming Erodable Lands In West Pak is tan - 1967 
by Abdul Rash id Khan and M.A.Hameed C h a u d h r y . 



ten to four teen k g seed is used for sowing one hectare of 

land for range d u r i n g September-October and F e b r u a r y -

Ma rch . It is a va luab le d r y land grass for soil conse rva t i on . 

It can be used wi th success for abandoned lands even at 

h igh e levat ions . 

Bromus marg ino tus : It is a perennia l cool season g rass 

with coarse sterns about one meter, in he igh t . They are 

h igh ly shade- to le ran t and hence h igh ly des i rab le . It does 

best on foo t -h i l l so i ls that rece ive 30 to 60 cms ra in fa l l but 

at h igh e levat ions less ra in fa l l is r e q u i r e d . F ive to seven 

kg seed is used to sow one ha du r i ng summer season. 

E lymus s igan teus : It is a t a i l , agg ress i ve , p e r e n n i a l , cool 

season g rass with stout rh izomes. It has been used with 

success by the Soi l Conserva t i on Department on h i l ly area 

with average ra in fa l l of 160mm. Two to three kg seed of 

th is g rass is used to sow one ha and d u r i n g September-

October and F e b r u a r y - M a r c h . It not only s tab i l izes the 

l a n d , but also con t inues to grow and p rov ide permanent 

cover on dunes . 

Panicum ob tusum: A deep rooted long l i ved , r o b u s t , 

pe renn ia l , warm season tu f fed b u n c h - g r a s s . It is best su i ted 

for flood plain and des i l t i ng areas . It is an ideal g rass for 

p ro tec t ive p lan t ing in catchment areas of the pro ject . It is 

pa r t i cu la r l y su i ted for use in revegetat ing gul l ies and areas 

where other spec ies do not s u r v i v e , and to improve the soil 

s t r u c t u r e . 

Setar ia macros tachya : A d rough t res is tan t , coarse , warm 

season , perenn ia l b u n c h - g r a s s . It is a good g rass for 

reseed ing depleted g r a s s - l a n d s and abandoned fa rm- lands . 

It establ ishes a qu ick g round cover on raw denuded a reas . 



Sporobo lus a i r o i d e s : It is a deep roo ted , warm-season, 

pe renn ia l g r a s s that grows in large tuf t b r a n c h e s . Elevat ion 

800 to 2000 meters rece iv ing 200 to 350mm of ra in fa l l is most 

su i tab le for i t . It becomes impiatable af ter matur i t y . 

These g rasses have been selected after rev iew ing the meteorological 

da ta , and soi l cond i t ions and after d iscuss ion wi th range o f f ic ia ls . 

These g rasses p lay an important role in r e t a r d i n g the stream flow 

and a|so help in min imiz ing soil e ros ion . The g rasses are commonly 

g razed by all t ypes of l i ves tock . These g rasses are sown th rough 

d i f fereht methods but tuf t sowing is usefu l for th is local i ty due to 

low ra in fa l l and it wi l l g i ve good resu l ts in sp read ing its roots far 

and w ide . The success of g rass i ng is only poss ib le under s t r ic t 

c losure against g r a z i n g and proper maintenance. A f te r in t roduc ing 

the g rasses s u c c e s s f u l l y , the v i l l age rs , wil l feel the respons ib i l i t y 

of p ro tec t ion and maintenance as it would be used by them for 

l ivestock deve lopment . 

Th i s k i nd of waste land in Pak is tan can be developed better as 

pas tu re due to cl imat ic or other local reasons . In fac t , such areas 

have great potent ia l for r educ ing or el iminat ing the fodder shortage 

and consequent l y shor tage of l ivestock p r o d u c t s . These areas can 

also supp ly t imber and fue l -wood which are in shor t s u p p l y . 

Our f ie ld s tud ies compr i sed of in terv iews with land owners , spot 

obse rva t i ons , and d i s c u s s i o n s with range management o f f i c ia ls . 

These s tud ies revea l that about ten percent of the catchment area 

would be ava i lab le for watershed management. It has been observed 

that f lood peaks have been shaved-o f f to the extent of 20 percent 

by implementing a f fo res ta t ion and range management measures in 

var ious pa r t s of the w o r l d . The af forestat ion in mountaineous and 

pasture development in sub-mounta ineous areas of the Project would 

subs tan t ia l l y improve the catchment cha rac te r i s t i cs . 

5-10 



The estimated cost of a f forestat ion under d ry condi t ions may v a r y 

from Rs 2,000 to Rs 3,000 per h a . Rehabi l i tat ion of area by 

ra i s i ng or i n t r oduc ing g rasses may cost Rs 400 to Rs 600 per h a . 

Non -s t r uc tu ra l measures have been proposed but their cost and 

in teract ion on the f lood f lows have not been accounted for in the 

r e p o r t , because of long gestat ion before these measures can become 

e f fec t i ve . 

5.4 V M A N A G E M E N T OF F L O O D F L O W S T H R O U G H 
S T R U C T U R A L M E A S U R E S 

5.4.1 General 

Complete f lood management of h i l l to r ren ts is a phys ica l imposs ib i l i t y , 

but f lood pro tec t ion to the extent technical ly and economical ly 

feas ib le , is a soc io-economic necess i ty for the a rea . In many par ts 

of the w o r l d , f loods have been t u rned to economie advantage. In 

Egyp t the f lood of the Nile R i v e r was tamed about 5,000 years 

back and became the l i fe stream for the inhab i tan ts . S im i la r l y , 

cons t ruc t i on of d i ke system in Ch ina dates back to thousands of 

y e a r s . In the p resen t d a y s , wi th the advancement of modern 

techno logy , f loodf lows have been regu la ted by the cons t ruc t ion of 

p ro tec t i ve works in many par ts of the wor ld . Flood contro l t h rough 

s t r u c t u r a l measures is one of the most widely adopted s t ra tegy in 

the w o r l d . The f lood con t ro l by s t ruc tu ra l measures has become 

spec ia l ly popu la r w i th adopt ion of a mul t ipurpose approach to f lood 

management in wh ich the economics of joint use of fac i l i t ies and of 

scale often make poss i b l e , the p rov is ion of f lood cont ro l at a lower 

cost than for a s ing le pu rpose app roach . 

F ie ld inves t iga t ions in the Pachad and headwater areas of Kaha Hi l l 

to r rent were c a r r i e d out to formulate a f lood management plan for 

the a rea . In the l ight of hydro log ie studies and reconnaissance of 

the a rea , su i tab le s i tes were ident i f ied which could be used for 

management of f lood f lows. Comprehensive hydro log ie s tud ies 

estab l ished that a 15-day storm with a 25-year re tu rn per iod would 

have a peak of 2,662 cumecs (94,000 c fs) at the d a r r a h . T h u s , 



most of the f lood wi th a peak of 2,662 cumecs has to be regula ted 

by the cons t ruc t ion of p ro tec t i ve w o r k s . 

5 . 4 . 2 Flood Management S t ra teg ies 

Response to f lood prob lems in the area has been based upon the 

two p r inc ipa l subject areas of analyt ica l s t u d i e s ; hydro log ie and 

economie aspects of f lood p rob lem. Var ious a l ternat ives for 

management of f loodf lows cons ide red a r e : 

Cons t ruc t i on of adequate c ross -d ra inage works on DG Khan 

Canal System for d isposa l of f loodflows to the Indus R ive r 

by means of d ra i ns in the canal command a rea . 

Disposal t h rough Dajal B r a n c h . 

D isposa l / channe l i za t i on of f loodflows to Indus R i ve r along 

r i gh t bank of C a n a l s . 

Management of f loodf lows in the sub-mountaineous and Pachad 

a reas . 

Combinat ion of va r ious a l te rna t i ves . 

In order to ident i fy and select the optimal so lu t ion , all a l ternat ives 

have been screened t h r o u g h the two basic c r i t e r i a i . e . , technical 

feas ib i l i ty and economie v i a b i l i t y . C r i t i ca l rev iew of var ious 

a l te rnat ives cons idered is deta i led below: 

5 .4 .2.1 Disposal to Indus R i ve r t h r o u g h Aqueduc ts 
and Dra ins (A l t e rna t i ve -1 ) 

Disposal of f loodf lows to the Indus R i ve r th rough old natura l 

watercourse by constrMctinc aqueduc ts / syphons and c a r r y i n g 

channels seemingly lóoks v e r y a t t rac t i ve . Th is a l ternat ive has 

been cons idered in de ta i l . The theoret ical f lood peak for 25 years 

r e tu rn per iod has been est imated as 2,662 cumecs under the ex is t ing 



condi t ions of the ca tchment . Th i s wil l r equ i re channel izat ion of 

the Main Kaha r i gh t from the da r rah to Dajal B r a n c h , and the 

cons t ruc t i on of one or a ser ies of addi t ional h i l l torrent c ross ings 

over Dajal B ranch and a dra in to c a r r y the f loodf lows to the Indus 

as shown in F i g . 5 . 1 . T h i s a l ternat ive has an estimated cost of Rs 

563 mil l ion (Table 5 . 1 ) . F iguré 5.2 shows typ ica l sect ion of aqueduct 

over d i s t r i bu ta r i es and F i g . 5 . 3 shows H .T c ross ing over Dajal 

B r a n c h . 

5 . 4 . 2 . 2 Disposal T h r o u g h Dajal B r a n c h (A l te rna t i ve -2 ) 

For d isposal of f loodf lows th rough Dajal B r a n c h Sys tem, a s tudy of 

fo l lowing three fac tors a f fect ing flow regimen of canals would be 

n e c e s s a r y . These a r e : 

Ef f ic iënt Canal Regu la t i on ; 

Canal Capac i ty V s . Inflow Flood H y d r o g r a p h ; 

Canal Sedimentat ion V s . Si l t Cha rge of F loodf lows. 

Floodflows of Kaha Hi l l To r ren t genera l ly s t r i ke in the reach RD 70 

- RD 170 of the Dajal C a n a l . The capac i ty of the canal is gross ly 

inadequate to take en t i re f loodflows or peak d i s c h a r g e . The low 

capac i ty of intake s t r u c t u r e will resu l t in pond ing of water along 

the c a n a l . Th is would requ i re ra i s i ng and s t reng then ing of r igh t 

bank of the canal in add i t ion to inc reas ing its capac i ty which would 

be economical ly in feas ib le . Moreover , time of t rave l of the flood 

wave from the dar rah to Dajal B r a n c h is about 4-6 hou rs , while 

the t rave l time of canal water f rom Taunsa to R D 70 of Dajal 

B r a n c h is about 30 h o u r s . T h u s , the f loodf lows cannot be disposed 

of adequately because of time d i f fe rent ia l between the two. Silt 

contents s tud ies ca r r i ed out have shown that in view of a high si l t 

charge of two to four pe r cen t , it is not adv isab le to allow floodflows 



70- + J 

IIILI. T " n i E - | - . V | , - . l . L / ' . l i 
f ' A I L W A Y 

" " A D '• |r.v...i.EiV T . - .LLI : .Ü 
• ; A N / V ti o i S T n i ü u r . v x 

. CITY, IPWM HEIi-i.nT 

fr»!:v:nr.r P ' JINIW<Y 

EXISTINS H.T. CROSSIMG"WlTH 
C A P A G I T Y U ^ S c e > 

P R O P O S E D H.T. CROSSING WITH 
C A P A C I T Y ( m 3 / S c B ) 

R O U T E Oi D ISPOSAL C H A H N E L 

5CCO.OOOO SOOO METERS 

FEDERAL FLOOO COMMISSION 
GOVERNMENT OF PAKISTAN 

FLOOO PROTECTION SECTOR PROJECT 
FLOOO MANAGEMENT OF KAHA llll I TORRENT 

ALTERNATIVE NO.I 
DISPOSAL TO INDUS THROUGH 

AQUEDUCTS AND DRAINS 
HAriOMAL tHOIMCEniNO S t R V I C t 9 PA KI J TAM I f V T I U Ó LM! 

Af utetittit» rif) 

H A I U A t H O I H e t R I H O C O M r A H T A H O I A r n f l 9 A S S O C I A T » 

FIG. 5.1 



TABLE - 5.1 

ALTERNATIVE-1 

LIST OF CROSS STRUCTURES AND THEIR ESTIMATED COST 

S. TYPE OF STRUCTURE AND 
No. CAPACITY (CUMECS) 

NAME OF CANAL OVER APPROXIMATE ESTIMATED 
WHICH TO BE BUILT LOCATION COST REMARKS 

Million(Rs) 

1. H.T.Crossing 
233 

2. Aqueduct 
283 

3. H.T.Crossing 
56 

4. Aqueduct 
340 

5. Aqueduct 
340 

6. H.T. Crossing 
85 

7. H.T.Crossing 
28 

8. , Aqueduct 
454 

9. Aqueduct 
454 

10. H.T. Crossing 
142 

11. H.T. Crossing 
142 

12. Aqueduct 
740 

13. H.T.Crossing 
142 

14. H.T.Crossing 
200 

15. Aqueduct 
1082 

16. H.T.Crossing 
56 

17. Aqueduct 
1 138 

18. Aqueduct 
1 138 

Dajal Branch 

Dajal Disty. 

Dajal Branch 

Firdous Disty. 

Kausar Disty. 

Dajal Branch 

Dajal Branch 

Naushera Disty 

Zamzam Disty. 

Dajal Branch 

Dajal Nranch 

Islam Disty. 

Dajal Branch 

-do-

RD 79+500 

1

 RD 1+250 

RD 95+280 

RD 1+500 

RD 1+500 

Dajal Branch 

t-R Minor 

RD 1+500 

RD 1+500 

RD 121+560 

RD 123+625 

RD 2+000 

RD 145+700 

AB-E-Hayat Disty. RD 2+000 

RD 177+300 

1.00 

1 .50 

1.50 

RD 107+685 6.00 

RD 109+763 

2.00 

2.00 

8.00 

3.00 

RD 139+500 8.00 

2.50 

Dhundi Katab Canal -

1.00 

7.00 

Existing 

Proposed 

Existing 

Proposed 

Existing 

Proposed 

Proposed' 

Proposed 

Existing 

Proposed 

Proposed 

Existing 

Proposed 

Existing 

Proposed 

Proposed 



Aqueduct 
1138 

Aqueduct 
1138 

Fazil Disty. 

Kadra Canal 

2.00 Proposed 

8.00 Proposed 

53.50 



Strengthening of inlets of six existing H.T. Crossings along with 

channelization of upstream inlet into channel = Rs 10.00 million 

DISPOSAL CHANNEL (52 km total length) 

Outfall to 34 km (34 Km) capacity 1138 cumecs 

34 Km to 20 km (15 km) capacity 1000 cumecs 

20km to 10 km (10 km) capacity 500 cumecs 

10 km to 0 (10 km ) capacity 350 

200.00 

127.00 

50.00 

35.00 

412.00 

Compensation of land 

Outfall structure 

75.00 

7.00 

SUMMARY 

Cross Drainage structures 

Drains 

Land compensation 

Outfall structure 

1 No. A.R. Bridge 

2 Nos V.R. Bridges 

1 No. Railway Bridge 

53.50 

412.00 

75.00 

7.00 

4.00 

5.00 

6.00 

562.50 million 
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to pass th rough cana l . T h u s , in view of regulat ion prob lems, 

inadequate capaci ty of c a r r y i n g channels and high si l t cha rge , it 

is technical ly not feasible to manage f loodf lows th rough canal in le ts . 

5 . 1 . 2 . 3 D isposa l /Channe l i za t ion of Floodf lows to Indus R iver 
along R igh t Bank of C a n a l s : ( A l t e r n a t i v e - 3 ) : 

Disposal of f loodflows to Indus R i ve r by channel izat ion along r i gh t 

bank of Dajal B r a n c h , wou ld necessi tate its rout ing to tail of Dajal 

B ranch (RD 190) and then along r i g h t bank of Fatehpur D i s t r i bu ta r y . 

Th i s would then move in sou ther ly d i rec t ion to Kadra iCanal and 

f ina l ly lead to Indus R ive r th rough c ross -d ra inage that would have 

to be cons t ruc ted at Kad ra C a n a l . 

Topograph ic features of the area along the f lood route indicate 

that there is a h igh g r o u n d at the r igh t bank in the fol lowing 

reaches of Dajal B r a n c h . 

1. RD 2.5 • - 5 

2. RD 20 - 25 

3. RD 25.5 - 30.5 

1. RD 32.5 - 34 

5. RD 34.5 - 35.5 

6. RD 38 - 43 

7. RD 51 - 54.5 

8. RD 60.5 - 67.5 

These high areas would have to be channel ized to allow f loodflows 

to move along r i gh t bank to the i r f inal dest inat ion - the Indus 

R i v e r . The channel izat ion would requ i re the const ruc t ion of the 

fo l low ing : 

1 . S ix b r idges on Dajal B r a n c h from RD 70 - RD 190; 

2. C ross ing on Kad ra B r a n c h ; 

3. One Rai lway B r i d g e ; 

4 . One A . R . B r i d g e ; and 

5. Eight cunet tes th rough the h igh areas l isted above. 



F igure 5.4 shows the overa l l p lan for this a l te rna t i ve . 

The channe l i za t ion would also requ i re acquis i t ion of land for the 

cunet tes . The est imated cost of th is a l ternat ive is Rs 405 mi l l ion 

as g ivèn in Tab le 5 .2 . 

5 .4 .2 .1 Flood Management T h r o u g h D i s p e r s i o n / 
D ispers ion S t r u c t u r e s ( A l t e r n a t i v e - 1 ) : 

Fie ld s tud ies carr iedv out in the project area shows that normal 

flows below a th resho jd level are manageable by the local fa rmers 

by c o n s t r u c t i n g ea r then bunds th rough which the f loodf lows are 

d iver ted into the f ie lds th rough the wahs (natura l c h a n n e l s ) . 

These are s tab le channe ls in ex is tence since ages . These wahs 

are Haqooq channe ls and have water r igh ts for pa r t i cu la r t r i b e / 

fam i l y / v i l l age . Water d i ve r t ed into these wahs are f u r t h e r d i v ided 

accord ing to the share of each fa rmer . The d iv ided and s u b - d i v i d e d 

wahs end up in to the b u n d e d f ie lds for f i l l ing up one af ter the 

o ther . The number of f ie lds which receive water depends upon 

the in tens i ty and d u r a t i o n of f lood in the h i l l t o r ren t and the 

amount of water, d i v e r t e d into the wah. Since the d i s t r i bu t i on 

system of channe ls na tu ra l l y ex is ts hence no expend i t u re wi l l be 

incur red on i t . In case of h igh f lood, these ear then b u n d s are 

sha t te red , spe l l i ng d i sas te r in the a rea . Hydro log ie s tud ies c a r r i e d 

out for Kaha Hi l l T o r r e n t have shown that f lood volumes for des ign 

flood for a 25 -yea r r e t u r n per iod are l ikely to be of the o rde r of 

2,662 h a . m . E f fec t i ve management presents the fo l lowing p rob lems: 

Damming is not p r a c t i c a b l e , because of h igh s i l t c h a r g e would 

resu l t in a v e r y l imited l ife of the dam. 

E r r a t i c na tu re of ra in fa l l resu l ts in h igh l y unp red i c tab le 

r u n - o f f p a t t e r n . 

The detai l s tud ies of sub-mounta ineous and Pachad areas indicate 

that a great potent ia l for f lood management ex is ts in mountaineous 

and Pachad areas t h rough the const ruct ion of d i spe rs ion s t r u c t u r e s . 

The vi l lages above the d a r r a h have a total area of 32,400 ha (80,000 

acres) of wh ich about 22,700 ha (56,000 acres) are cu l t u rab le 

inc lud ing some pa r t s where ter race i r r igat ion is c u r r e n t l y be ing 
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TABLE 5.2 

ALTERNATIVE NO. 3 

LIST AND COST OF CROSS DRAINAGE STRUCTURES AND 
THEIR ESTIMATED COST 

Page 1 of 2 

Sr. 
No. 

TYPE OF STRUCTURE APPROXIMATE 
LOCATION 

NAME OF CHANNEL ESTIMATED 
COST 
RS. MILLION 

H.T.Crossing over 
Dajal Branch 
Capacity 142 cumecs 

RD 170+00 Dajal Branch 

2. Aqueduct (300 cumeces) 
Capacity Head Reach 

3. Aqueduct (350 cumecs) 
Capacity 

4. Aqueduct (350 cumecs) 
Capacity 

5. Aqueduct (350 cumecs) 
Capacity 

6. Aqueduct (400 cumecs) 
Capacity 

7. Aqueduct (400 cumecs) 
Capacity 

8. Aqueduct (500 cumecs) 
Capacity 

9. Aqueduct (550 cumecs) 
Caoacity 

10. Aqueduct f700 cumecs) 
Capacitv 

11. Aqueduct f1000 cumecs) 
Capacity 

12. Aqueduct " 

13. '* 

Sultan Disty 

Daial Disty 

Firdous Disty. 

Kausar Disty 

Naushera Disty 

Zam Zam Disty 

Islampur Disty 

Ab-e-Hayat 

I-R Minor 

Dhundi Kutab Canal 

Fazil Disty 

Kadra Canal 

Total: 

5.00 

Strengthening of inlets and right bank of six existing H.T 
crossings. 

3.00 

3.00 

3.00 

3.00 

4.00 

7.00 

7.50 

5.00 

1.00 

5.00 

4.00 

5.00 

55_.50 

8.00 



Disposal Channel: 

1. On right bank of Dajal Branch 
of Capacity 1474 cumecs length 25 Km 105.00 

2. On right bank of capacity ranging 
from 300 cumecs to 2434 cumecs 138.50 

243.50 

1 No. A-R Bridge 5.00 

3 No. V-R Bridges .6.00 

1 No Railway Bridge .7.00 

SUMMARY 

Cross Drainage Works 55.50 

Strengthening of Existing H.T. Crossings 8.00 

Disposal Channel 243.50 

Bridges 18.00 

Land Acquisition 80.00 

Total: Rs. 405.00 Million 



p r a c t i s e d . Below the d a r r a h , out of a total haqooq area of 41,600 

ha (102,760 a c r e s ) , about 36,253 ha (89,580 acres) are cu l tu rab le 

and a natura l d i s t r i bu t i on system is in ex is tence. In addi t ion to 

t h i s , there is a la rge ' N o n - H a q o o q ' area which could be i r r i ga ted if 

water can be made ava i lab le . T h u s , there are large t rac ts of 

cu l tu rab le lands in the sub-mounta ineous and Pachad areas where 

f loodf lows could be d i spe rsed for i r r i ga t i on . Cons ide r i ng thé 

potential that is avai lable above the d a r r a h , it has been est imated 

that about 566 cumecs , out of peak of 2,662 cumecvs could be absorbed 

in this area by c o n s t r u c t i n g d i spe rs ion works which shal l be l imited 

to; \ 

(a) f lex ib le s t r u c t u r e across the hi l l tor rent just downstream of 

wah in take . 

(b) upg rad ing of the wahs at intake by cons t ruc t ing b e d - b a r s 

alongwith stone pro tec t ion and stream l in ing of the wah 

approach b a n k s . 

The remaining 1,777 cumecs would be thus avai lable for u t i l izat ion 

in the Pachad a rea . Kaha Hil l To r ren t near T ib i Solgi s p l i t s - u p 

into three branches known as Lambi Na in , Obhi Nain and L e g h a r i 

Nain . The later has no water r i gh t s while the other two have 

equal sha res . Af ter s t u d y i n g the topography of the a rea , capac i ty 

of the c a r r y i n g natura l c h a n n e l s , the mode of basin i r r iga t ion and 

its past h is to ry and in te rv iew with the land owners , it has been 

determined that flow of 1 ,777 cumecs could be ut i l ized in the Pachad 

a rea . Est imated cost of s t r u c t u r a l measures is Rs 190.26 mi l l ion . 

Balance flow of about 319 cumecs would flow down to Dajal B ranch 

and cross over t h rough the ex i s t i ng hi l l torrent c r o s s i n g s . 

5 .4 .3 Recommended St ra tegy for Flood Management 

Var ious f lood management s t ra teg ies were cons idered and compre 

hens ive s tudies were c a r r i e d out to evaluate the technical feas ib i l i ty 

and economie v iab i l i t y . Basic ph i losophy in the select ion of the 

s t ra tegy was that maximum quant i t ies of f loodflows be ut i l ized r i gh t 

in the areas where they are generated i . e . , hi l ly and Pachad a reas . 



Th is would great ly fac i l i ta te not only the mit igat ion of f lood hazard 

in the area but would usher in a new era of economie development . 

Abject pover ty in the area war rants that concer ted e f for ts be made 

for in tegrated management of f loodf lows. 

5 .4 .3.1 Comparison of A l t e r n a t i v e s : 

(i) Disposal of f loodf lows to Indus R i v e r th rough aqueducts and 

old c h a n n e l s . Th i s a l ternat ive hooked techn ica l ly p rom is i ng . 

Th is s t ra tegy has also been recommended by some of the 

p lanners in the p a s t . Upon cr i t i ca l examinat ion , however , 

it has been found that the d isposal to the Indus R ive r 

would dep r i ve the area of the l ike ly i r r i ga t ion benef i ts that 

could accrue from proper management of f loodf lows. The 

estimated cost of th is a l ternat ive is about Rs 563 mi l l ion. 

Moreover , it is l i ke ly to aggravate f lood s i tuat ion downstream 

in the r i v e r i n e a r e a . 

( i i) Disposal of f loodf lows th rough Dajal B r a n c h : T h i s is 

techn ica l ly not feasib le as f loodflows great ly exceed the 

c a r r y i n g capac i ty of the channel and on account of the other 

cons t ra in ts such a s ; heavy si l t load and regulat ion prob lems. 

( i i i ) Management of f loodf lows along r igh t bank of canals and its 

ultimate d isposal to the Indus R i v e r : Th is is l i ke ly to cost 

Rs 405 mi l l i on . In the rev i sed P C - I Form for ex tens ion of 

Dajal B r a n c h , it has been proposed that a one mile belt 

along the r i gh t bank of DG Khan Canal and Dajal B r a n c h 

could be b rough t under cu l t iva t ion by l i ft i r r i g a t i o n . 

Channe l iza t ion of f loodf lows would great ly hamper development 

of these fac i l i t ies in the a rea . Moreover , t rans fe r of f l ood

flows would dep r i ve the area of fu r ther development which 

would p lunge the area in the nightmare of backwardness for 

eve r . Cos t of th is a l ternat ive is Rs 405 mi l l ion. T h u s , 

this approach to the f lood management is also not very 

a t t rac t i ve . 



The other a l te rnat ive which pr imar i l y aims at management of 

f loodf lows in sub-mounta ineous and Pachad a reas , l i ke ly to 

cost Rs 115 mi l l ion , would help in p r o v i d i n g regu la t ing 

i r r i ga t i on supp l ies to over 50,000 ha for the des ign f l ood . 

T h i s would also boost the c ropp ing intensi ty from an average 

annual of 8 percen t to 81 percent for the des ign f l ood . In 

v iew of the mer i ts d i scussed above , th is s t ra tegy has been 

f ina l ly se lected fo r management of f loodf lows of Kaha Hill 

t o r r e n t . Th i s approach also conforms to the basic c r i t e r i a 

that maximum quant i t ies of f loodf lows be u t i l i zed r i gh t in 

areas where they are genera ted i . e . , sub-mounta ineous and 

Pachad a r e a s . 

Flood peak c o r r e s p o n d i n g to 25-years r e t u r n per iod is estimated as 

2,662 cumecs . Run-o f f for the des ign r e t u r n per iod is 0.13 mill ion 

ha.m (Mha.m) which is equ iva lent to over one mill ion acre- feet 

(1 .05 M A F ) . 

Under the proposed s t r a t e g y , r u n - o f f generated by 25-year re tu rn 

per iod wi l l be managed in accordance wi th the land potential avai lable 

in Ba loch is tan and Pachad areas and balance flow of 319 cumecs 

would reach Dajal Canal and pass th rough the hi l l to r ren t c ross ings 

over the c a n a l . In case of f loods of r e t u r n per iods upto 100 years 

the s t r u c t u r e s wil l pass the f loods with encroachment on the 

f r e e - b o a r d . H igher d i scha rges wi l l reach Dajal B r a n c h but the 

extent of damage wi l l be far less as compared with the lossès 

wi thout P ro jec t . Encroachment into f ree -boa rd at h igher re tu rn 

per iod f loods is as u n d e r : 

5 .1.1 Proposed Measures 

R e t u r n per iod 
Years 

D ischarge 
cumecs 

F r e e - B o a r d 
For Guide 
Banks (m) 

25 
(Design R e t u r n Per iod) 

2,662 1.50 

50 3,058 1 .08 

100 3.127 1 .00 



It wi l l be seen from the above table that with 0.5m encroachment 

on the f r ee -boa rd the s t r u c t u r e wil l be able to pass a f lood of 100-

year re tu rn p e r i o d . In s u c h an event a d ischarge of about 1,084 

cumecs will reach the Dajal B r a n c h . 

5 .4 .4.1 Flood Management in Mounta ineous Region 

\ 

Present ly e ight s t r u c t u r e s have been bui l t on va r ious t r i bu ta r i es 

of Kaha Hill t o r ren t in Ba loch is tan P rov ince . These s t r uc tu res are 
i 

br ie f l y d i scussed as u n d e r : 

1. C h u n g Nallah Scheme 

T h i s is located on C h u n g Na l lah , a t r i bu ta ry of Kaha in the 

upper catchment above D a r r a h . It cons is ts of a low level 

concrete weir for the d i ve rs ion of perennia l f lows o n l y . It 

is feed ing just one wa te rcourse . 

2. Rakhn i Flood I r r iga t ion Scheme 

It is located on R a k h n i Nal lah another t r i bu ta r y of K a h a . 

It is bu i l t of s tone masonary . The performance of th is 

f lood scheme has been extremely poor. It was ou t f lanked 

beh ind the r i gh t abutment du r i ng one of the recent f l oods . 

The weir was ex tended on the r ight by bu i l d ing a h igher 

c res t weir of gab ions almost of length equal to that of the 

or ig ina l s t r u c t u r e . La ter o n , it was ou t f lanked on the left 

beh ind the in take channe l left abutment. P resen t l y the in take 

channel which was damaged by the 1 988 f lood is under r e p a i r . 



3. C h u r r i I r r iga t ion Scheme: 

Located on C h u r r i Nal lah which is a t r i bu ta r y of Kaha Hil l 

T o r r e n t . It cons is ts of a h igh level concre te weir for 

d i v e r t i n g f lood f lows on both s ides . The s t r uc tu res behaviour 

is u n s a t i s f a c t o r y . The channels have almost been s i l ted 

u p . 

4 . Seakal I r r iga t ion Scheme: 

Seakal I r r i ga t i on Scheme fa i led even before it cou ld see the 

l ight of the d a y . There is major damage on both the left 

and r i gh t f l a n k s . A por t ion of weir c res t has been under -

scoured and has co l lapsed and the canal intakes on both 

s ides have been ser ious ly damaged beyond repa i r . The 

scheme need to be abandoned and rebui l t at a proper locat ion. 

5 . Dubba I r r iga t ion Scheme: 

Th i s is also located on R a k h n i Nallah about 5 km downstream 

of Seakle I r r i ga t ion . It was bui l t for the d ivers ion of 

perenn ia l f low. The scheme fai led d u r i n g the ve ry f i r s t 

f lood af ter cons t ruc t i on in 1964 and s ince then it has been 

abandoned . 

6. Ca the r ine I r r iga t ion Scheme: 

It is on t r i b u t a r y of Kaha and is s i tua ted about 24 km 

downstream of Seakal Scheme. It was bui l t to d i ve r t perennial 

f low for i r r i g a t i o n . It was out f lanked on the r igh t and a 

gu ide b u n d was bui l t on the r igh t side to check reoccur rence 

of o u t f l a n k i n g . 

7. Nahar Kot & V i t a r k i I r r igat ion Schemes: 

These two schemes are located on Wahi K a r i n Nal lah. These 

are low level d i ve rs ion weirs for perennia l f low. There are 

some f low problem to both the s t r u c t u r e s . 



8. Thangwani I r r iga t ion Scheme: 

T h i s was bu i l t on Gand Nal lah , a t r i bu ta ry of K a h a , d u r i n g 

1982 at a cost of Rs 4.02 mi l l ion. The Nallah has a perennia l 

d i scharge of about 0.30 cumecs (10 c f s ) . In area of about 

250 ha is avai lab le for cu l t i va t ion . 

S ix out of the eight ex i s t i ng schemes mentioned above are in d i f ferent 

states of d i l ap ida t i on . The rehabi l i ta t ion works to be under taken 

for these scheme wil l range from remodel l ing to complete r e c o n s t r u c -

tion at su i tab le locat ions in accordance with the morphology of 

these na l lahs . T h i s may involve some adjustment of the command 

a rea . In the cases of new weir cons t ruc t i ons , e f for ts wil l be made 

to adopt the f lex ib le type const ruc t ion with Gab ions . It would 

cost much less than the r ig id rubb le masonry const ruc t ion ' . 

A l l th is remodel l ing wil l form an in tegra l component of f lood 

management p lann ing be ing p roposed . The repa i r / remode l l i ng of 

the e ight s t r uc tu resw i l l cost about Rs 40.00 mil l ion and wil l manage 

a f lood d ischarge of about 340 cumecs (1 2,000 c fs ) and i r r iga te an 

area of about 13,600 ha (33,600 acres) 

Four Addi t iona l Schemes: In addit ion to the remodel l ing of ex i s t i ng 

eight s t r u c t u r e s , the fol lowing four addi t ional i r r iga t ion schemes 

hav ing large a g r i c u l t u r a l potential have bee^ se lec ted . The ex is t ing 

and proposed s t r u c t u r e s are shown in F i g . 5.5. 

S . N b . Name of Proposed Scheme 

1 . Thadha I r r iga t ion Scheme 

2. Warsala I r r igat ion Scheme 

3. Dhaula I r r igat ion Scheme 

4. VVahi I r r iga t ion Scheme 

D ive rs ion 
Capac i ty 

Co-Ord ina tes (Cumecs) 

N 29° 20* 
E 69° 23' 

N 29° 37' 
E 69° 26' 

N 29° 52' 
E 69° 32' 

N 29° 37' 
E 69° 26' 

50 

60 

60 

58 

Area to be 
I r r iga ted 

(Ha) 

650 

780 

780 

575 
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5 . 4 . 4 . 2 Flood Management in Pachad A r e a 

The Dar rah of the to r ren t is about 40 km west of Dajal B r a n c h . 

The Pachad area l y i ng between the toe of hi l ls and the canal is 

very fer t i le where bas in i r r i ga t ion is being p rac t i sed on a par t of 

the a rea . The cu l t u rab le Pachad area is about 36,253 ha (Haqooq) . 

The tor rent has also perenn ia l supp ly 'Ka la Pan i ' of about 1 cumec 

at Dar rah which is be ing used for i r r iga t ion accord ing to water -

r i g h t s . Af ter emerg ing from hills\, the tor rent fans out l ike most 

other major hi l l t o r ren ts of the a r e a , but rej ions near Bast i Mir 

Mohammad P i t a f i , then f lows down as main Kaha upto v i l lage T i b b i 

Solgi which is s i tua ted about 31 km downstream of D a r r a h . At 

this s i te , the tor rent s p l i t s - u p into three main b ranches . The left 

side channel ca l led Legha r i Wah a 'non-haqooq ' channel has been 

closed at the head by c o n s t r u c t i n g a bund known as Leghar i B u n d . 

The r igh t side b ranch is ca l led Ghawaz Wah and has a r igh t to 

draw one- th i rd of the f loodf lows reach ing th is s i te . The remaining 

two- th i rd of f lood water f lows down th rough the cen t ra l b ranch for 

fu r ther d is t r ibu t ion between Shakh Shumal i and J a n u b i . 

Kaha flows b r ing down large quant i t ies of sediment both suspended 

and bed load. The bed load mainly cons is ts of large size heavy 

bou lders (60-70 cms) and coarse to medium g rave l (6-2 c m s ) . The 

. heavier boulders get depos i ted about 2 kms downstream of Dar rah 

while the grave ls t rave l f u r t he r downstream to about 5 km in the 

hi l l tor rent bed before s e t t l i n g . 

The suspended sediment mainly comprises f ine sand and s i l t . Th is 

suspended material is t r anspo r ted th rough the wahs upto the f ields 

Where it gets deposi ted due to pond ing wi th in the b u n d s . Th is 

fine sand and si l t depos i t ion adds fer t i l i t y to the l and . The' 

conveyance systems (wahs) have genera l ly maintained a stable 

reg ime, (non-s i l t ing n o n - s c o u r i n g ) . 

The proposed d i s t r i bu t i on of f loodflows for design f lood is g iven in 

Table 5 .3 . It is an t ic ipa ted that the c a r r y i n g capaci t ies of the 

c a r r y i n g channels (Wahs) decrease with the time by about 10 to 20 



TABLE - 5,3 

LIST OF WAHS AND THEIR CARRYING CAPACITY AFTER PROPOSED UPGRADING 

S.NO. NAME CAPACITY(CUMECS) 

1. Mohammad Wah 74 

2. Hazooran Wah • 81 

3. Khan Wah , 51 

4. Upper Noor Wah 96 

5. Link Channel 73 

6. Khata Wah 81 

7. Jat Wah 81 

8. Chatool Wah 96 

9. Makwal Wah 79 

10. Sona Wah 81 

11. Lashari Wah 1 18 

12. Jindara Wah 67 

13. Ghawaz Wah 153 

14. Shah Wah 53 

15. Sidwah 73 

16. Hajoo Wah pa
r
t from Sidwah 

17. Dhora Wah 67 

18. Parara Wah 53 

19. Jinday Wah ,81 

20. Khokar Wah 96 

21. Noor Khona 153 

22. Makwal Wah 70 

Total: 1777 Cumecs 



percent due to s i l t i ng and masking effects of s t ruc tu res and 

channe l s . In that case a par t of flood flows would reach Dajal 

B r a n c h . The ex i s t i ng c r o s s - d r a i n a g e s t ruc tu re would take care of 

these escapages . 

The Schemat ic Layou t of these Wahs with respect to the da r rah of 

tor rent is g i ven in F i g . 5 . 6 . The capaci ty of these wahs have been 

de r i ved on the bas is of . actual c ross -sec t ions and s lopes. The 

farmers wi l l f lood thei r lands accord ing to the avai labi l i ty of wa te r . 

Invest igat ions and f ie ld s u r v e y s have been ca r r i ed out for 

de termin ing the work ing of these Wahs. These invest igat ions indicate 

that in most cases the b e d of the hi l l to r rent near the o f f - take 

sites of Wahs has become deeper and the i r r i ga to rs have to cons t ruc t 

h igh stone c r o s s - b u n d s for d i ve r t i ng f loodf lows. The demand pf 

the i r r i g a t o r s is to c o n s t r u c t p roper stone d ive rs ion bunds which 

could d i ve r t the f loods . The water r igh ts of these Wahs is based 

on 'Sa ropa Pa ina ' , so the i r r i ga to rs after i r r i ga t i ng their f ie lds 

breach the d i ve rs ion b u n d s and allow flood water to flows down to 

the next Wah. The cons t ruc t i on of such an autcmatic system of 

d ivers ion of f loodf lows wou ld be too cos t l y . In v iew of th i s , it is 

proposed to cons t ruc t f l e x i b l e type of d ivers ion s t ruc tu res of stone 

in gabions of v a r y i n g leng ths and heights su i ted for the s i t e . 

The est imated cost of these d ivers ion . s t ruc tu res is Rs 130.26 mi l l ion. 

Table 5.4 shows the overa l l p lan for the management of 1,777 cumecs 

in Pachad a r e a . The s t r u c t u r e s which are under const ruc t ion wil l 

be ex tended and the r e c e i v i n g Wahs wil l be upgraded to rece ive 

greater d i scha rge with p r o p e r intake s t r uc tu res . The now proposed 

s t r uc tu res wi l l be f l ex ib le type Cabion cons t ruc t ion which wil l be 

cheap in cons t ruc t i on and economical to maintain. F igu re 5.7 shows 

typical layout of the p roposed d i s t r i bu t i on /d i ve rs i on s t ruc tu res and 

F i g . 5 . 8 shows the p roposed gu ide banks to the s t r u c t u r e s . 
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The béds of nal lahs in Ba loch is tan are genera l ly eight to ten feet 

lower than the adjo in ing l a n d , so the c res ts of d i ve rs ion weirs 

have to be kept h i gh enough with respect to the ex i s t i ng bed 

levels for feeding the excava ted f lood channe l s . These weirs will 

behave like ver t i ca l drop energy d iss ipator s t r u c t u r e s . The bottom 

level of the weir is to be f ixed at the expected maximum depth of 

scour level and the c res t level would be kept keep ing in v iew the 

area to be commanded. ' Upstream apron is not necessa ry , s ince 

the nallah is l ike ly to s i l t - u p due to heavy si l t load. The length 

of downstream c i s te rn would be f ixed from the energy d iss ipat ion 

cons ide ra t ion . 

Weirs so far cons t ruc ted in upper catchments in Ba loch is tan are 

invar iab ly r i g id s t r u c t u r e s bui l t of concrete or stone masonary with 

impervious downstream f l oo rs . S l igh t d i f ferent ia l settlement in the 

foundat ion of the s t r u c t u r e resu l t s in major c r a c k i n g and consequent 

co l laps ing of the whole s t r u c t u r e beyond repa i rab le cond i t i on . 

Af ter cr i t ica l s tudy of the damaged s t ruc tu res in Ba loch is tan , we 

are not recommendihg r i g i d type of concrete or stone masonary 

s t r u c t u r e s . Instead, we are p ropos ing f lex ib le type of weir 

s t ruc tu res cons t ruc ted with stones in wire crates (gab ions ) . The 

channels which c a r r y bou lders have been recommended to be 

cons t ruc ted with gabions bu i l t of angle i ron cases . The use of 

6mm bars has been recommended instead of 8 gauge w i re . Weir 

s t r uc tu res bui l t wi th gabions wil l adjust themselves against 

d i f ferent ia l settlement in the founda t ion , if any , without damage to 

the wei r . 

Another l ike ly cause of the fa i lu re of i r r iga t ion s t ruc tu res is 

out f lank ing of f loodf lows. Fol lowing are the poss ib le causes of the 

ou t f l ank ing : 

(i) High veloci ty in na l l ah ; 

( i i ) Oblique approach of nal lah to the weir s t r u c t u r e . 



In the mountaineous areas above the dar rah the nallahs follow a 

s inous c u r v e . Genera l ly long s t ra igh t reaches of nallah are not 

avai lable for ideal location of weir s i tes even if otherwise the site 

is sui table for a weir s t r u c t u r e . In the ex i s t i ng weir s t ruc tu res 

in Ba loch i s tan , the length of c res t was not. des igned for h igher 

f loodflows genera l ly encountered in the na l lahs , which has resu l ted 

in their ou t f l ank ing and consequent f a i l u re . 

In order to1. avo id th is type of f a i l u re , we propose to prov ide 

adequate length of weir with p roper p ro tec t i on . F igure 5.9 — 

shows thé type of weir p roposed for cons t ruc t ion in upper catchments 

in Ba loch is tan . Design c r i t e r i a for f i x i ng the upstream and 

downstream bed protect ion length is g iven in F i g . 5 . 1 0 — . 

In Pachad a rea , the nal lah s lopes are f la t ter and the beds of the 

nal lahs are not as deep as in Ba loch i s tan . In Pachad area, the 

beds are only four to f i ve feet lower than the adjacent g r o u n d . 

In this a rea , the si l t content in the f loods is also comparat ively 

low. Here the height of weir c res t need not be v e r y h i gh . In 

Pachad area too, we in tend to p rov i de f lex ib le gabion weir or c r o s s -

s t ruc tu re with low c r e s t . F ig .5 .11 shows the typ ica l c ross-sec t ion 

of w e i r s / c r o s s - s t r u c t u r e s p r o p o s e d . 

In order to check movement of the bed against s c o u r / r e t r o g r e s s i o n , 

the intakes of the wahs wil l be armoured with gabion s t ruc tu res 

( F i g . 5 . 1 2 ) . 

5 .4.6 Recommended Sequence of Cons t ruc t i on & Cos ts 

Implementation of the proposed works wil l take three yea rs . Some 

f loods may be exper ienced d u r i n g the per iod of cons t ruc t i on . It 

i s , there fore , des i rab le to c a r r y out the works in such order that 

there is minimum in te r rup t i on in the on -go ing works without 

aggrava t ing f lood prob lems. The recommended phas ing and cost 

estimates are g i ven in Table 5 .5 . These costs are based upon 

1 989-90 pr ice level and l ike ly escalat ion d u r i n g the execut ion of 

pro jec t . 

]_/ R ive r Eng inee r i ng by Margre t te P e t e r s e n . 
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TABLE 5.5 

PROPOSED WORKS AND ESTIMATED COSTS 

YEAR NAME OF WORKS COST (Rs Million) 

U
P
P
E
R
 
C
A
T
C
H
M
E
N
T
 
B
A
L
O
C
H
I
S
T
A
N
 

Y
E
A
R
 O
N
E
 

1
9
9
0
-
9
1 

REHABILITATION 
Rakhni Irrigation Scheme 
Nabar Kot Irrigation Scheme 
Vitarki Irrigation Scheme 

5.00 

-

U
P
P
E
R
 
C
A
T
C
H
M
E
N
T
 
B
A
L
O
C
H
I
S
T
A
N
 

Y
E
A
R
 O
N
E
 

1
9
9
0
-
9
1 

NEW SCHEMES 

Wahi Irrigation Scheme 

Thadha Irrigation Scheme 

10.00 

10.00 

-

U
P
P
E
R
 
C
A
T
C
H
M
E
N
T
 
B
A
L
O
C
H
I
S
T
A
N
 

Y
E
A
R
 O
N
E
 

1
9
9
0
-
9
1 

NEW SCHEMES 

Wahi Irrigation Scheme 

Thadha Irrigation Scheme 

Total for Year One 25.00 

U
P
P
E
R
 
C
A
T
C
H
M
E
N
T
 
B
A
L
O
C
H
I
S
T
A
N
 

Y
E
A
R
 T
W
O
 

1
9
9
1 
-
 
9
2
 

REHABILITATION 

Seakle Irrigation Schemes 5.00^ 

* U
P
P
E
R
 
C
A
T
C
H
M
E
N
T
 
B
A
L
O
C
H
I
S
T
A
N
 

Y
E
A
R
 T
W
O
 

1
9
9
1 
-
 
9
2
 

NEW SCHEMES 

Warsala Irrigation Scheme 

Thadha Irrigation Scheme 

8.00-

7.00-

* U
P
P
E
R
 
C
A
T
C
H
M
E
N
T
 
B
A
L
O
C
H
I
S
T
A
N
 

Y
E
A
R
 T
W
O
 

1
9
9
1 
-
 
9
2
 

NEW SCHEMES 

Warsala Irrigation Scheme 

Thadha Irrigation Scheme 

Total for Year Two 20.00 

U
P
P
E
R
 
C
A
T
C
H
M
E
N
T
 
B
A
L
O
C
H
I
S
T
A
N
 

Y
E
A
R
 
T
H
R
E
E
 

1
9
9
2 
-
 
9
3
 

REHABILITATION 

Catherine Irrigation Scheme ] 

Thangwani Irrigation Scheme j 

Chung Irrigation Scheme ; 

15.00-

U
P
P
E
R
 
C
A
T
C
H
M
E
N
T
 
B
A
L
O
C
H
I
S
T
A
N
 

Y
E
A
R
 
T
H
R
E
E
 

1
9
9
2 
-
 
9
3
 

REHABILITATION 

Catherine Irrigation Scheme ] 

Thangwani Irrigation Scheme j 

Chung Irrigation Scheme ; 

Total for Year Three 15.00 



YEAR NAME OF WORKS 
COST 

Rs Million 

PM 
<! 

CM 

W — 55 O 
O 

I 
tó O 

W cn 

O CN 
S cn 

3 CTl 
W cn 

H 
cn 

I 
Crf CN 
<q cn 
W cn 
>-, — 

Salaii RD 13+000 (Mohammad Wah) 

Salaii RD 15 + 000 (Hazroon Wah) 

Salaii RD 16 + 000 (Khan Wah) 

Cross Structure U/Noor Wah RD 39+000 

Cross Structure Jat Wah and 
Upgrading of Wahs 

Salaii Line Channel 

5.25 

4.25 -

4.75 -

4.05 -

21.05 

3.45 H 

Total for Year One 42.80 

Chatool Cross Structure 

Sona Cross Structure 

Lashari Cross Structure and Upgrading 
of Wans. 

16.37 

15.60 

16.83 

Total for Year Two 48;80 

Cross Structure Jindara etc. 

Cross Structure Sidwah 

Cross Structure Dhora Wah etc, 

Head Regulator Noor Kohna 

9.86 

11.83 -

9.18 -

7.79 -

Total for Year Three 38.66 
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PROJECT PHASING 

YEAR BALOCHISTANi PUNJAB 
TOTAL 
Rs Million 

1990-91 25.00 42.80 67.80 

1991-92 20.00 48.80 68.60 

1992-93 15.00 38.66 53.86 

60.00 130.26 190.26 



SECTION - 6 

AGRICULTURE AND ECONOMIC EVALUATION 

6.1 P R E S E N T A G R I C U L T U R E 

6.1.1 General 

V 

DG Khan and Ra janpur D i s t r i c t s of Punjab P r o v i n c e cover an area 

of 2.39 mil l ion hectares (5.9 mil l ion ac res ) wh ich cons is ts of 17 

percen t canal command a r e a , 35 percent Pachad area and 48 percent 

sub-mounta ineous and mountaineous a rea . Th i r t een major and 192 

minor h i l l t o r ren ts emanat ing from Suleiman Range devastate large 

areas d u r i n g major f l oods . Kaha hi l l t o r ren t has been taken to 

formulate a techn ica l l y sound and economical ly v iab le so lut ion to 

the f lood problems after s t u d y i n g its behav iour under actual f ie ld 

cond i t i ons . The area lies wi th in the A r i d Zone of the coun t r y and 

ag r i cu l t u ra l p roduc t i on is dependent on f lood i r r i ga t i on or soil 

moisture re ten t i on . Only a small par t of the ra in fa l l on the catchment 

area is u t i l i zed for a g r i c u l t u r e , whi le the f lood f lows par t cause 

ser ious damage to s tand ing k h a r i f c r o p s , c a n a l s , r o a d s , r a i lway , 

and other i n f r a s t r u c t u r e . Deter iorat ion of the vegetat ive cover 

t h rough o v e r - g r a z i n g by nomadic f l ocks has agg rava ted the problem 

and has inc reased f lood damage potent ia l of the hi l l t o r r e n t s . 

Flood Management of the to r ren t is p roposed aga ins t 25-year peak 

f lood in such a way that the maximum water up to the f loods of 

that magni tudecan be u t i l i zed in the upper areas where they are 

gene ra ted . 

6 .1 .2 Soi ls and Land Use 

The mountains are almost bare rocks and the va l ley s ides are s tony 

whereas , the soi l of Pachad Area is piedmont type wi th h igh fe r t i l i t y 

hav ing good moisture ho ld ing capac i t y . Once the top layer of soil 

6-1 



is d r y , there is l i t t le subsequen t evaporat ion from the soi l below 

the land s u r f a c e . The catchment area of the Project cove red by 

range which is used mainly for g raz ing and p r o v i d i n g fuel for 

migratory stock owners f rom the ve ry spa rse vegetat ive c o v e r . 

V e r y small area ( less than two percent ) is covered with fo res ts on 

the banks of the h i l l t o r ren t and its t r i b u t a r i e s . On h igh e leva t ion , 

a par t of area is a lso used for wheat cu l t i va t ion by perenn ia l 

s p r i n g s . The Punjab p iedmont p la in has water r i gh t on about 

11,585 hectares of wh i ch 36,253 hectares are cu l tu rab le area which 

is about 87.2 percen t of the total a r e a . The present annual average 

c ropped area t h r o u g h bas in i r r i ga t ion is only 2,897 hec ta res which 

can be inc reased by p r o p e r cont ro l and optimum use of f loodf lows 

of h i l l t o r ren t . About 22,663 ha cu l tu rab le area located in Ba loch is tan 

can be deve loped b y t he i r implementation of four new i r r iga t ion 

schemes and rehab i l i t a t i on of e ight ex i s t i ng schemes which are not 

in work ing o r d e r s . It was obse rved d u r i n g f ie ld inves t iga t ion that 

due to h igh ly de lap ida ted cond i t ion of the eight ex i s t i ng s t r u c t u r e s . 

p resen t l y the erop p r o d u c t i o n is almost neg l ig ib le . 

6 .1 .3 I r r igat ion Prac t i ces 

Bas in i r r i ga t ion has been p rac t i sed in the Pachad area s ince 

p r e - h i s t o r i c t imes by c o n s t r u c t i n g small d i ve rs ion b u n d s ac ross the 

main channe ls for d i v e r t i n g f loodf lows to the f ie ld enc losed by 

ear then bunds of one to one-ha l f meter ( three to f ive feet) in 

he igh t . The en t i re a rea is t e r raced and is t r a v e r s e d by a large 

network of na tura l c h a n n e l s . D u r i n g except ional ly wet yea rs f l ood 

f lows are so h igh and s u d d e n that the earthen bunds cons t ruc ted 

by cu l t i va to rs are washed away . A major par t of f lood water lends 

to concent ra te in dep ress iona l areas and s t r i ke the canal system 

caus ing breaches r e s u l t i n g in ex tens ive damage in the canal i r r i ga ted 

a rea . ' 

6 .1 .1 C r o p p i n g and P roduc t i on 

In the Pachad area major k h a r i f c rops are jawar and ba j ra while 

rabi c rops are wheat , o i l - seed and g ram. Crops sown at the lower 



elevat ion are mostly so rghum with some rape and mustard . Some 

wheat is g rown in areas with res idua l water or in case of late 

f loods . The c r o p p i n g pa t te rn and in tens i t ies for Kaha Hi l l T o r r e n t 

as a who le , computed on the bas is of f ive years average (1984-85 

th rough 1938-89) are g iven in Tab le 6 . 1 . The reason for compi l ing 

average of f ive years is to smoothout the inf luence of f luc tua t ion 

in ra in fa l l quan t i t y and t im ing . Ave rage c ropp ing intensi ty ca lcu la ted 

for the Pachad Area is 8.0 percent wi th 5.8 percen t khar i f and 2.2 

percent r a b i . The c r o p p i n g pa t te rn in the area is ta i lored in 

accordance wi th the l imited and unre l iab le water supp ly s y s t e m . 

A r e a , p roduc t i on and average y ie ld of p r i nc i pa l c rops are g i ven in 

Table 6.2 

Sorghum and baj ra as kha r i f c rops are p lanted in June to A u g u s t 

on the en t i re cu l t i va ted and adequate ly watered a r e a . La te r , a round 

Sep tember , rape and mustard is seeded into those areas where millet 

fai ls to ge rmina te . Millet is ha rves ted in November and oi lseeds in 

J a n u a r y - F e b r u a r y . When the last f loods occur late in the season , 

i . e . , October and November , a par t of the area not f looded ear l ie r 

in the season is also p lan ted wi th wheat and gram. A b r i e f 

descr ip t ion of the c rops which are genera l ly sown in the Project 

area fo l lows. 

Sorghum ( j awar ) ; is the most important food erop grown' in 

the Project a r e a . The erop depends for moisture on the 

d i ve r t ed f lood waters which flow down onto the plains from 

the mountains wi th fer t i le organ ic matter . This supp l y is 

p r imar i l y avai lable in the kha r i f season , and is var iab le in 

quan t i t y and t im ing . The sorghum area , thus , va r ies 

cons ide rab l y acco rd ing to the durat ion and number of f loods 

every y e a r . The ent i re sorghum erop is planted wi th low 

y i e l d i n g , long stemmed ind igenous va r ie t i es . The s t raw is 

cons ide red as important as the p roduc t ion of gra in because 

th is is the only ava i lab le l ivestock feed throughout the y e a r . 



TABLE - 6.1 

PRESENT CROPPING PATTERN AND INTENSITIES 

Area Hectares 
Intensity. Percent of CC 
CCA 36253 Hectare 

CROPS 1984-85 1985-86 1986-87 1987-88 1988-89 AVERAGE INTENSITY 

KHARIF 

Jawar 2548 926 4115 309 1185' 1817 5.0 

Bajra 701 60 535 15 72 - 277 0.8 

K.TOTAL: 3249 986 4650 324 1257 2094 5.8 

RABI 

Wheat 580 245 925 315 259 465 1.3 

Gram 466 11 99 17 111 141 0.4 

Oilseed 450 24 159 14 347 199 0.5 

R. TOTAL : 1496 280 1183 346 717 805 2.2 

ANNUAL: 4745 1266 5833 670 1974 2899 ","8.0 

Source : Intensitiés are based on Five Years Cropped Average from 1984-85 
to 1988-89.collected from Revenue Office, District Rajan Pur. 

TABLE -6.2 

PRESENT CROP AREA, PRODUCTION AND YIELD 

CROPS AREA 
(HECTARES) 

YIELD TOTAL PRODUCTION "• 
(Kgs/Hectare) (M.Tons) 

Jawar 1817 430 781 

Bajra 277 350 97 . . 

Wie at 465 698 325 

Gram 141 485 68 

Oilseed 199 461 92 

Source: Yields are 
Statistics. 

based on Five Years average taken from Punjab Agricultural 



Th i s is why the cu l t i va to rs general ly pre fer to sow jawar /ba j ra 

even in late season due to late ra in fa l l . The y ie ld of g ra in 

is est imated about 130 kgs and a straw at 2,150 k g s per 

h a . No f e r t i l i ze r is used for growing the c r o p s . Smut and 

stem bo ra r are the major disease prob lems. 

Wheat: is the second important food erop sown in the Pachad 

a r e a . In case l3st f loods occur late in the season , i . e . , 

October and November , considerable areas are also p lanted 

wi th wheat . About 90 percent of the Wheat grown is of 

i nd igenous v a r i e t y , because of its abi l i ty to w i ths tand d rough t 

and h igh s t raw y i e l d . wheat erop genera l l y receive no 

moisture in add i t ion to that stored in the soil in the bunded 

f i e l ds . T h i s r e s u l t s in general ly ve ry low erop y ie ld of 

about 698 kgs per hec ta re . 

O i l seeds : The common oi lseed crops grown are rape and 

mus ta rd , p l an ted in the rabi season. The rabi oi lseed 

erop is g rown in the low al luv ia l patches of the Pachad area 

us ing the res idua l mois ture. the erop is p lan ted in those 

pockets inside. the sorghum erop where poor establ ishment 

has left g a p s . In view of lack of moisture in the soil and 

l ike ly poor f i nanc ia l r e t u r n , l i t t le ef for ts are made for the 

cu l t i va t ion of o i lseed c r o p s . They are looked upon . as a 

bonus . T h e y p roduce low y ie lds and are sometimes fed 

g reen to l i ves tock . 

6 .1 .5 Farm Prac t i ces 

Bu l locks p r o v i d e power for land preparat ion in the project a rea . 

The Standard p rac t i ce of most of the farmers is to have one or two 

bul lock pa i rs for cu l t i va t i on depending upon the s ize of ho ld ing . 

Farm size is l a r o e ; about 10 hec ta res , with an average cu l t i va ted 

area of 2.5 h a , the remainder being fal low. P lough ing of the land 

is usual ly not done unt i l the soil has had its f i rs t s o a k i n g . Because , 



most of the piedmont soi ls of the Pachad area have low permeabi l i ty . 

Con t inued pond ing or s u c c e s s i v e f lood ings are needed to attain 

sa tura t ion leve ls . T h e number of p l ough ings c a r r i e d out with the 

wooden bul lock p lough is only 2 -3 ; much less than in the canal 

i r r i ga ted a rea . The seedbed t i l th is often v e r y poor and seed is 

p lanted by ' po ra ' d i rec t into the g round at the time of f i rs t 

p l o u g h i n g . Despi te t h i s . good germinat ion usua l ly occurs because 

in s a i l a b a \ a g r i c u l t u r e , the si l t is depos i ted with the f i rs t wa te r ing , 

thus p roduc ing a fe r t i l e s e e d b e d . The farming a l luv ia l is not 

labour e x t e p s i v e . A v e r a g e fami ly s ize is about s ix persons w h i c h , 

with a pa i r of b u l l o c k s , manages to cu l t i va te about s ix ha of land 

per farm in kha r i f s e a s o n . 

6 . 1 . 6 . Integrat ion with L ives tock 

Most of the people of the project area are nomadic and l ivestock 

r e a r i n g is a t rad i t iona l a c t i v i t y . They all maintain some farm of 

sheep and goat f locks as well as bu l l ocks for d raugh t pu rpose . 

These animals are fed t h rough s tubb le g r a z i n g and by feeding 

green fodder which is mostly s o r g h u m . 

Sorghum s tubb le g r a z i n g is so ld at Rs 50 per h a . Block and 

bunches of sorghum s t raw are also s o l d . Th is in tegrat ion of the 

l ivestock and the c r o p p i n g sys tem serve the dual purpose of 

s u p p l y i n g manure to the c ropped land as well as keep ing the nomadic 

sheep f l ocks in reasonable cond i t ion over the winter p e r i o d . 

6.2 1 F U T U R E A G R I C U L T U R E D E V E L O P M E N T 

6.2.1 Potent ia l for Development 

The management of f loodf lows for a g r i c u l t u r e development esseht ia l ly 

requ i res a comparat ive s tudy of p r e - and pos t -p ro jec t level of 

p r o d u c t i o n . The development potent ia l of the a f - e a , where ra infa l l 

is the only source of i r r i g a t i o n , mainly depends on the avcii labil i ty of 

water in the form of r u n - o f f and on the ava i lab i l i t y of cu l t ivab le area 



The annual run -o f f and total cu l t i vab le area of Kaha Hi l l To r ren t 

aga ins t var ious r e t u r n pe r i ods ind icate that on ly 8.0 percent of 

the area is i r r iga ted d u r i n g an average f lood y e a r . Du r i ng h igh 

f l oods , only a small pe rcen tage of f loodf lows are u t i l i zed for 

.agr i cu l tu re and remain ing f lows genera l l y inundate the canal eommand 

area after b reach ing the Dajal C a n a l . T h e r e f o r e , the project has 

been des igned against ;a maximum; peak f lood of 25-year re tu rn 

per iod to minimize such >losses by and to use it for the development 

\ of project a rea . Monthwise r un -o f f aga ins t 2.33 , 5 , 1 0 , 25-years 

f lood has been ca l cu la ted . The ava i lab le annual r u n - o f f for the 

' des ign f lood d u r i n g va r i ous months (June to November) of the 

year wh ich can be used fo r sowing khar i f and rab i c r o p s , is about 

1 05 ,383 h a . m . The land use potent ia l in 'haqooq ' area of Punjab 

f lood p la in is about 36,253 ha wh ich can be deve loped by spread ing 

the f loodf lows of peak f loods whereas about 22,663 ha cu l tu rab le 

area located in Ba loch is tan may be deve loped by p roposed works 

aga ins t des ign f lood. About 96,100 ha .m out of the avai lable run-o f f 

aga ins t 25-year re tu rn pe r iod can be sp read ove r 51,200 ha with 

1.22 meter ( four feet) dep th of water assuming 65 percent conveyance 

e f f i c iency as g iven in Tab le 6 . 3 . Th i s area is about 87 percent of 

total cu l t i vab le a rea . The bunded i r r i ga t ion of 1.22 meter depth 

of water also cover about 60 percent f ie ld e f f i c i e n c y . T h u s , the 

project i r r i ga t i on e f f i c iency ( the ef fect ive use of the i r r i ga t ion water 

in erop p roduc t ion ) would be 39% that looks more rea l i s t i c for such 

pro ject where f ie lds are f l o o d e d . As the des ign d i ve rs ion capaci ty 

of p roposed s t ruc tu re is about 2,313 cumecs , t h e r e f o r e , the su rp lus 

runo f f against design f lood of 2,662 cumecs d i scha rge may be passed 

t h rough the Dajal Canal c r o s s i n g s and inundated the canal eommand 

a rea . 

T h e r e are two major seasons of sowing c rops in the Pachad area 

i . e . , k h a r i f (Ap r i l to A u g u s t ) a n d ; R a b i (September to November) . 

F u t u r e p roduc t ion and development !w i th ' and 'w i thout ' project have, 

t h e r e f o r e , been s tud ied to es tab l i sh incremental p roduc t ion in the 

p roceed ing p a r a g r a p h s . 

Fu tu re C r o p p i n g Pattern 

'Without ' P ro jec t : 

The c r o p p i n g pat tern and in tens i t ies 'wi thout ' pro ject have been 

est imated after determin ing the r e t u r n per iod of peak f loods by 

us ing p rec ip i ta t ion data . A f te r knowing approx imate ly the re tu rn 

6 .2 .2 

6 .2 .2 . 1 



TABLE -
FUTURE CROPPING INTENSITIES 
SUPPLIES FOR DIFFERENT HILL 

6.3 
WITH AVAILABLE IRRIGATION 
TORRENTS OF PROJECT AREA 

Name of 
Development 

Area 
CCA 
Hect
are 

Return 
Period 
Year 

Available 
Kharif 

Runoff 
Rabi 

at Darrah 
Annual 

Irrigation 
Efficiency 

Bunded 
Irrigation 

Cropped Area 
Kharif Rabi Annual 

Cropping 
Kharif 

Intensity 
Rabi Annual 

Name of 
Development 

Area 
CCA 
Hect
are 

Return 
Period 
Year 

Hectare Meters Percent Centimeters Hectare Percent of CCA 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Balochistan 22,663 2 .33 9,056 2,452 11,508 65 122 4,825 1,306 6,131 21 6 27 
Area 5 .00 17,416 4,715 22,131 65 122 9,279 2,512 11,791 41 11 52 

10 .00 21,645 5,860 27,505 65 122 11,532 3,122 4,654 51 14 65 
25 .00 23,396 6,380 29,776 65 122 12,465 3,399 15,864 55 15 70 

Punjab 36,253 2 .33 21,130 5,720 26,850 65 122 11,258 3,048 14,306 31 8 39 
Piedmont 5 .00 40,637 11,000 51,637 65 122 21,651 5,861 27,512 60 16 76 
Plain 10 .00 50,505 13,672 64,177 65 122 26,908 7,284 34,192 74 20 94 
(Haqooq Area) 25 .00 51,037 15,270 66,307 65 122 27,192 8,136 35,328 75 22 97 

Project 
Area 

58,916 2 
5 
10 
25 

.33 

.00 

.00 

.00 

30,186 
58,053 
72,150 
74,433 

8,172 
15,715 
19,532 
21,650 

38,358 
73,768 
91,682 
96,083 

65 
65 
65 
65 

122 
122 
122 
122 

16,083 
30,930 
38,441 
39,657 

4,354 
8,373 
10,406 
11,535 

20,437 
39,303 
48,847 
51,192 

27 
53 
65 
67 

7 
14 
18 
20 

34 
67 
83 
87 



per iods of peak f l o o d s , the areas under c rops d u r i n g co r respond ing 

years was es t imated f rom the reco rd of the Revenue Department 

R a j a n p u r , wh i ch shows quantum of f lood f lows used in the y e a r . 

The an t i c ipa ted c r o p p i n g pa t te rn against 2 .33 , 5 , 10 and 25 year 

f loods due to add i t i ona l d i v e r s i o n s of f lood f lows by the execut ion 

of o n - g o i n g p ro jec ts u n d e r 'w i thout ' pro ject cond i t ions are shown 

in T a b l e - 6 . 4 . T h e c r o p p e d area against 2 .33 , 5 , 10 and 25-years 

f loods is 2 ,900 , 14 ,306 , 20,437 and 21,418 hectares respec t i ve l y 

'wi thout ' p ro jec t c o n d i t i o n s . 

6 . 2 . 2 . 2 'With' Pro ject 

The ava i lab le f lood water against 2 .33, 5, 10, 15 and 25-years 

flood is assumed to be d i v e r t e d into 20,437; 39 ,303; 48,847 and 

51,197 hec ta res t e r r a c e d f ie lds th rough an improved system of 

d ispers ion s t r u c t u r e s in the project a r e a . In the l ight of f ie ld 

inves t iga t ions c a r r i e d out and in keep ing wi th the soi l cha rac te r i s t i cs 

of the a r e a , it has been assumed that 1.22 meter depth of water ing 

is su f f i c i ën t fo r the ma tu r i t y of al l kha r i f and rab i c rops o f . t h e 

Project a r e a . 

The annual c r o p p i n g i n t ens i t y wi th peak f lood of 25 - yea rs , for 

which the fac i l i t i es are d e s i g n e d would come to 87 pe rcen t , with 

khar i f 67 and 20 p e r c e n t 'w i t h ' pro ject cond i t i on . F u t u r e c ropp ing 

pat terns have been p r o p o s e d after t ak ing into cons idera t ion the 

major fac to rs s u c h as so i l t e x t u r e , erop su i t ab i l i t y , root sys tem, 

water r equ i remen ts and d r o u g h t to lerance as g i ven in Table 6 .4 . 

The piedmónt so i l s are wel l su i ted to millet ( jawar and ba j ra ) , 

oi lseed ( T a r a m i r a ) and wheat c r o p s . Jawar an important e rop 

cover ing 58.4 p e r c e n t of c ropped area has been inc luded in the 

c ropp ing p a t t e r n , in v iew of its deep root s y s t e m , low water 

requ i rements and be t te r d r o u g h t to le rance. Rab i o i lseeds in winter 

season su i ted fo r d r i e r p a r t s of the project area cover 4.8 percent 

of c ropped a r e a . On the bas is of p rev ious exper ience with the 

avai lab i l i ty of a more dependab le water supp l y and a pro longed 

flood season , it is reasonab le to assume that rab i wheat would 

subsequent l y occupy about 6,663 hec ta res . 



Crops 

TABLE 6.4 

FUTURE CROPPING PATTERN UNDER 'WITH
1

 AND 'WITHOUT' PROJECT 
AGAINST VARIOUS RETURN PERIOD 

(Area in Hectares) 

With Project Without Project 

j 2.33 5.00 10.00 25.00 j 2.33 5.00 10.00 25.00 

Incremental 

2.33 5.00 10.00 25.00 

Jawar 13,955 26,838 33,355 34,410 1,817 9,769 13,955 14,625 12,138 17,069 19,400 19,785 
Bajra 2,128 4,092 5,086 5,247 277 1,489 2,128 2,230 1,851 2,603 2,958 3,017 

er-
I 

K.Total 16,083 30,930 38,441 39,657 2,094 11,258 16,083 16,855 13,989 19,672 22,358 22,802 

Wheat 2,515 4,836 6,011 6,663 
Gram 763 1,467 1,823 2,021 
Oilseed 1,076 2,070 2,572 2,851 

465 1,761 2,515 2,636 2,050 3,075 3,496 4,027 
141 534 763 799 622 933 1,060 1,222 
199 753 1,076 1,128 877 1,317 1,496 1,723 

R.Total 4,354 8,373 10,406 11,535 805 3,048 4,354 4,563 3,549 5,325 6,052 6,972 

Annual 20,437 39,303 48,847 51,192 2,899 14,306 20,437 21,418 17,538 24,997 28,410 29,774 



6 . 2 . 3 C rop Y ie lds and P r o d u c t i o n 

T rad i t i ona l and s u b s i s t e n c e ag r i cu l t u re cond i t ions would perpe tua te 

due to undependab le i r r i ga t i on supp l y unde r 'w i thou t ' pro ject 

cond i t i ons . T h e h i s to r i ca l y i e l d growth ra tes would not be sus ta ined 

by the local f a r m e r s , who do not have techn ica l know-how and 

f inanc ia l r e s o u r c e s . It is an t ic ipa ted that most of the project 

benef i t s would a c c r u e f rom increase in the c r o p p i n g i n tens i t i es . 

However , manageable water supp l y would also b r i n g improvement in 

cu l t u ra l p rac t i ces and i npu t u t i l i za t i on , r e s u l t i n g in some increase 

in erop y i e l d s . P ro jec t ion of c rop y ie lds aga ins t peak f loods of 

var ious r e t u r n p e r i o d s wi thout detai l hydro log ie s tud ies and f ie ld 

inves t iga t ion is not p o s s i b l e . T h e r e f o r e , p ro jec ted c r o p p i n g pa t te rns 

and in tens i t ies 'w i t h ' and 'w i thout ' the project w i l l be usëd for the 

assessment of incrementa l p roduc t ion genera ted by the project 

deve lopment . However the incremental benef i ts have been ad jüs ted 

upward to account f o r h i gh c rop y ie lds in the p r e c e e d i n g p a r a s . 

The incremental c rop p roduc t i on aga ins t 2 .33 , 5 , 10 and 25-years 

f lood has been est imated as g iven in Tab le 6 . 5 . It i nd ica tes that 

jawar g ra in would i nc rease by 8,507 tons , wheat by 2,811 tons and 

oi lseed by 794 tons u n d e r ult imate development cond i t i ons against 

des igned peak f lood ( 2 5 - y e a r s ) . 

B e s i d e s , there are some fa rmers who have abandoned the i r lands 

due to the inadequacy of i r r i ga t i on fac i l i t i es . It is an t i c ipa ted that 

these cu l t i va to rs wou ld r e v e r t to cu l t i va t ion of s u c h a r e a s . Thé 

c ropped area y i e l d s wi l l be a c h i e v e d , as in other a rea with the 

cont ro l led f lood water s u p p l y , which will b r i n g about an inc rease 

in total p r o d u c t i o n . 
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TABLE -6.5 

INCREMENTAL PRODUCTION IN PROJECT AREA 

(M.Tons) 

CROPS 
WITH PROJECT WITHOUT PROJECT INCREMENTAL 

2.33 10 25 2.33 10 25 2.33 10 25 

Jawar 

Baj ra 

Wheat 

Gram 

Oilseed 

6001 

745 

1755 

370 

496 

11540 

1432 

3376 

712 

954 

14343 

1780 

4196 

884 

1186 

14796 

1836 

4651 

980 

1314 

781 

97 

325 

68 

92 

4201 

521 

1229 

259 

347 

6001 

745 

1755 

370 

496 

6289 

781 

1840 

388 

520 

5220 

648 

1430 

302 

404 

7339 

911 

2147 

45-3' 

607 

8342 

1035 

2441 

514 

690 

8507 

1055 

2811 

592 

794 

TOTAL: 9367 18014 22389 23577 1363 6557 9367 9818 8004 11457 13022 13759 



6.2 .1 C u l t u r a l Prac t i ces 

The y ie ld improv ing p r a c t i c e s which have been proposed for the 

project area a r e : 

Improved C u l t i v a t i o n : Permeabi l i t y of most soil cou ld be 

s ign i f i can t l y i m p r o v e d and the f lood ing time r e q u i r e d for 

\ sa tura t ion r e d u c e d by annua l cu l t i va t ion with a ch ise l p l ough 

and metal e lements p r i o r to the commencement of the f lóod 

^season. T h i s wou ld a lso improve soi l aerat ion and root 

pene t ra t i on ; 

Land L e v e l l i n g and B u n d i n g : Presen t bund enc losed areas 

usua l ly r ange f rom 4 to 21 h a . As a consequence , the 

lower sect ion of each area is more thorough ly watered and 

the top sect ion is o f ten not su f f i c ien t l y s o a k e d . Cons t r uc t i on 

of more f r e q u e n t b u n d s wi th some land leve l l ing wi l l 

subs tan t ia l l y i nc rease the c rop area and improve the e f f i c iency 

of water u s e ; 

Bet ter S e e d i n g : T h e c r o p y ie lds can be inc reased by sowing 

c rops wi th imp roved rnethods and us ing clean seed and the 

recommended s e e d i n g r a t e . Local var ie t ies of so rghum and 

wheat are p r e f e r r e d because of their d rought res is tance and 

h igh y ie lds of good s t raw qua l i t y . However , improved h igher 

y ie ld ing va r ie t i es can a lso be in t roduced with some re l iab le 

water s u p p l y a f ter demonst ra t ion in the project a rea . At 

p resen t , a g r i c u l t u r a l ex tens ion and research se rv i ces are 

ve ry poor and inadequate to p rov i de gu idance to the fa rmers 

at the f ie ld l e v e l . T h e r e f o r e , a system would have to be 

evo lved to use adap t i ve r e s e a r c h and at the same time p rov i de 

the i n - s e r v i c e t r a i n i n g media needed for f ie ld s ta f f . Th i s 

would b r i n g toge ther the r e s e a r c h and ex tens ion staff and 

faci l i t ies for the t r a n s f e r of new technology to the fa rmers ' 

f i e lds . 



New C r o p s : In i t i a l l y , it is expec ted that c u l t i v a t o r s would 

g row the c r o p s l i k e ; kha r i f sorghum wi th o i lseeds and some 

wheat . If s o r g h u m p r i ces remain a t t rac t i ve and the feed ing 

of s o r g h u m g r a i n for l i ves tock f i n i sh ing c rea tes an adequate 

demand fo r t h i s c r o p , it is poss ib le that the t rad i t iona l c rop 

mix wil l r e m a i n . If on the other h a n d , so rghum becomes 

much less p ro f i t ab le than other c r o p s , c h a n g e s in c r o p p i n g 

p a t t e r n wi l l o c c u r . With the more re l iab le water supp l y and 

be t te r d i s t r i b u t i o n a r i s i ng from the above p rac t i ces there 

wou ld p r o b a b l y be oppor tun i t ies fo r i n t r oduc t i on of other 

k h a r i f c r o p s . For the new c rops to be p r o p o s e d , t r ia l s and 

demons t ra t ions need to be a r ranged to determine the 

feas ib i l i t y of the i r i n t roduc t ion in the a r e a . 

P lan t P r o t e c t i o n : Plant p ro tec t ion measures shou ld be 

i n t r o d u c e d on a w ider scale to reduce losses f rom stem b o r e r . 

E C O N O M I C E V A L U A T I O N 

Economie a n a l y s i s of the project as p lanned is i n tended to es tab l i sh 

the economie feas ib i l i t y and soundness of pub l i c investment i nvo l ved 

as shown by the e x c e s s of benef i t s over costs both measured in 

e f f i c i ency terms i . e . , net of taxes and s u b s i d i e s . The D'scounted 

Cash F low method has been used in the economie ana l ys i s and such 

parameters as Net P r e s e n t Value of bene f i t s , B e n e f i t - C o s t Rat io 

and the In te rna l Rate of R e t u r n have been computed to es tab l i sh 

the economie feas ib i l i t y of the selected project d e s i g n . As a dec is ion 

r u l e , the pro jec t is economical ly jus t i f ied if Net P r e s e n t Va lue of 

bene f i t s is p o s i t i v e . B e n e f i t - C o s t Ratio exceeds un i t y and the 

In terna l Rate of R e t u r n is above the average ra te of r e t u r n on 

inves tment ( oppo r t un i t y cost of cap i ta l ) in the economy. 

For economie a n a l y s i s , a per iod of 25-year af ter the complet ion of 

the p ro jec t wo rks has been t a k e n , a l though the l i fe of project 

works wou ld e x t e n d even beyond 25-year . The bas ic input for 
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economie a n a l y s i s are the est imated value of the benef i t s and the 

pro ject cos ts over the per iod of a n a l y s i s . A desc r i p t i on of the 

methodology used for est imat ion of va lues of these inpu ts fo l lows . 

6.3.1 Pro jec t Bene f i t s 

Bene f i t s of the p r o p o s e d p lan compr ise those ga ins to the economy 

wh ich can be measu red in monetary te rms , as well as bene f i t s 

w h i c h , t hough soc ia l l y d e s i r a b l e , are not amenable to quan t i f i ca t ion 

in monetary t e r m s . Among the measurable bene f i t s , the most 

impor tant are t h o s e , wh ich are rep resen ted by the s a v i n g s r e s u l t i n g 

from the ave rs i on of f lood damages and the inc rease in the 

a g r i c u l t u r a l p r o d u c t i o n f rom in tens ive use of land made poss ib le 

due to ava i lab le water supp l i es in con junc t ion wi th the f lood con t ro l 

w o r k s . 

6 .3 .1 .1 Bene f i t s Due to Increase in A g r i c u l t u r e P r o d u c t i o n : 

With the management of f loodf lows of Kaha Hi l l T o r r e n t it is p l anned 

to use all f lows up to 10-year r e t u r n per iod f lood and maximum 

flows of the order of 2,243 cumecs d u r i n g des ign f lood in the 

Pac h a d a r e a . The bene f i t s from the regu la ted s u p p l y of f lood 

water t h rough p roposed d i spe rs i on s t r u c t u r e s i r r i ga t i ng about 51,200 

hec tares of c r o p p e d area (wi th water f rom up to 25 -year r e t u r n 

pe r i od ) have been measured in terms of net value of the inc rease 

in p roduc t i on of the c r o p s . 

Net P r o d u c t i o n Va lue ( N P V ) : Tota l incremental c rop p roduc t i on 

va lue was computed by mu l t ip l y ing the total p roduc t ion of each 

c rop with the p r i ces ad jus ted to the farmgate. Economie p r i ces of 

t raded pro ject ou tpu ts and inputs used were de r i ved from the June 

1 989 IBRD Commodity P r i c e F o r e c a s t s , e x p r e s s e d in constant 1989 

rupees wi th n e c e s s a r y adjustments for s h i p p i n g , hand l i ng and 

d i s t r i b u t i o n c o s t s . C u r r e n t local market p r i ces are used for 

n o n - t r a d e d commodi t ies , app rop r ia te l y adjusted to re f lec t economie 



formgate v a l u e s . Farm p roduc t i on expenses v a r y d i r ec t l y with the 

type of c rops and the acreage of each c rop g r o w n . The p roduc t ion 

cost for c rops i nc lude the money spent on s e e d , c u l t i v a t i o n , h i r ed 

labour and a small amount to cover the miscel laneous c h a r g e s . 

Gross revenue p roduc t i on expenses and net r e t u r n per hectare are 

est imated as g i ven in Tab le 6 .6 . The incrementa l benef i ts acc ru i ng 

th rough improvement in f lood management of Kaha Hi l l T o r r e n t a re , 

t he re fo re , est imated as R s 20 .20 , R s 29 .22 , R s 33.21 and R s 35.84 

mi l l ion , r espec t i ve l y aga ins t 2 .33 , 5 / 10 and 25 -yea rs f loods as 

g iven in T a b l e - 6 . 7 . 

Ave rage Annua l B e n e f i t s : The est imated a g r i c u l t u r a l benef i ts against 

f loods of var ious r e t u r n per iod have been p lo t ted on normal 

p robab i l i t y paper in F i g . 6 . 1 to compute average annual ag r i cu l t u ra l 

bene f i t s . Computa t ions based on the Standard p rocedu re as g iven 

in Tab le 6.8 ind ica tes that annual benef i ts amount ing to Rs 14.72 

mill ion would be f o r t h c o m i n g . 

6 . 3 . 1 . 2 Benef i ts Due to S a v i n g of F lood Damages: 

In normal years the f lood water of Kaha Hil l T o r r e n t is u t i l i zed in 

benef ic ia l manner . F r e s h s i l t depos i ted on the land en r i ches the 

soil and helps ra ise good c r o p s . But d u r i n g wet yea rs f lashy 

f loods heav i ly laden wi th s i l t enter Pachad A r e a t h rough da r rah 

with enormous ve loc i ty and davasta te the d i v e r s i o n s t r u c t u r e s 

cons t ruc ted by c u l t i v a t o r s . The f lood f lows accumulate a long r i gh t 

bank of Dajal Canal wh ich a f fo rd some pro tec t ion from the to r ren t 

with c r o s s - d r a i n a g e . 

Due to inadequate c r o s s - d r a i n a g e fac i l i t ies the canal bank is b reached 

and f requent f lood ing is caused in the low l y i ng areas between 

main cahals and the Indus r e s u l t i n g in heavy losses to p r o p e r t y , 

Communicat ions, c a n a l s , c r o p s and human l i fe . These damages would 

be reduced by the p roposed w o r k s . Us ing latest h is to r i ca l area 



NET R E T U R N PER H E C T A R E WITH P R O J E C T 

Value-Per Hectare 
Yield Unit Gross Seeds Culti- Labour Total Net Return 

Crops Price Reve- vation Char- Misc Cost 

NOTE: 

Kgs Rs/ nue ges % of 

Kg. Rs Rs Rs Rs Rs Rs Rs. G.P.V. 

Jawar: 

Grain 430 3.44 1479 1:12 401 420 47 980 849 46.4 

Straw 1750 0.20 350 

Bajra: 

Grain 350 2.45 858 80 300 210 30 620 588 48.7 

Straw 1750 0.20 350 

Wheat: 

Grain 698 5.11 3567 487 200 210 45 942 2876 75.3 

Straw 1047 0.24 251 

Oilseed 461 4.31 1987 47 200 73 16 336 1651 83.1 

Gram 485 6.80 3298 516' 200 210 46 972 2326 70.5 

Yields are based on Five Years average of Rajan Pur District taken 
from Punjab Agricultural Statistics. 

Input Application Rates are based on Agro-Economic Survey. 

Pricé of non-traded crops from local market and adjusted to derive 
Economie Price. 

Price of tradéd crops taken from World Bank, Commodity Price Forecasts, 
June, 1989. 



TABLE- 6.7 

AGRICULTURAL BENEFITS AGAINST VARIOUS RETURN PERIODS 

(Million Rupees) 

GROSS PRODUCTION VALUE FARM PRODUCTION EXPENSES NET PRODUCTION VALUE 
CROPS " . . . 

2731 3TÏÏÖ foTÖÖ 25.00 2.33 5.00 10.00 25.00 2.33 5.00 10.00 25.00 

Jawar 22.20 31.22 35.48 36.19 11.90 16.72 19.01 19.39 10.30 14.50 16.42 16.80 

Bajra 2.24 3.14 3.57 3.64 1.15 1 .61 1.83 1.87. 1 .09 1.53 1.74 1.77 

Wheat 7.83 11.74 13.35 15.38 1.93 2.90 3.29 3.79 5.90 8.84 10.06 11.59 

Gram 2.05 3.08 3.50 4.03 0.60 0.91 1.03 1.19 1.45 2.17 2.47 2.84 

Oilseed 1.74 2.62 2.97 3.42 0.29 0.44 0.50 0.58 1.45 2.18 2.47 2.84 

TOTAL: 36.06 51.80 58.87 62.66 15.87 22.58 25.66 26.82 20.19 29.22 33.21 35.84 
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ESTIMATION OF AVERAGE ANNUAL AGRICULTURAL BENEFITS 

FREQUENCY BENEFITS 

Rs.Million 

AVERAGE 
BENEFITS 

Rs.Million 

FREQUENCY 
INTERVAL 

ANNUAL 
BENEFITS 

Rs.Million 

0.83 

0.80 

0.70 

0.60 

0.50 

0.40 

0.30 

0.20 

0. 10 

0.04 

0.0 

1.0 

7.0 

11.0 

16.5 

21.0 

24.5 

29.2 

33.2 

35.4 

0.50 

4.0 

9.00 

13.75 

18.75 

22.75 

26.85 

31.20 

34.30 

0.03 

0.10 

0.10 

0.10 

0.10 

0.10 

0.10 

0. 10 

0.06 

0.02 

0.40 

0.90 

1.38 

1.88 

2.28 

2.68 

3.12 

2.06 

Average Annual Agricultural Benefits 14.72 



i nundat ions aga ins t v a r i o u s f l oods , it is est imated that fo r the 

des ign f l ood , the i n u n d a t e d area wi l l be about 54,000 h a . The 

inundat ion in canal eommand area wil l resu l t in cons ide rab le damages. 

As all the area is p r e s e n t l y cu l t i va ted and h i g h va lue c r o p s l i ke 

co t t on , r i c e , s u g a r c a n e and o r c h a r d s are sown . The i nunda t i on 

for the des ign f lood is shown i n F i g . 6 . 2 , which is based upon the 

h is to r i ca l route of f lood f l ows . The damages due to the d i r ec t 

f lood ing and the s u s p e n s i o n of the i r r i ga t ion supp l ies were es t imated 

by deve lop ing f lood damage fac to rs of var ious c l a s s e s . A p p l i c a t i o n 

of these fac to rs to the f l ood water inundated a r e a , y i e l d the ex ten t 

of damage assoc ia ted w i th a f lood of g i ven magn i tude , i n t ens i t y 

and d u r a t i o n . Flood damages p r i n c i p a l l y comprise damage to s t a n d i n g 

kha r i f c r o p s , p r i v a t e h o u s i n g , i n f r a s t r u c t u r e , l i ves tock and s t o r e d 

g ra in as d e s c r i b e d be low: 

S tand ing C r o p s : F lood damages to s tand ing c rops aga ins t d e s i g n 

f lood ( i . e . , 25 - yea r ) have been est imated by ana ly t i ca l t echn iquè 

that cons ide rs the d e p t h , du ra t ion and time of f l o o d i n g , f lood 

suscep tab i l i t y of each c r o p , c r o p p i n g p a t t e r n , the ex ten t of a d v e r s e 

ef fects on y ie lds due to f l o o d i n g , the farm cos t , farmgate p r i c e s , 

monthly d i s t r i bu t i on of f lood peaks and c r o p p i n g i n t e n s i t y . The 

est imated monthly economie va lue of potent ia l y i e l d loss is based on 

the expec ted economie farmgate g ross revenue minus on fa rm cost 

that would have been i n c u r r e d pos t -da ted to the f lood e v e n t . 

Monthly net potent ia l f lood losses for major kha r i f c r o p s are de ta i l ed 

' in Tab les 6.9 to 6 .12 . T h i s has been done in v iew of the fact 

that f loods occur most ly d u r i n g monsoon season . The month ly 

c rop losses per hec ta re of c u l t u r a b l e eommand area ( C C A ) a re 

est imated in Tab le 6.13 by c o n s i d e r i n g the ef fects on each of the 

c rops re la t ive to the month of f lood ing and the c r o p p i n g p a t t e r n 

wh ich are combined wi th monthly p robab i l i t y of f lood o c c u r r e n c e to 

obta in c rop losses per hec ta re f looded in canal eommand a r e a . T h e 

total c rop losses are est imated as R s 70.6 mil l ion by mu l t i p l y i ng 

uni t factor with about 54,000 ha inundated by the des ign f l ood . 
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Item 
Units 

Units /ha 
Price 
/Unit Total 

Monthly Allocation 

May a/ Jun Jul Aug Sep Occ Nov a / 

Revenue 
Pacidy 

By-product Credit (1:1.2) 

Total Revenue 

kg 
kg 

2396 
2875 

2.42 
0.10 

5798 
288 

6086 

2899 
144 

3043 

2899 
144 

3043 

Expenses 
Land Preparation ha .1. 1010 1010 283 445 283 
Seed: Input cost kg . 75 2.66 200 40 140 19 -
Fertilizer: DAP kg 125. 6.47 809 323 486 

Urea kg 125 4.31 539 215 324 

Application md , 2 32i00 64 25 39 
Transplanting ha f 516 516 206 310 
Weeding ha 1 329 329 165 165 
Plant Protection Materials kg 25 18 450 450 

Application md 0-.6 32.00 19 19 
Bund Maintenance ha 1 338 338 135 76 76 50 
Irrigation ha 1 202 202 20 81 31 31 20 20 
Karvesting & Threshing kg 240 1.63 391 195 
Credit 53 9 9 9 9 9 

Total Exoenses 4920 352 1579 1742 750 79 215 

195 

195 

Net Potential Flood Losses 1166 1518 3097 4839 5589 5668 2840 



leem 
Units 

Units /ha Price 
/Unit Total 

Monthly Allocation 

May a/ Jun Jul Aug Sep Oct Nov a / 

Revenue 
Seed Cotton 

By-product Credit (1:1.5) 

Total Revenue 

ExDenses 

kg 
kg 

: 976 
1464 

10.09 
0,137 

9848 
201 

10049 

Land Preparation ha 1 1301 1301 1301 
Seed: Input cost kg 24 Ó.76 162 152 
Fertilizer; DAP kg 250 6.47 1618 1618 

Urea kg 125 4.31 539 539 
Application md 2.5 32.00 80 54 26 

Plant Protection Material ha : 1 1229 1229 307 
Application md • 5 32.00 160 41 

Weeding, Bund Maintenance ha '•> 1 329 329 165 165 
Irrigation ha 1 202 202 123 13 20 
Picking and f i l l i n g kg 976 0.44 429 

Sowing ha . 1 241 241 241 
Credit 68- 11 11 11 

461 
61 

20 

11 

461 
61 

13 

11 

3283 

3283 

13 
143 

13 

6565 
201 

6766 

286 

Total Expenses 

Net Potential Flood Losses 

6358 3510 189 11U9 553 546 169 

3691 7201 7390 .8499^ 9052 9598 

286 

6484' 



TABLE - 6.11 

ECONOMIC CROP PRODUCTION BUDGET (RS/HA) FOR KHARIF FODDER (FRESH) 

Item Units 
Units 
/ha 

Price 
/Unit 

Monthly Allocation 
Total 

May a/ Jul Aug Sep Oct Nov 

Revenue 
Fodder mt 21 253 5313 266 797 1328 1381 1169 372 
By-product Credit • mt 0 0 0 0 

Total Revenue 5313 266 797 1328 1381 1169 372 

Expenses 
Land Preparation ha 1 812 812 365 211 179 57 
Seed: Input cost kg 74 2.53 187 85 48 42 13 
Fertilizer: DAP kg 125 6.47 809 364 211 177 57 

Application md 1.25 32,00 40 18 10 9 • 3 
Sowing ha 1 55 55 25 14 12 4 
Irrigation, md 3.5 32.00 112 32 32 9 32 9 
Harvésting mt ,2 \. 32.00 550 -28 83 38 142 121 39 
Credit ' 22 6 6 6 6 
Marketing mt 21 27. .00 567 2-9 86 142 147 125 40 

Total Expenses 

Net Potential Flood Losses 

3154 895 .589 603 •452 298 . 246 79 

2159 3054 3377 3.183 2307 J224 3C1 

1202 2Ü65 2787 .3016 2568 1879 1129 -jMî Â giJL-Nec.. Potential Flood Losses 

a_/ All months bef ore June and after October.. - I 

Notes: (i) Adjusted net potential flood loss reflects staggered fodder planting program with 5% of total 
area m March, 15% in April, 25% in May, 26% in June, 22% in July and 7% in August. 



IT
 • /, Price Monthly Allocation 

Item Units /ha ... . „ „ ..
 3 

/Unit Total 
May a/Jun Jul Aug Sep Oct Nov 

Revenue 
Cane 

By-product Credit 

Total Revenue 

ExDenses 

mt 
mt 

27 
0 

314 
0 

8478 
0 

8478 

Land Preparation ha 1 615 615 246 369 
Seed: Input cost . mt 4.6 377 1734 694 868 173 
Fertilizer: DAP kg 125 6.47 809 283 405 122 

Urea kg 250 4.31 1078 1078 
SOP kg 125 7.74 968 387 485 96 
Application md 5 32.00 160 64 8G 16 

Planting ha 1 481 481 192 241 48 
Weeding ha . 1 847 847 635 212 
PlantProtection Materials ha N 1 812 812 271 271 270 

Application ha 1 77.00 77 25 25 24 
Irrigation mt 17 32.00 544 109 82 82 82 82 
Karvesting mt 27 29.41 794 
Credit 154 62 15 15 15 15 

Total Exoenses 

Net Potential Flood Losses 

9073 2037 2106 ÏÏÓ5 2839 

595 

82 

15 

8478 
0 

8478 

-552 97 

1442 3548 4153 6992 7544 

26 
794 
15 

~835 ' 

7641 

a/ All months befdre June and after October. 
Note: (i) Yields reflect average for Rajanpur District, FY 83-FY87; (ii) By-product tops in lieu of stripping 

and loading charges; and ( i i i ) 60% of crop planted in autumn, 40% spring planted. 



TABLE -6.13 

FLOOD DAMAGE ESTIMATE 

CCA(%) CROP JUN JUL AUG SEP QCT 

5.4 Paddy Yield Loss (%) 100 100 100 100 80 
Damages/ha (Rs) 1518' 3097 4839 5589 . 5668 
Damages/ha cca (Rs) 82 167 261 302 245 

10.7 Cotton Yield Loss (%) 100 100 100 100 80 
Damages/ha (Rs) 7201 7390 : 8499 9052 9598 
Damages/ha cca (Rs) 77.1 791 ' 909 969 821 

1.6 Sugarcane Yield Loss (%) 30 15 20 30 60 
Damages/ha (Rs) 1442 3548 4153 6992 7544 
Damages/ha cca (Rs) 7 9 13 34 72 

8.2 Fodder Yield Loss (%) 65 75 55 30 30 
Damages/ha (Rs) 2065 27 87 3016 2568 1879 
Damages/ha cca (Rs) 1 10 171 136 63 46 

0.7 Orchards Yield Loss (%) 100 100 100 100 100 
Damages/ha (Rs) 10975 10975 10975 10975 10975 
Damages/ha cca (Rs) 77 77 77 77 77 

Total Damages/ha cca/month (Rs) 1047 1215 1396 1445 1261 
Probability of flood occurrence 0.125 .0.250 • 0.5.62 0.047 0.01. 

Total Weighted Expected Damages (Rs/ha) 1,308 

Flood Description: Deep depth (over 90 cm), 15-days runoff period. 



P r i v a t e h o u s i n g , Road and R a i l w a y : The d i rec t damages rega rd ing 

these items are d e r i v e d f rom concen t ra t ion of h o u s i n g , road and 

ra i lway i n f r a s t r u c t u r e s w i t h i n the f lood p la in on a uni t area bas is 

as r epo r t ed by 1981 P r o v i n c i a l C e n s u s for Punjab and updated to 

cons tan t 1 989 p r i c e to re f l ec t p resen t repa i r or replacement va lue . 

Hous ing damage is est imated as R s 6.30 mil l ion for the des ign f lood 

ön the bas is of fo l lowing assump t i ons : 

Area inunda ted aga ins t 
des ign f lood 

Houses d a m a g e d / d e s t r o y e d 

Houses va lues per hec ta re 

Total Housing damage 

The damage to road and ra i lways is est imated as Rs 4.4 mil l ion 

with the assumpt ion that 25 pe rcen t of road and ra i lway are damaged 

as g i ven be low: 

R o a d / R a i l w a y Damage Cost 

L e n g t h Unit r epa i r 
T y p e of Dens i t y damaged cost Losses 
road / ra i lway k m / k m 2 (km) Rs(000) Rs(mi l l ion) 

Metal led road 0.029 4 416 1.7 

Rai lway 0.015 2 833 1.6 

Unmetal led road 0.108 15 74 1.1 

Total 4.4 

54,000 ha 

1 per 12 ha 

Rs 1,400 

Rs 6.30 mil l ion 

Other d i rec t damages: The damages to i r r i ga t i on i n f r a s t r u c t u r e , 

telecommunicat ion f ac i l i t i e s , l i ves tock and s to red g ra in are estimated 

as Rs 32.5 mil l ion assuming a ra t io of c r o p s / h o u s i n g / r o a d and rai lway 

damages to total d i rec t damages of 1 :1 .4 / Ind i rect damages due to 

suspens ion of i r r i ga t i on s u p p l i e s and t ra f f i c are est imated as Rs 

22.8 mil l ion at 20 percen t of total d i rec t damages. 



Tota l Damages: The total losses for va r ious c lasses aga ins t des ign 

f lood of 25-year r e t u r n pe r i od are est imated as Rs 136.6 mil l ion as 

summar ized bèlow: 

Flood loss aga ins t Des ign Flood 

Value 

Class (Rs mil l ion) 

S tand ing c r o p s 70.6 

P r i va te hous ing 6.3 

Road /Ra i lway 4.4 

I n f ras t ruc tu re and other 32.5 

Indirect Damages 22.8 

T o t a l : 136.6 

A v e r a g e Annua l Damages: It is obse rved that ze ro damage would 

occur for f loods up to 2 .33 -yea r r e t u r n per iod due to the cons iderab le 

work done for f lood management in Pachad area d u r i n g recent y e a r s . 

The damage c o r r e s p o n d i n g to des ign f lood are p lot ted on normal 

P robab i l i t y Paper ( F i g u r e 6 . 3 ) . A smooth c u r v e A B is drawn 

t h r o u g h 25-year and ze ro damage points wh ich rep resen t the p r e -

pro ject damage - f r e q u e n c y re la t i onsh ip . The p roposed works would 

p r o v i d e fu l l p ro tec t ion aga ins t f loods of magni tude upto a r e t u r n 

pe r iod of 15 -yea r . H o w e v e r , it is assumed that the damages caused 

by f loods with r e t u r n p e r i o d of more than 15-year would be less as 

compared to p r e - p r o j e c t cond i t i ons . As the p roposed f l ex ib le 

s t r u c t u r e s have been des igned against 25 -year r e t u r n per iod on 

the basis of c a r r y i n g capac i t y of wahs water r i gh t s and land 

po ten t i a l . T h e r e f o r e , opt imum d ive rs ion of runo f f would be upto 

25-year f lood beyond wh i ch it would remain constant and the excess 

f lood water would i nunda te the eommand area af ter pass ing t h r o u g h 

Dajal B ranch C r o s s i n g s . The pos t -p ro jec t damage f r equency c u r v e 

w o u l d , the re fo re , r e p r e s e n t no damage upto r e t u r n per iod of 15-year 

beyond which it would be less than the p re -p ro j ec t c u r v e as shown 

in F i g . 6 . 3 . The line A C D on F i g . 6 . 3 rep resen ts pos t -p ro jec t damage 

f requency c u r v e . The ave rage annual pre and pos t -p ro jec t damages 

are est imated to be Rs 23.02 and Rs 3.94 mill ion as detai led in Tables 
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E S T I M A T I O N O F A V E R A G E P R E - P R O J E C T F L O O D D A M A G E S 

Discharge Frequency Damages Average Frequnecy Annual 
Rs.Million Damages Interval Damages 

cumecs Rs.Million Rs.Million 

1,399 0.429 0,. 0 
* 2.50 0.029 0.07 

1,451 0.400 5.5 
13.75 0.100 1.38 

1,642 0.300 22.5 
34.50 0.100 3.45 

1,858 0.200 46.5 
65.75 0.100 6.58 

2,241 0.100 85.0 
97.50 0.033 3.22 

2,378 0.067 110.0 
123.30 0.027 3.32 

2,661 0.040 136.0 
154.50 0.020 3.09 

3,058 0.020 172.4 
191.20 0.010 1.91 

Maximum 0.010 210.0 

Average Annual pre-project damages= 23.02 



ESTIMATION OF AVERAGE POST-PROJECT FLOOD DAMAGES 

Discharge Frequency Damages Average Frequnecy Annual 
Rs.Million Damages Interval Damages 

cumecs Rs.Million Rs.Million 

'l,399 0.429 0.0 
0.029 

1,451 0.400 0.0 
0.100 

1,642 0.3 00 0.0 
0.100 

1,858 0.200 0.0 
0.100 _ 

2,241 0.100 0.0 
0.033 

2,378 0.067 0.0 
22.60 0.027 0.61 

2,661 0.040 45.2 
83.50 0.020 1.67 

3,058 0.020 121.8 
166.00 0.010 1.66 

Maximum 0.010 210.2 

Average Annual post-project damages= 3.94 



6.14 and 6.15 r e s p e c t i v e l y . The average annual r educ t i on in damages 

is the d i f f e rence between pre and pos t -p ro jec t average annual 

damages i . e . , Rs 19.08 m i l l i on . 

6 . 3 . 1 . 3 Summary of Bene f i t s 

The annua l bene f i t s on account of avo idance of f lood damages and 

inc rease in a g r i c u l t u r a l p roduc t ion after the complet ion of project 

works are est imated as Rs 19.08 mil l ion and R s 14.72 mi l l ion , 

r e s p e c t i v e l y . The aggregate benef i ts a c c r u i n g f rom the project 

t h u s , t h e r e f o r e , work out as R s 33.80 mi l l i on . These are assumed 

to inc rease at an annua l rate of three pe rcen t up to 10th year 

beyond wh i ch it wi l l remain c o n s t a n t . T h i s ra te of inc rease seems 

jus t i f iab le on the g r o u n d s that there would be enhancement in the 

va lue of land on account of h igh c rop y ie lds and more in tens ive 

a g r i c u l t u r e p r imar i l y r e s u l t i n g from the use of improved prac t ices 

and advanced t echno logy . The total annual bene f i t s for var ious 

y e a r s af ter complet ion of the project works are summar ized in Table 

6.16 

T A B L E - 6.16 

P R O J E C T B E N E F I T S 
(Rs mil l ion) 

Year af ter Bene f i t s due to A g r i c u l t u r a l Total 
complet ion s a v i n g in f lood Benef i t s Benef i ts 
of pro ject damages 
works 

P resen t 19.08 14.72 33.80 

1 st 19.65 15.16 34.81 

2nd 20.24 15.62 35.86 

3 rd 20.84 16.08 36.92 

4th 21.47 16.57 38.04 

5th 22.12 17.06 39.18 
6th 22.78 17.58 40.36 

7th 23.47 18.10 41 .57 
8th 24.17 18.65 42.82 

9th 24.90 19.21 44.11 

10-25th 25.64 19.78 45.42 



6 .3 .2 Project Economie Cos ts 

The total pro ject cos t s are est imated at Rs 190.26 mi l l ion and inc lude 

such works as ea r thwo rk and cons t ruc t i on of s t r u c t u r e s . All costs 

ca lcu la ted for p r o p o s e d wo rks are local cos t s . It is cons ide red 

that fore ign exchange cos t s d i r e c t l y / i n d i r e c t l y would not be i n v o l v e d . 

The annual operat ion and maintenance costs have been est imated at 

the rate of two percen t of the capi ta l e x p e n d i t u r e . To a r r i v é at 

economie costs for use in the economie ana l ys i s , a S tandard conve rs ion 

factor of 0.9 has been a p p l i e d . AM taxes and custom dut ies bejng 

t rans fe r payments have been exc luded from the f inanc ia l c o s t s . 

Also in terest d u r i n g c o n s t r u c t i o n is not taken as par t of economie 

cos t . The total economie cos ts after these adjustments work out as 

Rs 171.23 mi l l ion . The annua l phas ing of capi ta l cos ts is g i ven in 

Tab le 6.17. 

6 .3 .3 D iscouhted Cash Flow 

In order to b r i n g the bene f i t s and cost on un i fo rm bas is st reams 

of benef i ts and cost have been d iscounted at va r i ous ra tes of 

i n te res t . The ra te of i n t e res t used in the p rocess of d i scoun t i ng 

is the one r e p r e s e n t i n g the oppo r tun i t y cost of c a p i t a l . 

In th is ana l ys i s , both the benef i t s and cost s t ream have been 

counted at rates of 1 0 , 1 2 , 1 5, 20 , 25 and 30 percent so as to 

p rov ide the sens i t i v i t y of measure of the resu l t s wi th respec t to 

the discount rate u s e d . The d iscoun ted streams of c o s t s , benef i ts 

and benef i ts less costs a re g i ven in Tab les 6.17 to 6 . 1 9 . 

6 .3.1 Economie Feas ib i l i t y 

T h e c r i te r ia for pub l i c investment v i z ; Net P resen t Wor th , Bene f i t 

Cos t Ratio and Internal Rate of Re tu rn have been app l ied to the 

d iscounted cash f lows of benef i t s and costs to examine project 

economie feas ib i l i t y . Tab le 6.20 summarizes the resu l t s of the 

ana l ys i s . 



TABLE-6.17 

DISCOUNTED COSTS 

(MILLION RUPEES) 

YEAR CAPITAL OPERATION TOTAL RATE OF DISCOU (PERCENT) 

COSTS COSTS COSTS 
10 12 15 20 25 30 

1 61.02 — 61.02 55.47 54.48 53.06 50.85 48.82 46.94 
2 61.74 1.22 62.96 52.03 50.19 47.61 43.72 40.29 37.25 
3 48.47 2.46 50.93 38.26 36.25 33.49 29.47 26.08 23.18 
4 - 3.81 3.81 2.60 2.42 2.18 1.8i 1.56 1.33 
5 - 3.81 3.81 2.37 2.16 1.89 1.53 1.25 1.03 
6 - 3.81 3.81 2.15 1,93 1.65 1.28 • 1.00 0.79 
7 - 3.81 3.81 1.96 1.72 1.43 1.06

 1 

0.80 0.61 
8 - 3.81 3.81 1.78 1.54 1.25 0.89 0.64 0.47 
9 — 3.81 3.81 1.62 1.37 1.08 0.74 0.51 0.36 
10 - 3.81 3.81 1.47 1.23 0.94 0.62 0.41 0.28 
11 - 3.81 3.81 1.34 1.10 0.82 0.51 0.33 0.21 
12 - 3.81 3.81 1.21 0.98 0.71 0.43 0.26 0.16 
13 - 3.81 3.81 1.10 0.87 0.62 0.36 0.21 0.13 
14 - 3.81 3.81 1.00 0.78 0.54 0.30 0.17 0.10 
15 - 3.81 3.81 0.91 0.70 0.47 0.25 0.13 0.07 
16 - 3.81 3.81 0.83 0.62 0.41 0.21 0.11 0.06 
17 - 3.81 3.81 0.75 0.55 0.35 0.17 0.09 0.04 
18 - 3.81 3.81 0.69 0.50 0.31 0.14 0.07 0.03 
19 - 3.81 3.81 0.62 0.44 0.27 0.12 0.05 0.03 
20 - 3.81 3.81 0.57 0.39 0.23 o . i o ' 0.04 0.02 
21 - 3.81 3.81 0.51 0.35 0.20 0.08 0.04 0.02 
22 - 3.81 3.81 0.47 0.31 0.18 0.07 0.03 0.01 
23 - 3.81 3.81 0.43 0.28 0.15 0.06 0.02 0.01 
24 - 3.81 3.81 0.39 0.25 0.13 0.05 0.02 0.01 
25 - 3.81 3.81 0.35 0.22 0.12 0.04 0.01 0.01 
26 3.81 3.81 0.32 0.20 0.10 0.03 0.01 0.00 
27 3.81 3.81 0.29 0.18 0.09 0.03 0.01 0.00 
28 - 3.81 3.81 0.26 0.16 0.08 0.02 0.01 0.00 

TOTAL 171.23 98.93 270.16 171.75 162.19 150.35 134.95 122.96 113.15 



TABLE-6.18 

DISCOUNTED BENEFITS 

(MILLION RUPEES) 

YEAR PROJECT RATE OF DISCOU (PERCENT) 
BENEFITS 

10 12 15 20 25 30 

1 — 0.00 0.00 0.00 0.00 0.00 0.00 
2 - 0.00 0.00 0.00 0.00 0.00 0.00 
3 ' - 0.00 0.00 0.00 0.00 0.00 0.00 
4 34.81 23.78 22.12 19.90 16.79 14.26 12.19 
5 35.86 22.27 20.35 17.83 14.41 11.75 9.66 
6 36.92 20.84 18.70 15.96 12.36 9.68 7.65 
7 38.04 19.52 17.21 14.30 10.62 7.98 6.06 
8 39.18 18.28 15.82 12.81 9.11 6.57 4.80 
9 40.36 17.12 14.55 11.47 7.82 5.42 3.81 

10 41.57 16.03 13.38 10.28 6.71 4.46 3.02 
11 42.82 15.01 12.31 9.20 5.76 3.68 2.39 
12 44.11 14.05 11.32 8.24 4.95 3.03 1.89 
13 45.42 13.16 10.41 7.38 4.25 2.50 1.50 
14 45.42 11.96 9.29 6.42 3.54 2.00 1.15 
15 45.42 10.87 8.30 5.58 2.95 1.60 0.89 
16 45.42 9.88 7.41 4.85 2.46 1.28 0.68 
17 45.42 8.99 6.62 4.22 2.05 1.02 0.53 
18 45.42 8.17 5.91 3.67 1.71 0.82 0.40 
19 45.42 7.43 5.27 3.19 1.42 0.65 0.31 
20 45.42 6.75 4.71 2.78 1.18 0.52 0.24 
21 45.42 6.14 4.20 2.41 0.99 0.42 0.18 
22 45.42 5.58 3.75 2.10 0.82 0.34 0.14 
23 45.42 5.07 3.35 1.82 0.69 0.27 0.11 
24 45.42 4.61 2.99 1.59 0.57 0.21 0.08 
25 45.42 4.19 2.67 1.38 0.48 0.17 0.06 
26 45.42 3.81 2.39 1.20 0.40 0.14 0.05 
27 45.42 3.46 2.13 1.04 0.33 0.11 0.04 
28 45.42 3.15 1.90 0.91 0.28 0.09 0.03 

TOTAL' 1080.39 280.11 227.08 170.55 112:63 78.96 57.87 



DISCOUNTED CASH FLOW OF NET BENEFITS 
(MILLION RUPEES) 

YEAR PROJECT PROJECT NET RATE OF DISCOU (PERCENT) 
BENEFITS COSTS BENEFITS 

10 12 15 20 25 30 

1 - 61.02 -61.02 -55.47 -54.48 -53.06 -50.85 -48.82 -46.94 
2 - 62.96 -62.96 -52.03 -50.19 -47.61 -43.72 -40.29 -37.25 
3 - • 50.93 -50.93 -38.26 -36.25 -33.49 -29.47 -26.08 -23.18 
4 34.81 3.81 31.00 21.17 19.70 17.72 14.95 12.70 10.85 
5 35.86 3.81 32.05 19.90 18.19 15.93 12.88 10.50 8.63 
6 36.92 3.81 33.11 18.69 16.77 14.31 11.09 8.68 6.86 
7 38.04 3.81 34.23 17.57 15.48 12.87 9.55 7.18 5.46 
8 39.18 3.81 35.37 16.50 14.29 11.56 8.23 5.93 4.34 
9 40.36 3.81 36.55 15.50 13.18 10.39 7.08 4.91 3.45 

10 41.57 3.81 37.76 14.56 12.16 9.33 6.10 4.05 2.74 
11 42.82 3.81 39.01 13.67 11.21 8.38 5.25 3.35 2.18 
12 44.11 3.81 40.30 12.84 10.34 7.53 4.52 2.77 1.73 
13 45.42 3.81 41.61 12.05 9.54 6.76 3.89 2.29 1.37 
14 45.42 3.81 41.61 10.96 8.51 5.88 3.24 1.83 1.06 
15 45.42 3.81 41.61 9.96 7.60 5.11 2.70 1.46 0.81 
16 45.42 3.81 41.61 9.06 6.79 4.45 2.25 1.17 0.63 
17 45.42 3.81 41.61 8.23 6.06 3.87 1.88 0.94 0.48 
18 45.42 3.81 41.61 7.48 5.41 3.36 1.5.6 0.75 0.37 
19 45.42 3.81 41.61 6.80 4.83 2.92 1.30 0.60 0.28 
20 45.42 3.81 41.61 6.19 4.31 2.54 1.09 0.48 0-22 
21 45.42 3.81 41.61 5.62 3.85 2.21 0.90 0.38 0.17 
22 45.42 3.81 41.61 5.11 3.44 1.92 0.75 0.31 0.13 
23 45.42 . 3.81 41.61 4.65 3.07 1.67 0.63 0.25 0.10 
24 45.42 3.81 41.61 4.22 2.74 1.45 0.52 0.20 0.08 
25 45.42 3.81 41.61 3.84 2.45 1.26 0.44 0.16 0.06 
26 45.42 3.81 41.61 3.49 2.19 1.10 0.36 0.13 0.05 
27 45.42 3.81 41.61 3.17 1.95 0.96 0.30 0.10 0.03 
28 45.42 , 3.81 41.61 2.89 1.74 0.83 0.25 0.08 0.03 

TOTAL 1080.39 270.16 810.23 108.36 64.89 20.20 -22.32 -44.00 -55.28 



T A B L E - 6.20 

E C O N O M I C P A R A M E T E R S 

(Rs mi l l ion) 

Rate of D iscoun t (pe rcen t ) 

Parameters 10 12 15 20 25 30 

D i scoun ted B e n e f i t s 280.11 227. ,08 170.55 112.63 78.96 57. 87 

D i scoun ted C o s t s 171.75 162, .19 150.35 134.95 122.96 113. 15 

Net P resen t Worth 108.36 64, .89 20.20 -22.32 -44 .00 - 5 5 . 28 

B e n e f i t / C o s t Ra t io 1 .63:1 1 .4 :1 1.13:1 0.83:1 0.64:1 0.51 :1 

In terna l Rate 
of R e t u r n 17.38 percent 

The paramete rs g i v e n above ind ica te that the Net P r e s e n t Worth is 

pos i t i ve and B e n e f i t - C o s t Rat io exceeds un i t y even at 15 pe rcen t 

ra te of i n t e r e s t . S im i l a r l y , . the In terna l Rate of R e t u r n of 17.38 

pe rcen t is well above the o p p o r t u n i t y cost of cap i ta l in P a k i s t a n . 

It i s , t h e r e f o r e , e s t a b l i s h e d that the project is economical ly f eas ib le 

and the p u b l i c investment thereon is j u s t i f i e d . 

6 .3 .5 S e n s i t i v i t y A n a l y s i s 

In o r d e r to assess the impact of a poss ib le decrease in pro ject 

b e n e f i t / o r an i nc rease in the pro jec t c o s t s , sens i t i v i t y ana l ys i s has 

been c a r r i e d out wi th the fo l low ing assumpt ions : 

Pro jec t bene f i t s dec l ine by 20 pe rcen t 

Cos t o v e r - r u n by 20 pe rcen t 

Pro jec t bene f i t s 20% less whi le cost t u r n - o u t 20% h i g h e r . 

The resu l t s of the s e n s i t i v i t y ana l ys i s based on the d iscount va lues 

of benef i t s and cos ts unjj^er the above ment ioned assumpt ions are 

summar ized in Tab le 6 . 2 1 . 



RESULTS OF SENSITIVITY ANALYSIS 

Assumptions 

Base case 

20% increase in Capital Cost 

20% decrease in Benefits 

20% decrease in benefit 
while cost turn-out 
20% higher 

Sensitivity analysis indicates that the investment remains economically 

attractive across the presumed range of assumptions. 

6.3.6 Switching Values 

The switching values, which give the extent in (percent) to which 

the benefits and/or costs must decrease/increase to make the IRR 

equal to the opportunity cost of capital i .e . , 10% have been 

, cpmputed as an additional measures of sensitivity. The analysis, 

thus, undertaken shows that the project is economically viable even 

if project costs increase by about 63 percent or project benefits 

decrease by 39 percent. 

6.3.7 Socio-Economic Impact 

As already stated the economie analysis presented above is based 

on the measureable benefits alone. There are a number of effects 

of socio-economic nature which, though not quantifiable, are equally 

important and need to be given due consideration while deciding 

the justification of the project. 

These effects relate to the improvement in the well being and welfare 

of the inhabitants of the area. The proposed project when 

Internal Rate 
of Return 

17.38 % 

11.30 % 

T 3.75 % 

11.16 % 



implemented wou ld go a long way to t rans fo rm the pa t te rn of l i fe 

by p r o v i d i n g to the people net bene f i t s of the env i ronment of i r r i g a t e d 

a g r i c u l t u r e . T h i s wou ld induce the people to a large ex ten t to 

set t le and g i ve up the i r nomadic way of l i f e . The social impl ica t ions 

of s u c h a b a s i c c h a n g e lead ing to improvement in qua l i t y of l i fe 

are o b v i o u s . The add i t iona l a g r i c u l t u r a l p r o d u c t i o n made poss ib le 

under pro ject c o n d i t i o n s would r esu l t in an^ increase in income l e v e l s ; 

the reby g e n e r a t i n g add i t iona l demand which in t u r n , would r esu l t 

in open ing f u r t h e r employment o p p o r t u n i t i e s . S u c h a p f o c e s s wou ld 

st imulate economie a c t i v i t y in o ther sec tors as w e l l . 

For the soc ib -economic cond i t i ons p reva i l i ng in the project a r e a , 

these e f fec ts are of fa r r e a c h i n g s i g n i f i c a n c e . While c o n s i d e r i n g 

the jus t i f i ca t ion of the project these benef i ts shou ld be g i v e n , as 

much se r ious r ecogn i t i on as the computed economie rate of r e t u r n . 



P A R A M E T E R S 10 15 20 25 

D I S C O U N T E D B E N E F I T S 280,. 1 1 170.55 112.63 78.96 

D I S C O U N T E D C O S T S 171,75 150.35 134.95 122.96 

NET P R E S E N T WORTH 108.36 20.20 -22 .32 -44.00 

B E N E F I T / C O S T R A T I O 1.63:1 1.13:1 0.83:1 0.64:1 

I N T E R N A L R A T E OF R E T U R N 17.38 P E R C E N T 



C R O P P I N G I N T E N S I T Y A F T E R M A N A G E M E N T 

R E T U R N P E R I O D 

2.33 - Y E A R 

5 - Y E A R 

10 - Y E A R 

25 - Y E A R 

WITH P R O J E C T W I T H O U T P R O J E C T 

34 P E R C E N T 

67 P E R C E N T 

83 P E R C E N T 

87 P E R C E N T 

I N T E N S I T Y 

8 P E R C E N T 

24 P E R C E N T 

35 P E R C E N T 

36 P E R C E N T 



S T A T I S T I C S OF C U L T U R A B L E A R E A 

D E S C R I P T I O N A R E A IN H E C T A R E S 

C U L T U R A B L E A R E A 58,916 

A B O V E D A R R A H 22,663 

BELOW D A R R A H 36,253 
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