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PREFACE

A study of Hydrometecrology forms a basi1c
prerequisite before any other study 1s undertaken by a
hydroicgist +tor a water resources project , since 1t 18
concerned with proper assessment and management ot water
resources tor its optimum use for 1rrigation , hydropower

and allied purposes.

The Naticnal Institute of Hydrology established the
Western Hima]ayan Regional Centre at Jammu in the year
1990, with its jurisdiction of the states of J & K, HP and
UP to cater their needs in the area of Hydrology. In the
present report some of the hydrometeoroiogical aspects of
Ujh river basin in the Jammu region have been presented
and discussed. Despite inadeqguate network of
hydrometeorological stations and short length of data
available, an attempt has been made to study the

hydrometeorology of Ujh basin.

The report has been prepared by Srx $ V N Rao,
Scientist "C", Sri M K Sharma, SRA and Sri S K Verma, SRA,

WHRC, Jammu.

e Sm"\o R
(SATISH CHANDRA)
DIRECTOR
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ABSTRACT

Ujh river 1s a tributary ot Ravi. The Ujh sub basin 1s a sub
Himalayan catchment with a hilly and rugged terrain having
altitudes ranging trom 510 to 4300 meters. The catchment receives
its major centripution trom south west monsoon and remaining
during winter as a result of western disturbances 1n the form
of snow and rain. Thus 1t has a wunique distribution of
precipitation involving orographic influences.

The Ujh river has been experiencing unprecedented floods 1in
the recent times causing widespread damage to life and property
in the |ower reaches ot barrage constructed near Panjitirthi., It
was therefore teit a need to study the entire hydrology of UJh
basin.

Wwhile the existing network 1s 1nadequate an attempt has
been made to study the hydrometeorology of Ujh river sub basin
using available data. In the report some of the

hydrometeorological aspects are presented and discussed.
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1.0 INTRODUCTION

Hydrometeorology 18 of vitat Tmportance to a
hydrologist as 1t 18 concerned with proper assessment and
management ot water resources tor 1ts optimum use for Irrigation,
hydropower and allied purposes. As such precipitation being an
input to the hydrolcgic system, any type of 1nput-output analysis
requires the interpretation of 1nput data.

Uijh river sub basin of Ravi 1s about 930 Sg. kms. The source
of the river lies in the snow bound hi1lls of the Bhadarwah town
at anh altitude of 4300 mtrs of Jammu province. Keeping 1in view
of data availabi1lity, the present analysis 1s confined to
rainfall data only.

Ujh sub basin mainly comprises of hilly and rugged terrain
with altitudes varying ftrom 510 to 4300 mtrs. Orographic
influences atftect the pattern of raintall distribution 1n space &
time. The river has been experiencing unusual floods 1in the
recent times thereby causing extensive damage tO the I|ower
reaches downstream of the éx1st1ng barrage. An unusual storm on
25 sept 1988 resuited 1n a tiood that exceeded the design
capacity. The HFL stood above the top of spillway gates,
endangering the barrage structure, A study ot of hydrometeorology
followed by water availlability and design flood have therefore
been proposed. R
In the report some ot the hydrometeorological aspects have

been presented and discussed.



2.0 PROBLEM DEFINITION
The tributary of Ujh with 1ts sources 1in western
Himalayas invotives a study of mountain hydroiogy. The
mountainous catchment ot Ujh with altitudes ranging from 510 to
4300 mtrs has a typical distribution pattern of rainfall and
runotf processes.

For wunderstanding the behaviour of rainfall runoff and
other hydrologic processes, a study of climatology, precipitation
sterms, orographic effect and rainfall distribution in space and
time is therefore imperative. However, the study and analysis in
this report is confined to rainfall alone , the data for which,

could be procured from Irrigation and flood control deptt, Jammu.




3.0 DESCRIPTION OF STUDY AREA

3.1 The Uih River :

The Ujh river is a tributary ot the Ravi, one of the five
rivers Punjab. The head waters of Ujh lie in the Kailas parvat
lake at an altitude ot 4300 mtrs near the Bhadarwah hills of
Jammu province. From the source point the river travels for a
length of nearly 100 kms betore it Joins Ravi below Nainkot 1n
west Pakistan. Just upstream of damsite, four streams Bhini,
Sutar, Dunarkil and Talan together Join 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 of ujh river at damsite 1s 990 sg. kms
planimetered ftrom topo sheet. The catchment is quite hilly and
rugged varying in altitude trom 510 Mtrs to 4300 Mtrs, A plan of
catchment area is shown 1n Fig No.1. Areas having an aititude of
2000 Mtrs and above which constitute about 20% of the catchment

area are generaltly snowbound for most of the winter.

3.3 Climate :

There are three temperature stations near the catchment viz;
Pathankot, Jammu and Dathousie. The mean annual temperature of
Pathankot of 23.0° q can be taken to represent the southern part
of the catchment and that of Dalhousie ot 15.9 °C of the eastern
portion. The temperature at higher altitudes 1n the northern part
1s expected to be low. The climatic conditions vary from semi

arid to humid from south to northern parts of the catchment.

There are two rainy seasons one from December to March
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associated with the passage of western disturbances and the other
mid June to mid September due to south west monsoon currents. The
rainfall 1n October and November is generally small in amount.
The cold season precipitation trom December to March is chietly
due to western disturbances which advance from Persia and
Baluchistan across northern India. These disturbances
occasionaliy give very stormy weather with stormy winds on the
higher elevations giving much snow. In April & May thunder
storms are occasionally observed giving l1ight to moderate showers
of rain. The south west monsoon 1s a predominant feature 1n this
region. The normal raintall of some of the stations around Ujh

catchment are presented 1n table 1.




4.0 DATA AVAILABILITY

4.1 Rain fall data _:

There was no rain gauge station inside the catchment prior
to 1956. Fig.1 shows the location of rain gauge stations in and
around the catchment. There 1s no SRRG(self recording rain gauge)
in the Ujh sub basin. The data collected by state government
inciudes those of 12 non recording rain gauge stations (ORG) tor
which data was made available. Daily rainfall data i1s availlable
from 1956 to 1975 for the 12 ORG stations, ot these, two stations
Mandli and Kathua have data trom 1956 to 19%0. Only three
stations viz; Mandli, Ujh damsite and Kathua tall within the
basin. However the data availlable has large gaps and
inconsistencies.

As already mentioned the number of rain gauge stations 1in
the catchment 1s not adeguate cons%dering the mountainous terrain
(as per WMQ standards one R.G., station every 150 km) and as such

a proper rain & snhow gauge network needs to be established.
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5.0 PROCESSING & ANALYSIS OF DATA

5.1- Testing and adjusting precipitation data

In order to avoid erroneous conclusicns it 1is
important to make proper interpretation of precipitation data
which often can not be accepted at face value. Where gaps occur
in rain fall data they need to be ft1ililed up sultably based o©on
adjacent station data. Some ot the methods employed in computing
missing rainfall data from adjacent station 1nclude,

a) Normal ratio method.
b) Distance power method.

In the present case "Distance power method” is adopted as
it 1is suitable for mountainous catchments.In this method weights
are assigned to rainfall stations adjacent to stations where data
is missing as 1nversely proportional to the sguare of distance
separating the two .This method gives reasonablie values.

5.2 Data consistency

Non homogeneity occurs when a sudden change overiaps in the
hydrologic eco system oOr in the method of observation on
reduction of the basic.data and often the response changes
suddenly 11n a hydrologic eco system. Therefore consistency ot
records need to be checked Ttor known OF suspected non
homogeneity. Tabie 2 shows the annual rainfall value along with
missing rainfall values duly tilled by Distance power method as

also the data consistency checked and corrected using the Double

mass technique.



5.3 Network reguirement

The mean annual! rainfall for 15 years (1.e. ftrom 1961 - 75)
varies in the range of 145 - 190 cms. For optimum network
requirement computations, Bhadarwah, Mandli, llathua and Jasrota
stations mean annuail rainfall was examined with Bhadarwah,
Jasrota and Kathua jJust outside the watershed boundary line and
Mand!1 with 1n the catchment. The coefficient of variation was
iess than 10 ¥ 1ndicating adeguacy ot network. However 1t should
be noted that the sample length available was small and as such
at teast two more R.G. stations need to be added as per WMO norms
within the catchment. Also a suitabie number of snow gauges need

to be instalied 1n the upper reaches ot the catchment.

The 15 years data analysis of rainfall in and around Ujh
basin indicated that a major portion of annual rainfall is
contributed by the south west monsoon. The details of 12 station
(in & around) mean or Ujh basin during monsoon period (monthly)

are shown 1n table 3.
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Table 3
Monsoon Contribution of Annual Rainfall
{12 stations mean)

——— ———— ——— e Y e T — i — T S M . - Y W T W S W S . — S — ————————— ———

S.No Year June July Aug Sept Seasonal
1 1961 3.7 25,1 29.9 17.2 96
2 1962 3.4 20.3 30.7 21.2 72
3 1963 4.9 21.1 32.3 7.5 66
a4 1964 4.1 22.1 25.6 16.6 68
5 1965 2.3 25.8 12.9 12.7 43
6 1966 12.6 23.1 22.1 17.9 75
7 1967 3.2 27.5 26.1 23.7 80
8 1968 58.7 34.8 26.0 3.4 70
9 1969 1.6 22.17 36 .1 6.4 67

10 1970 1.2 1.9 34.4 14,4 80

11 1971 14.9 27.4 45.6 2.5 90

12 1972 5.6 28.0 29.2 12.4 75

13 1973 7.7 21.2 40.2 10.6 79

14 1974 3.5 40.4 25.7 3.5 73

15 1975 2.6 34.8 28.7 10.8 72

5,5 Maximum rainfall

Maximum rainfall of one, two and three days durations have
been determined for the three rainfall stations viz; Mandli, Ujh
damsite and Jasrota which fall within catchment from the
historical data. The "Bhaddu" raingauge station which also falls
within the catchment 1is with scant data and hence is not
considered for determining maximum rainfall. The maximum one,

_12-.-




two and three days rainfall are shown in table 4-6. The so far
recorded highest one, two and three days rainfall within Uik
basin are 215, 425 and 530 mm at Mand)i station from 24 to 26
Sept. 88. This storm was unusual and 1ts corresponding flood and

caused severe damage as already mentioned in section 1.0.

5.6 Freguency Analysis

‘he Mandli station lying aimos in the centre of catchment
whose rainfall distribution shou'd be representative of Ujh
watershed in general was subjected to frequency analysis. The
annual series was subjected to extreme value frequency analysis
(EV-1). The one day raintfail depths for 5, 10, 50, 100 and 1000
years return periods were found to be 166, 197, 266, 295 and 393
mm respectively. The freguency curve shown in Fig.2, should be

usefui for design purposes.



Station : MANDLI

TABLE -4

NAXIMUM RAINFALL

JUNE uwy AUGUST SEPTEMBER
SN, YEAR ONE DAY TNO DAY THREE DAY ONE DAY TNO DAY THREE DAY ONE OAY TWG DAY THREE DAY ONE DAY TWO DAY THREE DAY
MAL ML MAL, WA ML KA, WX WAL MAL NAK. O OMAX. MY,

T TN - 000 2.0 2330 150 1750 225.0  158.0  Z30.0 282.0
4 B2 1,20 888 1,09 567 61,8

2 196 A 525 2.0 8.0 8T 1080 1680 247.0  283.0  110.5 2205 238.0
15 16,17 15,117 SN I RN % 25,26 25,28,21 00 19,20 19,20,21

L T DATA NOT AVAILABLE-==-nnnnnmnnnessnumnn

L DATA HOT AVATLABLE~--==-m-rmmmnmmmmnen

5198 193 - - NS0 2260 2580 8.0 .5 1005 105 - -
29 % 25,26 24,25,2 0 20,2 20,21,22 19

6 196 11 47,0 3.0 720 1040 {2 1200 WO 1510 900 150 2350
419,20 19,2021 B 5,26 20,20, 18 19,20 18,19,20 § 89 8810

T8 W 120 - 9.6 160.56 1640 800 1250 M0 TILO 1230 140D
23 15,18 5 56 5,67 I N 15 14,15 14,15,15

6138 24 264 - 1250 2490 2610 4.0 510 8.0 8.0 - -
1 1,1 29 28,29 27,28,2 15 19,20 13,20,28 15

T T IS S O - 1260 167.0 123.0 5L0 66,0 8.0 8.0 5.0 -
27 217,08 16,17,18 "oO&T 67,8 59,10

0110 1500 1350 - 0.0 0.0 1700 T5C 1250 3.0 T0.0 105.0 32.0
515,18 1R 123 L4 34,5 459,101

o i - - 15100 1710 1065 1020 2016 2910 302 9.1 2.5
% Ho0M 13,14,18 B 56 6, T B

12 s 189 6.5 7.0 140.2 e 5.0 3 we o4 w7 31.8
¥, 2,28, 38,3 18,19,20 I TR I NN 2 M2 458

(KRRT 1 T B T - 180 1413 2244 1830 280 3.0 1300 2000 213.0
12 12,13 0 5,6 18,19,20 888 143 19 18,19 18,18,20

WO owNoe - - /.0 180.0 850 8.0 1650 25.0  50.0 - -
23 134 23,04, R N 18

15 1875 - - - 2000 3200 0.0 &5.0 1310 1570 580 T80 83.0

2,22 21,22,03 0 0,2 20,20,2 15 15,06 3,45

-14=




TABLE -4 Contd.
NAXIMUM RAINFALL

§tatton ; MANDLI

JUNE ULy AUGUST SEPTENBER
K. TEAR ONE DA THO A1 TAPEE DAY ONE DAY TNO DAY THREE DAY ONE DAY TWO DAY THREE DAY ONE DAY TWO DAY THREE DAY
WAL, WAL WAX, MR, AN, MAX. WAL WA, MAX MK, WAR.  MAX,

16 1976 15.0  21.0 2.0 85.0  160.9  165.0  150.0 2130 2286 - - -
11 15,17 15.18,17 % 25,26 29,30, 7 12 123

1191 b0 1802 2524 - - - 8.0 95,0 9.0 5.0 130 3.0
15,06 15.16.07 &7 123 B 5.6 45,6

181978 480 80D 0.0 W50 1810 2440 1600 175.0 2150 100.0  150,0 -
0 79,30 28.29.30 3 .15 415,06 y 910 910,11 15 1415

1998 0.0 B0 8.6 - - - - - - - - -
713G 10514

20 1980 25,0 15.0 - 100.0 170.0 ded,l HON] 44,5 10,8 15,0 4.9 318
13 7178 MO8 13,1415 TS I R 0 1001 WL

N 1981 §3.0  40.0 - 182.0  l.4 13 6.6 6.n 16§ 4.1 2.9 -
[RTRT, 1 1314 24,2526 131503 1530 NI

2 18 g - - 5.0 §5.0 3.6 5.0 165.C W5 a0 - -
15 1 26,25 24,2526 2 2%

21983 23,0 48.0 - 8.0 98.0 1130 780 81.0 2l 5.0 48D §0.0
15 15.18 2 28,27 26,21.28 23 L34 TRERIRI BRI KL

0194 W0 4.0 2.0 60 86,0 1080 850 856 10 M - -
2 21,28 16.17.18 23 29.30  20,29,30 1§ L2 19,20,21 1,2

TR L — DATA NOT AVATLABLE=-nn=mmmnm=mmmmmssasmmmammmmemrmennmnmnnnn

% 1986 2.0 30.0 W0 /O 40 6.0 8.0 9.0 1160 180 16,0 -
W .2 26.27.28 6 legb 18,180 TR W .

R A LN - 0.0 58,0 Mo 1.6 L0 %.0 2.0 200 30.0
10 3.4 X KX PR L ST s i PELFY iFLud 7Y 4 9.l £.7.4

#1988 4 1R - W0 B0 MIe 14k @G Sab slnb o e 83D
PRI 2 N RBAN Y 84 188 % o e

23 1969 i 4.0 - 156.0 Wil N R #ai kG 210 8.5 .
t1 1?.'” ! R I 23 |,? d ] b i

- 15—



TABLE - §

RAXIMUN RAINFALL

Station : JASROTA
JUE LY AUGUS SEPTEMBER
SN. YEAR ONE DAY TWO DAY THREE DAY ONE DAY TWO DAY THREE DAY ONE DAY TWO DAY THREE DAY ONE DAY TH0 DAY THREE DAY
WAL, NA. WA, KK, NAL. HAY, WAX. WAL HAX, KA, HAX, NAX.,

1 181 %5 & R 106.7  131.2 s 864 1067 175.3 8.4 813 86,4
2 29,10 300 29,30 29,30, TR IR R Mo W25 24,152

FERL Y 1.8 1.8 0.3 405 27,8 8.5 888 1067 .8 1490 234 7210
TR O NPT 1.8 7,8,3 26 25,05 26.21,28 2 w2 1,1,

iO19%3 589 GES - 554 85.9 9.6 B1.3 1524 109.3 50.8  52.1 §4.8
%2, 330,30 29,36,3 "o 5,8,7 Y 34,5

O 1954 .0 0.0 - 0 120 01,2 128 1. - 1520 232.0 49,6
BRI RE 21 26,21 26,2728 TEERIRE : 1,2 8,810

5 1965 12y - - 31 120.0 183.0  94.0 1020 0.8 - - -
30 323,28 22,2304 woone n.nn

6 1966 635 810 2.5 100.0 1020 12,0 830 132.0 5.0 150 - -
319,20 19,20,21 3 2,25 24,2528 " 5,8 65,6 8

11967 4G 43 - 135.6 161.6 1519 135.0  140.0 2100 1350 293.0 360.0
0 28,2 5 5,6 5, LN 65,6 12 12,13 12,13,14

g 1968 350 18,0 8.3 1200 181.0 1850 75.0 1520 2000 50.0 - -
26 23 34 212,43 12,1314 18,19 18,19,20 1%

9 1969 -

132 D — OATA NOT AVAILABLE-------

w1912 00 - - 160.0  245.0  256.6  128.0  39.0 - 14 38 61,6
2 T 8% 8,910 25,29 0 14,15 14,15,15

1Ml 80.0 128.0 4.0 - - . 175.0  325.0 5.6 60.0 1200 150.0
4 W5 2,25,2 3 e 8,0 12 12,13 12,13, 44

TR

1990 eememeeemaeeeeee DATA NGT AVAILABLE -
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TABLE -6

NAXINUN RAINFALL

Station : UJH DA SITE

JUNE JuLy ALGUST SEPTENBER
SN. YEAR ONE DAY TWO DAY THREE DAY ONE Di- THO DAY THREE DAY ONE DAY TNO DAY THREE DAY ONE DAY THC DAY THREE DAY
MK, RALMAL WA, ML KRN, WAL KRR WAL MAK. MAK. NALL
v 183 224 - 1485 221.0  228.0  226.6 2420 2647 M7 1783 2085
2 2.0 20,4 23,24, 39,10 §,10,11 A E AN
21 28 85 - 7.8 140.2 MY 260 2315 3099 1245 2280 263.6
2,2 _ u 05 25,2 7 a8 2,28, 2 2,22 2,0,
T S DATA NOT AVATLABLE--=n-s=m-mmm=mmm=m=m===eeeesne-
¢ 1aR : - - DATA NOT AVAILABLE-=-=r=-===mmmmmomsemsercnnans
51985 164 - - 1S 1958 2T 862 1 131 y - -
3 w2, 2,05,U 2 21,22 20,20,2 ‘
b 1986 1004 126.0 13,2 1990 1203 M4 880 1182 L4 38 MO W
S5 19,20 27,28,29 325,06 24,2528 5 87 818 8T8 6,18
1o 130 1T 8.2 9.0 1330 w0 662 722 144 8.2 10.2 8.0
16 16,17 15,18,17 5 56 567 12,13 12,13 121,12 12,13,
& 1968 463 - 5.8 S6.4 . 2067 215 2&T 1139 HE4 TRY 16D - -
110,11 10,11,12 020,28 18,19, 19 18,19 18,13,20 19
T 1969 9.0 b4 - 103.2 166 1366 2349 2638 2738 /4 419 6.3
15 27,28 20 13,20 18,19,20 5 58 458 189 1,89
11970 123.2 1256 1884 58T 63.3 627 514 828 1058 630 44 .9
15 1,15 13,1415 A 3031 29,30, 13,14 13,14,15 23 s
1o 1058 1068 1128 100.6 1328 2089 1515 2315 2339 45 515 -
noo2,3 2,34 o 12,3 2 123 § 8,9
121912 I8 15,0 6.0 789 1201 17§10 808 8.3 10,6 182 26.5
2 20,28 26,27,28 8 8% 89,10 3,10 89,10 09,10 8,3,10
131913 M0 T0.4 9.3 1.6 148 1288 1800 2094 M54 B24 1022 11T
113,06 24,252 15,16 26,27,28 1 5,10 §,3,10 16 15,16 15,16,17
oM 50 52 - 1198 2531 2951 158.0 1854 2989 102 &8 -
%5 U0 16 16,17 15,16,17 oMz 11,12,13 8 U2
151975 8 3.6 7.0 M6 UT.8 190 338 328 9.8 988 5.6
913,20 28,293 _ 17 a4 2,8, 2 1,2 2,3 1,2 15,180
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5.7 Annual Raintall pattern and Moving Means

The Mand|i1 raingauge station which lies aimost 1n the centre
ot catchment 1s considered to reflect the trend of rainfall
pattern ot the catchment. Fi1g9.3 shows the yearly distribution ot
annual rainfall from 1960 to 1989 along with 3 years and 5 years

moving means.
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) SELECTION OF STORM AND RAIN STORM ANALYSIS

o
‘d

Seltection of storm

In arriving at design storm,a number of rain storms were
anatysed. For this purpose, the daily rainfall data of various
rain gauge stations mn and around the tbasin were
scrutinised.Keeping a threshoid value of rainfali as 30 mm,all
such rain spells during which a number of stations recorded
rainfall equal to or above the threshold on one day and above
were selected. To select the severest rain storm out of these
storms, arithmetic average of the rain storm over the catchment
area was computed and two severemost storms were subjected to
catchment centered 1sopercental/ 1sohyetal analysis. The
chronological seguence of important storms and their average
depth over the catchment have been computed as shown in table 7.
6.2 Isopercental Computations and DAD Analysis
6.2.1 Methodology

Ujh sub basin being mountainous, the conventional method ot
isohyetal analiysis 1in arriving at critical depths would give
erroneous results. As such 1sopercental technique ( Indian
Meteorological deptt,1972} 1s being adopted to take into account
the variation of rainfall with elevation.

The 1isopercental method essentially requires a base map
of either mean annual precipitation of the region or preterably
seasonal mean precipitation of the region, for that particular
season in which the storm had occurred. There atter the ratio of
the storm precipitation to the mean annual or seasonal

_21_



Table 7

Computed Average depth of rainftfaltl over the basin

Date Avr depth (mm)
7 Aug 1961 5.97
] - dg - 50.37
9 - do - 88.96
6 Sep 1961 11,90
7 - do - 77.87
8 - do - 47.35
7 Aug 1873 52.11
8 - do - 82.80
9 - do - 132.72
16 Jul 1975 113.186
21 Jul 1975 44,66
22 -~ do - 57.78
23 -~ do - 76.87
15 Jun 1977 26.62
1€ - do - 11.90
17 - do - 14.44
14 Jul 1980 57.85
15 - do - 118.33
24 Sep 1988 161.28
25 - do - 208.28
26 - do - 197.64
27 - do - 23.61

precipitation is expressed as ¥ and plotted at each station and
smooth isolines are drawn. The percental ratios on the lines are
then multiplied by the original base map values at a large number
of points of intersection by superimposing the isclines to obtain
a new set of poimts. These new points enable one in drawing the
final isohyetal map. Thus the storm ischyetal gradients and

locations of centres tend to resemble features of the seasonal or

_22_




annual 1sohvetal pattern and get adjusted not onty " for
topographic teatures but also 1ncorporate the pattern ot storm
occurrence. While arriving at valid conclusions, same number of
stations (and same stati1ons) should be used as tar &as possible 1n

the analysis.

6.2.2 Apalysis

In the present analysis the storm of 7-9 Aug. 1961 and 7-9
Aug. 1973 has been considered for analysis inspite of the fact
that the storm of 24-27 Sept.1988 is severemost and unusual. This
is due to lack of proper data for most of the stations 1in and
around Ujh sub basin during Sept 88, 12 stations (as shown 1in
Fig.1) data has been used for the analysis.

The isopercental computations were made and subsequently
isohyetal! maps were obtained for one, two and three days storms
(7-9 Aug.196t1 & 7-9 Aug.1973). These are shown 1n Fi1g.4 through
9, The DAD curve is shown in Fig. 10-11.

Table 8 shows one, twoc and three days average depths of
precipitation from DAD curves. These critical depths should help
in the design of projects.

Table 8
Depth Area Duration values
AVERAGE DEPTH (MM) OF PRECIPITATION
OVER AN AREA (S5Q. KM)
DURATION STORM CENTRAL-----—--——————— e
PERIQD VALUE 200 300 400 500 600 700 8OO 900 930

1 DAY 9 AUG 1961 190 156 135 128 118 110 102 92 88 85
9 AUG 1973 270 240 232 225 220 215 210 205 200 196

2 DAY 8-9 AUG 1961 210 190 180 175 165 160 155 150 147 145
8-9 AUG 1973 460 405 395 385 375 365 355 345 337 331

3 DAY 7-9 AUG 1961t 260 245 235 226 217 208 200 188 180 177
7-9 AUG 1973 575 525 497 475 455 437 417 400 380 372

———————————— T —— T — e L S L e S A S T — o —————————
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7.0 CONCLUSIONS

The

following conclusions may be drawn from the study made

on various hydrometeorological aspects.

1.

The present analysis of rainfall data gives an overal)
picture of rainfall pattern and its distribution over
the catchment from the limited data that is available.

The net work of hydrometeorological stations needs to
be improved on WMO norms. Also there is an urgent need
to establish reliable data collection network systems
in Ujh catchment.

Of the neariy 30 years of data available only 15 years
data i1s continuous while the rest has large gaps which
can not be filled in for any hydrometeorological
analysis as indicated in table 2.

The computed average annual rainfall ranges from 140-
180 cm. This trend is also reflected in annual series
and moving means piotted in Fig 2.

The trequency analysis for various return periods
provide the depths of maximum likely storms 1in the
basin.

There 1s further scope tor studies to be carried out
such as design storm estimation by storm maximisation
technigque, water availability studies and rainfalli
runofft modetling in order to have a better
understanding ot the hydrology of Ujh catchment.
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