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Abstract -

Analysis of drainage system, metcorological data,
hydrogeologic:l conditions, environment~l degradaotion, wntcr
balrnce ~n: fluctu~tion in water levels in wells of Jawai
cetchment indicate that there is gradusl decrememt in the
statis reserves of ground water in Jewai cotchment of VWestern
R-josthan and en adverse condition has been noticed at many
pkces where the saline watcr facies have encrocoched the fresh
water recervoir,

The meteorlogical aspect is i:dicotive of the fact
thet in the Jeowad ertchment, the re is sufficient water surplus
which is beirg lost as evaporction ~nd run-off, The catchment
w-s hit by severe floods during 1973 and 1979 ana by moderate
floods during 1961, 1964, 1975, 1977, 1983 and 1990, 1991 etc.
The computation of one of the factor that th:re was huge
run-o ff during these rainfall years. TLe great cmount of run-
off during thcse rainfhll years was noticed when the frequencj
and intensity of showers was high although, the rainfall was
less than the normal rainfall, There is no adequate storage
capacity to use this huge qumtity of surplus water. Inspite
of th water being surplus, there is declining trend of water
levels in the wells, which conclude that water is lost due to
run-off in mo st parts o ithe catchmemt whereas in main Jawai
Cancl thr decrease in ground water stornge is due to with-holding
of wrter in Javai Dam, However, it is nlso estimated that a
grent quantum o f woter is lost due to ev~por~tion amd run-off,

% Supcrirntending Hydrogeologist, Survey & Research,
Ground Wntcr Department, Jodhpure.




I RCDUCTION

The object of this paper is to acm=zint the scientists,
apriculturist, engineers, planners, and administrators, _ r
taking suitable measures to preserve environmental, cultural
heritage, and ecological aspects and to bring this part of
state to be with main national upliftment programme.

The “"JAWAI CATCHMENT" (Plate J-1 and Plate J-2)
contributes surface water from western ghat portion of main
Aravall ranges. The Ghat portion receives water from rainfall
and speedly supply to lower portion of the catchment in direct
respo:.se to surface gradient., The surface flow establishes
nrtwork of streams ci first to seventh order, till it merge in
the rann of kutch in association with Iuni catchment, the onl-
drainage basin in western Rajasthan,

Since histor.c time the region of this catchment is
self maintained as it has got favourable climatic condition,
fertile soil cover and hezlthy !'man and cattle inhabitants
supported by traditional way of distribution of workmanship.

In recent ve '1's for efficient utilisation and conser-
vation of surface water and to bring more and more land
dtable for cultivation but un-irrigated in to the fold of
irrigetion, in almost all the villages minor or major civil
structures were installed. The installation of suc! =ivil
structures have partly fulfilled the need of the local residence

“o matenh with irrigzation, drinking and live stocks requ’ anents.
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Due to uncertainity of rainfall, these structures played a

vital role to develop harmony in the soclety and also given
an understanding of co=~operation,

The potentiality of this catchment was adjudged and
viewed by Late Hishighness of Jodhpur in the wicer prospective
of Marwar State and he transferred the thoughts to the eminents
planners for conservation of surface water tor intensive
irrigation and also simultaneously to match with drinking water
requirement of Jodhpur City. The major Jawai Dam is outcome of
tnis thought. The historic potentiality of this catchment has
not been adversely effected for many decades as the natural
environment, forest, and the traditional method of taking out
water from wells were in favour till 1965. Developrent of ground
water resources became the need of the region for increased
agriculture product and speedly expansion of the water supply
schemes to connect all the villages with a suitable quality of
water, The indiscriminate use of ground water, deforstation,
and preserving the dame water for drinking water supply has
effected the local harmony in the aguifers to sustain pumping.

Ground water investigation has explored the entire
catchment to make use of the ground water for irrigation,
drinking and live stocks, The decreasing/depleting trends of
water level, the wells of the c-tchment has invited the
attention of the local residents and planners of respective
s -divisional and divisional authorities. In following pages
an attempt is made to deciper technical understanding to

apprise the local resident for use of water.
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I. PHYSIOGRAPHIC SET UP AND WATER BALANCE IN JAWAI CATCHMENT

The whole catchment area can be divided inte sub=-basins
n elys-

(a) Jawal river sub-basin
(area - 2130 sq.km, excluding the catchment
area of Jawai dam - 714.0 sq.km.)

(b) Khari river sub-basin
(area 2318.0 sq.km.)

(¢) Bandi river sub-basin
(area 1330.0 sq.km,.)

(d) Sagi river sub-basin
(area 912.0 sq.km,)

(e) Sukri river sub-basin
(Saila to Luni - area 1136.0 sq.km.)

(a) Jawai river sup-basin:

Jawail river originates from the Aravalli ranges in
Sirohi district in all the direction except south, near
village Dhakuji. In initial stage it flows from south to north
an” some nallahs east to west, The Goriya river originates
from the Aravalll ranges in Udaipur and Palil districts and
after flowing for about 40 km,, Joins Jawai about 1.0 km.,
east of Bhandar Village in Pali., The two moves from south to
north for about 25 kilometres then fall in Jawai dam,

The Tarawari nadil is formed by the confluence c¢f Chirpin
nallah and Harganga-ka-Wara Jjoins the Jawal river near villége
Sena, The slope of the river in the up-streanm of Jawai dam is
1 in 300, After Jawai bund, the river flows in flat areas of
fali district with a slope of 1 in 350 to 400.

After flowing for 55 kilometres below Jawai dam, it is
Yeing joined by Sukri Nadi (i) near village Palasi in Jalore
zni flows in north-western direction. It meets Sukri Nadi
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(ii) between village Paharpura and Nawakhera and then is
called Sukri river., The total length upto this point from
Jawai dam is 85 kilometres and upto Saila, it is 125 kilo-
metres, Between Jalore and Saila, many nallahs originating
from local hills, reet it at the time of heavy discharge
otherwise, disappear in the sand dunes, Near village Salla,
“harl river meets it. The Jawal river flows parily in hilly
areas and partly in plain from Jawai dam to its confluence
with Sukri., The river flows through sandy plains of Jalore
and Barmer below its confluence with Sukri upto Khari at

Seila,

Sukri Nadi (i) is formed by the confluence of Shiv-
reeri-ka-Nallah and Anka-Ka-Bala, Shivnagri-~-ka=Nallah
criginates from the local out crops about 2 km,, south of
ilz: 2 Malnu in Pali district. After flowing for about 20 km.,
W direction, meets Anka-ka-Bala near village Chotila-ki-

v

[

HEELLs

The Anka-ka-Bala originates from eastern slopes of
Avavalli ranges and after flowing for 13 km,, meets Shivnagri-
ko~ Mallah,

After the confluence of these two, Sukri Nadi (i) is
formed and flows in NW direction and then from south to north

and meets Jawal river near Palasia in Jalore,

(®) Khari river sub-basin:

Khari river sub-basin is formed by the confluence of
Khari nadi, Kameri nadi, Krishawati nadi, Khari nalla, Bandi
nadli and Rel nadi.

Khari river originates from hills of Bankli-Bhakar
near village Won in Sirohi district. One off-shoot of this
river starts from western slopes of Aravalli ranges near Sukri
and Joins the Kharl river near village Gol in Sirohi district.
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Crnodim is a good source of storage tank on it. It Jjoins

-3hnawatl nadi near village medgarh, which originates from
trie western slopes of Aravalli hills near village Isara and
flows in north for 20 kilometres., With it meets the Kameri
nati which originates from the same source as that of lFrishna-
watli, The Khari Nallah originates between village Fithura and
Moadur and joins Krishnawati near Siyana village and after-
wards the river is known by the name of Khari nadi, To this
meets the Bandil nallah which staris from the rock outcrops of
Kuma village and flcws from south to north for 80 kilometres,
Joins Khari near village Akoli and then the river is cal.ed
Panil nadi. Rel nadi is formed by the confluence of !ongu nncdi
and Jalia bala, The Mongu nadi is an off-shoot of Rel nadi
coriginates from the rock outcrops near village Kuma and Jali~
bala from Phalwadi. These two off-shoots Jjoin near v:illage
Deidari to form Rel nadi,

The Khari river ultimately Joins Jawal - Sukri river

near village Salla,

(c) Randi River sub-}_.sin:

Bandi river originates from the Nandwan hills near
village Iivaj. Another off-shoot originates from eastern
slopes of Jaswantpura hills, The whole river flows from south
To north for a distance of 20 kilometres and then SW to W for

distance of 30 kilometres and then from east to wes* for

e
)

¢ ilimetres and then joins Jawal - Sukri river near Dhumbalin,
To it meets Kapalganga nadi which starts from the hills near
e Stankra ir Z2irohi and flows in UW direction about
kilometres in hilly rezion znd then Joins Banii river near
village Chandur in Jalore district. The slope ot tke river is
25

0 in hilly resion while it is 1 in 700 in sandy region.
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i) Sagi river sub-basin:

D)

Sazi river originates from the western slopcs of moun-

1120 US ranges near Jaswantpura. In the initial stage i-
is Xnmwm by Dhani river and becomes Sagi nadi when it flous
in <he plain, To this, meets another river inown as Sukri

or Khara nadi which also originates from the same mountains,
nea: village Alari, The whole moves from west to east and
arter flowing for about 80 kilometres in the plain and sancy
terrain, Joins the Sukri near village Itada of Jhab, which
ultimately Jjoins Luni, The river traverses wholly in Jalore
district,

(e} _:xri river sub-basi= (Saila to Luni):

This sut-basin is formed by the confluence of Jawal
Sukri and Khari river near village Saila in Jalore. It flows
in west direction wit:. a slope of 1 in 800. After flowing for

%% kilometres, Tandi (Jaswantpura) river joins it on left bank
nezr vililaze Dhumbadia, Here, Sukri bhifurcates, the lef*

branch is Jjoined by Sagil near village Junibali, The right

branch again bifurcates and enters Barmer district near village
Rammura, These branches ultimately Joins Luni river near

villaje Padori. The another branch Joins Lunl about 2 kilometres
¢: .~s*reanm of first one. The whole river flows in the saniy

repgions of Jaleore and 3Barmer district.
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“xisting Tanks in Jawai River Sub-basin (upto Khari and Band:

‘dver Sub-basin)

sq.km.

(A) MAIN JAWAI RIVER SUB-BASIN:

Jawal dam
Shivnath Sagar
Songiri-ka-bals
Boki-Ka-bala
Krishra Sagar

¥ana Kolar
Curbana

Godana Bund
Palri Tank
Friwandi Bankli
Takhatgarh Tank

Proposed Schemes:

Sukri Inundation
Saneme
“Zarjl Irrigation
Project
Jardargarh Irrigation
Project

niwara lrrigation
Yirogeet
Chipparpala
Irrigzation Project

714 .00
3.63
15.54
7.02
4,33

3¢T3

8.81
21.5
L2.1
126 .9
49 .2
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Yiéld Avérégé feésil} .
stored irriga- District
in mem tion in
hectares
3 4 5
207.85 18413.,4 Bali/Pali
1.2743 222 .6 s
0.9684 87.4 '
1.0622 1222 -
BL27e 31,6 Sheoganj/
Sirohi
0.6074 98.3 )
007578 73-2 7
18720 1671 s
005380 51'-6 )
6.1411  797.6 Bali/Pali
1.9666  329,8 Bali/Pali
7.4332 1618.8 Sheoganj/
Sirohi
9.911 1254,5 Ahcre/
Jalore
2.8317 323%,8 Jalore
0.7%929 91,1 Jalore
0.2832 22,4 Ahore/
Jalore




Jisx of exicting tanlis:

rawari Tank 5.5 0.2860 30,8 Sheoganj/
Sirohi

skhelao Mansarowar 20,7 0.8495 224.4 Sirohi

palri Tank 5.2 0.5380 54,6 '

{Xaran Sagar}

Cra Dam 233,3 22,6535 3670.5 x

Thuriyal Tank 43,5 0.7716 49.8 '

Rishan Tank 75.1 6.3888 752.3 Bhinmal/
Jalore

iallupura Tank 15335 3,3980 253,7 Jalore

imiier construction:

Ancore Dam - 13,4506 - Sirohi

(On Krishnawati)

Future proposal for

irrigation:

Kameri Irrigation - 10,1941 1456.9

Froject

“imhalbar Tank - 1.1327  161.9

Total Irrigation - 2.5485  364.2

Project

{ .} BANDI RIVER SUB=-BASIN:

Poidra Ram 42,74 %,0299 Lo6,3 Sirohi
Chekala 5,20 0.2265 25,5 Bhinmal/
Jalore

Unier proposal:

Bandi Sendra Scheme LA .6 13,9744 1419,2 Bhinmal/
Jalore
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(D) SAGI RIVER SUB-BASIN:

Silwasan

Baratha
Lakhawas

Under construction:

Vandhar

Future proposals:

€5 i diversion
4C.eme near
Dhani Golia

Derari Tank

Sagi Inundation
near Dhani Golia

(I, SUKRI RIVER SUB-BASIN (SAYALA TO LUNI)

10.72

8.03
6,48

358.0

Iist of existing cross-bunds:

Bamal bund

Hemaguda bund
Zhab bund
Sindhasva
a;

hakarpura

Proposals for three cross bunds:

1ali Ki Dhani bund
Rampura bund
Tanitr2 bund

40

0.4964

0.5584
Qs 3752

3.3131

.9.0614

241258
2.5485

0.8495

2.5485
1. 161

0.3115
0. 3115

0.8495
0.8495
0.8495

283.3
526, 1

203:2

625.7
265.5
66,8
68.8

1821
182, 1
1821

“hinmal/
“alore

Sanchere/
Jalore
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.o, GBNERAL CLIMATIC PEATURES

(4) Rainfall:

The climate of the area is dominated by the south-
st monsoon which starts by the end of June and withdraws
from the region by the second week of September, Rainfall over
the region mostly occurs in spells associated with depressions
.rizinating in the Bay of Bengal region and passing across the
auntrv and over the Rajasthan region, Occasionally such
nells gets strengthened due to feeding of moisture by molsture
aden SW winds from Gujrat coast giving rise to heavy rainfall
irn short duration and leading to flash floods in the catchment

area,

[
[l

tn

P

The monsoon season provides an average of 90% to 92%
of the annual rainfall and nearly 64% to 66% of the total
rainfall occurz in July and August. This is mainly due to the
infltence of the deprezsion passing across nearer to the
Fajasthan which causes low pressure over the catchment., Breaks
of about a week in which the rainfall activity is the least is
arother feature of themonsoon, The average annual rainfall of
the catchment area is 445,3 mm as determined by the Theissen
Polygon method whereas, the arthmatical average is 450.4 mm,
The average monsoon rainfall is 406.4 by Theissen Polygon
method whereas, arthmatical momsoon average is 410,7 mm. The
major part of the catchment area comes under the classification
of arid climate except the small region around Sheoganj and
Sirohi in the east and south-eastern part, which is semi-arid
ir. nature., The average monsoon rainfall of Sheoganj and
Sirohi is 518.2 and 584 mm, The rainfall decreases as we move
towards north and western part of the catchment, The nverage
morsoon rainfall in the north and western part of the catchment
varies from 335.0 to 350.0 mm,
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The main reason of the decrease in rainfall is topo-
graphy of thc area, The east and south-eastern part of the
catcnhment is covered by hills whereas, the west and northern
part is slain desert (part of Thar desert). A small quantity
nf rain about 3% to 5¢ of the annual rainfall is received
occasionally during the hot weather period (March to May).
The contribution of rainfall during post monsoon season
(0ctober=November) towards annual is 3 to 6%. The rainfall
during winter season ‘December to February) is very small and
its contribution to annual rainfzll is even less than 1%.

The region around Jaswantpura receives an average
monsoon rainfall of 408.0 mm which is higher due to inter-
vention of hills surrounding this locality. The main feature
of the rain over the whole catchment is that it comes inspells
an? each spell has a concentration of rains limit ! to a day
or two.

The variability of rainfall occurrence from y. r to

year is high during the non-monscon season (October-May) as
can be seen from the table, During the monsoon season (June-
September), the co-efficient of variability is comparatively
lower onlv during July and August. July generally indicates a
low » variability in rain fall as compared to August at all the
ztations in the catchment‘except at Sanchore which lies outside
the -atchment., The co-efficient of variability in July can be

e to vary from 65% at Sheoganj and Sirohi in the east and
south~eastern part of the catchment to 80% in the central part
and 84% in the western part,

The co-efficient of variability is maximum in the month

of September during monsoon season mainly due to the withdrawal
of the monsoon at different time of the month.
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Computation of average rainfall over a basin
(Thiessen Polygon method or welghted mean me*Hod)

Name of Annual Area under P Fraction Weighted
station rainfall influence of total P (in mm)
(in mm) (sq.km,) area

Ahore 376 6 629.0 0.080373 30.2685
Bhinmal 368,7 2344 .0 0.29951 110,4293
Jalore 388.21 1631.0 0.20841 80.9068
Jaswantpura 448,95 867.0 0.11078 49,7347
Sanchore 576.8 2570 0.03284 12,3741
Sheoganj 558,94 886.0 0.11321 63.2776
&8ss 634,47 1212,0 0.15487 98.26
Total: 7826.0 445,251

Average annual rainfall over the catchement - 445,25
(By Thiessen Polygon Method)

Arithmatical averaze - 450.38 mm,

Average monsoon rainfall

N?me of statlon Nonsoon rdinfall weighted P
(in mm) (in mm)
Ahore 335 76 20,98¢
Bhinmal 538:35 101.339
Jalore 347.35 72394
Jaswantpura L07.977 45,196
Sanchore 343,67 11.286
Sheecgan] 518,167 58.662
Sirohi 584,44 90.512
406,372

- - s —— - - - e,
o~ " T T e T e T e T s T T e T e T e T e T a T ey T e T T e T T,

Average monsoon rainfall over the catchment - 406,372
Arithmatical average - 410,673.
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Table showing dates and months (year-wise) of rainy spells

vielding rainfall equal to or cbove 50,0 mm.

STATION - AHORE

1961

1963
1964

1965

1246
1967
1970
1971
1972

1973

Rainfall Rain
(in mm)

121,0

150.0
119:0

80.0
70.8
50.0
112.0

290.0

95.2
189.4

2412.,0
124,0
155.2

duration
date/month

24-25/8
24/8

5=6/9
12-13/9
2/8
13/8
17-18/8

30-31/7
30/7

8/3
7/9
24/9
T

15-23/8
21/8
20-22/8

14-15/8

19/8
18-19/8

1977
1978

1979

1982
1983

1584

1986

(in mm)

duration

date/month

2477
30/6-1/7
30/6
26-28/7

26/17
10/6
11-12/8

29/7
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Year

1957

(in mm) c<uration Year
Zate/month

147.0 20-25/8 1975

99.1 24/8

1959
1960

1961

1964

1973

Rainfall Rainfall

78.6 8-10/9
139.7 3-4/7

76 .2 4/7 1976
144,5 11=14/9 1977
137.0 12-13/9

92.0 13/9
106, 4 6-11/9

88,2 9-10/9 1979
126.2 12-14/8

90.0 13/8 1982
181.4 16-19/8 1983
145,0 17/8
248,4 27-31/7

96.0 28/7
109 .4 7/9 1984
125,2 31/8=-4/9 1985

91 .4 27-30/6

70.0 30/6
224,8 16-22/8

79.6 1477

88,2 15/8
18¢ .8 14-20/8

86 .6 22/8
123.4 29/8-2/9
100.2 8-°2/9

Rainfall
(in mm)

Rainfall
duration
date/month

STATION - BHINMAL

116.8
1826
126 .6
115.4
128.4
178.7
118.0
140.4
102.0
149.4
146.0
155.6
103.4
124.,8
114.0
115.1
107.6
113.0

7-8/8
10-16/8
3-7/9
13-15/9
15-17/8
29/6-4/7
8-9/7
15-18/7
27-28/17
15-19/7
2557
24-26/7
17-19/7
25-27/7
26/7
2/8

3/8
1-6/8
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Ralnfall Rainfall v Ralnfall } Ralnfall .
Year (in mm)  duration Year (in mm) duration
date/month date/month

STATIO“J = JAILCRE

1857 248.7 24-25/8 1975 147.2 16/7
1532 24/8 15,7 118.,7 27-28/7
1960 90.5 L-5/7 1978 91.2 14-15/7
1961 1052 5-6/9 1979 15456 18/7
169.8 11-12/9 1982 71.5 2517
1956 7542 8/9 1983 112.8 2/7
1970 91.0 24/9 167.7 1847
1971 168, 3 30/7 160.8 26=27/7
152 .5 21/8 130.6 26/7
1972 234 ,1 19-21/8 1985 107.8 16/7
1973 177.0 14-15/8 1986 M350 29/7
240.7 18-19/8
STATIO!N = JASWANLTPURA
1987 98.0 24/8 1975 90.0 7-8/8
1959 1105 27-28/7 267 .0 10-16/8
83.8 2747 80.0 13/9
1960 353.9 Lt-5/7 1976 20.0 1/8
183,9 L/7 300.0 6/8
1963 118.0 8-9/9 180.0 16-17/8
7540 8/9 129.0 16/9
196 4 100.0 17/8 86.0 3-2/49
1955 224,0 27-30/7 1677 75,0 29/5
81.0 27/8 180.0 2-9/7
1967 178.0 2L4-25/7 1978 75.0 16/7
88.0 24/8 80,0 b7
137C 75 +0 27/6 1979 160.0 1T-17/7
110.0 23-24/8 1983 72.0 4/9
1572 £0.0 16/8 1984 1230 5-6/8
1710 19-22/8 95.0 5/¢&
1973 2750 15/8
212.n 17-19/8
357.0 30/8-2/9
239.0 1=2/9
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duration
date/month

Rainfall
(in mm)

"Rainfall = Rainfall
(in mm) duration
date/month

19562
1964
1955
1966
1967
1970

1571
1972

1973

181.8

85.1
83.3
165.1
51.3
107.9
82.0
63.3
91.4
419.8
56.6
97.0
102.0
78.0
£7.8
68.7
293,2
213.0
57.0
82.0
£1.8
91.4
82.6

21-25/8

10=-11/7
7/7
27/7
1/9

5/7

6/8
18/7
25/8
19-1279
T
7-8/7
29-30/7
7-8/9
4/9

7/7
31/8-3/9
1/7
30/ ¢
20-21/8
20/8
1/9
8-9/9

1975
1976

1267

1978

1979
1981
1982
1983

1084

STATION - SANCHORE

27143 13-16/7
123.6 16-18/7
85.8 16=17/3
97.6 8-9/9
148.0 29/¢
79.8 3-4/7
324,6 6-10/7
151.0 7/7

59 .4 174B
57.6 23/8
104 L 10-13/8
131.0 28/8
67.0 18/8
206.1 2-7/8
113.8 6/8
25045 17-18/8
197.3 18/8
225,6 L-6/8
204,6 5-6/8
83,2 12/8
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Rainfall Rainfall Rainfall Rainfall
Yoo (in mm) duration Year (in mm) nation
date/month date/month

- _ e wm e m w e e am = = P i i o - -
. . . PR S P

STATICMN - SHECGANJ

1357 130,8 24/8 1972 115.8 29-30/6
1953 977 20/7 1973 266.0 14=-16/8
1959 102.8 26-27/8 241,0 14-15/8
194, 3 70/8-3/9 312.9 18-20/8
1960 47,4 3-L17 280.5 19-20/8
196 1 102 .9 L/7 693.3 29/8-5/9
156 .0 3-L/7 L4L6 4 1-2/9
94.0 6/9 315.4 2/9
17543 11-13/9 1975 68,2 13/7
1962 213,9 18-19/7 221.4 16-20/7
1554 168.9 12-13/8 98,4 5/9
1555 13/8 1976 90.% 1/ 7
1351 18/8 195.6 5-6/8
19£ 5 127.5 17-19/7 146 .4 6/8
205 .2 2=31/7 1977 81.6 . 25/6
145 8 BT 1978 108.4 15/7
80. 3 24/8 77.8 17/8
B0 2 26/8 1979 413.C 15-18/8
1966 3.3 21/6 176 .0 17/8
219.7 7/9 1983 228,0 30/6=1/7
1527 1405 7/9 99.0 30/6
1558 137 2 2/8 118.4 17-18/7
1970 92,8 9-10/7 126.4 26/7
135.9 23-24/8 "892.0 15-16/8
152.,4 1=2/9 1968 272,0 24-25/7
1971 ‘95 16-20/7 168.6 25/7
164,38 30/7 04,2 T=B/E
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Rainfall Rainfall

Year

1959
1960

1961

1967

e,

19€5
1965

1968
1969

1970

(in mm)

226.0
193.0
146 .9
351,2
149 .1
137 .1
169.3
155.4
111.8
269,2
379.8
149.9
101.6
301.0
346.8
225.3
120.6
123,2
108.0
186.7
153.7
127.0
152 .4
205.7

duration
date/month

24-25/8
24/8
27-28/7
24/8-7/9
3-5/7
4-6/8
19-26/6
2-4/7
5-6/9
10-13/9
18-20/7
7-8/7
12-13/8
16-18/8
28-31/7
8/9
29-31/7
13-14/8
7/9
1-2/8
27-28/8
28/8
23-24/8
30-31/8

Year

1971

1972
1975

1975

1976

1977

1978

1979
1980
1983

1984
1985
1986

‘Rainfall = Rainfall -
(in mm) duration
date/month
STATION - SIROHI
158.7 20/7
193.0 30/7
140.0 20-22/8
154 ,0 14-16/8
142 .0 18-20/8
710 29/8-5/9
531.0 1-2/9
123.0 12-13/7
221.0 20-21/7
188.0 13-15/7
.204.0 6/8
165.0 16-17/8
135.0 16/8
90.0 8/7
98.0 27-28/17
189.0 14=15/7
104 .0 30/8-1/9
221.,6 16-18/7
115.0 28/6
180.0 29-30/¢
136.0 1/7
95.0 26/7
85.0 5/8
74,2 1/8
1330 25/7
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ITI. TEMPERATURE

Major part of the catchment area comes under the -
classification of arid climate except the small area around
Sirohi which experiences semi-arid type of climate,

The eastern region generally records lower day
tempesature as compared to northern and western parts except
during winter (December-February). The night temperature is
gerrrally lower in the eastern part as compared to the rest
cf the area,

The mean maximum temperature over the catchment during
winter varies from 25,5 to 28,5, lowest being in the month of
January and is around 25,0 to 26.0°C.

The temperature increases sharply during the ho*
weather (March-June) and attains highest value in May around
41,0 to 42.0°C, Temperature above 46°C is recorded when a heat
wave passes across the region,

The day temperature decreases with the on-set ¢~
nonsoon over the region, The mean maximum temperature varies
from 31.5 to 33,5°C in the eastern part and from 34,5 to
36.5°C in the western part (July-September), The mean maximum
temperature varies between 33.0 to 35.0°C in the northern part,
lowest being in the month of August., The temperature rises
once again with the recession of monsoon from the region and
varies from 36,0 to 37.0mC in the western and northern part
of the catchment,

Minimum Temperature:

The mean minimum temperature over the catchment area is
lowest during winter season varying from 7.0 to 10.0°C in the
eastern and 10 to 13.,0°C in the western part, the lowest being
in the month of January.
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The minimum temperature are comparatively higher in
western and northern part of the catchment,

The minimum temperature increases sharply from April
onwards and attains highest value in June which 1s around
27.0°C in the eastern and western parts and around 29,0°C in
the northern region.,

The mean minimum temperature during rainy season variec
from 23,0 to 24.0°C in the eastern region and 24,0 to 26.0°C
in the western part and 26,0 to 27.5°C in the northern part
having lowost in the month of September throughout the region.

The night temperature beings to decrease sharply from
October onwards to less than 20.0°C and decreases continuously
until it reaches the lowest value in January.

IV, RELATIVE HUMIDITY

Relative humidity is the ratio of amount of moisture
present in a unit volume to the amount of moisture required to
saturate it. It is measured in porcentage and mainly observed
twice in a day at 0830 and 1730 hours IST. The relative
humidity is generally lower in the western and northern parts
as compared to the rest of the area both at 0830 and 1730 hrs
15T, lLowest values of relative humidity over the catchment
area are recorded during March and April in western =nd
northern parts while, it is lowest during April and May in
the east and south-eastern region. The average relative
humidity values recorded varies from 40 to 43% in the north-
western at 0830 hours and 21 to 23% at 1730 hrs, IST, The
average relative humidity values vary from 53 to 56% at 0830
hrs and 33 to 37% at 1730 hrs in the eastern region,
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The relative humidity builds up sharply from May
onwards and 1is highest during July=-August when monsoon
current brings in high amount of var-nur, The average relative
numidity value varies from 76 to 80% in the north-west region
and 23.0 to 85,0% in the eastern part of 0830 hours,

At 1730 hrs, average reletive humidity values varies
frem 51,0 to 55.,0% in the western, 57.0 to 62.0% in the
northern region and 70.0 to 73.0% in the eastern r2gion around
the Jawai dam,

The relative humidity drops sharply during Oc’ ‘ber due
to the withdrawal of the monsoon current from the region., The
averaze relative humidity during the post-monsoon season
(Cctober-November) varies from 51.0 to 55.0% in the northern
and western parts while it varies from 63.0 to 70.0% in the
eararn region at 083C hrs. At 1730 hours, the average relative
v midity varies between 35,0 to 37.0% in the northern, around
51,7 in the eastern and 31.0 to 32.0% in the western region.

A slight increase in the relative humidity values is
recorded during the winter months due to the influx of
moisture over the region under the influence of passing west-rn
disturbances, The relative humidity varies from 48.0 to 52.0%
in ti.e western, 52,0 to 58.0% in the northern region at 0830
.7s., At 1730 hrs, the average relative humidity varies from
32,0 to 36,0% in the northern and 22.0 to 30.0% in the western
region. The average relative humidity varies from 73.0 to 70.5%
=t 0830 hrs and 40.0 to 53.0% during winter (December-rebruary)
in the region around Jawai dam, The relative humidity indicates
2 deacreasing trend from February onwards reachinsg to minimum
in April.
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(V) VAPOUR PRESSURE

Vapour pressure is the pressure exerted by the water
vapouwr present in the atmosphere and is always higher in the
monsoon season. The mean vapour pressure is higher at 0330 hrs.
177 than what it is observed at 1730 hrs. except during winter
(Decenber-February), The vapour pressure increases from January
orxmrds and reaches its peak value in the month of July at
"% hrs. The vapour pressure at 1730 hrs, generally follcws
the same trend.

The vapour pressure arournl 26 to 30 mb during the
monsoon months (June-September) over the region at 0330 hrs
ani varies from 23 to 28 mb in the northern and western region
and 25,5 to 31,0 mb in the eastern region at 1730 hrs. The
vapour pressure decreases sharply from October onwapds until
it attains lowest value in January. The vapour pressure is
hetween 8 to 10 mb in the western and northern regions and
10 to 12 mb in the eastern region at 0830 hrs during rinter.

The vapour pressure at 1730 hrs during winter varies
from 12.5 to 14.0 mb in the eastern region and 8 to 10 mb in
the remaining part,

(VI) EVAPORATION

The lowest values of evaporation are recorded over the
catchment during the ccldest months (December-January). The
mean values during winter are also lower, The mean evaporatior
is around 4.5 to 5.0 mm/day during winter. The mean daily
evaporation over the catchment area begins to increase sharply
from middle of March onwards alongwith the increase in the day
time temperature and reaches a peak during May when evaporation
of the order of 14 to 16,0 mm/day is observed over the region.
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The mean daily evaporation decreases with the onset of
monsoon and varies between 6 to 8.5 mm/day during monsoon

seazon. The evaporation rate increases slightly during September

and October in association vith the withdrawal of monsoon and
a general increase in day temperature, over the region. The

mean evaporation decreases, from October onwards and are lowest
duwring January.

(VII) WIND RECIME

The wind speeds are generally lower over the catchment
area during the winter. The wind speed is around 2.5 to 3.0
kmph in the eastern region and an increase in the trend is
observed in the west and north-west direction. The wind speed
is around 4.5 to 6.0 kmph in the western part during winter
(December-February).

The wind regime starts building up alongwith the
temperature regime from April onwards. Peak wind speeds are
recorded in May and June and is around 7 to 8 kmph in the
eastern region and 1C to 12 kmph in the western region.

The average wind speed is around 12 to 13 kmph during
May and June in the northern region near Jalore and Ahore.

The average wind speeds around 5 to 6.5 kmph in the
eastern and 8.5 to 10.0 kmph in the western region have been
observéd during monsoon period, The wind speed decreases
snarply from October onwards and remains less than 6.C kmph
on the average over the whole catchment area during the post-
monsoon season (October-November).
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The general geological succession in the catchment
is as under:-

Geological sniccession of Jalore District

Ll e e N P U CH A
L A T B N S R B T TR TR Rt Wenal Bl Mt Ml Thaul LI e S A

Era Period ‘S§s%eés.
Quaternary Recent & Aeolian sediments
Sub=recent Alluvium younger
to Alluvium older
Pleistocene
Tertiary Consolicated clays

and coarse to -
medium sand with
shale fragments

Late Palaeozoic Post-Delhi Malani volcanics
Jalore granites
Erinpura granites

Pre~Cambrian Delhi Super Meta sediments

VIII. GEOLOGICAL SUCTESSION
\
|

Group

A brief geology of the rock system encountered in the
se.uchment is as under:-

Meta sediments:

It consist of phyllite, schist and gneisses with
iatrusives of quarts and applitic veins etc, It has developed
thr ee sets of joints and well defined folds and distinct
faults, It cover upper part of catchment and subjected to
erocion in natural coarse.

J2lore granites:

Jalore granites belong to Malani sulte of igr..ous
roclis, These are generally fine to coarse grained with
phenocryst of feldspar. The Jalore granite is pink in colour,
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composed of quartz, orthoclase, feldspar with some plagio-
clase, feldspar, biotite and acgirine. Biotite in Jalore
granite is the most abundant mineral amongst the ferroma

znesium minerals.

These granites are considered to be intrusive in rocks
of Delhi system and occur in the form of largest rock unit,
Joints are well developed in the Jalore granites., These joints
are vertical, horizontal and scmetimes angular. The strike
direction of these joints is more towards east and west. The
tcpography of the region and development of the drainage syctem
is controlled by these joint systems. The vertical joints are
zood condulits of ground water movement while the angular joints
are not much effective conduits,

Malani wvolcanics:

Rock tynes of this group consist of rhyolites
associated with agglomerate, volcanic ash, felsites, intei-
calated with acid tuffs and pyroclastic materials. Bhadarajun
and Israna hillocks are partly composed of PMalani volcanics,
These rocks also exhibit well patterned jointe which show a
tendency of tecoming tight with depth. At places it shows
abscure bedding planes which are probably developed due to

stresses operating during cocling of magna,

Glder alluvium:

Cccupics large area of the catchment and is identified
in the form of pediments, alluvial sediments and high river
terrace deposits, Pediment alluvial secdiments are located
along the slopes of the Jalore, Israna and other granite hills
as 2lluvial fans and cones. These consists of unsorted dis-
integrated rock rragments accumulated as a result of wezthering

as gravel, =and with high clay content,
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High river terrace deposits cover the entire area
betwaen the piedmont plains and low terrace demosits. These
deposits are identified between Khari = Bandi river, north
of Jawal - Sukri rivers between Dangra and Dadhal, These |
gediments consist of an upper layer of sandy loam, kankar
and lower layer of medium to fine sand and gravel with minor
silt.

Younger alluvium:

Younger. alluvium is second wide spread lithological
unit and occurs in the form of river flood deposits and low
terrace deposits confined to the present and past drainage
channels, These are heterogenous sediments comprising of
unconsclidated sand, gravel and intercalated clay and silt
veds, The extent and thickness of these deposits are highly
variable, The sand grains, gravel, pebbles and cobbles are
practicaily sub-rounded to rounded in shape. Better sorting
of sediments is found in river flood deposits as compared to
low terrace deposits., In fact, it is difficult to separate them
in tie field. These deposits are well identified on both sides
of the Jawail-$ukri river channel,

Wind blown sands:

These are the recent aeolian deposits in the catchment.
The occurrence of sand dunes is more pronounced in the central
part and north-western part of the district, These blown sands
are generally non=-calcareous and are fine to medium grained in
textures. Sometimes, calcareous sand dunes act as hydrological
barrier in the area by checking sufface drainage.

(IX) HYDROGEOILOGICAL ASPECTS

All geological formation form aquifers where ever
encountered below the zone of saturation., The depth to water
varies from less than 5 mt., to 50 mt., below ground levels.

57




however along major coarses of rivers the depth to water is

§ umt. to 15 mt, below surface. Granites, Rhyolites and Meta
cciiments are forming poor aquilers, The Alluvium followed hy
Lartiary developed major thick aquifers in the middle and
lower part of catchment., These are most potential area for
ground vater development.

(%) SUITABILITY FOR DEVELOPMENT OF FOREST

The Jawai catchment 1s a2 unique one for development of
iorest as soil, ground water and climates favours to grow all
types of plants and trees. The net work of stream-lets further
attracts to develop dense forestation.

(XI) FENCE DIAGRAM - INDICATIVE OF SALINE WATER FACIES

A fence diagram (Flate J-3) has been prepared to have a2
gener2l view of the middle part of catchment. Vertical scale
of the diagram reprocsents one centimetre equal to 20 metres
of depth column, Village Mandia when connected to village
Bishangarh shows that surface soil is of alluvium nature., It
is clear from the fence diagram that this alluvium soil cover
occupies the total length of the map from west to east, varying
only in thickness., The second layer of sandy clay saturated
with brackish to potable quality of water, encountered at a
depth of 30 metres, does not continue to village Zishangarh.

The next layer is of saline water, which continues upto
Zishangarh and continues to the northern part of the- study
area upto eastern end of the base map. The only variation in
the saline water column is of thickness, The last layer of the
dizgram is of weathered granite which too has a similar
continuity as the saline water zone having varying lepth of
encounter at different localities..

Village Muri, when connected with Bishangarh, seems
to nave a zone of brackish to potable quality of water of
%0 metres which narrows in the thickness towards village
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Hi..angarh and village Bokra, Extension of this layer towords
vilizge Nawakhera, shows that thickness of this column

nerrow but does not extinct, The same layer if extended to
village Desu and further extended to villare Mithri, shows
ceme water potential, varying in thickness,

Village Desu when connected to villase Bokra shows
tnat this layer diminishes in that direction, proving that
village Bokra does not have water potential for potable wm*er,

All the villages, discussed above have a common layer
I saline water column with varying thickness with underly.ng
bed of compact to weathered granite. lost of the villages
nzve a thin layer of btirackish to potable quality of water but
a few of them missing this layer,

Gene. 1lly speaking, fresh water has lower density than
saline water and, therefore, the fresh water layer floats
over t! » snline interface in the region of saline water zones.
Thickness of such floiting layer may vary from few metres to
few tens of metres, Similar is the case in the coastal areas
where people use to drink this accumulated vater for drinking
purpose through small pits.

Village Maheshpura when connected with Badanwari,
Sedria or Sakarna, shows that potable water zone is missing
in 2ll the directions. Saline water zone however, varies in
thiclkness in various directions.

village Godan when connected through fence to village
Samuja, shows prominent zone in thickness for potable quality
. ground water, At village Godan, thickness of this zone is
about 50 metres which increases tovards village Samuja and
towards Jawal river. This zone however, diminishes i1 wards
village Leta. This part of study area does not have saline
water, however quality of ground water is not fairly good but
it has agricultural value for almost all normal crops.
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Tie southern part of the study area does not nhave this

layer of potable quality of ground water. On the contrary the
saline strip as evident by the "Aquifer Percentage" has very
high salinity having an aquifer resistivity less than 5 ohin
metres, A further continuation of the fence in the north of
Jalore village, the saline layer continues with varying thick-
ness, It is also observed that surface soll is coarse sand due
to Jawel river having a 5 metres thick clay bed at J-24,

An 1mportant zone, as regard to fair quality of ground
vater is Jawai river bt :d near Paharpura. Sounding taken in the
Jawai bed in the north of village Sanphada, Khanpur and Singudia
area are comected, show that first layer of surface soil is
river sand which has a thickness varying from 10 to 20 metres
which reduces towards lMaheshpura or towards village Leta. The
nett bed is of arglllaceous clay or sandy clay which may at few
places have fair quality of ground water, The layer is underlain
by weathered granite, Villages Tikhi and Paharpura have a good
aquifer of alluvium, having potable quality of ground water,
which 1n general suits tonormal crops.

Thus on the basis of the fence diagram, it seem that
the entire area can be explained qualitatively.

(XI1) WATER BALANCE EVALUATION

Water balance studies reveal the area and the period of
water surplus and water deficit which are the basic requirements
in proser development of water resources, It gives a fair
arcessment of surplus water to be stored during the brief monsoon
period for regulated use during the long succeeding dry period,

The study reveals that the region around Sheoganj and
Sirohi vield enomous surplus water as the rainfall is high in
tiiese parts of the catchment, This is evident from the fact t.at
durinz the study period of 30 years, there were only & years in
Sheoganj and 4 years in Sirohi in which water surplus was either
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zero or less than 50.0 mm, The average water surplus for
Sheoganj and Sirohi during the study period is 229,7 and
281,95 mm. The maximum surplus water occurs in the month of
Auvgust with an average value of 93.9 and 110.97 mm for
Sheszanj and Sirohi, The water surplus of the amount of
1524.8 mm and 1148.8 mm of Sheoganj and Sirohi during August
and "cptember of 1973 has caused severe flood in the region,

The probability of surplus water to exceed 200.0 mm
during the monsoon period for Sheoganj and Sirohi is 46,7 and
55.3 per cent whereas, the probatility of surplus water to
excenrd 100.0 mm is 63.3 and 76.7 percent which can safely be
talte.. into consideration for future planning process, The
zverage water surplus for the region around Ahore, Bhinmal,
Jalore and Sanchore is 88,6, 103%,0, 100.5 and 108.7 mm
respectively, for the monsoon period. The main feature of

water surplus at these statiohs is that it is mainly concentrated

in a single month, which causes more run-off. The maxi-wn
water surplus occurs in the month of August with an average
values of 41,2, 54.1, 41,6 and 40,8 mm for Ahore, Bhinmal,
Jalore and Sanchore,

The probability of water surplus to exceed even 50,0 mm
during the whole monsoon period is 60.0, 48,3, 56,7 and 43.3
percent for Ahore, Bhinmal, Jalore and Sanchore.

The primary feature of the rainfall in the region around
Arore, Bhinmal, Jalore and Sanchore is its high variability
in time and space of the small amount received, thus, the water
available for run-off and recharge is irregular and dis-
continuous,

The average surplus water during the monsoon period
3t Jasvantpura is 156.3 mm, The region around Jaswantpura is
mainly hilly terrain, which causes more runoff. The maximum
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surplus water occurs in the month of August with an average

of 80.0 mm. The probability of surplus water to exceed 50,0 mm
and 100.0 mm is 59.3 and 40.7 percent, for the region around
Jaswantpura,

Water deficit is pronounced in the region around Ahore,
Bhinmal, Jalore and Sanchore even in the monsoon season. This
is due to high water heed (PE) and low rainfall in these
regioﬁs. Average water deficit is 369.5, 379.8, 368.6 and
382.3fmm respectively for these stations during the monsoon
season. The water deficit is low in the east and south-eastern
region around Sheogani and Sirohi. The average water deficit
for these stations is 278.85 and 289.81 mm,

The water deficit in the region around Jaswantpura is
more compared tec the east and south-eastern part but is less
in comparison to the other parts of the catchmont. Averare
water deficit of Jaswantpura is 315.8 mm during the monsoon

Senson,

Water deficit is minimum in the month of August through-
out the catchment and is around 22.0 to 24,0 mm in the east and
scuth and south-eastern part. It is around 32,0 mm in the region
around Jaswentpura. The average water cdeficit varies from 44,0
to 49,0 mm for the rest of the catchment during the monsoon

period,

The average water deficit for Sheoganj and Sirohi is
47,6 and 50.6 mm during September whereas, it is 67.2, 72.7,
2,5, 59,1 and 71.2 mm, for Ahore, Bhinmal, Jalore, Jaswantpura
and Sanchore reocpectively, This indicates that the region

eround Sheoganj and Sirohi requires less water for irrigation

in Kharif season (July-October) wherens, more irrigation
Facilities are required for the rest of the catchment., The
watey deficlency indicates the amownt of supplemental irripgation

aquired for efficient growth and developnent of ¥harif erops,
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The study reveals that major part gf the rain is returned

back to atmosphere through evapo-transpiration. The r rcentage
contribution of rainfall to actual evapotranspiration during
the monsoon period for the region around Ahore, Bhinmal,
Jalore, Jaswantpura, Sanchore, Sheoganj and Sirohi is 65.7,
62.2, 63.8, 53,2, 60,5, 48,9 and 44,9 respectively.,

The only source of ground water recharge in the
catchment is by precipitation on the area itself, From the
come: “ation it isobserved that even in the years of normal
rainfall, no significant amount of water is available for
recharge in the regions around Ahore, Bhinmal, Jalore,
Jaswantpura and Sanchore. The region around Sheoganj and
Sironi occasionally shows a good amount of water available for
recharge even in the years of below normal rainfall because a
noximum part of the rainfall was concentrated in a month or
two,

The contribution of monsoon rainfall towards recharge
iz 8.0 to 9.0 percent for the region vwhich is under the
inTluence of Ahore and Sanchore, It is from 9.0 to 12.0
percent for the region around Jalore and “hinmal. The percen-
tare contribution of monsoon rain towards recharge for the
region around Jaswantpura is 13,0 and is 16,0 to 17.0 for the
rerion around Sheoganj and Sirohi.

The computation of run-off revealed that the wvears in
which the rainfall is above the normal, the distribution of
rain is improper. The major part of the rain is concentrated
in a month or two in short spells. Its contribution to run-
off is high resulting in floods.

There are occasions where the rainfall is below normal
but being concentrated in a short spell, gives pronounced
(@urface run-off with negligible recharge.
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The average water available for run-off and recharge
for the area under study is 785.71 and 367.23 mcm during the
mensoon period. This amount will not be available every year.
In Zact, run-off and recharge available during the years 1980
Lo 1985 is insignificant except in 1983, The schemes s..culd be
framed in such a way that whenever a significant run-off is
av3ilable, there must be storage facilities which at present
is not sufficient, Reservoirs across the rivers will have to
te built in large numbers if the available water resources
during the mcasoon months are to be stored and utilised properly.

-

Az there is no hydrometric station for the measurement
of rn-off and the rainfall pattern is high erratic an accurate
¢stim:tion of water potential of the catchment can not be made,
Nevertheless, 70.0 to 80.0% of the quantum of run-off and
recharge estimated can be taken up for planning purpose.

(X1[I) GROUID WATER SURPLUS

The analysis of water level record of Jawai catchrent
Tor the last 15 vears indicates that their is gradual decrement
in the ground wvater storage as their remain no surplus in
previcus years, In the course of mein Jawei catchment right
from Sheogenj to Sayla, ceomparatively there is more declining

tiond.,

DISCUBSIONS CIl TECHNICAL ASPECTI:

() In the Jawai catchment there is sufficient water surplus
which is being lost as run off. The catchment area was
kit by the severe fleod during year 1973, and 1979, and
ty moderate floods during 1961, 1964, 1975, 1977, 1983,
1990 and 1991 etc. Computation of run-off revealed that
tnere was huge run-off during surplus rainfall yecar,
YHigher amount of run-off was also available during the

years witn more frequency or hizh intensity of showers
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although the total rainfall was lower than the normal
rainfall, There 1s no adequate storage capacities to
harness this huge quantity of surplus water,

(B) It is estimated that surplus water available in the
gast and south-eastern parts and the region around
Jaswantpura is appreciable.

(¢) Inspite of water surplus there is declinin- trend of
water levels in the wells conclude that water is-lost
due to run-off in most part of catchment where as in
main Jawal the decrease in ground water stora e due to
with holding water in Jawai Dam. However it is also
established that a great quantum of water is lost due
to evaporation and run-off,

PRCZESS OF RETURNING TQO POTENTIALITY:

(A) During lean rainfall year, 20 to 25% of storage water
from Jawal dam may be allowed to given flow in main
Jawal stream,

(B) A divergent canal be installed from upper catchment of
Khari river to Join Jawai near village Harji to subst-
iantiate ground water recharge.

(C) All along major channels of Jawai catchment batteries
of tubewells/dugwells, be constructed and water may be
pumped and taken on either sides and be used to recharge
the ground water through percolation tanks., This will
create a room in main stream channels for rainy days,

(D) The entire catchment be covered with sub-surface
barriers to save water lost due to base flow in the
main stream for ground water recharge,

(E) Intensive forestation programme by net work of suitable
plants and trees by way of taking co-operation from
private sectors. Incentives be given to active farmers,
un-employed youth and societies etc.
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(F) The proposed/under execution schemes be modified as a
base for ground water recharre and water collected
during rainy days be allowed to ilow at suitable
intervals, where-ever possible recharging of aguifer
e done by pvt/infitratien wells methods.

(&) Rain-water harvesting structures be installed in other-
wise flouride effected areas where human and animal

suffers due to floursis for drinking water supnlies,

(=) The upper part of catchment be fenced for growing new
plants with suitable advance methods and people be
educcted and motivated to have social awareness Lor
this important venture.

[ Rural and Urban fares be organised to give touct to

cultural heritage and demostraticn for not mirrating
i +
elswhere for water and fodder for animals,
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cf ample field data,

66




2 pndlivan
-
rd
7 iwavi
]
7 mwsig

L—r

ON 31vd

oV Ny (%

: 1 ..,........ TN 4 = % W()Fl\l\l HOHINYS

:m‘d:xr& £

o G /
0 5 J
100Lvd ;
§
i
R
— wu 3:
be T
Wloa¥ ~_ -t %y :
&* YNdHQoOr FNYYDUINS —

YoOWYIN

<3 Q (e
Ll ¥ %Emd@;ﬂ

e S L )

e STk :
LR S|

\./.u.m)l

<2¢.>ﬁ¢.._._:u

YAYIS a / :

NYL4ZH uw i

\W/r..mw:uhc_m

gt //(I
b

nwrr/ilii .x\..rJf.Is/\

Esm _"Em ~

W OL=TWI L — 37908

INIWHTIVD "IAY IVMYE 40 dvin X3UNI

7]




MGTe s RL EIVE
nere - WAS BN u Lhve -
|

[T T T L Ot E T R
e

wEYN -8 £3AC lvve

INIWHE - L Y3AI IVWWT 4O dVIN 3OVNIVYEJ

.rm.:

R

|
T-Lon JLvd w
R 2SN %.Il.nll&

A4
144
J olee I olu




i ﬁ»
...aﬁ&IODﬂ..O._S.O?U,O G.D.m\.h.rl ‘0QLdNS &1. /\ Qq’ A \nn
e Pt {2 : afy
— — of m g
g 2 LI."?K“...: 057||..om ( 3 Y3IvM 3NITVS ]
= DT VGVMIN |0 NG s . HIIM Av1D H__ :
0° AV d
Xt f‘ ’ : SNO3IVINOYY //./v
TR vy O\ _
LN vy Y _ HIIYM  HSINVHE |
138 X HLM A1) :
N qz:mquqm >
i o aunvao | Y v VL ONYS
M G v 3 LW | |,y v 3ISHV0D
5 2Er o -
= L ALINVYHO [v -v Sv- vos [T 0~
A & L v eV - ] ~
T e - < 0 ., LECERTLELY AV whamity | 5~ T
T 5| e U VAHS IV ¢ \
b\ 2 . NERER
- Y M~ = = rs & s
32 - ~ =T F =L 5o
% _ “Y< § r
YINWVSS S A
e W .n\s WL S a A
r N \
L
g < (
\.L o v ¥
o N N
P ¥
&) o NO%
‘_ » ~ Ny
AR oy
af A - Fothayeive a
5T g 1t 7 . - Omuﬂlﬁuﬁ:_‘
e PR Tae [ Z N . mu.. B HOIT
s = = — % £ “
.q.:mamﬂ. LR %
| o R Dy s K L.(.M. ¥ v
: / S VH¥NdHENS g S e 2T Loy
() ‘0 N €21 | u. e =200
- 2 c {..{c 2 AW\.n\ .m,//r.r
f__,/ N _wnL ~ \\- N
4 i 140 <
; ] ”J| BB
o \ 4 o9 | s LA = L - SO
g4 = 2 = S3 Ui
= _ 0sr > =
\ DN I ' /7 4 HEVONYHSIE
L _ a
Y
¥
| ‘WO | OL SIW 00S ¥0 0000G:1—: 3VIS 3 -
i V3Yy 3YOTVr NI S31ANLS 39YVHO3IY viDldIldY H04 WVHOVIO 3IDON3IH
i c-£-3 1974
1 o€ |pL
~5F '
Sulies \_3_ _

.

oy me




