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PREFACE

water availability studies form a basic pre-requisite before
any water resources project is undertaken. Assured and dependable
supplies during the project 1ife are necessary for any
economically viable scheme.

The National Institute of Hydrology established its regionad
centre at Jammu, in the year 19%0 to cater the needs of state
Irrigation, Flood Control and Allied Departments in the field of
hydrology. The Regional Centre has its jurisdicticen in the statss
of J & K, H.P, and hilly parts of U.P. In the present report  an
attempt has been made in arriving at dependable yields of river
UJH in the Jammu region of J&K state. The report should be useful
to the Irrigation and Flood Control Depa-tment, Janmu.

The report has been prepared by-Sri 5.v.N. Rao, Scientist ol
and Sri M.K.Sharma, S.R.A., W.R.R.C., Jammu.

(SATISH CHANDRA)
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ABSTRACT

water availability studies torm the basic pre-requisite
before any water resources project 1s undertaken over a stream.
The study enables one in arriving at dependabie flows for the
proposed project lite. However dependable tlows computed would
depend upon the quality and length of data available for
analysis. Normaltly historicai data ot 30 - 40 years provide good
results.

In the report an attempt has been made to study and assess
the water available (yield) in the ujh river basin which feeds
the main river Ravi 1in the state of J & K. The analysis has
been separated into two components viz., monsoon and nonmonsoch
seasons, however it may be noted that the S.W. monsoon provides
a major contribution to the annual rainfall and hence the yield.
The study should help in the design of water resources projects

proposed to be taken over the stream.

ft11)




1.0 TNTRODUCTTON-

The ulh river with 1ts source in Western Himalavyas has a
basin size of 970 Sa Kms. Being a tributary of river Ravi 1t
begins at the foot hills of Bhaderwah, travels westwards for
about 10Ckms and then Joins Ravi at Nainkot 1in Pakistan. A
barrage was constructed in 1985 over Ujh tributary near Kathua to
divert the flows into a canal for irrigation under Ravi - Tawi
scheme.

The river flows are mostily monsoon based with 70 to 75 % as
monsoon contribution, while the remaining are due to the snowmelt
from the hiils of Bhaderwah. About 20 % ot the catchment 1is
mountainous and 1s snowbound for 4 - & months of the year. The
flood of sept 1988 had exceeded ther design capacity causing
extensive damage to the existing barrage. The State Govt
therefore desired that a complete study of the hydrology of river
Ujh be carried out to tackie such floods and to mitigate their
impact through proper planning. A study of Hydrometeorology,
water availability and design flood are being undertaken by the
National! Institute of Hydroiogy, Regional Centre, dJammu. The
present report on Water availability study is second 1in the
series of case studies, the ftirst being a report on
hydrometeorology.

Betfore we plan any project on a river, the first and
foremost task 1s to asse;; 1ts avaitlable water at different times
of the year. Water avajrliabilicy 15 the ii1teline ot any 1rrigation

or multipurpose scheme. The success of a scheme depends on how




accurate has been the estimation ot total quantity of water
available and its variability. Proper estimation oOf water
availability is therefore essential.

wWater availability studies are being carried out by
conventional and Systems Engg. approach. In this report
conventional method has been adopted using exceedance frequencies
of historical flow data. However data gaps, inconsistencies and
sample size have been the bottlenecks in the analysis. The report
should help for assessing the water potential in the design of

water resources projects.




2.0 PROBLEM DEFINITION:

The Ujh tributary ot river Ravil experiences tloods 1in the
monsoon season and occasionally during the winter rains. The
river flows have a snowmelt component from the snow bound hitls
of Bhaderwah at altitudes ranging above 4000 mts.

The floods of Sept 18988 were unusual and had exceeded the
design capacity of the barrage constructed downstream of
Panjitirthi on river Ujh thereby causing extensive damage to the
downstream areas. The state Govt therefore decided that a
compliete study of hydrology of river Ujh be carried out to
mitigate the impact of floods through proper planning. A study of
hydrometeorology tollowed by water yield studies and design flood
estimation have therefore been proposed. In the present report
water vyield studies have been carried out in arriving at
dependable yleld for nocnmonsoon and monsoon periods for river

Uih.




3.0 DESCRIPTIONM 0OF SJTHDY AREA
3.1 The Uih river
The Ujh river 1s a tributary ot the Ravi, one of the
five rivers of Punjab. The head waters of Ujh 1lie 1in the
Kailas parvat lake at an altitude of 4300 mtrs near the
Bhaderwah hilis of Jammu province . It travels for a length of
nearly 100 Kms before 1t Jjoins Rav1l below Nainkot 1n west
Pakistan. Just upstream of damsite four streams Bhini, Sutar,
Dunarkl and Talan togather Jjoin the Ujh at a place named
Panjtirthi. Bhini and Ujh are perennial rivers . The remaining
three streams flow only during rainy season.
3.2 The catchment area
The catchment area ot ujh river at dam site 18 990 Sg Kkms
Planimetered ftrom topo sheet. The catchment 1s quite hilly and
rugged varying in altitude trom 510M to 4300 Mtrs. A pilan of
catchment area 18 shcwn in Fig No 1. Areas having an altitude
of 2000 Mtrs and above which constitute about 20% of the

catchment area are generally snowboundfor most of the winter.

3.3 Climate
There are three temperature stations near the catchment

viz; Pathankot, Jammu and Dalhousie. The mean annual temperature

of Pathankot of 73.4 degree Fahrenheit can be taken to represent

the southern part of the catchment and that of Dalhousie of 60.6

degree Fahrenheit of the eastern portion. The temperature at
higher altitudes in the northern part is expected. to be low .The

climate conditions vary from semi arid to humid trom south to

-4~
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northern parts of the catchment.

There are two ralny seasons one trom  December to  March
associated with the passage of western disturbances and the other
mid June to mid September due to south west monsoon currents.
The rain tail 1n October and November 1s gemerally small in amount.
The cold season precipitation trom December to march 1s chiet iy
due to western disturbances which advance from Persia and Baluchi-
stan across northern India. These disturbances occasionally give
very stormy weather with stormy winds onthe higher elevations
giving much snow. In Apral & May thunder storms are

occasionally observed giving light to moderate showers of rain.
The south west monsoon 1s a predominant teature n this
region with 50 yearnormals of annual rainfall being 1400 to 1600
mm around Ujh catchment. The normal rain tall! of some ot the

stations around Ujh catchment are presented i1n table 1.
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4.0 DATA AVAILABILITY
4.1 Rain fall data

There was no rain gauge station 1nside the catchment prior
to 1956. Fi1al shows the location of rain gauge stations 1in and
around the catchment.There 118 ailso no SRRG(selr recording
raingauge) 1n the Ulh sub basin. The data collected by state
government incliudes those ot 12 non recording rain gauge stations
(ORG) for which data was made available. Daily rainfall data is
available from 1956 to 1975 for the 12 ORG stations,of these, two
stations Mandli, Bhaderwah and Kathua have data from 1956 to

1990. However the data available has large missing data and

inconsistencies.

As already mentioned,the NO.OF rain gauge station 1n the
catchment 1s not adequate considering the mountainous terrain (as
per WMO standards one R.G., station every 150 km.) and as such a
proper railn & snow gauge network needs to be established.
4.2 Discharge data

The river experiences unusual stage especially during
monsoon periods and are denerally referred to as flash floods.
The maximum and minimum tlood peaks tor about 20 years 18 shown
in fig 2. Nearly 30 years Guage and Discharge ( G & D) data from
1860 to 1990 was made available by the Ravy Tawil project o/ifice

( J.K.Govt ) at Kathua.
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5.0 METHCDOLOGY FOR WATER AVAILABILITY STUDY

5.1 General

Betore we plan any project on a river, the *1irst and
foremost task 1s to assess 1ts availlable water at different times
of the year. The success ot a scheme depends on how accurate has
been the estimation of total guantity of water available and its
variability. Proper estimation of water availtabliity 1s theretore
very essential.

The objective of water availiability studies 1s to arrive at
assured and dependable yilelds (annual or seasonal) from a river
during the project Ii1fe of a water resources project. The
dependable ftlows computed using exceedance frequency 1imply a
certain degree ot risk i1nvolved while embarking upon a water
resources scheme. The dependable flows computed depend on the
sample size. The values adopted by designers should however note
that the properties ot sample and its size are extended for the
project life. For 1nstance Lthe percentage ot dependability
adopted normaliy tor 1rrigation, hydropower and water supply
{(drinking) schemes are 70O, 97 and 100 % respectively. th1s
corresponds to 30. 10 and 0 % risk or uncertainty in  the
predicted flows/ yields. Top priority 1s given to drinking water
since a 100% dependable supply is a must. However, greater the
percentage of q§pendab1l1ty'lower 15 yield ava1!qu from a given
stream.

5.1.1 Data Base

For computations of water availlabilliity foliowing rainfall

and runoft data needs to be collected 1n the order of preference

R I




as given below.

a) Ten daily runotf data 1.e the total ot the daily runoff

in 10 days, at the proposed site for at least 40 to 50

years
OR
by 1. Ten dailly raintall data tor at least 40 vears tor
raingauge stations 1ntluencing the catchment ot ide

proposed site
2. Tenh daily runoff observations at the proposed site

for the last 5 - 10 years.
OR

c) 1. Ten daily rainfall data of the catchment of the
proposed site tor the ilast 40 - 50 years.
2. Ten daily runoff observation and concurrent rainfall
data at the existing work upstream or downstream of

proposed site for the last 5§ - 10 years.
OR

d) 1. Ten daily raintall of the catchment for the last 40 - 50
years for the proposed site,.
2. Ten dailly runotf observations and concurrent raintall
data at existing works on a nearby river tor 5 - 10 years
or more provided orographic conditions of the catchment
at nearby worksite are similar to that ot the proposed site.

It may however be noted that 1n the event of nonavai laklity

of data in the above*mentioned torm, suitable variations may be

judiciously while computing water availablity and also

accounted for while interpreting the results,

5.1.2 Water Availability Computation method:

Some of the conventional methods of water avaitability study

-11-




are briefly described below.

a)Direct observation method

The method 1s applied when observed runcoftf data at the
proposed site 1s avallable for the last 30 years or so. The
annual runotf 1s computed and arranged 1n descending order. The
synthetic year for a particular dependabiiity 1s nalcuiated trom
(N+1) vears, where N 15 the number of years tor which runotf data
is avaitabie. (This wmethod has been adopted tor the non monsoon
period as dealt in section 6.3).

b) Raintfall - Runot¥ series method

The method basically consists in extending the runott data
with the help of raitfall by means ot raintall runott
relaticnshins developed through their correlation analysis.
Depending upcn  the avalfabiiity of raintall runoftt data,
following three cases arise.

Case I: Long term precipitation record along with a stream
flow data for a few years 1s available. ( This method has been
adopted for monsoon periocd, reter section 6.2).

Casell: Long term precipitation record 1§ available at the
site along With a few years ot stream Tiow ¢data At 4 neighbouring
s1te. {(This method 18 not often used)

CaselIll: Sutticient precipitation and streamt low data exist
(This 1is similar to caselwith the only difterence that the
runoft data may Be veritied through raintal! runott reiationship)

There are other methods such as water balance method,
Langbein’s Log-deviation method, Strange’'s tables etc. Of Jlate

Systems approach 1s also being adopted to compute water

_l!;_




availability of a given catchment.
5.2 Methodotlogy adopted

The conventional method of assessing water gvaiiability of a
given catchment discussed in the previous section are detailed
below .

1) Processing and adjusting primary ata (raintali) tor
consistency . In case of missing data suitable methods may
be adopted by filiilng appropriate values, Doutie mass
technigque may be used for making data consistent.

2) Mean areal rainfall computation over the catchment (depth
in mm) - Rainfall series.

3) Conversion of stream runoff (discharge in cubic metres

per sec) into depth (mm} ~ Runoff series.

4) Modelling of raintfall and runott using regression
5) Extension of runoff series in case longterm runoff series
is not avaiiable using regression eqgquations,
6) Computation of dependabie tlows using exceedance frequencies

7) Plotting the flow duration curve,

-1%~




6.0 APPLICATION
6.1 General;

The methodology discussed tn the previous section has been
applied to monsocon and nonmonsoon periods of the water year. The
monsoon period being from june to october and nonmonsoon from
november to may of a water year. However since flow data 1is
available for most of the period (i.e 26 years) the regression
model has been applied to few years only for extension of runoff
series. It may be noted that the yield accounted during monsoon
and nonmonsoon periods have a certain amount of snowmalt
component. |
6.2.1 Processing Of Rainfall Data

The annual rainfall of various stations 1S shown 1n tabile 2.
Table 3 1indicates that a major portion of annual rainfall is
contributed by the scuth west monsoon. Further due to lack of
proper data as already discussed in section 4.1, the water
availability study for the basin was carried out using data of 3
stations 1.e Bhaderwah, Mandli and Kathua only on monthly basis
using 29 years data ( 1961 - 89), The consistency of data for the
three stations was tested using double mass technique. The data
for Mandli and Kathua were found to be reliable while the data
of Bhaderwah was found to be inconsistent and was corrected.

6.2 Computatig; of Mean Areal Rainfall:

In view ot the hilly terrain the catchment was divided 1nto
3 parts along contour lines separating primariiy on tThe basis ot
elevation and welqhts were assigned to the correspond1ng R.G

—-1i-
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Table

3

¥onsoon Contridution of Annual rainfall

-----------------------------------------------------------------

X of Annual Rainfall

Aug

Sept

Seasongi

5.83 Year
1 1981
2 1962
3 1963
4 1964
5 1965
§ 1966
7 1967
8 1968
9 1969
10 193¢
" L
12 1372
13 1973
14 1974
15 1978

12.§

3!2

58.7

34.4

3.9

30.7

<o
s
Lot

2%,

™

2.1
2f.1
26.0
36.1
4
45.8

23,2

1.4

78
80
[
b7
80
i

75




stations (Bhaderwah. Mand!y and Kathua! proportional té the area
separated, The time series ot raintall and runott (monthly) 1s
shown in table 4.

6.2.1 Rainfall Runotf Relationship:

Since runott data 1s not available tor some ot vyears tor
which rainfall data 1s available, a reiation between the two 1S
essential to extend the runoff series. Following steps have been
adopted:

1) Plotting the raintall runott ordinates to ascertaln the

nature of relationship.

2) A linear regression relationship between rainfall and
runoff was developed. In view of low correlations and a
scattered plot, a nonlinear regression eguation of the
2nd & 3rd degree have been attempted. The regression
output is presented 1in table 5.

3) S1nce the results ot step 2 have been unsatisfactory , a
piot on log log paper was attempted to fi1t an eqguation

b
of the type Y = a X . This was alse not satistfactory.

4) Finally a Linear Multiple regression model has been tried

to obtain more realistic results. The regression equation
fitted for this purpose is given by:

Y = ax + pbX + C
1 1 1-1

where, Y = Runoff (mm) during i th month
XT: Rainfall during 1 th month
aj b & ¢ constants
The regression model was run on a microcomputer the
results of which are indicated in table 6. The results

_’8_




TABLE 4

TIME SERIES OF RAINFALL AND RUNOFF {MK) OF UJH BASIN

(MONSOON SEASON}

S.M0. WATER
YEAR

g1-62
62-63
§3-64
64-65
§5-56
66-67
67-68
66-69
68-70
10-T1
1-12
12-13
13-74
14-75
15-76
18-17
11-78
18-19
19-80
80-81
g1-82
82-43
B3-84
B4-85
85-83
86-87
B7-88
88-89
89-%0

D =2 O N P 3 ) —

L]

10
8
12
13
14
1%
16
17
18
19
20
21
22
23
U
25
26
2
28
28

27.6
61.9
5.0
83.5
13.0
203.2
8.9
59.9
221
220.0
2.5
31.8
44.8
§0.7
82.5
5.4
§72.5
113.8

142.9
119.8
38.4
85.8
3.0
15.6
£5.3
18.3
89.9
80,7

36.0¢
42,3
4.0
3.5
478
3.3
21.8
4.3
40.9
134.4
1140
7.3
4.5
25.3
43.5¢
5.8
§3.5
1598

53.1
156.1
§5.4
49,5
4,1t
46.9
67.2
55,7
1.4
26.0

480.5 324.5¢
221.9 233.1%
357.6 380.0
212.9 4836
532,86 3N
258.6 139.0
360.7 1994
437.5 581.9
325.3 167.4
252.9 133.1
5E4.7 235.9
288,71 74,9
443.8 349.8
§71.8 324.8
768.3 S41.5
§07.1 326.0+
§0.3 1358.1
1 88.9
464.9 1833
516.5 268.7
228.2 101.§
262.0 234.6¢
271.4 237.5¢
504,56 90t.6
130.3 312.5
124.4  B8.%
856.7 d472.2
376.5 208.7

§85.0 462.4»
434.2 415,08
424,71 4134
298.9 745.%
173.4 212,45
343.3 2804
h12.7 393.7
208.0 252.5
307.0 333.4
447,68 351.3
710.4 50%.0
125.7 183.9
§79.7 &11.9
542.9 2430
520.6 339.3*
2144 782.8
266.2 187.4
517.4 1T

RAINFALL DATA NOT AVAILABLE

194,48
9.6 T94
342,56 152.3
379.6 365.2¢
475.1 432.8¢
268.1 241.2
258.9 290.5
28,4  50.3
360.6 199.5
2446 90.7

1.9

Note: ¥ indicate values computed using linear multiple

~19-

350.4 187.2¢
318.3 175,54
74.3 1874
t96.2 101.8
4 12
148.5 182.9
1.8 21007
8.0 32.9
164.3  56.0
2284 158.4
60.2  50.8
35.1 720
08.8 7941
0.3 3.3
192,3 112,0¢%
21.4 103.5
200.7  82.2
13 182.3

4.5
36.0%
53.5
83,08
55.0¢
9.7
51.§
108.0
142.9
16.6

5.2
28.0
3.1

126.1
731

145.6
3.7
83.8

625.9
§4.9

regression

38.7
T2.9%
13.7¢

1450.4
1043.7
§20.5
4.7
151,17
1166.3
Héd
14,2
842.9
1161.8
£399.0
254.5%
14910
1218.4
1566.8
gr1.6
1316.8
4

¢ 1446,

§62.2
561.0
678.9
820.0
1.

11,6 10043 1400.1
43.4 388.8 825.3
117.6 583.4 420.2
18.7 2008.2 1044.8
5.2 756.8 359.4



S.No HONTH
1 June
2 July
3 Aug
4 Sept
§ Oct

Note: X = Rainfall

Table Ne 5.
REGRESSION QUTPUT

e Y T

NONLINEAR REGRESSION

Y=¢

2

NOKLINEAR REGRESSION

2 3

tal+ bl Y:c+al+bk+dl

Inter ¥ - Co- R
gept  aefficients  Squared

36,82 0.07, 0.0008 0.49
215.0 -0.42, 0,001 0.72
243,13 0.08, 0.0008 0.42
8.35  0.83, -0.00t Q.57

25.28 -0.41, 0,029 0..&f

Inter X - Co-
cept efficients

-15.01 3.17, -0.04

g278.4 -51.5, €.13, -0.0001
-522.2 7.5t, -0.01, -0.00001
39.9  -0.33, 0.006, -0.00001

15.38  5.z1, -0.46, 0.1

LINEAR REGRESSION
Yyzc+ o)
corrb.  Inter X Co- R
Coefficent cept afficient Squared

0.6 35,95 0.1 0.4
0.45 144,96 0.35 0.12
0.51 87,00 0.63 0.33
0.85 22,66 0.4 0.55
0.7% 1512 0.86 0.30
"""""""""" Cemmott

TABLE NG 6.

§.N0

NONTH

MULTIPLE LINEAR REGRESSION QUTPUT

Correl.
Coefficent

----------------------------------------------------------------------------------------

Inter Co - efficients
ceptic) 2 b
32.28 0.12 0,05
188,08 0.31 -0.38
148.64 0.15  -0.28
28.20 0.49 -0.02
12.00 0.88 0.02

Remarks
Yzg+ak+ b

1 1 f=1
Y = Runoff

X = Rainfsll

1 = Current month
1-1 = Pravious

Month,

---------------------------------------------------------------------------------------------
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have been ftound to be yeasonably ok.
6.3 Non Monsoon Season (Nov - Mav

To account for low tTlows during nonmansoon period,the vielad
has been separately compuied. [he winter raintal i ang snowme b
constitute the mputs tor the tiows 1n Ujlh during nonmonsoon
periods. The winter raintall as 1s evident tram Labie 3 is about
20 - 25 % ot the annual rainfall. During winter the precipitation
in  the upper reaches of the Ujh catchment 1Is mostly 1n the ftorm
of snow. This 18 evident from percentage ot snow out of the total
precipitation recorded at Bhaderwah as 1ndicated 1n table 7. The
yields have been computed based on actual flows and missing flow
data have been averaged. Thi1s is because the correiations ot
rainfall and runoff during nonmonsoon periods may not be
meaningful as the winter rainfall cannot be consistent with tilows

which are mostly due to snowmelt.

6.4 Dependable Flows:

The yield tor monsoon and nonmonsoon seasons tor river uJh
are arranged 1n descending order and exceedance treguencies using
weibulls method calculated. The detaiis of computations are shown
in table 6 & 7.

The tlow duration curve is shown in tigs 3 & 4.

_‘21..




Table 7
PERCENTAGE OF SNOW RECORDED OF BHADERWAH STN

S.No YEAR DEC JAN FEB MAR

1. 1967 79.4 100.0 18.6 36.3
2. 68 82.5 100.0 36.7 0.0
3. 69 0.0 91.0 15,9 0.0
4, 70 0.0 47 .4 100.0 0.0
5. 71 0.0 88.4 90.4 100,40
6. 72 47 .1 89.4 91.2 38.3
7. 13 80.5 49.1 65.7 10.8
8. 74 96.3 100.0 63.9 0.0
9. 75 0.0 93.4 76.3 48.9
10. 76 0.0 56.9 57.5 0.0
11. 77 21.0 96.2 0.0 2.0
12. 78 0.0 2.2 38.3 44.5
13 78 0.0 81.8 BO.9 0.0
14 80 69.0 64.4 87.8 0.0
16 81 0.0 85.5 56.9 31.8
16 82 0.0 96.6 50.5 17.6
17 a3 - 0.0 0.0 79.3 3.5
18 84 88.2 36.1 70.4 0.0
19 856 0.0 68.2 0.0 0.0
20 86 85.7 25.3 30.6 0.0
21 87 0.0 B0.4 69.5 Q.0
22 g8 74.3 74.8 0.0 31.2

Data Source: CWC report Vol II 1991.
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TABLE - B

DEPENDABLE YIELD COMPUTATIONS FOR MONSOON SEASON

S N0 | VATER ! YIELD ( x10' 1 in cubic meter \ Qindes- ! % OF

DYEAR  l-smmmmmmmmmommemmommm oo e , cending . DEF.

! ! JON UL AUG  SEP  OCT  TOTAL i order
{ 191-62 3.5 3.5 449 18.2 2.4  100.5  169.6 3.2
2 196263 4.0 2.7 0.3 1.1 1.9 86.0 1360 8.4
3 1963-84 4.3 340 413 18.2 L7 3.5 1355 3.5
4 1964-65 3.7 48.0 72.¢ 8.8 LB 135 132.9 12,
5 196586 4.6 38.0 20.8 3.6 1.6  68.7 1025 6.1
6§  196-67 3.7 13.5 252 7.8 2.9  63.1  10L5 19.3
7 19768 2.1 19.3 38.2 26.3 2.6  86.6  100.5 22.5
& 196669 4.3 54.6 245 3.2 5.8  92.5 99.5 25.8
9 196970 4.0 16.2 32.4 5.6 1.8  60.I 92.5 29,0
10 1970-71 13,0 129 341 154 40 795 9.4 3.2
1 1971-72  t1.1 2.9 49.0 49 2.5  90.4 88.6 35.4
12 197213 L7 13 2.2 0 2.0 382 86.0 3.7
13 197314 A0 339 847 1.7 2.5 1323 80.2 4.9
14 1974-75 2.5 316 23.6 3.0 3.0  63.6 2.5 8.1
15 197576 4.2 526 33.0 10.9 1.8 102.5 78.2 48.3
1§ 197%-77 5.3 317 .5 10.1 2.8 7.3 m3 £1.6
{7 1977-18 9.0 132.0 18.2 8.0 2.3  169.6 7.1 54,8
18 1978-79 155 8.6 167 9.9 4.1  54.9 68.7 58.0
19 1979-80 5.8 15.6 2.2 6.7 1.4  66.7 86.7 61.2
20 1980-8t 5.8 1.8 10.9 4.3 2.5 412 63.6 64.5
21 196182 152 26.1 7.7 3.5 6.8 503 63.1 67.7
22 1982-83 5.4 9.9 148 6.2 3.8  39.8 §0.1 70.9
23 1983-84 48 22.8 35 8.1 i 7182 50.3 741
26 1084-85 &3 23.1 420 5.3 1.3 6.1 54,9 .4
25 1985-8 4.6 8.6 23.4 9.6 10.8  136.0 a2 80.6
26 198687 6.5 36.2 28.2 5.0 42  60.2 40.8 86.6
27 1987-88 5.4 8.6 4.9 10.5 11.4  40.8 30.9 87.1
28 1968-89 L1 45.9 9.4 33.3 1B 1085 3.2 90.3
29 1969-90 2.5 20.3 88 1B L5 349 3.9 93.5
3 1990-91 2.0 55 7.4 1.9 35 25.3 2.3 %.1
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TABLE 9
DEPENDABLE YEILDS COMPUTATION FGR NON-MONSOON
PERIODS (NQV.-MAY)

WATER YEILD Q RANK %
YEAR 7 DESCEN- (M) DEPEN~
{x 10} NDING DABILITY
3 ORDER
M
61-62 70.5 1 3.4
62-63 35.1 55.2 2 6.9
63-64 35.0 53.7 3  10.3
64-65 41.0 51.5 4 13.7
65-66 20.5 50.8 5 17.2
66-67 22.2 50.8 6 20.6
67-68 55.2 48,8 7 24.1
68-69 26.3 45,4 a8 27.5
69-70 18.9  45.2 8  31.0
70-71 21.4  41.0 10 34.4
71-72 21.5 35.5 11 37.9
72-73 35.5 35.1 12 41.3
73-74 12.8 35.0 i3 44.8
74-75 50.8 34.0 14  4B.2
75-76 45.4  32.6 15 51.7
76-77 31.2  31.2 16 55,1
77-78 32.6 29.4 17  58.6
78-79 48,8 27.5 18  62.0
79-80 29.4  26.3 19 65.5
80-81 50.8 25.0 20 68.9
81-82 53.7 23.8 21 72.4
82-83 70.5 22.2 22  75.8
83-84 34.0 Z1.5 23 79.3
84-85 27.5 21.4 24 2.7
85-86 51.5  20.5 25 86.2
86-87 45,2  18.9 26 33.8
87- &k 25.0 18,1 27 93.:
88-89 18.1 12.8 28 96.5
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FLOW DURATION CURVE
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7.0 RESULTS AND DISCUSSIONS

The results obtained after analysi1s provide a basic 1insight
into the hydrology of river Ujh. The results may be summarised as
under:

1) While 12 rain gauge stations fal! 1n and around Ujh basin, the
mean areal depths of rainfall have been computed taking only 3
stations viz., Bhaderwah, Mandi1 and Kathua. This is due to
lack of data for most of the stations beyond 1978 as s
evident from table 2. The raintall and runoft series are

indicated in tabie 4.

2) The results of linear multiple regression have been wused to
extend the rainfall runoff series as 1ndicated in table 4.

3) Multiple linear regression and poiynomial regression as
already discussed 1in section 6.1.3 provides yeasonable
results though not satistfactory. The results are showh in
table 5 & 6.

4) The dependable yield for various exceedance frequencies 1is
indicated in table 8. & 9. for monsoon and nonmonsocon periods.

5) Following dependable vyields may be adopted tor design purposes.

i 7 3
% OF ! YIELD ( X 10 M )
b e e e e e e e e o e o e e e e e e e
DEPENDABILITY : MONSOON NONMONSOON
50 76 33
60 68 29
75 56 22
90 39 19
95 30 15




8.0 CONCLUSIONS

Following conclusions may be drawn trom the results

obtained,

1) The data length, reliability and network are not adeguate
tor a comprehensive analysis. Hence efforts should be
made by concerned state agencies Tor the 1mprovement 1in
network and ftor development and maintenance of reliable
data systems.

2) The dependablie yields computed trom given data should
help the design engineers while proposing suitable water
resources projects on river Ujh.

3) The computed yl1elds 1nclude snowmelt component. However
the proporticon of snowmelt contribution 18 not known.

4) The rainfall runott relationship could not be estabilished
satistfactoriiy by regression models, One of the reasons
couid be that snowmelt component has not been accounted.
A significant amount ot snowmelt teeds the river
during spring and summer seasons and continues even during
monsoon. The low correlations between raintall and runott
could be due to this.

5} A study_ ot snow hydrology ot Ujh river basin 1n
the upper reaches woulid be ot great help 1n understanding

the runcoff process in the catchment.
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