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ABSTRACT

s o —

Detailed hydrogeologic investigations were conducted in the

- | ]
-

(Jaiaalmer (Lathi) area, western Rajasthar, India from 1968 to

-. The purposes of the projcet were to investigete and evaluate

B oundwster potentialities and to make appraisels of the feasibility

undwater development .

1t was determined that the Lethi formation, & thick, exten-

, neer share deposited sandstone of Jurassic age, forms the most

ertant acuifer in the entire UNDP project area. Frech grouncéwatar

g less than 2,000 ppm) occurs under 1260 squere miles (3,272 sq- kmg )

estic, livestock and industrial uses although wells would have t0 be

Recharge is congidered as negligible for practical evaluations

Jarge withdrawals. To extract large quantities of water, therefare,

ng must be undertaken.

Soil and water analyses indiocate thet groundwaters can be

; 'ely used on selected tracts of land to grow crops such as wheat,

ton, alfelfa, barley, Suger beets, tometoes and certein fodder

A 129.4 square mile (335+2 sq. km.) tract in the Lethi -

andhan ~ Bhaizwa erea has the greatest potential for medium to large

$le grouniwater development for irrigation. Selected tracts of land

& 200 squere mile (518 sq+ kms.) erea would be within the reach

the pumped groundwater by way of canals and pipelines. Groundwater




B3 in the Lethi aquifer could be used for about 200 year . The

age pumpage would be about 42 US MGD (58 MCU/yr) .

A sooio-economic study should be undertaken prior to large
Bile groundwater development. If the results of the studies prove

fvouwrable, it is recomended that 42 high capacity production wells

ietalled in the Lathi — Chandhan — Bhairwa areas These welle
d produce, in conjunction with existing wells (currently pumping

o USMGD ar 2.8 MCM/yr) en average of 42 USMGD (58 MQM/yr). Wells

.‘-

p About 10 proposed outpost obgservation wells should bte
o

= ,é installed to monitar regionsl changes of water quality and water levels .

3.

’eontent from the 42 wells should initially be about 1,020 ppm and after

mta should 2180 be collected from production wells. The camposite TDS

: ,;;;'*x‘

?3'.
a,

ﬁ'ﬂ

fmo years of pumping it should still be within usable limits.

The 42-well proposai would probebly be reagonably accepteble
to a plen for rainfell supplementation rather then for & primary source.
The present shakey econcmy of the region is due, to a large extent,

to drought cycles.

y Development of groundwater could substantislly slleviate
hardships end reduce Goverrment expenditures far fémine relief both in

the immediate and distant future.

Management of water, soils and crops will be of utmost

impartance in obteining efficient and beneficial uses of resourcess




I. INTRODUCTIOR

Field wark was orgenised under the direction of

D. Pandey, Director, UNDP (SF) Project and hydrogeological

kLcmthaRao,

snized by Mre M. N. Bahugws, Executive Engimer, UNDP (SF) Project
Mr» SoK.Miore, Assistant Executive Engineer, UNDP(SF) Project, Jodhpurs

¥
“rioY work was carried out with the advice and guidence of tie United

Nations team.
The present repart, under the supervigion of Mr. D. Pandey,

Chief Hydrogeologis

with the assistance of Mr. D. V. N. Reju, Junior Geologist, Mr. V. M. Sikka,

# m@.ﬂ_aiatant Geologist, Mre. P.C.Ghosh, Assistant Chemist, Mr. P.K. layar,

Assistent Soil Chemist and ¥r. V. K. Bhalla, Asgsistant Hydrometeorologiste

The following is a list of personnel imvolved in the field work:
?"' Hydrogeology group
i Mr.D. V. N. Raju, Area Geologist Mr .

Drilling & Testing Group
Menna Singh, Driller Inchargdq

/ Hr- G« V. K. Rao, Sr. Technical Assistant and crew
(Hydr ogeology) Mr. K.K. Arora, Driller Inchar{
. Mr. S. K. Tyagi -3 0= and crew
& Mr. A. K¢ Bakshi -3 o~ Mre I. P. Malik ~3 0=

& Mr.P. C. Chaturvedi  —do-

Mr. C. S. S. Sharme —Jo-

. Mr. R. S. Cheunen Sr. Technical Assistant
% (Chemical)

- Mr. Ranji Lal Seniar Amalysist

- ¥r. 0. P. Manoche Senior Surveyor

.
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-‘“ The project for groundwater swrveys in wesbern Rajesthan was
,ﬁ teken by the Government of India through the Ebcpicratory Tubewells
{f‘ sation now known as Central Groundwater Board, with the assistance
';U. N. D. P. (SF)e In agreement thereof, a Plan of Operaticn was signed
3 "nd December 1$66. The purpose of the project was to investigete and
*q ate the groundwater potentialities far agriculture irrigation, for
end livestock water supply and industriel uses in western

and to m ke appraisals of technicel and economic feasibility of

‘é-‘ ndwater development. Under this progremme, based on existing data,

ain key areas were selected and field work wes sterteds Exhibit 1 shows

-
P -

"._‘?' total project area and outlines the large ereas studied in detail.
e Jalor project area in Jalor district ; Iathi formation aree in
"_lmar and partly in Barmer districts, and Barunda limestone area in
district were large areas investigated in deteil. Another area,

@t shown in Exhibit 1 ig the Doli- Jhamwar — Pal sudb area 5 to 15 miles

=

8 to 24 kn) southwest of Jodhpur. This small region wes studied in

__.il very late in the project for a supplemental water supply for Jodhpur.
This technical repart preserts the results of investigations
}_the Lathi formation area in the arid part of western Indie. These
”.tise-tiOns are important because the presence of extensive tracts
i’desert lands in western and north-western Rajesthan have caused

Af-icult living conditions. As in all deserts, there is low and sporadic
"-3- f2ll, very pocr and xerc;)k;;.'tic vegetation, extensive sand

A andheavy evapcraetion losses from surface water bodies. Above

‘; there are frequent droughts and lack of potable water for

gomestic needs. Cattle weelth is the primary economy of these parts and

8ir susterance depends on availability of water and fodder.
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The Lathi formetion was known to contain a promising aquifers
* '5:;.determined from earlier exploratory investigations. Considerable
-  §01ogica1 information was available from earlier drilling activities,
ge, the present investigaticns were oriented to assess the physical
apios of the potential aguifers, : . to evalwate the exploitable

$iby of groundwater end to estimste the technicel feasibility for

"i%!cial develooment of the availeble groundwater resources.

Phe field work in Jaisalmer distrist was sterted in Jerwary 1268

‘ | continued to September 1970. The erecl extent of the Lathi formailion

. 1 i
8 about 2900 sqemiles ( 7500 sq «kms.) between letitvdes 26015 and 2?045 3

I -i.
& 1 !
W longitudes 70%5 and 72°30 . The areal extent of the Lathi formation

atorop is essentially limited on the west and noarthwest by overlap of the

4
Jaisalmer limestone of Middle to Lower Jurassic age; on the south by
Pl

pajor faults; on the sortheast by wedging out between Permo—~Carboniferous

& :
Sand Eocere formetions and on the east and southeast by feather edging against

fre~Cambrian rocks. The clastic sediments occuring within this area are

stratigraphically grouped into the Middie to Lower Jurassic Lathi sandstore

geriep and are near-shore depositss

Raged on 1961 census reccrds, thc population density of

Jaisalmer aid Barmer district is reported to be:

Digtrict Total area Population density

( sqekme) (Persons/per sqekms)
Jaisalmer 39,000 4
Barmer 28,000 23

Pormer district hos & higher density of population due

to reMtively better precipitation «




pe carriel

‘est Rejasthan a.a an i1l expwd thick

2. REVIEW OP EARLIER WCRK

The eerliest geological investigations in western Rajasthen

-
-

_ out by Blanford ( 1877 ) who attempted to delineate the
’:1graphy of the rogion. Oldham ( 1886 ) mapped large perts cf the
Jeisalmer State.. He classified end described the vericus
i igraphic units and repcrted, for the first time, the occurrcnce
od sardotones near Devikot classifying them as possgible members
"{ Gondwana series. The arca was re—exemined Ia Touche ( 1992 )

{‘
esigmted the sandstones as the Lathi series, and later by Daru

- ”,6-1; ) whe mepped the area covered by toposheet No.40 N. Heron

) critically reviewed the earlier works. Pascoe ( 1959 ) also

p\A—

53
d»_" fod the area and described the Lathi geries under the Gondwan2s

geries of dark red shaley

vy R

_‘stones and clay cccurring stratigraphically between the Peu:
oni ferous Bap boulder beds end the marine lime&wones of the

'mer series. He further reparted the occurrence of isolcted
ierops surrounded by sandy deposits between Pokaran and Jaisalmer

3 In recent years, officers of the Geological Survey of India
ied out more detailed studies. The officers of the 0il and Naturel

§ Cormission (ONGC) carried out detailed geological mepping and
pphysical surveys of almost the entire Jaisalmer area.
Geological investigations for groundwater wag given emphasis

den ( 1950 ), who attempted generalized appraisal on the groundweter

'.“-'- ence in western Rajasthans In 1955, the semi-arid and arid tracts

Western Rajasthen were further exemined witn a view to locate

'L"‘ atory borehole sites. One of the sites loceted at Chandhan,
imPetus for continuing further exploratary drilling into the Lathi

:atones- In 1961, detailed studlee. of groundweter occurrence in the

g




ve pert of the Lathi series were carried out by a systematic

rientory made by the Geological Survey of India.

= prior to the mesent study, Central Groundwater Board
540.0.) ha2 drilled 56 boreroles in the Lathi outerop area of
-'_r and Barmer District and pasic date were compiled in the form

¢ data reparts. Some of these data are presented in Table 1.

The Oentral Arid Zone Research Institute (CAZRI) is engage?

fBhe colleotion of hydrameteorological date fur the region. The

:-'nan Groundwater Board has constructed a few produotion wells

The collection and evaluation of all available information
_‘ffdiffarent agencies were made early in the project peried and have
3 freely used in the present investigation. The geological and
eological data from ONGC and CGWB were especially helpful in the

gont studies.




3. METEODCLCCY OF PRYENT SURVEY

In order to establish the quentity of exploiteble ron:ves of

ater in the Jathi aquifer, the following program was cerried out;

delineation of the geological bounderies and outcrcep area of
the lathi series,

- gelection of observation well net-work for qualitative and
~  quantitative eveluation of groundwater,

supplementing netearological date - reinfell, temperature, wind

velceity and evapotranspiration, etc.,

establishment of river gauge and leke gauge stetions in
the Lathi area to assess the run-off and infiltration to

groundwater bodies.

drilling of key holes for supplementing subsucface geological

information: to establisn dimensions of the aquifer and to
 evaluate aquifer characteristics such &8s coefficients of

trenemissibility, permeahility and . storage,

collection of data perteining to existing draft from the
geoundwater body for agriculture and other uses,

collection of data on existing pattern of lend utilisation
and soil cheracteristics.

The field work was sterted in Jamary 1968 and was continued

.if- ember 1970. Water level measurements are being continued.

: Geological mapping was carried out using topograpkic maps at
__"1"' (1"-=1 mile) scales. Detailed studies were made in an area of

$4,000 sq. miles (10,000 sq. knms.). Areal photos of portivn of the

o

>

@re also utilised to help delineate the outcrop are of sandstoness

dies in conjunction with previous data have establighed the areal

8.0f the Lathi formation which ere ghowsd on the 1" = 4 miles bese

‘:°°°rding-1y the area of the Lathi farmation is considered to be

"lf sq. miles (7,500 sqe kms.) . The actual outcrop area is

‘-ﬁ: to be only about 400 sq. miles (1,000 sq- kms) because much

"é;-, sendstone is covered by a relatively thin veneer of aeolial or

48l deposits.
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"ﬁ,@vaction wells were established for monthly and seasonal

ﬁ' measuranents. The following oross-seotions were mede fram
“’ from the observation wellss

_‘j‘f;:.w ion Number of o'ﬁ'aervatiog wellg

Sediil Forthwest of lathi 10 (8 dugwellé; 2 tubewells)
~ Qentrel area(mein Iathi eres) 37 (36 dugwellsj! tubewell)
Wogtern area 13 dugwells
{ Southern erea 12 (11 dugwells; 1 tuwewell)
- Totals T2

Two hydrologio(stream gauge)stations, along the Sukri Nadi

an and e stream near Akel,were lecated. Additiomally, 4 lake
ations and 5 raingauge stetions were established to estimate

d rainfells The date from CAZRI observatory at Chandhan were

> '-potea. Date from other stations were collected during the 1968,

1 1970 monsoon periodas

4

::l&ter samples frem 72 wells meapsured monthly far twe years
)) were analysed fer the Yollowing majer components;

f&' K, C1, S0,y HOO, 003 yIDS, pH, Electricel Conduotivity
Samples foar oarbon 14 and silicon 32 deting were also oslleoted
ation with Tate Institute of Fundamemtal Research (TIFR), Bomdey
of greundwater eto. :

;,-!he test drilling was olassified inte 3 oategeries)

‘:'“'_' (1) pumping test wells,

- (ﬂ-) Observation wells,

’5‘ stratigraphio bare holes.

2 »
25

)
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F:
2 30 holes were drilled in the arca of which 5 were completed
* test wells, 12 as observation wells and 13 as stratigrap hic

V,holes- Drilling sites are shown on the base mep (Ex-4} . Dgta from

B isting pumping wells and 15 earlier avendored boreholes were also

S 2

x led and are shown in Table 1.

2

The following cross—sections were mede;

(i) Bhopa- Chhor- Akelw Rajwai

well ard 1 observetion well

(4 bore hole sites, | pumping test
tructed),

each at Rajwai anl Chhor were COnS

(ii) Duwara— Bhoirwa- Jetha

(3 bore hole sites, 1 puaping test well and 6 obsgervation
wells drneluding ome ndt ised; .wore constructed at Bhairwe),

(ii:) Ajasar (Tote) - Bardhana~Lokarki

( only one site at Ajaser (Tota) wes
drilled for supplementary information,
end 4 observation wells were constructed),

1 pumping test well

(iv) sirwa— Sengar— Fetchgerh
(? stratigraphic bore holes 2% girwa and Fatehgerh were
drilled) .

SR s .. o SN
The remrining holes ( shown on the Tuso R8P = ~Xh-f.% 4,

3istributed throughout the general area. One punping test well wes

gpleted ot Rome.
Drilling was done by conventional direct rotery drilling

ehniques, using WABCO-2500 and 1500 rigss Table 2 gives details of bore

Bles drilled during the projects Drill cuttings were collected , studied

-

#d recarded. Some coring of aquifer

ol

qpaterial and bedrock was undertaken

1




udy lithologic and hydrologic ctar:cteristics. All boreholes were

_'._'j-f', bric logged for more precise correlation of individual beds.

":cgsil and pollen studies to identify mi%or horizons were also

e

fkempteds Mechanicel analyses of aquifer sample s were conducted.

1

Test and observation wells were cased and gravel packed by
bional technigquess Pumping test wells tap the comp¥e thickness

aquifer. Diesel powered turbine pumps were used for performing

: ';'geats and constant rete pump tests. Details are given in Table 3

Aralyses of water samples were made at certain intervals in

‘7.,311. Water samples were colleted using the compressor and other
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4. HYDRQMETEOROLOGICAL CONDTITIONS

Availeble hydrometeorological date from Jodhpur, Jeisalmer
nex districts were collect2d and used for the evaluation of

jﬁitation, runoff. temperaure, humidity, wind velocity and

spation from lokes and tanks.

A regional map showing normal anncal rainfall ( 1901-67) ie

B n in Exhibit 2. Runoff is virtually non-existent in the ILathi

011 intermittant surface flows occur in small zivulets in these arcas
: ut the surface flow either evapotranspires for che most pert or
Anfilt>ates into the sandy plains on leavirg the hills. The we2n annual
anoff from 220 sq. miles (568 s1. kms.) of hilly and rivulet areas in
'the gereral region is estimated at 932 UCF (26.5 MQ) « A runoff
oefficient of 0.27 wes used for celculations.

M ¥ 2 . - - '
Annual precinitation -‘301_—6( .!r.rn)

Jarmel ennual precipitation «eees165-185

Annuel precipitetion of 1€% probability oo 00300320
Annual precipitation of 25% probability o o0 00220-240
Anmel precipitetion of 5°% probability os000140-160
-? Annual precipitetion of 755 probability " sesee 85-160.
Anmel precipitation of 90% probability eeses 52~ 66

The monsoon (June-September) contridbutes about 90% of

the total anmual precipitation.

Fere HHW
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1968 1969 1970 1601-67 |
13 2 150 140
G jod 16 R 160
Y bt 22 R 175%
#  Extrapolated
MR = No Recard.
E 2 sz an s sy
Mean number of rainy days monthly and
anmal 1901-56
A PO R S Mo h e e T o S8 S0V (I s oDERS Annua]l
Jedsalmer 0440 2448 0438 0430 0478 1406 3444 3.68 1.42 0.16 0.10 0.16 12.36
Phalodi 0.32 0458 0432 0.30 0.84 1466 3,96 4.88 2.02 0.14 0.10 0.14 15.26
Barmer 0420 0436 0430 0424 0466 0.98 4416 4456 1.96 0.16 0.08 0.18 13.84
Shergarh 0424 0442 0.30 0.14 0.68 154 4416 4.+62 1492 0.16 0,06 0418 14.42
Sheo 0.18 0426 0.14 0.10 0.54 086 %404 3066 1020 0.12 0.00 Q.04 10.14
Ramgarh 0414 0410 0.22 0.04 0.18 031 1.88 1.84 0449 0.02 0,02 0.02 5426
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and tanks
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4 It is seen that potenviel evaporation is more than ten

Bes greater than norrel enmual precipitetion.

» studies by Krishnen end Thenvi (1569), have shown,

oL
(k)

Bmed on date from 1941 through 1960, that high water swrplus
h would produce runoff and recharging of aquifer beyond the

81 mentle, generally oocurs once in 20 years. Even in the

5 .

$test yeors the moisture deficiency during Jenuwery to the onset

el ols UNe monsoon is high. The s0il moisture storege upto water holding

fpacity generally is utilized by the end of December. During the
"iod 194160, Barmer hed surplus water only once, amounting
ALt ~ 444 m in August 1944. Jaisalmer also hed surplus water only once
och emounted to 112 mm in August 1955.
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5 ° GEO.‘_{(RPEOLOGY Jil Hl:) _DRJL INAGE

geomorphological festures of the region are shown in Exhibit 3.

‘ nfece elevations in the area of the Lathi formation outerop

'ding areas ~overed by 2eclial and alluvial depo;zits) range from

;- -520 feet ( 159 m) ©o about 1100 feet (336 m) above mean sea level.
lowest are? is near Jethas The highest elevations are generally on the

_‘ residuel hillocks and in scme cases on dune crests.
.)(_‘_'l*t

* A prominent scerp located as close as 5 miles (8 km.) southe

Solmer is at the contact tetween the Lathi formation and the younger

=3

limestone. This scarp, trending NE-SW, wos formed because of

? ential erosion. The besal limestone member of the Jainalmer limestone

o _t;lon is more resistant than the upper part of the Lathi sandstone
ﬁon and forms the cap d %he scarpe

%
& rie sorial extent of the Lathi farre tion includes vast tracts

o

8d by scolial and alluviel deposits. Consequently , ' most of the Lethi

eonsists of sandy plains of typical desert flocr environment and

jolic, longitudinal end transverse sand dunegs

Two systems of dunes are dictinguished. The older system consiects

B axd stebilized longitudimal dunes trending NE-SW. Tho average length

Pt one mile (1.6 km.) and cha’ms of dunes ocowr about 3 miles (4.8 kme)

d th fused fronts. The average width is about 500 feet(153 m) and

S'Bners.lly renge from 100 to 150 feet (30 to 46 m)+ Some dunes ere
"‘_.7 8g: 8 or 10 miles (15 or 16 km)long and some are as high as 30¢ feet
' The clignment of these duncs wes coused by the prevailing southwester

places, dune modifications ere found due t0 weaker northwesterly

$8nd to dust stormse.
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>

%ZThe newer system comsists of active parabolic dupes which

o

;fhgwe impressive proportions.
fﬁ;In the scuthwestern part of the Lothi aree, southeesct of

Mer, proninent ridges trend NE-SW. These ridges ere the erosioral

,fthe occurrence of ferruginous cenmented Lathi sandstone

e seperated by gently sloping pediments locally
s are also found

;“1 gs. Ridges ar

{E he desert floar. Some igolated sandstone ridge

-fiouthern part of the area in the Fatehgarh—ﬁama—nevikot regione.

:f depreseicns (playas) are common. Local runoff collects in these

%8s during heavy precipite

,;n
fap are underlain by clayey soOil
as, c2lled ranns,

L)

& fcrmatzﬁn and the Jeisalmer limes stone.

are found northwest of the contact between the

These ranns mey be of

“;; clogic significence because their low clevetions may be conduci

prourdwater discharge through evapotranspiretion.

The drairege system is poor, discrgenised and mainly of

jerior types There are no rivers worthvof the name,

enniel streems in the ereas The streems are purely seasonel and

Bemeral with the result that there is 1ack of effective discher

‘i’e is heavy precipitetion. Such streams ere rerked by slopes 2nd

sressions without well defined channels. Stream beds are occasiomally

Only short streams running off scarp

e ds00
® 0 00060000000 OOCOOOEOEOOIEOSOEOIOGEOEEOSETOSOIPES®TOECOCEOS

.tion but most of the year they are dry. These

ils with eveporite incrustations. Larger

ner are there any

ge when




Snicri Kadi is the most preminent ephenaral

reen of the regicns It origimtes in the gently rising hills

west of Bankra and follows a gently undulating north-mesterly ocurse
til it disappears in the sand dunes rorth-west of Ghandhen. A smell
B ;. ory Joins tho Sucei Nedi sbout 3 niles (4.8 kns) norsh of Jevandh.
e result of the wnusuelly heavy precipitation in 1961 (532 mm) Shis

Batream appears t0 have shifted westward.

:'.: Often one or mare tenks ere agsosiated w.th each villagee

@ The tanks cooupy shallow depressions and are filled with pools of
aooumulated rein weter. They.are probably relics of former depressions

v

! ©scupied by shifting ephemeral sireams and are often governed by the
r,-tipmition of sand duness Most tenks have been deepened and developed
..b-V locel villaegerse It is in these ponds thet most of the soft elayey
80ils ere found in end otherwise vest expanse of sard. These tanks

one of the mein sources of drinking weter supply.
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'_;'n OGY

S Guide to the PectcnioMap of India(1968) shows ttet the

" iof the regi.on is essentially a shelf known as the Rajasthan

. "'amgremmatic cross—seciion in the guide shows the sedimentery
T(_jipping gently to the northwest. Normal faulting hes occurred

fonly mejar faults shown on the ®se map are those that are known

-

‘ﬁ. drogeologic significances

- _' BExhibit 3 shows the geology and gives the geologic sequence

'é'general region. Lathi clastics are classified as the lowest member

,;ignesozcic group of sedimentary rockse The Lathi formation is an

: cross-bedded, near shore deposited sandstone of thrassic agee
r nous oemented sandstones nave formed ridges especially in the

part of the project ares. These ridges clearly show a NE-SW

B+ The generel dip is to the Ni with dips ranging from 1° t0 6°.
g ruich of the Lathi formetion et depth is composed of white, yellow

e
‘s

--“' eddish brown poorly to moderetely cemented medium—grained sardstone.

=Y

“ lenses of poorly cemented red av greenish grey siltstone and shele
"

"interaperse;i in the sandstons. There is congiderable textural

i

arogonietys The upper part of the Lothni formetion containg considereble

f_"_': grained mteriel which causes along with intespersed lenses, confined

gha 4

’ er oonditions where potentiomsric levels ere higher than the tops

Bf the highest water yielding zonese

% Lethi sediments were deposited on &n eroded tasement of
 folded and prtially metamorphosed geosynclinal deposits containing igneous
intrusions. The eastern boundary of the Lethi farmetion is where the

feather edge abuts against outoropping Pre—Cambrisn and Paleozolo rocks.
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"_:_.7.. ation of the “ssement complex is shown in Exhibit 4. This

1on undoubtedly s had a major effect on the deposition of

imen‘bs. A prominent buried ridge is located in the

hachre region which c2uses the bedrock surface to dip

v AP

ke

3 to the soush of an E-W line running through Sirwa. Narth of

.’
5

fhe, the hedrook surface dips northwestwerd. Exhibit 5 is a
‘;ed geological cross-section in the southern region which shows
Bloglo relationship between the buried ridge and the Lathi

The cross section line is located on Exhibit 4.

A series of narmel faults with lerge disple cements merk the
@thern bourdary of the Lathi formtion. Impermeable Tertiery clays and
1 and Js:is;alnler limestone li.:;; at the surfece and at depth on the
opped side of the faults. Although Iathi sandstones probably occur
‘ }; eat depths in the do".;zxdrOpped blocks, they are considered to be
g_Ogeologioally unimportent since their depths of occurrence would
’_J.ude_ economic groundwaeter development. Bore holes drilled at

"iya.re. (Exe 5), Bhiyer and Harba were drilled exclusively in rocks

then Lathi. At is:'.rba the depth drilledas 1993 feet (608 m) »
H studies from samples collected at Ferbe indicate Creteceous

:_.. pdiments at the top and Jaisalmer (Jurassic age) at the bottom.
"dditionally, the quality of water in the deep sandstones wculd probably
:cbe very poor. Feulting is cleerly seen 5 miles (8 km) south of
"ffatehgarh near the rosd. At this site, jointed ferruginous, derk red
and yellow oemented Lathi sarﬁstones sontei ningrmgenese and ironstone
. eoncretions, dip 150 gouthward at the contact with light grey

olaystone and chert of Tertiery age. A few hundred feet north of

the contact, the sandstone ig flet lying which indicates that the dip

near the contact is the result of feult drag. Exhibit 5 illustrates

in a cenaral wav tha affect of the fs?-ﬁlﬁifh@t
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The Jaisalmer limestone overlies the Iethi formation on

I ino west and northwest as illustrated in Exnidbit 5y Near the

Jaisalmer-Lathi contact, there ere “acies chenges in the Lethi from

& gand end serdstone to essentielly shale ard clay. Consequently, even

though the Lathi cormetion underlies the Jeisalmer limestone, the

areal extent of the potentially productive part of the Lathi can be

teken &8 & line & few miles westwerd of the antact. One exception to

this general rule is in the hLjesar-Tota aree where Lathi aquifer

' materials probably extend & considerable distance west of the contact.

The J6iselmer limestone consists of compact yellow limestones

interstretified with gray, brown and bleck sandstoses. Minor faultss

were mapped &% the Jaisalmer— Lothi ocontaot by the 0.N.G.C. end are

ghown in Bxh.bit 3 and the base map (Exe 4+)s These feults probebly

have little ¢or no hydrogeclogic significarce.
Test drilling at Karasar ( northern srea) and Sunargaon has shown

that there is & facies change between Kanesar and the Ajasar—Bardhano—

Loharki line (Exe4) The predcminently sand/sandstone seguence

gradually changes to cley/shele northeast of the latter line. As &

onsequengem Ni—-SE line was drawn on the bage mep which essentially

limits the Iathi aquifer in the northeast s

Lethi sandstones show only minor structural features. Some

flexing has teken place a2long with minor en—echelon faultinge Jointing

is widespread in the consolidated sandstone. Facies changes are very

common end have greot hydrogeological significance. Because fine

greined lenses have only 1limited aerisl extent, <the Iathi aquifer reacts

as one hydreulic unit. Since the fine gcained lenses contain

considerable silt and very fine sand, leaky aquifer conditions are

® 00000000000 0POGEOSGPOOGOGOOGOEOGOOGOOEONOEOEOEOEOPNOOEOEONOEOSEOOO
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£ lo. Botween Chhor and the feult south of Fatehgrh, fairly

-

ent red clay horizons appear to be covered by a.thin veneer

fa1luvizl and windblown sand. Some calcareocus waterial is found in

:'j,athi geries north of the Pokepani-Jeisalmer road e

Because cementation of the arenaceous gsecticn of the

ormation is incomplete at depth, water is trensmitted through

- -l

f8terstices. Consequently permeabilities are relatively high and the

Wifer has great trensmitting cepabilities.

[

4 Mechanical analyses were performed on ditch sampls collected

Rring rotary drilling operations from 39 holes drilled during
.

project operations. Because contamire tion of samples is prevalent,

-"-.': results give only general informet jons Some results are

S
: ‘bulated below:

R ————— LT e

";;;"'""'z’:»éi'fﬁ“f&ﬁg&'ﬁizgiT """ fieaian Sorting
feet meters 5066 size Coefficient
(rm) (Ratio at 25% and
7156 quertiles)
II 490652 150-~200 0.25-0475 1.40-1,70
III 780-950 240280 0.30-090 1 250=2 0k

Generslly, aquifer meterials become coarser at depth

.fllthough they tend to be moré poorly sarteds The results

_. _"Oi' the mechanical anslyses indictte neer shore depositional

“environment e

s g . o -1
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The sediments supplied to the Lathi domain seem to ha-ve

the result of various local environmeénts and have been differentiated

to local erergy inputse The sands are the product of high

gurbulent enviromments sinilar to those along present day beaches

F

{ver channelse Altermeiively, silvs and clays are the product of low

gy or still weter erviromments such @s those present in coastal

ns and alluvial swamps. The sedimentation pettern of the lathi
'és ig similar to Mparalique type" described by Tercier (1 940) «

-:":-_ type of sedimentation cen be expected in areas peripheral to or

Bhin the continentel fremework-characterised by intensive texrigenous

. .l

a ;zviation. Deposits are, in pexrt, merine but mostly they are

' \ntinentalo The prescnce of dark grey pyritio shales in the

1ogio sections of Dabhala, Xita, Moklet, Rajwai and Jebhe is

oubtedly otaracteristic of deposition under ensercbio (absence of
free m;gen-)conditions- It is probable that these sheles were
jved from shallow lagoonal or estuarine madse. The assooiation

lignise with shales suggests & strongly aeid enviromment nharacteristic

3

of swenps. The shale osourring in bore holes 8% Sarmmala, Sagra

£ fand Jothe refleot associetion with marine mds( marl). A$ Sribhadria

2 the oondition of marine intercalation is more pronounced.. Some
S of these tranamition2l conditions give strong suppors to a possible

overlapping of marine Jaisalmer series with the Jathi seriese

=l
s

- P
S5

".}“
b, ,i“
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The sediments supplied to the Lathi domain seem to have
$he result of various local environménts and’ have been diffe:'ent'iéted

P ing to local erergy inputs. The sands are the product of high

et

turbulent enviromments sinilar to those along present day beaches

e river channelse Altorneiively, silts and clays are the product of low
gy or still water erviromments such &s those present in coastel
Bons and alluvial swemps. The sedimentation pattern of the Iathi

] -éa ig similar to Mparalique type" described by Tercier (1 940) «

B8E type of sedimentation cen be expeoted in areas peripheral to o

$hin the continental framework-cheracterised by intensive terrigenous

2k

ﬁviation. Deposits are, in pert, merine but mostly they are

' ntinental- The prescnce Of dark grey pyritio shales in fthe
1ogio gections of Dabhala, Xita, Moklet, Rajwai and Jebhe is
oubtedly otaracteristic of deposition under ensercbio (absence of
cut;,gen-)oonditicns. It is probable that these shales were
from shellow lagoomal or estuarine madse The assooiation

of lignise with shales suggests a strongly a2eid enviromment nharacteristic

of swenps. The shale osourring in bore holes a% Sarmale, Sa2gra

;?rand Jothe refleot associetion with marine muds( marl)e. A% Sribhadria

the oondition of marine imtercalatiocn is more pronounced. Some

B of these transitionzl conditions give strong suppart to a possible

N 4]

=" overlapping of marine Jaisalmexr gseries with the I2athi seriese

3 4
N
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B FRIoAL CHARACTERISPICS OF (ROUNDVATER.

Weter containing upto 3,000 perts per million (ppm) of

3 aigsolved solids (TDS) is used for drinking supply by many
. he inhabitents of the Iathi region. Water containing 2,000 ppm

*or less is arbitraerily considered as fresh in this

- H-

n aim.ng from 2,000 to 3,000 ppm TD

gtudy. Water

S ig considered as brackish and water

imng more then 3,000 ppm TDS is clagsified as salines

¥
.." 0
|J

The quality of growndwater from the Iathi ‘formation was

-

BBroedly studied in terms of areal distribution and chemical changes with

$ime. The study was vased on stendard analyses of water samples collected

8 . 1968 to 1970 from 26 trbewells and 45 dug wells. Chemical amlyses

8

ta from samples collected in Moy 1970 are given in Tables 5 and 6+

'-"-u are shown in Exhibit 6. Exhibits T, 8 and 9 diagramitically present

chemical cheracteristics of grourdwater .

Bxhibit 6 is the ¥&y 1970 isocone mep, showing the areal
er in the Iathi region. The

=

istribut:.on of minerelization of groundwat

ongidered as & single hydraulic anit, and as &

~ athi aquifer is ¢

'onsequence, vertical changes in qwa.lity are considered

ag minimale

1 hie hes essenbially been proven dming the test drilling end test

' mping operations except near the 3,000 ppm TDS 1ine passing south of
Sribl'ﬁdria. In this transtional zone, %the TDS content increases with
;_°P*rh' The isocone map shows thet the mein Iathi formation area
;:urﬁerlain py the best yuality water is roughly located gouth of the

b Joisalmer .Pokeran road and north of an east-wegh line pagsing through

® Sangar. At Sribhadrie, the unusuelly high TDS soncentretion mey be

s eonnected with the deeper zoness

welity deveriarates gown dipe

due to saline bed The isocone mep

indioetes thet in general, groundwater q
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Regional changes in the dogree of mimaralization of grourdwater

A) Mulane-BProragaon~Bhaguragaon~Jessans
B) Lathi~Chand han-Sagra~Jesuram ,

€) Devikot-bGhhor-Debhala-Rajwai ,

D) BhilaniFatehgarh-Rama

E) Kamsar-Undu

The section from Mulane to Jesurena indicates that concentration

dissolved s0lids increases from the foarmer to the latter. The
2

2]

finsreases are accompanied by ionic ohanges in the types of the water
§is0¢ from 3003 type at Mulana through Hco3—<:1, c1--m:03 to 01-304 type
- ,a_rt Jesurare+ Simultaneous increases in xCl ard decreases in rSG4
B rHCO , r Cl
_'tios are very significent features to irzjizate the extent of
lsaturetion equilibrium of groundwaters. To the north of Chandhen=

4 oragaon the groundweter encountered is Ne-Ce—~Cl--SQ§ type which tends

o approach dilute sea water cowposition at Jesurana.

In the midwestern section of Devikot-Rajwai the water is of
88 nived type up to Dabhala, ohanging to CL-CO; type st Rajwai. At
: chhor, the groundwater is relatively fresh and continues fresh wp to
_bbﬂ-la- Beyond Dabhala the groundwater becomes prog'eséively more

imineralized.

)

It was noted that the lowest saturated zones at Devikot and
#Bhileni showed similerity in the chemicel character of groundwaters.
*The conoentration of dissolved solids from dugwells and tubewells at

P Deovikot and Bhilani ere oomparable, whereas the concentrations of

~

. s 8o ’ o

I ——

I the Iathi erea was reviewsd in deteil along the following cross-sections:

it

S e
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Hepolved solids, Na and Cl ions, increase graduslly towards

: gouth and southwests

=

In the southcastern extenaioxj of the Lath-i formation,

, type of water at Kanaser is CL-HCO; (mixed type) which changes o
‘ =80, type at Undue Mineralisation increases from Kanasar eesiward
;flnndu. A tabulation showing regional changes in the degree of

: ; alisation of groundwater in the Lathi area i3 given in the

*a owing tebulation.

=

SR
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fiis cbsarved thot 157 of the waters are HCC; type having HCO,

5
ro then 50% of total anions. Ka+K are the only dcminant cations
3 type waters. These are considered to be the

st stage waters in the aree. The second group of fresh waters ere

§ combination with ECO

Bhe mixed type mainly C}.--HCO3 which are 31% of the total samples

-
x

Beminede These waters cover the triangular erea bounded by Mulan2,
fhi and Rajweis The third type of waters contain Cl as the dominert

p 2
gione This type conastitutes 54% of the samples. These are considered

g seocrd stage waters ard are highly mincralized. Exhibit 8 3

hWoro

" .

t the concentration in equivalents per »illion(epm) of ¥a' ani ClL
lons increases with concentration of dissolved solidss. This weter tends

§0 reach & physical and chemical equilibrium with the rock material

brough which it flows.

The relationship between the deminant anions and the TDS

Bonoentration of the water samples are tavulated below.

- -

Dg +50%% +50% +50% s Mixed Totel
pm) HCO,~C0 SO Cl

’ 4 i LN

. e --2——-2--—--—-—.-————--——--——-—-—--——-——

/ 2
I)ha: 28 Chendhan (B'r::. irwe
0 4 ;elut i = 2 D{‘:\?:J.bd on r‘( "3"\'" te 'v (== I\
.(Karmeri gch:.m‘.&.. 14(53 .
A \;.,.I a';’ NooT
(Invhaia
Lethi
Daviket
Kanaser
o - g ﬁgﬂa‘asar = 8(31%)
-' : Sagra
) { Kita
Rajwal
E Bhilandi
Rama
Lagmthi
! Und u
1~3600 = = 3(Jesurare - 3(11 «6%)
2 Bhagurgaon '
Fatehgarh

® 0000000000000 0 000 OC®OGEOGEESEOS OO
w®
@&




+50% 3 +50%  +350% ¥ixed Total
130_~C ) C1
i D g

A A - 1(Sribhadria - 1(3.8%)

o . S, S S o S . - ——— -

'%‘the above tabulation, it is apperent that 54% of the samples

»?‘dissolved salt concentrotions of less then 1,000 ppm. The waters

4

either HCO;, Hco3 ~C1l or c1-z;{co3

‘?3:1 region of the Lathi erea. The increase in the degree of

types. They are located in the

paralisotion leads to a change from Cl-HCO; to C1-S04 type of waters

Bhioh are meinly in the brackish and seline regions.

-

The characterisation of groundwater with respect to 03003
;{gration was also atteupteds The saturation indices (CaCOB) for
f?sndwaters in Lathi aree nave been celculeted based on the following
T;tion-
Saturation index = pHé-pHe i.e. pH of water
;ﬁ (determined minus the pH (obtained by celculation) which
the water has when it is in equilibrium with CaCO3) .

The velues obtained are tebuleted in columns 10 and 11
; ;Fable 5. arelyses suggests that the groundwater in the Lathi
'%ifbr is predominé%ly saturated with respect to C&CCB- This
7;1cates that water has been in contact with the aquifer materiel

-f}a considerable time and that the addition of fresh water has been

7,.tica11y nil in recent times.

jh g
£

©000000000000000000000000000000000
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Sehoeller (1967) has suggested the Tollowing indices of

1ibrium in grcundwater.

rCl-r(¥a + K)
1504 + rHCO, + rCO

3

Bhegative value will indicate an exchange of Na+K from strata

'O_a.-a-Mg in the water.

The waters from the Lathi aquifer mve negative indices, having

Bter velues in the fresher regions and approacning zero in the less

-1

ine parts. The alkali-chloride proportion in relation to salt
entration is saown in Exhibit 8. The values far Ya® and C1” ions
a.t' wider spaces for fresher water which gradually narrows down
.j' the samples from sezline regions. Thus the saline waters attein

'
age of chemical equilitrium in respect to ¥at and €17 ions and the

ibility of further base exchange is doubtful.

Sulphate reduction causes decrease in sulphete concentration
ibh simultaneous increase in the bicerbomte content thereby increasing
fiklie salt concentration. This is not noticeable in the groundwaters from

Iathi area« The concentration dve ©¢o SOZ reduction is not present

IF expected in these waters.

_ The quality of grourdwater in ti. dentral part of the region
@Pes not show mrked change in chemical ,composition, which hes reméined

.

“ LHCO. ™ C1 > 80, or Cl °>H(O, > SO, type over & long period of time.

p) 4 3 4

; dition of fresh water through recharge appears to have been negligible
[_
gexcept during humid climatic phases in the past.

i+ Sodium seems to have come from base exchange reaction from rock

terial. The Pre-~Cambrian and Paleozoic complex initially, and then

........O...O..Q..._
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the aquifer mterial ituoalf , caused the cationic facies as Na™>Ta™>Mg.

The occurrence of less mineralised water in the oentral part

Ekof the area, even aftsy long .resention tine intervals, is attributable

eyt

-fto relatively high permeability, 1laeck of contaat with the atmosphere

¥and dissolved oarbon dioxide-bicarbonate equilibriun i.e. buffered systen

ich carbonic acid. It may be releant to mention that even though the

j;H values renge fram 7.6 to 8.8 for Latui aquifer water samples, not

Epucn reliance is placed cn the determinations.

' The waters in the outer periphoeriss of the basin, sopecaally
3 b 2 R

-
(n

B - { - . % S
Paiong the north-northwest line from Chandran to Jesuram, arc -G

-

BC SO, HCO5 typo having high mineral contents. This may be
2 4

®due to slow circulation of groundwater causing longer time for

Pdissolution of soluble matter from argillaceous strata.

!
4

Further concentration due to dissolution may not go beyond

8

& the existing chemical composition as the waters have reached almost
§ physical and chemical equilibrium with the swrrounding aquifer

o
B priorial .

~

-3 In the area of investigation, a study waz made Vo identily
fohemical changes over a periocd of time. For this purpose 7 canples

e from the saline front of Jathi-Jesurena section ard 5 serples from $i

e

Bfrosh water area wero compared for their ionic concenirations in 1966

'fdnd'1969- Changes in percent reacting values of anions for the two sets

1

B Of values are shown in Exhibit 9. Porcentages of change for anions
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+
o

i

N

hY
e
ol
4

T

oy

T




- Sali
tean chawg
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ere given below:

ine water Front
e for T tubewell

o
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Fresh Weter Area
¥ean change for 5 tubewell
samples

(1956-1969)

( *966-‘969)

E et

oo S
' o+ kT +2 .31
00, + HCO, 2
st 5% [
{ 04--— -1 '74
C1 +4 47
TDS (epm) +3.40

— ——— e S S— s o sp—

‘-'5 072
+Q.12
+3+59
"‘"r ‘- 58

= Y

. v
£ \0 \n
v

(AN

B in TDS ¢

B regions wh

fresh wate

the trengd

in waters

pUmpags .

The alove figures indica

possibility

-

»ing the pericd from 1966 ¢

ot N et : . , :
Na' and CL ions have increased ir. sumples from saline

erees Ne' and 3003" have

r areas.

that there wasg an increase

1969 in ooth areas.

inreased in samples from

The changes observed ere too small for great concern out

is significant to warrant study of future regional changes

of the two areas+ The guestior of saline front from north

encroaching on the HCO3 ~Cl waters of the main Lathi area i a

which cannct be ignored.

An increase of pumpage mey

Vaters in dugwells are mostly perched. It was

Observed that these waters asre either fresh or moderately saline.

cauge aocelerated mixing.

The rise pey be duwe to presont
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® 4
: £
® .
@ The results of chemical analyses of waier samples collectec
.7 o 45 dugwells are given in Table 6 erd the generel.chemical cheracter
pe water is shown in Exhibit 7. Percentage breakdowns of ccmbinations
(B E .
Fcations and aniona of 45 dugnells water semples are given below .
o
@ e
o . nant HCO 50, o1 ¥ixed Tctal
® > 4
e 2 - - - 2
, s - » i P =
@ ! - 18 7 32
° . - 1 3 11
16(35-5%) - 19(42.2%) 10(22.3%) 45(100%)
'. --------------------------------------------------------------------
es can be

Tre water samples from perched water table zon

-+

lbroadly categorised into 'n'CG3 , C1 and mixed types. 36% of samples

e Hco.ﬁ - type and 22% of the samples are mixed type with z{c03 -

A - - . : s .
S0, ard Cl in almost equal proportions. Thus the pajority of the

fdugwell water samples are ’.«IC("3 to Clw’:{CO5 type and are fresh.

The predominant cation is Na in alvost 2ll the samples.

f Two of the samples having predomirent Ca are frem perched water zones
8 at shallow depths belonging to HCO, type- For mixed cations, mainly |
: |

77".' Na-Ca fecies preveil. For waters having TDS contents of less than 500 ppm

& Ca--Na facies were also observed where 2{605 was the demirant anion.

% " The relationship between the domirant anions and the TDS consenipation

b
%,
-
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Al

;éf 45 dugwell veter sumples are tabulated below.

ipissolved LR +50 +5%  Mixed Total
Sgclids HCO; +C0; 80,-= cl
 Lesc than 500 ppm 7 - - = T(15.5%)
#5/.1-1000 6 - 5 6 17(31.7%)
£1001~2000 .- 8 4 15(33-5%)
$2001-3000 - - 6 - 6(135)
g Total 16 - 19 10" 45
;;
. About 534 of water semples from dugwell zones in the region

® have totel dissolved solid contents of less than 1000 ppm and 33.5%

L contain between 1000-2000 vpm. These percentages ere almost the same
\ ¢ P [

fgas those for the tubewell samples-

-
The centrel pert of the area hes fresh waters of H303~01 type

o

ewith dissolved solid concentration of less than 1000 ppm in the dugrell

ok
s

& zoness The Cl---‘.--ICO.5 type saline weters =re ~onfined to She nurthern and

ifscuthern pext of the area, where tne wetar Jevel is shallow and

E concentration of salt in the zone of aeration is of common OCCUrrence.

B Generally the dugwell waters are used for drinking supply on restricted

;:acales- 1% was notiased during 1269 that some dugwells had gone

£ dry due to lowering of the weter table.
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SUITABILITY OF SOILS AND GROUNDWATER FR IRRICAT ION

5

A reconnaissance survey was undertaken to evaluato the land

:; goils of the Lathi area.

8 Soils are mostly calcareous and coarse textured, primrily

herived from red and grey sandstones, carborgceous shales end

.lva:iagated clays.

Coarse soxtured soil with very small proportions of clay

2 (about 2 to 5 percent) is derived from disintegration of the parent

§ reterial undar conditions of high temperature and low moisture.

»

Chemical weathering and subsequent altern-tions in the soil are

. practically negligible. Iack of sufficient soil moisture and moving

B cator in the soil profiles are well reflected in the poor development

of alluviation and zone of differentiation.

Soilsare either in the eroded or depositiomal phases the

latter occurring as sandy plains or dures.

The soils of the area can be categorised as belonging either

to interdunal plains or sand dunes. Dunes are either permenent or

shifting. Rock outcrops or stony gravelly wastes occuxr alongside

interdunal plainse. Sandy plains with or without low hummocks, isolated

outcrops and stony wastes are seen to the south of the Pokaran-—

Jaisalmer road from Chandhan westward and also to the east and west

of the Jeisalmer~- Barmer roed, south of Jaisalmer. Rock outcrops and

shallow compact sardy and gravelly soils &re prominantly distributed

near the villages of Dabhala, Aikel, Devikot, Fatehgarh, Bhaguragaon,

Baroragaon, Bhojek, Hulana &nd Bhopa.




The soils of thae interdunal plains &re lig

et JRL -2 s o}

110w SO Very decy soils of iignt vellcaiga, brown tc pale reu
snvariably sandy (fine sand) dzy; 1eose and struciurae-

d

e top layers arce

g-« with slight increase in heavineas in depth to form loamy sand texture,
§ o;;gr <iiph week subangular blocky or platy structure . Occasicmlly,

e pottom layers also tend t* be sardy loam.

Soile are calcareous ard the CS-CO?> content increases in depth

y nodules

bo form lime accumulation (%ankar) zones either as coneretionar
Bor coniings on weathered sandstones at depths of 60 to 150 cms. The

B content of the calcium in the js neaxly 10 times the amount found

oubsoil

fia the top layers of scil.

Feoanse these s50ile &re 1Of in clay contens ard o-genic mitiver
3 and sre high iIn fine sand, thay have 1ow moisture equivalonts (205015
_pcrcant) and we*er retention capacities (20 %o 25 poréent) . Soils are
They are

ncrmal with respect to pi, being in the rarge of 8 to 8-2»
"poc.‘r in fertility, the average constituento of the available phosphOorous,
potassium and orgenic carbon in the surface soil being T kg/ha,

o
=l

& 100 kg/ha and 01 % respectively.

Field examinations from Chandtan T0 Mulare end Fatehgarh,

Towerds Mulara and

reveal thet depth of soil cover ig variable.

Fetehgarn there are frequent occurrences of compact pale ved, fire

gardy to loemy sand s3ils on the %cp, the depth renge beirn
+

v il

oii exicty dboiow

e
(.'}
u

cos to 1 meter. Sometimes, drw, 1loose, sand
compact layer- The wind Ylown miure and cocasiomngl impact from rairfall

n respcnsible for compact

followed by the long 4T¥ spells nust heve bee

of soil in depih and on the surface




.\
.

45

Much of the project area is characterised by dunes of
jifferent srtapes and sizes dwe to high mobilization and accumulation
of fine sorted sends. They are either of permenent or of stabilized
pature svpporiing charactalist o~ Carily vegecdtlons Shifting dunes are

under high mobilization.

There is practivally ro horizorn differentiation in thesge
sand dunes except slight alluviation in the stabilized ones with raspect

to CaCO, content (1.0 to 1.5%).
7

Water scmples obtaired from 25 tubewells and 45 dugwells
located in the area of investigation have been studied to assess their
guitability for irrigation under erid conditions. The tubewell water
sample from Sribhadria was excluded from the analysis because of the high

TDS content. Tables S and 6 give the date used in the study.

¥hile projecting the data in various conventional classifinr~-

tions, most emphesis was given to characterise the tubewell wa’ .

Chewical data have oveen derived fram the rodified Hill.T ;or 4.0
as outlined by Harde (1965)« The classes ere ident:ifici t¢ char weteriac

groundwater in detail with respect tc the type, whether primary Or

secondary degree of salinity and 2lkali hezard.

Classes of tubewell waters based on the modified procedure

(Handa 1965) are given below:

N e e A . - S R

e

I




Tubewell water
garple !

Rt L Bl ]

1

2

o =~ N P W

D

21
22
23
24

26

R P e el e el e Ll e e T T e e Tl el il et bl Sl o

Location

L P N hadl ol et el e el el et Bl Sl Sl o

Ajasar
Baroragaon
3nagaragaon
Bhairwa
Bhiiani
Bhojak

Chardhan

Devikot
Dhaisax
ratehgarh
Jerat

Jesuram

Kanasar (southern
area)

Karmeri
Kita
Iathi

Yulana

Rejmathai (4 miles
NE of Kanz Ji Ki Dhani)

‘Rejwai

Rama
Sagra

Site No. 7

Undu

\~

Classee of water

P el el B

C
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< o
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f rhe ebove tabulation reveals thet the mejority of samples ore
distributed in 9.3 ard 35 classes, the number being 12 and 10 respectively .

The former have no

B The woters felliing under Aj are §ifferent from B, -
4 -

RSC and permanent harxdness, whereas the reverse is true with the Ilatter. Y

T‘Tne cormon chereecterigtics of both classes is thet waters are i:'.‘.-SOJl !
- ox secondary type of waters, since the sirong acid ions exceed the :r
:f bicarhbomte ions. Regdrding salinity (C) they mostly belong to medium j
§ to high (03) followed by high to very high (04)‘ and low to medium (52) {h

erd medium to high {35) with respect to sodium content. This modified ’l”

classification undoubtedly gives & systematic classification of data %o
charecterise the most importent hydrogeochemical grouping of water and
ives the quality classification for irrigaetion

to a certein extent g

suitatility under lasal conditions .

Baged on the local practices of using groundwater cf vexry

ym TDS ar? SAR 3% and adove

vyt

high eelinity (sometimes exceeding 7.000 p
for saady soils of highly draired nature), Central Arid Zoms Resetren
Ingtitute (CAZRI), Jodhpur hed made an alvempt to claseify groundwater

suitebility .

The tabulation given below shows distribution of wells

The clagsification

in respect to salinity (C) and elkeli hazard (s)

is based on crop performance from 500 wells as determined by ChZRI.

AT Y T TP

=t
< % whd

TINEATIOST. 3
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P L R

o —— T —— 1, S T—— S T T— T o, o0 25 S S o S . S W ., S— T S, S5 s o S
Type C1 G? C3 Cq
of = # =y :
val TDS 180 180--500 500-1500 1500-3200
9 ppm
T.¥. , 1 3
. o1 DEal SRt PO Ol B e 2 e T i e LSS T TR
SAK S DV § E
0-6 2
T.7. 14 T
6-16 S? e e e e —
: D.¥. o) 14
P.W.
4 626 33 e o e e e R e — o
X D.W. 1 1

—— T ——— ————— i —— T T o, o T . o T o, (S S

Groundwaters fall within the safe 1limit with respect to salinity
(C) and alkeli hazard (S) for much of the erid tract of Rejesthan. It is
interesting to note that these waters could be used in the predominently
highly drained soils of the erid tract even without adopting the pragtice
of fallowing. The percentage distribution of wells with relatively
higher» selinity end alkeli hazard is hovever greater far tubewell wuters

thaan for dugwell weters. Further classification based cn the standerds

prepared by Eaton (1950) and Wilcox (1948) bas also deen presented-

mhe distribution of wells with respect to RSC (Eaton, 1950)

anc SSP (Wilcox, 1948) is tabulated below

"""""""""" | D RSC (me/L) 1 SSPY v A R
-%._ (=125 : 1425=2:5 2.5 165 608 S N80

Tubewells 13 5 7 3 19 5

Dugwells 28 6 11 17 24 4

_.,_,_-.._—.q_._._._....-q_-..—-_.—a-——-———-—_—-_—.-.————--—_—-._—.—--_.-—-.“—..
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The table shows that only very few wells (10-15%)- of the

o1 are of goubtful quality. However, the possibilaty of their

icious utilisation in d2ep, weil drained soils with relatively low’

Boy content ic not ruled out.

Altaough: 3n general, the TDS e relatively low in these

o

e
s + —
grouvndwaters; the proportion of Na and Ci is relatively very high

An emphasis on prcpex evaluation

ohd is characteristic of the arid tract.

ecially with respect to sodium hezaerd is therefore worth considering.

It has been proven by many workers that plants gensitive to

Bt~ i S S8 e
BCl cre also sensitive to Me o« As far as ha is concerned, the effect

the latter being through I{a+ getting into

Wi

8 js both direct and indirect,

B the excaunge complex of soil (ESP). Because of the s0lubility of minerals
# or precipitation of ions, such as Ce and Mg from golution, the

salculated from

)

f equilibrium in scils becones upset and hence the ESP
I3

eé in USDA Hand Boox 50

n

¥

ESiR of irrigation water, es devail (19

| gercrelly does not agree with the observed valves in tvne field. In
P nodificeticn to this, the stendy stete of EEP in goils from SER 2xd pH

B values of water is caloulated uaiing peveneter saturction index ( for C:*.COB)

Bower (1961).
¢ adion 3 ~ - T = D}
Saturation index pH, p{c

pH of water (determined) — the pH (obtained by caleuletion) which the

water hes when it is in equilibrium with 38.003-

In o1l caloulations, pH 84 of & non-sadic goil in

B cquilibrium with 03003 is substituved for pH » since the irrigation

waters are poorly Luffered. The ESP is then worked ouz from the
P ¥

equution-

|
i

P L e ——— e A




ESP = 2 StR + 2 SWR(pd_ - ol )

paged on this, the ESP caloviated from the seR values of tutewell

| waters foll mostly within moderately tolerant (ssP 20—40) and tolerant
geoups (ESP 40-60) os per the standard of USDA. Below is the tebuletion
of distribution ~f 25 tubewell - samples in terms of various ESP limits

of crop tolerance. The well numbers refer to samples given in Table 5.

Extremely Sensitive Muderately Tolerant Keet
_gengitive ____ _tolerant iolecon
ES? 2~10 10--20 20--40 40-6C £C
Tubewell 8 15.19 2,4,8,7,9, 143,592 N1
watar 10,1115, 14,18,22,

gsemple nO» 16,17,20, 2%,20
21,24

e o e P S S S ST S = = ==

The arclysis shows thet for the wells felling wder tolerant

group the ESP calculated gsoldom exce2ds 50+ This grouping 2lso helps
to esiablish that these waters can safely be vsed for growing crops

tomatoes

such as wheat, cotton, alfalfe, boxr.ey, suger beets,

ard certain Jodder crops-

g

g ’
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Although groundwater in most of the Lathi formation occurs

=

Phger confined conditions,  water table corditions do occur in perched

TV

3 ations througho.’t the area, especially near the eagtern margin whore
"iLathi gediments feather—edge against older rocks. Perched water
_gﬁﬁs, where the quelity is acceptable, are the principle groundwater
}1ces of potable water supplies for meny villeges. It is reported

gat there arc about 80 dugwells in the region. Perched water zones

f§0 occur in the thin veneer of agolial or alluvial cands covering mos@
B the Iothi formatiom. These smaell water yielding zones axe

Slenisned by locel precipitation during prolific monyoon seesons and supply

n
Py limited recharge to the mein Lethi aquifer by essentially horizontal

Bow down the dip a by vertical leakage througn semi-permedble

¥

?;ining material .

i.

4 The depth of perched water_}evels mostly vary from about 20 to
?{feet (6 o 30 m) below ground level. Depths to piezametric levels

3Q confined water zones vary from about 80 to over 400 feet

;to over 122 m). BExhibit 10 shows confined gtatic water level

fehs in My 197C in wells below the desort floor. Localized topegraphic

Bires were eliminated in composing the nas. Cbviously, if a well

B to be drilled on & local ridge, depth to static water level
18 be greater then indicated. The crea thet has shallowest plesometric
ils is northwest of the Jeisalmer—Pokaran road where & topographic

foccurs near Jethe. GCreatest depths to water levels in wells are

Puntored in the Kite-Sirwa-Reme ares where desert floor elevations
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b orociably highers The shipe of the siczometric surface in Ma 1970
1Y% P

Shown in Exhibit 11. The totel relief of the surfece is about 100 feet

fJ) verying from a low in the JethaQSujio area to & high in the Bihyar-

aree in the southeast. The piesometric surface slopes downdip

in a few places, to some limited rechergefoom perched water

bt

ibly due,

in the so-called " dry zone " of the Iathi formation. The most

s

wnced local gradient is between the e Bhileni~Fatehgarh exis and

?

L4 A e

{
! .
3

B shere the slope is about 5 feob per mile. Another prominent gradient

en northwest of the Bhopa-rasla area where lox transml

g the couse.

k- The fNaitest part of the piezometric surivce is mostly

incq connccting Lathi-Jetha--Jesura

n the zone of high transmissibility and it ie believed that

§de

g lies

overaLl flatness of the surface is predominently due tO this fector.

¥
i

%hradual northwest slope of the potentiometric surface northeast of

§8almer mey be due to upward seepage and eventual limited discharge by

'iifranrs northwest of the Jeisalmer-Latl.i~contact (Ex-B).

A groundweter divide ccused by & strip of low transmissibility

§ southward from Moklat voering SSE to the west of Sagone-Ki-Dhani

o )
ffinally abuts ageinst the buried ridge near Sirwe. In general, the

Wometric surface is rolatively flat refle-ting near equi

iully non-recherged aquifer.

Recharge is considered &s regligible for practical evaluations

fllerge withdrawalss

ssibility might

NOOMPRss

‘E
ha--Jeauram-Chhor~Duwara-lathi « Most of this

ad

— e —
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In the section on hydrometecrologic conditions, it wes stated

potential eveporetien is grecter then fen times the normal anmal -

1t wes algo pointed out that high weter surplus, which

ipitatione

cen be expected to oceur only onee

.

Bgouid produee recharge of aquifers,

| 2¢ years. Addifion2lly, CaZRI, Jodhpur, has camputed the potential

ranspiretion losses of one xerophyte tree to be 121 kg. per daye

3 Tn the seoticn on ohemisal cherecteristics of grcundwater,

it was pointed out that (.‘,aCO.5 caturation index indicates that the

fwater has been in contact with the aquifer material far a considevable

P%ime and thet addition of fresh woter has been prectically nil in

B recent yoars.

Geologic and soil investigations indicate that limited

' infiltration eapacities exist 1n much of the aree because of the

ratuce of surficial meteriels and the fine greined composition of

the top of most of the Iathi farmation. Deep water levels (“.}.{- 10)

in the eastern and southeazstern sections also indicate lack of

appreciable infiltret ione

Water levels were measured in tubewells and dugwells

B Gistributed throughout the Lethi ares be fore (¥ay) .2nd efter the

monsoon season (Novemter) in 1968, 1969 and 1970. Average chenges

i ere tabul ated below
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g ™= g AW 9= et et Tnall Rl T ¥ g “-—.—o-—.".—--—.-.—o--a" g™ pum iy P ™ - T TRyt =
Yeur Yumber of wells Average ch-nge

from pre-—-monsoch
to post-monsoon

water levels

(m)

1
-
|
i
-
I
1
I
-
l
d
1
1

Effects of locel pumbages have undoubtedly &ffected some

?bf the readings,» The average of 3 years of water level meGsuremencs

iéhO? th:t the change {rom pre-to jost-monsoon nhis been only + 0.119 &.
4

B This indicotes th.t negligible rechirge his occurred to the Lethi
Fequifer between Moy 1968 and November 1977 -

5

carbon-14 deting of grourdwater from the Lathi aquifer woes

Bcarried out by the TFRI Bombay. The age results are presented below

' Semple No. Site Zone/depth range Confirmed age
in feet (Carbon 14)

T 1096 Bhairwa Testwell 1) 24C'-420! 7095 + 155 years
il

2) 445'-545' 7000 # 115 years
TR 1695 -3o- - 3) 650'-730! 8080 + 160 years
240'--290' 8385 + 200 yeurs

TF. 1122 -3 o= 2) 335!-3%0" 9500 + 40 years

e
e TF- 1721 ~go- 3) 455'-:550' 17595 + 230 yeers
=
o
&

£ A A ks
VAR -
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The estimted age for these waters is in the range of

J000 to 9500 years. This suggests thut humid climetic phises were

Frovelent in these perts prior to onset of the present dry climete.

*

Bldditional support far this theory comes fraa pelaeoclimetic and

e F] - 3
3hisvOrlic tue

’4.

es of western Rejausthan. Geclogists and archeolcegiste
b five recsons to believe thet western Rajasthan was once a flowrishing

Bnd hospitcble country (“.tLon.-l Institu.2 of Sciences. 1952).

of the extracts from the ebove references are reproduced below.

-
e
’

8 Tt is considered Curing one million yecers of the Pleistocence Zpoch

gtht-t theré have been four mejor giwcial periods, intervened by three

"a.nd periods. The last glacial period ended about 7000-10000 years

P ago. The present trend of hotter and drier oonditions is considered ’
"i.-'to be post glaciel, "

3
Pre-histaorical evidences show thet Indus Velley civilisstion and

f Foraopa culture flourished during 4000 to 3000 BACs ize: 5000 to 60

years 2go; in the Seraswati River Velley, & great river in Vedic

times. There are 2lso eviderice to supper thet some rivers dr2ined i
through western Rajesthen in VSW ané S¥ sourses before meeting the arabiun

Sea, prior to setting in of dry spell. The alignment of present d2y f

ranns and dry river beds Ghogger are often conjectured &s proof of :‘

earlier river courses." 4

" These evidences indicate thet present day desert areas once enjoyed

BE® moist conditions with moderste rainfall. The dry oonditions seem
%

to have started about 1000 years ago, by graduel desication of the

areat .

.
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Bage¢ on ihe mass of data from various sources, it is

Brefore concluded that the major postion of groundwater in the Lethi

¢
U
k.

fer had accumulated thousunds of yecrs &go during humid pmases of
,'.1-. climate 2nd tipt present recharge o2n be condidered as negligible

practicul eval-gtions co. cerning lurge withdrawals.

There are generally three saturated zones which are hydrauli-

.-

811y interconnected due to lateral discontiruities in the silty 2nd

=
fandy clay lenses: This was proven at Bhairwa &nd Ajesar where pump2ge

.

S

Wy wells verforeted orly in distinct zoneas caused irstant.nziae

Wravdouns in Observation wells open to other zones. &t

.

‘aWlr
aple J .

¢ iy .
Eepecialized tesls are shown in

Exhibits 12, 3, amd 14 are hydrogeologic cross—-gections.
3

BlPhe locations of vhese secticns are shown on Exhibit 4. Some results
Bof the test drilling ard test pumping ere shosn in the exhibits and the

f sections are representative of the m jor hydrogeologic fremework of the

Plathi aguifer.

Exhibit 12, the cross-secticon clong the Rajwai-Bhopa
the relationship of the buried ridge necr Bhope to the Iathi couifer.
There appears to be & tendency far downward fiow of water at

and Akal as noted by static water levels _r~om different zones.

Exhibit 13; the cross--section 2long the Jetho~Durzarae line

shows thet there is upward flor of groundwater at Jethe tased on statie

SO0 8 0808 °Q00C0 0000009000000 00068000600600

pa lin2 shows

L' water levels «nd chemical quality determinstions, while ot Bhairwe there
are essentiszlly stegnant conditions vertically.
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Bxhibit 14, the cross—-sestion along the Tota~-Loherki line

L

s thet the permeable Lathi aguifer jies below Juiselmer limestone

V't

[

:uns.c.turated Iothi sandstone. Loherki is in the " dry zone" of

;iLathi formztion.

Exhibit 15 is a m.p showing isopachs of the squifer portion

Fine greired materizls a2re not

gotureted Lathi forpation.

Be1uded» The map shows tmet the aguifer thickens downdip- Nortn

€ tho buried ridge in the southern puxrt of the ared. t hicknesses

§ ; : L
fnerecse northwestvard whereos south of the ridge tt

@enerally southwestwnrd: The config mation of the isopachs is

Berkediy similer to thet of the bagement contours (BEx. 4)s Tne

the piezometric sur foce

L

=

Mgopachs cre 2lso controlled by the shope ©O

(Ebc 11) but teczuse ofthe relative flatness of the latter, the

faffects are of minor importance.

Porosities und lab ocefficients of permcability were determined

“from & ‘ew core stmples of sandstones, sheles, siltstones and inter-

® celoted rocks obtained éwing drilling operations. It was not

possible to core loose mterial or course—greined, friable sandstone
' with existing equipment . Resuits of leboratory deternim:tions £re

<< given bclow.
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Date from pumping tests run during projeot operctions are given
Table 3 and aquifer ocoefficients derived from the long durction tests

hg tho test wells ere given in Table 4. Five long duretion ccnstant-rate

g

Beto) in eddition to several shart tests run for specific purposes

': per formed during the pr esent project. Semi-logarithmic grepns showing
:;down end recovery date from the long duration tests are vregented in
Bivits 16, 17, 18, 19, and 20. Four of the tests showed definite

By aquifer effeots and one showed the presence of a negative boundary

L . e < e - .
jthough leaky aquifer oonditions algo undov.5edly preveiic The lattor 13

folt Lo be merely a lcoalized situation werees the former is considered

o bs generally widespread in most of the Lathi aquifer. The test

Rajwai (Bx+16) indicated that a negative boundery is located about 4000

Bcct(1200 m) from the sites The direction of the bourdery from the

est gite is uncertain but there are indications thet it may be either
8 focies ohange MW of the site (Ex.5) or an undeteoted but gugpected fault

Bast of the sites The latter is suggest;d by & deorease in

Y

Broroniasibility eastward(Ex»21) as well as decroase in permeability in

@ithe same direction (Ex.22).

Fxhibits 17, 18, 19 emd 20 show thet the affects of leelnge

= become pronounced at about 100 ninutes after start of pumping or

" ‘shutdown. The effects are noted by upward veering of plotted points
B (0 tho initisl straight line trend (afterUbecomes smell). The

e

leakege is due to slow vertical drainage from semi-permeable silt,

B fino send and mixed zones throughout the saturated section.
' (Ex. 5, 12, 13, end 14). The reaotion is similar to thet from

i & recharge dboundarys The widespread ‘leaky conditions are gignificant
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byee drewdowns produced by pumpage 2re considerably less than

nge predictcd by straight storage depletion ealculetions. This

foct is due 10 contributed weter Jrained from gemi-permesble

$erials. It shculd e pointed out, howevrer, thet large witndrawals

<y €
-—hi

O
Lt ]

.
~

e aal Y andrannsid
36 Yegioni lanc 3nbeLal

”@u the leaky equifer would caus

-~

ares

.

Brs. This would be of mincr significance to the

1

‘
¢

Cocfficients of storage given in Teble 4 indicate thas

B O {1 ned conditions occur. This is due te potentiometric levels being

s

}bnsiéerably highexr Thercfore,

then the tops of permeable aquifer zones.

tering of the saturated

Sheavy pumpage would not cause significant dewa

il
sands and sendstones for marny years.

' Recause wementation is incompletey geter is transmitted

&
1
4
5
:

B¢ rrough intorstices of aquifer meteriel, consegquently , peracebilities

Bare nigh. Although not infinite, the aquifexr is considered to n

tremendous transnitting capabilitds due tO its widespread areal

“extent .

Exkitis 24 s a ccntour mep shoring voriations

bility of the Lathi equifer. The mep wus drawn using deta from puuping

tests run during present and past operations. Transmiseibilities

incroase Jowndip south and west of the buried ridge but the negative

bounderies caused by the proximiby of the "dry zone" of the Lathi

formation and the faults thet form most of tae southern boundary of

the lathi equifer, would preciude large scale pumpages over & period

of meny yesrs. The sane situation is seen in the southeast extension




lof the agquife

';for the groundwater

b goulting althou

£l

; contour i2p (Ex.
§ This mey b

¥ .t Chbor which led

uighly guspicious,

=, [y
£

The most

mep

levels are relet

in prim

witndrawals.

bese mEP

Y similar

r in the Bhiyar are&.

Eof oW transmissibility sout

gh no determinations
4) or the isopach

¢ due to leck of adequate cont

ig the zone of high trens
pPokeran road between Lo
a favourable water quality ared

jvely shallow (Ex. 10) »

favourable feetures n=s place

e position for potential med

Trensnissibkili
Iothi formation because of

the bagement complexe

es "limit of lathi equifer"
wells loceted near the pergin w
to the one experienced
g further negative boundary effect
geveral miles northwest ©

The line near Baru,

61

As mentioned befare, the strip

h of Moklat is prObably responsible
divide (Ex. 4+4). This strip D&Y be due to
could be made from the basement

of the Lethi aquifer (Ex+ 15)+

nap
}

rol in the ares. Erratic drilling

to great difficulty in completion of wells; Wwas
and was attributed to possible foulting in the eres.

sbvious and important fecture of the transmissibility

missibility thel gtraddles the Jaisalmer =

thi and Jesurand. This zone generally lies in
(Ex. 6) wherc depths of static water

The overlap of these three

d the 12t bi-Chendban-Bhairwe region

jum to large scale groundwater

ting decreose toward the "dry zone" of the

aquifer thinring due to overlep ~n to
The mergin of the dry zone morked on the

is & negative poundary and

111 show the negative poundary effects

et Rejwai (Ex. 16)+ There may be

g from possible facies changes

f a line pessing through Sujio end AjasEre

which approximately indicetes leck of aquifexr
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ipaterial to the noriheast, is enother facies chenge that will cause
f negative bouncery effects.

Exhibit 22, the permeability contour r2p of the Lethi

e,quifer area was lergely drawn by combining the transmissibility

ep (Ex 21) with the isopa-n map of the Iathi aquifer (Ex: 15) »
| lpermocbility velues are averages of total aquifer material portions

of the saturated section. The permeability mep gives SORT insight on

the depositiom:l history of the Izthi sexdstonc- The contours fcllow The

strike both in the acrth = central cree =nd the region sovth of the ridze.
* Phis implies thot deposition of coarse gruined clastics occcurred peral

to the strike. In the ¥cklet -Cahhor region, the amnolous ares of
lower permezbility mey reflect foulted conditions. The deorease of

permeability north ond west of Sujio is due to facies changese

Ir the Iathi - Cnendban = Bhairwe region, thre occurrence of high

permeability has been the mejor cause of the configuration of the

zone of high transmigsibility .

Present pumpzge from the Iathi equifer js low. ‘Tebdble T gives
witndrawals from

punpage date for tubewells from 1968 through 197¢ .

dugwells ore smell end can be igrnored for all praectical purposes.
The figures for 1989 are greater then fo.r 1970 because 150/
yecr of deficient precipitation whereas in 1970 stove normé.l

precipitation generzlly occcurred. The pumpuge was especirlly reduced
in the Debhale wells which supply Jeisalmer. The totel pumpage from
the Lethi equifer in 1969 emounted to ebout 3100 acre feet per year

(275 U.S.M.G.D. or 3.8 ¥.C.M./yr)+ The present pumpsge (1970) in

e e e e

e S T

pe—

i e S
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fhe LathiChendhun-Bheirwa region is a2bout 2100 acre feet pex year

k1,85 USHGD or 2.6 MC¥/yr), with the greatest concentration within

the trienguler eree between site No. 7, Sagra ard Xermeri. In this

1atter sub-crea “he 1370 p;np‘go was about 1300 acre feet (1.15 MGD ar

4 er:'/_'\'l': .

Exhibit 23 is 2 man showing Sfavourabdle

 groundwater development from the lathi aqui fer »

.ecreas were delineated. The outer 1imits of the division boundaries

were drawn by using the 2000 ppm isocone in Exhibit 6. Tha border

of the bese mep can be cccepted as the western hourdary of Division ITI.

tities of reletively grosh weter for domes

ay vy
Wewaav i v =4

o]

Considerable
end industrizl uses can be obteined in the four divisions even though

wells would have to be drilled to more than 500 feet (150 5) in

g¢ne placess

Division . and II are separated by the groun ndwater divide

(Bxs 11) caugsed by the strip of low itronsnmissibvility (Ex. 21)

menticned previously. Pumpage f{rom either Givision c¢an cauge Lrans

mittal of fresh water across the groundwater divide by reversel of

23 .
o> as 10%. Mincatle water is congidered to be 80% of the totel “oricynt

AT
i ; : :
x n storegee Averoge thicknesa of aquifer were teken from the

igopach map (Lv e 15)%

stic livestock

X gradient. Divisions III erd IV are self contzined entities and
B virtually cannot tronsmit fresh groundweter into Division I & II.

. Estimntes for totel recoverable (mincable) fresh groundweter
¢ from the Lethi aquifer are given below. Specific yield is teken

) S T Ty

R ——

g

acww
X e
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Area bhverage Volune of 1ume .Mineable
.2(oqekums.) ‘thickness aquifer of fresh fresh
of ajuifer MCX) water in water
st orage (MCK) (MCK)

(m)

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

1,376 12240 167,800 16,780 13,424
997 91 40 c1 ,200 9,120 7,296
461 30.+5 14,0 4404 1,125
438 30 ¢5 13,360 1,336 {4805

25\,40@ 28,640 22,912

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

'bbe 22,912 MCU (6,,6 ,000 million 5.1110:*.,) of mincable fresh water,

gellons) or 90g% ere in Divisions I& IL.

-

‘572“ ek (5,470,000 million ¢

Zones A and B in Division T are the most favourable ereas for

n three coinciding primary

Batively high cepacity development besed ©

hditionse

mhe first factcr Was that pr “cc;crzt atatioc water levels are less

wag thabt

ln 175 feet (53 m) begele (Exe 10)+ The second factor uged W

fesent TDS content of groundwater ig o3 than 20C0 ppm (“xo(), « The tnixd
8 thet the coefficient of tranemissibilit; is ncre then 5¢ 005 iTSf;,",;-:i/f

k21) .
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Zone A comprises the prime sye2 because coefficierts of

transmissibility ere geecter than 120,000 US gpd/ft, end TDS content

of groundweter is less than 1000 ppm. The remsinder of the favourable
f rogion consists of Zone B. Zone A ras an arel of 83.5 sq. miles

7one B hus an eree of 45.9 sa. miles (128.9 sq« kus) «

(216.3 sa- kms:) end
.4 sq. miles (335-2 sq- Kms )

s The combined aret is therefcre, 129

&  Pproposed development of zones A and B for sgrinultural irrigation

g discussed in detail in the fcllowing section.

e

2

6]
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b pOTENTIAL FCR_LARGE SCALE CROUNDWATER DE VELOPMENT

A

To predict future water levels resulting from lerge pumpeges,

nathematica. models were constaucted using derivetives of the

nonequilibriua equetion. Because 1ift is the most important

& foctor in ecoromic use of groundwoter fox irrigation purpei sy

o e

v
I

Bs decided tnet pumping water levels should be limited 2s close

B ib1c t0 250 feet (76 m) begele in individual wells.

3

For the area covered by zones A& B, & 42 well model was

doted as a favourable developrentel schemes The 42 well sites

423) were the meximum rumber thet could be fitted into the 129.4 sq.mile

Al

&.2 sqokm-) aree of the twc zones using a rigid 2-mile spacinge

v

900 veer water mining projection wes mie after determining
of puwping an average of 42 USMGD

A

Bt the total withdruwel after 200 years

B 1uCN/yr) would enount to 8400 miliicn gallons {11,500 MCM) or a2dout

% of mineable water in Divisions I & II- It wes Jotermin:d that after
ievel would oe 227 foet

B0 years of punping, the average pumping vater
RS ) b.g-l. and that the lowest leveir would be 257 feet (’Ef':‘ n) begele

t; able 8)« The following reasonable factors wire used in constructing
he model; regional coefficient of tronsnissibility of 100,000 USgpd/ft.,

fully penctrating large diemeter, 100% efficient wells each producing

40“ USgpm 57 of the time, initial coefficient of storage of 0075,

\aging time-drawdown graph effective departures

aky wsquifer conditions «

s after stert of simultencons pumpage, no

from 100 minutes to 2 years

%yirologic hounduries &nd no rechorgos




Coviously there will be devictions from the essumptions und er

;ffield conditions but it is felt tmt these idealizations will

|8 good projection tased on known conditicns.

Exhibit 21 indicates thet in much of Zone 1 coefficients of

‘;1ssibility are actually grecters then 100,000 and in places approach
B oq 200,000 USgpd/ft but velues decrease in all directions away from

fhart of the zone. It is, therefore, felt thut the long term regionel ,

)

Bicicnt cen be accepted es 100,000 USgpd/ft for reusoncble long Hime

ections: Conscquently, the slope of th distence —Cravdown KXopa |

24) from which interforence valucs were derived (Taki> 8) wes computed
} -

Being coefficient of sransmissibility of 100,700 USgpd/ft»

A1l wells in zone A and some wells in Zone B sre oonsidered to be

fected by 1ccal and regionl coefficients of tronspmissibilities of 100,000

average single well pumpage

-

ﬂd/ft- Pherefore estimates of drewdowns due %0

NGD for 200 years s well 2s those due to cdditionel 1 ¥GD pumpage

k- 1 day, thot are given far most wolis in Toble 8, were derived from

p aforementioned offects. These drawdo#ns #exc teken from the top

B o —drowdown ' grepa (Te 100,000) in Bxhibit 25~ Both the inivial

vy

slopes of the graph were

' » - . - \
e fore 100 ninutes) an? final (after 2 years)
Wpawn using T= 107,000, Becsuse of loc.l valuesof transmissibilil

imtes for proposed wells 1, 4, 5, 26 and 39 in Zone » were determined

in Exhibit 25 This graph was drawn

ties,

' fom the second graph (T= SO,QOﬂ)

-

ing initiel {loctl) T of 80,000 & 3 final (regionel) T of 100,000-

ilarly, estimutes for proposed wells 6 and 13 in Zone B were derived

Uing the bottom groph (Tw 60,000) in Exhibit 25. This greph wes drawn

i8ing locol T of €0,000 &nd regional T_of 103,000

®
® 0000000000 000000000000 00 000 00
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Proposed wells ghculd be effectively enpineered, constructed
dablc mud showld

21oped O allow mexinum ef

Aeve
sed gith storderd mud rovixy rigs 0 thel Lhe myd cn oe ccmplates)
pyed with dereiopmens » Perforcted gectione shouwid 00V< payd e pereirs

y: cf open archt and lergest o gsivle perfci2
* - \ . . »
pper’ 1) engineered gravel pack ) « corsidering tne proep 903¢¢ ciscO:=Ig

_for.'.tcd sections should be minimuz 10--dunch dismeber and gro

& inches thicks Consecuently, the minimwm dicmeter

.

13 pe ninimum

8 holes Delow the housing should be £2 inchess

s o
¥

The 1 nimte growdown velues for the 3 grepnse in Exhibit 25 were
forpyted by esswilag effoctdve radii of 100% efficicnt wells to be 1 foct
+5 be (00U5. The graphs Werce projected

pnd initial coefficient of storage

B thesa poines
. Lo
]

3
cffects of prxne g 1

The
Boseniially be egual tO tnose from pumping ’ ~5 GSepm (1 MCD) S )
a0

'i:ie; Congequensly tre geophns in Exhibits 24 rore SOonSTIruLsH
fessuning continual 1 MGD purptge sor 200 yesrs- 1t snould bhe poinved out
Pt et regional offects woald be pugically the stme, if soy. 84 wells sach
iwere to pump 1/2 ¥GD cont inuellye The 42 well proposal wWas celected

'b“q d on favourible cost fuctorss It wes felt thot properly constructed
‘. and equipped wells cculd officiently pump 1400 USgpm &nd thet the fewer
k wells, the more officicnt the gysteme Future plans gshould, however, be
ba-se.l on pumpége frem gxzatn.g wolls. Prescnt &nd futwre purpege from
existing wells in the ores cun be soken 88 an aAversge of 2 K& Becaiie
the present heaviest pumpiee is in the Chandhan—Sagra region (Mabie 7),

0066000
® 00000000000 000000 00OCOGOSGIOMSGI




suggested that proposed wells 14 and 20 be pumped &t 2a average
 of oniy 1/2 KGD cach» In this way existing pump2ge oan be incorpora-

o the model without meterially effecting projections and the

pucpage of the arce will averege 42 MGD ( anoddition of 49 MGD).

-

Bincreased areal pumpege of &n additiocnal 40 MGD would cause water

Ex -

declines and purp settings in existing wells mey have to be deepened.

One of the major fauctors cuntrolling the velidity of the

Bection, is the continuaticn of leaky aquifer conditicns. Unless

Bky aquifer comditions would effestively persist far 2t least Z yeers
)
Fer stort of major pumpege, water levels would be far lower then estimated

5 X

;iable 8, Estimatos'indicate th.t enough water is aveilable from

:;tards o sustein leaky aquifer conditions for 2 ycars but only

A{wl lerge scale pumping will prove thet leckage will occur for

eletively long period of time. Purping tests run during project

: tions indicate that lecksge is & very importent entity but the longest
}ing test, af Bhairwe (Ex.18), lasted less than 1 week. Based

iF-rily on results fran the Bheirwa test, the long toerm extensions of

iphs in Exhibit 25 anl tae position of the distance-<rewdown projecticn

»24), were extrapolated. It Js believed, based on knowledge from

pifer~aquiterd perfermcnces in other parts of the wof]d, that leaky

.rfer conditions wovld persist far 2 or nmore yecars. After tet time,
';nquifer would once agein resct as a storage depletion system« Beccuse
fjnct cone of influence would hoave extended itself enormous. distances during

8 leuky aquifer stage, water levels should decline very slowly far the

inder of the 200 years .
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The methematicel model assumes St no hydriclogic boundaries

gt ond that no recherge will ocow in 200 yecurs of pumping. However,

g in the northoast sectim of the provosed well field would
Boubtedly be arffected by negotive bounderv conditicns due to the cone
Bnfluence maching the dry zore of the Lethi firmetiam « The negitive

Bhda1y effects would ctuse accelerated drawdosns and interfercnces-
¥
Bpoued wells £ and 13 would be the first tc feel the efrects which

3]
¢

d become apparent within the first 20 years of pumpage. After the
sl 20 years, when wells wouléd meve 1o be replaced( meximum useful

e of wells is accepted 2s 20 yeers), relooution ar pumpege readjustment

s 2

Bn e considered. This pessibility will be discussed in more details

Bter in this scction.

Another neg-tive boundery that might affect the incdel, probably
-+ :
Rists northwest c¢f the propcsed well field meér the contact of the Lathi

proction end Jeistclmer limestone where there are facies chengess. However,
e effects from the boundery probably would not be eppreciably noticenble

ing the first 100 yecars ¢f pumping.

T L

-

-

f/ In 20C yetxrs thore will undouttedly be some recharge to the

Bquifer from precipitation during very wet yecrse Additionally there

;
‘!1
i',

@culd be some recycling of water from the increcsed irrigetion applicaticn.
k¥onscquently, it wasdcided that for compututional purposes any detrimental
Bffects from negative bounderics would be bulanced by beneficial effects

Of limited rechurge plus recycled weter. Actuel field operstions will

b .
'ShC’?: reletionships but it is felt thnt the present projection will not
&

devicte appreciately from actuel future resultse

i

T
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The life of cach now we’l is &xpected 10 be frem 15 Ite
tt
&

Fo) years:s Assuming thot 42 wells would have to bte reploced Credy evi

Byeurs; o ten bimes, in the 200 year pericd, the project cculd

P givided ingo 10 time se ~ents- Deta from preceding cumulative tine

-L]iods could be effectively used for guidelines for replecement wells.

-t appears thet particuler z . nes of operaticmal wells have become
gsively saline or thut the beack igh water front his advenced

i
reyltcement wells c2n be constructed and

xoe

e e

Bcessively in & subores,

coated to avoid these adverse effectss About 10 proposed outpost

Ebservetion wells Jocated about 2 miles nerthwerd and scuthwerd of the

'ﬁer'phcry’cf tre weilfield should be used to meniter regicnel changec ©1
1-tur guelity and water leveliss

=
pumpage of 42 MGD wall cause the brackish waber front i
B0 advance scuthward along the narthern margin and southecstward |
é-lcng the northwestern margin of the woll field. The initiel center j
of pumpa.ge would be at propcsed well 23« After the first 20 yeers of ;2
' 1

fpunpege it may be desireable to shift the center scuthward by shifting 4

®1ccations and recpparticning pumphges.

1 well vould

The pocrest quelity from any individus

f initially be less then 2000 ppn TDS and some wells in Zone A would

£ o T g 120

i produce water conteining less than 702 ppm TDS. The initiai compcesite

E DS content of water from the 42 proposed wells ahould be @bout 1000 pp=«
Consequently, it may be desirecble b0 heve .61l wells connected by ©

network of pipes which cculd 180 be used for irrigeticn water

the composite water woeuld

distribution. After 200 yeers of pumping,

still be within usable quality limits. As menticned previously s this

A ——
3 3 i TEpepT ST T
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jwater would be suitable for irrigation purposes On gelected land.

&+ 200 sq. miles (518 sq. kms.) located in Zones A and B and in the

B rogion immediately north and nortawest of the cuter mergin of Zone B
only

a4 probadly be within the reach of purped groundwater. However,

Boction of the land in the 200 83+ mile region would be surtable

~JJirrigation and only selected crors could be growne

Before the 42 well proposel is implemented & socic—economic

BVudy must be underteken. This study should include economic effec:s of

goil conditions, economic sffects of water on the soil; types of crops

g0 be grown, cost of irrigation ditches pipe lines, meintenance,

pa-kesability, cost and gocio—econcmic effects of electricel power

Bxtensions, cost of transportetion of crope, sociologicel impact

on the polulation, general economic effects on the state government and

jszecta on femine relief programmes which presently cost the gevernment

arge sums of badly needed funds.

The 42 well propcsel would probably be most readily adaptable

i}'to a pian for reinfall supplementation rather than for a primary

sources The present shaky economy of the region is due, toa great

B oxtent, *+o drought cycles- Instead of relying on sparadic precipitation

i_ for orop growth, & dependable gupply couid be - ageuved for. hundreds

B of years by proper groundwater developmeni and menagement. Lerge tracts of
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y rtly barren land clould be irrieated with water mined from the

‘:fic [athi aquifer and the general economy in much of the region

» ve greatly improved. In wet ye&rﬁ,. it may not be .:{‘:.cessary

fump &1 wibtar e* all wherees in éi‘cugh periods the mined grourdweter

4 considerally elievinte adverse olimntio sonditions.

I+ wes estimeted that ezeh fully equipped well would presently
@t about Rso 1,65,000. This wouwld inslude oosts for oonstruection arnd

bricls (exclusive of pipelines), turbine pumpwith belt drive, elecizic

¥se mover end pump house faciiitles. This estimate assumes that eroh

?‘ #ill be sepable of producing 140C USgpm %ill be 600 ft (244 r) deep,

BSill nave 14 inoh <asing for pump housing £¢nd will have ability $o lift

-

Bter from & depsh of 260 feet (79 m) b-gel.

ul

The presznt &nnuel maintcerenoe, depreciation and eleuvtrioity
—
fBstimted @ 15 peise per xilowett) sosts, assuming pumpzge for 50% of the

'

Bre, average yield of 1 USMGD and pumping water level of 250 Zeet (76 m)

8.c.l.. should be about Rss 1,00,00C. (Rs. @ne lakh) .

Observetions on existing proctizes followed by goverpment

Bgriculture furns (Seed Multiplication Farm, Jetba, Cattle Breeding

ntre Chendhan) reveal certain points given below.

() The requirement of water to raise
*elmost double that of what is required in more hospitable regions. Mhe

ighest irrigetion water requirenment in Jaisalmer district is reyported
\as 54 inches (1365 mm). It is reported that one cubic foot per second
(9055 USHGD or 0.9 MCM/y») of water c¢n irrigete upto 90 to 100 acres of

' l&l‘t‘. .

crops successfully vorks cut to be

)
(!
o
i
i
}
|
|

ALK el
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' Speocial care is needed to raise orops pertiocularly during kharif
x jul_v,r-Ootober) for protection from blowing sand whioch otherwise

eep inte fields and destroy channels and germinating creps.

Salt acoumulation in these sandy teo leamy send scils oonsequent
6 irrigation with groundwater having EeCe 2.65 m.mhos/om seems to be
'mbly lews The alkeli hazards from such groundwater with SAR, SSP

880 of 1646, 858 and 144 respeotively also seem to be remete.

No deterioration in the yield of crops with irxrrigatien by
ater in the suocessive geasons ia recerdede During favouradle useasons
4-65) fairly good yields of orops were obtained by Jetha Seed Farm. The

average yields recorded are quite eppreciable and are ap follows.

<

i e Crops Yield kg/He
F Whneat R § 31~1 2250
Kharohi Wheat ' 2600
Barley 2800

It is roughly estimated that cost ef irrigatiop(weter ebarges)

is 30 to 35 peroent ef the tetal eost e¢f cultivatione. ' =

; In arder to sbtain effioient ard wenefieial use ¢f groundweter,
i¥i11 be imperetive that striet emphasis be placed on managemert of

y 80ils and oropse

. » » 'y .y
an




o P
og e -

¥
T
.
i

5
¢

¢

‘4

Bfrom June through Septemd

-

ftwo main sources oI potable

¢ -

3

r
.

NEC
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¥,

f Jurassic age, ocsupied

AT
¢
>

frevaile About 90% of the

BPubewells completed in recent yeers are

fand many large villages.

ire made in about 4,000 sq
P calner (Lathi) area in western Rajasthan.

[athi formation, a thick extensive,

Quere miles (7,500 sq. kms.) and forms th

Dugwells tapping perched water tables,

-]
(28

TN e
D A1 .TIC}“;
S ——

QONCLUSIONS AMD RECOM

4
- — —

Dur ing the 1968-70 period of investigation, detailed studies

vare miles (10,000 sq. kms.) of the arid
It was determined that
near shore deposited sandstone

an effective outcrop areca of about 2,900

he most important aquifer in

e cntire UNDP project argé.

: 5
There is virtually no runoff and drought

conditions frequently

precipitation cceurs in the monsodn seéesdn

Qr «

and tanks are the

water for most of the small villkees.

the principal sources for Jaisalmer

The total groundwater wathdrawal in the entire

lathi ares is presently about 3 USMGD (41 MCK/yr)

71

interstices. Consequently,

aguifer has grea

cemented siltstone and snale are
lateral discontinuities cause the entire Iathi

hyvdraulic unit. The upper part

fine-grained material.

of the highest water yielding

%he numerous and widespr

Cementation is incomplete and water is tran

transmitting capabilities.

Posentiometric levels are hi

snitted through
vermeabilities are relatively high ard the
Lerge lenses of poorly
interspersed in the sandstone but

i aquifer to react as one

of the formetion conteins considerable

gher than the tops

zone resulting in confined oonditions.

cad fine grained lenses
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fgpcrscé throughout the saturated scction, contzin considerable

Band very fine sand causing leaky aquifer conditions.

Considerable quantitics of fresh water (under 2000 ppm TDS)
Baomestic, Llivestock and induptrial uses, can be obtained in

4 ¥

P60 square milesg (3,272 sqo-;".ims-) of the project area underlain by

B 1othi oquifer. Depths o piezometric levels vary from ebouk €0 to

By 400 feet (24 to over 122 u ) b.gs1l.  In areas of decp piezsmelri
Bveis, wells weuld have to te drilled to mar2 than 500 feet (150 m) Deg.l-

Soil and water analyses indicate that ground-waters can be
afely used on selected trasis of land to grow orops such as wheat,

fcctton, cifalfe, barley, sugr beets, tomatoes, and certain fodder crops.

£ 7. Recharge is considered as negligible for practical evaluations

g -

L of lurge withdraw2ls. The m2jor portion of groundwater in the Lathi
P ecuifer accumulated thousarde of years ago during humid climatic phases.
4 &4

£ oy + e \ Par s P - S " 3 o
efcre, to extract large quentities of water, mining muct be effected.

»

8, A 129.4 equare mile (335.2 sq- k. -) tract in the Lathi

Chandhen — Bhairwa ere: hes the greatest potential for medium to large

(%]

scale groundwater development for Irrigation. Selected tracts <f lan
in a 200 square mile (518 sq- km,) area would be within the reach of the

pumped groundwater.

9. Tt is recommended that a socio—economic study be implemented
vefore large scale groundwater development is undertaken. This study

should evaluate entities such as economic effects of soil conditions,

.
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S about

¢ effects of water on the soils; t)

mic cffects of elestrical power extensacrn,

ypes of acops 1o be grown,

nd socio—economic ¢

o)

<

Ihoral cconomic

fBneivwa region.

USYGD

Badditional 40

angp or tet ion of crops,

gligf prograrmes vhich prusontly cost

ped ¢d funds»

cffects on the state government and effects .on

_gociological impacu on the populetion,

famine

government large sums of badly

If the socic—eccnomic study concludes tet groundwater

develcpment for irrigaetion is feasible,

igh capacity production

;| # (Tats ~ r Y Y 4 y > L
f42 UsyGD (58 MCX/yr) - The existing pumpage in the developmon

cy 1hat the amouns

sustein an average mineable
At the end of 200 yenrs of pump2ge,

unaccepteble in some places and water levels

These well

ard consvquently the 42 nrepcsed wells would
i W . A

JSHGD @

B capecities of the areally extensive

it is further reccmmended tiet
wells be instelled in the Chendhan - lathi =
s would pump in conjunction with existing wel
t area 1s
creaiean

ft on thre equifer in tnat area. Computalions
cf frea% water in storage and the transmitting
Lethi aquifer are sufficient to
draft of 42 US ¥GD for 200 years.

water quality might become

might decline to unccononic

No major dewatering of the aquifer is predicted.

/“\/,’——/"”_—-—-—__.——_

Iata

yelxrs.

& o

Assuming that

on

The useful life of wells 1is expected to be from

it is recommended th

preceding

for gnidelines for replacoment

Pumpages <¢ould be reapportioned at the

15 to 20

42 wells would have tc¢ be replaced every 20 years,

<y
e

ot the project be divided into 10 time segmani
curulative %ime pericxds should be effectively u

wells which could be reasonibly relocated s

heginning of each of the ten

——
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bgivisions t2 relduce speed  f mrackish water enor<cohment »

Ahout 10 propesed outpost observetion wells located about

8{les nor

tiard and scathward of the perirhery of the wellfield,

(7 LA

5

giomel changes of water quelity ard

14 be installed to monitear xe

1
>

Bter leve

puld be measured end water camples should bde collected monthly in the

1s. Pumping and "static" (after % hr. shutdown) water levels

9 proluvotion wolls and 10 observation wellse AVerage monthly pumpage fate

Bom each production well should be obteined. The totel data gpould be¢

y arelysed for trcuble spobs 1n the madel so thet when the time comes

elully &
B well replecorent, € cient guidelines wenuld be aveilable.

eny individuzl weil would initialily

5T The poorest quality from ey

3
”,

-

e less then 2,000 ppm TOS erd some wells would produce water conteining

iless than 700 ppm TSSe The iritiel ocmposite TD3 content of weter
Bfron the 42 wells ghould be about 1000 ppme Consequently, it mey be
fdegirable to heve 21l wells connected by & notwork of pipes which

3 ocould 2lso be used far irrigation water distribution. After 200 years

would still be wit hin useable

of pumping, the composite water

Huality limitse
"\'—‘.gly be most readily adaptable.

14. The 42 well propusel would prod:

to a plan for rainfall supplementation rather then for @ primary scurce.

l.,"';
“{g The present sheky economy Ol the region is due;, 122 great extent,
f relying on sporadio precipitatiocn {for

to drought cyclese Instecad o
orop growth; @ dependable supplv ~ouls be assured for hunéreds of

ye&rs .

S Y P rI. . . "
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Ecoh fully equipped well (exnlusive of pipe line} would

fresently cost about Bs. 1,65,000, Tne anmasl opercting cost using

-fectricity would te zbout Rs. 1,00,00C per well:

Bf 42 JSHGD (58 1CH/yr) from the Lethi aquifer -will de & mining proecass:

ajor part of the fresh water remcved would never e returned under

In order to obtain efficienrt ard benaficial use of the

water, it will be ikpey tive thet ctrict emphasis be placed

£ ound

fon mencgement of water, goils end oropse

e ¥ E e r T T 3
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