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ABSTRACT

Detailed imvestigations were conducteé in the Borunda
.area, western Rajasthan from August 1967 to February 1971. The
pu:r.‘pose‘of thé project was to investigate and evaluate ground
water potentialities and to meke appraisals of the feasibility .

of further ground water development.

Ut}.lization of rela.tivély fresh ground water by a
few enterprising agriculturists indicated that the savernous end
fractured limestone of the region yields more water to individuel
wells than any other aquifer in the entire .UNDP project area.
Project operations verified this fact. However, the restricted
areal extent of the fresh water section of the limestone limits
its regional importance unless water expwortation is undertaken.
Fresh water (under 2,000 ppm TDS ) ié found in 161 sq. kms of the
erea underlein by limestone. Much of the area is eovered by
alluvial and geolial deposits but prominent limestone outerops

are also found.

A controlling fault trending NNE-SSW near Borunda, has
channelized the flow of fresh ground water by ecting ag & sump.
Ceverns and fractures were formed as a result of structural -
activity as evidenced by the controlling fault and other

faults.

Water and soil analyses indicate that ground water

can be used in seleoted areas for agrioultural purposes.

A key aréa of 100 sq. miles (257 sq. kmg.) was seleot:;h

gty e
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for water balance studies. The studies indicate that most of

the present discharge is through evapotranspiration.

Recharge is mainly from direct precipitation butb
additional recharge comes from the north and in the monsoon

period, from the Luni River vie underflow through alluvium.

The amoﬁnt of fresh water in storage in the limestone
weg estimated at 1,700 MCM. The "safe yield" of fresh water is
about 24.5 MCM/yr and the normal draft of fresh water is about
12,4 MCM/yr. Consequently, about 12 MCM/yr of edditional draft.
can be utilized for further irrigation and other uses without
depletion of stored resources. An additional ten high capacity
tubewells can be inmstelled along or immediately west of the

controliing fault to utilize this additional potential.

The ground water in the alluvium along the Luni
River was not studied in detail but there appears to be consider-

eble potential for development based upon limited investigations.




T. INTRODUCTION

Field work was arganized under the direction of Mr. D.

Pandey, Directar, UNDP (SF) Project and hydrogeologicel investigations

were carried out under the supervision of Dr. Achutha Rao, Chief
Hydrogeologist, UNDP (SF) Project, Jodhpur. The drilling work was
orgenized by Mre M. No Behuguna Executive Engineer, UNDP (SF)
Project and Mr. S. K. Misre, Assistant BExecutive Engineer,

UNDP (SF) Project, Jodhpur. The field work was carried out with

the advice and guidance of the U.N.team.

The presént report, under the supervision of Mr. D. Pardey
Project Director was largely prepared by Dr. A. Achutha Reo, Chief
Hydrogeologist and Mr, P« R. N. Nayar, Geologist (Junior) with
the assistance of Mr. V. M. Sikka, Assistant Geoloéist, Mr. A. K.
Ghosh, Assistant Chemist, Mr. P. K. Neyer, Assistant Soil Chemist
and Mr. V. K. Bhalla, Assistamt Hydrometeorologist. The report

was enhanced and reviewed by members of the U.N. team.

The following is a list of personnel involved in the

field work in the Borunda arest

HYDROGEOLOGY GROUP

Mr. P. R. N. Nayar, area Geologist (Part Time)

¥r. M. L. Shrivastava, area Geologist (Part Time)

Mr. B, P. Verma, Senior Technical Assistent (Hydrogeology)

Mr. G. C. K. Rao, Seniar Teohnical Assistant ( -do- )

Mr. S. K. Tyagi = O=
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Mr. C.S. Sharma, Senior Technical Assistant (Hydrogeology)

Mr. P. Co Chaturvedi ~do~
Mr. A. R. Bakshi -d0-
Mr. M. R. Kulkarni -3 0=

Mr. Ram Ji Lal, Senior Analyst (Chemical)
" Mr, A+ R. Bhaskaran, Senior Surveyér
Mr. O. P. Manooha =3 0~

Mr. R P Sharma ~d o=

DRILLING & TESTING GROUP

Mr. Manna Singh, Driller Incharge & Crew

Mr. K. K. Arora -3 O~

Mr. Jai Singh, Pump Foreman, Test Pump Unit

The project for ground water surveys in western
Rajesthen was undertaken by the Goverrment of India through the
Central Ground Weter Board (previously Exploratory Tubewells
Organisation) with the essistance of the U. N. D. P. (SF).
The purpose of the project was t0 investigate and evaluate the
ground water potentialities for irrigated agriculture, domestic
and livestock water supply and industrisl uses in western Raja.gzb.an,

.

and to make appraisals of technical and economic feasgibility of
ground watefr development .

The project area comprises about 23,000 sq. miles
(60,000 sq. kms.) in Jaisalmer, Jalor and Jodhpur Districts of

western Rajesthan (Bxe 1)¢ For dga_t;ailed hydrogeologicel studies,

the following areas were selected; Jalor, Jaisalmer (Lathi);

S
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ABorunda and‘DolirJhanwar-Pal. The latter area wag added late
in the project operations when it hecame necessary to seek a

supplemental water supply for the city of Jodhpur.

This report presents the results of invéstigations
carried out in the Barunda limestone area in Jodhpur District.
The study was made as a result of pumpage of large quantities of

relatively fresh ground water from the eavernous 1limestone.

There was lack of data to accurately evaluvate the
potential for domestic needs ané irrigated farming, even though
fairly extensive exploitation of groundtﬁater for ferming is
practised in and arqund the Borunda erea by e few enterprising
agrioulturists, There was also some consideration by the State
authorities to augment the city supply of Jodhpur with ground
water from the limestone. Consequently, it was felt that an
assessment should be made of the utilisable reQOuraes of the

Borunda 1imestone area.

The area selected for regiomal geologicael and hydro-

‘ohemical investigations covers sbout-1,500 sq. miles (3,900_sq. kms.)
between 25°55' and 26°40' N. latitudes and 73°40 and 74°15 E. longitudes
in survey of India‘TOposheets 45-F and 45-G. The key area for
systematic water balance gtudies covers about 100 sq. miles

(257 4. kms.) as shown in Exhibit 5.

The field work started in August 1967 and continued to
February 1971« The area under study is part of the Central Luni
drainage bagin and is relatively densely populated. There is a

possibility of large scale development of irrigated agriculture in
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IT. REVIEW OF EARLIER WORK DONE AND METHODOLOGY OF
PRESENT _ SURVEY

The Bo&unda area was investigated to delineate the
limestone belt in regard to evaluation of ground water resources.
These resourves have a potential for additional supply for irrigation
and other uses. Another purpose was . 10 estimate the recharge
to the ground water resources ahd the establishment of the safe
yield and water balance. In order to achieve the above ebjectives,
the following programme wasg carried out:

(&) : Physilographic and geologicaldelineation of the area;
(b) Selecti§n of obgervation\well net work for qualitative
and quamtitative evaluation of ground water resources;
(0) : Egtablishment of metearological.observatory at Borunda
far supplementing data on rainfall, temperature, etc;
(d) Establishment of river gauge stations at Someria

(26°19'N: 73°44'E)3 Khoaspura (26°31!N:73°45'E) and

Binawas (26°16!'N: 73°21!'E) which are along tributaries

'joining the main Luni dreinage system;

(e) Construction of test wells and observation wells for
: subsurface hydrogeological oorrelatibn and to compute
.,aquifer parameters such as ooefficients of transmissibility,
‘ .permeability and storage: |
(£) Collection of data pertaining to anmel draft induced on
the ground water reservoir by 6ug wells which are used

for agrioultural and domestic purposes.

© 000000 0000000000000 00COCDOCGOGEOGOEONOGOEOEOSONONOEONE®TPCO®OLOPO
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During the first six months of the project and prior
to the commencement of field work, available data were compiled
and evéluated. These data were utilised to prepare base maps and

other presentations.

For detailed hydrogeological studies, a base mep of
11126,720 (1" = 2 miles) scale showing topographic festures was
prepared. All available geological data was transferred to this

map. Aerial photos for a part of the key area, were also utilised

to prepare and evaluate geomorphological and structural details.

Pertinent data on the gedlogy of the area were incorporated from

the progress reports of the Geological Swrvey of Iniia.

Detailed mapping with a plane table was oarried out in
selected areas to delinéate structural alignments because these
conditions are controlling factors on the occurrence and utilisation

of ground water.

Hydrogeological studies were started by selecting a
mumber of observation dug wells to carry out systematic water
level measureménts. Far this purpose, 210 wells weére meagured.
Systematic sampling of water was also carried out. Based upon

results achieved, the key area of 100 sq. miles (257 sq. kms.)

wag demarcated for water balance studies. In this area, the

density of observation dug wells was one per 7 sq. kms.

In order to observe geasonal water level fluctuations
and variatsons in chemical quality, pre- and post-monsoon operations

were oarried out. These oObservations were performed in Oct.-Nov 1967




e

April 19685 May-June 1969 Nov-Dec 19693 April-May 1970 and
October 1970. Additiomally, monthly fluctuations in water levels

were recorded in several wells.

The thres river gauge stations that were established
were also provided with rain gauges. Data from other rain gauge
stations in the region at Bilora, Borunda, Pipar end Merts sity

were 2lso collected.

Dreft data were collected from all 52 pumped irrigation

wells in the balamce area. For wells fitted with electric pumps,

. pumpage wag calculated from electric consumption For wells

equipped with diesel or crude oil engines, estimates were supplied
by irrigators who gave estimates of operating time, amounts of

water pumped or water requirements of crops.

Chemioal analyses of water samples for the following
elements were carried oub:

Ca, Mg, Mo, K, C1, SO,, HCOB’ 003, B, pH,

Total Dissolved Solids and Electricel Corductivity.

In all, 14 boreholes were drilled. Additionally, 8
OGWB bareholes were “ubilised far 1ithologmal
evaluation. Details of boreholes drilled in past and present

operations are given in Tableg! and 2.

Drilling operstions were carried out with combination
mud rotary-air hemmer sttachment and percussion methods. The
presence of caverns posed meny drilling problems that were overcome

onty with great diffioulty.
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Standerd methods of aoquiring date et drill sites were
employed« Drill outtings were systematically sampled, studied end
recorded. Coring was carried out when necessary for more detailed
correlation of geological formations. All bareholqs were logged

with & single point electric logger.

Preliminary quality tests were oconducted. by compressor-
packer methods. Electrical conductivity measurements of formation

water and mud samples were carried out at frequent intervals for

‘checking chemical quality

Testing procedures were modified to fit conditions in
the area. Diesel powered turbine pumps were used for performing

step and constant rate tests.
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I1I, BYDROMETEOROLOGICAL CONDITIONS

All available hydrometeorological data for the

" Borunda area were collected and used for the evaluation of

precipitation, temperature, humidity, wind velocity, runoff

and evapotranspiration. A large number of observations were

performed in the field. Results are given below:

Anmiel precipitation 1901-1967

1+ Normel anmal precipitation
)

2. Anmual precipitation of 10% probability

3., Anmel precipitation of 25% probability
4. Annual precipitation of 50% probability
5. Annual precipitation of 75% probability

6. Anmal precipitetion of 90% probebility

nn
410-440
640~660
500~520
380~390
275-310
175-190

The mean monsoon shere of annual precipitation

renges from 89 to 91%.
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NORMAL ANNUAL RAINFALL AND ANNUAL RAINFALL
IN 1968, 1949 and 1970 (mm)

WD TR GES wn G e Gen e e Gpe  Gwe . Gen Gt i - - W . — G W Wm0 e o - — - —

1968 1969 1970 Normal
(I -IX) (I-1x)

A T U 0o g™ PP o P P T AT P P R PR P LT ST PP P P P QI P G P G g PV g g

1+ Jodhpur (obsy) 153 162 532 368

2. Binawas = 165 - 297.4 392
. 3¢ Sojat 235 110 654 460
« 4+ Bilara . 298 233" 643 424
. 5. Jeitaran 172 221 553 (448)
. 6. Khoejpura - 250 385 393
» Te Borunda - 356 508 408
, 8+ Raipur 376 194 - 479

9. Jawaja 304 230 = 682 (495)
10+ Girirarde = 155 - 466
11. Beawar : 568 - 406 538 486 i
12+ Merta Road - - - 382
13+ Merta City 262 - 137 458 412
14+ Pisangen - 168 380 (500)
15, Ajmer (obsy.) 473 249 666 529 -
16 . Parbatsar 495 230 605 395
17+ Bakrd 520 - - 408
18. Semaria S 252 431 47
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ESTTMATION OF MEAN ANNUAL RUNOFF

Area. Annual Runoff Runoff Runoff
in Rain~ Coeffi=' in mm. in McF.
8Q . fall cient.

kInc i.n mm

1. Hills to the SE of Alniawas 627 480 0.222 106 2350
2. Undulating plaing between '

S. Location of the area giving
No. Runoff

Alnimwas and Jhintia. 137 440 0,078 = 34 165
3. Undulating plains along the 87 440 0.078 34 104
Iuni River between Jhintia
and Kaulia.
4+ Undulating plains along the 35 430 0.078 34 42

Luni river between Kaulis &
the Lilri river.

5. Hilly and undulating plains 120 420 0.158 66 - 280
between the Lilri river and
-Jeswantsagar deam. plains

6. Hilly and undulating/te the '
E of Moria 632 470 04165 78 1740

T+ Undulating plains along the
Lilri river between Morai and

Rotara. T 460 0.081 37 93

8. Undulating plains along the
Lilri river between Rotera 29 440 0.078 34 36
and the Luni river.
Total area and runeff 1738 464 SOAT 78 4810
Real inflow into Jaswant- 3370 = - &= 876(1 &%)

sagar Tank & percentage of it.

9. Hills to the NE of Khoaspura 95.2 400 0.38 153 514

10+ Hilly & undulating plains
between Keaspura & Malawas 146.8 400 04153 61 316

11+ Undulating plains along the
Jojri Nedi between Malawasg

& Binawas. 68 390 0.070 27 65
% .. Total runoff coming to the

Jojri Nadi ; 310 396 0.21 82 895
12. Hills and undulating plains

near Samaria 46 420 0431 130 211

Probable Runoff at Samaria

and percentage of the whole .

area. 46 420 015 63  102(48%)
13.Hills and undulating plains

near Borunda 58 410 0.30 123 252
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ESTIMATION OF RUNOFF IN 1968

To. Location of the area giving Area

Anmal Runoff Runoff Runoff

runoff in Rein~ Coeffi~ in mm. in mef.
sq. fall olent. ;
km- j.n mm »

2.

1. Hills to the SE of Alniawas 627

Unduleting plain and hilly
plain between Alniawas &
Jhintia 137

Undulating plains along the :
Iuni river between Jhintia and
Kaulia. 87

Undulating plains along the
Luni river between Kaulia and
the Lilri river. 35

Hilly end undulating plains
between the Lilri river &

- Jagwantsagar dam. 120

8.

10.

RIS

12.

13,

Hilly erd undulating plains
to the B of Morai 6%2

Undulating pleins along the
Lilri river between Morai &
Rotara 1

Undulating plains along the
Lilri river between Rotara and.
the Luni river. 29

Total area and runoff . 1738

Real inflow into Jaswantsagar
Tank & gpercentage of it.: 3370

Hills to the NE of Khoaspur 95.2

Hilly and undulating plain
between Khoaspura & Malawas 146.8

Undulating plains along the
Jojri Nadl between Melawas

& Birewas 68
Total runoff eoming to the

Jojri Medi 310
Probable runoff of Jojri Nadi

at Binawas and % of it. 103
Hilly & undulating plains

near Samaria 46

Probable Runoff at Semaria
& percentage of the whole one. 46

Hills and undulating plains
near Borunda. 58

480 0a315 - 151 3340
480 0 ;084 40 194
430 0.076 33 101
510 0.057 18 22

290 0134 39 165

400 0,153 61 1360

900 . “0.045. + -9 23 -
250  0.057 13 13
417 0420 85 5218

2 A o 1896(36%)

£40 032 1 259

240 0.124 30 156

2200 = Guos o 26
235 0T 40 441
i 0.064 15  164(37%)
270 . 0.27 73 19
- od2 3 5445

250 0426 65 135
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1. Hills to the SE of Alniawas

2. Undulating plains between
Alniawag & Jhintia.

3. Undulating plains along the
Luni river between Jhintia
and Kauliau 2

4. Undulating plains along the
ILuni river between Kaulia &
the Lilri river.

ESTIMATION OF RUNOFF IN 1969

Runoff Runoff
in m. in Moft.

in

8Q.,
kme

627

137
87

35

5. Hills & undulating plaing bet-

ween the Lilri river and
Jagwantsagar dam.

120

6. Hilly and unduleting plain to

the E of Morai

7+ Undulating plains along the
Lilri river between Morai
and Rotara.

8. Undulating plains along the
river between Rotarae snd the
Iuni rivers

Total area and runoff

Real inflow into Jaswantsagar
Tank and percentage of it.

9. Hills to the NE of Khoaspur

10. E11ly and wdulating plains
between Khoaspura & Melawas.

11, Undulating plains along the
Jojri Nadi between Malawas
and Binawas.

Total runoff ooming to the
Jojri Nedi

Real runoff of Jojri Nadi at

Birewas & percentage of it. 1039

12. Hills and unduleting plains
near Semaris

- Real runoff at Samaria and
percentage of it.

13. Hills and undulating plains

| near Barunda
/
i

/
/

632
il

29

1738,

3370

95.2

146.8

68

310

46
46

58

Rain
fall

150
210
230
180

180

220
199

290

270

190

258

280

280

340

Coeffi-
-olent,

0.040
04046

0.122

0.110
0043
0.048
0.12

0435

0.130

0.044 .

0419
04062
0.28
04125

0.29

10

28

997
2%

101

35

49
16
78
35

99

18
o
119
w
20
11

8 1519

326(21%)'
340

181

19
540
175(32%)
127 N
57(45%)

202
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g, Looation of the area giving Area Rein Tank runoff Runoff Runoff

No. runoff in fell Coe- GCoeff. mme Mcf.
80 mme f fe .
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e em e W S G R S W e Gue e e G M G G G Gt ey . G S

1, Hills to SE of Alniawes 627 590 _ 159 4239 14t 3130

2, Unduleting pleins between ;
Alniwes and Jhintia. 137 490 057 - +086 42 204

.3« Undulating plains along the
Luni river between Jhintia i

4,-Undulating plaing along the _
Luni river between Kaulia & b Sl e
the Lilri river. 35 520 L060 <090 47 58

5. Hi1ls & unduleting plains
between the Lilri river &

Jagwantsager dam. 120 530 15 173 92 389
6. Hilly and undulating plain ek L '
to the B of Morai : 632 550 116 174 96 2141
7. Undulating plains along the : A
e Lilri river between Morai :
3 and Rotare T4 570 «065 4098 56 140
8. Unduleting plains along the , :
g Lilri river between Rotara & 29 570 065 <098 86
the Luni River.
Totel erea and runoff TSR =T i SV 6249

Real inflow into Jaswantsagdr
Dem and percentage of it. 3370

9. Hills to the NE of Khoaspur  95.2 470 40 188 634
10, Hilly and undulating plains :
between Khosspura & Malawas 146.8 450 108 1 62 13 379
~ 11. Undulating plains along the
Jojri Naedi between Malawas : '
Total runoff coming to the
Jojrd Fedi 310 : 1156

Real runoff of J ojri Medi at
Binewag & percentage of it. 1039

12. Hills and undulating plains

near Sameria 46 455 = 232 146 231
13+ Hills and undulating plains :
near Borunda 58" V5205 e i 31 161, i 531

.Q..0.0.0Q.'.’..Q..OQ0.0Q...Q....Q,.,
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ESTTMATION OF MEAN ANNUAL EVAPOTRANSPIRATION
NEAR CHANNELS OF LUNI & LUNI RIVER

No. Area between Mean annual Mean Mean armal
precipitation anmual evapotrang-
(mm) Tunoff piration
_______________________ (o)t 5 et (mm)
1. Alniawas and Kaulia 440 34 406
2. Kaulia and Lilri river 430 A 396
3« Lilri river and Jagwant- ; ; ‘
sagar Tank 420 33 387
4. Morai and Rotara 460 37 : 423
' 5. Rotara and Luni River 440 34 406
Average © 440 34 406

® 00000000000 0000C06OCOCOGOEOEOGOEOGEOSEOS®EOS®EOS OO
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Using the average value of evapotranspiﬁation, the

approxinate mean anmael recharge to the ground water body near

the river ohannels was computed as shown belows:-

1.

Groundwater recharge from direct
precipitation on 121 sq.km. 146 Mof

Runoff entering river e 4810 Mef

Mean inflow to the Jaswantsagar

tank ' 876 Mof
Mean anmal rechaerge 4080 Mef
(4810+146 - 876) or 116 Mom

Using the above estimate the average anmal recharge

for km. of river channel was caleulated to be about 1.2 Mem.

Mean anmual recharge along the Jojri Nadi between

Khoaspura and Binawas wag estimatedto be 844 Mof or 24 Mom.
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1V, GEOMORPHOLOGY AND DRAINAGE - f
{

The area has six different land forme which are shown

4n Exhibit 2, Four of the six geomorphic types are important for

groundwater potentials; These are the residual hillocks, valley fills,

older alluvial plaing and younger alluvial plains,

f Elevations range from 833 feet above m;h.l; near Pipar

to 2669 feet above me8aLa near Baltupura in the Aravallis,

In the limesténe area, rolling and undulating topography

with parallel strike ridges and shallow valleys are typical.features;

The general trend of the limestone outcrop is NNE=-SSW to NE- SW,

The elevation in the limestone region generally ranges between 950 to
1050 feet above m.s.l; The extreme western part of the are, is :

bounded by NNE=-SSW trending hillocks composed of sandstones and cherty_fﬁ

and conglomeritic rocks, These are {dentified near Khoaspura on the 4

north to Pichak on the south, Between the western hillocks and main

limestone outcrop area, there is a fertile valley which parallels

the hill tvend, The eastern boundary of the iimestone is marked by

isolated and scattered mounds of pebble beds and piedmont alluvial

plains, To the extreme east, the area stretches to a wide; low
alluvial valley of the Luni River, South of the Luni River an

isolated extension of the limestone outcrop 1s traced from

Bilara to Sojat,

X St ol
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“ The drainage of the area 1slgenera11y southwesterly, except ?
f?;for the northwesterly flowing tributaries of the Luni River, The Luni)
River with its tributaries, ILilri, Raipur Luni, Sukri, atc, originates
‘in the Aravalll hills to the east, The Luni River is the main system

draining the area and flows only during the monsoon season, The Jojri

Nadi in the north is ephemeral ;nd drains a,sméll area, The Jojri Nadi

and its tributaries are a part of the Luni drainage system;

The general drainage pattern is dendritic to sub-parallel and
trellis in places except for radial pattern around isolated hillocks,
The limestone terrain and pebble beds aée partly internally drained and

the drainage pattern under this situation is linear~subdendritic, with

disorganized and discontinuous patterns;

The sandy alluvial areas have drainage mainly by the Luni,

gE Mitri and Sukri Rivers. The rivers in this geomorphic Zone are fairly‘

well graded and have meandering courses,

)

{
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V. GEOLOGY

Earlier workers have clafisified the Borunda-Bflara-Sojat
limestone belt under the trans-sivavalli Vindhyan formations of
western Rajasthan, The latter are sedimentary rocks consisting
of limestones, sandstones and shales;A The geologic sequence and map

of the areaampe shown in Exhibit 3.

The oldest rocks in the area belong to the Aravalli system

and are found in isolated low hillocks, They are mogtly greenish

: %} ‘ coloured shales interbedded with argillaceous sandstones, quartzites
:;55‘ and occasional schists, The strike of these rocks is NNE-SSW to

4 NE-SW with eastward dips, 1In the extreme east near the Aravalli

¢ o hille, the beds are almost vertical,

Near Sojat, dark grey to greenish shales striking E-W
and dipping 70°S, belonging to the Aravalli group, are seen
.
underlying Vindhyan sandstones, At Banjakuri, schists were

.‘?. encountered in a borehole at a depth of 110 feet b.g;ll

The Malani suite of rocks are younger than the
Aravalli‘formations, and consist of various typés of acidic and
basic igneous rqcks; The acidic gocks are mogtly grey to pink
grénite, rhyol{te and associated quartz veins; The basic rocks
are mostly altered epidotized diorite dikes and cchista; Exposures
of granite were observed near Kejarla, Birawas, Sonia and Garsuria;i
The rhyolites and basic rocks are present in the eastern Aravalli

range,
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The Vindhyan system overlies théAMalani sulite of igneous

rocks, Vindhyan rocks consist of shales, conglomeratic sandstones- and

- 1i{mestones containing dolomite and chert locally, Sandstones overlie

an eroded surface of granite near Goukrd Bari, Garsuria and Son:ga;
These sandstones are, in turn,_overlaiﬁ by dolomitic limestones,
The dontact betwesh tbev:andntbnea-and*iiﬁodfonéotis generally obscure

but at places it is identified by surface occurrence of chert and

-conglomeritic float;‘ Some conglomertic materials are found on tops

and slopes of hillocks from Bipgwas to Sonia and also to the west of

Gorawat; The maximugﬂ;bggkneas_of sandstone exposed between Sonia

[

and Choukri is about 100 metres. The contact between the limestone
and Che samistone s coﬁfor}mme; An angular disconformity could be
traced between Aravalli schists and basal Vindhyan sandstone near
Birawas, Immediately ESE of Sojat City an outcrop of reddish grey
calcareous conglomerate occurs.ﬁhich 1g from & to 6 feet thick and
lies between the.base'of the sandstone and the top of the Aravalli
bagsement complex; East of hill 1,350 near Bo;unda_(Ex.Z), flat lying
cherty limestone was seen overlying the sandstones, The sandstone
outcrop at & quarry near Rausigaon.is pinkish to reddish-browﬁ in
colour with partings of miscaceous shale, The sandstones are highly

cross bedded and form flag-stones,




traceable in a norrh-south alignment from Sojat t

of about 150 kme,
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The dolomitic~limestone outcrops are extensive and

o Nagoursa distance

Boreholes drilled near Nagour showed that limestone

North of Borundag these limestones

becomes more gypsiferous in that area,

are overlain by red shales.. Boreholes drilled at Basini village adout 90

~—
e

kms. north of Bgrunda and 4, 8 kms. west of Nagour town showed limestone

at a depth of 475 feet b.g.le Dolomitic limestone outcrops are S5
O e ey E 3

conspicuously as elongated hummocks forming plateaus; The alignment is

- o .
N15 E to NE between Sojat.and Borunda and the average dip is less than

5 ;
5 eastwarde

Iimestone is the predominant rock type in the Borunda area

and forms the primary aquifer, A controlling fault has channelized

the flow of water in the cavernous and fractured limestone; Exhibit &4,

3 cross aection, uhows tha geologic framework of the area and indicates

the controlling fault between the two Ransigaon holes.. The location

and alignment of the crogs-section 18 shown in Exhibitw3, The dolomitic

limestones, in the main area of study, are magsive, grey to datk grey

or pale grey to white with interbeds of chert and shales in the lower

ne but are locally dolo_mitic.'

perts, Limestones are psually crystalli

It was observed that some of the outcrops of dolomitic limestone

between Ransigaon and Hariadyana show algal stromatilitic structures.

Nodular characteristics of dolomitic limestones are also common especially

in fissures and caverns, Caverns are wide spread and have large

Borunda and near Markasni; Caverns are

dimensions especially north of

gources of prolific groundwater supplies, The 11m9§t°?9,h53_§
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,aximum thickness of about 900 feet. Shales and clays were identified

“aa overlying the Vindﬁyan limestone near latoti and Pundlo.

A large part of the area is covered by alluvium and wind
lown sand; The alluvial twickness in the valley west of Ransigaon
iy‘betWeen Rampuria c%d 30runda varies from 8 fbw 1nches to more than 300 feet,
‘;?‘Alluvial deposits are divided into two categories, younger alluvium
(4ncluding wind blown sand) and older alluvium (mostly in piedmont plains),

The latter are considered to be of upper Tertiary age,

Younger alluvial deposits are confined to the Luni River channel
and their areal extent is limited,’ The thickness of the wind blown sand

s greatest in the eastern portion along the river channels,

The older alluvial deposits consist of sandy, yellowial
to reddish clays with pebbles of quartz and quartzite; In the eastern
alluvial plaing, cobbles and pebbles form slightly elevated platforms or
lowhills, Some of these mounds could be identified northwest of
 Ramlias near Digrana and other places between Kharadi, Senlg and Nimbol,
: f;? These mounds have relatively large pebbles of quartz, ironstone and
' dolomitic or cherty limestone, Angular and flattened pleces are common
?; - The pebble beds which outcrop to the east of the limestone beds are

" similar to the Mar formAtioﬁ of upper Tertiary age from Bikaner district,

"%f The earliest structutiral impressions are recorded in the .
Aravalli formations, Theyconstitute a closely plicated synclinorium

with general strike of NNE~SSW yeering at places to NW-SE and NE-SW and

'i with steep dip eastward,

L
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Subsequently, Vindhyan sediments, which were deposited on

the eroded surface of older rocks, were later subjected to severe

;compressional forces from the southeast, This resulted in the development’

of flexures and fracture zones, The valley alignment between Rampuria and

:éjnorunda marks one of the major fracture zones,

Variation of dips of limestone bads within chort distances is

attributable to fault drag and collapse dué to leaching,

The important fracture zones gre shown in Exhibit 3 and are

l1isted below:
"1, Parunda-Rampuria major fault

\j,f’z; Sonia diagonal fault-

_”3, Luni River fault

4, Jojrd (ar Mitri) Nadi fault

: .The Borunda—Rampuria major fault trends NNE-SSW and extends
about 25 miles (40 kms) between the Jojri Nedi and the Luni River, The
fault probably further extends to Sojat but its trace is obscured by
alluvium, The fault scarp is well marked along the prominent éherty
limestone ridges from Rampuria to Borunda, ~This fault'seems‘to have
developed & number of subsidiary Ajagonal breaks which have extended
the fracture zone to & width of & to 5 miles (6% to 8 kmg) , The zone
{8 characterised by a number of éaverns'which have developed due to leaj

_ching of carbonate rocks, The presence of chert has led to gilicification

of limestone and removal of carbonates which in turn led to development

i
i

of caverns, ;
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The Sonia diagonal_fauic, twending E«W 18 responsible

for displacement of the limestone outcrop as shown in Exhibit 3,

The Luni River fault has controlled the alignment of

the Luni River and is the cause of caverns near the channel,

The Jojri (or Mitri) Nadi fault is downethrown on the

north, The trace of this fault is covered by fluvial and aeolial

materials,

Besides major fractures, there are some minor faults,
not indicated, in the eastern margin of the limestone belt, These

faults are obgscured by wind blown sand and serve as water feeder

e channels from alluvium to limestone,

. -
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VI. CHEMICAL CHARACTERISTICS OF GROUNDWATER

Water samples from 169 dug wells in the ares were

collected during successive post-monsoon pericds in 1968,1969 and

1970, About 600 water samples were amalysed for a oomperative study

of chemicel composition end the analyt joal results were classified

into major éhemicel consituents end ionic ratios for evaluation of

significant hydrochemical properties (Table 3). The methods adopted

for categorization and interpretation are besed on standard

techniques and well accepted procedures.

A regional isooone mep (Ex. 5) was oconstructed with the

totel dissolved solids determinations. The map {1lustrates variations

in degrees of minerali®&tion in groundwater in the limestone and

elluviume Alluvial regions show the TDS ranges from less than 400

ppm to mere than 3000 ppme Phe distribution of fresh waters in

elluvium is dependant on p’hysiographio, 1ithologic,and structural

controls Water in the recharge areas shows relatively less

concentration of salts. Some of these areas are jdentified to the

north and northeast and elso along river channels. - In the piedmont

and older elluviel plains, the water tends to be mare geline. In

the limestone, the quality is controlled by gtructural and

1ithologie. phenomena. The T.D.5. generally ranges from 1000 to

3000 ppme The presence of thin interbeds of impervious rocks

greatly influenceswater movement which in tum influenceschemical

quality of water. The {gooone map shows thet along the western

mergin of the limestone between Borunda and Ham

ig relatively less mineralised.
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T"xe less mineralized water in the west might be attr:.butable

%o the occurrence of relatively more. mtemoomected and well

deveIOped fissures a.nd opemng in karstio llmestone in the

Borunda.-Rampuria region. This area a.ppears to be in direct
contact with fresh water regions lying to the north ard north-
east of Barunda by means of the Bommde.-Rampuria fault zone. |

In ’che eastern z0ne, the degree of mineralieation is relatively

highe The eastern margin is remote from the recharge area.

st s A

Additionally the limestone outerop in _Nt_.he vye;s_tern_ ;je_g_ion‘ forms
a ridge and the Bip of limestone beds is gently eastward. In
contrast to this, the eastern margin is overlain by alluvium

and the limestone is relatively dc >eply buried. These conditions

.geem t0 have considerable influence on the chemical oomposi’con

of.igrbﬁnéwater. It is evident__tbat part of the limestone is

under the influence of saline Na-Cl type of waters from the’ o

alluvial regions. | '
Generally, kastic limestone weters are élkaline

earth bicarbonates but groundwaters in the Borunde region are

of elkali~chloride type. The fluctuation of the total conoertrat~

ion with respect to single ions is- not exceptioml as shown

in Exhibit 6. In contrast, the waters in alluvisl regions show

/

greater fluctuations in total concdséntrations as well as of

individuel ions &8s seen in Exhibit T. The observed. inerease in

the concentrations is due mainly.fto Ne and C1 ions. The Schem tic

representation of chemical quelity of water (Ebc.B) shows that sodium

is the major consituent among the cttions whereas, 8mong the

anior;s, bicarbonates and chlorides ere almost equally. distributed-

(
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The chemical compositon of & few representative

samples is depioted in Exhibit G. This diagran indicetes the

“extent of salinity and alkelinlty in the waters due to elkali

and alkaline earths. The karstio limestones :Ln the Borundap

—————————

Ransigaon sootor ha.ve mostly primary salinity and primary and

st N &

e e T St # SN

seoomia.qalkalinity. Twenty four percent of the sa.m;ylee

“rom alluvimn have botl primary and secondary galinity and the

remaining 76% have primary salinity and primary and secondary ,

alkalinity.

Exhibit 10 is a séction slong A-A' and its locations

is shown on Exhibit 5+ The sec’%ion reveals that along the;‘“strike,

the anion facies chamge is‘quite significant.

The following tabulation indicates data used to

congtruct the section.
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: Well T.D.S. HC!O3 SO4 cl CaslMg  NesK Geochenmioal i

@ 1 No. (epm) - (epm) type » 1
o o e ot Rl S s g g e e £ ytory i
® 2D1 1386 830 144 340 2.4 24.32  Na-Vg-HCO;~C1 !
N ) 2D2 ~552 56t ‘Trace 170 542 6.45 Na-Ca~HCO,~Cl. gl
® 2D4 1480 610 58 55 6.6 20,11 IM-Ca~CL-HOO i
® 2D3 1272 647 144 3o 6.6  15.65 Na-Ca-HCO5=Cl
: 2D6 1248 500 9% 370 8.2 12,16 - Fe~Ce~Cl-HCOg ;”
e 210 2748 598 144 1120 12,0  31.26 Ma-Mg-Cl-HCOj
. . : : et;{‘
® 5 1 1216 . 512 211 310 8.0  13.54 Ma-Mg-Cl-HCOg
2 - 3D1 1574 586 96 550 7.0 20411 Ne-Me-Cl-HCOg I
o B o ‘;f
= 3D9 1406 421 173, 505 Te4  17.44 Na-Ng=Cl-HCOs i

® |
. - ;" ————————————— o e s ) e - W iy 4 WS> 8 ST AW :
. :f }E
® — i\
o i

@® : |
3 - i

® | %;']
° % ijl
* B i
® Cl
e ¥
N |
e § ol
@ ‘ 5 I




® 0000800000 000000 0000 00OGCECOOGEONOSNISINOIEESEOE OTPOC®OPOS

-37-

The section shows that waters in the recgarge area
are HCOS-CI type with low salt ooncentration. As the water picks
up more 002 and infiltrates inte limestone fissures the calcium
and megnesium are dissolved 0 the extent that waters change from
Mo facies at well 2D-1 to Na-Ca facies at well 2D-3. However, the
cation exchange with saline waters balances this reaction and
water remains Na~Ce facies. The anion facles in the groundwgter
progressively changes from H003-01 to Cl—HCO3 - type at well 3D-1

near the Borunda region. The higher salt concentration at well

2D=-10 is significantly reduced at well 3D-1 by the mixing of

fresh water from the north. The gereral pattern of possible

changes 1is shown in Exhibit 11.

The bicarborate content generally ranges betwean 400
gpd 800 ppm which is generally considered as gigh for normel fresh
watér. The sulphate oontent, on the other hand, is low as compared
with chloride ar bicarborate ions. It is likely that the chemical
composition of the waters has been modified to a great extent by
reduction of sulphate through mioroorganisms of the organic
materials resulting in a higher concentration of bicarbonate and
lowering of sulphate ocontent. Generally the increase in salt
concentration cauges an increase in the non-carbonate hardness.

in waters oving to simultanecus inorease of sulphate concentration
in the form of magnesium sulphate (Ex.12). Some samples of water
have high dissolved solids contents &nd high sulphates in thé farm

of sodium sulphate but have low non-carbomete hardness. The

softening of the water is possibly due to ion exchange in which
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caloium and magnesium is absorbed by the saline" alluvial f&rmatiqns
ond sodium is taken into solution. The weter from the Borunde- '
Ransigaon sector does not contein non-oarbonate hardness excépt in

s for wells. Only the highly minerelized waters of the limestone

region contain non-carbonate hardness ranging from 60 to 460 ppm.

small areas to the north ard south of the Luni River

1,
oA A
wavare

have chloride concentrations of more than 1000 ppm. These

have mostly stagnatedaih‘the alluvium end water sempies from wells
showed cormtemination by bacterial decomposition.

K
There *s SOme vertical zonat won of water quality in

the limestone. Vindhyan gsandstone underlying the ‘limestone contains

st werr s

’ine ‘waters which are probably a major cause. The date given

s

below indicates the quallty di;ference betWeen waber in regard to

dep‘)h.
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‘ %an on test well
£\ :

i ’ ! . ” T 2x P o PP 2 Py
' oy R Lo 5. sty i 3 S e SRR

- oun wmn e _Gge g bhe =

g 7T TillentipEanes SR

R _ff?®_~®m

Limestone 150! 1354
. pag ABT6

290" 1390

A35G' 1388

3601 1400

s 400 1396

450
450
450

450

42505000 376 | 1130

..59._

10 days conbi-

nuous pump test
showed no change

" 4in quality of

oomposite-water
during the veriod

Test pumped

- quelity was TDS

2,104— ppm-
Inoreased to
3,176 ppm &t -
end of pumping.
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24 Ransigeon ~ Site 2.
Depth range TDS Cl Remarks .
ppm Ppm
Limestone 600-T00! 1152 450 Perhaps some
@ 2 hours saline water
45 minuts. from bottom
is drawn
= {
600 1~700 1464 650  fter 2 hours
@ 22 hours
pumping.
.Calcareous
sand stone 840 '~900! 2226 980
3. Patel Mager/
Limestone 182! 4528 2084 This site is
located at the
21012201 4528 - 2084 eastern contact
- -of the limestone
2201=-2%01 4322 2049 with alluviume
2301-239! 4522 2158
252! 4632 2134
260 4586 2208
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Depth range TDS Cl Remarks

ppm ppm
4. Rampuria '
) 50-841 2099 840
) 1201 2000 870
16485 5 1992 900
¢ 200! 2020 920
.'
2151 2060 920
@
. 270! 2166 840
APT results after
o 10 days of conti=-
o nuous pumping 2210 860 Well open to 260!
L B
T e e aime e = T e TR R S e e T e S e, e
o 5. Pichsk
o (Production
3 tubewell)
& ] ; it
® (1)30' to 120* 1960 615 Well taps
' ] elluvium on top of
o limestone.
() 4 R :
® (Test well (ii) 311 o 644! 2152 850 Well taps highly
] UNDP) fractured limestone
@ formation.
® ;
®
‘ ‘
®
@
@
®
@
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e Depth range TDS  CL  Remerks J |
° ppm)  (ppm) 1|
® | '
6. Jetti :
o : i
® 27'-118¢ 2750 1060 - nisestone
'y 1641-230' . 2600 1000 Limestons
o 2721-295' 3140 1710 " Calcareous
P sand stone h
@
‘ ----- D W WS G WS e GED GES GRS TED GNP GuS wEs WD SEW e ee GR0 Aem GER wee hm Gus B Sum tun Gum wEe =
T+ Nimbol
® ST : :
® 200! 798 250 Alluvimm By
‘ ,<‘ X . . SOW.LO 80' !
. .r bcgoln !
4401474 - 798 Limestone b
(- ] water level i
3 80' btgulo l
- (under
Y 3 : : confined il
= ; conditong) i
@ ' il
° S R e D e R e e T D Feis
¢ It was*a;')parent (Bx. 5) that recharée from the Luni ’
@ : i
® s River doss not appear to have widespread effeets on the salinity :!
® in the region except along the river chanmels. Q‘
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l
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® *
@
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VII. SUITABILITY OF SOITLS AND GROUNDYATER FOR IRRIGATION.

Soils of the. region are shown in Exhibit 13. This map

was prepared after reconmaisance soil surveys were made.

In the uplend the slope of land varies from 1 to 10%
The soils in general are sandy to loamy in texture. The s0il
depth invariably follows the tOpogréphy. The pH valie of soils
can be characterised as normal generally ranging from 7.8 to 8.3
elthough the meximum value was 9.2 in calcareous grey brown soils
whefe the range was from 8.4. to 9.2. There is a tendency far.pH

to Inecrease with depth.

The fertility of soils ranges from low to medium. The
organic carbon content ranges from 0.3% to 0.5%. Most of the ccarse
textured soils under agsociation I, in the tabulation given below,
have qrganic carbon contents of as low-as 0.03%. The available
P20, content ranges from 2 to 60 kgo/ha. and in some of the

established cultivated soils.the velue is as high as &0 kg/ha. The

status of K,0 is medium to high and it falls in the range of 250 to

2
500 kg/ha. The list given below gives the §0fl - 4ypes of the area.
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DISTRIBUTION

GENERAL DESCRIPTION

S

ASSOCIATION

Soils of alluvial and
aeolian nature, the
former occupy relatively
small areas to the

west of Borunda village
and later along the
Luni River extending
over the south.

1+ Sandy to leemy
send

Most predominant soils
type in the area, exten-
-ding over villages
Phalka, Kharadi etoc. in
the south, to Basni and
Mokala in the north.

It also encompasses &
vast area between the
Iuni river and its

k. & : distributaries in the
. southesast .

2. Samiy Jo09a to
loam

Occupies vast patches
in the valley plains,
between the slopey up-
i Jands and rocky ridges.
: Covers mainly villages
of Rensigaon to Murkasszi,
Heryadhana to Digrana
Senle and east of
Borunda villace.

3, Loam +6 sandy
& clay loam.

Distributed all over
the slopey up-land
e with rocky ridges and
5 stoney material.

4 « Gravelly soils

1 Zm : ok LR AT, 4 =

Deep to very deep soils
with nil to very little
horizon differentiation.
Mostly the surface secil.
is non-galoareous 0
slightly caleareous, With
CaC0, leached down to
deepgr horizong: i.e.
60-100 om. Rapid to
excessively drained.

Medium heavy textured
soils. Surface soil
mostly sardy losm with
tendency to increase to
heaviness with depth
Horizon differentiation
is conspicuous. Soils
are calcareous and CaCo .
inereases with depth. |
Mostly deep to very deep
soils with fairly good s
draimage.

Soils under this area it
glightly different from
the above, the texture
is relatively heavier

particularly in the |
deeper layers with
little suspected

draimage impedence.

Coarse textured soils
with shallow depth and
111 defined profile. il
Aeolian sand deposits
are frequently seen

covering the rocky
outcrops. !
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The utilisation of chemical data with the water

. olagsification scheme of the U.S.D.A. did not help in arriving

at the proper assessment of the suitability of the groundwaters
un,der'local conditons of goil, climate and availability of crops.
Amendments to this system to suit the looal arid conditions were
attempted by various workers following desert regearch schemes.
In the present evaluation, therefore, mbdi’:t‘ied systems were also

used. The analytical data from 169 water samples were used for

_assessment of suitability for irrigation mainly in respect to

" salinity and alkali hazards. Classifications are shown in Exhibit

14 for waters in limestone and in BExhibit 15 for water in alluvial

deposits.

The salinity level in the groundwater is not considered
to be high' although the ma,jor. contribution is from the cation Ne+
ard the anions 01 and 804-' . By using electrical conductivity
as a measure of salinity, 55% of the total wells have only low to
medium galinity groundwater with the E.C. being less than 2250
micromhos/om et 25°C. The remaining wells, however, oross this limit
but oan be used for successful growth of medium salt tolerent orops

under conditions of good drainage and adequate supply of water.  The

distribution of salinity shows that wells located in elluvium have

_relatively lower E.C.(mostly less than 3000 micromhos) than water

from limestone wells,

The tabluletion below gives alkeli hazard data and show

that 36% of the total wells fall under excellent to permissible

clasgses.
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""""""""" Sensitive No.of Semi-toler- . . Tole-
Class crops _ Wwells ant _crops No.of rent No. of
. ‘Range of range of wells Crops L .41g,
boron vpm Loron ppm range
of
boron
ppm
1 .Excellent 0.32 16 . 0.66 S8 n0x99 1
'2.Good 04330466 22 - 067=1.32 - 23 1.00-1:99. 8

= 3 1 L s o e B S G ok el yoacdadd Losiaiis R O &

i

Ground waters from dug wells collected during Oct/Nov.
1970 showed boron eoncentration from trace to 2 ppn;. The results

obtained on 65 representative wells ere summarized below:

—-——-————.-———-——--——-——————-

\O

3 OPermiSSible 0 567-0 099 1 1 ¢33*1 999 4 2 099-‘2 099 v

4 «Doubt ful 1.00-1424 2+00-2449 - 3.00-3 4 .-

5 Unsultable -1.25 ey e 3.5 -

—————-—--——_———.——.——-————.-———-—-—-_._—————— .

~ The teble reveals that exc.ept for a few wells these

grourdwaters _oould be sai‘ely-'used for a wide_ variety of select}ed
orops under the existing soil and olimetic conditons. Although,
in general, the distribution of bofon concentration doeé not foliow a
defir_xite pattern, relatively lower concentrations have been recoréed :
along the river beds. However, the chemical characteristics such

as selinity and alkalinity are found Yo have & definite bearing on
the status of boron conéentration. The statistical ‘oorrelation worked

out gives positive line of relationships and is summerized belowe

Correlation

Coefficient(r)
Boron Vs Eleotrical conductivity 0.723
Baron Vs SAR 0.+860
Boron Vs Sodium % 04705

It is, therefore s'uggested that the use of relatively
higher salaine ard &lkaline waters for irrigation purposes needs

cautious approach.

B e
-
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VIII. GROUND WATFR_CONDITIONS

Ground weter in the limestone generally occcurs urder

water table conditions in caverns and fractures created mainly by

solutional activity in faulted zomes. Depths of Water 1évels

generally range frOm 30 to 50 metues begelo The fault oaet o"

Borunda and RanSJ.gaon seems 0 have fozrmed a fresh water braok sh

water contact (Bx.5) by channel:.zlng the flow of groundwater. The

fault acts as e drain conducting recharge fz;om the north to the
‘gouthern regions.

Karstification in the limestone is generally limited to

an eariier base level of orogion and zone of aeration. At Pichak

. |
$his zone was idenmtified at a depth of 120 meters be.g.l. For

evaluation of grOund water resources, an average aquifer thickness

of 500 feet (1 50 m) was used as fractgres_ exist throughout the full

saturated section.
Exhibits 16, 17 and 18 show changes of gr-ound water

storage during project operations. Specific_ yield was determined

from data shown on the maps and other information and was rounded

off to 7% for the limestone of the 257 sq. kms. of the balance

reglon. 161 sqe kms. is underlein by fresh water (under 2,000 ppm

TDS) " Consequently fresh water storage was estimated at 1,700 MCM.

The tebulations below show how specific yield wag derived.
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By including water heving SSP of 60 to 80% (&k}ceptable_
under local corditons) the amount of satisfacfory sampleé: that could
be used with proﬁer amendments is 77%. Tractwise, distribution
shows that wells located in alluvium have better quelisy Satant
with respect to Ne content that limestone waters. The SA énd water

given in Table 3 show thet 82% of groundwaters have low.to medium

alkali hazard. The predominace of this hazard is greatest in pebble

beds followed by alluvium and limestone. Consequently, 1t can be
concluded that most groundwater can be safely used for itiz;'igation
ﬁnder normal conditong of drainage and adequate supply of water.
The remeining water which falls outside the limit due to alkali
hazard can also be utilised suitably in conjuection with proper

amendments.

N

An evaluation of boron content of water was also made
because excessive Wwaron has detrimental effeocts OR cro;}s.'._ In

general a concentration of 0.3 ppm could be safely used for any

CTrope

e




260°0 2°2 . 98° | 26" L - jbeet j8lr90s = 00" LG2

008° %4 G3*2 ¢8° %3
00L* 92 Gt ce Gl
00G° V6 Ge* L ¢9°6L
000° 75 Nyl Lis6Y .
004° 19 06°0 mm.mw
00£° Gt 59°0. 26°¢Z .. (sfep 012)
. el a9 6k L6y KeR-6961 300
lN@mllﬁwm|iNﬂH|llJ@HW|1A@mllllllwﬁﬁﬂl. |||||||||||| d%ﬁ%lWllll!Wll
3 g0° Gl - 0¢* i 09° LI
rAR S 2 cL i 00°GVL : :
‘ | AN 69*0 oL L6 (skep 012)
e g T S T e s gkl o S0 s Ce0 L e IO Bl 6961 fer=896L 3°0
: .22 922 : , 00" 162 S o
190° 0 ¢8°2 Ak 02°0lL Ly L T&95 . 69° L 2G°8G _
08° G4 YAl 8 . GovY _
oL° oY Gleo - - €€ 19 (sfep 0L2)
GL* L2 I 0870 626 8961 Tar-L96k 420
|||||||||| U .‘..wm.al TS lawuu.al s won WO ol o omﬁodw : & ; 2
gl gmpec v e T s R
Joqem
BOTIUT pumno a3 «qno pedund *I9J
wﬁmﬂ% Jo3BM @&MMS@ MO TF 400 - 9 4BMPUNOII -tnbe poIojem ToAOT I@qBA
_ orgroeds_ _-punoI_ _3O 3 | _Xo%eM pUNOI) JO junouy -9p Jo °umIoA _pumoId Jo o o o oo
ORI SR X H%lllhﬁll11@@111HUNHHHHHHHJﬁ|l Teg SHRIAY e T PR S
N ..ll...l.l......lwl..t....l...ul.l.l.!l... |||||||||||||
TE R ODE. S Sty
e Ty VaNOg0E *NOoIOZY @ONvIve dHJ {0 TCHIX OTarodds d0 ongaszmwmam

oo 4 (deasd o e d i s bathtl SEE ok . v
o e L 13 A Cadis M Lol & A3 i - < 4



: 2 . ik b A i bu PR IG5 it otd il ol nl
w

50515

Exhibit 19 indicates ground water contours in April
1970 and Exhibit 20 shows depths to ground water from general land
cunface. Exhibit 19 shows that the general flow of ground water in -

the limestone region is southwerd in the dry season and that the

" controlling fault acts as a asump.

The main source of recharge to the 1imestone aguifer
‘ig rainfall falling within the drairage basin of the Luni River

and its tributaries. -The groundwater oontour map of the region

north of the Luni River for October 1970 (Bx..21), indicates %ot

recharge during and after the monsoon is temporarily from Luni

River runoff. The Tertiary alluvium %0 the east partially conbtributes

ground water inflow to the 1imestones Next to direct rainfalls, the

most significant recharge contribution is ground water inflow from

the north.

Caloulations showed that the average coefficient of

infiltration was 25%. The average anmel precipitation in the area

is about 17 inches (425 mm). Consequently the average annual

pocharge from direot infiltrationcif the freef whtex)awes -~ T

fest sl e tho e sk

Ll

wma computed ag 171 Mom/yz. 3
: S

Discharge from the limestone aquifer is by present

agricultural utilization underflow to the Luni River channel during

the.: dry season and direct evapotranspiration. Most pumpage in

the balance région ig given below and details for individuel wells

are given in Table 4.
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The decrease of pumpage from 1969 to 1970 was due to the
abnormally high rainfall in 1970. %otal water balance was computed
for the balance region for the three successive years of the project ' °
operetions. The following data were used for evaluating the total
water balance.
1. Monthly ground water level fluctuations of 7 observation
i el Par 1968 and 1960 anl ol volle 1 10;
2. Precipitation data from 18 meteorological stations foé the
last three years and five meteorological stations for 67 years of
record;
3 River runoff data from Khoaspura, Binawas and Samaria
from 1968 to 1970.;
4 Monthly data from Rajasthan State Electricity Beerd, Jodhpur;
De ~Geoiogioal maps, ground water contour meps, surveying, drill-
ing and test pumping data.

The total water balance equetion is:~

P = (E+ SWO + GWO+ EW + Icm)-(cwniwwcw) where

P = Precipitation
E = Evapotranspiration
SWO = Surface water ovtflow
GWO = Ground water outflow
EM = Exported water
IGW = Increase in ground water storage
GWI = ground water -inflow
IV = Imported water

DGW = Decrease in ground wator storage

Results of the balance study are given below.

. g cum e T i s aloriac oS
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968 7190 57.9

1969 T72.90 60.0%

1970 125.90 95.13
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1.46 13.76 10.66 11.48 5.95 1.60 15.83
1.38 13.76 13.02 9.34 5.95 195 16.73
2268 15.00 1510 2Te6T 600 2 2. 27 ¢ 2142

seen that evapotranspiration accounts for the

. major part of water.loss.

By adding the estimated long term inflow to the long

term recharge from direct infiltration, the "safe yield" in the

fresh (less than 2,000 ppm TDS) and brackish (2,000-3,000 ppm TDS)

‘area as well as in the fresh water areaslone was computed. The

"gafe ylield" in the fresh and brackish water area combined was

estimated as 26.6 MCM/yr. The 1969 pumpage of fresh and brackish

water was estimated as 14.5 MCM/yr. The "safe yield" of fresh

water has been caloulated at 24.5MCM/yr and the draft of the fresh

water ie normally about 12.4 MCM/pr. . Consequently, about 12 MCM/yr

of additional fresh water is available for further irrigation or

other uses. In dry years, water would be withdrawn from storage

but because of the enormous, quantities of fresh water in storage

and rapid recharge during monsoon, there would be no detrimental

effects in the long run.

N

Several pumping tests were run in the limestone

aquifer and results are presented below:
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DETAILS OF PUMPING TEST ON RAMPURIA
TESTWELL
A.  STEP DRAWDOWN TEST DATZ: 11 JANUARY, 1971
TEST WELL OBSERVATION WELL %

Step No. Dissharge Drawdown 1 Drawdown
{ U.S:G.PeM. fog6t. § -
: 4
} 1% 672 2.41 ‘ 0406 :
! 9% 857 - 3.64 0.16 °

35 1001 4.92 } 0.22
] Ao 12008 6.92 ¥ 0436

g b 9+13 0445
L

o)

B. AQUIFER PERFCRMANCE TEST

Discharge 1200 USGPM, Drawdown 7.60 ft. Duration
210 hours. Drewdown in observation well -:0.72 ft.

TW. = 44.89 feet below M. P.

Duration of each step -~ five hours S. W. Létls
O.W. - 46.29 30~ 2
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DETAILS OF PUMPING TEST (S.D.T) AT RANSIGAON

v
//

Date. 4 31a8.970
3 SeWelie H 107 5. bogvla

Step . Duration in Discharge Drawdown in. Sp. capacity

No. _ hours. in USGPM o ot v USGPM/Pb..

1 ek 1000 Gal8h i o 168
26 B Riead2lo 862 BV
5. 1 1860 12,07 1 154

.bate: 5 & 6a6¢tL0 SeWele 106079 fto b.g.l.

4e 24 1000 6436 157
5. 24 1100 7.27 151
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DETAILS OF AQUIFER PERFORMANCE TEST CONDUCTED AT
RANSIGAON BESTWELL

Dete of test:. 10 to 20.6.1970 (10 days)

Discharge s 1000 US@M/65.27 litre/sec./3.8 m3 /min

b OB, H, Oy o

S.W.Le in ft. (dnm) begol 106.74 105,21 106445 112.68 115,87
(32.53)  (32.07) (32.45) (34.34) (35.32)

Drew down in ft. (in m) 635 0.74 0.34 041 0.29
(1.94) (0.23)  (0.10) (0.12) (0.09)

Measuring pOint a.g-l. ft. 1 033 1 A2 1 025 On42 5.08
R.L. of M.P. in ft. 974 .23 971320  974.46  979.64 987.97

ReL. of S.W.L. in.ft.(inm) 867.49  867:99 868.01 866.96  672.10
(264.441) (264.56) (264.57) (264.25) (265.81)

Distance from T.W.(feet) - 10849 253 300 607

u--—-——-—-——-..-—-——————--——‘-—“————————-—‘
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- DETAILS OF PUMPING TESTS ON PATHLNAGAR TESTWELL

Step drawdown test

Step Date Duration S.W.L. Discharge
No. in hrs. in ft. USGPM

3 -do=~ 2 - 919

40 "'do- 2 Lo . 1034

AQUIFER PERFORMANCE TEST

24641969 16 180.40 1100

Measuring points 0.38 ft. above ground level

Drawdown
in %,

9.30

11.00

o e w— — —

S=marmoc:

e sonca

e e e eaadhT | 4 e an s e
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DETAILS OF PUMPING TEST ON JHAK TEST WELL
STEP DRAWDOWRN TEST
Date 15th Feburary, 1971.
Duration: 28 hours.
Step Duration Discharge Drawdown Specifie capacity
Nos _ Minutes  U.SeGeBoMe_ ToWs  _OoWe _ UeSeGeRMoffte
1. 300 805 9.66 2.05 83.33
a- i 300 882 11,96  2.49 7374
3. 300 955 13465 2.1 69.97
4. 300 1023 14.99 2.94 68422
5. 300 1100 13.91  3.21 79409
6. 180 1150 13,78 3442 83,45

P SRy SN Mme n e G NP Gah D SN0 M Guv Gy Wue S WA DU e G TRl GER e R SO NI WPt s G e ey e -

Distance between T.W. and O.W. ~ 30 feet
Static water level - 40.19 feet (T.W.) and 39.7C (0.W.)

Total depths of the wells ~ 168 feet (T.W.) and 74'(0.W)

Assembly:
oW 0-67 feet, Blank casing, diameter 14" -
*Me Y 67-168" 3lotted casing, diameter 6"
o,  }0=38 feet, blank casing, diameter 4" .

] 36-67" , slotted casing, diameter 4"
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IX, POTENTIAL FOR ADDITIONAL GROUNDWATER DEVELOPMENT

Exhibit 22 shows present irrigation wells,

. Groundwater s presently being economically utilised for

1rfigation; The major pumpage ( about 75% to 80% ) is aé_Borunda;
Some water i{s also used for purposes other than 1rtigat1§n but the
amount of water used for purposes other than irrigation is
negligible, Because an additional 12 MCM of water per year can

be extracted before the safe yield is exceeded fn the limestone
region; there is margin for further development, It is estimated

that ten additional production wells can be installed in the

-Borunda area along the controlling fault line or {mmediately

wesgt of the fault line;

Based on the agsumption that each tubewell will be

O —

capable of producing 1,400 US gallons per minute will be,drilléd'

L

to 200 feet (60 metres) and will have a pumping water level of

-——

150 feet (45 metres) the tqt&l,coﬁt for each fully equipped
unit should be about ks, 90,000; The annual maintenancé.
depreciation and electricity costs for pumping assuming pumping

for 50% of the time should be about ks, 60,000 for each well,

_Because of the limited extent of the fresh water bearing
limestpne, groundwater in the Borunda area has only local

significance unless vater exportation is enhanced,




'

No estimates are given of the additicnal potential
from alluvium near the Lunt River as it 4g felt that a separate
detailed study wouid,ba needed for this evaluatién. A pumping teet
run in the test well at Jhek did, however, indicate tha; hydraulic

e -

connection exists between the alluvium and the limestone.
Measuremeﬁ;s taken in ;Le observ;;ion well tapping the alluvium
showed that drawdown occurred when the test well tapping only
limestonéiﬁé;'pﬁmped There appears to be considerable potential

for deveIOpment of groundwater in the alluvium neat the Luni River.

DR #t S AN

s -




CONCLUSIONS AND RECOMMENDATIONS

‘ Field investigations in the Bovunda area were carried

""f;ﬁt from August 1967 to February 1971 in an area of about 1,500 sq,miles
133,900 8q.kms,), The study was made as a result of pumpage for
:grrigation.of relatively fresh groundwater from cavernous limestone by &
@few enterprising agticulturists; There was also some consideration

fby the State authorities to augment the city supply of Jodhpﬁr with

¢ groundwater from the limestone,

;ﬂiz; The area ig a part of the upper Luni Arainage basin, The
" average annual precipitation is about 17 inches (425 mm) and runoff
. from intermittent streams, especially the Luni River, supplies some

recharge during and immediately after the monsoon geason,

i 3; Much of the area is covered by alluvial and aeolial deposits

~ but there are prominent outcrops of limestone especially in the
eastern area near Borunda, The limestone of Vindhyan age yields more

water to individual wells than any other aquifer in the entire

UNDP profect area, however, ite restricted areal extent limits its
regional importance, Fresh water ( under 2,000 ppm TDS) is found
in 161 sq; kms; of the area underlain by limestone; Water occufa in

caverns and fractures which were formed as & result of structural

activity, A controlling fault has channelizéd the flow of water
by acting as an enormous sump, The favourable fresh water zone is
largely along and west of the controlling fault between Borunda

and Rampuria,
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,Eb; Water and soil analyses indicate that groundwater

éutan be used in selected areas for agricultural purpoaes;

L M i i ST

’*f;i; A key area of 100 sq, miles (257 sq.kms,) was selected for
- water balance studles, The studies indicated that most of the present

dscha:ge is through evapotranspiration.

i‘6; . Recharge is mainly from divect precipitation but during

': the dry season recharge comes from.tﬁe north and is channelized by the
NNE-SSW ffending controlling fault, Additional recharge comes from
the -south in the summer and early fall, This additional recharge

is supplied by the Luni River via alluvial deposits that are

hydraulically connected to the limestone Openingb;

7e Groundwater in the limastone generally occurs under water
table copditions;' bepth of water levels generally range from 30 to 50
metres b,g.1, Specific yleld was estimated at 7%, The aquifer
thicknegs averaged 500 £t(150 m), Consequently the amount of water

in storage in the 161 sq;kme; region was estimated at 1,700 MCM,

é{' 8, The "safe yield" of fresh water has been calculated at
@ 24,5 MOM/yT and the draft of the fresh vater 48 nosuilly about k-
- imTh Uy 1970, The. betwl dreld an ehind |8 me
ko MCM/yi\ Consequently about M%yr of additional fresh water is
- available for further 1rrigation and other uses,

9% It {8 recommended that an additional ten production wells

can be installed to utilise the additional capacity in the Borunda

area, The wells can be locatad along the controlling fault line or

¢ "C BT Py AU
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. {mmediately west of the fault line,

& 10, Mo estimates were made of the potential of the alluvium

near the river Luni since this would entaii a separate study, There

does however, appear to be considerable potential for development:*;
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