FIGURE €21 LOGS OF TEST PITS ALONG GANAL ALIGNMENT (/4]
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FIGURE €-22 LOGS OF HAND AUGER HOLES FOR BORROW AREA
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FIGURE C-23 RESULT OF COMPACTION TEST {1/4)
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FIGURE T~ 74 RESULT OF COMPACTION TEST (2/)
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FIGURE €-—-26 RESULT OF COMPACTION TEST (4/4)
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- ANNEX D, S0IL SURVEY

- Soll Survez

,Thé_soil sﬁivey f6r the prOpQSed:Eeneficial area has been
carried out on.Ié’surVey points for six soll series by two point
aéach écébrdingftb the sdil maps prepared in the Master Plan Study.
At each pbint;_test.pits were dug for visual investigation, and soil
samplingﬂfor physidéchemipal analyses of the soils. The location of
those 12 test pits are shown in Figure D-1, |

Soil sampling has been made at each soil layer of every soill
profile'at all the test pits sc as to make survey on soil colors,
compactness (harduess), gravel contents, pH, and electric

conductivity (EC).

The goil samples taken from the test pits were sent to the
National Agricultural Research Center (NARC) for the physio-chemical

analyses,

- ‘The résults of analyses on the soil texture (sand, silt,
" clay) and the soil properties can be referred to Table
D-1,

- The data on pH, EC, Ca + Mg, T-N, NO

~ N, P,O., Na and Fe
~can be referred to Table D-2, :

3 2752

-  The soiis profiles, information om soil colors, spots,
gravels, and other properties can be referred to Table D-2.



MECHANICAL COMPOSITION ARD TEXTURE CLASSIFICATION OF SOIL

TABLE D-1.

Test Location Mechanical Composition(Z) Soil
Pit do. (Villape) Layer No. Depth (em) Clay Silt Sanﬁ texture
i. DHOK JABA APl 0~ 15 27.2 24,0 48.8 sic

AP2 15 - 25 24.5 31.7 44.8 CL
Bl 25 -~ 68 27.2 24,0 48.8 Lig
B2 68 - 100 13.2 6,0 80.8 SL
2. BARMA AP1 0 - 10 17.2 19.0 63.8 -5,
(Tariai) AP2 10 - 22 17,2 19.8 63.9 5CL
Bl 22 - 56 17.2 19.0 63.8 5CL
82 56 ~ 90 11.2 16.0 72.8 5L
B3 90 - 100 - - - 5
3. TARLAL AP1 0 - 10 15.2 (42,0 42.8 cL
KALAN AP2 10 - 25 17.2 28.0 54.8 CL
Bl 25 - 60 26,2 25:0 48.8 LiC
B2 60 - 100 3L.5 29,7 38.8 LiC
4, KHARA DAK APY g - 15 21.2 1 29.0 49,8 CL
' AP2 15 - 25 i1.2 16.0 72.8 5L
Bl 25 - 70 17.5 27.7 54.8 CL
B2 70 - 100 22.5 40.7 36.8 CL
5. BANIGALA AP1 0 - 10 9.5 7.7 82.8 st
AP2 10 - 22 13.2 6.7 80.1 SL
Bl 22 - 50 19.2 13.0 67.8 . SCL
B2 50 - 100 17.5 1.7 70.8 SCL
6. SANW APl 0 - 10 - “ - SL
{ATHAL) AF2 10 - 20 - - - L
Bl 20 - 55 - - - SiL
B2 55 - 100 - - - . CL.
7. BALAGR A 0 - 11 25.2 31.8 43.0 LiC
Bl 11 - 45 29.2 30.0 40.8 LiC
B2 45 - 100 25.5 43.7 31.8 1AC
8. MUHRANUR AP1 0 - 10 39.5 39.7 20.8 LiC
AP2 10 - 22 25,2 36.0 38.8 LiC
Bl 22 - 54 26.5 38.7 34.8 LiC
B2 54 - 100 24.5 30,7 44.8 cL
9. KOT HATHIAL APl 0~ 13 26.5 38.7 34.8 LiC
(Bharakaku) APZ 13 - 20 29.5 45.7 24.8 851G
Bl 20 - 55 26.5 38.7 34.8 LiC:
B2 55 - 100 27.2 24,0 48.8 LiC
10. SHAHPUR AP1 0.~ 12 21.2 26.0 52.8 cL
(Phulgram) AP2 12 - 22 27.2 45,0 24.8 5ic
Bl 27 — 45 32.5 40.7 26.8 LiC
B2 45 — 100 17.5 29.7 52.8 cL
11, SAKRILA APl 0~ 10 28.5 32.7 38.8 Lic
AP2 19 - 22 17.5 70.8 11.7 SCL
Bl 22 ~ 55 24.5 30.7 44.8 CL
B2 55 - 100 33.2 37.0 29.8 LiC
12. DHOKALI AP 0 - 12 32.5 40.7 26,8 LiC
AP2 12 - 20 12.5 22,7 64.8 SCL
Bl 20 - 60 17.5 35.7 46.8 CL
B2 60 - 100 271.2 45.0 27.8. S1G.

Notes: Tested by Soll Adviscory Service land

D-2

Resources Section, NARC
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TABLE .D-z. : RESULT OF SQIL CHEMICAL TEST
Teat  -Location Layer Depth _PH (mms) Ca+Mg T-N HO3~N P05 Kso Na

Piﬁ No. S(Villagp) No. . ({cm) {1:5) (1:5) (mg/%) (Z) {ppm) (ppm) {ppm) (ppm) (ppm)

1. .. DHOK JABA APl 0-15 . 7.5 - 0.14 0.6 0,12 1.0 13.4 23.0 28,0
. S ;. AP2 . 15-25" 8.7 0.16 1.8 . 0.i0 1.8 1.4 23,0 33.0
Bl 25-68 - 8.2 0.44 2.0 0,10 1.6 0.5 39.0 37.0

B2 68-100. 8,3 0,17 L4 0,62 0,4 0.95 31.0 18.4

2. BARMA - AP1 . 0-10 8.4 0.14 1.2 0.10 1.3 12,0 55.0 78,0
{Tarlai) = AP2 = 10-22 = 8.1 0,13 2.8 0,11 1.5 1,3 3%3.0 32,0

, ‘. BL . 22-36 8.3 0,21 1.2 -0.06 0.2 3.3 310 23,0

B2 56-%0 8.3 0.02 1.6 0.60 0.5 1.9 23.0 41,5

B3 . 90-100 8.2 . 0,20 1.0 0.04 0.5 6.4 16.0 37,0

3. . TARLAT = APL - 0-10:78.0 0,18 - 2.0 0.70 1.2 2.7  47.0 19.0
KALAN APZ  10=25 © 8.1 .17 ° L2 0,05 1.0 1.3 550 9,2

S _BY - 25-60 - 8.7 ~ 0,08 1.6 0.04 0.6 1.0 47,0 9,2

B2 60-100 - 8.1 ~ 0.14 1.2 0.04 0.8 0.7 70.0 14.0

4. KHANA APL 0-15 ~ 8,2  0.32 2.0 0.65 1.5 36.2 218.4 13.6
' “UDAX - APZ 15-25 8.5 . 0,11 1.2 0,09 2.5 9.1 40.0 17,0
Bl 25-70 8.4 0,19 2.6 0.04 D.65 12;1 3B.0 16.4

BZ 70-100 8.4 0.17 2,2 0,04 1.0 B.6 94,0 28.0

5. BANIGALA ~ APl 0-10 6.4 0.25 2.2 0.06 0.64 4.0 47.0 14.0
o _ JAPZ  10-22 6.0 0.13° 1.1 0,07 0.8 9.0 31.0 18.0

- Bl 22-50 7.1 0.32 3.0 0.04 0.5 2.3 310 9.2

_ B2 50-100 7.6 0.11 1.4 .0.02 0.5 1.6 31,0 14.0

6. . SANW: AP1 0-10 6.6 0,20 1.8 0.04° 2.0 32.0 40.0 16.0
(ATHAL) APZ . 10-20 8.1 0,27 2.0 0,11 2,2 1l.1 55.0 18.0

T Bl - 20-55 8.2 0.21 1.2 0.03 0.6 1.7 47.0 18.4

B2 55-100 8.3 8.15- 1.4 0.04 1.0  0.96 39.0 28,0

7. . BALAGH A 0-11 - 6.6 1,02 2,0 0.12 2,24 15,0 164.0 32,9
- Bl 11-45 8.2 0.21 1.3 0.03 0.5 1.7 47,0 18.4

. B2 45-100 8.3 0.15 1.4 0.04 1.0 0.96 39,0 28.0

8. MUHRANUR  API 0-10 8.1 0.20 1.8 0.10 1.7 2.7 70,0 18.4
AP2  10-22 8.1 0.15.- 2.5 0.08 0.9 0.5 47,0 154.0

Bl  22-54 | 8.2 0.10 1.3 0.06 0.5 0.7 47,0 14.0

B2 54-100° 8,0 - 0,11 1.4 0,08 1.3 0.5 62.0 18.4

g, KOT - APL 0-13 8.1 0.08 1.8 0.04 2.0 3.2 40,0 16.0
HATHIAL - AP2  13-20 7.6 0,14 2.0 0.04 1.0 1.1 31.0 4.0
(Bharakahu) Bl 20-55 8.2 0,13 1.4 0,04 0,64 1,1 39.0 14.0

" B2 55-100 8.3 0.10 1.2 0.10 0.4 2.7 65,0 124.4
10, SHAHPUR APY - 0-12 7.9 -0.20 1.8  0.06 . 3.0 2.4 39.0 37.0.
(Phulgram} AP2Z = 12-22 7.3 0.10 1.0 0.0 2.0 4.0 39,0 14.0

Bl 22-45 8.2 0.14 1.6  0.08 0.6 1.5  39.0 14.0

B2 45-100 8.1 0,17 1.3 0,08 0.5 4.8 47,0 143.0

-11. - SAKRILA AP1 0-10 8,2 - 0,15 1.6 6.08 2.0 5.8 24,0 13.8
, .. AP2 10-22 - 8.4 0.1} 1.0 . 0.07 0.64 - 1.5 72.0 43.0
Bl 22-55 8.3 0.14 0.8 0.04 0.3 0.6 47.0 119.6

B2 55-100" 8.2 6.11 1.2 0.02 0.4 1.3 31.0 18.0

12. THOK AL AP1 0-12 . 8,5 0,13 0.6 0,06 0.2 21.7 94.0 14.0
o AP2 12-20 7,8 9.20 2.2 0.0 1.6 1.0 94,0 18.0

. Bl 20-60 8,3 0.14 1,2 0,06 0.4 1.2 55.0 23,0

8.1 0.09 1.6 0.06 0.9 1.44 55,0 64.0

B2 60-100

Hote: Taatéd'by Soil Advisory Service Land Resoures Section, WARC.

b3



FIGURE D--1. LOCATION OF SON. TEST PITS
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pitNo.... = 1.0~

FIGURE D-2.  COLUMNAR DIAGRAM

OF TYPICAL SOI. PROFILES
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Texture Differentiation Munsell Natibn Translatioﬁ'of Colox Names

LiC : Light Clay 5YR 2/3 Very dark reddish brown
SI1C : Silty Clay 5YR 3/3 . Dark reddish brown
SCL : Sandy Clay Loom S5YR 4/3 Dull reddish brown
CL : Clay'Lbﬁm ‘ 5YR 5/3  Dull réddish brown
SiCL: Silty Clay Loom 5YR 2/4 Very dark reddish brown
1§ : Loomy Sand SYR 3/4 ' Dark reddish brown-
SI, : Sandy Loom 7.5YR 2/3 Very dark brown
L : Loom 7.5YR 3/3. Dark brown
Sand 7.5YR 4/3 Brown
7.5YR 6/3 - Bull brown -
7.5YR 3/4 .~ Dark brown .
7.5IR &4/4 Brown
10YR 6/2 . Grayish yellow brown
10YR 6/3 Dull yellow brown
10YR 3/4 ‘Dark brown
10YR 4/4 Brown _
LOYR 6/4 ~Dull yellow orange
10YR 4/6 Brown |









ANNEX E. TIRRIGATION AND DRAINAGE

_ | o Page
CHAPTER I, - COMMANDED AREA AND PROPOSED GROPPING PATTERN ..., E-i

CHAPTER IX, IRRIGATION HATER'REQUiREﬂENT sescsscansrsensrrase Linh
' 2.1. Crop Water Requirement .....euseeeososessse Bed

2.2. Study on Application Irrigation :

2.3. ‘Diversion Water Requirement seeeseecsvesesns E=20
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CHAPTER TI. TRRIGATION WATER REQUIREMENT

2.1. Crop Water Requirement

Potential evaporation(ETo) was estimated by applying the Penman
Methed using climatiological data observed at Chaklala Stationm.
Table E-2 shows thus estimated ETo,

On the basis of the crop coefficient (Ke) and ETo, iO»days.crop
water requirement is calculated. Table E-4 to Table E—iO show crop
water requirement, and Table E~11 gives 10~days crop water
requirement., Table E~12 shows l0-days crop water requirementIOE

Case 3 having cropping intensity of 142 percent,

Back data to determine crop coefficient (Kc) dre attached in

Table E-13 and Table E-14.

E~4
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TABLE E-11, 10-DAYS CONSUMPTIVE USE OF WATER FOR EACH CROP

. . : (Unit
R_:ibi Rabi_' ' Rabi Kharif Kharif. . Perennisal

Wheat Fodders  Vegetables  Vegetable(I)' Vegétable(1I}) Orchard
JAN I 13 14 17 16
il 14 16 .17 16
11T 15 17 14 16
FEB I 22 - 25 16 23
X1 24 o 260 12 23
II1. 24 - 26 _ 9 2 22
MAR I 36 36 8 6 33
11 33 34 4. 10 32
II1 .29 30 15 31
APR 1 31 31 31 47
T 20 20 38 47
III 10 9 41 47
MAY I 5 0 54 63
10 48 63
111 39 63
JUN I 32 6 71
It 20 14 71
I1l 9 24 71
JUL 1 29 57
IT 36 57
ITT 43 57
AUG I - 39 48

il 37 48
111 3 34 48
SEP I 5 28 43
II 8 23 43
111 5 12 18 43
ocT 1 8 12 10 32
I . 12 16 6 32
111 3 16 20 3 32
NOV I 3 11 15 20
116 12 18 20
111 8 13 - 20 20
DEC I . 7 10 14 14
I 9 11 15 14
111 10 12 15 14
Total 322 394 270 345 350 1,397
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2.2. .Stcdycdn'Application Irvigation Effeciency for Furrow
Irrigation’

1) Field*M&ﬁual of On-Farm Water Management

~In the above manual published by the Ministry of Food,
Agriculture & Cooperatives of the Government of Pakistan, irvigation

efficiency is expressed as follows;

SIE & System Irrigation Efficlency (expressed as a
decimal).
The following are SIE values for different types of
irrigation systems

Irrigatipn System Type SIE
~ Surface 30 - 60%
Sprinkler 70 - 90%
Trickle 80 - 90%

Source: On-Farm Water Management Field Manual,
~ Volume IV.

:Conéidcring thct'all the on-farm facilities under the Project
are newly constructed, the maximum irrigation efficiency of 60
percent for the surface irrigation system in the above table could

be adopted for the project.

Accordicg to."FAO Technical Paper No.24", conveyance efficiency

and operation efficiency are expressed as follows;

. Conveyance efficiency (Ec) «...... 0.9
- _Ope:étion efficiency (Eb) .vvevun. 0.9

If application efficiency (Ea) iz assumed to be 0.75,
'irrigation efficiency (E) is calculated as follows]

E=0,9 x 0,9 x 0,75 = 0.6

E~17



Accordingly, the application efficlency (Ea) of 0.75 could be'

considered to be acceptable.

2} Intake Rate

Water Infiltration Losses in Furrow Irrigation

Begining of Furrow : ) ' : " End of Furrow

Effective Root Zong . -
Infiltration Losses T Dmm
D’'mm

In the ahove figufe, if T minutes ére-fequ1red_to obtéin water
infiltration depth of D mm at the end of the furrow, elapéed time
for water infiltration at the beginning‘of the furrow is (T + t)
minutes and water infiltration depth at the beginhing of_the furrow

(D') 1s expressed as follows;
D' = Cx (T+¢t)"

Accordingly, application efficiency (Ea) is_expressed'as

follows;

D
1/2 (D" + D)

1]

Ea x 100

In general, irrigation method in which irrigation water reaches '
at the end of furrow in T/m minutes is employed considering actual
irrigation practices in the field. 1In this case, t = P/m éﬁd-ﬁxis-

determined by constant rate of € for soll intake and n.

-18



Wheregr

n =C ( m + 1)“ "
pee oD tn :
Ba = et x- 100

(@+1) +m

Monograph for Application Efficiency

" Ea (%)

-
S &\

n Value Obtained Through Intake Rate Tests

90:;\\?_:\ AN
_ Essggésgg

Location n Value
No.l Dhok Hayat 0.674
No.4 Khanna Dak 0.689
No.5 - Banigala : 0.592
No.7 Balagh 0,786
No.10 Shahpur 0.800

The ﬁaximum n value in the Project Area is 0.800, and alsc
conSidering_that the_m'value is generally In the range of three to
four, application efficilency of Fa = 0.88 is obtained.

3)  Conclusion

As the results, application efficiency of 0.75 1s deemed to be

‘reasonable rate,

E-19



2.3, Dbiversion Water Requirement.

Diversion water requirements of the thfee.casés ofAéiternative
cropping pattern (Case 1, Case 2 and Case 3) were estimétedrfor thé_
periods of 35-years (1952 - 1986) and they are tabulated in Table
E~16 to Table E~18. Probable diversion Watér-réquirement is

presented in Figure E-1.

Diversion water requirements by cropé in case of probability of

1/2, 1/5 and 1/10 are shown in Table E-19 and E-20.
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TABLE . E-15,  RESULT OF CALCULATED DIVERSION WATER REQUIREMENT

Year Case I - Case 2 Case 3 (Unit:MCM/1,000ha)

1952 5.158 4.666

1953 S - 6.020 0 5,494

1954 0 05.220 0 4.669
1955 6.328 5.852
1956 - - 50436 - 4.986
1957 S 3,229 2,794
1958 T 6.030 5.484
1959 ' 3.646 3.219

111960 oo 5.628 5.086

1961 o 4.133 . 3,718
1962 . - . . 4.351 . 3.904
1963 0 4,741 T 4,329
.. 1964 ... - 5,480 . . 5.023
1965 , 3.936 3.451
1966 .. . 4,558 4,119
1967 . . 4,489 . 4.039
1968 . 4.630 4.066
1969 - - 5.185 “4.691
1970~ - - - - 5.269 - 4.797
1971 : 5.516 5.170
1972 . S .3.994 3.480
1973 4,783 - 4.419
1974 . 5.242 4,797
1975 - - 5:348 4.908
19760 . 4.375 . 3.883
1977 - 4,720 4.413
i978 4.474 4.078
1979 . 0 o 4.377 . 3.854
~1980 . © - 3,822 3.328
1981 : 3.752 3.389
. 1982-.- - .. 3,544 3,029
1983 - 3,994 3.668
1984 5.497 5.076
1985 . . - 5.256 4,789
1986 - L 4,405 ..3.997: .

173
967
118
.375
.536
.359
.939
.791
.544
. 302
.457
.917
.567
. 966

.679
.588
.502
.196
.325
823
.966
.055
.353
.467

.392
.105
.682
.331
.834

.025
513
.342
.654
.322

.590

W D DG MWDo A fhbD B0 DS ool BB NS s

COMEAN 4759 . 40305 3.850
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CHAPTER III. IRRIGATION WATER SUPPLY PLAN

Soil physical properties were measured for soil samples
collected at site, where measurements of Intake rate were: conducted,

The results of measurements are shouwn in Table E-21.

On the basis of the results, avaiiable moisture in each soil
layer within the effective root zone and Total Readily Availablie
Moisture (TRAM) in the effective root zone avre calculated as;shnwn

in Table E-22 to Table E-26.
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N FIGURE E-2 MEASURING SITE OF INTAKE RATE
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TABLE E-21. PHYSICAL FEATURES OF SOIL FOR UPLAND IRRIGATION
Real - Apafénf
‘ Specific = Specific 1/ Field Wilting
_ Soil Gravity - (Gravity Porosity Capacity Point
Location Condition Depth ' (8r) (Saj - (P) (Fc) (Wp)
| (em)  (g/em®)  (g/cm?) (%) (%) (%)
1. Dhok  Dry 7.5  2.45 1.42 42.0 23.2 18,9
Hayat Conditicn sy
No.1) 2.5 2.45 1.49 39.2 22.5  20.9
. 37.5 2.45 1.66 32.2 20.0 18.7
2. Khanna Dry 7.5 2.51 1.35° 46.2 17.2 7.4
Dak Condition : \ :
(Nood) 22.5  2.51 1.57 . 37.5 13.6 7.6
o | 37.5 2,51 1,51 - 39.8 15.7 8.
3.Banigala Wet 7.5  2.50 1,64 34.4 14.4 5.8
(No.5)" Condition 55 5 2.50 1.75 - 30.0 13.8 9.9
37.5 2.50 1.67 33.2 14.2 9.7
4. Balagh Wet . 7.5 2.49 1.6  37.3 22.8 - 17.5
(No.7) Condition 5, s 2.49 1.44 42.2 23.0 20.2
37,5 . 2.49 1.49 40.2 22.9 21.6
5.Shahpur Dry 7.5  2.55 1.43 43.9 18.9 11.2
(No.10)  Condition ., °¢ g 1.40 45.1 18.1 14.3
37.5  2.55 1,60 37.3 19.5 17.7
Average 7.5 2.50 1.48 40.8 19.3 12.1
' 22,5 2.50 1.53 38.8 18.2 14.6
37.5  2.50 1.59 36.4 18.5 15.2
NOTE : 1/ : P = (Sr - Sa) / Sr x 100
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ANNEX ¥F. RESERVOIR OPERATION STUDY

CHAPTER T.  RAWAL - DAM RESERVOTR OPERATION STUDY UNDER PRESENT
CONDITIONS (WITHOUT K-2 DAM) +.uvervneanss S |
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CHAPTER L. RAWAL DAM RESERVOIR OPERATTION STUDY UMDER PRESENT
_— CONDITIONS (WITHOUT K-2 DAM)

1.1, Reservolr Operation Study by SDO Data

‘ In Ordéf'to review the présent situation of the Rawal Dam
opéfatioh; three cases of‘wéter'balance study, presént, Stage-T and
Stage—II conditions, were made on daily basis for the periods of 24
yearq from 1963 to 1986, based on the following conditions;

- _-Annual averdge runoff discharge at the Rawal damsite .
_Having the catchment area of 275.1 8q. km is 100.9 MCM (see
Table: B-38), which‘was obtained by SDO estimated data.

- Annual average domestic water supply diverted by head
works located on the upstream of the Rawal Dam is 7.5 MCM
at present, 8.5 MCM in Stage~I and 10,5 MCM in Stage-II

frespective}y (see Table P~ 4)

= Reservoir water losges at present conditions are 9.2
. MCM/annum (see Table B-37),:but those losses at Stage-I
and Stage-II are calculated based on the following
criteria,

Water seepage: 2 percent x Effective Storage Capacity
Evaporation : Pan Evaporation Rate x 0.7 x
I : Water Surface Area

- Average release discharges from the Rawal Dam for domestic
and irrigation water supplies is 35.4 MCM/annum at present
conditions (see B~35), 47.7 MCM/annum in Stage-I
conditions and 56.1 MCM in Stage-II respectively (see
Table F-4).

The vesults of study are tabulated in Table F~1, and they are

summarized as shown below;



Results of Reservoir Operation Study by SDO Data -

(unit: MCM)
Case Study -

: Ltem Present  Stage-I = Stage-I11
Runoff Discharge ‘ 100.9 100.9 ©100.9
Diverted Water at Upstream Head Works ' .
Diverted Water ' 7.5 8.5 . 10.5
Shortage Water 0.0 ~0.2 ~-0,8
Inflow Discharge - 93,4 92.6 91,2
Reservoir Losses 9.2 9.2 8.7

Relead Discharge from Rawal Dam R Lo

Irrigation Water (Left Canal) ) 354 572 5.2
Domestic Water  (Right Canal) ' 42,5 50.9
Shortage Water 0.0 -l.1 ~5.0
Spillage 48.8 36.8 3l.4

Ag is seen in the above table, the Rawal Dam reservoir

operation reveals the following facts;

- Present Rawal Dam has enough capacity.to ﬁeet<an-anhual
demand of 35.4 MCM with an annual spilled discharge of
48.8 MCM, although spilled discharge for 17 years from

1963 to 1979 is estimated at 37.6 MCM as she

F-1.

wn. in Table

- In cases of the expansion plans of water demand (Stage-1
and stage 11 Plans), the Rawal Dam could not meet the
expansion plan of water demand, that is, water shortage of

1.3 MCM in Stage~I and 5.8 MCM in Stag
respectively. :

e-11 will occur

Figure F-1 indicates the results of water balance study in the

above three cases, and furthermore, Figure F-2 showSithé Rawal Dam

reservolr behavior in case of present condition.
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1)

2)

TABLE F-3. ESTIMATION OF REQUIRED WATER DEMAND
FROM RAWAL DAM '

Annual Average

Urban Domestic Water Demand

(unif}-MGD)
Alternative Plan

Item Present Stage-I~ Stage-I1
Xurang Head Works (CDA) - (2.50) 2,00 (ZiﬁO)”’:SfQOI {4.00)
Shahdara Head Works (CDA) 2,00 (2.50).  2.40 (3.00) 2.40 (3.00)
Nurpur Head Works (CDA) 0.56 (0.70) 0,80 (1.00) 0.80 {1.00)
Rawal Dam Right Canal (CDA) 2.00 (2.00) 2.00 {2,.00) 2,00 (2.00)
Rawal Dam Filt. Plant (PHED) 17.96 (21.00) 39.90 (46.00) 29,07 (34,00)
Total 22.52 (28.70) 47.10 (54.,50) 37.47 (44.00)

Note: The figures in parenthesis indicate productiom capacity of
filtration plant. ' ' ' : .

Irrigation Water Demand

3.23 MGD (6 cusecs x 86,400 sec/day x 28.32/4,546)

Monthly Water Demand e
(unit: MCM)

'Irrigation.'

Urban Domestic Water Demand Water Demand -

Month  Ratio Present Stage~I  Stage~II ‘MGD - MCM:
Jan. 0.80  2.46 3.40 4.09 3,23 0.462
Feb. 0.85 2.61 3.61 4.34 3.23  0.41
Mar. ¢.90 2.761/ 3.832/ 4.603/ 3.23 . 0.46
Apr. 1.00 3.07- 4, 25~ 5.11=" 3,23 (.44
May 1.15 3.53 4,89 5.88 3.23  0.46
June 1.25 3.84 5.31 6.39 3,234/“0.44
July 1,05 3.22 . 4.46 3.37 2.595/ 0.36
Aug. 1.00 3.07 4,25 5.11 2.59-":0,36
Sep. 1.05 3.22 4.46 5.37 3.23 0.44
Oct. 1.05 3.22 4,46 5.37 3.23 0,46
Nov. 1.00 3.07 4.25 5.11 3.23  0.44
bPec, 0.90 2,76 3.83 4,60 3.23- 0,46
Total 1.00 36.83 . 51,00 61,34 - 37.48 5,19
Note: 1/ ... 22.52 MGD x 4.546 1/gal x 30 day = 3.07 MCH

2/ ... 31,14 ¥GD x 4.546 1/gal x 30,day = 4,25 MCM

3/ ... 37.47 MGD x 4.546 1/gal x 30 day = 5,11 MCW

4/ ... 80% of annual average . '

5/ ... 3.23 MGD x 4.546 1/gal x 31 days = 0.46 MCM

F-6



TABLE ¥-4, MONTHLY WATER DEMAND FROM KURANG RIVER
1) - Urban Domestic Water diverted by Head Worksil located on the
" ‘Upstream of Rawal Dam '

(unit: MCM)

Alternative Plan

Month Ratio - . Present Stage-1 Stage-11
Jan. . 0,80 0.28 (0.49Y% 0.7 0.70
Feb. . 0.85 0.30 (0.53) 0.60 0.74
Mar., = 0.90 0.31 (0.56) - 0.64 0.78
Apr. 1,00 - 0.35 (0.62) 0.71 0.87
May 1.15 0,40 (0.71) 0.82 1.00
Jun, 1,25" 0.44 (0.78) . 0.89 1.09
Jul:  1.05 0.37 (0.66) 0.74 0.92
Aug} ' 1.00 0.35_(0.62) 0.71 0.87
Sep. 1.05 . 0.37 (0.66) 0.74 0,92
Oct.’ - 1.05 0.37 (0.66) 0.74 0.92
Nov. 1,00 0.35 (0.62) , 0.71 0.87
Dec. . 0,90 0.31 (0.56) 0.64 0.78
Total ° 12,00 . 4.20 (7.47) 8.51° 10.46

éj; ?Kﬁrang'Héad_Works, Shahdara Heéd Works, Nurpur Head Works,
2/t ( ) includes water demand by Kurang Head Works.

'2) Water Demand from Rawal Dam

(unit: MCM)

: . . Urban Domestic Water-Demandl/ Irrigation 2/
Month Ratio . Present Stage-I Stage-11 Water Demand-
Jan,  0.80 2.18 2,662 2.83 (3.2002 3.39 (3.85)% 0.46
Feb. 0,85 2,31°(2.72) - 3.01 (3.42) '3.60 (4.01) 0.41
Mar., 0,90 2,45 (2.91)  3.19 (3.65) 3.82 (4.28) 0.46
Apr., 1,00 2,72 (3.16)  .3.54 (3.98) 4,24 (4.68) 0.44
May 1.15 3,13 (3.59) = 4.07 (4.53) 4,88 (5,34) 0.46
Jun. 1,25 3,40 (3.84)  4.42 (4.86) 5.30 (5.74) 0.44
Jul. 1,05 2,85 (3.21) = 3.72 (4.08) 4,45 (4.81) 0.36
Aug.. 1.00 2,72 (3.08) . 3.54 (3.90) 4.24 (4.60) 0.36
Sep. - 1.05 ~2.85 (3.29) - 3.72 (4.16) 4.45 (4.89) 0. 44
Oct. - 1.05 - 2.85 (3.31) 3.72 (4.18) 4,45 (4.91) 0.46
Nov. 1,00 2,72 (3,16)  3.54 (3.98) 4.24 (4.68) 0.44
Dec. 0,90 2,45 (2.91) 3.19 (3.65) 3.82 (4.28) 0.46
Total 12,00  32,63(37.82)  42.49(47.68)  50,88(56.07) 5.19

1/+ "Rawal Dam Right Canal, Rawal Dam Filt. Plant

2/: Rawal Dam lLeft Canal

3/t (). includes irrigacion water demand by Rawal Dam Left Canal

Note: Back data of above figures are given in Table F-2 and Table
.F"‘B.-
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FIGURE F-2 RESULT OF RAWAL DAM OPERATION STUDY UNDER PRESENT CONDIT!GNS BY SDD DATA (WITHOUT K-2 DAM) (1/2)
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FIGURE 2 RESULT OF RAWAL DAM OPERATION STUDY UNDER PRESENT CONDITIONS BY SDO DATA (WITHOUT K-2 DAM) (2/2)
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1.2, Reservoir Operation Stﬁdy by Tank Model Mathod

. Rawal reservoir .operation study using the estimated runoff
dischargeéfof 103.0 MCM - applying Tank Model Method was also made for
the periods of 35 years, 1952 to 1986, The conditions of the study

are as follows;

-~ - Annual. average runcff discharge at Rawal damsite is 103.0
" MCH (see Table B-44), which was obtained by applying Tank
~ Médel Method deépending upon daily areal rainfall.

- Aﬁnﬂal:average doméstic_water supply to be diverted at the
upstream of the Rawal Dam is 7.3 MCM at present, 8.5 MCM
cAne Stage—I and 10 5 MCM in Stage~II conditions (see Table
F~4) o

- Reservoir water losses are estimated based on the same
criteria mentioned in Paragraph 1.1,

e Annual ‘release discharge from. the Rawal Dam 1is 37 8 MCM at
present, 47.7 MCHM in Stage~I and 56.} MCM in Stage-~IT
- respectively (see Table F-4),

The results of study are tabulated in Table'F~5, and they are

summarized as shown below;

Results of Reservoir Oﬁération Study by Tank Model Method

(unic: MCM)

Case Study
Item Present  Stage-1  Stage-II

Runoff Discharge . 103,90 103.0 163.0
Diverted Water at. Upstream Head Works

Diverted Water 7.5 8.5 10.5

Shortage Water 0.0 -0.1 ~0,3
Inflow Discharge 95.5 94.6 92,8
Reservoir Balance

Reservoir Losses - 9,2 9.1 8.9

Rainfall in Reservoir 1.3 7.3 7.3
Released Discharge from Rawal Dam
' Irrigation Water (Left Canal) 5.2 5,2 5.2

Domestic Water  (Right Canal) 32.6 42,5 50.9

Shortage Water ' 0.0 0.0 0.0
Spillage _ ' 55.9 45,1 35.1

710 -



As the results, it will be revealed that the Rawal Dam could

meet the expansion plan of water supply for domestic water supply,

although some water shortage for upstream diver_s‘io'n will be observed

in case of expansion plan as same as those reservoir operation

studies by 8SDO data,

Figure F-3 indicates the results of water balance study in the -

above three cases, and also Figure F-4 and Figure F-5 show the Rawa_l

Dam reservolr behavior in cases of present and Stage-I co_ﬁditions.

FIGURE F-3.  RESULT OF WATER BALANCE STUDY UNDER PRESENT

CONDITIONS BY TAMNK MODEL METHOD

Case Study
ltem Present  Stage—!  Stage—li
ﬂo : {(MCM} (MCMY  (MeM)
Q4 L ' :
a Runoff {275.1 sg.km}: 103.0 103.0 103.0
L s w : -
oy H.W Release (Domestic) 7.5 8.4 10.2
Cs Q; : inflow . 955 94.6 02.8
Rawal Dam Irrigation Area Qk : Reservair Loss 0,2 0.1 8.9
R R .: , o
0121( ! -40has | Rz : Rainfalfin Resgrvopr 7.3 7.3 13
e A S s 4 : Left Ganal {Irrigation} 5.2 .52 5.2
ik : ' . Right Canal (Domestic} 326 42.5 £0.9
i I G @z - Right tanal. . . :
Qq 0, : Spillage 559 = 45.1 35.1
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FIGURE F-4 ~ RESULT OF RAWAL DAM OPERATION sruo? UNDER PRESENT CONDITIONS BY TANK MODEL METHOD (WITHOUT k-2 pam)  {172)
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FIGURE F-4
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FIGURE F-5  RESULT OF RAWAL DAM OPERATION STUDY UNDER STAGE-1 CONDITIONS BY TANK MODEL METHOD (WITHOUT K-2 DAM) (172)
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FIGURE F-5  RESULT OF RAWAL DAM OPERATION STUDY UNDER STAGE-1 CONDITIONS BY TANK MODEL METHOD (WITHOUT K-2 DAM) (22)
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