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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 
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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 . 


