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!bo oroa oouc.dorod is the diocortct ,on ooripri000 of the 
and cnd Coni orb$ tr D I n.(j On the 7ooto oido of the 
Arca►ciUi rc igoo An Raj e3th an. Who rcd.flf ..I u to c~'oo ic1n 
cnfi the only o3uroo of carfcoo v for I o Lun river ogotCQ• 
Forth and root of .duni river thorn to pEctioaUy no ourfcoo 
droLnogo In tho ro ion. Ao each the dovclop on of ground nator 
courcoo to cnpply rater for it i scion:. and 4odootto uco to 
very ooc nticl. 

Lost of the area ooripri000 of alluvium cin td blovn  
ocnd. 1oo!z outoropo 000u only about 75S of the total era. 
LID ct of the around voter 10 contained in the alluviri. fortiat-
iono. Tho t7.0 t blo x oanda , onorally lie abovo the regio 
tinter t abl a and the body of Coot of tho older roolt fart wtioan 
20 devoid of tator, In rocks the rancor Is contained aootly 
alone the vuriouocpordt o. Horovor oortain roch foractiono 
aogo titbi ooricQ 	3o oclaor cit1 Uak2i volocaltoo of 
J z oro arc good vir oz' y&oldiij root o o 

'rho only couroo of recharge of ground tutor in the region 
to 17 the prooipiEtioa over tb o oroo Ltoc lf. abo rogton 
to cut off from Vie endue end Gnia3otio braoino of ground L7ator0 

flaothor ertifical oouroe of rcohor o in the region to 
groci the actor coping from the porn el. ooaolo vice 

Ito1 Goth ra eon . a (3nng Qanr3 on 2h&rct On €l oyotono. F ocovor 
otnco the oon310 h co ct ortcd irrition only moontly0 their 
owro effect ton not be aaooroined at thin of; o. 

170 gyotoeotio gcOyoloj3ioc otudioo of the ro .on co 
a bolo havo co far boon code to rac000 ito ound orator 



potontiece Tho nvootigzttoxo co fox baSo boons United to 

looataon of ntxor c. xocouroeo and production tubo colic. 

The zothode crap .o7od aonorclly for , ounn tic-tar a o' - 

Ioq O Gpbyctcal0 PhOt sae ODUO and toolO OL t. Tho 

nothodo ocpioyod for calculating tho various lydroloato1 

proportion of 	2a1Og Oeg. oo-off,oia.at of pormabll±tY, 
co*~offioiant of troacm1ocibilittc opocific yiolde co cio  
eo-offictont eta, oo booed an the o.oqutlibriti 	ioa 

of tho =Use '#O iriort3nt iothodo o'o the ypc ou o 

nothodo J coobo radifiod c 'oiit lino cothod ar. the Rubio 

elope method. a ho determination of otorajo co-affioiont 

.code the data on eDno o'boorvotion 	la around the coin 

punpod troll* Such data hco not boca coUootod oo far Io the 

region* 
For ,ground tiator rocourcoo the ennuol 'oehaxgo In moro 

oxt it than the tot a1 oapcity of the x000x oir. Tho 

onouc oohs ,o of aro ► gyrator of the ro iono oa' .aulato4 
Khoo, a' a o orio fob as - comoc to 0.52 1I cars ft. 

Tho quality of rotor c1 the depth to rotor table c o  
the ,n ,ting fcatore for the uat .canon of around motor -

cour000 In the xoa9.ons _ Oonoidoi'inij th000 £c.otoroq the prob-* 
ablo potonti vA voter bra cams conoo gn the region are the 

Lot1d fo=ation In Jc ioeicox„ $andotono forootion in A+n more 

Older c .luviva rid UOi voloonttoo in Jaicolcor cad the 
Alluvium Sornation around ~311tar4 

20r optic--  tilioation of thorc nd vator rocour000 

of theo rooloa¢ It Io ncoocoor that goopiroioa Varoyo 

c ou14 be teJxon cup fox the entire ro, iozo £oUot,od tj dot riled 



• ologtoel izrrstigat1ofli In the more pzoriidng sonee, The 

seasonal and annual changee in quality of water and the depth 
of Water table should eleo be studied. Pinelly a ground water 

invent&cy should be prepared for the region to correctly asses 

the ground water reeource s. 
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1*1 1.0 1 ROfl  
2' ao otc~to of flnj r1thrn (ooi1yj ont, od tho lojput a cd 

ac Co 	x)1300 botcca bo 1otatiaGco 230 - 03 ' cad ;0° 12' 
cca for tudco 69° 	0' o2 1U - 17'. çbo bota1 o ao of tho Mato 
to ,42i1 oq.tto (1, 2,147 oq. mUoo). Z to ratan iorable $n 
aCa o. Tho aot-'Joc 31rnc. A o c bout 364 Ira (560 0llo o) cU tho 
Ao .h oath diog3zic1 o€ out 010 T .(51O 	oo). 

Vilo Ar c112 v.nce um►oj rouS4 2cc Cou h 'oc to 17o hh 
Boot d doo tho Ototo in cc diotinob oonoo. Tho nt1on on rho north 
=Oft= cl4o cc 	coo Of tLio n4 cd UoCl-*c 	dio' z'icto Of 
Jc' oo ovp Jodh ata,'m 1ztnoz, i' cuz', alum and C3ztr o1o.,, chilo 
tho nr ca on fto south toot di 	'etcxr ~,:ho o tho r Lnfo1i i o bottor 
cnc tho la3o corc ctivo1y Qortilo v- d pi'o4uotivo. 

Tho oron dice tcc, l Ln thta 1t000 r ton ,o tho rot 
Z'oforwad o d end 000l-O 	cola iio boo n o O of about 
I 94230 oq.Izc.(?5,3 	oa. 1co). xho oroa to boua(loU on tho ;cot 

4 
?j tho mvoi1 cuEtoin 	o os tho 3outh by tho .;c 3 utoh; on 
tho : cot !7 P^. iot on c d in tho Zorti tv tho ra h cl t a, cu 
Ctctoo. 22 o aroa he bcon tovz on p1to 1.1. 

root of tho '..onto n Z3oj co fhc 4c o Coady r Ga10 tr2 
p . ovocn LMIQ c► .otrot oz n 	8rcm 150 to 460 co too ( 5O) Ml 
900 ) tho tho con Ios , tth I caaotcto coottorood bw.tco 
o] ouotoro of tulle oloco to .a11. , c: 4c ta.dh olov ion 
o8 610 to 915 hob o ( 2000 to 3Q0 	7ootcor3c f an th o 

o t:rllico thorn r- r1 r rnr' Anv. 	halo iJO onn 
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trt c(1 Into tho f'$rL toll r3orixoi two of 3'a lli'ozjo Co b-
ot of advicn. Vazthor root tho hub b000z o corn p rlmont. 

loi n-'trot of iircior tho o oi onol17 ono 	 oo loto of 
c tot- a i.3o o boizo coottorc attaoe =mod J .on..1r ov 

t aorc co cloy flc lyicj z'iGt oo of obovotuozi ctout 275 rzotroo 
0990 •) • XI DO-Mcr tiara oro oloo o3 	ZL1UOC orootonc 
r ,Gcoc; tho hi oc poC ;:oot of leer fiot atta ni c 
Qlovot .on of 422.5 r-o c ( 15 ft.) 

H ►r vcr,thO rro.. oa T 	Of ?ootorn i O cn i s COVCZC. 
b ' 	uviwa cnt ulaa t lowu cacao cad o& Oral--e a r OcouD oWLy 
c bout 7 of the tot^.. tin# 

;ho luv .0 a J oo ric nll ci oo thd ooa plot of tho 
LUOI ca Ito Crib c tco iicti la the only 0-go'Ccat rivo' 

ctcr of the roaloii. Tbo ruvoa' to Ito or .~a In .'rcivc3 . rna oo 
cut I 11Oa flort " c Dt 0. Ajcoz. 2ho nr4.n rive lac en overn-11 
l.oijh 08 aoc li 500 loo(£ ? u) r1tb en c or o around olopo 

hco ► groz1rato OctohLOnt Q Q e of 15,000 coq. olboc 

WOW O4c 4. 
Zuni rivor oft Ito t 	torloo Oro o oec cl on the, 

en corny txto. In cIrco1 ruonaaoo o ruz' o f Sera ocaon. 
obi zai ro Qiij uinrj coot of the yo . 

Lomb 	toc of ZI rivor, thoro So n+ I o n e 
otrom nottx$ czz orrn1 to the lon r uI.11 ezO hi.3b 

ovc r Ion cn4 o t ooc ar-- O of ortowlvo tv ' o of mt1vo 
o-. 0 &ito Ie icoo c 'Dcøo c1z ii .n , !ooal rave off Io 
ooaporatod in chono J dlo cc ao 000io or 1cj Ia ltoz` tioi 
In'Oo the , ucj. 
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¶7oo orn fnj cztrbon lico in o Soiot of 1o:7 	nfon, rlaoI 
lcoro 't oo $roc cbou'" tin on tho oaopo of irvo11. on tho (30uth"' 
tact c1dc, to cbout 5 in tho char Dozen on o T'orta - '7oot. 

oarcalonn of ico to10 10 p o c o r 2 fia c ac snwoo Sc►€ 
ovoiy 91 tom.00 of 0t3t4 try~ c . 71do 4.3 n"toro tho 1ci1cio 
of t'ontcrn .aJ h n Lroin z cd by bo 	.0 n recto olo;io'1 
Dcpnrt ont c T bncc on ob3oz'vcc iono for. tbo '?' "u 50 ono. 

. The annual rainfalls for some of the towns are given in Tab- 
le 1.1.2nblo 1,2 civca tho rnth1y diotributton of rcinfcl for 

coiio of tbo co of ciono =a ohom tbO the 'c o a rocoivoc 
cooco ar. yot orrtioc11y diotributot] rin from tho Gouth t7oct 
conc ►on In tho cocth of Julys  Ju1r, Auraot and 8optoobo1 rich 3&t 
cIo or o Gus'inj tho root of tho ,yo Rr. ApL,rozit oiy 90; of tho 

==61 procipitoti on roculto fran the F;outh-Voot c c.. oon 

nozooioto~3 v t h arophovio 4oproccino In tho 7)oy of 3o e1 
or 1 nad + opro o clono a procahin 41+ : tbcn iron tho Imo. About 

of tho c nuo1 rcnf11 000u'o In tho cold nth  or poaioa of 

DcO c bor to ?obvut] cna thin to co io$ :'it o l :i't Iatru ►orjhcrio 

diotupbo +ioc o crin3 3_' j 3 hcn £r c the i,00t.aTho Aro r̀.Ui 
v:- O auto off a ooroiCcrcb10 or of tho c*iot a o fron the 
c ncoon ou~oto ontcdt,, f n tho o got 0n4 rolotivcly littbo 
ciotnro to r000ivo.Y team the aura Qum thick cj ocob fro g Louth 
r1 ottboot. 

l t for obr uatortottc Lontmz^ot of tho v.tinf.:.1i in to 
roon io Ito o.=rono Q .ction gwon 70 to , o :23 tho 	a::v 
of 	nfr~ 1 vooclvcd by c 	u1 ot..:tion ©c7 very oo c~aoh 
co OO to '10 poroont or C3 O 9,.^313 that in tho Proviouo o:: 
£b1io rz yo-.z. 4o £mot viii be oviOo S"p r.-_So-&4on ViiOb 
tho z^ItifLi Q,uta for CCQ of the m2tiz1 for .o of no is on 
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1.1 

n --1 4gnJ1_J1 4gT3UAL Ll a 1  
46l+l* !'n i ~s~'r +li Mm*I**s! ooI"* 'f f 'wi* "1si'00 oft* o#fro 400 ft**-0*wi.Mp- ,, •'~rlai 

Lo 	t i 	ol I .QfaU 

2"!e=+r'wn!"-Q 	s!•O'r!! # 	6! 	s `s # r!•as# wl+w!wis* r.wiryrr!w#wr!r*w!as 

3 cioo1cc `.t35 179.1 
Damon 10.37 263.4 

pr 	y 11.69 302!0 
J clo o 14.00 355.3 

15.35 33.9 
moor Ju do ►. 19.OD 381.0 
rucra 17.60 446.5 

10.20 462.0 

14.25 302.0 
P 	bates 14 969 570.0 
liaz~ • 12.50 319.3 
t 	M:Z 0.50 216.0 
BC, , 1 147 291.0 

t ur Gcr 10010 257.0 
Oc c 10.76 273.0 

Cucjc4a 12.42 316.0 

flt Gnzb 14.30 365.0 

vb► 7.0 170.1 
'# tzor 17.00 450.9 

z 	(1) lr 	6*otOwy o')alt on Cz?ou2Lon'tcr vc=3U a3 
0 S Uaotorn I2a3 :.nth cn t J .3o !a loes (2) 

(2) des rt aS ,tflo atcr tatiLcat2.oa aoccoca ii c=d 
ut"llimation. Coco too 'c potCaucd t7 tho '3V. O 
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fi voc r 10O o r io go 	io cor c nab ro,aSofl 

to o$co do , 013 tVii$c Pluto* 

9ho c7oloo of LcoiVUoQ on tho zo ton ohoro tho d o 
Ioc toexo o o 	1?rL1r c 	froquont ties tho o~.ro of ozooco 
, ooApltci oj. 'ho 12oSputc o 0000 002 ha4 c oto1 tho load. 
p 7 ] 0 Oro loon 7o= to thvooj ono fc ao ,ro to of ." 
hlo ,robo.z'b h ao bon bvo tr oryoncoc~. 

Ataon (2) C! Oth(X7c £!coo CZdJOC1 the V:TS .ot s9 yo: 32j 
v gfr2, . In the roalon. tflfo ovoz'cjo0 z oul 	+cad r2t raz vc- 
,'old. v .th tor °oo-of 'ac onno of vc cUUoa° t3 # on 50 go^r 
lrxt~a, cto c rkoe out tv !ii co co an table 1.5. 

1.3 

. L + o11 AVOr 	0 tlrzl t:;In 	xm t OO.Molo , vor Jo zvo- 
of ro 	cc quona.y of 
son. ro = with 

'cin.f,llloco 
'CIS t 	h:elf tho 
coon. 

thco O.4G 51 #90 0.02 71.9 1 s 7.9 ). 
sow 519 0.14 193,9 	54 yro) clo 9.10 2.05 2.46 60.5 1c4.5 	o q 

fl 	ca 12, 3 54.71 $.61 46.0 1* 10 	, 0 
e t 	¢ 15.62 44.622 4,00 5?. 187.5 	go 0 

14.02 44.62 0.93 50.6 189.0 
"ovta IG.14 51.92 R3 96,4 tz?.5 	50 

1~0 
a 

tjoar 19.00 44.10 5,0 49.4 17,4 
boll 23.52 79.95 7.5 61.1 1:7,5 0 

iA 12 oat 09 the 21 otsr ono In the £orncx J.adhpu' ot: o 
the oo-offoSc a of vz1 on o occ o 50 po oont o coioh poo talcoo 

tho o 'Z vc cclt7 of the if . moo io no G2cot 
corol. ion bott7coo the osff2oioot of yr a are rs 2 tho c altucb 
of i c f c1 	In concrc the cuo2f oio c4 Ao 3oat or for c'o 
i;' 

 

th ID 1Ot Over '30 prCOiL) -:UOM, 



2130 rclafel3. 'outdo of Jodhpur cad the or tho po8"iod 

1891'1944 ago plot od In £.crao'~.2 	1.3. Tho s- o to £vo'- 
, oor ©orzo itoo bo t os 9.1 c2 t 10.5 leocoo for eon tzsa' C12 
bottioan 4.9 e,ta 12.7 Loo , bz' Dkoo(Ooo tctbo 1.4) . It c? ould bo 
Pointe i au s o Iocavord tha • t! o 5 jo iO3fl0m a naturally , 

t onco  r tho cad yoczo ct2opod9a A♦c tho z'o 	Cio 

dic1 qc br ohooiwj xo 1at to 	1 hrjboot fvo of ncoQu ivo 

7OC2 toac to Comor4Qt GTOOtoEe OtQOo tho £tfl54I0 In thoco 

1A0; c oo ore $otz"a 

2A 1.4 

	

at 1091 s (Zit taohoa.) 	qo=ooutiivo yon  

3r. mn $ " 	tt a  	i t Vi . gut : Thmrjo 

Jo6flp r 	1005 9.1 9,4 10.5 7.7 10.0 
Sao 	12.7 4.2 0.D 12.7 3.9 8.0 

►oa o 1. chotzt:o o 	i1ct vo for ooh +ova .oi f 
Q0 fl pQ4 tr #,on a 7oa1 a bo roon 1091 o 1q44, -
vr1oo tho jo Uoct ncturo of tho ro i `all0 v th por n at l h 39 
1O 70 cm4 i0-roc., latavc?~o , cad a1 c chotz tho c ,.t 4oc1i.t #fin 
prooi44tation bott oon 1897 co 19O? thtoi n= from 0 97 pot' acct 
,0o - 221 pov coat, n total cI c o Of 318 ,io' coat. 

is OU OO J3 2iGa' 1.3 221 of to tho 10=00 a4 blollcot 

CoaL VE,031pItn4t1ou or o ccoI3tivo 7OO 3 C22 Chou that f+ r t 
ooncoouulvo Tocro CD Jea1juz'a c3 4j oocz ccot1VO o= au "' p 

tho pcot1or 1a A000 t1cn 50 pot' cant 09 tho za. t~ottaaA 
?c3Q2o L ioato Do ►ado Poo,!ottV07 o9 4 ena 9 ,roctov but t13o 
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os3rroo CO c ►Ot1od out bo on the 01 t17 oo toz'cd & to 

poit3too 

4 izo hor ohereotoriotto foixturo of tho rd c11 n the 

QOa io the to cii et c , von loo tj t'o voa unoortclx 

In Intof olty, IO COM$'Iop 1D 	i O tc 3t for + OtOiE 123  

tho ou~#`c3o mm off :cma tho 	- o of Ground Vs to', X2 the 'dci. 
oocoo in vo ;t lGht Cihot o coot of the c otu o $o otthc' 

pO'otca or 10 rot itzo4 In oo 8 cgo?o fo'V to 0oxf'30 d th ' 

Ott Vc11iAJ the VatO' tQblom ?I2O rOtCln0G SOttUO 10 t013 
ar1uU.y O6&ott eta the MMIX* Apytn If tho rcin oosaco fin 

i.zta o horn cho7oroq cLaoh of the os0000 y)reoipMctoQ 1oc oo 

thb o o 	the Barn of c fco - ► o '.f without oplicr,4zj  
tho cou votoe. 

?ho £Q3iOia of VQtO2 fn3 Toth t 10 ohO Otoriood 'kV Cro t 

otwocoo In tc oDctu ►o. n&o rria of gc?ioa oe the and of £Tov+c 
cbor to robr.tj 4c vo17 co3.d# voxp froquoritly the tootaw 

ct ccy plc000 £clo bolOL7 the 2roocQtj point. Tho coon  

t 	o'' tuo dtariEYJ t7 !C.' 	V3?ioO f1'o 200 a ( 600 Yl') at ii s "'" 

OcCnnc3cP to 24.400 (160 P) at Jodhpur, ^ho coca ciocr tor. ,' 
orotr'o Guric3 this con  vcxioo frog 3*5°C(47° 2) of "QO +vrw• 
2c c to o co Zoo no - 2. 0 Aco boon '000'dod at S Gjc9a 

Qho hot oo on prorvo10 in tho roc,o a ,fors t n$d to Juno on 

the Lioai io opg000ivo t Q ark► tc  ov u oo ozzc3oc Q3. 4}.3°C 

(9100 17) coo nat an►z . Oaj t to 	coco of aaroochc 

the Iao uro of coil i t73J of voCotcUono the 2ii ac vmsction 
Of tc o 'C L'O 10 Lam. rtxcO$ j33'o tt In Q10 'c on. 2ho X10'-3 000' ,z 
,C=Do 	o &,9.c3 tci vc'$oo boa 40Q6° ( 46i9°L') rat 3ot'lhr;~. 



co 42.000 (0D° fir) c r rIOdOo . 000001*rio&l t the ee&ridCU 

to aaa ro c Jod ju a !scor cc naymoz ohooGo upto .9°a 
(1 ° i) . 4ablo UPS c iovo tip co :m c&zaa e►d oI 	tcco~- 
atuoo Lor oo 'or . o,4cia►no in Uoot n loo catbcn. 

In Como=u i1cj cQth 	o1ctva tzariiQ2tj So marlcU aUL'1t2; 

ctv r rorctho - t1 o April rir2 Iicj r ! ac.caD dU,?if;C w=ore 

combo Of ` 9 s to to cd 1Jo tenbor, It 10 1,zoc t u Apiia 0 
; out in 	tat the rcoiotuo oonoii; of the .s io lot'oot 

8t ng the oo1c oocoo.. " f o man xaut n cna citnuc rel gvo 

bulit figuroo of o Son of ono of tic ioion r. o a1von in 

cbio 1.6 

?c!ttntj the to On. a s io10 v ino Scan outb-goo' or tioo 
oxa ccot fzoquont in loo cc .r . Thar co o 0n 300't in Ju:20 cad 

toot irs *;ovc ibor. fordo o'o ,Gonos: y .1 c cad ric.b10 iD 

c into' won i1orth- oetor or fo or1 c aso r. o c'o frOqLaOLX, 
Uo c duirAc oif3 t.r o 3tco~s the bolo ro;33»on duria cui oz' 
In their tarot oud voi1on from in tho 1ocrt crone Data for 
co r„3 C' lVECoo t ►Cd 1i-Tootion or Lori o 1iocic, Cad the E30CD C?Ic1 

vo1oo$S,y r Jo ihpur om t3Avon In V ub10 4.7. 

1.7 .  ` u 	illll 

Rho ©tar otorDo co vor i £L'oquont in the c 1 vent no 

heir frouacyQoorcccoo p 	oiic1ij co vo o toga 20 the 

curl-fir no,iono on the ocotorn ciao. On on wos o I3ri Gctrjcnou 
r: Loa *2qo of Cuot"otoro in o io t--r n1 ioz 10 and Jothpi C. 

Juno 10 tho confib of Qciczz zn1or of draot ctoc• 
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co oc2 U$oEDt cork 4ono on tho £3oo1o,( of tho tot to 

D1 oa ord(1377) and Oic r, n (14386) - 2hto tco 9'o11oto4 b tho 

wort; of Lo Touobo (1902) , follcad 8 chr oto (1909) ,o Moron (1952) , 
Itri 	(1952) o d G. och (1952). At pPacoot tho i oot tiom 

QCCooiOtod Vh GOWd around7ator oon4itio~ao and c inorral Copoo o 
oi'o b(4n tikora t p ! tho Cot l .Ari Zono f0000rch In ituto, 
Ep1ozo.toz Eubo 7 10 0rjoDoof.oti0 Gool,)j;1col Su'vr of India 
ea Raj other andoroued Bator .Dowd. 
2.2 

2bo I4otoy of tho , oaiorjh o oroiution of tho po t  
&cnQ foxo cud tho vor ctotoo of Jootori of t thrn io ritch 
oldor thcu tho Icon rivoro end tho ortonatvo r IIvi i. p1ainr 
fo racd by tb a. 

2ho £o11ozntj a pours to too tho G000rrl cocazonoo of ovonto 
In this roaion +no docori.bod ty Rte, char ,read (b000 s - 

(1) oric4Lioily In Arcbeon opoch rooko got conotit wind the 

i avaIll 8yotcc voro laid don no codiaonto - prudwWi,ocuiR,y 
araillccoouc but + tb rimer ouaocoto end ooloariouo Into ' 

oolotiono. 3odinotnton can folloc;od bar c oLonioo 4ariu3 

r,iioh tb codinonto yore oot orphiood into oic oo. , l .it000 
Co loco pith t ro ' accooictodwtaitcop cad v z'o ooJjt'0000d 
In tight Loldoo thiCh In p. moo t7oro ,oVort racd -t o fold moo 

Gonoraly ttondtna co l -Wore- root, ca'b-poroll03 to tho t o: 

of the of uoturil czio of tho Arcv 3 firs . 
) urij tho o cu Up oho on latcrol 	ocpro c domcla%on 

and pa oD1wwcbon oocurod in the roGloq. 



( ) in £a 'cc ( t 1Go 	3) ojoth on the Croat ='9c of the 

1 C cvcl3s o!To =70 do ocitot° Moat oo lo i1cxOue c .t'~ 
adecroetsc cod onto iob. (`o 2oldCa o 1 'cc3i1$2aec1. mho 
zooI:o cIDZCAO 	09 the c1b cjotcz 	the An" r1 ct +rLi1 oo 

t o Ann dcd ' j botho Utho c td otooko a8 :" murae J ciLoo c 

t cna ndt o. ?ooctb oo a )1aro T lc1DO of the ocro zxuaio 

period, osti'ovcoot$o of the 2oloio learn anct py olc., Ucof 

the Lcci vo1oc o coz'oo occu'otl €loo th c caotor a oido of 

the ? 1& '0Gi0D. 

(4) C :o;ionc to their o 	aioa, the t761r- t. v oarA a troro 

,g'parcat4 Gong 2olx1, I rooioa ten folly d rith dovolo cnt 

Of a curtaoo of for ,2o radoroto volto2 that uao out on r r.A g 

c1ozo cud Le1cii o!io. 

(5) 3OoMg In 1o'o ', raao (i ►eo &cn) or ocrly 	moco o tir,O 

the Vibycn onoto.uo combo.- %7w laid don on thie ourfcoo co 

a troc dopo fit. Tho ocndotoco conbor crr havo oriy,inol1y  

cEtozlaod over a l or pry but hao boon rodu oo 1 in o oat by 

c t ooccat oro on. 

(6) 2boo ire a bro o or thoVlml yano till o~ocvb*a 'o 1Ao 
UUt oo. In PomoorotooAgo u o ticco, a o a n 02 con ovoz ticetorn 
Ii 	ontoudcd cilo12 the T1orbcio vclloy to the voioo of 
"mc a So 1 irk© Prcoch. n o poriod noo rrIc2 t7 osrodc vo 

alcoln Ion ao ovvdor. cd by the tat 1 for Taco ct Dciv a::. t'orto'cci. 
(7) %a nc c7urcocco period, the bon haft c oaao. mno the r? :tr ci 
vcUq. .tho po D3 	of .cotcrn flcj :3 rm aio irr cd by 	:~ ran 
tbo con g 'oo the couth - tcat d2cot1on. Ia 	o,-Aaow aro,,2 , lic 
aCzor1to cZ'o 1C1 ter` 0Z' C o 	 A£a!; CIm"Iml, Slt Viatilo c.~'"0 
3o2.tci o aaceii; iocop 



(o) Di tho cu000øctnj 000no ops p►h# ozonoi cctriot 
rjr000iono &cnur&ito ! c 1 o Portion of tot io no tho t ootorn 

doc o t An roo orn la4 siuthca. toth sarino aodifonto contclaln 

acaiSSoo oo. vzZ1 oo ooturc1Do and aaato oontc,ninj itnito tzv 

do1?oo+4tod floaP Do ior, Joloa xior and mlirne. Tho , ooiog oc1 

Moto Of tctori flejaothoi dtirin tIo I3U 0 o d Upper 20 i,rr 

po ,odo 10 not a1oo duo to the concoa1oizt of the dapooit by  

o oon4. It to oon3uoturod that the con Cr w1 y thdrot . 

( rnz'inij Qu000rnr oru$aoo1iin wd ctz'oc t othaonto he o boon 
epooitod I the rcrjlon. 

(10) 51io ovoltion Of the pio: centland—form Ia duo to the , u iI 

ozav&cInuont Of ploiot000no and oub"x 000nt tItoo4 A oU into, -. 

i'atod drat. o oyoto i dun n; thin period rna rooponoiblo for 
the aUnvi4 do oite of the roQion. Anor thie the docloca on 
ct' ¢'tcQ duo to ch1 j3o of olica'to and ac a ?oft of ' hi o t 1 

booaco the )romin t +ZOO of iodation o.i 4ogrcdntion. Oho 
nd tnitioa the coo. i2 orvaioa, do etion a:r3 ocoontuc inj 

the coo or ►col diointo r tion of the o& o. chap t i* b1orrn onal 
too d000citoJ ciinat obotruationo, rocu1tinj in the formation 
of a :cd dunce. 

2«  

^ho Amato' pent of ioatorn aejoothn 10 covaro. tiy ciluviva 
end tuna b1otu aeud. fool cuto 'opo occupy o little core thm 
12,5O oq• cib a or sou ,bl 7 of the total roo of Clooto'n 
IIQ ot i , . 3oattorod outoropa of oldor acoloGio ?o.oatio as 
c, o cot r lth at 	of intorvnbo of diotcaoo. Hondo any coa_l.oto 
or dotclloci 13oobo ics l tcp1nj of 1"aetorn Rr Methz~n boo bcon 

b ioocpod • Kotovor, £ioa idol ato d ,gcobo oal Qz )O p t' o 
:Ganor;11 tvatiar. LJ b±o Oltioj 1U Z3 boon ootc liahocj on a 



s 

r ozc co o. 2 to 2.1 coax tho GcolojT of tho ?oc ion. 

Ito 3ocoorat co uanco,, oioEc toar cjz rotor boon 	►per— 
ti co of the rook unite of the ro ion rt'o chore In obio 2.4 r i 

arc d000z'ibod In moro datoil in the 2bllostna poirçio. 
2.4 OXC4QPJZ 

(a) MadMom O x - It So derived from the ties oGr  cion of 
Older' Loo rooIho no ao l rao that o arr .od by r red r etiou from 

J,wan of K* toh. Tho u.  tco3,idcte4 and lion on nti viut or •bcd 
rook In thin t1cn!oto ioIi cro grnerah1 r i000 tram loft. thioh, 
i 	cood dunoo ore ford root c r .. :only along the le vAtor 
oouraoo. Tbo dung a cre onerUr o ' tranovorco typo — boij  
o ontcd ow right onjio to the diroctiou of provotliiii %lindo. 
Zn o I craor part of I3ikoi2r cnd J 	3ecr they ro lon&tudirmI 9  

i.e. pQreUol to vied direction. Tbo dunoo tro concidoroG to 
have beets ehcpod poop ,ly by oouth--=otori r iiido riich biot 
otocdily in The vol3ion from . pr11 to , o91ocbQr. 

2be oho are ,o nor iiy ft w) to coUiuc-r aiacd t34 vcU 

rounded and roil--cortod 17 dDi cation. Qho o sl grr i ao oowict  

procor inontlr of cue 'to tut For * c oDion morale etti folOoporo 
tart' Lilco be ,vw0co t o  i 	onto of fieol an. rk ol$ioo r . loo 
oomon at p1C000. 

(b) ounpjor Ailuviuos— ¶ bo your jor elluviuo cocprioco t cnoi -. y 
of rarzooecolldc ►cd , 'oca l.tid oii', srd. a 	ciol -zbloh oorotar 
r1 sripcily In rr rov dicoontiraono bride rlloa5 the ch nf1olo 

of larcar Otor oc rc,0 o., ihur It 1100 min y clot ; the ZLoot , 
ploiao of 7uni cad ito trit ozico. 



-21- 

'2IQopt In tho eroo, al1uvio1 dopooi to two not coin on. 

Eut it is coro prob3blo that thorn co o Novo boon n3 Luv a. 

vrlloyo in tho , colo ica1 port - r000f1 or 'onoto - Bch b o 

boon Di otod off bi ororocnbio.j not do* I feat Fran om 

ozp1orotiz7 tub x cll iao G ,t , about 154 ==taro C 440 ) 
09 uoouooiidowod azctif'icd Cheri► 1 he boon rocordc. Ehc~ 

ornot y arc2OI2 Loturo a onj1y tharootoriotio of on alluvial 

gT4xo, Voiato toc; do the oioto oo of alluvial Valicyo hiddon 
undor a bi=1 of of on 2. 

In CO pl c oo tho do eito oo r: rodo nmtly codtt to 

con ran oou , of this tho ar i!10 o I rj 	quo t vith 
oubordinoto faldoporo ctn2 fort - noJz2ooian iinezc .o. 2bo 

pobbloo, cobbloa and , u of Qqr a nx1at of 	iicootoiio, 

8r too data, ph 1iito, cohlof, voIoz .00 or oltio c any of 
tho boarooh typoo pr000nt .n tho region. Tho olotvo abut-a 

oo 	 n2zo of various rook typos in Tho 

gravolo of a p kola ctrom dopondo on tho prcvolonoo and 
distribution of typoo of bedrock in tho oatohnont woo. 

Oc iz to tho ovoyaration and .nopiratioA of roucid t. tor 

in youncor alluvium, tho your or aliuviva oloijlartjo rx or oou'coo 

i o con  11 iippognotod tith salt ztonoivo og:lorocao oo of 

ocIt o gonczil3ij cocociztod t h youngor alluviumalone Litni„ 
Band ., lint and other otroc o of the retjion. In othor pl r o o 

alon3 th000 otro ► o, tho alluvial do; vo to are iG?proguoto'? .th 

cant of li a-oagbonoto thin locally to hoi rooiot tmt iodoo. 
2loiot000no '-'orioo 

010or Ailuviuns" Tai o ooeuro oatonoivol.y no -r ?311 but in coct 
Pi on the don' aoito era ra otivol r thin r ea i000ua t uc, '?ho 

dopooito nro dorivod In nit fr3rl the oroolou and atone; tr:;sc 



sort of bcd rook dobrio -nd in prrt from is alta motbori 
of b roc1x. 2ho tr inopprtc 	or2ala co oo=onI poorly co odi 
out or cord with aravoo prcoonn In oubo rnito doa'oo» 2bo 
zt t crt cl o d or vod frog in oitu t Ihoa'iflfJ o f rook l udo u.n2ortca 

ca ar f Tonto of roof ctan p ant rook in ttnor tic i000 of 
alt cIoaf,► 

Gonor 11 no ..r tho I cad curf^oo "'fio oldor anuviut1 its 

pr t1y concolidctcd t lrou I ooaont; Lion bi oeooniory Ii o—oarbo'. 

ncta or OtznIxcr. In tho cro lyingtrotwoon Di1oo and Jo. to 
1co :orll-, arogncod 3lloviurl occuro co torrmo roiiinonlm rich 

stand out conopicuouo t froa tho roundin ploin3, lmh000 
rornanto cro oa rnod t ,t f kor p o thick ore coat') ar Lively 
reoiotcAto ho roantrnto r ,nro in d Laonoion fzon o rowtoro of 
toot Up to oriopo 150 to 300 foot(5 to 90 torso). . 2bo r 
uou 1I rioo to about 10 to 15 toot ( 	to 5 E_'ot o) ob+c o the 
ourrouodin4; S1 ta. 

ud. +^ o co a-ocod onoo l^31 r of oc.oiuo or bofats t iti 
cub x4l ncto c iztuo of oUt and o i ore v it1oo rood In the 
ro jion. Cuch irk pcno of Ou 1r ore coa-i. nI~t do?ogttod on 
pIcacto be hock curfccoo and Zorn our2ioi c apni 1 cy ro no 
mob cc 20 foot( 6 ;otroo) or noro thick* L nci pl or e io r U 
cootiOMI tho LL: D cortn3to jo obeorved to o cnd dorm In voln- 
111:0 bodico froi the oc?Dl3 lCTflr o1r oot. to the v otor tnblo. 
; acc '-14"ak.ar aoiao Ccuor 4 follot, boddin;; p1ioo, joix , or othc~ 
,O4 :z : -Xtiajo In rho bodaoc z cud loan- .y cro obco d Go 
soplCoo oL3to p4yllitoo, oohizt, cr,~a,.to, roloonioo :n2 a TIOP 
rock t 7pco pr voloat in the rc3ion. 

I n cr 	--) no aob co occur to o n li ro,loo n..ro 
role .volt' cOozon In too vo ooa of the ; z' .d vitb ari6 to 



oct.''rzld clirac£oo. The forcatioa of Itn kc pcno oppa3ro to 

' c o pic3a p oip .ly_ In tho coax of coil vator c.d in ct2 coo it 

perm of tho no of vadoco vator but to not n0000ariiy o2.toa 
to ovoporntiou of a or from tho ono of outuration. roctozo 

ticb appear to fa un the £orb-tiou of kon! cr pry Lnaludo tho 

foi10 na no given 	rior (46) a-► 
(1) An and to oo c3rLd oUmato ith annul rainfall loco 

th to 20 ino oo, 
(2) A not oz0000 of ovaporotion over prooi't't atlon. 

(5) A r+ la ivoiy ofabie or oloid1y do, radint, land aurfcoov 

(4) DOOP toatbori.n „ of a parent bedrock ouch no ranito, 
elate, voloenico rnd other t pos Co no to b n 
about choc4oal broc dorm of a slaiun'boaring ffiuor o 
In thoc rooke. ¶ho cultin_., colciuc lrdrntoc a j 
thou be av lable for coeb$uation ith carbonic told 
ontroppod in rctn err or aad in the coil ictor to forc 
oolublo a oiciuza bicirtnato. 

(5) Oalciuo carbonate cr thou be orocipitotod in the coil 
cone from ccloiurn bioaxbon tto aoluttoac and e r thou 
be ooewz 4atod r a p2oc000 of gr uai noerotton. 

Calotup carbonate to trinapoxtod alarm nth ccad .fro 

e rOQOOUO aourooa by  b 1C cation, fib cu ato th .rirt fcUin 3 

on ouch ocd10 car diocalvo out the lico ocrbonato ditch Io latter 

prooipt .xtou in the coil cone ;tea "ismwtnr than the cototuro  

IOcono 070tom 

3uca tlltto Liaootono, Dandotono ent 2haloos'- 8cndotonoo zia 

choice of to*ono co ere oxp000t c2Itciwtvoly in the area to the 

.north — root of Jcio co: r ad its the i of ►ot — 2oiano —13iItanc 

ra. hey ooerll.y occur ca icul:ztad ic3.Uoro In recant ornd. 

In Jaioricor, hoovorg  t o o Qa2£iarioo o ro coon +iota ctl 

to overlie the Older roaho of Jocicr eerie a. 2ho 2ortiarj 

VOt Ua are either har. 4t0l or tbo;i dip oit, tly £ogr.rdo the 



ct v In 	 a ...:ao ,i b.do o8 1i13t ito. c 'o tu2t1i to bo 4C13oie 

wb the oraadotonco zini2 cbaio.o of do th +and they do nut oop 

out on the ourfcoo. ioo at 3otin In Bc or ditrtot bc' o 

of ]ica±to hcvo Dom rcoordc1 ax depth. 

SJosoco10 of cYa 

Atrc r &efldotono;- Cropr,.4 out i` rn tho r11LaviuQ, they occur 

barfly Lu oovoral egaoacu'oo in D raom { i of rict o Tho roe to 
locally inthrtod and hard, tut to c t otinoo cost. Aocordins to 

i 
or °ILOZ cork and into rotntiono, 3 pr,) lOion z3. OXOtCCQOUO C3 
too bar a aOoiaf d o tIlct3. 

Jurc cie 3 toter 

(o) Jioc.1cor 3orieotu. xr-loo.aoa' Oo2ioo aonoiatinj of 1t1oet3noo0 
oondotouoo and o]aaboo co vo r co r =off onpmcd In c 1cr o aroa 

crout1 	abl2or end to Igo north* vot cud c3uthoot. ¶boon 

fomcationo c ro oitho hox ant or they cihc a oli t iootor1y 
dip* 

(b) ct!. ;o iooa' ion Oarl.or 0000ioti of ci oorrco to no 

,ar 

 

ccu1, VUto to rcy colored oindotonoo coo oo o x347 onp000d 

boty en L:thi and J or ::leer on r o .cn - J. opieor z cd and no 

Da,Z) +-.I3a t,7V!thX l)u 4oran I avo von boo,,Pvcd ton Poltor a'Yrhoo iio r~ 

alrr. Zac to favour1 aio lithobo .cai c;: oeator, tbo::a rooxo 

rot dzt hold mcziuus t unt of rotor in tbib doix z't oOn. ¶'hioi 

cuppor c ad vo t tiro of dcort o tw3 cud 	Cram r.hia3 

c o loom., uwod co c ottbo Loader. 
►-Or bofltffor3uo 8c ioo 

ui ito rcdo*- tt 20 nocz :hboai z at ' o! ron, t oz °̂ '►craw 

of r unit x t 111to bolo t) VO boon aboorvod OSUI a =" 	 Oc bOn ... 

fcrouo ezo aotUd HOC Ably be ci; nod to thcit but oviaacic i0 

it VO27 o0t bacive. 
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Vi Tc i 3y0wo 3 

Umootoao, 3cndocono and abclo:— itoolzo of i1 o Via& cn ojotem 
cro vridol,y of posod virounhotat t7ostoro fa j -oth n. nor tea coct 

oonnoaa In Joddhpuar* 9^,a car antl Dibanor di c rioto tip rely o1 o 

In Pc& rnd Jaio. Thoi diotrtot , pocuzco cro boc 000a cozn 

Jodhpur city end c.on , Jodhp tr rLtcr zn o a. 

Only u or Vindb r gorc atiafo oon,iating of W.f to Obor r 

r,odçtiottitio amictonon ith Chia n.torc tlaS t3cndrs of c%clo 

and ll ootoao r, o coca ovoa t cro. 	ao o!o arc wall otr 12 fiocI 

end joit od; attitudo of bolo l o tli C, hor1 aiol, but tam--rein 
the coot a diotiilot co,tcz'ly dip o c bo obccvod thouh cmrll 

in nagidtudo 0 

arox ( t3.gon! t am) syot 

(a) val ci Va1oaoitoos Con only the :1n1cni voic anitoo form lore 

loolatoo hillocl o and hur oo1 monoo tic1 vloo cli tly obovo 

cuzrOudin 	 bOT oonciot prinoiicl1y of ctraticd 
rhyoltto 1cVco innoroe1atod .th logo coo n lave of into odl o 

to eafic ao! oottion ct d with 000cio©ion . bode of iaduratod tuffo 

and bzociao. th000 r000 are hop ducto of rithor intonco 
vulocnicza duriat3 viioh ro1ivo17 clot omuptioro of lcvi v o o 

intozop cod tth r tplooiono of p ool otio crror.tlo. 2i~o 

tc u oo of the rooLo i'coo 	n po yi it o to claooy. is jolc 
po by 'ioo tho phonaa oto Oro oocxaoaiy pint foldoyc r. 

jarta blobo of i ut 2 to 5 z lon tt eon In ca aiacitio o 

lcacJCS'oundarao am rolclvely ooc oa. 'ao^1i3 ar oe ^tod 

c.ith : ri volovnioo 33 c! .l acfio iAtruoivao. In me of io 

vg rolito boa oxroot no'r tho mrf. o, the joint lcnoo .ro cito 

t ht ! 



(b) 4r t0oa— ?o vc. iotioo o z'nitoo 1a nvo bocn r000 ca  
in this 'oon. Ono to ro foloto and to oorol OS pi to 

rod color and io knom o Jaloro onito, tho othor vauo t to r. ru 
ciofio cn to 	g to , v r ch oon in color and to haoun co 3ia 

Orcnito. 2110 pies vartoty to nt alvd Into t}io Croy vc niotr 
cnd ti orotoro to oUi Ntiy 7ourjor in C30. 

i) icloro Typos- ^hio iitholoaioc typo to tho coot p'o» 
do nont of tho two 1?anitoQ c zd to oocrcoo4 of orthoolac , 

folopa' with oomo ,uant4ty of 4lo, oolnoo s bio1 ito, horubl©vAo 

and uccovi'o. Iiotito to ,,rooizc1nt ccoraj tho coc0000ry cinoclo. 

2orturo of tho rook vctrioo from fizo rcino 1 to coorco gr LnoO. 
*1ionooE7oto of folop o oo vory fro que cat in tho oo ciroo vorioty. 

aoddlik3 piouea and Loliaticino arc tho oo.cor footuroo of thio 

typo of ranitc. It to modior oly rooiot ►nt to oot acrtn and 

too ditto oid hub zioia to oiovationo of 734.61, 839.4D 466.5 f 

359397 1. 507.3 a frOci C.04. in toco huUO C ROOD J obor) ,, 	arm. 

lithe 1300Z' Ilebi octath of Jl. ia'c 0 2ibatpura cnd in tho root of 

tho ro3 io t it forte hP c ocho and 10x7 lying hillooko tbiol ciro 

rc11 owo4od. Tho J oloro crcintto h ca obco int oivo rani tionohtp 

[7ith AVGVQUio • 2iroe c0to of 3o1ato aro vaU 4OV01opod in 

Q,rcxitoJ, iao. vortic ly hart 2t1 cnd tizohinod. 2ho vorticcl 

sotnto ponotr Ito to evoctor Ocptho. ;►oathoain3 to Toro Offootivo 
3on3 th000 joint p1 oo. Vb000 joint pl nc1c 4rc ttf4t L !t hovo 

C ldc 	! ► no -' to CO S 930 duo to o hoin 

(ii) 8itnonn fps: to:— ""11:10 t flo oocu,,tco icocor cs a r t2 

to rob c ivolT 100 cc 1. at 10 oo o od -)rodonia~YVAY of pl c3i 

ooicco £oboc&r cnd ioocor ounto of o bocico fobc cwt arc 

cnd fcrroacaaacicci r aorubo. 	o 1 o t :n coconr~to =o pecc; 
in VOZ7 x.3011 q,Iao titioo. Of tho Scum 3x001 a oinos^ .c, 



N. 

hor ablcndo cnd, opbono z co Coro oocron thca biotito. Qbio 

vnrio 7 io aonorcly non oliato cud aour-Vorpfrritio. tho 
Oit cu tr?o io very cucooptibic to teatticz'ina and oroo±on duo to 
itch. it boo been oroac-d dorm to wide, lovol plr~inohrvv j,j a 
thin oovor of rU1ta . arn. It aft niuo a crnziuun holaht of 975.4 n 
in the 1411 about 4 rniloo youth of piplun, 545.6 a nor Dovc!l 
i-tad 587.7 i no 	x? n • 

AL'.aocu Oyo tors 
i!ove1li Onto — Ono2co and 31ctcot 	o oldoot for aDiot o o8 
r anito - gaoioo and oahtotn aro rootriatod to no ,̂r the trwc1li 

rcucoc tot do the coot. Zn Chum cnd 3ikc' diatzioto, ortonov 
e poouroc cro cc ittoroU within the r. nd b1ov oe. do cad thoco 
hcvo not yot been py atooatica1 ,r capod. 2hoy havo been provie1' 
ell torcd no "/J CI '*Z QY LLIV a.0 It io Coro for 11holy 
that they belong to the older , noiooio oorplon rhioh bo catucfly  

boom otruak c bad rook in boroholo at 
In edition to the txrav' .i rntto cud the Cit no r nito, 

en iutorootiz; ro ort too bon o 3o by 2oglor (46) of the oo 	» 
moo of ar:nito in the vioinity of Cnnkrc, diotriat e~oio^i,cr~r, 
for cvv;t £roc thoco to ku n rcnitc YOrcationo. Poo:-ibly they 
ocy be Q atio bouldoro. Thooc chow t'pioc1 tur-ooj totoiina 
end co cot iva to oQercO jresi d tth only quorto, v o fo1opO., 
biotito end horn." undo no oonotitutonto.  ,on;, =- do od piccoc 

of jointo, the color obaa000 to pink or brick rod. 

Cho wellt roo10 cro iwc1onincntly olatoo :nth niuor 

intorbc&loci qua ritoa. Lco .1 y the olotco coy ado into h c' 1 

dmoloc or Into g y1lttoo ►ad col4ot. Oricin^.21yj the : -vc11i 

rootia pro Probably do,o.itod no cc d ,coeto riot cro a cdociai,;t.. 
ly or ,1lc000uo but with cinor aroncocouo end ocloc iouo br o. 



1ol .ot ripple nari o and curront' boddi ctz'iaatuz'co cro procont 
in quartnttio t 1Qtc t quzrrioo on hill " 754 about 2 olloo 
oouth of I:hraixla. Qh000 foaturoo ouj3ijcot that corn of the oria:&ncl 
iravalli oodiwonto cjr has boon dono .tod under ohollov-witor 0 
terr'ootric1 conditiono. 

Xu ,r rchaoan opooh the orirjtnel Irava1l oodinvnt o tors 

oubjootcd to re tono1 tzotazorphooie. fo=ire►', cc pintas out 

by Heron (1935) the intcnci y of not rphicn to ovidantly not 

unifar a but vciziod conaidercbly iron pl coo to lroo. in Sao o 

1-iocl .tlou of the Po1i region, rolntively uns o 	ophoocd bcncLo 

of ohc10 cro coeoci atod ;. t '3 tho ubiquitous clotoo L-1ioh oloo"' 

chcre in tho rojion n y looclJy p cons into phyllitoo and ochioto 
of hiChor note r*hip Credo. 

The Tooke of the it,v ,-11i 6prouo czo ,oner lly dark broth, 
preonich arm► and dull p=plo in colder. The clatoo are co"~oal7 
eor ocood of tucrtn Cr no with kr linitie and nioa000uo +oatori . 
ao intorotitial Pillin3. The rock io uourlly hard and corpaot 
vith olcavae cad joint plates hi b1y dovolopcd. In good 
o; ocuroo boddin- nro goaornl2y ro;dily cpperont •but olcoaro 
they any' be obcourod by jointing and oloQvcirjo. Chrcotori do-l1y 
no.' to curfr o the alato woathorc out in chipo and, rhocbohodr . 
olonv.ico £rataento..he olatoc are vary coacon y trrorcoJ by 
c =orouw voinloto and ntror irrocul, r otrin crc if quarts t.S ~t 
£olloi, boddia,:3• joint cnd aloavapo pl c+ o o. Uio ro the off. c oo have 
ce3i, ~cOd CVr:7 the vein quarts aoacanly rc72aino is a roc idu 1 t)lc2tt* 
of a jia1 r 'tu.-Tta rabblo. Thin c uwr iaite bode occur Intorbodt c(1 
vith the ci con fro© lcoo to p1 co In the ro3ioa n2 houh 
c1t7 ro of rrioor it port.: oo. ?or oz Flo about 1' died trot- 
couthv oct of J cdcnC Di a of '1c) bode of he'd  brit U1n qac c1to 



2 to ; inchoo tick c ro intoz'oo1atd i h ,woozi- ar €i o tca7 
alntoa. s 	l.ej'ls about IV ailoo ao; th coxthoct of ^ aeni th.c! 
b'ove quctøitoo aro ttoarbeddaa rich thin'bod&i acrtLtic 
olataco. H t hczatitla u ustaa o'op out in a b nd o torsdln3 nosh 
--nortsonot fzon c~1lo pout 96.2 on tho Tht 14tor bl 	' to an t 

1boto c,. Tbo rook Io darT, b o m i ah d in colour 
nnd Io out 	nuaorouuQ a otiCuxatod voinloto of quartz. In 
plcooa the roots Io 3coonoxlzcd. 

2ho avc ll iooku hovo b on cat1cr toly to l.nterno1. 
,folded - probe. ly durin,3 the oo oro ;onlo overaonto ttich bop;-n. 
in tea :1ravo.0 * nn; o du'ia , Arohcoan oroob. 2ho fold azo on 
oc iko of the ircnvc1li zocko genor3lly trand northoeot to n3 h- 
no .ia- s 	oub-pordLlol to tho at otur..1  tzo.ud of the Arr v lii 
flan3o. Vertical il?)o +]1'o often o' oorvo'.i in outeropo and +kilo 
, ►oote.r th cn 50° are co n. ao racko r o i000linelly folded 

ld ot pi.0000 o arturacd. Ho =vor, of in, to 1aoII of ,3ood ozocuroo 

no attor.pto h .boc c do durii the 	eoat ctud to nap the 
ro on~.1 otruoturo of tho M'ovalli 01ntcJe. 

A ha Aa ay.-AL al e4oa CX'a 30n02 L13 ca000p14 1a ►o aro: Lvn :md 
in n~xtx of tho ro,I n thoy bovo boon roazoo2 	td ki level p] oiry 

it aro +care-anll covorod b.y a thin vonoc' of alluvicl do city 
or plsa or" cno. Ia pl coo. ho vor, the Arav Al vocko nra r-oro 
rout cnt and fron a-Onoplounno tuttoo, an rld oo. 	vo nznt 
ps;jolaont• o8 t io o to :'une crh butte (elevation 19470 t) loco 2 
about 7 nilco o of of ` cU. Shia oo -ola :ied itto ri000 cooe 
650 foot abovo a pl na;,*o -JI ,t9orm of Aravr A ol:atoo. r oast 
avth-a orthoaot for 3 to 6 riloo from Ana ; rya tat to io a 

rgSgcd ohein of buttoo about 100 to 2-:3 Soot Ira h. 4oa C~,i. antly 
gt~ a a diccontinuouc at ko '24o IcaAvm lli olataa. 



4.304. 

2*5 fl' :nM xllMO 	X-i 0 	..T, x 	r +LLrr- •   

aho prinoipoJ. vector bo-r±n proportion of tho roctc are 

porooit,i, effective porooity or opaoifio yield, opcoifio roto Lion, 

pooco cbill ty cnd aircction of a zitm c.-►oo of orco1citto13. thoco 

f rOpor' ice control ' ho odtrCoo3 of tor into 1i''tor beorin3 

fors tiunzt their a a,i ; to hold, tr -►nz it cad deliver v.itor; 
and con nc!ant end couoontration of porcolution to the dircct lon 
of a cnicurx eeoo of Qovcuont. Hydro1a3ic proportioo dcpcnd obiofy 
on poronity, oizo of oponin,o or interntiooz -).ad their ahco$ 
r 'rcadomoutn, intorcon .cctioa and coritiriuty. 

tocii io: ationo :,nd the oponin o therein era the ro~taltn of 
pric ary Soologic pr0000000 ;.tch form the rock end the 0000rn :uz 
pr0000eoo th uw nodify thorn# either intro zin; or dooro.ein, 
their .porooity end porn oab2lit, , Gcoloaic pr0000000 cotin on 
the racko o f eh o or induoo entirely now hydrologic otruoture 
riioh controle the noti,an of undor ound tcr. Tho hWdralagic 
oh 'ootcriotiao of the oo iaont :: r o1luviol dopooito ney be 
iz4'tt odfromthe pram nu roofs fore i tioo. 

Tho tutor ho rite:; proportioo of the different litholo is 1 
Sore,.tiono cot cth in the rol3ion aro doocribo l in the follo-AM 
nor 3r : bo. 
(a) riix1 331c u t ends- Over the "Toner 7i:art of V,oatam 2n3 pathori„ 
the zrfici al a rndy note 1 io r-bovo the ro .on l -,ono of outiaretion 
end th o= ,ro r: t i ca' t1iOUOWJh3T dr ^ acd . Loo ally, hor..vor cc ll 
pntchoo of acolion era do end duns; acj cont ^3a peroboa arouna 
auto t, ioc thcn the oc cto ro3t ou 3 arviina bcd rc.:o. 

ha of ratio nator tat,lo In the form tlJn lio _.A 

rani in; 

 

from 1.63 a to 91.44 n. coin agniioro do aot dovloi ii 
tiuto Cox goal Cho dicch co jo tll vartec gram 05 iitmdcoo 



.1P31.  
to 19 11tro 000. t'oat of tho o110 In thic forontion h c7o 
code nto to poor 6iooa = o pot onti . Grouadtmtcr in thl o 

l tholoaio a1 unit to nL• j e a]J oltno and trio uvor., o oot1tuc, 
potaoc.n, oc oium, Do; riot uii aad cu1phat ooz bnt 7 =a hi3hcr 
cad tho onrbontoo cad bio+ bo+natoo loor. 
(b) Taunjor A1luvtun Zn tho bnda of you;;jor allu. un con 
the tart o vator courzoQ, Ground itor novon, in nb&.10 and 21ot 
conduits * iah ore innor ptotl froze Plano to plaoo. by bad roof 
outoro,pa. 

Rho et. io a for t-ablo in Chia t'0r s .tion liar of dptho 
tuning from 1.5 c to 22.5 a. Mot of tho vo110 i ► thic ntrnto 
havo po6r to modc'roto yioido. The lour oo ccitiao of c 11c in 
th000 rolttivo1r perttooblo dopooita arc duo n le eo noocjro to 
tkicir tbdn 000 004 dicContiaat * The dicchrGo por p311 'rioo 
from 36 X ,trorv' d j to 140 R. litre"' d r ► (8000 i;z I to no/d r to 

31:400 aellons /'d ) . Who r cor e e 1inity of r: for in m.*.rlrcz .y 

hi or in t&pia formation baonuao of the conoontr-~tion of o ito 
by GCOrti0fl and tr napir-:tion in aroia of grou 	jtor dlo- 
otrnrgo tiicb lio pinoiL]y ion tho iar or w to ocur000. 'Tho 

avcrctJo biOorboncto oontcnt in conaidor-ably 1oi ar but -voz' n 
chlor±do and culphuto contcnto nr© nakedly highor. 
(a) older 11uviuna — hater In the older 3iluvium raovoa 1 or ,oly hr&  
thronja iotarotiti .̂.l opa4np in the noro irviouo nand anti Grr7o1 
bode ich Ito in the zone bat=cry tho t~ator tnblo ,.nd untior144n3 
bed roo. 

Ohm of ;ttc tutor tablo in thio 	ion ilea 	dcflbo 
main,̀ fru4 1.5 n to 24 n. The oaotaiaod dSoo'har31n4; o -Innoitt(x) 
of o110 r ^a"o fron nb3ut 18I litroc/ d ~ytl % Y, 1itrQ/d ;1 
(4000 	o1dr to 30,000 g: lion /d ) • ho low yioid-s 
of rolla .in the old car alluvium are duo to ito Lacs of uro .1 
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co ci ity, to Ito thLt ocov  to Ito poor c o ii and to .on 

porceibi1itj ritoi .hog rocz1to#1 froz fro the ooaonr coouitation 1 

UUQO OcxbO!atQ. 

;;ho Ivor o ohc o:i quaci2ity of i ox in oldor ciluviuo Io 

,r i t1!7 bottoz' than that in the 7c.znor o11u44uu t' t is orioz' 

to the cu t7 of rxtc' In bcd Poch fo *tioxo. 2ho zvorjo avail 	 biec- 

bonto cnd culphato ovntocto r. o co2orc to but the oblo ,ido oon*' 

ho ofliavicil 000tion at Uhm otonIo to 0 dcptb of ci out 

115.8 me Xt hco a COUbin f thiohrnozo of 26.1 c of mt or "bo -ainn 

cZ1O1 oomgc)coa chiof y of fir. do Uoc2itra (malt= 
codorto41 ca ad oho tzo vith rlonty of *o1or. iouo caatoa ci 

Mom coprobable v o glolao o o m tho depth to rotor t cblo 

to obout 26 n. 

(1) 	itio co+ oz o,6an atono and bos 2h000 Oro s, Its 
, o i n.¢LOOr cites I01 10ro oncopt In cOUc 1OO . c ii10 potahoo. 

a'bo prino po t ,.tov bo na be o rya thin be o of friable le 

ocudotoao a cofo CQflJlO.Or?QtQO is i +ca o Lea c 0010140 2 V h 

l Q o'►onos 

dbo oars o tutor tablo hoe at do the vcnrjin frci 31 to 

1OG.7 cotoro. 'moo , iic of the tohlo vy frvta 6( 1i h .t 'oc/ d y 

to 15 I1 troc Gl ry (1 500 Co aouz /d t to 16 0 CtulO r/(2 ) 
froth 

?pica + ua Ut of vntoz vmT Srot to hijh2► oahiz . Cho 	io$£i 

S o Iiii cad the cx oZ ..: o chpLiuto coato it 10 hl4 cv. 
cOco of to voile In 4hga ford tton ore toopin3 plod 

v for toblo coax. 

(o) ter Cc dotonos- Xt 10 np roetly c inlort t titer to::r 
inj foxxivtion. 2ho vohlo in ' io fo'er; Uou viold codov:.10 eacm tic—,  

of t cte c hone 3oiuto cud crovi000 in the ooio. Cho root e 



thoncolvoo are relatively coQpnot cnd Ano , ralacd« In tho fnrao 
ocn !ctono, do to Iop4th of 243.8 ❑  mound B tic moat 106.7 A 
oY fl:no to very ooe'oo ,, c nc4, cod,orsato to poorly oorto6q oo 1otonn 
" oo r ro o& oounetorod boloq tho 'oiion.al lovol of antttr'attoL3. 
rt'ho taatoriol ozi nod from tho coction ch ' Jd hi(h porooity. 

2ho of ctlo voter t t. to Zion bolot7 a dotj r 2 of cbout 76.2 ❑. 
Tho y1old data of thi o £ora ion are not cr4loblo 4 but a du roll 
45 o (150') dcp In orcoz loo atod in this oration la roportod 
to y1old 32 i9 11troo/ (7000 Cc11ono/hr) r pupinj tut It to 
oloo roportod that thin t; lY cannot of rnd ca of ainod pua,tn -; of 
toro thm 5 hours* 

Tao cboi is al quality of raster obo va vari Matto n from modorato- 
3 , maim to of no. ho water Io Slightly olkclino. 
(') Jaloalaor $orlaoa--  rOiOPO1 zono of saturation to proccat 

in tho et a of J'rioolmor carte  of intor boddod oha1ot3ocn6 ctono 

and ltciootonoo 	oh ,told rater neatly orlon jointo and boddin3 

please and oonooaont1r tho Qpociflo o sp aity to loc. 
Tho ototio cwtor t blo ucually lion bot~^eon 61.0 and 

106.7 a bolo r tho 1 cud curf coo « 2ho d dly a coitto o o f opon 
colic ca obcorvod around laloairaor city, varloo bottroora 14K 
lttrc/dc► to 113 i Z itr d (3,O07 Callon /doy to 25,000 acllonc 
i c ) . ho cctor In tail o oust a ohhox a ooncontratlon of culphr tco 
and tot"i dlocolvod oolido cad to oleo 611 ciino In ohcraotor. 
(t3) Li hi ,lorlocc- Sho roion3A aoco of aoturntion lion in thlo 
So l- ton, : iicb to 8 Arly onton tvo In tho J ctolco,- 

-zpicccJoJ Clll r,. 3 boo ; roved that the 3h group 
of o, .3wwanoo to the cot p 1tf o C sup of si bcr ylcldtn3 goo ce 
Xn the 	1it o'loop dOi to o d oTth of 509 C about 171 a Of 
cote ' *boUlaj arc lar co oo ttZO ponotl'otod in vht©h Sgt.? to 



coding arainod q =].1 cortod 	roy c1 yollorr ceadoto 12ao 
and ftho to 000rco rcinol t,11 uortoCroy to pint o amdotonoo 
prodorfnat o. Tho 	1otonoc of io or lovolo aro at tinoo ooloco- 
ouoa ton r of gyrator occuro In the Oonino boty oon OQfd g Ano 
of those friablo oom otonoo. ZrAgntiorz tuba 0110 pith 1 crto 
oc►cottioo o  a tog onou v7eter from thoao r z iono, 

Oho ototio nator tcblo In thic ro3ion lion of doptho 	r , 
frog 0.5 to 5J*1 c. 2ho yiold fioo dtaj voile 1a 45 to 67 I. I.i' r ' 

&j (10 000 to 15000 Calloac/dty) . Thin yield to poor oocaorod 
to the yield of ao hiGh ac 102 t l tro/ Hr (0,000 (poiione/I r) 
f OD deeper o iiforo. 2ho tbiohn000 of tho Z-:thi fornoUlono in 
core O c 05 cotro (1000 ft.) ho v or fror3 the dui roll Sono 
10 dorotol r ham and i lkoiino. 
(Ia) 11to Dodos* 2h000 be do cr0 1.tcited In ctont and thio!uio oo, 
Thoy ono Couor 3l3,y not tinter boar2 rarj ao they aro neatly abovo 
the ro ,onal cone Of cit ation. 

(1) VInWen Lino ctono r ooboros'- The limo atone bond In 
o izi zoCion centoino tb o rogienol a3to? tabio rind in ono of tho 

moot iraportririt vcit or boring horizon. Tho n can thiohno cc of 
the lino atone n roto l in roll aootiono is about 120 ft( G m) 
but It in probable that a thlohno of at brat 150 ft. (45 n) or 
Coro ire ottoinod la thia bead. In moat pboeoo boddin;3 p1rnoo 
aro not =11 defined rind rojulaa joint cyo'omo are 1cohion. 
Hoc~vor, irrozaler cyotono of fracture p:tizt o are ora0' : T 
Z!r000L3v. Opcnin; jo ro ctltin'; from the cobution tj poroolotin. 
aro procont but not voia dovolopcdi Cue to loca colubillty ccl the 
bolt of diot$not bodclintj rind joint pimoo. rcho not per :odbilitZ7 

Of V1uribyon lic otoao In therefore rocaulvo iy lo :7 coc ,.vo'd Lo 
other ,11cootono fo ,aotiono of the rlda The ground actor ocouro 
- - .. a, - 	 .W.,-,...a.^[ — a-.. _... c.. --- --A ?. 	- w A.-A r._t, --.,.-..... 
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through boddina plc oo cad r3olution oavitioc ahoro thozo ore 

pro130at 

Tho ofotic notor table lica at do tha rnn from 10.7 

to 91,5 c. The y1old from the rollo Zrcfgoo from 35 to 125 IC 

1itrc/dc t (1500 to 23,000 Callon d fir) . The ohccic c. q tallt C of 

"ctor to vary good Tho avorc a coat of bloarboanto q  ahlorido 

and oul Cato to ro1atvo13 lavi. 

(j) Vi {j-tin sandotono I. czbors 	sho boin and joint pl^. oa 

oro x:21 do'elo3o6 in the Qood :ono cionbor. . oto. to cont -:laod u 

tho tcithler Qpvnim o talon the joint id boddia3 pl€ oo. ho^o 

oa otonos have o poraotty o ' 2v5 per coat • 

!ho ototto grater t cblo lice at dc»tho rciijin from 61.0 to 

76.2 a. t oUo nom° t r 25 to 70I lttz d cr (5000 to 15000 gA lonr/ 

d.zt) 41thou cone t 110 ho y ,old ac high co 180 IC.Zitr `dc 

40#000 sollonejdw) or no l ktt .o ao 25 kLitre /4Ay(5,0u4 ol .on 

try) 

(k) ucaoni Voloanitoaa' For the mot art, flalani root:o cars 

he 	r £n uratod and rol r'tivoly inporviouo, Hor.ovor,  g  oon round 

rotor circulotco through the rooks alonrj boddin pl.-Mo3p jointo*  

cbootinj cad other cocoodary tobulor pcwtinje. Tho yield of a toll 

In fclz-di Voloat ®o dopondo on the manbor c d thltfl of the pertinC 

encountered in the =].1 ooction bolov the f or t blo. I o,tr the 

lc 3 cu faro, jointo and other secondary partin,3a cy be Fairly 

c.. roux cad cloc,ly opcocd. EAU i,nro.aain depth, the ,cttno 

and to clone COd aLOr co tilot doo peroolotion of n-jt;', to 

ctordcd. 2ho rotor boldinw o'coifij of thorn mesa hca elco 

cono town by about 60 duo to dcnoo;Ltion of cocoacLj 031t0. 



Tho otz io water table lino of dorgtho rcn .otj ;from 7.6 
to 38.1 n boloy ground lovol. The di cohnrglorj o )aoitioo of the 
t llo rho Kati 10 to 30 K 2itror/drj (2000 to 7000 ar11onrjdtW) , 
Tho svorogo bicurbonato0 carbonate and oulpboto oontont of the 
tutor io hiph rhoreao podium potooniva g, oalolum,aagnoniun and 
chloride ago nt ent o Caro of ttodor o ord otir. 
(I) Jaboro Granito:— Giroulation of orator to J born Gromito 000uro 
through ourfioiol eantboo of die o ratod rook end throu )ointo 
ohootina and other or aor ,portiago. By stborintj proc000, the 
frooh rook near th o aa ieoo bro ko doi n In situ by diointo . tion 
of conotituont mineral , r: no and by d0000poeition throu b 
bbdrestion of foldupar eed orroaogovoian rinornlo. Tho rooultin~ 
voathor l product of diointotratod granite or "gruoa" hank-
o+dly hi or oapEoity to sore end trancz it vator than the 
froth uswoethorod rook. Theo th o thiskn000 and o,ttont of PBsuonp 
aentlo is of oonoidor. oblo ieportanco pith rvo9oat to boo-:i cvcil-~ 
ability of ground v ter. The thickn000 of the gruoo g otriliy 
varioo from 12 to 10 as 

Ao a rule the a4tor yioldinj oapcoity doeroa000 vAth incro-
noing dopth. ai9ho condition io duo to the grr3dual dooroano VIM 
depth of the number and width of joi.nto and other partin5a 
and to the oboonoo of u on b oboxi the lint of curfioi al 
voc horint. The rotor holding 000c ity of thorn rn rooko hoe d1co 
Goo 'oaeod duo to dopocition of oocondaay oaltu. 

The of tie actor table lino at dopt o ranC3ing fro4 2.44 e 
to 928.52 a — b'at in gonoral u»to 30 a. aho yiobd froo dug aono 
in the region raojoo frog 25 to 70 t Litrc/d cr (5000 to 15000 
Collornz/dcy), Who average bicarbonate and culbcito oon onto of 
eat or in the J olo ro graoito ho no .&r the eon er^ , ovoro' . 
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flO1avor, the ccrao chloride content is highor. 

(0) Siarna Gr a tos*- Th000 have very poor toter potential o 2ho 

otctia rater table lies at doptbo rcnain3 from 9,75 to 75.85x. 

^ho dioch ctrgc potential of the io12c vorioo from 0.37 litroc/ 
arc to 33.0 t.ro coo (.08 to 7 sollor dc). Averae aarbOnato 

i bioorbonsto oontonto of rrnter are of high order,, r heroao 
the cvorcgo codlua, potaociun, ooloiva, Chloride and cu'iphato 
oontonto cro of log order. 

+( II} rav ali C'l atoQa hcQO arc oncrly devoid of voter ozoopt In 
havlad litiitod quantities c1on jointo., olo a oo or boddia, pl tioa 
enicrrod by the pro~000 of coathoria , 2ho arid olinoto deco 
not favour deep + oathorin ; md formation of poohoto of gr^ . r 
caterio., crhich in other taore humid aroac ,o found copablo 
of otorinacd yio1din water. 

The of .tic x ator table hoc at depths ranging from 7.7 
to 30.5 ti bo1ora ground bavolaw The discharging oapcoity of the 
s7O11c rams from 10 to 30 iK hitrov/deg(2000 to 7000 gallo d ) • 
The avorogo carbonate and bicarbonate contento of the rotor in 
.ir ry ell olatoo era of hib ardor, r,.horooa cv or o ©adiva„ 
potaDcia4 oahoiumo chloride and culphato contcnta c ro of lour 
order, 
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tH A P 9Y 	III 

pwUfJ 7w.. , 17AT::n 	,4GY 

!ho hydrologic cyclo includoo all movci ent o of veer 
vapor In the otcoophcro, condonoation to liquid and .solid ototoo 
in the ntaoophoro; .proaipitut±on of liquid and solid v +tor on the 
Ground ourfeos# ovoporAtion and aoltioj of *co and onov on the 
round cart o, in©ludinr1 purtiol return to the vigor otato in the 

' 	ntooaphero; evaporation and :Ploy of rater on the ourfcco, includ- 
e p rtiol roturn to the vapor at oto in the ©tmoophoro, and 
movement of tutor toward the ocean; and oveooration and trmc 
pirrtion .off rater on the ground our. aco and from the eurfaco 
of the ocean back to the vapor otato and to the at;000phero. 

It to noa000nry to study the entire cyclo in`order to 
understand cubaurtcoo--r~•tor motions, The hydrologic cycle n.cr be 
long or óort. It n be zut ioriood, .boginin with the ohort 
oyolio IIovo nt and ondinj rith tho longer and tore cognlionted. 
(1) Vapor condonooc to rya, ono, or fog cnd vapori000 aa.-In 
before the water re taboo the o crth' o ourf 000. 
(2) Vaporo condonoo in the atcoophoro into r;in or snow r4i+ h 
rocchoo the curf'c2o of the ocrth and to Vhon evaporated before 
tho catcr got© dorground. Thia evaporation any bo directly 
eta the rain water botoro it Lorrio runoff, from otrocmo,ia!teo, 

or thc000cn. 2ho titer Coto bow into the ntcoo' hero without 
on 	3ound journey. 

actor v pot condcn000 and Yllo no omn or r-lm on the 
g'ou 4 end coci o blot the c arfcoo• r'ho "itcr Mo!i onitto. o 

the Col, C3CC1 return to tho o utcoop1 oro br the f011ot iC1,3 Clot=1o(OU 



(a) it Qry bo hold c coil coiaturo ago roturnod dirootly by 

tronopirotion on11 ovr orc ions or (b) it ay bcoom Q gtyQ 

or "vccocoa ! for and coop don to tho oaturntod mono. Aft or 

rotor roc ehoo the oat'atoa cone, it &V poroolato ca frooicovirkj 

vator tkirotzi porviouo aatodo1 tho oponinC of -.filch aro inter" 

oonnootc v or it cc p cove rya confined actor in aM -through 

Groard +vat Or t'3Lil & tOo 

Grou1 tat or o cDoo %7hon the vat or t riblo to ol000 to 

or intorcootc0  the curfaco. Dtrcot dicob.crCo from the vator 

t oblo sic r tc o p1 coo in thwoo x res(4) t effluent 000pc o unci 

oprttj mow,, (2) by ovcoration iron the capillaryfrmnjo t hon 

the latter o ondo to the ground cmrfc oo $ and (3) by tr nopirat- 

ton.zi 	obab1y core ator is loot by evaporation Uzi tr:mo- 

piratioa frog the oopiflc frino than by o hoot aoopctjo. 

then the rotor tcb10 tronoocto the GUI'2coo a onrmp or oprin 

to produood« Tho oubourS'cco cottono of nator aro Giccuoced in 

dotail.zi In pare 3o5. 

3.2 	 E'1TtAIfli7 

Tho COnorc around-ticitor oquotion is a gathonatioal otato-' 

jct of the diopoaition of rclnf ii1 rhich o  on rocohinj tho cur"' 

fc o of the ocrtho  io returned to the atcocphoro by evaporation 

nd t Llopiration0  collooto to Lora otmeo flo or aaopa into 

the cubcurtaoo gocorvOt'o. It ricj be vritton 

flc1f4a*$ 

rhoro a Ao rcic2 11j ^m  ovan- or.i.tio4 and traoopirotioo locos G 

rectoscit coke cr3ccc frog the area oo atroco S1ovs c % a  the craun&' 

armor 	cOcat o n1bo arauad-'Jator incrozoat(l) to trio ma tm 

cad doo$rod caamtitg and could be 4aioul atcrl If the other t1woo 

featoro could be craurcGo 



the a p1lostiois of the ground water equation to the 

•utis4jon of ground water resources of aW region is discussed 

further in chapter IX. 

the mode of vuuurauos of ground water to shown in figure 

3.1 and table 3.1.' 

fr 

PLANT ZONE HAVING TP 

CAPILL) R I ANr EC 	R 

VE 

k AWIL11 R - 	1 ..' 

PERCH-, wo.•t-R 

N\PERV10u;, LAYER 

1I 	 URALY UfS FLU' 

HYGRCrP,C WATe Wi 

OCR-ti AT10NA, 11.+ 
up o' 	''WN A r 	?D1; 

CAF L ^'RY w i i R 

GROvr49 \NATEsk 

—CO►JFtNING STRATA 

nNTE WATER- 

FIG 	., CURE.NC E: 	3, 	DI" 	UTi0N or SUP 	 tiATE P 
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T7otor ocourc untior 3ouad in two ,root conco Copra" 1' od by tho 
taotor table* The oaaunoo end covoDo sto in thcoo to aonoo ero 
ior1tcilly if2oront. The rator 'tablo ozioto only in rrtor-bor na 
gor tono citcb oon ain opo loco of cufficioot oirio to por i.t 
r pprcot ebb o rovixont of wator, It to rp aoro3 Ly oo aotd o d to be 
the Lor r 1arceo of the soi of cuoperdod v totr cud the appor 
boundary of tho cone of actaration no (Loflacd by ioiocer0  vieh 
oxtofldø dawn no fov ao there ore to onnoctod oponi pe The 

. tioter t obb o c' be defined co the pout nt pl = bot on foo 
,p'ow1d teeter and the onpilbory$rio o 0  ond to located by the level 
at tloh gyrator otendo in borobobco f opp4ng froo vat or o r by the 

gate' lovoba it rrator- 4oblo t alto The Vator of the ctOzi cone 

to ucuolly +1c2oDlaoto4 around voter or pbroatio iatore 1YOinsor' o 
to coopondcd tinter to uaod in this tort for oh 000urraa000 of 
aubcarfavo t ator c bovo the voter tabloe 
Dow Of ,cocoon or %Ono of 1 uopondod 113tor* The none of 
noration to of tatoroot to the , ooloaiot bc*cuco It to in t io 

'ham dootruotivo ohootoa1 cation and dtotiator atlon of 

rocke occur. it to the coao that Van Him boo donotnato4 the 

0 bolt of coat1iar3aC0 6 In thich the or on of the ntaoophoro 

eoc otod 	coiotraro0  oarbo o c ldp tho or cnio ootdo c  and 

bocalle ter cubphat2.o cold*  zto on the rooho cnd nanufraturoa the 

unjfoli produeta of t othaz'io'3e. 

Quo Qator of the cono of cerntion taoludoo4 oto'od amore 

and 4  covtn vator° (vcdoco or Gravity r at o2) a The otorod vat c' 
4aouro no ott pct l7io on the turf oo of oposin o CM co vc& o 
ohc,7od 'Godtoo c t the 3t oturco botv700n lntozc'otiooc. TriO otoroct& 

ator above the eepi bary fri.00 to baba +eflo+d °polhtoc31r2 
voter' a The oapcottg of the eon to bola polliculcz Vatoz to 
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ABL! 3.1 

- 	VL 	 _I* 	_N 

SOIL 7AV`? 
Ltritodto tho coil end roaohcd by 	ooto 

LLIGUL 	7A! ER 
Adhoroo to rook curf0000 throujhout co 
of 	on Cad t8 not CC4o+4 by ar1vity 
but ®rte be abotrotod by evaporation crzd 
tranopiretion . 

0 
DOE 

GRAVI Y O8_ V(DOW 171UIR 

.x-• r
p 

0 
Cocoo dorint z' by fordo of 	raity throw-  

Eif'r r,j,.3' ~.. 	.+ 
c • ` ` ~r' 2 a locally in the mno nbovo cn Ooeur 	al 

~ F i~ 
i 	rviotao bar rio ,  

CA 	Ln91 	 Th21 U 

Ooouro only in the o ci11 ej f iz o at 
the botton of tho none. 

1? R2 ,J `J 	ER 

Ocourn bolow therotor t ublo and to 
bounded by the first otfootivo oo - 
fining otrntuia. 

COII XUi1W t7ATXR 
Ooc ro beneath a aonaniz otrrtoq 

FAD GIOT11Th WA 
Oootaro in ouboapil1nzr oponi ujov not 
covod by gr c4ty , 

OU17I7A11 t7.1,TI f 	V 
Uctor entrapped in the Nook© # the 
tiro of their formation. 
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It7 L fIAL t712IhU 
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oa2led 'field capacity' by a icultural sxpexieasntlrr. The 

• xs*ee water over field capacity of the soil and over psliieu].ar 
water of the entire eon. of aeration up to "asxiaa water old&ng 
c*pseity to free to travel downward toward the water table and 
is referred to as • gravity t ater," ' gr itetional water, or 

vsdose water,' Water moves freely under the control of gravity 

only after tie graini or rock surfaces have been coated with. 
pliiooiar waters  It these films have been removed by evaporation 

or transpiration, they must be reformed before seepage can take 

place. 
be ' belt of aril water' rich constitutes the upper 

portion of the eo a of aeration is limited to the Burfaae fever 

penstreted by root*. It varies in thickness from * few i ohea,, 

ere solid rook is covered with a thin veneer of roil, to it 

seldom occurring maximum of 60 tt • Active root development occur. 

chiefly within 10 ft. of the surface. The belt of soil water is 

the ,great reservoir of avdlahle soil moisture upon whioh Pleat 

lit. depends. Information as to 'the ocaurrenco and distribution 

of water in the soil is derived chiefly from studios of the 

agricultural molentist and from geological study of the products 

and processes of weathering. Recent studies of soil moisture&  

transpiration, and evaporation have greatly modified id+ se 

regarding the occurateno. and movements of water in the soil. 

• Soil moisture' is subdivided by the soil scientist aaoord * 
tag to its availability to plants, depending on the force of 

ittmoha at to surfaces of soil particles. Water that is held 

loosely and it easily abstracted by root action may be called 

' evaileble moisture', It 1. limitel by field capacity on one bend am 

end the 'wilting eoefffaiett r can. the other. A seoond portion is 



io twav oA1abl o or avail ab1a r1 f sftiotalty [ in  

o lod'w avcil blo c ioturo'. Uacailablo coloturo in dividod 

into ta powUoiitn that ocoa000cly nvailablo_ ith difftou3ty 0  

thioh in ,11nitod by the ailtinjj 000ff'ioiont and tho hygz'0000pio 

000fliaiontt and that oopplotoly alanvoilblog zicI io hold 

in tho coil bolor7 tho ar0000p*a ois e 

o ° 10000io 000Z ioionC ° i oo boa vorioucly dofinod 

Teat cM bo aoo idoro : to tart; the Unit of oloturo that non be 

hold nt tho ,'ound cuxfc o In ogm1tbrcu t th et aoopzorro 

iator vn ora Boaiduel coioture bolo v the hyoc3opio fir t m 

be nailed Mod r oioturo and probably it .udoo r iottu o hold in 

coi1aidci coabinotion y  the so1caulor food of cdhouoion once 

oo don atio. 

2ho 'Oa9iliL7 triijc' lion abovo the cator table and io 

In aoi tct tith it* 2ho rator of tho ,fizz to held above the 

vator tablo IV oiUarity rhioh to dofinod no the proporty 

of taboo v ,th halrliho oponino tics Inzxrood in vator to rnioo 

and bold cater abovo the of otio lovol of the ntor in 1iob the y 

are i xio cod. 2hio rotor me be o+o o 'oiy dccooinnto&c r ► ll 

water a? frino tatazo  
2ho oapiilaxy ftingo tofrom a frc3tion of an maces to 10 fta 

hick opoAdin upon the also of the i atorct oo cnd Vc sure 

of the rntaranl Suot above the victor tablo. If the depth to the 

atoi table to curl or 1 o0o then the hQtLjht of oapA11r 

1i1t,o the oopUloy fr3ooa ti11 4iachar o aroundi tatoz tF m po r i 

on or if the oo,i1lai friar o ctondo a 	the co poixtrotod 

tU r otoo  aronad Toter vAll be d thnrou by t cncpi 1oq. Unii?to 

polUoulor rotor the oaillnzi frit o boo i ubo1a cd onrfaoo 
onory n00000cry to rclao ator to the hoiiht of ocilloxy Rift. 
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!ho unit of agpil3ar7 lift varl~oo iuocolr pith the dicxtor 
of the Capillary oponit o. Capillary movement iA relatively 
rpaid In tho larror capillary oponingo of small lift( 1 to 3 ft,) 
and olor7 in onallor tubo c rrth bigbor lift (up to 10 ft.)  

'T'orohod 7tor ¶. ablo-6 *7ithin tho cono of ozation r an 
impoz'viouo ctratun bolo r porviouc dopooito cagy cuort body of 
nntu?r od ncori&, the upper licit of rhicb Io a porohod tator 
trblo. Undorlyin,S the oaturatod porvlouo oatorla1 cad aopariUng 
It frog the meta victor t obl o ore partly o atu rntod fortiation of 
the nano of aeration. 

Zone of Saturations. Ac all op go in the Sono of oaturation 

arc 9121od0 unbalanced fitnci Lorooc iioh devotop only at oil -tor 

cuzca000 and rhic,b tro itiport ant in the zone of txrrotlo n arc inoffc 

otivo. ¶ho oontr ling t otoro in t10 oono arc goolOgto  

otructuro0 hydrologic oh aroot an ottoo of ieto bc enincatorialav 

cud bydrculio grodiont. 

Proc0 COAfinOdo and A=cd Ground C7atops- If victor r ovoo throucji  
CU i 0r-wnnoc3to.R body of port.otao tmtoriol unhc porod 

inpoz ioua oOnfntng cicttonial o It any be dononinatod free around 

rotor ioviirj under the control of the nlopo of the rater 

tablo co 6tottnguioIod from confined victor rich moveo in otrnrbo0 

oonduito, or artorioo under the control of the difforonoc in 

bead  botvioon the tata?co and diochargo arono of the confined va or 

body. If victor io coofinod in 000pr000iblo ®a'torini (+idle"11.y 

pond nn1 rcol) and if ,bii ortocian proocuro In the confined 

uffor to roducod by punping the aquifer ry be 000pra000d by 

' rot 'it of ovoriyina eatoriol aupportto i io port trartooi 

proc os or If the confining otr'a o arc uucozootodo the 

roduotion of prootaro in the t gU19or rnc alloy victor to be proocod 



ovo.cyini3 ontori cr , * & zod , 3roun12 Qot or' to hold in cool l 

oponingo (ohiof3,r cubociilary in ciao) rhioh rociot crotor 
zovonent undor the uoua1 h$rculio a cdionto oziothig undo round. 

It ,io to be diotin aichod fron pollioulor actor thich o4oto 

o y in uxIorociturcitcd c tonic 

'rho torn ' aroraadaotor rocorvoir' .ic v .dc1,r uood to do to 

rook 'ortotlono thorn ar undv or Flo cocuaiQtod tr2or conditiono 

that s sc It. cult ob10 for dovolopnont cnd utco. ° avound ntor boom ' : 
' oq~aifor' , 'votor-~boari formation' cro other Lorne hh c 
cro wood conotino in the c lcaar ocnco. Bach r000rvoiro k avo 
comp p3into of ciniiarfty rith curfcoo r000ruoiro0 but the dicoici'. 
b 1y4 "t r, v''J l coiw  W 'r o® Thoy arc u cuolly I cjar in o o LSO. oz tent 

mad c loo In total otarado oc n ity. Annual ro ortjo Flo (►cuo .14► 
much boo in proportion to etor c ocpcoity than tho proportion - 

ate ( al Cpplg to ou*'fnoo rocarvoiro. 	0 t7hOD000 the total 

otoz'fJo capacity of zrfcurfcoo r000z iro, vhothor naturr& or 

t s.i2iotal, io not el x o coszipbotoly utiliood boocuco Choir 
outboto ac be at en o ov atio obc o their bot tone the riotor 

level In Grcunthiatcr r000rvoiro may b© dz'en dorms conoidcrabby 

boboci the elevation of their natural ou' 1oto, Groundictor 

r000rvoiro ❑c corvo Co roubatoro of otroom low nEatzo , 
cash Slop over 1ot ; } riodo of Liao durin3 pariodo o f dofioiOnt 
rcinf ^.U1. }7 carralay curfcoo r000rvoiro ouoh no l ckoo, pondo 
end acrcsoo aLc o oovo ac ro 1 Coro of otrocz floc '-at Choy 
ocidon ore oblo to ocintain ouch flow for coopernnblo poriodo 
of tinoq 



2bo total, eopccgtg of oundvotor r000rvolro io not of o no 

iaportant in their tatilioation lilto that of ourf coor000r'voiro. 

tiony curfcoo rocorvoiro mrr be dram very ion ocob yo sr ore 
In tho oaoo of oyolio otorcjo, ovary tow yooro0 2hlo d000 not 
occur co froquontlj In the cc o of erouad ator r000rvoiro. Who 
n iz i 1on7orina of victor in thou io uo!a►nlly linitod by 000aozio 
roacooa. 3o~a,ia.oe of the loci ratio of anraac rooJ1nro to 
otor o o c tap potty and the rol ct voiy iario otor coo O Gp eaity 
of ground tat or rocorvoiro, ovoraga annual di oah crQo 	o +ood 
annual rochort o for ouch lon r porioUo th€ ► is the occo rith 
surface r000rvoirog rhoroln normo11j the avarago animal roc!th t 
and dicthoro are rnintrinod in equality. Thio moo it 41ffioult 
to rccogni.00 .mmo,liatoly a oondita.on of cpperontovox'draft in 
grou ndviator rosorvoiro. 
3.5 #C}:I41y C~iit?UJ t7 

2boro ore four diof►lnot typos of movement of oubourfcoo 

ratot~, tto of hio occur ozoluoivoly abovo the victor tabla 9 one 
typo ocy occur abovo or bolou the v rto r ciblo 9 and ono 000uro 
on1 In tho cone of oaturation. Eaoh typo hap Ito Ovin particular 
ch or otoriotioa and is controlled by bye quite different from 
tho othoro0 nod oc, h has boon iron a diotioativo ono in thia 
toit» 

Above the va or tablo the prinoinai covcnonto ,pros (1) 
[Joopojo t iiob taltea plcoo chiefly in a do=acrd vortio-1 diroo-F 
tion. (2) Gc illcr rico. (3) Ground"crater turbulent fay cirj 
ocoar In 1 r13o oponin3o abovo or c the vatcr tnblo,or bolov the 
vator tablo If 1 co oi,onin, c end frco Caret c 1 catr- noo of 
victor oziot. (4) "oroolotion ocouro only in the oaturatod 



CO M , a Into onn ctod °Dor neo n.rdor ordinorsj by 	la (3rcLu 

onto ozi oting tandorgrounde 

l3oopogo from tho around curfaoo to tho acor toblo to firot 

a along dlffacodmovonont b, thiob tho otrta000 of oil oponinjo 

oro vot tod and o 0000nd, a do v=ax i ovorn nt of rcvity rotor on 

the filth ooatio,3 the 000dogo a Tho rovemont to 000 lie st od 
0 

by the pr000r o of ,ground au' thich to diopl clod :4 p rrt Tr the 
cco 7n'7crd cooping voter end 000plotoly 1j 0 'tctn ator t ablo. 
Thom to no Qathooatloal equation ocpiabio of ladlootina tho rato 

of 000pa,o from tho around curfaco to the actor t ablo boo too the 
tiro n00000ary to tt the oidoo of the o,oningo and to drive out 
ground air to an untmoi variablo. 

Capillary iovonont to confined to cater oovor►ent► to the 
o ill 	fringe. 
• Ground—water turbulent lors ncr occur In oponingc of 1 co 
of 3og ouch ' f mo" uroo or tubul ar oponingo. and poocibly In 

intoroti000 In voa co on codnonx3 an elluvial torio1 
under high hydrculio graiioato cu `fiolont to dovolop turbulent 
aovom€rat. Ho moor, natural ground-7at or grndio of o are uou ally 
too of :ll to dovolop tur .ont flora auoopt in l zgo condo It o 
obovo or of the s~catow table o In condulto bolo0 the actor t oblo 
rhoro froo oorpo porcitto roofd covoi ent0 or • in the vtoiolty of 
int L'_Lo of O pumpinj %7O11e 

''oroolotion (lcinr r Boca) In olov covcnant of actor In 

Rntoroonnootod poroo of ooturntod granular nntoriol Lander 

Mydr_uaglo crcaionto ooatoniy developed underground. : oolotc2ao 

to co VC!ont dovol000d by friction of the coutn vator C ,laot 

the ourtc oo of In", ornblo air rAno oonot.tuting the veto r-bo '-r n 3 

tttcrtci doter otaeo the pogreaba11tg of to octorial9 rhioL 



Ivor o 41cotoz of tho } o o., b oh at0000r jcQntD 
Oro nc 0000.T to fordo tiator thoui fi,z torlci the 
throw Doc co flat orrel d vOloo14y of moz,00.otion dc sa oa000 
Sty 

 
tt n€torl l untt2 ie boaoioo 1nopprooiabio ii fao oUt 

and a1 q. 
'5.6 * 	t G!) OP fl 	Cl 

O of the coca difficult problcwa to Cooldo to vot3Qrd to 
CJ ro 	rrator dovolomont to hoa C3ch of the vto ptwinc~k 
to tc1oa from orco c d bot rich is ouppUctl Sion the roplon" 
tehabl.o carfc. o or cubcrfcao courooco ho 1attor q~aa=14 Io 
loj cndont on the co end looctloa of the lnt -*o o o,p the 
pormocta .1 ,r of the curfaco notcria» cnd the + laohttt r and diatrib~at 
lou of the n rural pr000ipit ion avoileblo for 	boro 2bo 
' at o° of tho rocorvoir riot be datorttncd by c flzrtng the 
Lotion of the trotor tcbloo In v 11c. Boor-stoo the voto.r 
ourfoao 1n not a p1 c o, of In a ourf c o rocor of ,, mater Q ,lo 
Mot be aood. 

IIndoZ noznc oondjtlone0 r, puciploy eonticoo, the coca 
of aop oocdon doopoaa end o rpendo untt].(1) it S. o opto a 
ourfcoo of 'or. v doh Ao r. oquoto to r:)ir the to1 .cohnrCo 
un24i the ivoa oonattiogo0 (2) it o onpac000 en +!ocz that rill 

port the roll Øo1d under the nrOVC11$z 'cito of 
ctrf000 $aZ,1trction or (3) it intoroor~to ciroee of d cohrar o and 
YcSucoc tbz o d cold ' o by an COU13t oquc1 to the roll t,thdr wol. 
Coot Svo4Uaat17p the tall ,71old to obtcinod £ten n coobjootion 0 
to or cord of thcoo cocir000 a xS the tot ni r for err .l1 c10 ZOO C 
oovorol oouroo o 10 lace thcn the anpin j zct o 0 pra oo tno 
Qoolino of orator loo. cc odour to a (o roo 4otoscs~od by 
C Oaoo of diiroo over rcehor o. U1trdno17 the not c1toobozo  



dW52.. 

opt be roator than the avcii1cblo recharge from all ©our000. 

Recharge of the water in the sono of onturation ,frog tho 

eourcon above the ourfaco involvoe the (Olio .na throe atopoz- 

(1) The infiltorotion of the waterfrom the eurteoo into the 

coil and other rocs r at on alo that lie directly boiorr the su r faco. 

(2) The doer acrd novamont of rrrator throw tho r terialo that 

conprioo the zone of aeration. 

(3) The delivery of a pert of tho iator to the eater tablo, 

c sere it ontoro the cono of naturotion. it part of the water that 

seepsInto the zone of noyat ion to roturnod to the sur,faoo o:' 

into the atmosphere by evaporation and tranopirotion end 

consequently to loot eo far ac around %mtcr roohergo to oonoerned, 

ho factory that i. nucinoo the recharge of ground ator era:-' 

(1) Dratnc3o 

(2) R 1►nfall intonoity 

(3) Porosity of the around 

(4) ►re—r€ Ln, ooturotion condition of the coils 

Atmoopherio humidity 

(+ Vogot ation cover. 

3,7 	aA3 

The orator table in the bourn, ory bot~roen the oaturatod none 
and the cono of ouopondod mater,. It recorda the level to thiob 
the rabourfcoo rocorvoir to filiode the quantity of around 
orat or in otor. jog end the depth to th© actor cupp y in any 
particular aroa. From ito Sluotuationo, aidditiono to and cube 
traotiono from around--trator otorajo may be odloulc od if the 
apeci fto yield of the foroationo aaturatod or doaatorod by the 

ohas o In lovol to }morn. 



?ho star, t blo cops ctoc t roa'loi..o o'o the foi'oao 
ctO2J3 cid the roc.A1t n3 coc iouto of c *bouz'fcoo votor coo cl. fc sca4. 
Abovo the cc nblo colcou1 c r, cO11ot4 r. , ens Wz fo rnoo• 
C O lopO vc2L cid the 1 0rotlon of thono fo'coo and the force 
of t tit pro1Iaoo the cci1oi co i000 borOLIa doorrsn1oa ocopr 
c!22 4t 1.Lc y rice. Dnlo 7 the 	bla the force of t ov1' t to 
cot c.,cotth17 0ffcotcD ty othoa fot 000„ oIOapt be ^stir tthoro 
boct to .o'tc t j end the ..• itin:; c voecnt to uco17 
PorcolCtt3E1 but ocoaociot 2y cr©urd" o or to bubont f lo~a. 

Rho o10 o or i roftlo of the :voter tthbo to a ar 'hto 
rO9rOOco ttOfl of the rato of l owoo .t1' ton ca povcierittlity Of 
v,cttercictn3 cicorio.o. ho Qbopo vtrioo it'co1 coo the 

vc.00tcj C24 iuorce1t no the p obitty Zhlo to the 	m 
c ontr . 14rr G VOZ' na the to;rprottton +.if -=to t Dlo oiopo. 
GrOUrd-vator covornct 10 c ri o In the d. 	ap0 diroation of 
tho C7;.'tcr toblo cnd It poocbiitt4r to oonetor w the $eotoct 

mtloa cn .tar of c u tity of va;cr t viri ore Its the directlou 
of C1 	": obopo. 

o 	cr oblo outcrop dolirtto the c a.rfaco orocto otabj cot 
to tons cad of1lacat coo rc o. Xnf1uorx 000 .;o oaca o iorothe 

vat wo'.abo to bobot ,rouni ciarfccoo and otroo to Guont poop 
t hoo p1coo toe the t otc r t.t'6 bo 1a bobou the level of otroco 
t o c. L S#1ucnt 000p o c c o at the torcootton of flo tor 
tct)1O -SQ the 13rot n'a c urg !ce c corrDtfloo thrrughout mho rya 
as cite! the wCcr tobbo to at the c rgaco. 

2bo outorop of tho co, t rwbl o to r-o trod Lit the t npo 	C 
cppoci' goo of oSgl o 000pcco, the crfcoo 1 .or:Vflono 09 Itch 
Co Opvtf3op the up on itOit of porm^~aon cicotI r a.o9 O©O' 
r otonc .li of o7 ►o, en 2 the oboe)"a In vo U -ttc a frra c n 



'"g4. 

1 "ec tOi of) to' v0(20P7t0or Znn. 	Ct! t ;- co ` o8'DQ~on 
the tr JQr u311v fL : c' outoropo CorO the tt c^.n In oroaota the 
uo c'la ec at tho point the of 'o c ohrxjoo froe Snflaont to 

of 1ti gat. Qbo outcrop. nowU,y conttnu o Cow-at cm w 

or at zbc Am(c o of do borlon+do T30 t 011J13 the otroz cnd ncj. 

iaolu do I CGo -T o ~o of battoi I cnka. In as ut 	i od tort 
VCllCV the 	o ► to outcrop do 	10 the oontrr1 ocao!or. ylon 
cC1 	co i -roo the d d000't elope  rbavo. Z£0 01lAoo 
ou the cvc or.;pion ciau, the n o -~r b .o outorop eq ozi~and 

coo dioago ca.) the 0-ullioo. 
Vo,oCr ! by to log  art o at In a -Arollin,l; he doth of the 

n+ OE' tcblo boIoi the CLt?fcoo v 	co Ito cai,o. uz or 
the (3ota cu f o the tor tab ..o to a "czbucG roplioa" of 
carfCQo to grng, - : Slot cI'OOp UUdiOCCOtCt. t7 ot'o_:aa sW 
ult out a lot' point of , Ufld-t7otoD dicah crgo 1, t1I by ooturatc a 
to the curfo If ova o' c;tion zmd tr 	lrrtton a o tot crnriblo 
of 	 oil effluent coops o. 4 deeply diccootod *o:Atiro 
UoU ob Liao a loop X o.r tat lo. 

r oe the purely CoO1o, ool vio point the tor oblo oap 
1CtCD, the bolt of vootb arla , o & tioa, roott dcoo ooitton cz 
coluUloop from the u orlqfina bolt of ninorol ooiritton .nd 
oo, oo 30nt ^1io. i. 

Caatour co: o of the cM• 'tor tablo - ro Cr'nhic ronsocene'itio:so i 

o9 the t d laiio oIo;)oo of the tor tobla cr2 .-Wc the bcd.c 
fo ' ot# ioo of to Uiicotlon and r c o of e:?u .on of .$r'oo vo '^p 
o:' (Lr.:ic -o of atoun-4 ' .tcw ' 7 p:jci or d n ;o dlt'o©o ^nd 
ncta 	o rocJ, cnd rcazvo of 3r un' tjto' iri r 1 ca ' rro, 

cod : 3±a to cIe13o3 In volooitj of } roa1avlon or 	o - b2.1 
of Sortiono or both. 
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4.1 : ~x:a .. rJ.~ y _k~.L►~JA :A.ail~iiL ;t L),? 

AUc2om (2) bca xc'ro2 ri zo ond. map c!icrtt ,; tho tuna 

watorr bac .no or trowjlo m. i bax1od* riddoo in ao 't rn Ini,i. 

wIiio bc! boon b d iczin3.y on tho ob ark-15 of tho Survc ' of 

io is Ooo lobo xoport for 193x. bta o ho bow roproduacd oo 

t1 o 4.1. 
o cdn aroundd c ator booino cro no fo1. oc7o* 

()r4ho QQn3ottO bacia, oaten1inG from t vorut to Ito h nih 
oo+2 Do ei. Geodetic ovidoaoo indi ontco that the oilaviun of tbi o 
bocIa n t 4 a n ►c!.at th ckoo ea of ovcr 6,OtO foot in forth 
l3Lbor, oxo Chore io the coot pronounced n ,;ntivo Grp. ity 
n1otJey. ..:ouch of the coorJa the cliuvivaa rid 	b000coo th .ire , 
and fo, rrn o vorioor Z'Octin upon the old topb rchy, roimto of 
t.$:ab 000 iz' cc obc --otoriotio li o of hi~.lo. 
(b) 23 o : n, ab oUuv.a , boom, -oi erdin3 boor~oea I+. itor cid 

dA m--, boo boon ohor brjrmity marts oerricd out Ti the 
tuj .S. Z 2&ion Hoop z Inotituto c]d the :urvoy of Indic 

to be of the o c of 4,000 foot in to t&« It to aoporcto.z 
fc tho Ccno12.o b& in by o cabaor o i r ouoiaa of the  C? Iii 
z c.n o 0 cM is bou -dol on the out " x o'C ci 10 by the a coot 

ct 	 o1 ot ic!ttar ici3Q of pro- 3cnbri an oo o. hho ocoot 
vity on3.iow ho nez the 31afotiaxl of the "' jcb 

01tavIum cith the i:r iL rcIso. 
(o) QIC) lfl4Uo 	ich £z3 tiouj In front of She 3 i's* 
4io! &o V cii 'en oo on the mkt 0ido nd .o :o1 "Cb u L 4 O 



on the north o tt oido. ;ho cic nhQrio the bs oin onto lin in 
o couth-ocot d1rootton to i32kanor, 1t it Ia arobnblo th t ho 
roccct d cpo cit o caro rot c ivo).r thin osio opt bot icon i. 1 -2 cad 
tho cixtc2o cons. It 10 prociito3 th:3t t le bioin n an In Cl 
cotbtz t1irootioa, otir2a oud the 'oto1nor pl atoce, cnd 
joino up c2itb the trowjb of doop alluvium In c u3orct. 
(d) ho J 000 hnbcd b r $n 

Uo far a flo h ootorfl iLlia t o cocteei'ncd, tii o o jor 

0tOti3XZ1 olovation iø p: con'tod by the L r iv 11i r-- r i1e 
ot4koo 	in Delhi to 	enur. 2ho vicibio portion 
of t to rcnaa .roprowonno only the tadn orionCrtion of .ito n io9 
but p 	4o  .1T ciabojed o ztcnoion of the r in,-o d1oti that it 
origincily ht4 n f cn-chccacd dovolopsoont o - ►ooh incl Zoo .n conao: l 
od i 4 o o i i 	h soda from f orocul p rad tho I7*'* 
peat the viciblo inlSoDo of S c lu cn2 1^xcuU v to Ih spur it the 
foot of the . c,t f^ Co. The rcvaIll ran c form the p '(eabrica 
ba%ot bano of the poritculo, rich boo rocultod In tho molot000ao 
and Recant 1lavi c . + ©t.wixo, Coma+ In 'o-.T)orao to the Iota flio 
c2cycn cavcccnto, bcXu?t coma:► to tho tb~roo diotinet ba no 
of the CcaGa, 	ito ", 	rt, cnd tul -n, i' thou tt cn fo n 
one contintiauc cone. flo ziiotcndiorj tbo Acir000 .on (c food fear 
the Cooloolo . c of 41ndio, :Mci o?ero n cOnouOuo oprord of 

tuoiUC oeondin ; from t circa."~i to tcioo, )oThi 0.03 tuoknotr, the 
oiloviun to 	cli ter divitlod tr tho cibior d Dr O-rmb m ein 
L;itcwor.ata 'solo of the rirc7n131 	lrazi -,hroo dicnLoto be laov 
rttb one VOZ' cDoZ 1IOI'1 O 1 iI1 tty. 

2?c cDbriof, .?^1ooa top ;'0c3co1c# tad ¶ortlov fO ?i -.U9nJ 

Ilo on the mot cido ofhhe rcvc, l ino cud arc 1s 
the voincia1c2 obiold óioh bo izt cuooucabod to oro onto er 	n 



of the Ar nol U rcn zitla nt cm doncrz4n,, w t 1 the 

tzou&I 10 rocchcc2. •.octcrn [Ica chi 9'a o cs sart of ?moo 

pc 	tab: thiQ ,zilch ham► nov boon pc io .ly covorod bgr 
'coat t 	tilo'za oc op ci1 Lo aI4nr conrcotod fr z:i 
the cc in round—vc c$ bwrn v14aI2 ho to the no h-oo". ruth r 

conoo of dcopor covo *lfv ofdrb1on ordo cWt ol1t u c 
ar.r Ho on the to of tho on1ncu1r chtold alortj for d o - 
e hinoo co, from c cao1orjc.i. point of o::, capon o1o1 

pbonoono v ioh hcto n rol ion hip, v1th the tcotonio cdorn- 
v=P0 t.iOCuo3a.J cbovo. If thor two pzovod o onlo LV coph 7 
oiCc 03rvoyo, thoy ac be of I oz't onoo from the point of vices 

of do ologin the 	for rozour000 of ' otern N0jaathzMq 

providoi the depth to thoo ci-,tos tablo to nt oxroocodvo cnd 
O SlELv7 to Lint too bi h, but they n, not cocmnr bho to the 
Gonga cnd tm toor •itadhicn ciLuvio1 bxoina of t 4o!z oodloonto, 
rrhi roplotaI.r, o l by gconu .cl zivoz a, In v21o1i v21 	 vary 1 c o 

* ntltico of ounce-w: yo' oulct. 

11-4 rot ^.n ed the In uo B oln c'o thuo 	tt oh1y 
out 099 5rac the on cI ?un3 cb alluvia. booiao IV ooacoclo1 
estcnciono of the irovUi cnof Indeed, the co- ocfod )o1h2 
ch ►pan rica (coro 00 01r for xod the Lobar ;;lah!u' ride o 

in viori of be t or otuaio c) .o oonc1 i ozod to be the o.-in oolo43t-
0(1 (rotor oc r oibbo 2o' the lmildin3 t of ,tuna- for In 
the Tn'oaQo1r irzit,; toJ tvcot o of the tz 	3 - be, r to 
oIo tion of the n cunt rx iouo con(1atlon of  for to is in 

the oc 	ooc: cc1od 'oa. ¶ boo to eonx,uciit1y CO oa lmno 
Cwoun - Uor be ir3 c onciin1 fsori the fIa&.ycn gooththio to 

toot czp !, cj r th on. or oven to i Ru1c an.. Covco c 	onob Grata;-~ 



motor oo 	lb o over tho LO 	r!1par rUQ covoo cotz h-~ 
vcotvzrnOr into tho I,acluo bcoln, - caoina tbo obovet2S rmt 

of 1r o o 'n faj to'chm. 

10 abovo c ocuo Dn aclr brinGo oat tho .9cot 
tho only coa to of ro 4 motor In r. c torQ 3 # t a. cr io tho 
Q ,rcot }, rcalpitc t n vor the anon It colg r 

4.2 "0 4x1" 	 I 

Ia t7ootorn t .othcn, Ground rant oa io both no :moo 
,round rczor in ob~liov daj volio o 'lco no oozf non nzna 
utter In dooj bored CiAbo w bo. mho viold from the r lbo dr 
iu3 actor trora the oo laod ,uiforo Liz coraoi6ar.a'tLy kepi,. T. 
Loa .ir ooao ca .0 pa'o e v at or bodio o r 'o of co pr000z t it the 
,OUQGOr ib racio o. 
4.3 AJUAQ OP jPRjfl_ OP C :'S 	p 	xti.  

2boo iportznt coarooi of a^ochamigo of around - for ►n 
cotora 	vt1CA ore as.tolloros-. 
(a) inflaoat Ooopcjo )son n n 1'cU:" A rtlot or 0000clot 4l r 
cli of s~ . 11 &.akt .lento the ('ouu. , a portion r.ioy sun off, 

cnd a "onion or oil QJ be ovc~corc od. Io wont aoopo o ` on 
ralag l : ioh ro, c ov the rm or ;c,►bbo ie oolbo:4 the Grow d' citcr 
inorccont Srac a nfo.l. .icir oll Ic nrnaL.1y of ohor durction 
cad bon on otoroa, &Aol1 oaocaity tnoj ba ao roduco.i that r^ n 
ccwiot compboyclji robot lc i polls or donor do oto 2 by tmims-
pirctlon cuid ovoorori, ones dioroox caoh a dfioio'ct oaioto, 
tho a ll be no cunt tat2on to ,crouaa renter, UnQer thcc 
o'►c$v"iow oven rorvi,uo my 'l o t11 not ond.iot ' - n t nt:x 

to the voter tnbbo.:;^. afi b poractrctiora to the sDo'  
:..co be p VOA Ca by :.n 	oi,viouo etr -ituc bot= n a 	carf :oo 
nv►A 	 n.̂,1 n 



-5 
flc.u11 Ao p'cotio i11,y the only i urco the ro arao of 

ground c ter Ia thio roaioia. 1lot7ovo ', a vory 1 ar, o portion of 
the prcoipit.it ou to 1oo t mapor ion, oithor iramcat tot? 
or b7 bola* dgorn up letor froo the cone of c ration. Qhoo 
l00000 c2o o? tho ordor of O5-iO of the total rcinfr..11. 
Zaoceo duo to tr3n irctton or cuor~on of otO,r o in the cone of 
ooniUzy 1' info oro corzoapondinely call. ^ho not rooh&rr ;o 
in the cone of onturotion to cr 1i. 
(b) Znf1t ont Coop co P ty , Aaro=o:- 3troc~o of n bo o1 c ood In 

anrr:3 ro influont or of ]uont-influcut it they 'lo►i above 
tho t7citor t blo end oantributo vmtor to it of.luont if they 
'loa ct a la g %ova thenn tho votor t zb10 and receive con ri" 
butiono of around 	or. 

Carl rivor end Ito tributorioo' form Cho on1yr rivor cyotcn 
of the "C ton• xh000 otro a ore influent o iccorri ctrocino 

ta000 d .00hnrro to dirootly proportional to the ,Drcoipit ration. 
Zn c2c&l froc ioto, tint or roz .ao in the cono of aorction on 
tbozo So no cortritrcion to the around tiator, cho net rounG 
hater rcc?crcjo fr,n th000 otroco to vory r, oll. Ra ovor, 
1ooe1lj trio ioyor t-iblo no - the flood p1rine of th000 otro^. 
to hi( rior. 

Cc) 3cop c3o Prot 1rric -ti u rocor oiros - AG in the oco of otro ~ ~* 
thio oouroo e1co aout'rii atioo vow little for the rooiarrjo  
of around ncor. Tho ozcot ortont of the ro}ttrGo frou tho o 
tcnfo cnQ v£Iot c o' lc on not be oorrcotl7 cococod in c occoo 

of the dcta of coccOrol uatu :'Jioa of the watcr t to in t* ►o 

oo;--cca c'on of thoco th^zo. 



mm 

(G) 00pajo . roi T?o~nicc Zrri.(3-'tion Cbannoloc- 312o Gønpj O1, 
rhkra O= rl ad raj Both n C cl ayotct n Oro drn ..c i3 oir 
t ooero from tho i.unJ rib ivora for ir aii3;, 1 cndo is &ri-» 

rnCc 	r$ Bik cr cad Joioo1 cr diotrioto of 8a4 rbn. 
shcoo 	ajotcDr aro choun oA pinto flo. - 4.3. tho GooI)c 'o 
from thcoo oaAol rjotoao c 13 ultiznr oly hero cs conoidoroblo 
o fcot on tho around citor roahrx►jo. 

Xt buo b3cn czDoa'iencod In o o of irrir. Lion ohnnalo in 
?unjnb cud tho Un car 	OucL oyo on in 1vootoxnU.2. thot the 
actor tr~blo In the ro ion hz 	ioon ooncidori'lr n or con int ca 
cppli o tion of irrirlion vA or. In th o co oro oo the tube poll 
£rr1;. 4tion i t not onig 000iDl o but bao b000no t br iutoly 
000ential to prevent the rater lo gin rya nditiono In the aroc. 

2ho oonciitiouo in ,00torn :i4otbrn .hvo vary ct r it 
end relevant d.ifforon000 ritb. the aonditiono in anjab end U.1', 
In oatorn a 3 nothca tho r-Infall in Cory or li. The coil to 
oondy r. sd dry, vatcr taUo Lo very ..obi cd there to as roplk a cr' -
inj of Ground c etcr tip influoa' 000,xrao :Cron otro o. ¶10 :fi b 
o d D.:'. aro; a r000iva a auboontir.1 count of rouna a ►or rooJrnrrjo 
from perinnial voce i'ioin„ in the bit a rcinfrl1 foethiUcoaco. 

, ot7ovor to 1on tom„ c,itb, tho ebcvjoo in the coil aoaditiono 
rca.i1tir txon proioLt cd a plio ;trion of 1rrtnt:Lcni =taro, the 
aroue vator cond2.tiuno in tO cAoCa cOE F1n od by theao canc . 
7otca3 mm, lit oly to un.~cr t m rc2ioel ohtu3o. At thin 0tr.3 

it ici rot p000iblo to echo c 	nic-c nt of t ,io oncco; o or the 

tiao thus oia,000 baforo thorc to a c r1 cd ahcn o in the j.Draz4 2 

C ztcz consitiono• 



4.4 J2ARJ 	PJW  
A tator triblo contour no So o cc of tho tj r carf o 

of tho oo urato8 cono. It io oonotruotod froc nor..~urcmmta of 
doptlz to rotor in )oro hobo or In opon t olla. 

notwon 1932 anl 1937, tar curvoy of Xn1ic aotornnc2 tho 
dopt.h of t o ' tc~blo in opcn at rj v o110 ovor o ido aroa in 
~31VA, taj rothca and Pun ab 4urinLI do oouroo of o rocurvoo. 
T410 a givon tj udan (2) io roproducad oo 91 co fhu.4.2. 

ho cia o of Clan nntor t .4bbo oontoaro Qbovo 1 . .L. n 
, von In the . rvo r of In io oh n o corrooyondo 	 to 
tho o3avooi ar un1 also va tIm 150 rxtro (4921 , o-r 500 foot) 
countour thioh j uto cat root raro into 3 oio rinor. It point  to 
n Lau `.q„uCVO?3ob outt 	b:jrc.u1ic rt2iontnor vxirüo, "or2c~ 
and oouth'crdo- and 4oc~o not load support to tho vior7 givon out 
in p000 noticoa that ao un'z,ound loo rooaivin orator, ty 
,taplioLtion, ooatripoto ly from a otz'roundina antahnotit, ozioto 

Vootorn a -3 Z3tbc . 
ho bidicot ou -atar contour coot of ion ukudo 73,j° 

i o tho 600 foot contour ciich of rii)ao w ". - 1. from ,shoo 
to do Polzarcn, cntl thou 000tvardo, Duct i orth of Jodhpur city, 
tocj o Qotci and Ca m, north of thi o ,mound- rotor divide trio 
bdr:ialio Grcdioat io tordu tho north; oouth of tho diviclo 
it io co A4fk t 1o. X o L avo no ?no bo o of t 3o ooAyouro of the 

bc000nt fornauiono, cl to tint ortont thcco o (lop 	fzoct 
tho oociouri of tim rr c'-table. at tho ooinnoidoroo of tbo 
crow ►d"w i or d.ivicicO 1th tho cic n couooat ': ion of ll 1ioo of 

Vinftm rocko, CW3 ootO thi tho divido con90 c-) to a fit c it" 
mcrood ridGo of oodircnt 	f'o motion► ,man iinj ocot toot o) b 



of Jodhpur* 2hct to to aoy, them to 2AWa1Q ovtdre0 in govo 

of p%O 3 that ,. +o -round 	ox' divi,do a'oproocalto o co 

Ia dbtob tho thlokmoo of tho ooturcitod ouno to greats ;'oro Itho" 

q tho oaturptcd coax to tin thoio, and lico -aotaido on old 

t otozc cd . 

' ho 59Q , wata 	.W.o ct.atour auto tho Luni rivoL be cotl 

tho LuEd Jianotion cr1 3o? of :. in a oc 	icb c a oota thot 

tho atvo' to cu tlyj inluont, cn1 Soc o tho c atov t .ihlo 

Two 	ioac4D to noro onounacd clone .' o In uo z'ivr, 

t'horo tho #Ot-.foot r otas'toblo oozztour oho a u nc ka sout~irr:rd 

bulao htlf c~cq botoon ciaIztr pa1 llydoa ah ESia ).^.horo 4o 

a o1II t tondoZy tOw "4o Oo 	pot al rotor-t zb10 contottZO 

Oa r -otroc of D i1otrog, but thio I9 a to Ion thoxo thoe Lud 

Ivor actor, onci ro=ably tho 	cont ound uatuz', to 

de-+ 9t o f O CU M O 

Tho acla lino of r. bcurfodo drotno o r wu1a onpo,rx to ran 

Ju c o:tot of loq itudo 7Q0 $ fro i Gotcxu in Joiacloor to 

Cbcob" in ?b 	`or"'  	o o}. In Chia zojion, hotovo', 

tho tcrtablo to of pmt &nthB a td drmciL1.y l a 000nib1o. 

J c +cr to .iI o' to opt c uml cat o c Nora cubac.'god vidCoo out 

cOVoao ortnUm"j, QarAw o 1tx oo. tho so ca~b10 CO yto1do oLt- 

rlacd f on :cello on tho b+ o of the Z,ua$ rivor no 	c i 

Lma D 10tra ucj bo o )1 dnck1 In pc2t bb the protn24 of ©c oor 

of io1o, cn6 the ' robabio concoclod otoao1ono of Ir o oito 

voio .o o! o ct oiiciloti cicptho 	t^ rivox cotij c d 

to cu b' u!f o Sa ot7. 

Sty 19479 tho Goo1joioi cotioo of the C Salo. Q:  	o'7 

of m di ocicd out of cot 'tool rnoiotiv j oboary' 'Aono 3.n Sao 
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tzcot of toon Jo {b] 	bo1raoon Obopj .3 L 4 :t_' nIouQ?. 

iiicb (17) *=a to tho conciucion that no eootlnouo wator 

t cbbo o icto iri the .;ion otudiad e  but th tho ooa 	gain 

£1 tic1i roon1Oo ,tho bOQOEQZ1t of rbyolttoo QM other. ago :+ nt 

roolto oallooto in dopraooiono too ondu icoiatod r000rvotroo 

v ►th vido1i vcryinij o1init, 

45 ?Ui 	 au 2LL°B 
L'roD tho point of vion of irr1 Lion ;cnd other iatiiiao 

u ,on o9 azou 	it in Qooxr able to I no xot or 1y t o 

trio er Tonto of tho mar t o a anrfcoo rolativo to tho 

coo loyal but r .co tho + optb of voter tabio bo1or grand 

curfa Soo 

1 cc:► oho cinij the contouro doptho of ttór t bio bolo . 

tho ; round curl o is otthed oa Plato 4.3 q Thia rya to bcood 

on tho pro oioin 	r ; 	nor 	.iood zo a coth 	optho Of prat or 

t tbic 1 sioa ,;round curtao+o proporod. by Audcn (2) . ho conto 	a 

hcvo boca cntendcd ovor tho catiro ro .on of otorn Rod r thcn 

.iron Cc ato ooi.! o od rou oh cr Couk poi oo. d'.ut on' o ia3,p G vo tho 

oontocaro at 100' ntorvio,. but in uc attcohed o Pal o 4.3 , 

oo ou 'o of ocaoiior £atory o hero ci Q boon plottcd for tho 
craao for ic coco dot. could bo oollcotod« 

Andon" o 	ro pro, aid on tho bioio of o ►rrà 3 02 the 

(3oodouio roport for 19S t iob gave the olovotlon of v7 or toblo 

abvo cDCC 000 l©aol. Vh000 oontouro voro wpor1cpoocs3 on 10M1G 

cLoa 	oCioOl chooto Ch cin ;J isroond ooUtonro. Z OQ tho 

limos coot o o of tho 	or ib10 oontoia o zith tho , roua2 

eurfc3O ooctouroo  cub trration p'oviacd c iclio wion of the 

dcpth Of Ct, uo ' toblo boiot7 tho curf+coo• 
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Doom(23) hcA coflootcd data of tho of atio yr for Xovolo 
in tho open =I . a in H aJ -ict cn C a ► l ora n. S mil a~rly nnc%a(5 ) 
aitd Tcyior (46) have oleo given tho doptho of ctatio hater tablo 
at vcuiouo villa~ca in t eir ropoxto. hoao v9.11e oo c ro 1ooaa-
cc on the map and o dopthc of motor tablo trIod thorcon•7ron 
th000 tho oontouro tro tntorpolctod and o rtondcl. 

:rho coatouro la tho aroa corvod 1► Go" Oon oyoton rose 
onto adcd ¶4th the help of the tncym cho n5 the doptho of VIt er 
table In that aron proprcd by tho Chiof '1Qjinoor,ri31tonD 
1Caj ran.bEt. 

The report on the Bccio rocourooa of Contrnl Luna : 3a in 
publicbod by the Central 'rid Iona Z000ieh Inotituto(4) gvoo 
a napCho rAna tho Cooli.tholo. y and Static iat o r level of the 
Lo or ,uni Bno ,n. Via Roao -mob Report nv, 2 of tho foj aothan 
ui dcr,Ground tiator board (22) givee a map oh-)rind the mater s .o 
doptbo in Jalozo district.. The coatou:.°o in thaoo + rc bivo boon 
modified c000r~ainG to the n o arson in th000 roporta. 

it to soon that over very 1c o era oo o f at am naj cthon 
tho t7ator-tablo Zico at a depth of noro then 200 ,foot, and that 
throu .out tho groator part of the raaiot it lice at o dopth 
os000tnj3 100 foot. aardlaoo, thoroforo, of the quantity end 
qty cal itT of tho tor aVOiLCblQ, the puipi na lift for tho puspoco 
of irri/, .tion will bo hi,jh. 2or on1oq ui hta roporto tht 
17 dwj -nllo mound €lainatmor r o in depth fray 150 to 360 foot0 
kmA 	a an 3 h vo an :zcrcao dopth of 243 foot. ¶ho 
corn-Go do•)tb of the ti or in th oca colic io 7 foot co Wh-it tho 
&aac 21tcod roe.*-ta e •io t~hua c'': c do-)tea of 23 foot bo1on 

oun1 lcvol. In c toolity, noithor the gLround curfcao wr tho 



water-table is quit* urn, but the average depth is of value 

in guying a statistiaal indication of depth of the water table 

in the vicinity of J aieelser. Baceptiona3. depth. exaeodinl 

400 feet are rsoorded in the Rajputana tiasatter. 

In the limited riaiihbou rhood of Luni & Sukri river., 

water table In high at depths lose then 50' below ground surfer.. 
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f I $T OY t G 	►? 1.  	' O 1? 

0.1 	ug vo110 coa.otituto:1 an l porwrnt couroo of 7 for ca! i7 
in tho paot An r:ootorn Ucj octhon nvI cacti ►o to bo oo till ywo-
oont 6,79 Flo for baolr ao 1009, tho fo 4 b Gozottor be acao-► 

.bcd tho uco of r. 11 for for drintrinC parpooco In tho =,i. 
A 1e7 ortrcoto fron the 1aJputaao Oazot tour co quoted boloi to 
ohon thi cx w 
(1) J aialcor oltnto$ - The villcoo are ZocJ and 8cr bo v c, 
ooptrcoly populatod g and convict* co a rub, of c~►co oiroular 
uto of briohiood collected round a roll of brc hlah auto.?. In 

0 c W oc000 the toil atar, t ioh to drtn1abbo In the cold 
ooaoont bocomoo c tuo1ly poiconouo In the hot von hor. 2ho 
avoraco depth of the Wo31O In oa d to be about 250 foot, but 
one ❑occurod cone y'ooro aj',, to j b r en ofAcor of the Orocit `lrt-
joaocotriocll gamey of India t cc found to be 490 goof doop4' 
(2) J ricrabt or 'on:-' 0 Tbo rotor c applj to derived froa five 
c, llo, wyin: in do th from 236 to 300 foot; the Tot roll, 
?nos:n co Jolo^. u, aovor f bo and the tutor icy o ooUont.' 
(3) Jodhpur Sato:- f ho docol4 t ,of bocomoo flQ abcoluto cccL 
r orZ:o4 co ono procoodo moot aardo! cif of the nog' he n ml i th'. 
tot c n portion, Zww a oc the th c , it hco boon o ►d for there 
Cr0 ' Cora a ooro ' an o)v~ -fr o ho^do', end 'blct#oo of ctool 

croc bettor tcz1 b ^ldoc of corn.' Viol o. -wo So : ,Xd for 
bctvocne cultiv:tian to ovT rac==e poor - id proenrLouof cl~1 
Gator to onoOCCiimjy OOCCC, oetca 200 to 303 act;a i)cl0*7 tho 
c trfneo rnd .ol1C 'allyb.''t!t3'_; cho A i =, ,-ti3;'ot1 by an oii'lacz? 
of the 'outr' ~;~ c~Qa ria i uxvcj of Xntlir; , Mao vtUc,- 
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of ha 	( in the ?holodl Diotriot) in 1874 rao found to by 

450 toot in donth and 5 toot 4 inchoo in di, otor.' 

(4) Dior Oitys 0  The Votol namboz of ollo in the city and 

fart to forty-fivo#  of thigh five co fittod dth pui pin, on inoo, 

rioter in found frog throo to four hundred foot bolo r the aurfcoo 

end tbouah not plentiful,, in , enorolly azoollont in quolity.0  

(5) Luni Diver.— " The Luni or o, ,t river, the Lonavori or 

Lovauavort of 8rnokrit raritoro, rioao in the hille south—coot 

of Ajmer city In 260  25' TI. and 740  54' •, cnl So fires know' 

ea the SaaorDat.i. It icy for the moot part corolrq a r ! oft ;a h o 
river, and n tho hot months gobono and the oi(jtnhera not 

(Tr pa bioptnooa) aro groom in aonddoroblo grzcmtitioo in Ito dry 

bed. In heavy floodo, thioh ho ter are YO, the rivor ovor-

£'1oc3 Ito banks in the diotriato of ilollan. and Senohor; the 

locel rimo of the ovorglou In 'rol', and on the coil thus 

eaturatod fine cropo of the t and barley aro ; roe s. rho Luni 

io, ho ,aver, wont ooprio ouo and orruotic; on one bone it z' 

bo .  a bloocioj, on the other a ouroo A Ac for co lotra the 'a 

for in poor,^lly cmcot, but lotor down it bocor o tiara online 

In o cu to till, on the edger of the Henn of Qutohd  the throo 

bxanohoo of th o vor ore d000ribod an rocorvoiro of oonoontra- 

ted brine, Drinking meter in obt rnod from Ilovcnbor to Juno 

fmn vollo cunt on the b to a for, foot below the level of the 

bed, end from th000 t:allo conotdornblo trecto are irrA,; :. #*c1,« 

^hIo hc Alva rice to the loocl provorb that half the nroduco 
of the country, 00 for on coroola are concorncd to the gift 

of the Luni". 



>.2 1ppor c o crly c In 1921 o ouizinod the p000ibtUtioo of 
inoroceod n1 inprovod aster. ci*pply in the Jodhpur area In 
connection tx thrnr tith a propoacd ohan o of ra91t7cr lino 
from norroi to broad gca(o from the Lwii junction in the oaot 
to I hoar In the toot. Out of the 10 ototlono ozcino1 0 ho 
rccoo nded oinhIng of Cow a110 In coo and doopo , of the 
V .r'ocdy oriatint onoc in the othoro. m'ip-oor' o ctuty did not 
colvo the pso bi cm finally end it had pain to be o ai no J by the 
Jodhpur Baflt7q cd.nietration In 1939. In tbo.r roport ¢ they 
dcoribo the various utops t dron to inorcaco the ou i1y In diffoz-' 
ont rail y rollo either by more c ir, tboiz dioc for or by dri 
in don taboo through their bottoms 
5.5. Apart from the intoa'ooto of the r: 1lrV other copooto 
of the problora b.cro ,Vicar ouch a the quoatfon of water supply 
to the city of Jodhpur. In thin connection 1d ar In 1931 die— 
oountcd the poaaibiUty of dorIvina largo quontitic3 of wator 
Zroa the Jodhpur eondotunoo and r000a aoidod iouit rblo aodifioot~. 
Iona Iu the ozictinj Its lava and I3aloca ind rocorvoiroo cad c1ca 
the cone z'uotion of a r2orr rood oir in the tio1caa. yr .ley. 
5.4 	mothor and probably tho co of important ccnovat of the 
problczi hco boon the provision of motor for o ricutturog ptarpocoo 
in the Jodhpur area. The position in tie roonoot hcio been 
arttjrcvrrtod by a araduol £'711 in the v:itor table and n ooncoquont 
dooroaco In the yield of o~tiatine cello. 	ocon obcirvod a 
£C1 of co ouch co 23 ft. In the c: t cr t obl o dur in3 the Pori d 
19O''39. fo attributed thin pertly to con coutivo ayoloo of 
dof$ciont ralnf ,l cad partly to ozoo o :+ivo of scot ri ocl pin 

Givoroion of c.irfcao ruin off Into atom m wato.' dr ino cad crrx,,orICLVO 
PcViL G of city O1irootaa 1 cvorthol000, the ptoraticitic of the 



'oalou for the dova1o3 font of rum vator r000ur000 hovo In 
ooat ~*i drab oonoiotontby boon believed to be hi h. Pzpulor, 

d in oor: oz000 oven #ice educated opinion, hoc it the a 
nunbor of ou o croon otroc rn running out at diU 'oront l ccolo 

to the con ouict In tho oion ind tho? could be utilicd far 

the purpocao of urban and ruril Bator c apply no cloo for ogrioul- 

tur l3 dovoloppont • 

5 ,5 A QontAttoo of tt cpo, Heron and 2bor after oriinin,~ 
vi b00000 and a volwninoua data Including the goodotio nor of 
Indis0 oap the dn3 depth of wile in the area and other dotollo0. 
oowo to the conoluoionvthat 0 bond on the nv ib ablo evidence, 
thcro oro no proc)pocto of mprovin, the ixator supply problem. 
(for irri atlon) by mono of tubot obbo in Ii 	ar (thich inoludod 
Barcor diotrict) anti oven it such cocoa did oziot at all it 

uld not be economical duo to doep wator table and boo yield 
of the c te.r boarin otrato no r. ll no the prev it inoo of bed 
rook at aballov doptho. Tho committee alco procentod detaibe 
of tuboc oll och000 in U. "o for cor parioion and to ohov that the 
oonditiono of Iaj aethan do not favourobly 000pnrablo to th a 
at U, P. 

An ralternativoa thick toy oug oot cd,, wee a Groater util1- 

cotton of the stored curfaoo iator, however r3oa a It 1ni3ht boy, 

and of c*oh upon tulle no resolve a noro coplouo oupply from the 

caturatod condo r 3c ont to loeai hi to Coro the riinfnll io 

croatore 'or cigconting drinkinC-water curia iioo0 the orittoo 

recoaao ded dcoponina and iaprovinj oxiotinf wolin and oinkingj 

00130 OOQ 00000 

5.6 	Goophyoioc (wooictivtty notlhod)laveatijntion zico oorricd 

out (1949) by 	icob and other officoro of rzoolo2oal survey of 



Xadi a# for 1ooatln. ao} h to vto? on thictn000 of c: for bo ;:risaj 
aonoo t1 ciao l000tioe of coot ro4 oc in vatar boaio„ coma. 
Who invoctigation vca oarrlod out botrroon Cho r mb- ala~and 
aro (1rinj to tho oct of tho oz Iorotoryr c oa of Jaloc ,coi 
flc+r rot$on). Zt 73o cot o1udcd that the v for boc n3 oono 
c ao V017 thin and probo ly dir oonti ouo ziicah vouid ozpl ctn tho 
difforouco An quality Ia d .Uforoat vollo. It nao aloo oboorvod 
that a thin 1q;rorr of drinkablo tator flaatod over btno in 
2c .cIand 	oo. 

t_oht a (1949) oarrlod out lnvooti J tion for v , or cupo1y 
arooncl J iz 11inor ad reported that tho 	rollo in Jalanl ' 
r;cnc o it do 	'zoo 150 to 360 foot and have en avc 'aao dopth 
of about 243 ft. 

5.7 	ho I athii Uadorrround i1ator Board carried out cao 
'Wring ops _ tiona noor aadar lot, tho Luni Dacia for ozc inc 
tion of tho ground c for condition. Aa or oboorv~tiono of 
thou tho c round votor o3nsiitiona undor tho Zuni baoin noor 

e rrAart arc Lavowr l by an undoraround rid~o of r1 yo1ito e-h1c i 
,lo ozincd ao the roacon for the oatiofaotory ytoid of tho 
largo Giaootor wall( about 40,,000 gph) ti,, ch r7ao ocr1icr , von 
ouch publicity by ootno oour000 ao the roportcd find of hugo 
roocrvoo of undoreround actor in Luna bnoin. Duo to p'ovo1cJiao 
of bolt cooi at ohollov dapthos tuboroll irrl,~,ition to rot ono 
aidored Soociblo along Lund. boolt . 
5.0 Awdon (2) Coda In o aonor2 ac tii h all the a^pcoto 
of croui vo or con litiono of ootorn fry 	?hilo docl 3 
ci h the round rstor oonditiono of Ciootorn Ttj other a tadon 



oO i1oz'o4 that J 132 O lt.1ar oandot©noo g a oloo t2C1 llcot ' oni o Og' 

J 000lo a!o OC cZDll aO Borriar aandotonoc of Coc000uo LYJO 
and 1uzrniu1ito forcwUono no. r Blhaaor O Eo©ot co and poo4:Ably 
the Vind1yon 8andotonco c nd limootonoa of hIconumm to ot1ly 
Pnioo oto ago oan be oon dorcd to pr3vido ooz . ucoful gn'ntitieo 
of ru or,. Milo cocrin the oonditiona Of Xndoj3-y; t to 
o3Luvi z2 bcoin A th the of C7. } : rthcn9 Madon foolo tht:t, the 
oonifiiono in the l ctor boina i of ftovtuzabloa "prowit Indic .• 
lono are toot the qucatitr of actor cv: 1 thlo for Qr.i tien 
in eany pert o of oo am . :-c:Ahom ora 1ioitoa,. ~' Xt v 	elco 
wont .onod that 	toca of o oeutri—potaI dr-inc,o z .room on 
"a 3,crmound. 1±o thigh rmo cupp000d to ozioto the ratrotion 
of Bound icr or could bonqu -srvoroo y Outcaa°do from the 
centre of aej othin. 3vidocoo of Ground v.,Acr t 	z + ontoura 
tiro alco quoted In Grp 	for thy, o coneluoion,. Dr. Audon reaoa. 
ndcd goophyDiooa invootigotione(Qoiooio zcotion cothodo) rhiob 
night throw corn Irit on the bed ra oZt topog,hy end z 1 co 
poocib ,o oOi r000 of undorejzound drelneo t .ob tat It o4.at under 
e cover of :-L tbio' n Oarad tioco thick oco onnnot to oaoort;.t.ncd 
by other cocno. 

5.9. A' oyotonotio goohydroloato t: invootig rtt$ora t a c: icd 
out bx a c ylor, cg g Gott ezid Bon of the G c 1oZio n1 ,.*urvov of 
Zntia (1991.432) In the ed3oinrij Pell region of Jodhpur divicton 
r, 	the roculto ore rmb1ic~iod in 3a .otin ",o.6 of Goologiorl 
Ourvoy Of $idtc. Dio to the U ?CJOUrI2bIO gcohy } 'o1oz3io;1 oo it* 
jon of tIt L $ region ciich is ocoonticily coc pococd of :. &coq 

and I`urenn formctiona i h a cu ,orficio l cover of qu.ntoriac jJ r1 _t!. 

vitla,D the tho 'r oounludo tht there Ic co coopo for tux ?).a 
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In the Pali ro, ioAo The problemo of oUtdty of ground Tutor c G 
yield of the rock fore ono were cico diocu000d In aotil. 

0i.iO The plortox Bubo Calla Oracrsio2tlon of the Oovorncont 

of X n1ia of ortod the field eld t ork in 1955. Ton onplorttory bare 
bolo alt.00 rro t^kan up durina the firot ph000 of the proaoo 
In 1955-~56. Thoco r, ro located In the diotrioto of 1Taio laor fl 

Bartor0 Bikonox' Jodhpur* Churu and Bihar. iho citoo rare coloct-
od by c nior offiocro of the Gooloic of .2urvoy of Indic after 
gooloio reoonnoiooaizoo, The ozplar lon nZ intozod to 
provide gookydrola, ioal data to enable further roeommomirAtiono 
regaling ground victor dovel©pcont for Irri(,at1on In aucb tr Q co 
hieh 	conoidorod Sonalblo on the be to of thono o oratione. 

Bacad on the oboervationo ofI thoso toro hobo, the report 

' Goolov and Ground t ator conditiono of ? orto of Raj cathan by 
Baau a Guhn and Rco a ao publiobod by the Goolo c ail 3urvey of 
India in 1966. bo report givoc the voter bearing oharcotorictioo 
of difforent typo of f'ornntiono and ctzooto the arena cuitable 
for future around water ox boration. Thlo report boa boon. dic-
au000d In dotcilo In the c ubooquout chc torn. 

5.11 	z'in 1957 and 1959 the Rc4 ntbcn Und cr jround r-.ator 
Board ocrz od out drilling of tt7o borohoboo at Darner In fa'oor 
dlotrlct and tro borcholoc one at Rcw-irh and the other at Oise 
to the. north cad north moat of 8 oioalcor In J cioc1eor di ctrl ot. 

Of the tro bortholoo drilled at Bauer, one boroholo (are Nolo 
i oo l) uoo drlllc9 to a depth of 1003'-100 ending In Db;-vtz of 
cnd Kcm1ra ". The torobolo voc dri loJ throughontonito olay at 

the top cnd bbcols clop anti 013oloo and ohaboc rAth ooco 'tack 

o onoos rrara the doecription of the log; It 000ca thin barobobo 



uo4 bcLo boon drill.od in Tortic t forrntio. zPio 'b* Xnlo 
r1C) a' a opod duo to cbonoQ of 8'orn1c couoo. uothor boro-
holo vez clso d llcd at Dus or to a depth of 032 ft. through 
bontoto olcvo, bl c 15 of z ro, coudotono ( 	), end cor 

cok Olt " cud to cr van acct pith at thn boYtod. 2ho bozcholn 
cooed cith olottod cootion botr7oen 445CO3 ft . Grove. pcotinj  

tiro alco done In the ovular akacoo cround cooia. oho Troll# 
borvvor, did not yield any dirchcr r during pun iaa rud no ouch 
it nc abandoned. Theo boroholo too po-ro to h€~vo boon 4rillcd 
thou Tertiary cic~ye. Uf the tx»o boreholoo drilled by ;.o j -zth n 
Undo ijround Jatt.r Bocrd to the north and north met of 3n orloor, 

the borehole at 3lnda sae drillol to a dept t of 462 foot oncUtt  
la Cproon shales. Gravel, horde candatono a vollao tholo end  
cocroo or. d voro cacountored botrieen 362-442 t. The bore bolo 

ciao drilled through linootono intoronlotod with vorio, ntod oheloo 
Eoccno) . The borehole rya mood by pl ceiA? olotto i ooctio n 

n inct the grrnalar a0con do cribcd above. The dicoharro dur- 
,taC puau ,a5 naa 2000 Q.p.h. for a drop dorm of 35 foot below a 
of Otis level of 20 soot. 

The hiroholo at % arh urna drilled through boutoulto ci go, 
E Lvcz' r-ad Cravol olteruotin ith boloh elnyo and cot o 
(2orticzy) to a donth Of 457 feet. Thin borehole t c 	o drilled 
fihrou h ':ocono f'oroction. The borehole aco c n^od faith clotted 
ccationu placed agq Nast the gr^nuiar conoc ind the yield on 
pua~aiaS rrao about 20,000 C.p.h. for a dr© do in of 30 foot boioa 
cetc to lovol of 150 Soot. It nee Qathorod that the qu-13ity 
of actor e too poor to be utilicad for drintdn,; purjvcoo. 

focalto of Ohcaic-1 iuelycio of natern frvu the ;ib3vo ' o v:cila 
c rc ho :: vor not eve' 1 cblo. 



5.12 	ho 3cc c fototaroYioo ,t oton of the oc trcl id soco 
10 co arch T htttuto vi th hoc aaroro at J+c dt ! In of rte► thin 

up the otudy of (,round wator rocou ca In a:ootarn Unj M4thcn. zr 

the applfo ation of the tochnigtao of o it photo-,n orprotot on 

for into,'atod ourvoy of natural w000 bc, a of ady o m o 

of ca Cron of 10,000 oq. Ito. of the Control Zuni flvor 8c c n to 

proparo a rapid roconnlco oo aurvoy report of the ztoion. 2 ho 

Divioioncil report fo.6 1 on Daalo t'ocourcoa of 0ontr_i Luni 

Dcoin, Vtoctorn aj cothc of tho ivioiono1 of 3o lccourcco 

CiVOO the rocaltt Of thic rurvo74 bo oroc C7cc div~.dod In Live 
1oncs for tho pmrpocoo of rour tJator onplor ition acd a Uotan° 
od otudy Poo acdo of the rator be .rinj praflor'tSe of the chiffor-
ont lftholoaiooi formation3,. abo quality of the around ti or 
ooaurntj to voricuo fornationo vao cloo lnvootiCatod. Thin err- 
poet hoc been docorlbo(. In dot oflo In Chapter V111. 

^boo o tcroi otudy Ia now boinj tbllo rod up by dotallod. 
roconnigoconoc curvoy of ncurc rocour000 of the variauo 
Dovolopcont j31ooIo, 2ho dotnilod roroort for land tr.:ngfuraotion 
plan For ihoro end Crya b3.00ko have Co fir boon pubii hod. 
In thoco reporta tho u nor borine nature of the lttholo; ic;.. for-
jarst Lono diotribution of around notor depth oonoop shot .003 
qt3 cUty of around t1c or and dicohro potontici of the Sor xtioco 
he boon otudiod. the Viola blootzo he o boon divided in Sou► 
Ground 11ator tploltcfton c3noes(i) Over on .oitoi! coco( ) 

uparooly oz'lo2tod cone (111)Und or oiloitod Coco(sv)Un- o plo$tc(l 
wao cuG, c lone have boon oai:o for puttii In tuba vollo or 

d'S.nJrjnG rJQtor co troll co for feral-; ition purpocooe 

5.13 	11io nador ound ,lctcr l3oard fork tAofliqt undo' the o 

Snlotrc ivo control of the ,3ricuituro ; pertcont of Govoraicsat 
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of foj 3th a hoc boc 	up Io cores of 	nc thbo 	1o0 

'borlDZ In ouioaltj airj c: ll r n 400poi n of tzlIo by root &I- 
id bloctthija 

A oOoob c3I1oco for r000 c7oh on opoo Flo end tubo 
M- 110 onno'Cto od t, fi►to trovor nt of '3o4 ± 3tha 1A 1961 is 
bed opoictod C't tho on 1 o- Sots. Tbo obSooC .vo of tho 

coicao 1c to oow1iot s000: b on =1100 their OdLo ooitzu. 

ctSozi cd. tiothodo 09 t riA3 c t1 doopot 3 for Ap v 	c— 

ohh p landc? 'V .ZM 	condA tIO W 49 OUbrca11 CcoXoT and 

b 'r 1O 0 
c!zo r000c"oi rqo '''te' on J tloro Dorot boo boon cuT3z t'tc 

by tho o nA it o 	tho t e 	ncotic. 4t Q aocs othctaottvo1y 
pith tho dovo10 on of 	►u '1 rotor rotouz000 for lrrlai" ioz 

uu rp ,coa is the ,moo. A ooboio for co no c ruo n G 250 tsabo r i. o 
In Jc oro diet of to c OO bcl oototdorcd by tho (OVor at. 

bo O3cfltootOn 10 t?O4}' P t0ocina to t c'io up 'the CwotCMUG 

ott&d for t ococ cnt of tho (round v tor rocouroco of Ucotorn 

flog acth . hio 0t124yC111. Lno1udo thO 	1o2 otudy 02 
goo1oy c2 Mopoc ' z by loopIyoic r 	0CI&-i' : 0L20 fOB j3j3E'ow2t1 

tic rcr fo11ocd by c tucl dr 1lnj uolck; the olcotric 11 1O3 n5 
notIwd0 hydra10 ocl obcvvotlon I►' prmpinj Of calm taro boloo 

d aloo h droloSLc1 oT or ottono on the obcorvitton tore hobo 
to corZ'octig COOO t o fr3tOO 111to ~oscoc' Itp9trna3r crib iItyQ 
otop 000fftoont oto. 'iQo11g tho co loct2on of the G mcl 
untor floe c2 o 47 otudytwj p clrU Artl3nO to bOtI c.nO out 1V'1.J Orco 

the w on and c r 	o ~ on to c o'o *111 be t -,Iou cap. 
5.14 	¶ bo 13n+aosc ox"r Sabo ' oU Or pn o-t on !ire alto 
the coupe of 10 r,3eu cf o tho co alotLo of the f tcru phcco of 
thole o boion o 1959. 3 o coocla2 ico 09 oocr;:t.oi 



OOacnood to 2ctoabor„ W9 co d c3ntinuation of tho trot 

Z cir o of 'CAo project t .th tAo :? .otinot►$on that the entire ri1lr 

I 	.00t v o csnnod bw Incdicn tochnioiono0 tl W to In the glrot 
pha,00 the entire pzojoot In c l Ito copooto to brow=fit u c' 

tbo uut `iod oontrol of the plosatory Tubs ;`:olio pvi3nnio tton, 

rhoro a Gco3ogiccu x'143 Szx boon added to colloa cr*d advice on 

ac Coro Eo1otina to oohdroioioe1 probicroo 

so fo the or, atd o ion boo not boon oblo to t cto up o 

ph rotproar,tncao of o i.oratione b000uoo of loots 02 cdoquato 

fluids, c)bo pr000nt .prO rammo havta3 boon tC.!tQn up tinder the 

'4 ti aoro food ' owpd jn " e oitoo for diUtn oro oolootodl 

aoc ordin to tho pr000&ntj doncid for Irria-ittou and donootic voto o 

horo other mom s of for .aro either .inoporctivo or ux foociblo, 

1t tho ooicotc d cite ov first a pilot bolo to d .von and it 

is of act i Golly logged to Qaoort E n whether the v ell boo to be 

abr donod duo to inoufficiont yio .d or +obothor 'it boo to be 

converted Into a production noU .. It it to to bo ci ;vortod Into 

o production cone Ito oleo to oalart;od. After c wAlling cad 

conduottnj3 the quo Ut and quantity tooto on tho nqiiifoia, the 

10 era handed over to the ublio 'health Eiaocrin13 EoLr rtr ant 
~ r 	1 e 	r r ■ ~ 	ti 	► ' 	rR r.a t rrr 	► 	a~~ ♦r 	t*d~ ~•~i■ Y~~yf■/ ~1~ ~l~+6+~~ 

th or dovolopr.ont■ 

130 oyotctxtio (oolojjiocl cppiRj or otud$oo 1br c oOo:cont 

02 OUfd r cr bo co $or boon t C Ot u * A core dot cQ 
otudy+ hco hoover $ boom done on the I h$ coulgoro of joioc ac 
diotrict4 c2iich 2.o the coot VzonlolnG aq2aigor, and an aoccooco 
or the totrl tor otenti~.3 o8 tlito litbabo,3,oll 2ozotioo boo 

boon ncdo (52) 



5.15 The Geological survey of India is Aso proposing to 

ondort*ke the 'ste*etic 3eohyetcà  surrey of the region. 

for systematic g oiogic. mapping aW ground water studies. 

An Bng ►ne.ring GeO] o jy Div'i doa recently opened at Jaipur 

is inch*ge of these investigations. 

A 
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22ho g ur catci In the Lt toMUCCo 02 tho pc blo ctraao 
in the Coto of oczrc4oQ icy, c ci 1o, tv~i vorr wore 

cad voj otoc4i1. CuO covcicnc Lo tci 't d L,1I31 	r.~.ao 

of cm li or vlaamO Zara. 
Ground na oz fi.o+gaa cat 	aat10 to Goa ^ . o a 

bcaof on ocioatS to 1noip1oo €arit 1 ff.OACtY had dovigo3 fran 
1$0 oitporiconn t10 ACO* aOr2OQ1J hcoca cc W'S 9 "r IT7 t $ob 
gatotoc thc.1 for lc=laar ': v# 't to r o og :.on v oo dircoti; 
no tho hydz'culic cioct. 

in pczopc o crir nt i 'Q' 10 tho diooiQrp tbxou 1 tho 
bow of o t 3 0 the oo ocnocialc5 aifSotunGo in nocoworio bco4 

r 'IS h ' and ' 1' iQ tho l on:th o ao 	rrnth b nttloen 
piLocor-o to ro, to ti7d3? io , ,^ ion ' i' 10 ivon t y  

t 

:d4 Vo1 cr Loci l* rosa is on 

.st ar D ut ) 
`Loo t?;tAkorf t!r Of Xig4r„xa . 20 j3y ':.1lon v So' aot o^g' ”? n, tho 
at3VO cuciCtOci 1347 Rio c-31► cced co10 	ou3.ao2 in tho Eoro 



cho oaopano volooity (v) to ;3,von by 

M 
A 

dire 'Li' dogofaw tho ozoco cootto 1 a on porpondicuhr to 
tho dircotton a$ fbo w °v' to'thcroforo not tba twzo volooity 
oSr 2oww tn tho oapito r poroo lot on e1jccout ocd portioleo, 

but ctn X1L3i12D7t cm ovo tho 	ca 	c of the voocol pout c1i 

tnG cau, Zn Doa'Y' o d of .aoit mvcq^ocaoto co moo #or 'v' 
to rain con t Est rwr000 tho L:'Aolo c'oo 'A'.  In prcotio 
problemo,o boa avor1 'v' to aouaUy a fta ioa of tho point o% 
oboorvetiono and tho vtgorotac~ ' n c 	2orm of tho nbo v oquot 
ion 2or 000pao voloct 16 

Gone° 1y 	2(i) 
Et for b oar CO PO10 foi, acoordint3 Co Z g 

Itl 

v hox'o 'Zr' to a oonot ar t coli od tho Co-o2Sioio nt of po oib tty. 

?►,,fir oaopcja fllot tich oszeat1y oboyo ;3trcy' o 1c c cn bo 
cbo tm to bo a otontta1 ,poi tip' oh outiofyo Le. C3oc ogiactton. 

Oonctdor tho oortiimty ovation of coop to Lorr ruc i 
o -cocoo tha , 'cot 'that c ittor 	n lthor ho oroatod nor (3ca roy-- 
-erode Xn order to dovolop contiiaity oaua'tioo# ooziolc2er on o1ocoo'- 
off' pcPb11oloptpod r1th c1doo 	n g 	g cd S Z - coo ri; . tot 11 

(UOY0u) 

 

bo tho centre of prrt1:1c1optpod t' d lot ta 0v owl 
recant tho volooitioo in zo.y oad c arcotiono',ico ttvo of 



pot '. Lot P pr'o conx tho r: av d Li1~r O tho gluid. 
c asm~ Qg' f1u1 p oc2ng t ou 
r'a a gy E a ~+oo:-.l", thra 
p0. U'0eDoucuC eu ) 
to co acr a, v. OO Ila x d scot oa 
(for j von r a , vt3*oo ) the 

Y- Aoc'n s iottn' th u,, j:j 'co  i till 

bo 
axC 	Z 

^i i cziy ma= f1on nj out thou £ a 2 due ►ac3rnO3t a 
voiocitr Le 

& ~z C Q U f a& C 	]  

f!cneo not r to of 1nJ.ci of mqo t i u fcoo I t 2 in ob . --. =4 
I Gubtzrotinj Qquati an (4) fro (5) 

cc 	ce) DK &)1 

.r. . cx17 not _-ta of ti ra mam tho ;ur:a fcoeo 3 cnd 4 .a 

,U2 tho coff 'ato o f mnao inf1Od Zirouj;:I the a or o fc o 
pC~r} omicu1rr to B eiQ $o 

	

c .nco( ~~~'~- . ) 'o occnto the moo oS £1u2.1 alp hc 	3 on 
~~U z.) ►.e. ~'~.~' Se? 'O9 UOU O io µti:30C of all--r no ©9' aE (  

1oi2ca. r;O dQ t r tho o ^ . 	of of 
lalou ti to the ga _A101o48,ca th u I 11 the cti faoco tact 
to ci tc to the L' 'iQ of O;nv"3Q of nc of v=nA 0tb0"Apcd,% Qw 

a71 C 

 

p1/ UrcR.i,JI Vt I 	Ca 



Dividi!g both oldoo of oq.(5) `tom" the vo *aco of the pci llolop .pcn 
sx s Sz 	oquation(5) b000t oo 

(9 v) t '6 	((-) 	= o - - - - (6) 

This io continuity equation in oartooti n co-ordinco ©?otc . 
"!hio equation io cpl2oablo for 

i) Stocd r or anstoy lov 
ii) Uni 	cza xonunifor nov 

iii) Corlprocn3iblo no toll o .nconps'ooaiblo £liaido, 
i f thee £.Laid is l osiraoiblo„ ! the QCQo doaoity ( d000 not 

	

eharao rrith zoff►o a or to loner~ 	c0 d. 2hoz'ofore o for 
izomprooablo luido0 oqa atioa( 6) o2uoo to the to a 

	

_ 	* 'd w 

Pop o flov thich oboya Daioyt o lcv the velocity to 
p'oporUonal to the hyd ulio i'aciiont oanoido in a tea dirQa-- 
aionoi flora in z-, plamo the piocoaotrio head h at ark► point 
is aivon by 

t7ioro p donotoe the ppoocuro intonoity at coq point u& or 
oonddcr long a the clovaton at that point cad fl n the unit 
cioi jt of victor 



pYw ' 

bo 	ta1tci1 vc .ocit'cci crgpolia 	 t v  
ZI 

g 	~plw {z~ ` 

lit tho ccnorn1lood acc o f throe dinanoionol Eiot, th o . 
throe coc1ponauto of velocity arc ,Sven tiy 

a0 

V a ,..-s ...r...~.. 

ciabotitutinn tho co v1uoa In oquatioi (7) t h c ro 

Thto 10 tho r n P2caoo oquotion cnd the oo1uti n of thin oquatloa 
ndor pxopar bound y ao it.otao ,3ivoo tho co3 ution of the 

paz,Ucul c ooapaeo 93 O 7 probloi. 
Wa 	Oor.;ltlono 

(1) ftzoi iti►or'wblo oundo — .ho oorapouout OR the volooltye 
p0mcadicsular to tho bouny tot be aaro• If n Io In the 
diraotiou narpont2loular to tho fiEoA bou c1c'yo 	t= o 
at tho bounty. r~ri, 
{ i) Tho oo orpr to } la nrov 2oy1 tj a ccopcjo Son 
foodin; (or Sod tg) ca opoa bo6p of naycrr rAth n .Soo caa'fcoov 
coach c a latto or a rlvo'w 2ho fi un3 	butt on the CroiA,:,l 
xitor cmd the opon r utor(tho bod of the 1 c Cor) to olo :..r1y a 



curfcs o of cc not cat pi000r.,otrio hoad,, and q caonot or 	cO 
aP 

rshoz'o 	to any short diota►oo zo^zurod olon3 the be4. 

(.ii) Vroo ciarfc o (ciroor nod 2lo,). 'ho proocuro at the curfcoo 

wctcr toblo) to atcochorio4 p = p 	000t D and a # gQ ac that 

tho Unotion 

LI- 1 h0./ W7 

In all thcorotioil invooti, ptiona it hey to be accumed 
that thcro to no noticooblo ozohongo of victor botnoon tho 
capillary Print and the body of ground atar co defined. Tho 
rratcr table ocy, the fore * bo oonoid:rod to conaict of innu-- 
aeroblc otr'ore Unco D and 	— a 0. The ubcolut r vflu' of the 
velocity vector to 

k1- v= 	6s 

tbcro 0 d tnot era the olopo of the viat or table. 
(iv) The Startho' oaao of the aquifer and the around eater in it 
finiohia In the open (co jjivina riao to fro- f ox7v as in opriu c 
on n olopo or lOo dote the face of a tronch) bed, until rcoorx ly 
lu +abed oloc d ioitn. 2.oinin obcorvco that all none the 
free fio i dot* the open dope the proacure to atce ophoric v pops 
If ck (D to an ofonoof of nay path alon3 the curb oo olopo, and 
o<Z the nntjlo of adev ion of this ofaaont above the horszontal, 
the component of the carfe.00 volooity till be 

aG 

Ys aortotu cocoa the rotor table coy be aowumod to be 
tanontioi to the ourf~.00 elope, co th, t V vn.  'horo the curfc2O 
olopo o in verticc3 (ocopaao to a trench) Q this oc^--caption h~-±n 
boon cbovn 'CO ooir.otdo vith the condition of act 61ce 7 irGo o 
''h() nnnn no ' in 'Cn4S~e 	nv+ r".+hts minv%n n ' rhy=n~nww 



(v) Zr tho Gaoo of a A'oo rotor tablo to tiicn a !noa no ioc. 

coop co now q io aadoG frors nbavo„ tho coouaption tares ba =dog 

acoordin,s to '7oinlao that the voiooity at any point In the mater 

tablo io tho rocultant Of the vortioal Vloo1V of the flo17 

q cn.1 of the Ground- ra'tor velocity tanontiol to the grater tablo. 

d ,o jroocuro at dl Pointe of the rotor tablo Is awn, fin. 

In moat prcotioc pzobioi oovercil of the abe'w bouGary  
conditiono oocur al tot couoly; there, are coca oceoe► thorn the 

bount3'. ry conditiono cannot be prodio it od at all, c d ro ro nuraororw 

onoo manna the point of transition .fret] one condition to nnntbar 

cannot be predicted. 

6.' ~'c 1 

Po oit,yp" Tho phy olo al propo ty of i rock that d ofinoo the 

4c rco to thick it contoino I orctioco io fo od poroe ty rand 

io ozroocod q ntttr tivoly co tho poroont o that the mterotittal 

vole ca io of the total, 2ho porocity of a iatorial to dependent 

on the iatcr-rolatlon of oicoo casc and pattern of channollli 

in elctivoly oolubio roofs cob no linootona; or in of oo chapo 

and cannon of oortinj of Ito component perto in unoonoolidatod or 

porviotac codicantary catorial0 or on the aico, chapo and pattern 

of Sracturi og in the donne 0 colinontary i .00uo and rctoaorphio 

rocho. 

Who porooity of rook or unoozeolidatcd v torinl nncy re, ;o 

free con tdcrcbly loo thna to to moro then 5O. lnpnoral porooifiy 

groctor than 2O icy conoidorod no l c r o 0 5 to 3 an mochas 

t loon than 50 cc C:20110 

Specific Yiolda- Cihon oaturatel rocuo or coilo tire dreinad under 

the Caticrl of , prav .ty9 it io found th C the vo1UE0 of actor 

4 .cldcd by dr sin; Ac loco than the volwa o of voido apace 



ndiootcd by the total poxooity of the s atcrlrl beocuco 

of the pollicul cr mater that io rotatnod by molecular attraet.on, 

Tho quantity of vator y1eldod by gravity droinjo from  froci ©nturotod 

rotor booriAi aatorial to tormod the opocific yield and i c 

o r0000d coo a percentaao of the total voluao of the Aatorial 

(lEc.flOd. 

3pooifio fotont .on:-► mho quantity of ter rotn.,inod by the 
actorial a dnot the pull of ity lo torzed the opeoifie 
Hotcatiofl or cold Ocpc ity and to og!.n oiprooco i co the 
percentage of the total voluao of the c atorial. 

It io ovidont that the cram of opocific yield and the epool-
fic rotontion of a r torial io cqu ab to ito porosity. 

If evaporation is provontadp the rooter part of the tor 
rotainod by a column of rook or oond and ar=vol, after draininn 
for 24 houro vrill be rotnined a mo at indefinitely an a film 
bold by col ocul cr adhooion on the wallo of the int orotioca. Tho 
groator the ci ount of total intoro$itial curf-.00 in a roc's or 
unooneolidntod notoridl the rooter is Ito opooifio retention* 
It Io found that, no the affective diameter of grain dcoroanoo0 
the opooifie retention generally incrceeco, bocetace the tot:3. 
ox~poocd surfccocoa inoroc oo riith doo'ocoin garcixi aiso. 

2huo the 1r.rQo cpcalf1c retention of the alai► till roc It in 
a vary cooll opocifie yield, thoroac the rovorco would be true 
for the coaroo arc.,. 

Dotormiuotioi, of the oy ccifie yield or opocific retention 
by lobo nothodo coo lialtod by the dtfficultico of 000urin„ 
andlotuwbod and roprooautativo ocaplo©• In cddition, the ohort 
ccrzlo colu©c uood In the laboratory o cot duplicate the veer 
loarj ocpillcry tiaboo th at probahl.y oiiotc In the thick cootio. 



grand in the field. Jo io' poaco+abilitye the raoct tiofaotory 

dote ncion of opocifio yield c: a cac2e in tho field through 

tho ooGiw of parnpir tooto. 

'os oc` it T and ¶rancmioatbtlitye~» The ociaoity of a formation 

for trcnez3itting victor is mcaourod by Ito co.offioicnt of 

poxcoc►bility,j r ich ie doffazd by 2ioincor no the rate of flog of 

aatcr In Sc .lona pox dcr through o croon ooctiondL area of 1 oq.$Z. 

undor o hydraulic raddont of I fi'/ft at a t oc oraturo of 60°V. 

he tore co-efficient of tx'anciocibility io dof'inod as tho 

x'cto of flco of water in gaflouc pox' dcj through €i vortio yt otrip 

of c m_dfor I ft tilde and extending the full saturated height 

undor ca hydrtaalic gradiont of 1O0 at 600 '40emp. 

The porc3o0bility of grar llor nc erial vorioa xiith the 

d r. of er and degroo of a000rtcont of the Individual particloc. 

Laboratory dotorninatione of the co-offioiont of poz.►onbility 

are ca do by mo:.=ring the di coh ergo or the time rate of ohanbro 

La heed, for the percolation of c acuro4A' quent9.ty of gyrator tbrou . 

a known area cad volume of coil ocmplo. he doviooa uoad are 

ktio va cc pernoóotoro. It Could occa cdvicablo to apply lobormu. 

tom cothoda only to oonoolidatod rmtorialo or o oo of wagon'. 

colidatcd ©atertclo. ', urthor oaution could be ancoroipod c3c1co 

the volume of cteriol uuod in pox'zarnotor toots ropr000nto only 

ob iaticiitociicicl Quo of a formation tki:t is gonorilly quito 

bot©ogonoouo. 

told dot czrAwtaone of po aoab .lity ore wade b7 either the 
vcloo$' y or potor ;iol method. In the velocity method one ¶ oll 

io iaood for the ir*ootion of oalt 0 dyo v or as o1oetrolyto. vD 

or core vollc are wood Co oboorv,,tton otationo to dotornioo 

the ii :o rote of travel of the Aajootocd Cub u:c.eo thirouaa the 
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water bo arina m Lori o1. 11uor0000i n io Conorally ucod for the 
:dojo method and can be dotootod bar oyo or in core diluto form her 
colorinctor . The choniool. 02 or or t mothod requiroo periodic 
o r plilua and ana3.yaio of inter From each obaorV iou voll to 
dctorz iri I the time of arrival of the oaltod colittion. The 
olcotrz to Aotbod rol- taboo periodic rocdioga of olcotrie 
conductivity of crater in aooh oboes' atione 1ro11. BvEicasramcr&tc of 
the rratcA—table aradiont, the diat:nca botpocn oboory tion 17Qllo,, 
and the tiro of tr xvol of the injootod c atorioff. provide the 
bacio for dotoraininC the paztoobility of the t a oriel over the 
path of travel. In ac rmcli as the velocity of flog throuh root 
croand riotor aquiforo io r~ocourod in tormo of a fey foot per dc; 
it is r-000000ry that velocity oboorvationa be confined to email 
orrooa in order to ocouro roculte 2ithin a racoonablo tiro. Thie 
cothod no aeuroo the velocity of the fnotoot thread of water that 
h rpono to intorccot the two trolia, and not nrcoacarily the 
avorr o velocity tit hin the =Ile. 2hio mthod Mottle be 
unnracstic a . for ocnplt n,j adequately arty hotroaonaouo aquifer 
that hoe large vonationo in vertical and horssonta l porno bility. 

:7otoatial nothoda of dotoruiaing porconbility are brood on 
Doacurcocnto of the aunt and rato of dra dote or r000vcry of 
maters-lorol in obaory t ion bell o at different di at o oe fron a 
ricll that io either puupin or r000vorin fron pumping roopootivoly„ 
utorc ,o too— ffioionts ror unoonfinod aquiforo, the oyccific 
$cold dofinoo the mount of water that to aviiloblo. But for 
confined aquiforo, those io no umotoring of the ncatori tihon 
rotor is rithdrarrn unl000 the hydreulia how dropo below tho top 
of the aquifer. Concoquontly the torn cpcol 'ic yield o.: not 
apply to the co oonditiono. A co—rol ctivo torsi,, tho ' C'tor= 



Qo-cfficient' is onriliod to confined aqu$foro and this io dofinod 
co tho volut23 of vator that the aquifer roloa000 fron or too 
into otorcGo per unit ourfaco area of the aquifer per unit chanio 
In hood coaponit noraal to that curfaoo. 

I3,ydroratatic prop cure in cuch a r000rvoir ozorto to force 
that cot o o-s etn ut the cuporimpo cod icpor~iouo aato ri al $ the 
r;cjit of rich i o cupportod partly by this hydro uUo pro ccuro 
force and partly by the coil groino of the aquifer. A reduction 
in hydrQat ntic prop ire, incroacoo the load on colic ar iao 
of the aquifer co that boioj ollaotic end probably not oocplotoly 
oocpacted0 it io further oomproaoed and come vntor Io forced 
frozi it, lco come additions, vato ' le rolonccd from atorcao 
orzine to the fact that ►ator La olootic and ozando on the 
,fires cure is reduced. 

Artocian mquiforo are believed to p000coo voluwo olaotioity 
ich reooino unchanijod uridor coma]. conditions of rcoharro and 

diachrrao co thctw z 

St = GV + ah 

Vhoro 	fat 	otA locd onortod on a unit oxen of the aquifer 
that poet of 8It borne by nator 

a1 that part of 3t borne by ar rino directly. 
'hue In c vortie . price frith a brie area 9 ft. oquaro 

,mod a hoiaht oqual to the thicknozc of the confined aquifer0 

the otoxro Oooffioiont oqa alo tho volumo of atcr(in cubic foot) 
;rol cc cd frog cvor .go .Non piocociottio ho ̂ c on thin ,)rlcr3 1 a 
lorcrcd by 1 ft. 

in 
Arcl a ta:►tt price in an unounfinod aquifer t 	o 12 

the cn^tor totlo l0 lovi rcd a unit diotr.noo ' ;" Q ucu lly the 
vatcr that io thereby reloacd roproconto0 for practiocl► purpococo 
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the gravity drainage from the it jortion of the aquifer pricn. 

Thoorotioolly o  hot evz ±, a alight mount of wet or comoo from t e 

portion of the oaturatod prism in accordance 1th the prineiploo 

diocuecod for the confined oaco. Usually the volume of rotor 

attributable to oomproo eibility io noa3. gibl o in proportions to 

total volume of rater rolaao gad and can be ignored for the 

tnaoafin d flow . The atone coefficient is than oonoible equal 

to the specific yield. The etorAge cooffiolont aqy ti avo en order 

of. the m Ltudo ranging from asst 0.50 to 0.30 for the unoonficod 

aquifero it. as ag &inct 0.0001 to 0.001 for the confined aquifore. 

6#4 Z1EY  gR C i 	- 	a 

aanumptionoz— The thooritic el•-mmthosnatiaa1 treatment of a 

radial gravity flow of ground oator to a oingleo  ordinary 

perfoot roil io bacod on Dupu±t Thiom* b theory of well hgdreulioo• 

For the derivation of an analytic ozpr000ion between the yield,. 

Q of the to11 j, and permeability of coil, W, the iollowina 

aournption8 are ode:- 

1. The coil io a hoeogonoouo, uniform0  porous medium of 
infinite orool exte art. 

2. The perfect roll in inotnilod ondJ tea grounds Ater froEa 
the entire thiatsnoao of the poi ecblo0  water bearing 
otratua. 

3• Thera eziot on u:xconfincd, uniform s  otendy, laminar; 
and radial ground'.wntor flow to the cylin>rioa loll 
from u concentric boundary. 

4 e por email inolinctiono of the groe eurftOo of the 
ground rater gr. vity slow o.yotca D  the ctroomlinoo 
can be token ao horizontal. 

5. The horiEontal velocity io independent of the depth. 

6. The hrdreulic gradient is equal to the elope of the 
tangent at any point on the doproyoinn curve of the 
free aroundwator tcble. 

7. The coefficient of permeability, ito  of the ooil in 
conotaot at all timoo and at all places. 



8 . The Well is being moped continuously at a uniform 
rat* untill the flow of water to the well to stabiized. 

fir -regarding the limiting assamptions, pait"Thi.z'a 
theory can be applied to practical problems weletive to ground.. 
waver flow. Of course the success of this theory depends to 
u greet •ztent y upon how the assumed conditions underlying it 
are mot in nature, 

Aster a stogie, perfs4t well stea as slioan, the outside 
radius of the all is 1—Y0 , The riginal stntio groundwater 
table, MiSh at the s ems time is the zero 4r s douea, is at 
elevation t -t. The thio aaa of the water b+ lug strata is 
It units. Upon punping, the water table in th • well lovers down, 
by an mount of 3, termed the drawn. At the saastii the 
groundwater level around well al so lowers . The dust Bred sons 
in the soil, AOD 	takes the tars of an invert.d funnel or 
cone of depression.. The maximum drawwown fir., is at and within 
the well. The depression line AB D, representing the ground-
water table is o.led the depres on ,ins or the pumping ground-
water table. The radial distance, Rs where dr*widow #S# is 
sere, is termed the radius of iaflueac* of the wall. 

The rate of flow Q, of water into the well at st ebilised. 
now upon pumping expressed 	Darcy' a law is 

VA a ki&  
Where 	V flow velocity to 0/sec 

Aa now area, ins2 
1 n 	a tea °~ " bydruUo gradient. 

change In 1 — oorrdinato of the depression 
Curve. 

far " ohs ge, in x 	0 	" 	0 
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CYLI bQICAL eouv4%>ARY 

Then area, At through c hich the flow of water. to the well takes 

place, is a vertical ciroularcylinderioa.eurfaoe(below the depre-

e sion ourve ) with a radius, x, and height y; 

A 	2 Nom,' 

Chile a particle of water approaches the center of the 

well by an amount der, the groan-water table experiences a 

depression, or lose of gradient . dy. 

If there exists a continuous, uniform radial flow over an 

impermeable strata then the rate of flow across any  
area, At is equal to the flow into the well and, in turn pumped 

out of it 

i.e. Q=KdX 27zy 	-(9) 

Separation of variable gives the following differential equ. 

y. dy 	 -010) k.2K x 

The boundary conditions for ig OgP4110P.: f ((LL) 29ü 



(1) where the depression Line intersects the vertical 
outside surface of the well, z a r0 say- h 1 hors h a depth 
of the water is the wail. 

(2) Wbe n x - R.., y *r H at pts (A cad D) 
Xnt~ rating between those Units 

0 

	

or (y2.h2) 	Log ( ) 	- (ii) 

which is the general equation of the depression lire. Xategr+ati. 
Ing betw Ben, art = r0 and 	* R and between 7, a h and y2 - I 

R. 

YO 

or H2 *0 h2 	'0.2 	log rig 	.i2) 

Prot which q , discharge can be calculated an 
x 	11 

g 	 log es 

Zn practice, R is to be substituted by each w diet ance 
from the well,, at Whiohg after ptoping a certain anount of water 

the dopreidon of the natural watøe table in the water boring 
roil 1 rer haiao longer aq practical significance. 
6.5 W. THISJnMM 

If the obe *rations of the t 1 evel o,f draw down are tares 
in two observation wells looted at distance* rj and r2 fzo* the 
acdn we31s we have by integrating equsvtion (19) between limits 
x * 71 and x2 * r and between y1 = h1 d 72 ► b2 we have 

(7dr -4 z 

	

o r h2 - h, 	~•  ick 
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h 	{ h th (h -- i~ 
Q  2 i  1

)  

If the drawr down is ea 4l then b2+ h1 * 2 ■ 

ead h2 +M► h1 0 jaI " 32 

where a is the thickness of the squifor 

log 	h 	2~ 3~ 

the QOuCffiOLeflt of transmissibility 

T- 

• Los' & 	" 	"'a3 

or 2 a 2I 3Q log 1+ 

This is called the Thien for ula., 

6. EXENT 0? CO t 	8 a 

Daringpuaping a cons of dep osAOn Is formed yy the rsaovsl  
of water and the slope of this cote of pumpingg depression develops 

Lowly until it is sufflCient to generate a w vement of water 

towards the well equal to the siount of water pumped. The 
movement Of water toward the wall is nor ► to the contours 

of oonS of depression and the arose sectional area through 

which water peroalatss toward the well is a cylindrical surface 

the dtaubioar of Alch wary directly with dist vacs from the 
well. The slop* therefore to a maximum at the well hao sass the 

water pumped is moving through a aishow caresir-swotions. srer~ 

and hence with maximum velocity. The slope flattens at a dsoress' 
lag vats wl th di#t adds from the 1l and with corresponding 
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'heoritia sl , if a sell wre pumping from a ground water 

badn or reservoir which receives no ground motor additions or 

from which no di eoh erg. takes place, a con. would develop.  which 
would extend to the aergins of the basin and the water table 

throughout the entire basin would finally be adjusted to the 

• , *ping iaisi of the well. However no natural ground basin 
dt lout discharge exists. The water table jean maimed surf ana 

which*lopes towards the discharge area and pumps draw on water 

*o14n in the direction of voter table slope. A cone of degrees' 
Ion forms around the wall# the boundary of wttch 14 the ground 

water divide which delimits the water moving towards the well, 

he Depuitr formula gi v n in pare 6.4 above and several other 
aiaUar formula of the Equilibrium Type include the detoridn atton 

of R, the distance i'ros the pumped well at Abiob draw down of 

water level is inappr able. It Is rather difficult to determine 
this value of R. Several inveetigtitdwe have given arbitrary values 

to be used for Rl- 

811chtor 	 I : 600 ft. 

— 	Muskat- 	 _1_; 500 ft. 
Tolman 	 1; l000ft . 

According to ?olzsa a (49) the value of 'II' usual.ly lies 

between 100 * 10,000 ft. He euggeet that a value of 1000 ft me► 

be use do The srrc r introduced because of an inoorredt value 

of 'B' in determination of the meoharge of Field permeability ability 

Trill be aaaU because large variation is the value of R makes only 

a small difference in .th• value of discharge* The following table 

shows values of( gf 	) for several value of I and x. 
r 
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TAE b#4 

W= DIAETR 2 r 
I '4 

Post 4 Sic. 8 in. 12 in. 24 in. 48 in. 120 in. 240 in. 

100 0.36 0.40 0.43 0.45 	0.38 0.77 	1.00 

200 0.32 fit 0.38 0.43 

500 0.2 0.31 433 0.37 

1000 0.26 0. 0.30 0.33  
2000 0.24 0.26 027 0.30 

0.50 0.62 0.77 
0.41 0.50 0.58 

0.37 0.43 0.30 

0.33 0.38 0.43 

6.7 	 EU 	 JLA  

factor for time does not appear in the formulae of the 
sqt ilibra typo described above. In the ie  formulae only the ulti- 
mate condition of the ground water system is considered; thus the 
period of puspiog has been asmumed as infinite and no oon*ider ► 

ration is given to the diiforhag hydrologic conditions that 

exist prior to stability. 

Observations on the behaviour of water table erourd pumped w 3]a 

made in connection vAth pumping tests by the Unit 4 States 

Geologies]. Survey and Oopperattug parties show that the form 

of the pone of depreor4on reaches essential ttsbility in a 
asst.]. area around a pumped well in a re atively short tin• t Sr 
pu*ping begins. However the area of essential stability expends 
very slowly and a considerable period of pumping is necessary 
for the con* to reach an approximate equilibrus from very far 
from the ptmpsd well. 

the basic assumption of the formulas of equib* un typo that 
•quiUbrua to reached is for preotioat purposes valid for only 



* mall aces around a pumped will. Beyond this moll area, the 

assumption is for from true. There is#  of course # an appriciable 

draw down of water far beyond the area in rrbioh the *one of 

depression attains an squ iburie 	m• 

6.8 N UI RUMR4IW3 0p 	LI 

?he disregard of the unstable conditions of ground water 

flow hou been due, at least in parts  to the diffiaultiea involved 

in mathematical treatment. A major advancement In ground water 

hydraulics was made by Theis in 1939 with his drvelopa t of 

no q . ilibz* a forwula rd ich introduces the time factor and 
the ep seilio yield or oo-effioisnt of storms. This forte a 

wad derived by analogy between flow of ground water and the 

flow of beat by conduction. 

Theis first presented in 1935 an &*alyde of eell flow 

ehiah took into socount the effect of time and storage ch acter- 

Istios of the aquifer. be original development of thii 

equation was bated on an analog/ of flow of heat towards a 

sink, or point s  where heat Is removed at a uniform rate. 

Accordingly, hydraulic pressure is analogous to temperature, 

preasura gradient to temperature gradient s, permeability to 

thermal conductivity,, and specific yield, or storage coefficient, 

to epeoif .o beat* 

J000b has now derived the very seas formula using hydraulic 

concepts only for the confined flow. When a well penetrating 

an extensive aquifer is pumped at an constant rate# the influence 

of discharge travels with time (due to expansion of water 

a c apreeeion of sand) and wuld do so indef&ftsly  unlearn 

interfered by eons natural recharge boundaries . Hence the 

product of the rate of decline of head and storage ooefficle4t, 
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-p 3- 	. F 	0 • S ( 15) 

ch o rata ction to dozivod in cHydrolo a by ' 	 o&' &4 Drator s 
on f.iot print oo to bcs1ot c 

STAT►L..WATER 	 i1 CA C~ b 

CONE OF 'DEPPESSioN 

►O'!!__- far 

T rit$Q tho (,~ and Q,2 [tit diooh , `oo o ont ol.na throu i 	ttvo 

n1 Zf$ eyltndr2.o 1 ourfacoc dint E1wo di' o ci't Lod cpp1ytnj tho 

pima plo of oonoorvotton of mttor 

0. Q 49 '-4 difZoroncc tz o-t bo m: 	A otor:ea. Noro 
dv ro re conto ch cnrjo in vo.uc c~ithin tho. oi1i drio 02 oholU of 
thiokziouo dr. 

If T = Co oZ: oiont of tr noz ionibility In cuft por 
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+ 	... d 	slope or ; 	snt o f Sri! 
plosw r' riffs surf ace at 
the cuter teas of the 

r3iAtor. 

.. 	Q 	,. T ( 	, d t 

dr 

it 	8 $a stOrage cost ficiant, 

a 2 /' r, - dr. 	..........(11)  

• .dbstittzting from (17), Equation (16) can now be ezprmed as 
2 

T 	2. 	r + ( 4 	di') 2 1( +dr) 

Solving sigeba o .fir sad dividfn through by 2 F r* f.dr. and 

ne .so a different iii. higher then of first order U146 -a 

U**t*a4 Dr*s60wn method based on typo Coro .solution 

Solution of equation (15) can to obt4iaed It the WS11 in 
replaced by constant streagtb ssth atta sl sink so that, 

Lit 
.ø 	x 	 for t % C) 

Other bouMdiry conditions ire, 

it*bo  asx -I > 

 

,fort 0 
at t L 0 • b • h0  for alb► r*luss of r 
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c bo doo1.z%o Aga hoed. 
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a 	P(Q) 

sat ' cs 	.»~.. 	a 
4 ' of 

(20) 

(20 s) 
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ate 

n' o 2no tho wiit a o van t .ar 

0 0 + 	Clowa r 	point in foot  
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0 ha otDOo PUrIL4t. OQr nOad la 4 a o 
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O2. 1o13 1 t3 1o,► UP.. 	0 104 	- -M (22b) 

8i aeo the tcroo tz t14n the bnc lzoto cro oonotcato in oqua 3,ono 
(210) tad (21b) a the to= 7(ia) t U veer tith the torts 	Liz to 

o cto newoZ Qo C r►11 very c th w2 b 
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of t7C3.2 cool no ( QQL3 In toblo 1700692 o 

Prow publiohod tabloo volaoo of j.. ia) end u iron in tciblo 
ti ~R 

 
ft 'o 	sioh 	+ion be dctorr 	d) a typo clamo oc be plotc~6. 

SinticrLy the aquifer 'toot dais r,SUU pravOdo valmoo of coot and r,4 
I f tho co t ro ourvoc are plotted on 	thootio plo ng poper > 
they r ,13 o zbtbit a 000ral oinilar tj of do i t they trill not 
be Idontioc , in oho 	Curvaturo0 	a f03,lovo f'rau the feet 
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7Iaoa tho pux La tsars d off tho rcoovozy of razor lovol o 
As aollo }7o(1) a (2) oca bo obcoz o and Tho oco for 	1 Iooi 
Rio in6.os od in fiuro I* by ro7h. Xt V11 bo noCLaod that ono 
1t a2tcr to pumplaa otoppod tai crc go roaovor of 6,97 ft.  

Loh o tootly oqu t3 h + a7doat oboo recd Of o d of oz' jMZt3PLft  
c oaanooa. Rotoor tho recovery is % *on frog the 1ovo1 at v hioh 
the C3afioz Could bvo boom he PiJ oontirnaod, 

a e oc xmt La not fo u4toiao bnt c, , ooto that Maoaary 
La crcly the rovorco of dcitou 1000 	'ooGvory toot La 

rol a no, ativo 6raOtn toot. st oto+ In ar ►tbror 	the 
v,3. cy be aoae to have contionod puaitj &*rLrj the rcoovorv. 

toot 1st at the met '000vor r aommmod an incnui rocharo 
La otctod vdch puts armor bt rih in the cquUoz' at io oa<ao 

location th a rochorro rata oquol to the Wign ratos moo 
motor there viii bo a rice or r000vory of voter level 
In the oboozvotione val in rooponoo to the cotivit r of tho 

c Uar rooh orGo veil, 
Typo otrvo colat$or 	Galm a typo curve or Crr hto t colution La 
opplIo nblo ao ObOWfl in fie* 6.1 • Tbo typo ou a cho cz o loato 
of CT(a) inoroacLr ai 80 roplottod for tho moo in the recovery  
cotho 	t It Xa ocaizntinliy The oco curve.. 

3nlay the recovery chat a Lo an pan aid o-dons Ito roion of 
Or ?ova plot of fla, 6. d AEtn it to poceiblo to ouporpoce 
the Sato ourvo on the typo curve end glad the notch point co bo2oro, 

the OOordiacoo of the rxtoh point,, the ors© agtaot2oa.s 
ova be colvod an csn to Aar vo37 cash the arao valuco of ? c 3 an 
tha~o oat ablirli a uooi U ohooi 
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b10 cothod thoui c~ppro .riato and o oiorq 10 øot I00000a17 
loco co Sato. It So of foir3$r oz rol cjp to ction for ca oolen 

cc .Shoo oqiaifor o110 If tho dsa of is a moll poroor o 
of the a urotod thiokooco of the aquifer. In oou o 00000 tha 
ccurcoy 1Q j Jprovodd. 

00 	7 (ia)05172 
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2 o° * to ~► a — 	-~-► 
o4 Oo~aalOop,n, tho valao Of u In tho forriQ 
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it to clear that for 1a o val aoo of t/r2 n oowpero with the 
l theui uo4ol aAt 5aotoz' 8/4 a the vci.ao of ea is umolly ciel1. 

,goucz czpoziaatioti of the oorioo oan be tolerated by the firot 
tt o torrm onty hon u ! oocaoo boo than 002 or L jaroator i 

than 50 ' hio 1Q cte n ao }mint A of tho typo 0Luvo earlier, 

,tow thin cod io ot# ou thoro Are loot otr cdht lino v arI cUon 
wttjoova u) cd boa (1/ia) An the 

bo o ( ) ' 0.5772 

fah to oacoutial1y boar, for yr .uoo of ( ) amator thca 50 
(2o$nt A) o 2ho otrr. it linc ohotin In 2it3. G.3 o chon oto m5oc 
intoroo ►$o tho 17(u) 0 0 lino at joint thoro 	c4$57?2 a 1.78. 
i4 ► co it o m bo t t d Ace tho cc cro oho v Inc Plauro 6 3 that gbr 
cz o U V C1"0a of a ( or 1c or thou 50 of ) bolo typo curve 
bccocoo ao;tl eoytotio t4th the atroitt lino ©$th olor~o 
(2.3) ac tho log thrAe plotting t o to th 000 10. 

Homo as a Moor coticotiou0 the nordiaonoioncl ogiaation 
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,bubo ltutl g for 
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ID 	 1~ o 

Tb c zadifiod non'oqtd1ibrii.w oz uation on bo vritton In covorml 

forcic eopoMing on io rocpizonont of tho oboor7i °o4 do tn° 

P c data oz ,nod vitb typo eu o o ►lt tion for tho 

fto of oorvatio o ioii oo Iquat$o n (23) eta bo x'ormIt ton 40,E 

o 	log 1015112 	log 10 rr ) 	(24 ) 
47V 	 0 

ho oolr va ob10 form .n isgoutioa (24) cro o and log~0 

	

~► co thQt If a oo 	0c; plot of cir1 o and log .f 

Flo to o otr fight 11c plot should rooult, on obt ainod In 
fiGU ro 61*3 

,bo olope of thio ooragGbt lino oquntion So the constant 
QUr.ntit1 2 	co in (24), chi.o frog the plot the slope to 

obte + r+ —, 	,Q...:.. 

RoLt3oo . U___. 	4  
51T ot ° . 
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Solving for the only u uor. 

{ 1o134,. 

0 

Oboo n 	0 on ono log cycle for the otr 	t IA= oo cubot 

utine the neaot 

ci 

} n A a 

Tao ogwaion ( ) boo roman non iDono1onal Co far. Qovorttnn it 

into U, .O.s. tarit i.e. g 2 In "doy /ft. no Q in aap.nc 

9 aaa.aaa.(26) 

ri o 63 cho zo the otrciaht ino cot l is a plot of the 

Oat o r1 . a vaittoo co ordinmtoo on arith otic Co c to and 2/r ago 

nboaioon on Log $ihcio polo for both the rollo iinoo Q 3 

on one lo 13 cycle io 2064 ft.0 

5000D0 3epa4./ft. 

To glad the otor o 000ffoiont the otrr ii ht lino io prod-

uooQ torero the ova to istorccot the obz oinao for obtain .nz 

the vdIrao of 	for Cora volLo of C. 2huo who team within 

tho brc*l:ot for Equation oen 1a ozutc to aoro. 

Homo .oq. 	.1 	► ci bob C F 
9© V 

o$ o 	2a ► 2 (- ) 

Qonvortina to U.$.G.D` . Unite 

1 a C3 003* ^ +~bs -) O006M16O(27) 

Ucin,j Equation (27) to find otoo of ciont0 
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a0.3a500000 (1.33 10 

0 2e0 10 

Thud frog both typo oarvo cad Ctra ht 1140 ctho6 of Jracob0 

Idontlooi valuoo of 2 +M a bovo boom obt inod* 
6.11 

not on (19) ocn 1 writ ton ti tho to 
6;a4. u(m) 	 ( ) 

An thith C is a oonoto t con ci a i the t oob4=' o of the 

TZao thooritioi1Graph of tho dzc for # a' voz000 tiro 'V' 

on 	ioz,ithai o p ort %Ath tho tiro pl od on 1orithcia 

ocalov bce the property  

ooh 	* 	an ( ) 

T1a o thc. do o Cr rrnh of the pogo °n' 'toreoo rcotproori 

of tino 	otto4 on .o rthn.o coals 9 boo the property 

a 	., , 	ta 	(50 ) 

C0000gionty 

ISM rh2o f(t) ncj be referred to no the dotabio oZ.o)o f otlonp* 

Do,QnGncJ oa do typo of 2oa QTot ci ardor oonc dor on 
the Got 0 ocilcotod Stun the ftoid prnpfng tooto9 the Concr ;i 

pOOCOdtaZYO for rotcrcin!iflk3 the bydro3oiio proportion .?' tiarourh 
the Diiostion of the double olopO octhod to no golioc~oa- 



(1) Plot { ' ,Qwri * a verses ti* t on serd14 t 1 C p*psr- 
the time 'being plotted on the Zogrithaic sosle. 
(2) Cbooee several point, on the (*-log t ) curves measure the 
elope a of the tangent at each point and record the corroapondingcorresponding 

ties. 

3 Plat on the same paper the no'esuu^ed slope 'a' verses the 

reciprocal of the corresponding time with 	being plotted 

on the iogr'itheio ecals. 
(4) Chow* "few Points on the (*-log ) curve and Ir asur t the 

ope a' of the tangent at aaoh point. 

(5) Compute the value of 5(u) & u fros equation (31) for the 
kno i valuea of s & a' at each point* 

(6) Compute the Yalu* of the co-efficient of tranahosdbilit7 
from equation ( ) an well as the knows value of a 

(7) Compute the value Of co-efficient of storages by the 

4 It 
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ue of W(u) xni u for non•enn .libKum formula W(li)s -IV-u) 
I. 	X00 -0 	:} r}+W0 }.0 	f +s }r}..}s w * .►f wf ,r wf w,}arf w ;l .w'r wa r}., rr w~r~-* a.f i. 

r. 	 ,. 	},r}w1FreM"►r'r A► "f ._. #r}w.rfw•••rfa~, psi 	 .i+iir}wrf 'rn. f +i►*fi,rriA Irf_«wie 

! 	83,E 616 31.;59O 2c.3564 27.0538 84.7512 22.4486 20.1460 17,.84' 5 
I. 	3,8662 31.53'? 29.2611 2.985  24.6559 83, 3 933 20.06(17 17.7482 

33.17 i.4767 2.1741 26.8715 24.668 22.26 19.96? 17,84511 
$1.396 ; 2P*0940 26,7914 24.488 22, 1863 1.887 17. 5811 

E 	3.6251 31.3228 29, 4299 2'c7113 34.4147 22.1122 19.8096 17,E 8(770 
4 	13.5551 31.2515 28,9505 26, 6483 24.1458 22,.0432 190,7406 17,4380  

13.4918 31.1890 28.8864 26.6838 24.2812 21.9586 19, ! 760 17.373?  
11,4309 31,11 28,8258 2.5232 

1 
	

13.S73 
24.2206 21.9180 t*, f3154 17,1128 

31,0113 28.74845 26.415&) 24.U34 21,8608 19.5583 17.2567 
::33.3 3g7 31.0171 28.7145 26.4119 24.1094 21.8068 10.5042 12.2016  
33.2684 3.9868 28.6M2 26,3'!07 240'0581 21.7556 19.4529 17,1501 
31.2195 30.8170 28.5145 26,3119  24.00M 21«70 ? 19.4041 17.1015 

L 33.1731 30,8705 28,54570 26,2651 23,9828 21,6602 19,1578 17,0550 
89,,x286 30,,8261 28,5218 26.2209 21!9183 21,5167 1903131 17,0t0C 

1 	31,0861 3!.7816 28,4809 28,1789 21.8788 21.6712 19,,2708 18,9680 
i 33.E 30,7427 28.4401 26.1375 23.8149 21,6121 19.,2298 10, 92?2 

33.0080 30.7035 28.4009 9 36.008 23,7957 21.4921 1911905 18..8880 
32,9683 0, 6687 28.1631 2'.0608 23.7880 21.4564 19,1528 1% 8502 

t 	12,9919 30,8294 28,3268 26#0242 23„7216 21«4100 10.1164 1r-.8128 
1 	33..8988 30,.5943 28.2917 28.9891 M.6865 21.3819 10.0813 15,7788 

12,8829 10,5504 28.2578 25.9552 23,,5525 21,3500 19,0474 15,7449 
32.8102 30„ 5275 22872250 35,9224 21.6198 21.3172 19.0146 1',7121  
3207 30.4958 28.18 25,,890? 21.5881 21,2855 18.8829 1.6803 
12.7 	"8 3,4651 88.1625 25,.88 21.5571  31,, 2547'' 18.9531 16.6491 

1 	32,7378 30,4153 28,1326 25.8.300 
i 

	
3.207088 

23.5274 21,2249 18,9221 '1V. 	.97 
10,4082 28.1036 25,8010 21,4985 21.1959 18.8033 16,694Y? 

22.6806 10.1180 28,0155 25,71 23,4701 21.1877 18,8551 1406005 
32.8512 30,1508 25,0481 38.7455 21.4429 21,1403 18,83'?? 15,151 
J2,62456 30..3240 25,0214 25.7188 83.4182 21.1138 18.8110 16,5085  
12,6008 30,3"0 97,0954 25,6928 21,,1902 21.0877 18,1851 18,4826  
32,5161 10,2727 37,9701 28, 8 .75 21.3649 21.0621 18,7508 18.4512 
32.5505 10.2480 27.9454 25,6428 21,34+2 21,0176 18.7351 145.4335 
12.5265 10.2219 27}9213 25.6187 22.1161 2100135 18.7110 16.4084  
12,5020  20.2004 27,5978 25.5952 21,2926 20.9000 18.6874 16.3848  

1 	32,4500 30,1774 27,8748 25,8122 21,2696 20.9670 18.8 145.1619 
i 	32,4815 30,150 27.8512 25„5494 22.2411 200.9448 10.8420 16,3194 
1 	32,4355 3091328 27„801 25,,5277 2.2252 20.02245 18,4200 15.1114 

12,4140  10,.1114 27.8088 35*5052 21.2037 20,9011 18.59815'16.29M 
32,3929 30.0004 27,7878 28.4852 83,1825 20,8800 18,5774 1,2140  
31,3723 10.0697 27.7872 25,49463 23,1520 23.869418, 553+ 8 145,2542 
12,1511 10.0405 27.7470 25.4444 21,1418 20,8192 18,5366 16,2340 
12,1123 10.0297 21,7271 25„4246 21,i0 20.8194 18,6168 16,2243 
32,,1129 30.0103 27.7077 25+ 405121.1026 0,8)O0 18.4874 16.1948 
32.2980 29,9913 27.688? 35,3881, 2110815 20.7809 18.4783 16,1788 
32.2762 29.9728 27,00 25,3874 21.13 20,1622 18.4596 16.1571 

i 	32.2858 39.9542 27,6816 25,1491 21,0465 20.7419 18.4413 145.1310 
32.2388 29.9862 27.6136 25.1110 ;10 23.0285 20.7259 18.4231 16,1207' 
12,2211 29.9185 27.6159 25,3111 21.0108 20,7082 1804056 16,1010  

k 	32.2037 20.9011 27,5085 25.2959 22.94 20.6908 18.1852 16.0856 
32.1865 89.8840 27.5814 25,2789 22,9763 20.0731 1.17t1 16.0685 
3 2.1598 29,8812 27.8648 26,2520 22.0505 20.6569 1809548 18.0517 
12,1511 29.8507 27.5481 25.2456 22.9529 20.6403 $0,318 16.0152 
32.1707 20,.8344 27«6318 25.220 22,1267 20,6241 18,3215 1',0180 
12.1210 29,8184 27.5150 2573111 22.9107 20.8081 1803055 18.0029 

k 	32.1061 29.802? 27.5001 25.1975 22,8949 20.5921 ,2895 15.9872 
1 	32,0808 29,7872 27,4846 25.1820 22,8704 30.5768 18,2742 18„9717 
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32,,0745 	29.7719 

,lot'06 lot w••i w4F w0 wfr*Is +w•,s0 «r*wo gs-* r s400 9r•r/ ~ 
87„4693 	25367 22,8641 80,6616 18,8890 

tee*. 

18,09564 
6,7 ' 2*0695 29.7569 27.4541 25.1517 88.8491 20.8466 18,8439 15,9414 
6,8 22.0446 89.7421 87,4298 25.1,369 22.8142 20.17 18.2291 18,0265 
6,9 82.0200 29,7275 27.4240 88.1223 22.8197 20.6171 18.2145 15.9119 
7,0 220156 29.7121 27.4108 25.1079 22.8052 20.502' 18, 2001 18*8976 
7.1 22,0018 29,6989 27.962 8 ►. 937 22.7911 20.4888 18.1860 18.8824 
7,2 2209875 29.6849 27,382 25,0797 22.7771 20,4746 18,1720 15,864 
7.3 31.9727 29. f711 27.3685 26.0659 22,1633 20,4608 18,1582 15.8556 
7,4 21,9601 29.6876 27,2549 25,0822 22.749 20.472 18.1446 15.8420 
7,6 81.9487 29.6441 27.2415 25.0180 22.7862 20,437 18,1311 16.8286 
7.6 81.904 29.6208 27.3282 28.0287 ,7 	i1 20.4206 18.1170 16.8169 
7.? 21.9203 29,6118 27.1157 23.0126 22.7100 20.4474 18.1048 15o8 
7.8 21,9074 24,6048 ?.2o2 	024.91 22,6971 20.3045 18,0919 18.789C3 
1,9  1..8947' 29.6221 27.2805 24# 9860 22.6844 20,2818 18.0798 15,.7766 
8,0 31.8821 29,8795 27,8769 24.9744 128„6718 20.8692 18.0666 15;7640 
8,1 21.8697 99,5871 27,2645 24.9619 22,6694 20.2868 18.0642 16*7616 
8,2 21,,8874 29.5548 27,,25 24,9375 82.6171 20.3445 119.0419 15,7292 
8,,2 21.8452 29.6427 87.8401 24,276 22.6850 20.2224 1800298 16.7272 
9,4 21.8332 29,5307 7 27.2 24.9266 22,6220 20.2204 18,0178 16,7162 
8.8 81.8215 29.5189 87.8166 84.9137 22.611E 20„3086 10,0060 15,7034 34 
8,6 31,8098 29, W72 27,2046 24,9020 22,5996 80,2960 17.9948 18,, 6.17 
8.7 21.7982 29,4987 27.19,11 24.8905 2,2.5879 24* 8863 17,9827 15,6801 
8.8 31.7868 20.4842 27,1816 24,8790 22.8768 20,2739 9 17.9712 15. 6687 
8.9 .11,7765 294729 27.1703 24,8878 22.5662 20.2826 17,9600 15,6574 
0.0 31.7643 24.4618 27.1692 9L85f36 22.6540 20.2514 17,9488 115.609 
9.1.11.7528 2. 4507 27.1481 24.8465 22,5429 20.$402 17.' `r 	8 16,662 
9.2 31,7424 804 	"08 27.1272 24.8346 22,5220 20.=94 17.9288 18.8246 
9,,3 31.7318 29.4290 27.1238 24,8228 88*,6212 20.2186 17,9160 15;6188 
9,4 21,7208 20.4189 27,1161 24,8121.22,6105 20, 2079 17.905 18.6028 
9.5 31.1102 89,4077 27,1081 24.8025 28,4999  20,1973 17,8948 16,5922  
9,6 21,6908 29.2878 87.0946 84.1920 22.4895 20.1869 11,8843 15.581? 
0,7 21,6894 29,.1868 27.0843 24.7817 22,4791 20.1765 17.0739 15.67(2 
9.8 21,8792 29«8766 21,0740 24,,7714 22.4688 20.1668 17.8627 15,5611 
9,9 31,6690 89,,3664 27,0639 24.7612 22,45$7 90.1561 17,.8895 18.5500 
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1.0 16.6409 23W 10.915? 8. €2 4,O79 L822 0.2194 
1.1 15.446 1.10  10.8404 8.679 6.2G 2, 9+ '4,S 1.7371 0,1800► 
1.2 15.3686 14,08€O 10.7&4 8,4509 6,1494 .8 ?8 1.f895 0.1584 
1.3 16.2786 12.9759 10.f74 8 ,3709 6,0695 3, 785 1.45989 0.15S 
1.4 18.2044 12.018 10.5993 BK 2f d8 5.9955 70M 1 N 6241 0,,1162 
1.6 15.11M 12,9928 10.&0I 8.27.78 8.928 14, M74 1.4645 t.1O00 
1.6 15,,0709 12,7689 1o,48? 81f%4 5,821 3a 9 9 1,4092 0.08 
1„7 15,0103 12.7077 10.4081 8.1027 5.8016 .M43 1.9578 0.17468 
1.8 14.95I1 12,8806 10~3479 8,048 5.7446 .4881 1.096 0.06471 
1, 3 14,8990 12.59M 10.2939 7,,9918 8.$06 'S. 4080 1.2849 0.0520 
2.0 14.84?? 32.8461 10.2426 7.9402 5,394 * 547 1.2227 0,04890 
2.1 14„7989 114964 10.108 7.8914 5. 	7 ' .;x069 1.1820 0.04261 
2,2  14.7624 12.4498 10,1474 7.8449 5.5442  2, 2614 1.1454 D,03719 
2. 14.7080 12.4054 10,1028 7.8004 8. 3.2179 1 K 11 9 0,0250 
2,4 14.6654 12.28 10,,0 ?.?179 5.4575 : I1752 1.0762 0.02844 
2,5 14.6246 1.2220 10,0194 7„7172 5.418 291265 1„03 0402491 
2.8 14,6854 12.2828 9,9802 7.879 5,, 	`6 2.09 82 1.0139 0.02185 
2.7 14„5476 12.2450 9.9425 7,6401 6,3400 2,0615 0,9849 '70401118 
2,8 14.6113 12,2091 9,9061 7. 	8 5.202? 3.0261 0.9573 0.01686 
2,9 14.476' 12,1726 9,8710 7,8887 5..2697 2,9920 0,9209 0.01482  
3*0 14.4423 12,1291 9.8971 7,5249 6.2149 9,9591 0.908? 0.01206 
2.1 14.4096 12.1069 9.8042 7.8020 6, 2022 2.9272 0,8P15 0„01149 
2.2 14,M77 12.0781 9.7726 744703 6.1706 2.8965 0.8582 0.01013 
2.2 14,2470 12.0444 9*7419 1,4295 5.1299 2,8668 0.8361 0*008929 
1.4 14,3171 12,0145 9,7120 7.4091 8.1102 2.8379 0,814? 0.007891 
3.6 14.2881 11.9856 9.6820 1,2&Y7 5,0813 2.8099 0.7942 0,006910 06910 
2,6  14. -2699 11.9W4 9.6548 7.2526 5.0832 2.7827 0.7745 0.006160 
1,7 14.2326 11,9300 9„6274 7.3262 6.0959 2,7852 0,7654 0,.005448 
2.8 M2069 11,9022 9.6007 7,2995 4,9993 2.7206  0,7271 0.004820 
3.9 14,.1790 11,8773 9,8748 7,2725 4,11735 2,7066 0,7194 0„004247 
4.0 14.1848 11,8620 0,6495 1.2412 4,9+82 2,681ft 0„7094 0,002779 
4.1 14.1299 11.8272 9.5248 7.2225 4,0228 2,6616 0,+859 0,002249 
4.2 1441059 11.8022 2 9, 	J" 7.1986 4.8997 2, (.6100 0.002969  
4,3 1$,0893 11,7797 tI.4172 7.1149 4.8762 2,6619 0,,6546 0.002622  
4.4 14.0593 11.7567 9.4541 7.1520 4.8522 9.6851 0, 539*! 0„002936 
4.6 14,0268 11,7242 9.4317 7.1,295 4.8210 2,5684 0,6252 0.002072  
4,6 14.0148 11,7122 9,4097 7.175 4.8091 2.5477 4 0.6114 0*001841 
4,7 13,0021 11.6907 9.2882 7.0860 4.7877 2.528 0, 	9 0,,001 	8. 
4.8 12.9723 11.6617 9,9671 7..0650 4.7667 2.5088 0,5848 0.001452 
4.9 11,516 11.6491 9.1465 7,0444 4,7462 9.2871 0. M21 0.001201 
5,0 12,9314 11,6289 9.12M 7,0242 407961 2,46791 048598 0.001148  
5.1 13,9110 11.8091 9.2065 7.0044 4.7064 2.4491 0,5419 0*001021 
5.2 13+8922 11.5896 9,2871 ,98 5O 4,8811 9,4206 0.5262 0.0009086 
6.3 12.8722 11.5608 0.2881 6,9659 4„ 6061 2,4128 0.6250 0,0008086 
5.4 12,85 48 11,6619 9.2494 0.9473 4,6495 2*3M 0.5140 0.0007198 
6.8 13.8261 11.5228 9.2210 '.9289 4,5212 2,2778 0,5014 0,08409 
5,8 12,8181 11.5155 9,2120 6.9109 4.6124 2,2604 0.4910 0,0008708 
5.? 12.8004 11.419 9.,1952 6.8912 4.4968 2.24117 0.91"0 0.000 85 
5,8 12.7830 11.4804 9.1171 +08.9758 4.8785 2.2272 0,47,2 0,00048 
5.9 13.7669 11,91 9,1607 8,8588 4.3616 2,2111 0,4637 0*000429 
6.0 13,7491 491 11,4465 0,1440 6,8420 45448 2,2951 0,4544 0.8601 
6,1 12.7226 11,4200 9.1275 8.8254 4,5282 2,2797 0,4454 0.0003211 
6.2 13.71' 11.4138 9,1112 6,8092 4.5122 2.2642 0.4268 0,0002864 
9.3 12.7002 11.2978 0.09152 6„7522 4.4962 2.2494 0.4200 0,0002055 
6,4 12.6846 11.2820 9.0795 6,7775 4,4806 2,3946 0.4197 0.0002270 
6.5 148691 11.2865 9.0840 6.7620 4*4662 2,2201 0.4115 0.0002024 
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so 8 13,6S38 11.2512 9,048? 6.746? 4.4601 2.2058 0.4035 0.0001814 
6,,7 3,6388 11„3362 9,033 8.7917 4.4151 2.1917 0.3061 4,0001+21 
608 13.6240 11.9214 9*0189 8.7169 4.4204 2,1779 0.3883 0.000144* 
6,9 13.6094 11, 2068 0,0043 6,7022 4,4059 2,1643 0.3810 Q,0001293 
1.0 13.5950 11,2924 9.9899 6.6879 4,3915 3,,1508 0.3738 000001155 
!*1 115808 11,2782 8.9617 5„ i 37 4,3775 3,1376 0.368 0.0001032 
7.3 19.5868 11.2642 8.9617 8.5598 4.2636 6 2.1246 0,,9599 0.0009219 
7.1 V'3.6550 11.2004 8.0470 6,6460 4.3600 22.1113 0..3612 0.00009219 
7.4 13. M94 11.3368 8,9941 6.6324 4.3364 2.4991 0.1497 0.00007364 
7.5 19.5260 11.3224 8.9209 9 6, 5190 4.3311 2.086 0,3403 0.00006863 
7.6 13.5127 11.3103 8.9076 6.6057 4,1100 2,0744 0.3941 0,00005286 
7,7 13,4997 11,1971 81894 6 5, la ►27 4.2970 2,0629 0.3280 0.00006283 
7.8 13,4888 11,2242 5.881` 6,5198 4.2842 2,0503 0,1221 0,00004707 
7,,9 13.4740 11.1714 8,8559 5.5971 4.2716 2.0388 0,3163 0*00004210 
8.00 13.4614 1191589 8.8563 6.654,3 4..2591 2.026* 0.3108 Q. Qt 	l47 
8.1 13.4490 11.1464 8.8439 6.5421 4.2468 3.0155 0.3050 009370 0.00009370 
3.3 111387 11,1342 5„ 8217 .5298 4.2W 30042 0,2996 3 0.00009016 
8.3 13.4246 11.1224 8,8195 6,5177 4.2226 2.9930 0,2943 0,00002699  
8.4 13.4126 15.1101 8.8076 6,.5087 4.217' 1.9820 0.2891 6.00002416 
8.8 19,4008 1110 8.7057 6.499* 4.1990 1.9711 17 0.2840 0,00002162 
8,,6 13.3891 11*0865 8.1840 6..4822 4.1874 1.9604 0.2790 0,00001936 
8.7 13,3777 ' , t 750 8.7725 6.4707 4.1759 !.9498 0.2742 0,,00001133 
8,8 13,3551 11.0635 9,7610 .6,4593 4.1646 1.9993 0.2694 0.0 	1552 
3„4 13.354 11.0523 8,1497 6* 4480 4,1534 1.9290 0,2647 0,01 	1390 
9„0 1,3437 11.0411 3..7288 6,4368 4.1429 1*9197 0.3+02 0.00001245 
9,1 11.3326 11,000 8,1275 6.4268 4,1313 1.9087 0*2551 0,00001115 
9,3 13.3917 11.1191 8.7168 6,4148 4,,1205 1.8987 0.2513 0.01 	9985 
9,9  '13,,1109 11.0083 8*7058 6,4040 4,1098 1,888* 0.3470 0,000008945  
9,4 13.1002  10,9976 8.6951 6.9994 4,,0992 1.8781 0.2429 0.000008015 
9.8 13,,396 10.9870 8.6846 6,9828 4,08w? 1.8695 0.2987 0,w 00007185 
9,6 13;2791 10.9785 8.740 5,972 4.0784 1.8599 0.2949 0,00006439 
9,?  13,, 3 18.9563 8.5537 6.3620 4,«0681 1.8508 0.208 0.000008771 
9,8 13,,3595 10.0559 8. 6&4 6,3517 4„4579 1,«8412 0,2269 0.000 	5173 
9,9 13,2483 10,9458 8,8493 8.9416 4,0479 1,6320 0,,221 0,00000463? 
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0 t b 	Q Q!C4OAO la Imnacc QE VIM ,crvunG Votc 

l oaoo GnT h for the 000I2Ozic t& ►ir ation of tha vuu4 ro o ' 
c t& rCQD of ''moo 	c q, a ►un-►actor cN aratloi An cj oon 

ocr txvo l ho £Io sj ab3 c i cs-0 
( ~a) Rovo .Ara tho oocuczoo cd dot buttoi totb l tan-AI r o 

.th rofo 'oi oo to doptho of tho v ouo voter bcu rin1 horl no 
(b) to doto .ratios of cpooitio r4old and otho: t yd o io- 

oi'coorootto .1 o Tr 	c bil tyla porrodUty r .d otG.zcjo 

off oton of the .nv16uc . c lffroD 
(a) Cb4 dotor action of coo1 quality of ground vc ox fror 
Bata 	, . o1a ao 	, no out of vo 

() tho otu4y of rri'cton of qtrnlity 1 ore1 r arid vv.xtior. , r o 

	

co v I 	ncoto 

(o) Io of of p blc o dace r. th the mlt b12. ,r of thee 

tultr Of czou s 3 tar seta x er t blo Cora cnd oogor aq fo o 

4la,g oIz Qp io biUUty for brit rtioz aiz o)1lod ucoo 

dopeAlag tpoi tho cot a csta' iao 

(5) 7twt2on of t o Crow Coto' rvaoavoiz' aid .to oafo yir do 

(a) On veto taoo of 	1ow,n to tr 4 z11aLtr3 	too i ajo Go 
c icd 'ho coot cult b~.o at o 20 rutatf.gv or +do olor. t 

(t4) To zvvocl e Imo—v o o Q t cubcirt=o 	looj amd p coo' 
a,2 )hlO Oonatlo to 

(A) To 'avoc the poociblo courooc 09 chczga ca t Apto of tio 
to 1xcz 



The study of rsiaf al.. and olisatic ohareotereette and their 

influence on thef)eourr.Ir,e and distribution of ground water as 

.. as fluctuation of water table. 

Zn as such as these above objectives are broad based all efforts 
i and• inspite of sores lisitatione, to collect es such of 

information as possible to cake our knowledge of *around *ter 

Conditions of ey area comprehensive. 
• 7.2.  ZTW Off. EXP ORAUQN 
• The methods of exploration for ground water can be broadly 
• + sssi.fi•d in the following k air olaeaess- 
(a) Water Divining;— This method Is considered more 	elologtoai 
then sosntifio. There are some persons aho elMs the supernatural  
knowledge  of being able to indicate ground water tV various se ace 

like divining roe. 

t;b) ()eopby'sios. Mothodat" These methods constitute a form of 
field investigation in Which physloal measurements are normally 

made at the ground strfeoe by using special instruments to secure 

subsurface information, The physical measurements at the surface 
are interpreted in teas* of the subsurface geological condt_t . one. 

In these methods exploratory bore .cre are not olw y°e necessary and  

may be needed only to provide correlative data# These methods 
are most suitable for rapid preliminary study of the region. 

There are f cur major geophysical methods# Seismic, rssl.otiv ty, 
magnetic  sod gravity. 

o) Photographic $sthodss— The methods of nterpreting the 
serial photograph for the field reconnaissance, delineation of the 

areas likely to possess motor bearing formationss and determination 

of the depth of water table have been gaining popularity recently 

for $ rapid preliminary atodies of ground water on a regional 

basis. 



( ) Gco1ooci t ofihodos' xhoc c thodo ,aolucdo tho 4otcblod 
ono t ut o a of tho Sub—ourfroo otEotc a around vatoi t)7 tttn 
oMXo~ratox r d 1 . hobo on tho oh000n olloo# to!.nj oust tho 
oørpboo of ooh cnd rock for further otudy0 oonduotin b rdroboi- 
oa1 tooto On tho (2r110 hobo ad toot&n th 	city of tho g'ourI  
]ator. ih000 coi ho o o o i oro o iponoivo cu 'ti90 4 aoun~lad tut alvo 

Coro ooi&rtto roCL1Co than tho t3OOPI1TOiOa1 tXtho&0 Zn a o7Otonla 
'oonoi otudy of ,rouw2 vator tho pr1iairzai otadioo chould 
bo c.arriod out by tho corhyoiooZ aothodo 	<,~~: ~C 'ice o oz'atoz7 
d11 	of a ,too oono dorc4 tubbo on tho bar o of Qoop roto 
invooti$ ionc0 

7o5o 	 4 

U atoa dtnin d no backt to vozr Qno.c,nttoo and bays 
co boon a M  to? of ao `roro ya 1 $b0 tho ptoon1otOof 

the vca ouo nothodo of vafior divine d. to caoovouc lao anoo of 
thor ctaGCOOOo othoro in tho oppootto trouij point out that trntor 
+ ,: iZoro .elvaya to10 'taro to bocato vat or  tit p1 coo iich mW 
su ob Uoont poroon c u1d heov to contain rmtov, hoy e t ib tto 
tho 1 +otaR3oo of ciaocoao In Coro GiU Louit cocoa to °nogo ooanoo' 

Xt io tr o that Mao' tho oo1act nor tho acophyoieiot 
can of dt3 bw2drod poroon't c uc0000 in boo tlo.o of aitoo for valor 
ollt, tnt at boot Choir att odo arc bmotma cn1 oao baccd on 
coiontUio prinoipic. Tho cothodo of aotor divinoro ba7o no 7motia t 
aoicntific bac .o bhic3 thcn. 2ho p?0000dtaro r o ad by cj votor 
diviner io o1c7CTa atoLded In ryotor s 

Sono of tho t ator divinoro olo a that than toy goco over o 
~3Aoa coq c lalma t3rOufld vrtor either .n the fo = of of i c o or 

An Gop oor onoo tbcj into ivoby Loot Ito pr000noo c ho' oo a 
and of 0000nd at or co a roam' OR ooc-a tancoacciotao or cub' 

nnrnntfin i Inflornoin i r:ntn4v% ,n~,rs.s'1 -'nv.r%nn_ 
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, otbor jrou o 9 a000r divinoro rio too of th o I I 	ag lod' . 

2ho di aiat road oonoi000 of a t o of coo particular typo Of 

trooa The troop aoioily uaod t d .vinero In India ari. Meng 

.reopu10 Poncho 7 bto ofo0 It io bbliovod that tho trig hold bb 
both tienda 4fl 	rl round thou► It ooaoo above a oubooil rrator 

'table. (3oao divinoro elaic to tool very r mot otrdln In thoir hondo 

ccitohinLj tho t1g no the come aor000 the gyrator table, otboro 
p aeO into a porocioal otato or r Via. her ca hyotorio a1 otato. At 

ticoo the trig totally rotato.o or is ootaplotoly td atcd. 

7.4.  	~"„ 5J 3a 
. Aopointod . out in the p 0000ding pa'r gaho oophyeioal cothodo 

play an is ►ortcrntt ro in atr codorn ground vator ozplorat1on pro-

J oot. Tho application of geophycical iothodo in the field of ,around 
rioter ezpiorstton cc r be ctatod cc four'-fold n+coly (1) loo Lion 
of productive a fore (2) dotord.notion of tale ttiiotrn000 of 
aguifora(3) eotir ation of yield (4) Invactig on of ground 
titter of ratty, Ut the abovo epplicationg the oatination of yiold 
or ground rater r000rvoo to not layo an enonablO to iavooti~► 
gntioa t y gcophyoiocl cothodo, co it iavolvoo caz other faotoro 
dopon +in on trio pbyciocl charc otoziotioo of the aquifor eo 

There aro four major gcophycical cathode good for oub-eurt to 
oiploration. k 000 taro ooiacio0 rooiotivitye ccG12ttC and 
gravity tethoda Of thoce, do roototi .tq cothod to coot ouitb 
abbe for (round t ctcr ILlvoottt3 atio t1 and hao - boon iaood ouccomM 1y 

t q the Qoologiool curvoy oat India for loontiug aster in :bona 

Va'l.loy,o tho Deacon. tr c'oo, L jcoro and Kutohd In 1949, 0 pOI7 

bood.od by Dr. g.Er►gicob oarriod out a rooiotivi.ty travorco 
off.o tg 

 

the f horgarb Ch+oba-Pho1cuad road in the thou J'odhpuk St co 
tth the prinarrr idoi of tr oin4 tho boundarj botriooE fob 
end braottir.h tiatoro ,ho t oologict, survey of India 10 4017 'oilYJ  
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up the geophysical surreys for mound *tsr in Bhi .ware 
district of fs sethen. The underground water board of the 
Government of Rajasthan proposes to ttik• up the AYste*3t1O 
geophysical surveys of western R.oj sthen. 

The technique and instruments of these methods are described 
in the following paragraphs. 

The + isotrioel resistivity, shtah is the reciprocal of the 
electrical conductivity, of air formation xu.rs natnly on the 
amount of moisture hold sand the mount of soluble e1ectra1yt,s 
present in it. Thus the hard fresh granites and pid;seroe, being 
more or Use ispervious1 have a hii reeietivity. va ing from 

100 metro ohms and above# W areas the nor. decomposed and 

saturated portions of such rooks have usually far lower rssietiv-. 
ity- mostly of the order of 10 notrs ohs and lees. It Is, 

therefore, possible by adopting s auiteble system of field 
measure tent s to daaroat♦ the sore conductive portions of the 
.ground in a gS ven area. 

Also as the moisture content of ► formation increases, the 

resistivity goes on dis$.nisb,ng, but when complete saturation 
1s .taln+dg the curve bscomee flat and the resistivity bs ones 
constant. Thus V wag the resistivity at different depths# 
It I. pos s bl. to darn sraats the son* of saturation. 

Theory 

A general expression giving the re,l scion between the 
resistivity p~ of air formation and the resistivity p1 of its 
water co nt eat moV be stated ant 

in FX 	
ks 
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t 3o3so 	10 a ?Cotor dopor2 a nt on tho to ►̀ 'o 09 tho root QIZbo 

riot toz `o for Mich oQprooc r tho do oo of oousatlon of tho 
roo1i. Ira a poZso 2orcatgono do and 91 t70n1d 'ao tho + o .nat 
`ptor00 t~ioroQO to a not -po?oLo or oo,ip c t forgot of T r3uld 

bo tho Clon1m tt 2cto. Alm in tho r ono of octu `,3t .0n p Ca 

tiU to ovI ont3 ? unitj. Un.1 hco dC.rlv'oa tho to11a in 
repo oo .on for tho oo r#tw t1v1tr Qx 	of ci Lo xtiation 

III torte of t ao condnssttvity oS of tb po fi11in liquid ac 
2 th cZ of tho xoo?, caatori £t oo1f 

or err1/v (69 
rioro V,~ 10 lio poro vcuto9 arty v total volLaco of tlio ito i& 

of tho fo;natioa iah IQ accutiod to conolot of oporioc1 Cratno 
r a000 tiotan000 aro lartjo conparod to t ioir rodeo For hi ,r 
por000 fo atioo:ao C. ald bo n3 it y coo and tho above ozproc~-
ion r3u ,d vodt oo to (in toriao o f roolottvity ro uoo) 

V4 	 Pl 

to 

If on I * Pie. 7.1 of o tho obovo rolation grophlocIly tr of io the 

PeMo of tho a ciotivit r of tho foroation V. to tho clot vlt i 

of tbo torc'ffline3co ca pl tjrlact poraont jo pocoity of 

tho forncion won tho p000 oro coinpi oto!j 	.od r, tb 1Agc ia, 

!tio o1cition than ho1Qo good bonocth tho 04tcc- toblop that loo 
ithiO tbo cono of c urotionm St v:U1 thmo to cogs that ' 

2OtOr1inic3 tho woolo1 ivity of 
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Px/p 
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SO 	100 

Vii o7e I RO1tion botC7oon 
EO.tOtqt2OO f cutor 

' p pp'1 aid po] oot 
tia c vo .una 	of 
c ator in xoo?xo.(cYtor 
s .bort) 

tbo tcono of Gaturzxtion tr aonvontiona1 obootric i dopth proboo 

on c co tho ctua . sooiotivity of tho zatorD oay in aoiio in 
tho o uo to can obt tin a aorouro of tho porooi ty of tho nodiuo 

tI to tho o oration oomo In prcatioov the ratio p/p1 thioh 
to corscon4 hgoan ao tho f'ornration roaiotivity factor io found 

to al" an c high v& uoo ao 100 in tho o a of oo pc t tucouo 
and iotczorphio z,00Zro cnd no .ova voiuoo ac 1.5 to 4 for marie9 
lilt3t3~l r olluvAu and OanJ coao0 

$ fir r o formt on io saouood to oonoiot of ophorioal gro2.no 
in c bio Csc cznt, tho raaiotivit.y p~ of tho porouo for©o ion 
7, a a poro oi+ o v1 rice be furthor ozpro cod ao 

V1  

In tho +coo of oaUno nquiLoro , tho abo~ro ro3:otion onobloo no 
to obtamn on idon of the oiotivity of aquiforo,, tho uator of 

ioh aqv ju ac " a wood for dri aC purp0000 or for oottlo. 
L'ar hunm oonouoptlon a colt cottcot of 0.3 per cent io 
donctaorod to be tho caoizz can 	 poraiooiblo0 Chico for cctlo the 
aanso.. 	colt aoaont c old to obaut 0 b? pop oonto Ah o op ool fic 

vooiot c o of the formor io about 100 ohc.aWo vMlo or tho 



.cttor It roLald bo of tho ardor of 65 oh-'a i. shozeforoD 

	

for a Dav000ty of 40 por cont 	ro d otivity p of an c~,usifor 
rho votor of zito!t could Suct bo ucod for diLiQ piirpOoocp 
salld bo 

	

.. = LL1 	1350 oh —woo 
v9 	40/100 

thilo tho Unit of tho x'aoiotivit r p of c aquifer ri.000 vatox' 

ac 3uot be ucod for aatorlo otook la by a cioilo ocloulaiou 

500 r hm—omo0 If tho r*vooity o f the cquifor be 60 p or oont 0 

the above, tvo vcuoo r. uld reduce to 900 cid 529 ohc-ski 

roopoo'tivo2 i'. 

4. oinilex' ,elation for a poraablo roacrvoir r2i000 Porto 

rro f# .Uod pith calico co .ution hoo boon given tr Arabic eo 

Uooro 0 io the poschy o 	cood no a Ruvsivn and no the 

o omat be a value ly abotWo on 1 *8 tad 2*0 for coL eolid atod 

codtoonto and about 1O3 for clean ncoLco tdotod Pcoho, 

itz'uont tion and '2oohniquo Aocordinz to do ucuol prcatiao, 
the clootx'iocl x'ooiotivitg of a portion of around at a oito 1n 
moaca d an £ollotoa 

1oux' olootx'odoo aro cot In the ;ground in a lino tad at 
on oqual d1ot Cho cy3rt (ri$b7e 2) o A oat of B bcittor2.00 an. a 

caUlicc otox, a 'o oonnootod in coma rii h the outor pair of 

olootrodoo0 xbog arc no current olcotrodoo and aonoiot of cbarja 

polatod motel VO(OO1 Otontiocator fox' ea 	sy voltczo 2c 

ooa aootoi3 bot oa the Anno2 pair 09 o1oossd000 tiiob era the 

poton tic c l otrodcoo, Tho7 Ox'O pox'OUO poto O0fltfliflJ a oolu oa 
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of copper 	Sato, some of which seeps into the roued and mQ!teo 

a good electrical contact. The circuit through the pot la completed 

tV a copper bar r ich paseee thz'oz,ji the ]18 of tho pot and into 

the oolution. 

Mi1/Jymnettrll 	 8 6o~ter,et 

-Pofent%unr,ltr 	getiSiiw t y it 	 v) 	 -P u ,arc 	 I 	 p zrraVxo«uaft 
Ipfe 	ae•r ''LI/ 	fOtrr'i l 

%r, *rode 	r/ectrode 

~  ~  Curreht fe', 	~ 	et c 	Q 
e/eefr . ee~~ •91 	e11~,r 	y e/ 	e1 Ctrocle  

,~ , is 	rm; , a"r 	:.. • a 	 } 
~+c- —•7--. .4. - . _a{f  
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To Qotorml r tho roolotly ,#7 oS tho 	uncl e tho Dumont Z that 
glovo 2 	the buttorloo and th urJ the around botooQ the 
Oa mt Olootrodoo 10 C0 CWCd on the r 1 czotord At the 
ac o taco the voltajo V bot.oi the potontiii olcotrodoo 20 ao 

aoured ona the Imtont .oaoto . 'Rho osua l oceeLJ of olootrod.000 O ,c i 
to moncurad In foots go docloontod ao lo' ? o the oocurod 
vdaoo 09 10 V0 am cv the ra o ,oi vi1j o 9 the ooi or zoo 

ittaoon the currant oi.00trodoo to Sound by the ;o totioh 
ctatoo the r olativity 9 2 "RA-(V/X). 2ho tcm -~o- oatoo to the 

V0aQCO of o tor$oe moacnroo tior -no the to V/X io olootrio 1. 

?000ttrnoo In ohaa0 2ho unto o 	otivtty zo ohr2oct 

l cQ Io zi oamr c £i soot. O ooM otoro or oi'rotro c aloo 

co t o o 0004e 

'rho coiativtty cethoG raj he uood to ccto (1) roa1r tivity 

do?th ac3circcooto at a coloato4 point or (2) izod depth eniotic 

joac rconto oloarj a trcoreo llrnd in cethod I9 the electrode 

opo . . t a* Ao pro oolvo y acs ccod to plop up as oo In 

rooioUvity itb dopth. La the +Qiot ec o 'a' 'bott oon the 

ol-octrodoo bcoocoo , roatore the cur. nt poiotratoo to a aroator 

doptb0 vol ctod to 'a'0 Tblo procedure hce boom colled0 	rail 

l o off. ctri.oa3 drlllin eo On the baol o of the Mold coma ron Qt o 

the roolotivity depth ourvoo azo trr odo the rooioti ity in 

ohc'foot Ao plotted an the horicontal a oo r d the olootrodo n 

apccAnS 'l of in Soot le plotted on the vortio cl or dcpth ova 

( 34 1 ►2 ) 

Zn nc bod 20 the four olootrodoo are I2opt at a ooi taov 

, wOing rtilo thtir ,arcs covod clog , a Bros cnd rooiotivitr 
noacurerlointo no coda at 7arlouQ oto lonon Lateral ohcnGpo din 
vooictivity o2 cttoialo aso lndlentodo in contract to the 
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vorioe chc 1 3o ob eluod In cctho 1. 2.ho pr000dearo of 

mthot1 2 hao boon arclod o  o1l.co • f'g a1 ivo4r1, alcatrioA ttai i- 

atgq 	cid cDoctrctc21ta Caro cioc Cr laot y aD ,00iatty .tr 

t c7O1aoa. bo OtctiO12D aro piottod on tl o horixuatoi oxio 9  n Y 

the E'oo2otivic70 1C o $000,, is p1otto1 on the ucrticai o to* 

Vii3uro 7.2 chot o the sooiottvity ourcoc traood In oaarch 

of o him-2ooiotiv t aUlacotao Poch* erooc vo laoroaoo in 

roolotivit 7 til the Dada *D roolotivity io c ohod cad the 

ourvn oto o to loocona ohoro the precc o of tho oIt (loft 

otrvo) ,m COWL coi ior7 z'ooiotivitj oho +a tr the rrj1it CIW Q 

Andioatoo the oboo* o of rock0 A travoroo trrrood at a 

,lopoc at( fiijo 7.2 ) indiooc the boundnrloo Of the 2opor3it 
on the EO4GtiVit7 drape be o7 a port in z tni 	(about 800 

Inttoa,00)a 

foo ativit Su v o in 8hor; oo do . d o rao of % ootorn 
flojaotbco. 

' ho ourvoy o t oro orarrio1 out in 1949 by RtML (17) to 

actosiit the depth of traitor tnbio rnd the thiomooe o f tho 
vator bo iaa cone and alco to difforontiato bot ccn tho aaound  

i7ator courooc of roc!a and bi'coi it [7ator• 

A bolt p otoI3inJ oaot"crot aiontj the Shor'awh-Qhaba 1aicn 9 

Bocd. coo oclootod aith the przor 	oo of cowj t1 boucd 

t ot7ocn foci and brcohoh t tor. Xt aao Bator on found thit  

thoro von no from oval or at Alp ovoioso the , roi nd' ,tor 

bolaa co ro or loco Aei$ao a feat %22ch rondorcd the oopWjofc r3 
c 'o 7 c c 619floult. 0  aootloa , oo di cc tore oarrAod 

cat at the v iio Within ro coba and thou a cunt n!aouo . i.ne of 

cocandiniov on the ovoraao a Ono Oporto  c" 1 the ay from 3horaa 

to p cicuod9  aao tchon ofton conuoctin the con42.iae T lPaoaa r-zt 

ooporat on trCuo aool. !?bo cicotric An cc atdii o voo Sonar tho 



ooco broad pc torn and roughly r ppro 4uato throw-1cyo? Ourvoo 
Of b 	Ot7ib tJpo. Tbo otaao Andioorto that tho rntor-' a4tq, 
.cow So+c v~~: 	thin and widor ouch .o ouriotoii000 tho 
o1ootrio coandSLt tj o oo loco oc of iho$r 41c3rlainatozy 
o ,cif o ooe fotroro they help to 4otijttcb orpirioally.  . 
oorto n Utypoot. I'or m aotamoo the gong eb aharcotor of the 
ouraoo t~ao fairy oonot at oboe„ thoo bolt botvzoon 6horgarh and 
the o  of .4s o of ictrni11p *d al ona thi a oboob oo ndit ia na 
;Q won to be anifory tinfrRQu oblo. Roca itAoti of thin 
typo of curve to uaoW in wing .nfozratmoa rogardinr the 
I~tadvio ab Uty of otring Ala w don trot ain ooaditiono. 

oohcoo of the opinPon that the area hr no oontiiitzoizo 
vaterthtabbo$ on that the Little r natortiich ooepo in 
co3.leote c T the top of the yolito moor in ocvo rr dopr000iono 
g'orQinf cm o' . Z bac no 0 Only the p000noo of c abl vocorvoiro p 
copa't oa From one ao hor0 oou]4 of lcin the c rho end erratic 
dlfforon000 Is ac' AIitT ht 7ooa noigb bouting t Oo QCCOC noVo 

ro .oa In ccun oroo rhoro a thin lcror of +c Snkabbo tcitor  
floated on brine, 

ho, it coo felt that gee raloal Invoctigr tioao Toro by no 
mam onouji for cotti.ng c2f2oi.cit ?mon1ccjo of the hydroboty 
of th2o docort Gov eddit on . inforeation vac collected 
roarrding the level and depth of mater in the vo .lOD Ito tocaor 
curo cad oelinitgq and the variation of the latter vith depth. 
7x69 _ J' l i1XC! 1':JIt 

ch.o +r ieUoa coiciiio rofrc3tion nothod to taood in Gro~a.1d 
actor o pbar iota noinly to dot rcino the dopthoto part$otil cr 

txdop o $br iIzotar,ov . In bedroolt problcmo in lvitvj a otudy 



Of deOOL to 3ZOI1JV depth to vator-t ablo Ira on undo l.dntod 

codIUM o2 the SnVocti3ntlon of otmotur 1 £caturoo t7doh Lvo 

taco 	I forxt.on ro,3rardLr&a tho proconco or diopocition of budod z 

a ,uSforo. 2bio cothod cal oc nci uoo of the 41ffaren oa In the 

o1cotic proportion c the 1onjitudLnn1 coiaoio vCV0 volocsitisn 

of vooiao roro2: Sow edono. Tho dopfiha to ar tho attitude of varL-

ouc bode con to dotorniacti by no ur2.n the oirivol tine at 

tho Mound ourfco of ivoe aonoratod by blaotio o2sp1ooivoo 

C>D the round ourf c o at2d which get orLtioa.1y rofrcotod along 

the iutorfaooe of cubr arfaoo bode that hc7o ir~ronoi g; acocl cd 
vao opoodu with dopth 
laotajontatgoa And Tooiiniiuo:- A xznbor of coic c €vo r000ivoro 
for o4 Goopbonoo, or piokupo0 oro cot is a lira on tho ,around 
Lit noacurod dint -itco apart (100 ft in r'ijg*7n5) o At the chat 
pointy 0 a chargo of a foa poundo of a opootr) oup3.ortw(uoually 
nttrion) La onplod d. Boicnio na roe cent Into thoground by 
the ouplooion rocoh the dcophonoo, are pic?od up by ► t ►on g C 
p if od0 cd taro ^r ttod to the r000rdinj 4ovioo$ or oaoillo" 
ar ► ( 	.10 2Iio coicn$o rocordo or coin. ogr thud produood 
concioto of cover A 1 Lnco or trcaoa (vi,ge7•3) G on Lo' oaoh gc0phono0 
Tho rlaot iuot rr is ioordod t a opco ion. moor?, on one tx'eoo 
cx the Inot ac o of c. Lvt, of tho fi iot va o(t.. oc o the v w 
ocor r) at ocoh G3cophono can be d-torninod frog the aoimoarcoo 

Como of the tavoo(diroot a c) tx'avol oboe to to ground CUP- 
fcoo th o vsbooitt `, G othora crooc the upper lcfror of lqm 
and o frcctcda after Kati thcr trrva3 aLoac the top of the 
cinaorlTin3 Qatoricl r. th a vobocity V2m. The quiet oot cj for the 
gutter vcvo to rook a Ccophono io to or000 the taper Igor 

in both c2otn Dc$ np truvc .bieg [wor a nor  ccn 	o(~  
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FIG 7 3 Se smile re(rac`Nion Method 

angle of grasiog incidence") as shown in Pig.7.3b. It ahou~d be 
noted that the laws of refraction of the seismio waves are ane o- 
goes to those of light rdraotion, hence a emit arity is tarmi--
nolot. 

To obtain the travel-time curve (Pig 7.3 a) the distances 
between the shot point and all geophonee are plotted ,orison[ r_ ly; 

the timed betweeA the chat instant and the times of arrival of the 
fist waves oauei "breaks" In the traoea are plotted vertioally. 
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Joining the points thus obt 4usd produced two intersecting 

straight lines. At all geophone• to the left of the point of 
intersection in that figure, the direct waves arrive first#  
wheress at the rest of the gsophones the retracted waves arrive 
first. At the point of intersection itself, both a direct aai 
a refr t#d wars arrive simultaneously. Dist anon► 'z' of this 

point of intersection can be simply scaled. The diet awe(in 

feat) from the shot point to any geophoss at vEtioh direct waves 

arrive first is divided by the time(in seconds) the direct wave 
r. quires to re a sh th et geopone to obtain velocity Via foot per 
second) . The distance between acy two geophones usually are 
equal spaced from 50 to 100 ft. apart; the whole distance 
covered by 'the geophonee ie often made *qual to from 5 to 12 times 
the deatred depth of penetration. Prom r eaeurssants of seismic wave  
speed as described ebov*, it Is possible to find the depth to 
cart 4 4 type* of geolo Rio al hors Sons, such as bedrock, at several 
points in an area. The beck-rook st a datsite, for essaple, sq 
be the horizon which carries seismic wave• at a relatively high 
velocity. 

It would be evident that for the successful application 

of the electrical resistivity method there whould be a sufficient" 

ly marked contrast in the electrical resistivity characteristics 

of the various formations under in esti. stion. Similarlya well. 

marked contrast in the 1 ngitudinal seismic velocity would be an 

essential prerequisite for the successful application of the 

seismic refraction method. In some areas, there soy be a good 

eleotriosl contrast between the formations but a poor seismic 

velocity contrast, while in other areas the reverse may be the 
case. The two methods would thus oftentimes mutually complement 
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one mother very well end# therefore* can beused in con~unetion 

ith one another with great advantage. 

7.7 	~' ..-~'GAW~ 
The sgpatic and the gravity aethads are so*ei eat stall at' 

in respect ' o the field operations but distinctive as to the type 
ofph„yeioal measurements. In 	n.tic procedures a na gnstometer 

is Used to as aoure the vertical component of theearth's magnetic 

field at closely spaced stations in an urea, These measurements 

are corrected for pertain systematic variations. The resulting 

a netio vatuse relate to focal subsurface conditions. In the 

gravity method # a gra leter Is used. teasuremente are made 

of the force of gravity at certain field stations and corrected 

for variations as Hoasear ►.. The corrected gravity values reflect 

conditions below the surface. 

These two methods are not used in smearing investigations so 

much me the seismic and rs rd ativity methods. The main reason for 

this infrequent application is that gravity and magoetia neacure.1 

aente areless easily Interpreted in quantitative teats than are 

*asset ho aysr, where either the uagnetic or gravity method may be 

uniquely suited to obtain subsurface intorrasttort, For .temple: 

the megnstometer is in ezoell.nt tool. for outlining Intrusive 

dikes# and the grsr#aster can be used in searching for wed solS 
ution channels or caverns.. 

7.$ Q c aIts21C lneTuo 

These methods are bused on the taut that presence of ground 

wet er son be torsi aced with features visible tion sir: pattern. of 

of topogrs r, vegetation, land use, and dr yin egs, and nisosllane" 

ous ground features. In serching for , cund w iter the photo 
interpreter must identi r porous and gramlar water bearing t, a.1 
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Sotioiioo ccad riot oonoidor loo-both olovctUozh aLothr 
c' nd condition thioh offoot tho otoro, o and iovoment of 

aun4 vcto ► o IIo c ou1Q. bo ablo to aouparo tho r'oa bolus 
ud'iod v1tb othor crono vioh bolo c o4r boon invootii tcde 

Ground wator in doom ocn ttcuclly bo located quickly 
b,J noa&W of voaoto$$on indicatoro rich appoar is arol photo► 

rDp1O. 2ho qUC Q 	quality of aator0 in pr iaular0 Ito Colt 
contonto can conotiaoc bo a000rtdacd 'fit tho study of natural 
Vul otatioflo Tho dopt ao of L3EOWd auto' in a3ZiOUC 3C 2't of tho 
scion aim oft on bo ootixnatod fron voobtotion typoo o d pattorno 
of 1 c d form intorprotod from ooziol photogopho. 

A thod of cVotoc io of y of around utor 	photo 
intorpvotetion dovolopod tgr Ifotz involvoc the 	foUorii otopos.. 
(a) DUnoation of ctro cao0 dr .ao o linoo9 and our1 c3o raters 
on a photon® tic of the orco. 
(b) Dctailod intorprotiation of curfa so 	oriolo in tho a roa and 
dollnontion of coil typoo 0000rdip to phyeiojropkiy and 

(a) Doliacation of lcndfurc►o and land uc pottorno and oorro-
lotion ri th cubou$2ca votor ooradi tiono * Xatozprotation of 
opooi3l Omuad font+ oo0 ouoh co flooded dravol pita1, poado, 
quar4ioc01o1so30 ditchooQ and arcnpo0 vhicb provido oluoo to 
Ground vator c o adit iono v 
( ) Boliaoction of c ao litsolp to poococo riator-boarinhJ forr ot- 
io0Qo 

(o) flovio;i of tho 1itoruturo 0 ir~olu4inrj roll logn1 Sologio 
roporoo and Thor in.forncition about tho oral f!.ob+1 ohoo!3 and 
bvc titudo photogro by of probboa cDoto. 
(f) xP'cparation of a around- atoz' 4.na and t rittom r"opoa u. 
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As pointed Out In par* 6.2, these aeth oche consist of drilling 

holes on chosen site* to extract samples of rook, moll and water for 
further studios. The information on quality of the eub-eurfevn 
*s.terial ■iW be obtained not only from the *eagle but also 

from the field observations of resistancee to advaoing the home. 
Hydrological tents on the hole* eased after drilling give infor~at' 
Ion about the saaltty and quantity of water. 

The aathods of constructing the test holes include the 
followings- - 

1) Auger borings. 

(2) wash boring*. 

( ) Drii.liags - 

(n) Percussion drilling 
(b) Direct rotary drilling 
(n) Reverse rotary- drilling. 

?.10 AR Th7JL. 
Asir boring• Often provide the simplest method of Boil, inves-

tigation and swp ing, They n er be cseed for any purpose where 
disturbed sa plea are otiefantorry and are valuable in advancing 
holes to depths at .ioh undisturbed s ipling by thin-walled 

tubes to required. Depths of auger investigations are, however, 
limited by the ground-water table and by the aunt and a*xlnuat 
six* of gravel, cobbler, and boulders as compared with the 

sits of equipaent u md. Hand-operated post-hole augers 4 to 12 
Lathes in diameter can be used for ezplorrr~lon up to about 20 feet 

deep. Iior*yer, with the aid of a tripod, holes up to 80 feet 
deep have been excavated successfully and •oono~io ally ?1sohiAe4 

driven augers acre of three types; Helical augers 3 to 16 inches 



an 4010 otor; 4iaxt c arp asp to 42 anahoc In d1or owl ozzat 

c o s Apt o 40 arhoo In dlc cory 

In cwjor,, 't M to co "ter turr4nt tho moor tho ociv 

ticnoo Into tic1co10  vi tbcant it o  ari vo ving the coil for tic 
octnciion c d c c sang* +rho ewjor to I aoortod into the hole 
cj doo rind tbo praa000 to ropootod0 Apo ocioin to r'oqu trod in 
iat to coil in tch the booholo 2410 to Gt cj opono  odt 
ocDcal 3iIy aoro the Dorms to ontos 4od bolov the g o 'v otor lam► 
2bo 1no o dtcotor of the Qw$ng ciact bo d1lab ly lr'wC;or thtr 
oho SLc or of he aor acade Sao ooctna to d'ivvon to a 3opth  
Loo aiitor t ca the top of the z.t or to and to olo 0n04 cult 
by QOthD of the tor Tho an or con thou by iaziartod Into 
the too o ola end ttarnod tl -) V o! of tom of the amid to obtoin 
the ccplo. 

2ho ooil car on be a cod both for borto,j the bolo cã for T)Tfl 
t)rLntj t p diotL3rbod o Z. oo of t io coil oaaou or . It o orotoo b 
boot Ia cacocIat looco 	OrCO1J o®bootvoo  t otot coil0 hobo 

d acmc1 	noa .that the c2ditton of vatora but in hord D  
dz7 cobo or in ezItootonb000 oho the introduction 02 as r l 
mono of v7rtor Into the hole ails all the dr lind end oac30 
on rc tton0 i2oot 2 	O o IarC;or 'tbWI t ut ono"tcth of the 
+Qicotcr of the hobo oaimot be cQ00000 ll7 rooevod . Hord 
cm,¢oste nc aodo ' wtpr of od holda porc t ohnotion of the 
G@llo &0 pb coo y anQ thoro1oro o c 'o 	rood for foundcit ion 

invcottQ tonoe 

!?o r3c' o Logo hobo o by a otapbo ca ad Irnon no tiach Lbwj 
or tech lotn3o or jot boboo) 0  o Soar•-3o od dorriais t72. h a 

blCot at the top , nord4 to IIoo(L flofo r aobiarj otertoo 
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tho hud c f a ztovial okould ho bzotxo ap cat Pec3vc4l)  o.go j) 

to a do$$h of resat 12t. aith o i 4otz o' t l a t (Iron 'ter v,th 
thc 	o$h) • If tho vochO11e Co ft Uotox'ie l o her Ionod of tho 

to or o ovoa cd r ,th otbor bard lcZ7oroo It to '-ot I c3Oooc t 
to coo a vo ular Coro halo ' ono o2 tho aotI odo oocribo 
borooltor0 'Rho OocRg go thoa dr ivoii Into tho *noovord va^ otlo 
nQtorl d j ODOCOa Morn Of a drop hccor# 2ho ucaol Vo It o9 
ho=or aood 7itb a author Ao tbout 140 to OD lbD the ho t o2 

o +C U. bon3 2oto 4 0 C7 i 1 c o ho$oto0 Tlraoro to1nij tag 
to COO lb aq t uaodv she oaotht onolocco a tac 4pov  acorcUr 

* or coro 	 dl tc ' 	,t1I a ohoppit bit at tho af 2Ltt 0  

tic Vaob ppo La thia oac in acl77 tc La toZMcd a d l i3d* 
After to 000 , So 6rivon to a raooanblo do h0 oath tCrLa1 
la vi di od out f r0r3 Laoid o the oaoL 4 Tbo d vo be e4 of the 
oa; lag, La roplaood by a * pLpo (L.o, o pipo cbopci 11 o tho 
iottoD 2) Tao mob pipe L.a con000tod to a 0t7iv01 (alcD oaUod 
a °t7atoz oc vc l°) 0 r d IN o of vol oonrcotod to a jcpio Tho tch  
I po o onto a a of of tr or throub iio bLt,. 2ho t ator t1 *ao o 4ca 
tlio coil mt or2 c. rim to the tL.Y) of? the o 	tid to4ut'ac 
' ott c the oc L  and tho s ►cii pLpo bnn- the bzo1 rn 
ac 1 a dCI coil to tho c rfaor no a copctoLo. 2ho ouop =lon 
Lc ooLvod ►n a stab or a cep Uzi to around wdor tho a conto 1. 
po Loa of? the 'd(It olzoiala be noto4 that 2rill c d so al$oQ to 
tOPA O Am to oco v cj 2-m0oo  gala 	At a o ► p 'onc o 'GhrOu 
the ccob pipo c zd hr m., It rottari botucoa no pipo rir a the ccoL ),* 

zoop t , of aourco p 12 op c!iol drill c: mdo aro uccd tho vtorn 
c for t1ct do= into a oazp or '° acrjo pit'" to ooa t 1ntA2y 
at od to the bola. " o r z taro to bopt £t the oorroot QpcOMO 
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3r t? by 000aotondl tc2itione O rater Or' ahemio moo. It the 
dril1i.n, work Is close to a river or other eource of dater„ it 

La preferable to pub water directly feat ced of re aei,na the 

water fran the cu . To f " ` flit a rt.nla ox'oeion of the ztoricil 

under r the bottom of the bit, the vaoh pipe Yo churned un and down 

CDI tooted. Roi®tin , in t to case# oc be aaconpliehe4 by wrapp" 

in 2090 arouM the vn o  wivol and 11f`tinuand droppinj the 

pipe by alternately pulling and loosening the rape wr on the 

cathead. flend wrenobee ere uood to t .ot the pipe. 

Men the hole Is washed opt, o:1i; usually follo e, 

cacb boria; j, however, nc be of valve, oven without eubaeu®nt 

ccrplin. Such Is the ooee eion it is ?nova that rather ohifloi 

rook underliess a cer'i4n locality ad the exact depth of the 

rook Is to be concidored in the doaicn.(2h.ie e ► .,Ueati4 ► Is not 



fta QZ OO &pth oimctot be dofior ,t od s) 7oô boring t` .t-out 

oa 	ng ale* ty be ucofUl in the prclim .nczy o lorr t om bofo 

onpowoivo0  400p$ nn iotta 'bod oripllca otorto, The o*td c(or 

DSlu tI) rOtuz1It2ta fron the 12010 viii ivo aoco , though 

.iaooMp2.oto 1, inforcation about the jnori ohorcoto' of the ooil  

saki. the cquonao of the cal. oorate. 3aoh iontifAnathon b r o to be 
ah 

z'ocor2oa i4th oattior&, cc thotox' toodo to c:ah Put the 914oa 

►r the coil. The rotazcnin,;, nuttingo tirno nay in6ioo that the 

coil io coortc r than It eOuoUy icy, S late Imam , rmol ricq be 

bro cou Into fine abipo a ors theo bit and thus not chow In the 

outtingo 11ociovor the prooenoo of such co o ctort. ocoti coo 

!ion be do oa od tt the action of the bit m 	the proroenco of 

nwerouo abate root from In the outti o . Oftenn  vabing 

out of coft matoa; al cueb co coft +1 ► or or ? io cUt con be 

done to a cOnoidor ablo doptho cuoh ac 60 t or 70 ft tp the uco 

of a ciort low of cooing (o.,g. 15 ft) at the top of the hole 

only. GonoroUy0 during the tiachinat  to cooing obould be fit 

Crippod ter a clr. p or oatot adog " to prevent it p000iblo lane 

Into the halo o Zn V027 con mterldo0  the oacinw rat oirh (ot 

oevorol (cad conoti oa Faro )foot and Ito 1vn toiht0 To 'coo 

the neon  It ic pulled ty up+ crd b10 of the &i o her 

r ttnat the drive ho cd. 

A r oob boring orov ucuolly oonat ate of a foronan ai4 t 

bolporae Zt to the foroean' o duty to cult dai1j progreco Aorta 
to the ont$noer1nC office aM koop trC0% Of the follcming &atC$ 

9) diceter az typo of the oc 4nj i,  par thou foots (2) o:4ght 
of the bcaoz'4  cror ,o boiijit of :M10  cod nuebor of Mono 

rage to fordo the o cc o through each linos. Foote (3) boo 
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or gain in wash rates it fir; ad (4) his awn iog of the 
boring regardless a t Yk•th*r or not there is an engineer or 
geologist at the sit,, 
7.1  

The percussion method of drilling has boon used suoeeaful 
ever a Considerable period of time and is particularly suitable to 
penetrate puree of said, gravel and botthders such as are found 

commonlyin alluvial and glacial deposit a, This method can drill 

1+'g*r diseatir holes ooxpared to the rotary drill ng aethode but 

it is not possible to t eice out undisturbed core by this method. 
It Is therefore suit able when the primary ale to to a *e a bole 

In the ground without obtaining precise data about the nature of the 

sub-utratu 0 

The drilling rig used for percussion drilling consIsts of 

k0ChoppiLg bit" screwed into a "steal' which is turn is attached 

to a set of " Sera" hold by a rove or a c le. The chopping bit 
may be u heavy bar 4 ft. or more long#  working o ► the bottom: 
o f the hole. I t acts together with the string of tools is a 

hammering or " porous don" action. The enorc ri+ uired for this 

aotio a+s be provided in several wrnrs. 

The method generally used is shown in fig. 7.5 • This ,figure 

!hove a "walking boos" that moves up and down 'by scans of 

eccentrically mounted Jars driven by $ actor. The lax* serve as 

a hser to drive the sampler after the hole Is made or ■r be 
used to Jerk is bit loose If it atioks at the bottom of the hole. 

The hole usually in fu14 or purti d Ued with w&tsr. The 
+ .uri7 formed at the bottom of th r hole is periodically bailed out 

by means of bailers or sand pumps. 
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2to objootA'o a2 tho Coro boring to o obt4a o=p1oc of a 

rat for hcrl catort ,o thothor roat or ham coil0 in the .Xora of a 

ay .ludrlon r obaeoa ouz'o. Thic io done by a rQtotiOflOi pr00000 

(40 to I OO 	p or oars) uoln tho rotary ri, .0 tong. drilling 

cad, or c1s, io utc 1 In core brin). bo oacntorc ucod gouorrily 

ore torod coro borrolo0 whore ore co-tuba o d double tube 

core b© rol o 	7.6) . In the It tt or 'typo # the lu.n tube ret no 

the core of ucually d000 not rototo with the outer tuba. the 

rot i.c taboo in both typoo of core bc2rolo hire x:131 bite 

ct t,boia outtin oudo. Teo cotue grindnj or cattt43 dovicoo,p 

ov "'uodio t: be (1) pozr2ont1J 9izrod to the bite et oh cca 

onot-soot di o►rzdo ucod in dic .ond core drilinza (2) tlzod to the 

bit bat oIangoob10 or rofcood tticn co o c.zah co atc cl tooth 

ccd cut for o, trnjoton oarbido ( or °hard cote") i rtc a or 

b *cot dd t o; or (3)god bettoou the bit cad the reotr0 co 

O=lod oboet (c io + rilh nj) .. 
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Tb,o Coro t,z'in5 proc000 to 00 fol .otaoz (9) the bit crnkoc cm 

1ar opei nC; In the roo?e(2) the "biol arr-duolly aUdoa down 

Into thio oponinso (3) the core onaioaod in the barxol Is 
coparatod from the root of the zook ac o co Later d000ribod, 

bnd (4) the barrel to lifted to the around ourfac . 2he r aauroo 

tabon to avoid loo of the corn co clot of (1) ro]tovin mater 

or air prooc ro above the o=plo, for ezoinglo by a onall ball - 
*book Vo zao that op000 c tomati*a14 if the prOaaira incroaoao 

above a curtain licit, arid(2) aupportin the core from beloti 

by a core catcher or core oprin . Thin to a circular, oprinliko 

dovico iich pomita the core to nov a upt7ord but, bit oproading  

out, prevents it from tall ,zj out of the brarolo 

in drive oonpliogo the rztertal dioplacod by the or c l or to 

puched latorelly end err 'bo prooaoi into the sample: Tn core born, 

the ctoric around a oaplo in around up and rezoved by the,  
circulatingwatoror dz.Uinr fluid. Sometimes the acre boring 

in dono in ra dryr bore hole, znd the outtingo are romovod by 

oirculatin air at high prooauro or by  uoin ; a bolioal hollow 

cuor. In cone typoo of core barrola, the ooareor parttioleo 

In the outtinaa ate► ving Up in the drillin j fluid tend to 9A- l 

bach bwawo of the dooroano In volooity of the Auld., To 

prevent thi oq  core brrrolo oopoolall r in the case of shot drtll- 

ing,, are provided crttb opooiel oludgo barrola for collecting 

coarco cuttiaijoa such o ole o barrel oomotimoo to tarried a 

Coc yna barrel, Oclyu r , co to + od to coon .a vory largo dtrmotor La 

hole (30 in or aro:ator) ozoovatod by chot dr Uin,j elco the 

cotuol method of chot core torini to intorohoogooblo collod 

° oolyx boric . 
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©ing1e-► tube barrels are used in sound rook or in large a-

metor holes in all kinds of rook*  if the disaster of the hole is 

email, or if the material to be sampled is *oil or fissured or 
soft rook, the core should be protected from the erosive action 

of the drill water. In ouch comes a double—tube barrel is Indio.ted. 

he inner tube should be provided with a linter if moil cores 

an to be obtained. The liner with the soil aateriAl to then 
taken out of the a apler, eetled, and sent to the laboratory. 

Diamond and Calyx (or shot) Core Borings— Two types of diamondo 

are used for rook borings, block diuond8, or carbons, and 
gr , Yellow, ecr brownish Industrial diamonds known as borts or 

tort. Carbons are of hi jier quality and much harder then hertz but 

cost roughly ten times as much. Diamond bite aqy be hand or 

saahanioo y set. In the latter case they are termed "cast" or 



- 142- 

Corot-CO '3  bitom In tho former oeco0  hobo cv dritlod In the 

Lnci and outor 04500  of tho bit 0  tho carbono p1cood in the holoo t  

and the bit otool to kianoorod or pconod around the carbon. Ucually ly 

a Sot7 o aab000 co .cot on the out aide of the 'b1t about 0 in. or 
noro obo vo the bit facet i. o. 0  ib lotor odo) . h000 dic ondo cot 

an voc:AM oto aoo during the dr 2lIng to iGn the hole ed thuo 

protect to carbono +c2, otoc , In the bit taco and provont the 
ct ttinjo Src n binding (frooain A the bit. cho bit is nor rmr 

Into the bottoc of the core berrolp rich to rotated at ve ouo 

aaoodo dcpoiftia upon root oo4di ono. L the heavy friotion 
.houto to bite  cold actor 10 forced through the holloo Orill 

'o2 to hoop it cool and raoh the cuttinga rapt azd. Tho auo oo 

09 a dic 	mooring operation dopez o upon the o .l of the 

dri1l operator in ac1ntaL 1tz3 bc h ,o dry. opocd v  hie ciator 
proocuro, and hie drill bit proocuro ao Suet tbo right ovolo 

for the jcrtioular Z ind of r tore, that to bins drilled. 

4 or the Coro run to Coo otor (i.e. the full loath of 

the Coro barrol hi o poIetrotcd the gook) D  the care to separated 

Yroc the root of the rooho Eo One cothod the circulating vator 

to otatat off cc4 tho core to esdrg--bboot!Q" or 10burnod- lat l $ a oo 
tho Qlaoroi o bot=ou the barrel end the botor port of the corn 

Cn to pc 1tod t th ground sactortc op aalthe corn c be oattractodg 

thous nth come d ojo to ito lot or part. In coco rooko0  a 
ror)itd Sc3rocao is rotation opocd ccy b all thnt 10 roquirod to 

brool the ooro loocod In bore cor-oo of 1 cijo dircotoro4  the 
barrel to it a'at n and ropi Qcd c . th one bvint 4 core rotcicer 
cmd opocial bit that underouto the Coro, Unforsunatoly D notmUnoa 
mom of th000 cathode tzID and the brolion'-off core at the 

bottom of the hobo to ptelod tap dcriutj the c t core run( end ucue 
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io oavorlT Ornn5od). 
O y2r or chat Ooxo Eor2ojx' Zn thic typo of borinj, oinlo-• %abo 
borrolo only are ucod.. ©hiUod-~otooi obot to fod Into the vaot e-
tJatorg it 11 becocao partially onboddod in the cof atcoi of tho 
oorin 'bit. To be otfoativo the ohot ruot be oruohod during 
the operation; oorotiooa prooruohod obot( "or .y itoc) to wood. 
The outtin o oro rocvcd £i+oro the bit by oirauiotin3 orator and 

dopooitod in the oaly abovo the bcTol proper* rho ooio ncy bo 

retainet bt c otho4o o2cilc to th000 uaod inr oonnoction tith 

amond CttUizt. Zn rool3 with nucorouo open frooturoco thin 

cothod1 ztt be unou00000fu3. an the ohot a cr be loot in the rock 

opor4n o. La r o'diameter hobo (36 in a d larger ) h do bean 

drLlbod r this r ethod. It aloe )loo been ucod to oink vout at-

ion oha o up to 2,000 S%. in dopth for cinoc. or the outroco r 

b or o diet otor hobo (cuch on 10 £t) the rotor opor:ttin the bit 

to placed directly Oovo it D and the entire cVporatuo foiloco tho 

bit down the hole by bolo,; lcmorod on cabloon 2ho operator In cuch 

c0000 may n1l3c ri(o directly on the top of the rotor. hi.o 3.nrjo 

.-die ^tor borto3 ro uiroo cpooially built oquip rnt3 otron Co 

the work to dilgioult if the rock to broken or the Oroun&-nator 

preOrycarao cro very hills 

7.94• 	t3IJ o^AI 

gn the Cireot circulation nothod docoribod in prira (1.13 atop 

gyrator to puapod inoido tho bore throuGh the drill pipe arza 

c0000 out throuGh the bore on the outoido of the dr Ll pio. Zn 

the rovwce o1roulation oothodp the pr00000 of oirc1 ctiou to 

rovorcode i.o actor to ounehcd up t!a the drtll patpo 'fit o 

cuction puap and to alborod to aov7 Into the oannul c tarn cutc3so 

the t U pipo4 o n ratios of Pc t p the hole to thou out 'tpt 



riothod noodo o vcoum puop for pr .r. nj and a auotion ucp for 

ciroul al ion a 

It must bo Dooaiblo to potato tho bit of di foront opooda 
COEIQ 

co that it eon Aour. ita rtj throu i all typoo of fornationoo cuohh, 

ac0  oandoono 4  hard to ooft aloyo, ozmd and aro ►ol Zn ordor to 

rioko tho bit out offoctivoly and honoo0 to pro oto factor drill 
Ing, adoquato proccuro boo to bo applied to St. To rota oortiin 

i 

portions of the hole, rthoro otrata €m h'd the bit he to be 

oovod up and do= and aboo to be t ^ son out of the hobo and inopogt-

od porio&ioaly. 

The drLUinj fluid on the other hand curt be able to rmovo 

the euttingo fron the halo without intorruptina the progroac of 

d .lin'in other words rot offing the outtingo and ca ing a halo 

go on oiraulta noouoly. Tho out tiro azo brought to land curt coo 

through tho drill pipos The pump caot provide euffloiont arpvcrd 

volocity to the lar3oot outtir o0  or to put It dif'orontly,, the 

uptiard fluid velocity moot ez000d the arootoot oxlip of ptin o 

cut. The airoulatinj fluid rhiah always fiUc thoholo upto around 

.oval pro+idoo the XTdroota't$a hood to provost tho hold Sroa 

cc .lcpain . It could not ho out of px c3o to point out the Soi 

pointo of di foronoo bot reon the direot and Rovono Rotary Syotcca. 

T ablo TO  
Difforonoo hoty oen direct +cad rcvoroo rotary cothodo.. 

Dfroat Rotary 	 ROS7orao Rot air 

1. Tho drilling fluid paccoc 	The drillin,3 fluid cix'oulotoo 
dowfl thud UU pipe crd ri000 	doer the annular op co i 	ao 
vith outtif,js through the 	brou 4 !J1t to ,round lavel vith 
annular c, cOo bat on the 	outttnju throuGh the da 1 
bore and drill pipoo. 	pipe. 
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2 .Ti,ho drilling fluid oonci ar o of 

rquo.jo10 bontonito ar 100 ci 
ofn'A Qddod to " ator co thot 
the vi~a000ity to sufficient 
to briery the o ttt o up throui 
tho o nun r r op co bott o on the 
born end drill pipoa0 

^iho dril.htna fluid in olo, .0 
coot or ozoopt rhoro In OVT 
caving candittol are ozpori-
encode 

3, 'Ftoatoring notion of tho dri ing Ito pl oatoring action zuirod 
fluid duo to the pocorcz of 	ozoopt during heavy oaving. 
ao3J 4t 1iItt like 	Q. 

4. %rotor of hold 1t goncarally 
oaooCdiflg 20 tkxthoOA 

5. Drilling to gro Ztor doptho in 
thoueando of feat p000iblo 

Dicoter of hobo uouc.lr 27 
inohooe 

D ip ho bolow 600 foot rarely 
att oinod. 

Advent ego© of Rovoroo act ay flothods- In tho dirocten airoulution 
rothod 0 there to a tcrdonzy of the bore to collapse. In rovorco 
ciroul won ztothod v there to a proauro on the forrantiou due to 
ouporimpocod load of water ebovo the opring level,) #hioh prononta 
the hold from oollapotng oven though no lining mud to uood. 

in direct alroubotion bor000 lining cud boo to be uocd to 
prevent the hobo from col . ageing end this ma► } ha o a dotorineot al 
affect on water ytolding ccpaoitg of the n, for board ford 	on. 

Theo by the reverse rotary drilling pr000ao9 it to poocibbo 
to drill holoo to a greater doptho of Sort Q. ood. ^ho yioid of 

110 bored tr the o mthod to cI co core. 
7.15 Q .UiOLOY P OUSSICJ r . AMA 	o . 

As pointod out in the pr0000d ,ng pr agrcpho0 the fields of 
c@plioation of a porouooton rig and a rotary rig ore tightly 
different, flop a drys ao have been doidgaod ttich ore a 000 ..not-
ton of tho two. hcoo rigs non operate no porcuocion rigs and el sD 
reverse rotary rig and thuo are obio to drill hobo in of toot 
all certo of foro:•tiono rhothor h crd or c3 ft t1th cooing or 
without oaotng pipes. 
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Qho t 1oratory tuba Ala orrc iootion tct ng up the 

iiwooti,y tiono for around orator ao ao31 no tho enotructlon 02 

the productive 'taho tell o is uoiig tho foUowing typoo  of driilinj 
rigs$.. 

(1) 3 ioccl pov rod Prank Dimot fiotary MAd Circulation riGc  

dooigc d for drilling and conotruoting water v lle dorm n to 1500 ft. 

(2) . rlo6ol po ioroJ Failing mho Direct Rotary Llud circul c ion 

rigs capable of drilhitd 	constructing vator 11n down to 

1000 ft 

Uc b , (senior) alto iroot Rotary flud Circulation Iig capablo 

of drillingg pilot holes . or Olin hole o dorm to 1000 ft. 

(4) star cake . (72 stood at gar) Poreow.oua'.Diroat ltotary Lud 

Circulation Rig oEobbo of constructing vale down to 1000 ft. 

Ddllifg could be shifted to porcuocion or rotQry t th the tiolp 

o f this rigo dependinj, on the c .o. 

(5) Rworoo circulation Rigo0  Prank cnd Winter tleieo raga capable 

OtOOnOtrUOtij production rail o dotn to 500 ft. deep. 

)6) star take (71 opood of 0 Percussion igo capable of drilhiog 

and oonotruc'ting dovni to 500 ft's 

The AS unito ore calf contained regarding ancillary oquipnont 
like homy vohiobco 9  X1diL1a oat eo  aobUlo r7orkehopo cosproaco rug 10 

toot punpoa  tnatcr taunt and trcotor€a titb doaitz, att ochucnt. 

Selection of SMMae— ^ho iaportcnoo of obtaining axicuc anfornat 

ton rogrding rater rosouz'aoe of a virgin area depend largely on 

the oeleatlon anddiopositioa of the ozpboratoi7 cites. In viov 

of this roconniocanco survey for the lay ration of sites In uoraAly 

carried out by tho goolo at o baocd csainly on the goologio 

oonditjono and also on the result of the 6aophyaicdL trsvorcoo 
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oa riod out by tho goo1o1 at e, 'phi a io foil mod by find, pirao lnt l 

of the otter by a high iovol alto 001 cation oozittoo 0  i Ud .r*j 

c 00 0 ocxtG roprauont ativo0 

In oolootin aitco, a f'ov hoy hobo co rocooioo tod. r .hiwj 

of o eoh to11 ivo o a vitel data on the future m dri11in prorcin  

of the aoa. 

The tollorvi. pointo are taco, into oonaidozation Tj the 

Committee tpart f3On the 3oobogio k. oonoidor t2,ons.b 

(1 ) Tho dotlEi&vl for lift irr atioA mid 11hollMod of +cam ourfc3o 

Irri tion oc honoo boiaa t o!om up it the vieiaity in tho. near 

future. 

(2) The elevation of ground to foaiiitato maxi un naturaa 

8r1 4ty flow of crntor through ohannoio to to farthoot and of 

the Comr. dad aroac  If the tao11 proven to bo produoti . 

(3) The teirabiUty of the propoc,d aito to be oboe to po ror . 

trncoiozon lino for unnj the productive tuba ce3.o COorm o 	4 

(4) ^h o erect chould be out of the mood aono. 

(5) on the focoibility of heavy ctthiaory nabAa the cite. 

t ore a Uy to obt cm ctozzua ouboL rtaoo COo1oat o  

.oel d at op a and pottorno trice l c oover e3o or dcf.nod c!otion 

(ariq north'couth or ooat'oot) io adoptod0 

The cua0000cC . productive rollo cat cc the nuclei for 

Etaturo dovobopttont o +for o of the area b r core t 10 In uturo0  

Is done no 11.3? by plooio tho to110 rcdiocibly to the itic117s 

piv3 cuc000caafl rialto. 12 £uLthor dovobopicnt io docircd, t bo 

pbccod poxppoidioula r to the radio 3 1ino3 c u1d yield rioro 

io led info Datton0 



3 'Hint Oporc tion co ► Tho 	t, .O1 titcp in dr llina oporc tiono 

10 to del a pilot ho .o of carat of nc i dioctor do= to r 

doptb of 1000 ,fit or bod. root 0 d ohovor Io oarlior. rho oprr„ torso 
130=014 ootnionoo on tho Zrct hobo is tho ozoo nht h mQv hco 
to bo d llod to tho riczitmn dopth o F 1500 ft o J)ciondiij Ca tbo 

anturo of otrotc ar= 	obtoinod 2ror the 	hobo 1 

aoptho of dri, .11n of o or oitov no root1otod4 r5 drilIDa 
opat it2ono flold aoo1osatoto coiloct ci d czino ntrc a oad ££c o 

,1tholoslo à 103 of tho boroholoo. Tbo bod roch oaoountoot 

to owrad by Uoin ooroo oocozb1y to collect CO1OtOC doto. 
For porotZiodon darilliflJ0 tho 41ilUn3 opoOOtiOfo ootaoovo 

vItb a 16 diazotor d4  vin otz'inj o2d tchon 	a rattan dopth 
r000mmondod for hou oin , Doyond thin dopth, tho o11 ILo iornc1i 
to1oeopo4 to 920 or 3010 dcotor.bo dopth of drilling dopoio 
on tho ovnilabUity of ononah th akooco of ofrcc o f gon+z, ly 
r~ollo o .00DplOOod tithtn 500+. 

4bro r i000 tiol]o ova dziUod oho t to tho noin ao1lo 
Oro a U od Oboe to the 	Qoi Z vl10 thonovor dot .od otudUoo 
on bgd.'obogicr1 cho ator1otioo are dooirod In ca coo. 2bo 
oboorvctioa hobo o not 	rob pcohod t t c2equcro 
acre Io t odten to coo, that tho c oonb , r lovorod is Coro or boo 

S antloal vAth tho oo hotrod is the t om produotton to1l, 

o opt for ito oitllor +rec=tor, 2hoy O'O clovobopod ter oir tft 
no shod cc1 beob vo 	to ooticin byd oboioc oonUuuit 

ties the mcim ncl during tooto. the oboory tiono rob1 ncoeaby boo 
to be jabbod out coon eftor tho nc30ooary oboorvitiono oro ccCo 

to avoid 3rxiu . 

X x pborotion tor! done tit tho Bnploroto ; ubo 7cllo 0 p ptic `-viooa-

rior, # so first rh000 of Choir opor iano in the gooro 1956 
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r rploratDry ' uba olio 0 nlontion tootr up 10 boro hobo th tho DSo ai 

Of ic33.no, Paraaro B itc nore ChurLa0 JodhpuR and 3itir. Drip 

ttio ocoi phaoo in yeors 1959-61, they put in anotho 12 bore bolc 

in trio D otrioto of mama and Jaiooigor. 

$fnoe then, they have taken up the c rh on an vzrtonaivo aaba 

in J Toro I .at ,ict nccre troy have put in no many ao 37 bore hobo. 
z3ooidcn they hnvo a1oo taken yap 'a fpm bore hobec eac ► in the Diatrioto 
of I:ngc uE , Johd pur and art Gon$rnaQIjor. 

The dothoda of hydroiosiccal tooto conduotcd on theca rrolbo have 
been 6eoorlbed in perno 7.18 S 7.22_ The amaartocd rccord v of the 
bore hioc drilled in Jelore Di otrict and d'ivZ the f trot end accond  

pro jooto to ivan in Ippondlir 7.1 and I ppoi ii 7.2 roopoctiva . 
The dotatiod repeat of bore hole logo and hyroEotc l tooto carried 
on dome typical ical t ol)n is onuloocd no ,1pp and tz 7.. This c. co g iv co 
the dots eta of o?mot ironl bogai g of a fc bore hobo. 
7.17 t FF 	al 	~ 	• °: 	-+ 	1AG~ 3 T 	t? 3 RA . _A 	T 	7 A.s .. 

Tho Rajeothon Under round hater Ibad undcrt+ ftco Tho tzo 
foUloting vorkos- 

(1) Sthktrj of t abcaa12D. 
(2) Doopor I3oithrj in otiottrij 	iolbO. 
X33 Doopcnizj of t olla by rood dri=nj and blaottntj. 
Apart f om tblo v occnaionclly the rock ozronvnt on cork to ab a 

and c token for canal cutting and brocdoni.na of h ijhrrayo. C tatiuca 
the ciorl o of pLtptitJ and dmterAn2 o2 vabba are alco undcrtchcn. 

ho Board b as 6 heavy dot ducat rotary drilhinrj riCo for wry or 
tale the t7Orlx of stern a: tubotioUo. Err conotaotton of 
tvibcc la in Uaaacthnne avillina doper. vartoo 	Q 500 to 1 0OO 
2eot and 4rillir3 to rc~utrcd to ho cried out in f)iuvt1zz aao 
rock formation, is tubc7c o o c3notruotcc1 With oboottoc 
taboo and ore paobcd tiith araval cum dovobopod. O o typal cz 



otrainox'o are not used oinco they are not only ozpcncivot but 
the diocbur e. of tho tuter~all to ale* reduced. nouidea thiep 
there to p000tbtlity of tho fine oloto of tho otz'a2nera g©ttine 
chocked due  to orietonoo of fine ecru end outtis of tho roots. 
Theroforo tho clotted tubco are ,pro-dominont1y uocd in tho State 
for better perfo anco and life of the tubo id10 

Ra jeotheri harp a largo numberr of dug aoilo v about 5 la1io in 
Haab or . 3 any of tho du lao].lo aro either to di o od State or 
their ytelde are Inadc.Uato for the r uircnont of dr 
and irrigattonl) due to either o3000uivo puDptng of the veil or tho 
ohockifl2 of the motet couroeo,, To tackle Chic probl q Rajaothcn 
Underground ` att Board undertaken the vorh of boring in op 
vol .o and deepen tn of no o by rock drill trig and 'b" otix p 
accordi to the condition of the formation of the uo .o. rrmelly0 
it eDft rook or olluviva foration o~€iatop in the bottom of the oohs 
boring to undertaken vitb porcucnion drtiltn rigo cvailoblo ruith 

the Board, The depth of boring varioo from 50 foot to 150 fcct,e 
or more according to the condition of the otrato eiouuntc'cd 
durt3 the curco of term o On completion of the bortnn# 
clotted tuboa and plain pipoo cr o lovcr oil and cup© pQoksod ago and 
with ,grovol and Ocvolopcd0 4 In coo t oli:a0 of couroov If tho 
forraction to otron, o= Qah to otond v.itho ut any danger of Ito 
being oavtlt3 In of the bore holoo the pipes and clotted tuber 
are not i ortod and only a cca ,l picco of pipe to loncrdl on the 
top to protect from aoouiulation of olIt. ahio oyotci to found 
to bo very much effective for augaonting the uotcr ©capplr in 
the dtouood or partially uocd vo~llo and tbczoby the oaltivotore 
are botrafittcd very nods. 

xhoro are a lortjo giber of ro Uc tihcro the foration 10 
very hard and r; than ofo roe In ouch caaoo the aozk of d+c'penurj 
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coon of foot: (frtli1n c1 blco :uj to hod pavloin foroc 'Most, 
d 2a rlsor orOn of orovicea and jo lota of percolation are o no 

only opoacd v  but it aloo inaxeaoeo the otorago capacityy of 

the veil, This York to not , eaiblo t o to und+ac e! oa by tho 

Cultivatoro with their ind1oncou tools. Ao ouch this work to 

sand ertakef by the Board for the oultivatoro t t h to bolp of 
,i.r coiproveoro and other pneumatic 'tools. tltth thto prooeoa 

the drtllin of anumbcr of boloo c d blaotin in one toll to 
completed within an bour'o tins, 

The procedure adopted to to drill a nuabor of bolce 8opondtgj 
upon the dimenolono and strata at tho boftoi of the wall by 

means of pneumatic rock drillo0 2ho drillcg hobo ere iatc charged 
a7 ,th high rnter proff explosives and blaotcd by means of a 

dynamo COfl6eDO GPlOdCr0  2110 dobria after the bigot to 
removed by the veil ovnerno . Dorraterinq before the bleat to 

also carried out by the volt-•ovznor, but If the quantity of 

*ter in the well is auoh D the d c iatorin to abo done by pno 

umot is Dump pumps for which the cultivator boa to pay ortro® 

Ordinarily the deepening of tho arilo to carried out upto ' 0 

foot depth 9  but In oz coptional corn the yollo arc comotinioa 

deepened to a depth of even 50 foot or lore. 

Igor deepening of rrc .la by rook drilling t biaottIp  unite 

have boon allottcd for each diotriot of the Btato d a't prcbent 
40 ouch units arc under operation throe hour the Otatoe The 
Zupervioora and the Unit Ino rgeo tact conotant touch t7tth tho 

Panohayat Lrn'it to e3 Zito Poriobado tau'thortttoo9  who ore ouppoo- 

cd to ocnd con oitdotod donond of work in thoir arcoo. in all 

tho case the dopootto era rcquirod to be mc8o in cdvenoo at the 

Hood Office at Jod1apu,. 

The foregoing vorkc arc undortation by the Board by chorgtE3 
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fined ratocq oo1cu1ctcf3 oo tho bctoto 09 jO Y.0c3 10 	. O. 
tr conotruotton of 1ubc ioU, cotplcto In &l Eo apcoto, t. 75 par 
foot, ;for bortnn vtth drilling rigo In opon voUo b. 38 pc c fo 
ar6 for d eepenin of Gallo by 'octt drilling an b1oottn, by 52 
per foot * azp echar od. : tzaldy to the o rtcn of 25 pcc' cent 
for the 7e1io t1ch c *o nc nl uscd for c 'cure VWp oe 10 
.rwav id a 	~~xhtt . 

 
tho rate or doepontzrj the artau1turcig tlo la 

to 25 Prr c22 	eoc than the rate chore cd or d copon9. 	tho 
nLr i cu1tur I T7pUQ 

'fie t a •ioinN in ita broad occco ncano roc rdit g of 
euzih cruo1n2artal along a of jo direction, r c u uo11y c1oaj 
a vcrtical ~}Q ct ti at the around ourfacG. 2 io log of a , 7j 1` ,J!  

bore  le 'n it ~mada tvrittonfor or plotted Graphically 
to wale. ' i 	a ct car of a log d opond o on the wot car ialo 02 
the bore f ilo 	the nccbod of dr111t and ftnOI1y on tho 

.1 
	Ill. 

i 

purpose fox7hf+a bore hole to hot drtllc 3. 
r 'à k ae ortolp bootdco tho na'Qo of S'OOIL In caoh of atto 

and Q0 OV0,P021 ofo top cid bottoo of c oh 	tho 
foUovrcj nfptton c oul be Sriq.c6od An to lc (1) color# 
fabr1c, ^fo 	of aut i 0o 2tac3rQtnoO) ,D type Of oc~cDt L OD 
(cuoh'ao cob croc cnt v abr• r ciontO ate.) coathcrcd or Wit. 
(2) the p7000aee. of jotntop ZraoturooO Qr comma and thothor toy 
are o pon or ©lo c'O or filled x4ft oftclr evOcr tab cnO thoor Gtpp 
(5) t our' of corn recovered an the ovoro o bontho of io coroa 
(4) 1ooat1OD of the drill halo. (5) elevation of ottbcr tho Crou 
eurfoco or co11C (tan} of the caoitt a + c2ally tndioatj c12Qt 
of the' Q, is Givcnt (6) 0fl3bc 2ron V o for l c3 the bcc rtn3. of 
the bobo" ttho coopac direction in titoh on c, bo hobo I.o c1VPLvc )p 
(7) in rotary drLUtn3t, optic: of 7onotrr 	u of tho IM (c.,.,,, ev 

I ft in 10 min) end the nuahor of rm durti MID priO1; c:34 



(8) unuoual oaou roncca dur . the bort (e. ,i000 of core). 

Lo of the typical bozo hallo drilled In tho, dis'+ 71Lato oS 

v7cetern Ra jaothan by the Exploratory 1 ,o aollo organt8atl,on alo 

vttb the data of other hydrogollccl and aqutfcr perfornanco 

Choate are ggvcn in Appondir 7o 0 

709  imEn cT LOGG G I. 'HODS:-- 

In the indreot cethDda0  no ac aplea are Caftan out of tho 

bore holeop d !rho tto .no holm aanercUy ucd arcs- 

(1) Electrical log8tr3. 

(2) Hadloaettvo loltQJ0 

B1octrioal 	An electric loe La a record 09 rcaiot oo 

o apparont resistivity. end opatancoum potential of the 

fornationo ponotratod by a drill hole. Rooiotanoo and reciotivity 

are determined by ocn6in an electric current into the true 
and meaourin the ptcnttdi drop-for rcoiotarc botvoon the pint of 

current enioe on in the hole and a point on the land curfco; 

for apparent routetivtty0 botwcon tv !Dints at a fL2XCd oopor 

• otion and at come d tetanco fraz the pout of gout ciaoion 

in the drilled bole or bottroon a potat Io the bore hole Como 

diotanco from the Pint OR arrant c ioclon and a itat at 

the lend aurfaco 'ho opntanoauo potential to rocordcd co 

the difference in electric at antiol botiocn the formatio 

travoracd by the bola and a pint on io land ourfaooe 

The vartattono In the reotot ivtty are rcep3novo gthextly 

to the fluid content of the fo ttoa an$ vo'tattono. In aDorte 

cricouo potential are rooponGiblo Priar11 T to oht n co to the 

permeability of the atrata. .StudytrS thew to corocttctiOe 

of the formattouo  It to pocoiblo to matzo broad aonoluoicao 

Conooroirtj the `Z ttbologtoal oboraotora of the forattoavt their 

thtckoceop pertuoabil ty¢  fluid content and ohcatoal. OharoOtC?ioc1OQ 
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of tho contained fluiQ. 
The cqui9lent used In tktztj these poQourc efto oonatuto o9 

an electrode or e,ys w+ca of oloctrodee r btch is to iercd into the 

bolo; a of be or uulticonductDr cable spooled on a rAnch tbtab 

raises or loczora the tic electrode oyatc ; a Deaauni? sheave 

vhteh records the depth of the electrodecyetc electrical 

meauring inatr=ente and a courco of olootro ,otivo forco on tho 

land ourtace connected to the electrode oyotcci by the cable; 

and a pbottin s cchentew ibicb records Qoanurod val coo on fib 

or papa. 

The Exploratory Tube crella organ batten hoc used this mot cod 

of bog; 	in come of their hobo. The electrical log of oc e 

of tho bore boles are given In Appendix 7.3k The procceduro 

adopted by the izpbarator tube tolls Organisation to described 

in the folbo4ing para rapbz: 

1llo ri3 the pilot ,mile drIlltu operations, the }merle to 

tbouron, lily. cleaned free from cuttings and then electrically 

logged using mud ec 'ho median by filling the pilot hole with 

drilling mud to its brim during login oporattona. The opont-

ancos potential and r octet ivity a .rvco ore recorded automatically 

as the electrode paoceo throuSh the bore bole to the r arsons 

depth. The electric log curves indicate th© affective ri porosi y 

of cater bearin conea (roototivity curves) of also the Quality 

of rater (oportncouo Vatoottab curvco ) relative to the r ud. 

2hc3oe  t7bon otudicd in conjo.notion with the detailed 

lttholodteal bog s  enable the drilling F0431000 tafto a dccinion 

whether the aoU boo to bo abondonod duo to in cufficicnt and 

poor cater beorint3 otrato or chothcr it boo to be converted 

into a productive roll. h productive rrof to a uoU ytoldinn 

Coro than 2OOOO IGPJ at a doprcaion of 20 • 
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ho roaiotivity it forming on anoilliary c iutp lent to b, 
logging unit to a .00 used to determine the porooity of the for eat of 

oampleo collected during drilling operatlon . ' hcoo omplee 00 

oEotnod give a rou,.j.b idea of the porooit r of oodtocnto to ho 

careened in the ti®11. Similarly the r ea io t iv# ty Kit can be 

uc'od for dotermining tho cblowido +conocn ation of the formation 

cater cofeotcd by taa,no of a guo1ity test un a particular COMO. 
This alto eQmotiaoa o~abatitutoo the dotailod cbcmioel examination 
of the camploe 

RsdtoaoUivo Ie ,a, irs- One of the tae nothod0 of radloativlty 
logg ix q naz.ely neutron logging 0 b ao much in common ii th tho 

neutron coa 	thg method as rived for the doterninatton of the 
motature content in voile o In the neutron 10,60M t "i8. 7.7) 

en its tnontratton ch rnbor fifled with an inert gao is to iered 
intothe bore hole. Thera to a nource of noutrono at the bottom 
of the ionization chamber (crooahatched in the Sisuro) • 	T to 
aourco is formed by combintn~ borllt%r1 nine, Dog, crttb 
helium four $ Ho4„ Tho foot neutrono loving the c cnbor bombard 

the aal a of the bore 1 olo and V thud, rolcaoo rayo 'that tanizo the 

gao in the lontoation oWmbor. The olootic currant generated to tm-

plitiodo and its voltogop which to prop rtlonol to the intencity 

of the rayo, rwoaoured. An automatic recorder trooco the bba 

by plotting th000 aceourod valuco no h«tenntol ordtnatco from 

a v crt iool baoo lino roweaontip the hobo. In a formation 
containing a canoidorablo ac sui of fluid (ouch cia goo, oil, or 
Crater) and tune porowo tho hydrogen rcdluoea the volotty of tho 
noutrono ao th at only a email pc7cc tC o of vCMt?ono aotualby 
bombardo the formatto n Thuo tb r aoord Od GUrVO 'r cars od en to tho 

.oft of Cho vertical boo, lino, 	diootinj a b* -'qy vnguo, 

Cocvcroolye if Cho forootton to very t1!ht and ttuo contest 



Au-f'o 1na C, 

'j--- Weutrotit, Source 
1z.'7 Ry Duo Acr"vC zocr44ING7 

little fluid,, the neutron boobo or to al of tni!pc a naS 

the considerable number of rays c ittod oouao the rcooVdc4 curvo 

to extend to the right. 

1\ooiden loostin a ot. tt aced ooneo in itmootonce and 

nandatonee,, the neutron ioo give come indication of the olceot 

f to ation3 of the tormatio p. Sand, Z is eotone,, dolomite$ an iy-

drito, colt, and coal ere lo7 In rod to-activity, rher cry q cholcop 

bontonite, and volcanicaoh bavo tho tugboat voluao of radioactivity 

encountered. 

^ho othor method of radioactivity loijtn.j to the V'roy 

cothod. 3oth r othodo require 	opectal equtpmont ctioh in 

both onaeo to eoocntialiy the oomop although there to n► oouroo 

of neutrono at the bottom of the ionization chtTibcir in tho 

v-roy Beth de All rocka wntain acarszrablc quavtttlq of 

radioactive taaterialo c .iob rc2efl3 V-royo. (heao are pr nc2y 

v- raga horoao the v rayo in the noiatron IOCI13Lo ore 00000dery.) 

thou the v rnya atrilro the Gas in the ionisation ohr be , it 

tonfaco. The cubacquent phonoteno are tkio ogee tic in tho nou-

tron 2ogjthg. It appot}ro that the reoulto of tho v'roy lo,aatn- 

dorm to a doptb of 70 ft. are a9cotcd by ccoto scyope Hsi oo, 

the method to not applicablc in civil on3tncortnJ Unlace 
~no n+1nn data .ter rtnufrod at doptbo greater the 70 ft. 
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7*20 Hydr'o"loa1cal Teeto on 01109— The hydrological tcatc are 

ncoccoary on the aollo for the uuocecafu1 devedOpent of the tzoU . 
and raaZ 1 a n eat ima to of the ground rater race uraec of i o 

rc ion. The diocharge data from the punipirrj toeto can be ruaod 

to ootimatc the opeoifio yield, 1Xcfl3IntcB1btltty po'moabilit, 

and otorogo co offficiont of the equifore tapped by the wall. 

The dotbodo for computirU these bve been deocribed In obapter V1. 

Ib►r the otor o ao-effioient9  it to nece000ry to obtcc ve the drag dam  

In tho unpugpcd OBSERVATION t '1L situated around the pain v,oU. 

The other propotico can be calculated from ob eo vatiot on C 

ttz to cull. 

7.21 Equipment for Pumptr Tema- The choice of pumpi c ; uipnont 

ahould be baeed on infornntton obtained during tho drilling and 

develop ent etagec and the pup should be capable of 1 iftin 0 

greater quantity than to required for permanent ab ruction. 
Wolf characteriotics can be determined rapidly by a rcochargo tout• 

The etandard of ncaaurcont of ¶rater Levels should be ac hi b 

so pocotblo. Both direct reedit , mt nuallyc.operated and ce32- 

r ocor v  i cchan iai1ly-operated inotrunent o are u cd. Tho Porn 

Include ateol topoo cmi alcotrice .-contact ueaourtn, inn trm nte0  

which depend on the closing of an oleatrical circuit on contact 

with water, both otnlo and double--ol o'trodo method® boin ucode 

Recently, a durcoe-reading otool tape, corporatinn a meaeurtig 

deviao baocd on an oleotro-ehrica1 principle, hay► boon dovolopcd. 
Continuouc moacurcaontc an ona1l an 0.01 foot can be recorded 

on the automatic water lcvol rocordor. The two of a preacuxo gauo  

to record depth of vats r level to d iaoourag ed because of the 

dearce of accuracy of acacurcaout of 1:.ntcr levels required in rho 

oubocquo7t one laic of dravdovin data*, 

UIccour sont of water levc1v by manually - operated ncaaurt 



dovioea to oodc difficult by tho prcoenCe oP pumpiI c uipment 
in cry. dieter halloo * Thio say bo ovcrc000 by lo7er ng a 
teaeurin, tubes  about one inch in dianator and pofforatod below 
vater levelt  iut the veal. In come aallO D water caocad oo dome the 
tell from atov o the pumping rater iov oi, prod uoinj int ermitt one 

shorting botvoen the oleotrodea. Thia can be provontod by 
chiold 	the ei cctrod eo a  or by r coau tt Insideo a tube, An 

air-lift is used Accaotondly there d+ velopmcut of 0 VC11 in 
uncoacolidut+cd otroto to ue000cary aaltor.  . Ievol moasur t to 
ebould then bo made inoido a mcccurtn, tuba. 

Ilioehar o can be ocacurod either by voir tang, by orifice 
platoo  by Venturi motor or by direct''roadtn and intcgratinj  

outer otere. The voir ten? bee many advantajeo uboro both i 0 

dir ect-readir nutomatio uetr rocord and a ho©k*gougo are 
installed, or oarcplo1, +cha Soo. in yield can be tnotantencouoiy 
noted. The int c ratiaaj votez'motor to ueoZui, for r000rd in tote. 

ebotreotiouc  but th o to an unavoidable t1z o 1cj in deter" 
mining quo atitCttvo changoo of rate. AU fnotru ento for recor- 

dtv dtectargo ad for neaou to mater loVoic rciuiro oare2ui 
calibration , b efor o and ott cr tho toot, rho dioohe rg o mater 
should be piped to Como point rrhoro recirculation cannot tike 
pla000  for example, to aher o en mperr cable bed ov exit oo the prey 

duotn aquifer. The yell ohould be - left idle for o Fcn days 
bofaro, the toot co tmcnccoo  but uhon thin to iapocoihloo  as oezo-
2ui analyoio of the trend of Crater level +should be undcwtakca and 

odj uotnento mad o for iueompl.ot o recovery. 
7.22 Stop Dreti Moab and Aqutfor Perfornanco ^eotos The 

Exploratory Tuba Voila Owacniaotion to carrying out theco tv toots 

in order to determine the specific capacity D  cr.efftctont of 

tranomioaib ,1tty aid field pamcability. r^ho oraeniaettan h 



boon doing cork more for locating production croUo rather the 

for carrgiz out a oye tcmet io otudy of the ground water c.ndtttoi. 

As each no oboery :tionQ ze.2o wore conk around the main wella 

In most of the cacee. It to therefore not possible 'to determine 
the GoMoffioient of storage. 

Only In one case of tube Jolla nest Dabla_in the Iathi 

oerteo of the Jaeioalae district,, water 'lore], hoc boon recorded 

In oboervatto tube wale. Based on th000 obocrvation, 
ViSa~,yr van (52) has calculated the otor o co-Ro ficient end tho 
total ground vter otorogo for th ,re,Jton. The rocult o ore 

1 

d coorib od in pnra 9,10. 

Stop Draw lawn Testa After aUov4rg tho ieU to reouperute to 
atatic condition the atop draw down tent to conducted. The 

pumptr is carried out after rcgulotin the di.ochargo at each. -a 

ot%o for a specified period and fluctuations of water level cro 
aeaaured and record . The object of the etop draw down test 

to to determ.ino the opccifio capacity of the wolf, The chic 
title disgorge to stopped up in otagoo at intorva'l of one how 

or more and meaourot nt of the rator lovol flu©tuattono and tho 
,corre ndin3 draw-doan at tho cnd of each. atuao for the parts-' 
aular diciaargo are recorded. The discharge moaeurczionto aro modo 
by use of wenuactcr and kceptfl3 an orifico Plato of known diancter 
at the cnd of discharge pipe (of a particular dia — coy 8' or 6") 
Ord by ref oronco to tebico. 

Tbo data obtained .io uocd to dotoarm£no the c3e01ftC cupao$— 

ti©©o By p3.ottin! too dloohargo c draw down values on a a,'aph 

paper It pill be poceiblo to dotormina than Dial be the draw down 

or a particular dtocbargo and vico vo oa for a upeci.Sied pumpir3 

poziod. ?rcn a atop drg down toot it to ,00 pOCQibbo 'f dote ' 
mine the oPaso ► diochorgo for the partioulex Poll c1 ciao the 
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critical  veloci# twa. beyond which there is the tendency for 
disturbing of the equilibrium ruu3.tire in steep fluctuations of 
water ]e vels 1.. excessive draw dawns as well as sand flow, which 
will be dstbrsental to the well. 

Another factor which can be determined is the disoherga for 
20 fast of draw down* A successful u+ ,I to expected to yield about 
20,000 Imperial gallons per hour for 20 feat of depression. To 
confirm the same as well as determine thehydrological constants en 
aquifer perrsenoe tist 1* then conducted after the well is allowed 
to recuperate to normal static oondttions. 
Autfer performance teeth— One 1 portr4 criterion to be considered 
bdore this lest to that#  the development of the well is cample to 

zd that he squtfers k have be under nora4 oond toi. Prior 
to the test the well to allowed to reduperete for etleast 24 hours. 
After static a coed ittons are reached, an squUer performance 
toot (or final ptap 'test) i conducted. The discharge to be 
maintained for this tool to determined from tho data of step draw 
down test already collected. 

Prior to the aquifer pertarmanc• teat the static level is 
recorded,. Thereafter pumptr4 is carried out kaeptg a constant 
discharge for a specified period i.e.  still the drew dawn tnor •nt 
per hours is not more than Qz *01 feet. The water level meow 
anroteutu are carried out at rc gu3ex intervals (p one Minute 
intervals, followed by 2 014utes, 5 mInutas, 10 minutes, 15 minutes, 
30 

 
minutes 60 minutes * d 120 minutes in stages) using a steel 

tape or an electric Sounder and aeasurents are carried out With 
reference to the top of 'the casing or any other known reaau*► 
tug point.. The ? tptug may be carried even for 24 hours or more. 
The formation water a 	sample to cu12act ed for chaaical 
analysis (au* ,.t.) before at nunaR s of nun. . After sto nw r 



arc carried out ti l Otatio conditions are reached& The intervals 
a' water level measurements during recuperation period are usually 
the same as for pumping period.. 
Analysis of hydrological dotal-- she data collected 4014g the 
aquifer performance test corresponds to two periods naely draw 
dow n and recovery periods, Both th. draw down and recovery 
data can be used acoording to oonvsnienoe for computation of 

rdrolog.i si constants Ilk* TrsriimieetbiUty and perseabilit)r. 
to pras-ti*e,, th. draw dim eats to used for calculating the 

specific yield (i.e. ga .ons per ainut,iiftt draw down) . 
The draw down observed before the close of pcmpti is used 
for oleouleting the oei.. 

From the recovery data the residual draw down is btsined  
which to plotted against t/t' ( t — tiro to minutes sines pseping 
started and to «0 time in minutes ME ma pumping stopped) on $ 
•eaai log paper and from the slop, of the straight line plot 
the residual draw down over one log cycle ( 0) is obtained which. 
is used to the formula T - 	Q whore T — Oo-Petftoteut of 
transmissibility expressed in litres per day per motor 
Q — d & eo rs e,  In liters per minute and a — r.stdusl draw down over 
one log cycle. This is the rnn equtb t formula modified 
b, Jam and described in d.tails per. CO1O* The permeability 
value Is then obtained by using the formula P IM T.,, 

as 
where I = traAumieeibllity,, P *► permeability expressed in litres 
per day per eq. miter* , and thickness — effective thickness 
of aquifer. 

The computation of 3 value or storage co—ef'fi+oi.At is dose 
by drilling * aumbar of observation holes around the main well 

or pumped well (proferrably in a straight line or radial PO* ) 
.,rte tann1 nr, thak anal eCi ntf s sus In the 	in well and in 
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b7do1otct1i cDn =tty vih tho c oe DLtxJ t U o 1 p fowt 
ariio tocto  p c pk { In coxrtod out at tho cieth sro&3. and cratc' 
1ov al f uct a to* o both dutnpj p3Z tr3 and r000vr polo 

I,go* Otto punpina) oro zoøordod of the ootn on?) oboc a$ n 
roitoo Rio dreri dove or recovery datc ac the a o tzcy be coo 

taco?) IB wmputatto of 6 	2 Va ,uoa, ' 2 h) o arc ttO±3othodo 
It voeaoo Ono La the Thotco typo cu a o coluttoD o' (paphtc 
motbod std tho othor (2) Jacaho oftattjht line +app'c bQflon 
sothoda Those aofhodo ere dor+rthed In detitlr in pro Gab 
to 60100 

723 Quolit r fieoto on Aut`+c oc-- Tho quz tty toot are 
R u od to OOZ1Q the Mfoon000 tndop do l7 dry -from 
the ojoct'ioo lo;0a0  aopeotoUy to the 	inl oaaoa.. BOOid a o 
they are eaentth h.oa the prom o howde o tho vAu cws h to 
to 

 
be Judgedlndty ,dur ; in arb onion boair24e oorotl.mc3 

holpo to take o final. dooiaio rgerdin.j ho con nod Ui9e 
to b e o o od In a crow. c3=3 tit h tho undo ino? cuioroe 

'ac thlo pwp0000 tho drill o c too s o coad tzetod otic 

on czu# "cra Ca do co 97 9t0 bolotr CLIoca4 lc?oc, t7otc 
to 1LftG1' booujh the ?)1U pipo by uoon! off' a oomVr000t q  

unite , Ofl Xc1T a Ono Inch al -V been Tho individr , £vnc ao 
oeporatod Zrou the o tboro b; pea cro0  otthor in) o onD3 

or iugo tc 2ho xator oc p1c0 Chao oallootcd era crnulyocd is 'the 

iobllo ft o1 IobOcatory t tto to aovo vino her tats on tho o 

dcototo o 
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4WP' 	7.3 (A) 

t ' 	() 

. octionv-- 9ho czploratory bore halo at oho aaUrr. pure O,1i Po 

to tocato(1 In t&amgrio r Dtctric,ciho born hole to boated near 

the as uth o aot o rn aide of theo village pond and 565' ►c q7 d co 13° 

8?°3 of o.n ,r. otafl quarter* 5bo ground loyal at bore hold to 

560,62 ft. above moan oo,a level. 

History of ri1U123 cad T00t1 O)orotiofa- The pilot polo 

driUil at olto t7ao otartod on p4.1.61 oitd rmo otoppod on 28.161 

at a depth of 623'-14~b 

?ho bore hole veo oloatr .00l .y loatjod on 223.61. Prolirainair 

quality toot nom 000duo°ted on 4,.3*61 and 5• .61 on the 20 otins 

11'.F MiF 

(1) 150 - 252 

(2) 333 — 350 

(3) 414 431 

2 o toot woll moo conotruotod to acoortin the hydrological 

ch c,cetorotioo of the aquifer. 

ho dell oao dovolopoG by coop 0000r for 0 botro tot by ttubino 

v  for houro. 

The atop drr7 don fd Aoquifor porformoo tooto t o  
conducted on 23,116i rib 2 .11d61 roo,00tivobye 

Thy, tube vobl lroo abendonod duo to h5,by oc ino quality of 

formatton vator. 

Geological Data Pormattan 3c 1in ' foproontit otivo fora tton 
oriloo core aollootod at rocular intoavalo of 10 ac 15 Ste Sro© <7 

the drill. tsnbiago. The ociploo Toro trochod free of &1111 ~ 

cad on pr ocorvod c'tox dzying. 
thologlcal Log. The fo lovin., to the Utbobooal bog pored 
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r ar Cu o sc in oUSou of tho d, , .3 outttr&rs an obcorvtiou of 

tint; D1O1ZOC3I1CO 

tbolo 

Tog •c 100207p fOE'3u 1oua 

3 otonoo cso ch vo Lino to ino 
j r do oOQp000t2 or q*zoi'$U 0 Vica. 

C1 og 0 dl M yo11oc~.t ob c,a Qroy,, 
S zndotono tioG34y t dAur 	iu 
coop tnt cd 0ocp00o42 of cubo ui s 
to 	 rao of qua1 an 

C1c t, dirty- vollacaaat . 

Do '  VOP30 	'TbicZaot~o 
in ft) 	 la no 

	

QV'D. 	119 

	

10v232 	234 

	

232-333 	el 

	

353.30 	17 

	

350-414 	64 

0 to 3o Conroe to v oar caoa,co r 
ocoeQio tc I t ti 	ctiuc copooc4414-472 	3 

. t' ost io ►,p 	y amyioh vaUo 	4725S77 	125 

s rya+ oto n o, rrdai + lo f9. a to n~cdluo 	997-62410 	26 0 10' 
aoi ooiagwto 

3octrioo1 3.oginzjz- rho o p oz'to boz'o halo at +c .ahaao)A 

Em t ra(t O) drtUcti by o plo ory tube i ollo ovacutoz#iou, 
Govotn nt of Xnttop vca loaijod botroon 0.9.30 11 .50 houro on 

22.361 to A cicpth of 506 $t 9 balor avoun loc. t £3h Slit bou4' 

b r, D ;ontor oot .o r1 Arrot at nt Gcol *ai o c l Survci,J o 9 X nt r 4 

ioototiity of tho drAllin ; i ud Uc o 42 coto cot 	 at 300 0, 
A trcoot2 -copy of the E. I4 to botzi cubat tod as thoø ova 

oovorc baoo ohanaoo in tho off. r al los, 

Do h, 
0o3 

a5 23p 

230 325 

3355 

Doc 	c1 ton 
Vosy lov i'ootottvity lepaxvouo bad. 
Icdor ntlj ro iotivi Bodo it i q bo CUo co 
tho pt'oaont of oondotono. 
Oo 2t by vociotivo iOorvIouo boa. 
Codoz a o1j otot vo bade It rcv bo +6uo to 
tho }frocormo of o u o ouo0 
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355-440 	Vary iota rociot.ivo it porviouo bud. 

440-465 	£c oo itol r reot ivo but, It coy be duo to 
the prooaiaoo of oend otono 

465-59 	Vory lop roc .ativ ty Imporviouo bode 

The quality of ciator and thepoWcityr o f tho nodoratoly 

rooistivo -bo4o cannot bo doteroiood c the 8'.Pa log in zioot, 

Gravel ciroud.n vao carried out wain, gravol of thu grade
1/80  to *" 4 A tote i of 1100 oft of ar ivol 'Cao cddod boforo and 

durinz devolopocat. Tho v o .i to dovelopad for 4 houro and 

30 sainutoa by aonproocor and 4 bozo and 30 minuto..o by turbine 

pumps A" ohua otono(15 R.P )Tuz'bi no pump woo snot ckiod for conduot-

Ina tootoe 

step draw down toot;- The atop draw down tootwee conductod on 

23rd 1ov.1961. AU cater lovai coacurozontc oro oarriod out(by 
moansof otool tapo) 	t roforonoo to coacurin point, top of 

10 	houoit pipe 1' -10' abovo , rcun4 loyal. 

Thu r ooult Taro t abol atoll 13oloao  60 	dioo#iarjo pia 'vith 

3*' 4rrifloo was uocdQ 
Dato . 	lotaro 

23,11,61 14.15 
14.16 
14.23 
14029 
14053 
14®35 
14.59 
14,42 
14,45 
14040 
14,51  

1.01 
19404 

15.14 
1e 
15.45 

Dopth to 
octor In 

142.Q 

13.70 
164.50 
165000 
166.02 
168,50 
169.26 
160.16 
'367.70 
160,95 
167.55 
0 

16.24 

160,34 

160©05  

Di ooharro 
An USGPU 

8totia to or loud. 
pat ortod 

4560 
	12am000tO rasa hag 510  

RoPeN. 1200 
I cah ergo fl otumting 

—do- 

-do. 

4740 	mooh rro oto} d up 
Acor oc plc ooh1catto 

0 740 	L?oM000to ' rodirj 5& 
Puay lodin 

4740 	?1arp cit t Off 



On tho baole of tho atop drw doer late tho cpeaiflc 

e tp sod► ty too colcul atod-d 

Dicohargo 	 bra dovu in tt. 3paoiZia Oay ooity 
U.B.G9P. PVft 	 u80P ►A/ft. 

76 	 24,75 	3.07. 

79 	 26405 	3.03 

The €var.cagc apoo Uia cup city oomo to 3 II&G P.IVft. 
Aquifer perforna.noo toott- An aquifor porforulQnoo toot r ao eoaduotoi 

On 26,11.61 botcrean 03.31 hra. cns 14.30 houra. % ater level 

Xe cdint t ro zioaourod iith tape and ffluotuationo ore reoardcd 

daring pwapinij period and r000vor period0 The racultO arc ta3ulO► 

ted be.1ov. 
droloeie dates« 

Lttor a caroful otuady of the lithologi.oQ1 log the foil a* 

aOfloo were tooted for quality. 

zonoa 414 - 437 ft b.gal 
333- 330 ft . b. t .l . 
150 — 252 fb.bMaj.lo 

Tho toots tore oonduotod by a r lift cothod. 

Zone 414 - 437 2. b. g4: 
The ta1lot.nij moo bly tan loc~orod 

40 Brill pipoo 	 0 w- 394 ft 
4* 	tottoc pipe. 	594 -414 ft. 
1" 	oir lino - 10..lon, hs3 
Oortproo co r cp ax ed - 13.15 hours on 4 tThroh 1S1. 
Coopr000r otop pof 	15,05 bro. 	-do- 

11 oc plo Of forat4$on v c or C7ao coilcotod at tho and of 

the hour. 

Zono 333.350 ft. h.aal. 
The 9011or71UC co oc ably was l.orrarod 

Drill pips 	 0 ► 322 ft. 
40 	cottdd pipe 	322 • 542 fs. 
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10 longtho of 111  dia 1r line, 

Conproocor iao ran for tro houro at the and of thigh, a 

ot,molo of formation water rare aollootod. 

gone 150-252 ft. b. g.l. 
The following 000orDb17 uao loverod 

frill, pipea 	 06- 207 ft. 

40  dig 	olottod pipe 	207 - 227 ft.  

I' die air line 10 longhto. 

Coapr ccor otartod .. 	00.00 lira. on 5th Varah 1961 

QOnpro eor otopped : 	03.15 lure. -do- 

. g plo of formtion witor i7ao collected at the end of the 

hours for p artial Chonio al. gangly off, o. 

lu order to doter no the hhdrologio . oharaeteriotaa of 

he t rat -  cqt for a test roll tree conottrioled otter rongoj the 

pilot hole to 27 dienotor to a depth of 262 ft,. b.,d.i. The 

toUoving toot roll 000crnbly v= lociorod. 

Above ground lovel - 10 die blank 	It -100  

Dolow 	 10' din 	 0-1D' -0" 

-do- 	- 10" din clotted (1/1(3) 170-250'-?" 
clot 

.40- 	-- 10 dia blankr with 	plug 20'-7"-235'-7"  

Conont plugjnj rice done botvoon 2.59'-7" and 26 7" 

below the eroen1t2y to cry, o 'f thO lower zonoool4.int 	V 

of inferior quality.. 

Date 	Hour 	Dopthto water di.cohorgo 	Romerso• 
in ft. 	USGH Ph 

26.11.61 0.8.25 	142400. 	 Otitio water level. 

0.8.31 	so 	 - 	Pam of cd. 
08.40 	163,40 	4560 	Uoaotor rocna 5" 
08,44 	165.03 	as 	.. 
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4560 

i0. 

00.41 

0 8.51 

08.54 

08.57 

09.01 

09.04 

09.07 

09.11 

09..14 

00.? 

09.90 

09.23  

09.26 
.09.30,  

09.35 

09.00 

09.45 

09050 

09.55 

10.00 

10.05 

10.10 

10.15 

1020 
10.30 
19.45 
11.00 
11.15 

163,79 

16.60 0 

163.30 

163.63 

162.80 

162.30 

162059 

163.20. 

162.80 

272.80 

163.07 

164.10 

163.80 

163.77.  

164.03 

163.36 

163.21 

163.48 

163..54 

163,39 

M.• 

163.41 
4 
164.88 
164.75 
164.76 
165.47 
164.93 

Water e 1• oolle.ated 

Disohare a ju eted. 
S.. 	•.P 

4560 

Iiiecharge adjusted. 

4560 



0.174+ 

11.40 
12,00 	165,36 
12.30 

 
164,42 

13.30 	163-91 
14'30 	164.56 
14,30 

R.eovur, data 

14.32 	137,60 
f05 	143.60 

`14.38 	143.74 
14.41 	143.58 
14.44 	143,56 
14.46 	103.51 
14,49 	143.47 

	

14.31 	143.46 

	

14.53 	143.49 

	

14,55 	143.47 

	

14.37 	143«44 

	

14.54 	143.57 

	

15.03 	143,33 

	

15.04 	143.36 

	

20.11„61 15.07 	143.33 

	

15,10 	143.37 

	

15,12 	143+49 

	

15,13 	143.43 

	

15.15 	143.38 

	

15.17 	143.48 

	

15.19 	143.3$ 

	

15.21 	143.46 

Piz p shut o 
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15.25 143 * 40 

15,28 143.39 

15,30 143.34 

15.35 143.28 

15.40 143.31 

13.45 143.32 

15.50 143.31 

16.00 143.84 

	

16.10 	143.24 

	

16.20 	143.31 

	

16.30 	143..28 

16.45 1#3.34 

17,00 143.39 

17.15 143.29 

11.34 143.3? 

16.00 143.26 

18.3u 143.21 

19.00 143.22 

19030 143-19 

20.00 143.18 

22.00 143.17 

24.40 143.07 

27.11.61 	04.00 143.02 

08.00 142,91 

12.00 142.88 

	

16.00 	142.85 

	

20.04 	142.83 

285.11.61 	04.00 142.82 
08.00 142.81 
10.00 142,84 I souper+ tion rs sd*. 

ings diseont inued. 
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Coput ction of trna icibilityi-' The T V&0uo could not bo 

dotormino4 C13 tho zooid~a.ol dace down v'oloo do not ootifixi toa 

otraight lire an plotting on oaf boa shoot ogainot I . 

Chciioc Data 

P s'tbo bozo hobo at choint i flu ura throe fOreation 

rater o aplao Coro oollootod or pctiul ehcaioul onolyoio 
fluxing prolil!3inal7 toots* BQaidoo ono oui bo of formation v ttoz 
rco oollcotod tor pa'tit.l an +io during D.!. 2ho oculto ova 

tabulated bola'i 

1. Chlorides in p. P.1..! 	700 	909 	4100 

2. Carbonates in P. Y. r`I 	20 	- 	— 

3. rnoorbonatea.. IN 	316 	252 	170 

4. u~p1iHtE3Q. 	: 	80 	320 

50 Temp. H ordn000." 	270 	160 	170 

6. Po Q 4L ordno co. et 	". 	830 

7.Total dicoolvod 
cobido. 	1530 	125 	8170 

3s P.R, 	 842 	1.4 	7.6 
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Location s- Tho bore halo to located in Jaloro D .otriet ! a janthan 

and to oituatod tovardo the north of Ja rai river and duo 45°1' of 
Bhntno mra Village. 

itioto:y of Oporatinnsi Tho pilot halo drilling at Tm vac otartod 

on 28»1-1965 and otoppod at a depth of 82.50 ootren below around 

level on the otroagth of tto formation euttinga. The reaming aa-

otarted on 31-1-65 and coaplotion 1.2.65 upto a depth of 7V.63 
met roe bolo v ground love]., 

The vroduction veil a000mbly yea layered. on 2nd, Fobruary, 
1965 and dovolopmont of the veil ao parried out from 3rd Pob. to 
5th Pobruar ►, 1965. 

Pormatton oamplings Drilling out out "P pipe t ero allovrod to 
oattlodoan in.  the wimple catchoro and repr000ntative campioo s ro 
coliootod at rogukar intorvolo of 3.05 eotroo, 3.35 aotroo omd 

3.96 motroo or ahonovor a ohcngo of £or3ctin offered. The oaaploe 
t7oro vceheds  dried up cad collected in .aroporly leboliod oemptc 

boi'. 

Lithological bogs- The Lithobogicai Log baoeQ on tho en ination of 

the dril cutting is given bolt. 

Cl$bclogy 	 Dopth ramp Thi cat in 
in no-troo. aotrooa 

Top coil, Croy with nand ooaroo grained +c3.05 	3.05 

Gravel vith oand compooVtg of quorta pink 
a' and rAtto 7ith grotto Viecoa. 	3Q5-6.1 	3.05 
Gravel vtth little oand .00epoomfHg 
pt0000 of gnot0000 quortc rhyolito and 
granite. 	 601.10.67 	4.57 

rdod to 	
fl 

	

fl9 
	MI  /+ 



1. 2. 3. 

Sand,, coaroo groined c .th pink, 	ihito & 
grog +worts . 17.37..30.78 13.41 
Sand, one as above Frith vhito clay, 
oticky touardo top and bottom, middle 
eaotione more Bandy. 30.78-40.84 10.,06 

Sands  clayey, std. city vh.ito 40.84"50.90 10.06 
S and. coareed grained, ouub.angu2nz 	co 
grain o " quarts oqui-angular, oiayoy 
to iarde top and ith gothorrod grmnito 
piemea. 50.90-60.96 10.06 
Sand with gathered granite 60.96.71.02 10.06 
Granite t 	thored with pink folopt r & 
ahi to quo rtr. 71, 02-82.3 11.28 
l ,ydrologtaal Data:- The bore hole ciao converted into a production. 

well and the following Aneembly viao loviored. after .reaming the bore 

holo upto a depth of 71.63 metres 	rtth 349/370 mm '.R.  bit. 

• After roaming of the well, the f011ovtng aoaembly yam 

lovorod$- 

305 mm dta Housing 

" 	" clotted pipe 

" 
305 X 203 m din Rowing 

203 mm die clotted pipe 

p " " Blank pipe 
n n Slotted pipe 

" Blank pipe 
n " n Slotted pipe 
" 	" " Bail Li.ug  

0.34 metroe above ground level. 

0 to 10.36 motroe T of i " " 

10.56 to 21.17 mot rec " 	it 	" 

29.47 to 25.46 " " " 
25.46 to 25,77 " ' 1 	M 

25.77 to 30.34 2 " 
30.34 to 35.52 " 
35.52 to 41.05 " " n 	" 
41.05 to 51«71 " " n 

51.71 to 67.23 " 	't 

67.23 to 63.45 " at " 	n 



Tb. Assembly was throughl r washed with olesn water. The 
well was developed by turbine pt p. 
S$op Draw Dorn Test:- A stop drswdown test was conducted on 12th 

Yebrusry, 1965 bitweeq ?.0. 30 hre. to 13.9 hre As eight Inch dis - 
*enter pipe (discharge) and 102 amp dit orifice plate were used for 
203 am measuring the discharge*  All 102 mm measurements srs with 

refereno" to a point . 0.64 metres *bove ground level. 
Samarised results of the stop dravdoxn 'test are tabulated 

below 

stage 	Discharge 	Drswdown In 'gip.Os oit7 	R.P.M. 
0,P,M. 	set esf 	L ti R 

528.93 LPM 	5.25 metro 	101 	U 	1000 
11 681.31: LPM 8. 14 metre 84 	" 	" 105 

IIX 828.99 ,L 10.95 metres 76 	" 	" 1200. 
AqutferPerforneno. tests. Are squirter performance was conducted 

on 13th February# 1965betwwen $z09.58 bars.. to 9.30 bra* (14th 
February, 1963) keeping a constant discharge of 606 L. A 203 mm 

dienstre with 102 an pipe oriftes plater was used for measuring the 
discharge while electric sounder was used for measuring water level. 

All measurements are with respect to a point 0,64 metres above 

ground 10*11„ 
Sw atsrissd result of the aquifer performance test is as 

tot towsi- 

Stitic grater level 
	 7.19 metres b.a.p. 

Draw do a.. 	 6.94 metres (22.8 ft) 
Discharge 	 606 IIPM (8000 IOPH) 

Duration of puspxng 	 7.20 sinits 
Co-.sfttoient of trsnesitttbiltty 9,16,800 LPN 
Field perm bility 	 25,080 Leif astrss. 
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1WW!Y (W t+T►'3SI"11 VA^~ i^TI 111' 	 1 117 } .0 JL,%' -zU 

8.1 	F M1 "SGr IF Q'TMM,T Y 

Tho quality of tator, oopooiully tho eonarntxotIono of 
tho difforont utilti pronont in for to Crory iaportcnt to & to:xaino 
viothor it tutd bo outtciblo for lrrig tion ( ot3otflia and 

induotrtcal two. Pbo fertility of cot), dopondo to a rott o 
o ont on tho ooncontration of QSlt In irriGatio rxtor. Oortain 
oropa Oro core ovnoitivo to oclinity in frriC tion tor. Guitablo 
matbodo for l000Mng of oolto from the fioldo o r bo noTM0000ax 
r boro irrigation voter 1th o. high oalt oontc nt to G ppl1o4 ovor 
a prolonged ported. 'Jator for docsootic two eutd be oolourlaoo,p 
free from objeottonøb)o odouro cod 	. tautoo and ohould not 
r 9riri contain ona000i~ro oalto and other potoonouo aotalo. Victor 
for induotrial tree abould by ouch that it deco not cauoa focnin 
or ecalir, of bottoro. 
8.2 q `.1TAqP"I 7C t ID'S  

Tho cozpooition of around cator rcneo in of linity fri 
pure rain star t-w btr minoraltood rr otoro ouch co connote brinoo, 
It to an oquoouo oolutionq Conora ,ly com good of bioarbonatoo, 
oulpbotoo rnd chhoridoo of the alkali cartho and aUralt rnotalo. 
3IliCOou0 round ¶otoro do occur but are not oonnon, 

VJatoro of atmoophoric orlGin (motoorto vatorr) contain 
carbon diorido and o roll amounto of dt000lvod ouboton000 dorivod 
from tho ataoo vho ro. )n porco latter throut~a the ool 1, they cat1or 
oolublo or,notituonto, both or'anic# and inirr€aniog aitl adIittonat 
carbon diot2ido frog tictauo and othororrantc oc tor. (around cator 
OLiarGod vztth oarbon dio Lido to po orful aeuttyrrtn o ont. It rocoto 



with cortain minornlo, fn;rminQ nov coipnun90 ouch CO oarhonato$, 
bicarbonates, gulp atoo if oodtui, potmooiuno calcii and 
ac nooium t coluble alkali oilic too and frog oilica in fruo oolution 
or in colloidal fir~a, Mutnttva, iron and oil em rosin meetly in 
the ineolublo rcoiduo,Pho ratoo of docot,00ition of the miriorale 
doiond on their p ical and ohontoal pronorti.00. Sc odium and potaoniu 
are leaoho4 out rapidly, oaloiur and Mt3neoiu canpo tivoly olowor, 

oecond croup if ground c atoro are connate tatore containni.nC 
oubotranono which vore prosont in oolution at the time of-depo©i--
tion of do oedimonto (o.5.iouoton arto tan baoin and oome other 
coastal c odimoatary areao In f1 ` A. ) 

Thirdly, phyoicol and chomical chongeD can aloo change the 
compooiti.on of ground v tern percolating through the ootlo and 
rocso. C3noontrotion of di000lvod aclido in ground waters may t&so 
►].ace by ovcsnoration and transpiration. Ba3o ezohongo, adsorption, 

oxidation of oupthidao, reduction of culphatoo and mDri ig vitb, 
connato vatoro can aloe change their quality. Dose oxohan o 
on tong ground ator vhon i t cornea in contoot vith matorialr 
raloming oodttra in oxohango for caloiura and naneoiuzi in tho 
vator. iho ba000 and aoid© vhiah rooult .from the hydrotyoio )f the 
oalto of wo$t acidee and otrong beroo or vioovoroa are roa tly 
r doorbed without oubotitution. Conooqucntly, the baeco famed froo 
alkola cini altali artb carbonotoo, oilioatoo said Md ohoonhateo 
arc ode-)rbod t-, firm eil ~amtro, thereby incrnaoinr oenoI& 'ably 
the concentration of caid ras icalo. In tho other hand, the oilicato 
and phoopiato r nt.bro of the altali olrOcatoe and phoophatoc a,o 
nort .y r rovo1 by ooilo, chiefly by rnootiano vitli Io(Off)3 and Al 

vh ch 1004 to the formation of inoolublo cortioundo. 2tio 
zoduotion of oulp'a,ato in gr-)und vatoro to attributod to the 
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pr000noo of orCanic mattor r nd o4phato—roduatna bacteria. 
It folloro from the above diocuooton that the follonirr 

&ctorc influonco relative ground water oaltnit r:- 

	

( ) 	The not balance botvoen annual oanporati on, trOot pi tation 
and run off. 

	

(2) 	"`ho tato of local rock a^athortrig or solution with 
resultant formation intbr coil of %ator oolublo calto from the 
dodo iooitiezt produoto. 
(3 	-'ho rata at rthioh calto are tranopogtod into the reCion 
by otroc o, windo rand faino frogs outoido coureoc and d.oryooitod in 
soil. 

¼4) The permeability of aMbydraulia gradiont in they rater 

bearing rocks. 

	

5) 	The balance between the tote of ground motor oiroplation aid 

the rate of Galt nccuo: elation in the around rater body fro 

infiltratin ator. 

	

8.3 	n 3 IP A"'!ATa T'1 

In cccoo of nnrtial analyoio, the cater va-3'loo callocte i fro*, 
roprr~oontativo rollo and bore home are analyood for dotorminine 

conductivity or oficifio conductance* hardn000 and contonto of 
carbonatoc, bicarbonates, chioridnno,, ©n1oivaq manooium,00dium and 
potaooiuu. In caoce of detailed annlyoie, boo# dao the above, the 
total d coolved rialto arcs dotorminod sand the contents of silica, 
biron and nitrate a o aloe doto*ginod.. 

`The nothodo ;ono^ally used for do"n iniig th000 pronortioo 
are doocrtbod bolwl 
The p11 value .f the ator cc lee are detorainod by p1 aotro 
Mich givno direct roadinj uoin t;.(,C."..Q'o ''laoo oloctrodoo. 

' ho oas,otfic oin(uctnroo to dotoraino4 tth the holy of 
V 
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adnatant call of known rooiotivity. It a3.ca dives the direct 
roadtnrj on neparato panal in shod krooiproosl of roototanco) 
c hi eke to converted for convenience to ricro- hon per centinetre 

The sodium and potaaeium contents of antor .eamploo arc de. 
tore inod oo~rarotely uainj 1?lame Photometer. The direct (alvanoriotor 
roadingo aro recorded for different rater aenp1oo for oodttr and 
Potmoetum oona~cately and the voluca are obtained from per. 
rendingo graph, cihich has already boon pre ?arod c t th atendari 

sodium and ')otuaeiuO oolutionu. Zn caoo if the Qalvano©oot is 

not recorded In the ocalo, dilution vacs made pith Ito due conoi-
dorrtion if calouletiono. 

The calciva and qario,tirn aft determined oimultanoouoly 
using otandared cobcution of 	A — (8odit Salt) and llriehroQo- 
Blao&--T an an indicator. The oaloiuin content ia, then# ooparatoly 
deterninKd uoing '>3 TA (sodium Walt) and inurozide ae an indtoator. 
The fifferortco of above titrc.tiono indicated the content of 

1'npA (Coditri Satt) to pro iouSly otandard c alcium chloride 
ooluttan oaoaratoly using trtchr mo T3laok T and 1urozide and 

indicat_lre oo?ar 1toly. 

Standard coiutton of Silver nitrate to used to deterfaine 
oolubio chloride n-)ntento of rater oaupleo using ''btaooiva 
Chromate aa an indicator. 

The oulphcto cantont to datorminod vole otrtcally uetng 
T '~S (bodiva Salt) a-zd '"richro to D1aeI -' T no an indicator. The 
procedure to carri r i -gut auultanoou©ly but oonaratoly abo 	7tth 
titrati^n from the doto inctl in of cnlotua and tagnooalm, rco3o 

L';'~3 lt"tom,°j' 	1 L 7', (J -.i , 	t.~iV,'iii ..Cf 	' ilf 	(c 

~~,.. i It tk1t1t . iln;) i 	*7j chi") 	tTh v.w'; rat 'r 1'io is  
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oolutton of PA. roonurod quantity of Inooiu nhtortao Tao nddod 

just before the end uoint to refine the change of colour at the pint 

gtandorod ooluttan of outphori o acid ao ueod for the 

dotorntnntion of carbpnato and Btcarbont o contents of rater 

caaploc acing Phonolnhatl oitino and Methyl Orange no indicators 

oihu1tonooa3ly bit one after ttio othor. 

Total, d,aoolvod colidc to dotorminod from the rociduo 

obtainod by ovaporating a 3tnivn quantity of v°itor and dohydrat ng 

at 1800  o for one t,ur, 

Silica content to determined from tho total ootido by 

moiotontng siith f101 and dehydration and troatcent of insoluble 

roctd,u© pith 1W. 

Boron to cotirrntod oalot net rtcalty r4th alohohalto 

ooiuttord of eurcumion an4 ozalto aet6,o  

t itrato content to oottr tod by phenol- diouilhonic acid 

method, 

8.4 TT PR  t 2z )ter 	A';AL; l S ""S13L1B 

Interprotation of chomtcal analyoio data of vator to 

n00oo0ary t o.eoeon the aiiitnb$lity of cater for any particular 

purpooe. Water for it ̂ igation nurp0000 otiould cattofy the noedo 

of tho coil and tho cropo, For domootic purp0000, the quality 

obould coot the phyotoiogical noodo. For generation of power#  the 

quality of rater ohiuld not allow ra3t o of !7cat by formation of 

coaloo an oarrioion of metal parto. ' The oignificaaco of the di.fCo 

rent in 3rodionto in c.ator furniohoo the bathe for otidying the 

quality of rator, 

Claooifioation of %7ator According to U.S.$altnity Laboratory:- Tn 

19540 the J.:i. caiinity laboratory jro:?arod a olaooifioattarn 

inc rporatia the imp-)rtcnt foatu'co of tho oarlior c7orl&z on the 

cub loot niont? with the furthor a± rannnn baood on the offooto of 



-1O 
oonoontration of total of lto , ooft tci boron ant earbonato nn8 
bioarbonato in ooilo by trrigc ttrn atoro, Tbop he o boon tottot2 not. 
(a) ScUni y bturnr6. 
(b) a011 han+ rt d 
(a) Br on baoa 4 
(d) 	Btccrbot1CLto hazard* 

otor for irriaetioa bao boon ratod o,body, no4iu an41 
bad on tho b do of opooi£tnattono in41ioato4 botaae.• 
(CL) Sal nit Hazards- It depan4a or the total oalt or conductivity 
rating. rho olootricat ooa4uattvity of tt oo"lutioa dopondo on tho 
total co teontrabi.on or oalto in tho ootution0 

atoro havo boon o1 otfto4 uMM.or tho toUo' Ong onto ortoo 
a000r ing to the dolt oonoontration or oloatrtoal c n6uotivityz,. 

r= 
Gosh 	 flop, 1 	250 TC X 1O = 0-2. 0000/1, 

2-250--750=10 2.94.5 M*o./1, 
oath tm 

 
3'450-2250C X 10a7.5-22.5 a 4 O n/i . 

Bch 
 

422504000  'C 9 10 6 2?,, 5* 40.0 ct. o./i 

Vory bad 	 3 	vor 4000 E0 U 1C 6& 0or 40.0 n o./9 

(r oBbootricat ocmauoot#^'ity. 
ao/1 10 ui131.oquivalon /litro). 

(b) 3o4tcz fI;ot rr sto noo of vatorr of btiIi ocainity for irrtgt' 
Lion purp0000 utticsatot 4otorioratoo tbo cotta. Thto dotoriorcation 
to particularly ci pondont upon tho pragart1on of oodtu Iona to 
ttio total oat ono in v ator. TMo factor to onpr0000d by tho 
foflotng rcti000 :ofino by tho oquationo 

asp 0 
on 0oneon1ra11 e►C kne par 

~. 	 tf~l►t.~a, 



!SP 0 

Vhero 3$P to solablo 8odtan Por nto o AR to Ooat i 
Adoorptton Ratio and 18P to xobongoobto Sodium 2orcontcjo. 

Thr.t 1SP ratio cu onto tho foto of ter coil Mon troatod 
ttt rrator of a opoeifio noturo. If tIo coil to irrt{atOd r4tb 
c~ator that giaoo rioo to an CP ratio Char than 19, tho coil 
dogonoratoO into a oaItno.alk U oott. Eztouolvo application of 

., 'pour Tray counteract tho high ESP of th coil. ' b.o doojo of 

gyp gypta roquirod for preventing detorto ation in different typoo 
of conic and u Sl r different ao ttioiu of land *zoo tiao to be 

or'Irod oat* 
The $ fi to related to the relative activity of oodtu 

tone in the oEchaftO ronotton with coil von it to oontinaouoly 
leached ttIz tator0 

r'uto hano boon elaooifiod under the folloviM 
outage rtoo iocordtr to S4flx. 

Good valuo 	• t pto 10 — io a oodLti ttor. 

• 4 Dot=on 10 to 10 —•i odt a quality vatoro 

Bad 	e 	» flotveort 10 to 26— high coda v ator, 

Vo rj Dad 	o 	e , bovo 26 - vo rq' high oo4 t ttiCxtoro 
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(o) Boron haasrdx-- Smallmounts of boron in irrigation water may 
prove tn3urious to some crops. The degree of 3n3 r depends on the 

selective absorption capacity of the different types of plants. 

Quality rating of water to boron has been developed by 3oofield 
(1936) and moth fled by Wilcox (1948) *The relation between boron. 
and the suitability of water for irrigation is shown belowi. 
Permissible limits of several classes of irrigation rater boron. 
CIassae of a 0r. 	i ' nstttye 	 o er*n 	ToUrant *rope 	+ ro'p* 	crops (rating Grad.). 	(p.p.$) 	(pop**) 	(p.9.5.) 

F-xosllsnt below 0.33 below 0.67 below 1 #00 
Good 	. 0.33 to 0.67 0..67 to 1.33 1.00 to 2.00 
Ilermisstblo . 	0.67 to 1.00 1.33 to .00 2..0 to 3.0) 

Taken from Wilcox (194$). 
(4) Bicarbonate hazards- Bi* ronate Concentration of water has been 
eu 	ted as an additional criterion for irrigation water. If tb. 
waterr~ooatains a high conoentratton of bicarbonate tons„ as the 
soil solution becomes sure concentrated., there is $ tendency for 
oaloti and magnesium to be precipitated as carbon ttos. As a 
Consequence# relative proportion of sodium Increases and gets ftzet 
to the soil. The convenient way of expressing value of the water in 
terse of the "Residual Sodium Carbonate" ooneentration to as follows*- 

Residual sodium Carbonate a (C')2+ 03)«(Ca+1 g) where the 
ionic constituents are expressed as a ailU.squtvslsnte per litre. 

Water have been rated on the value obtained as follows i 

Rating 	 Water Containing 

Good 	 Less than 1.25 s.s./t, safe for irrigation 
Purpose. 

M adieon 	 between 1.25..2,5 a,e./t.,aarg .nal for 
I $4 ø&+#,an nnnrrnmw 



lad 	 more than 2.15 a,e,./ ,not suitable for 
irtgution purpose* 

Classification of Water According to !ndoreon;- In 1955 nderson 
in his book 'water well handbook' has given a. classificationn based 

on the total .soluble salts (.S.S.) in water#  Water having more 
the 1000 ppn. of soluble salt has considered unfit for irrigation. 
Below this value of T8, water was di ►ide:d into five olneeer as 

be owt 

9.No. Class 	 Range of 'x.8.:3. in 

4, 	C1 see- I (0) ' Cpto 180 

2, 	Clues If (C 2 ) 1800 to 50  
3. 	etse* III (Ca) 500 to 1500  
4 t 	elms IV (04 ) 1500 to 30 

5. 	Clue V (05 ) 32OO to 7000 

ClassLftcatton of water to har tes., This olseitfication is based 
on the BAE and the oonduoti +ty of the solution, It is further 
based on the 	etaption that the water x 11 be used under average 
conditions of soil texture, drainage, Infilteratiou rate*  quantity 
of water used, salt tolerance of *rope and & oliste, 

Pb. classification is shown diagrammatically in figure. 8i 

The Interpretation of this diagram to as under'- 

Low Salinity Water (C I ' i, This can be used for irrigation with 

most of the crops and roils*  with little likelihood of developing 

the sofa. salinity, 
Medium Salinity Iatu102) s - This can be used for plants having 

moderate salt tolerance with epioisl practices for salinity oontrèl 

and if moderate amount of leaching occurs. 

Righ Salinity Water (0) 1- This cannot be used on soil with 

restriet•d drainare. Snecia3 mansitesent for ealinitv control even 
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vita t iogtut~to l raft aao any bo re ui ro and pianto .tb good c alt 
tolorenco ohould be oolc tod.. 

Vory Rim Salinity Uutor (O4) * tJo ouitablo for irrigation 
vnlono very aitol of rounotanc©o of cot 2. being por tocblo v drntncejo 
being atloquato and i,rriantiof castor to ap-~ltod in of c000 to prov.ido 
conoidoroblo l000bing and very oalt tolerant oropa arcs aolaotod. 

lbo olcootfiaatton of rotor iti roopoct to SA :I to 
primarily bood on tbo of foot of eEcbanrJonblo oodiva on tho 
phyotaal condition of tho ooil. 
Lo y► 3odiurt 'ator ~  ~-~ Tbto can bo uood for irrtc tion on o .00©t 
all oGtlo vitfi lost dangor of + ovolopont of b i ful lovolo of 
OObofltOQbiO oo6ttr. 

odic Sodium ~"ater(S2):i. Thio vitU prc oont on ap rotltoblo oodi+ 
ward in fine toxturod ootlo having high nation- o ohango capacity 
oopooially 	.oa loccbirv; oa',aottyc unni000 gjpouu to added to 
coil. Thic vator can bo uood on ooarao to urod or or onto ootlo 
aitb good nomonbility. 
Rich Sodiui Vator(S) s It twat z'ofluoo hamtul l ale of oze cng o« 
able sodium in moot ootlo and vitl roquiro of oie1 coil ns1tc3oraont 
good draiau a, hilt bcoohing and organic aattor a4tc ttiono. Gypol -
f'orauo ooU'Uo i ey not dovolop CCaroful ].ovelo of ozohongoablo oodi 
for ouch catoro1 
Vow £Ltgh Boditci tator (84) sue► Thio rotor to gonorally unoottofaot-
o ry for Irrigation pur-)coos ortoopt at loci and porhapo aodi um cal .n 
ntt$0 ihoro the oolutinn of oabotum from the 0110 or uoo of 
Lypo* or other a'onduont ccy aalto the taco of th000 vatoro foaoiblo, 
Olcooifioation 4oaordtng to 1Cnnc rs- T anc r Pico alaootfiod ator 
according to oailnity and oodiu hcaard in the for of o trf singular 
dicgrc a' ioh to roproduood on $iaar G.Re bo vator to d7t.cd in 
four ola000a no fo'llo I 
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('LATE $• 2 

CIMs I . ester suitable for irrigation even for sensitive Drops. 

Cues Ix•. Water suitable for irrigation for toterant orope. 
Close ITI--taster suitable for irrigation for meat-toler*itt oropi. 

Clue IV •Water weuttab1i for irritation. 
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In gonorn1, tho ground ciator of the rogton to oharcoto-
ribed by r oaerato to high salinity,, htob to a common phcnononon 
in the and and oomi.arid rogiono of t 'rd, Common . salt and 
oodiaO ou-nlhato Oro the uoya . conotituonto of ground °motor in thin 

region. ' io salt to brought to the ground voter by leaching from 
the colic by tnftitorating crater vhtcb percolate dove to the acne 

of saturation. 
' he problem of oolinity of the curfaoo and ground rotor 

has been diocuoopd in dotailo by Audon (2). According to him zauch 
of the rainfall penotratec into the dunoa cad eond platno and 
folio to be removed ao run-off . The ozooptionnlly lovi ho idity 
high temperatures and otrong evaporation In Voctorn'Radc than reoult 
in the conoontrotion of diocolvod, oal.to. and the tiidooprod p oct- 
pttion thereof ae an and other d+ pooito. l bundan.t dopootto of 

gypotw occur as pane only a fear toot belo x the condo of notth 
T amt Jodhpur and B anor. Salt iatzoc also occurs e.g. at "cobpadra, 

Sc bkor and lidvono. 
ho origin of tb000 oalt donnatto, tMcb include the 

carbonato', bicarbonate and oulphoto Df oodiva, in addition to the 

ucuo ob.lorido9 19 not full underotood. to Toucbo hoe ivon the 

following onplmattone:.- 
Tt o rain siator ftovtnn from the blUo to ova orated long 
boforo it roaohoo the coo* ottng to the pflrouo rturo of 
tho onn2 and the drynoon of tho ate oophoroQ and the salt 
it oontatno,, vhtoh v uld R.quder ordinary condittono be 
cats .ol by river into tho ooc and IIp ovolt tho count of 
colt already there, to dopaoitod o ongot the cans gratno„ 
and in or00000 of timo has thorou ly tzn'rognatod the coil 

tt oalt. 
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land rand Chx ati.o faund It difftoult to rogord thMG 

mode of origin ao oattcfactory, remarking that thero are neither 

tnfloiitnr 1arj o ravoro#  nir trnaoo of ancient rook oalt, near 

ua1tn opr .ogo, and that the aatobtont aruci and crmtoo,quorttsititDa 

and oohioto, are not likely to y1o14 inrgo oonoontrt ttono of atilt 

during tho ottort oariodo of oos nt precipitation. boy parried out 

ezpe.rtiento in 1909 to dotonitno the gaaantity of oalt earned by 0 

the prevailing b3t.7oQther south-coat and S81 vin6o, Mich 

indicated that over a front of 300 Mo (186 rat loo) about 130,000 

tone of salt could be tranaportod into !a3mmothon each hot tioathor 

from the Bunn of Cutch (19o9) Thor concluded that aind alone to 

ouffictent to account for the large coo ulationo of onit in the 

region, and oonnidorod that the lov--yin, flunn of Cutch4  ihtch to 

oubgoot to pontodic4ttdal inundation and hac ontortoivo halt f ato, 

xou ,d be the p vonanoo of the fo3aothen aalt. 

Godbold (20) aondtdoro thio 'theory of ealt dopoott no 

improbable to canoe of the foUlov ing faotoz«. 

(1 	It the salt to ciind blouA, O cannot account for the fact 

that Comb neighbouring lat oo have diftoront colt content. Soso lakea 

in the roaoon oven contain frooh cater., 

02)  if the dolt to wind bolo , va ohautd have apprtoicablo dopo- 

oito of oalt duot on the wootorn ol000 of = raaallto otnoo the wtnfo 

are not galoo bolowing aU the 24 houro of the day and hence if the 

oalt travolo no for ao 0c btwr lot*#. a part of it uuot definitely 

be dopoottod n the way. 

aaording to Godbolon  all th000 salt dopootto are the 

roault of precipitation of dr d up logoono containing con vtor 

having largo çjuQAttttoo of oaito 0 Ao already uontionod in pare 2,2p 
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aurtng the Jursooto poriodg On arcs of coo had ortondod in ootern 

Tq ja othan from south-veot. 

Vlolt7-ever, no far no thoory he been conclusively proved. 

Accepting that atnd-blorn salt, preoi itatod salt an also oobtationo 

carried by r&vnrq aro factors in explaining the origin of the 
Ra jaothan salt 0 it Is clear that conditions for concentration t7tU 

be optimbm in area of ihterna9. and interrupted drainage, where 

$There is a otrong in draught of hot dry indo. 

An already otatod in Chaptor t the climato of 7ootorn 

Rajasthan is oub joct to groat vartationo pith alternating vet and 

dry oycloo and with extremes of range in .rainfall. Thio factor to 

very important in dotermining the salinity of ground rater and Ito 

annual variation d-pending of the climate cycles. The average annual 

evaporation in the rogion to generally much higher than the avorogo 

annual precipitation,, Thus In yearn -t normal or below normal rain-

fall, infiltoration may be email or negligible, evaporation to highr 

and surface run off is lou4 Oo.nooquontly those colublo salts t hich 

havo been formed by the c odthoring of local rock or rhieh have boon 

tranoportod in the region by by otrocros, indo and rains tend to a 

accumulato in the 0311. to oubooc dent yearn of higher rainfall * a 

part of the accumulated rialto in the coil nay be dicoolved and 

carriot9 out of the region by our co fun off, TtoQ-ovor, at the pemo 

time c-inotdorablo amounts of salto are leached from the ooii by 

intt]toratina caters vhioh oorcolato dove into the cone of 

caturation. 

The onlinity it the groundm. for in the region aloe varioc 
annually depending on the climatic oyclo, Waters which - ay by oervi~► 
coablo during rot cycloc,,, then thorn to no Iluohing of the raator 
ciur000.4 and greater inaroanonto arc added to icolatod 000coo of 
ground uator, ac ay fron the draina o linens may boosno too calico 

i nnr^ nein + ^ 4 igation during the alternating dry cycle. 
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A detailed ayoterotio otudy of the re"iodio varietiino in 

salinity of ground rater in the region too not been taken up as far. 

Taylor (46) made a study for the Volt region and the result are 

dioouooad in the folioring paragraiho. 

8,5 DISOtflflOi 	THE 	 W7" 	ALV]tY f1 t" T ;R CA V t? 

In hie Introductory ronort on the ground rater reoourcoc of 

Western T?a jasthan, Audon (2) has , tvon the results of Partial 

ohoai cal anslyoioof rater from t'ootorn Jodhpur and Bikaner area. 

Theoo are roproduoed as ap ondiA 8.5 & 8.6. 

Taylor (46) carried out partial chemical ano ycio of rater 

oa!ples taken nut from 370 ropr000n.tativo rolls in "all region 

during ilovembor 1951 to April 1952. In the monsoon season of 1952, 

the .rainfall rao coneidorably a; vo normal.Tho of act of infiltra-

tion from this rainfallon the chemical quality of ground rater were 

also studied. The ounr artood result of those otudioo are reproduced 

ac Appendix 8.1 

Bo u (5) during 15556 analysed vator oct ple• from 

exploratory toot oohs and tube vello in connection with the 

tnvootigation for ground rater resources of 17ootern ' jaothan. They 

also analysed rotor samploc from a for open rollo, The results of 

those toots are rooroduood as Appendix 8.,2# 

The Under Ground dater "card collected ca le from 

reor000ntati'o rolls in Jnlnre region in the period from fononbor, 

1955 to January, 1966. Theco oanploo Toro analysed for ra rtial 

chemical analysts in their laboratory situated at Jodhpur. The 

abstract of the results, ohoainC the average value of fif1 oront 

ionic conotituonto along vtth their range are roproduood in 

AppondiE 8.3. 



Chattorji and Tiondal (9) carried out a oyotomattc our~roy for 
cuality of around water in Strana doluolopzent bloo't of liormor 
Diatriat in 1963. They oiaoot£tod the region of the block according  
to the olaaotftoation of ground vator given by Undoroon. In St na 

region, high online rrr ter 'containintj upto 1€ ,O')O prri. total d0000l. 
voc1 ooito are uood for irri gation and vator containingupto 12000 
p.p.n. are uood for live otocrk drinking. )n this bectoo they have 
added to more a .cocoa 06 & 0 , in their classification, The reoult 
of the analyoio to re rodu! od ao 6poonttz 8.4. 

A brio2 docoription of the quality of ground rater beaod on 
the information oollootod from the above oour000 to given bolo r. 

1n tho Sivana douolopment block$ about 35.8 of the total 
area of the block to suitable for ground vator ozoloitotion. Of 
this nearly 751 has rratoro of C. to 04 typo according to ""ndoroon 
clocetfication. Tho roll vatorat 1otta near Barmor oho= that the 
chlorideo and the total di000].rod oalto contont are 88.5 and 

2200 p. a.m. 
According to ¶aylor0 the following a-~o the oafo limits for 

the quality of rotor to bo ucod in i.rrigationi 
Chlori floe 	 359 p.p.n. 
Sulphatoo 	 413Q p. .1i. 
Total ao lido 	2000 p. p.a. 

Although the quality of castor in Baraor to not suitable according 

to thoce or othor otandardo acoontablo noroally in other arena, the 

d000.r.t oondittono moot be conoidorod ilo oonoidoring the cocop-

ttbility of the water. An nointod out earlier, in Sivana a dovolop-

mont block in Bazjor,, orator having total oolublo anito upto 

10,000 p.p.o. hao been uood for ir4gatio n. 
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Thor quality of rater around Jaiealmor to tolerable. The 

quality of mater near Chandan to fairly good. 

In3aloro rogi ,)n,r the character of around rater in the 
different eater boarin, sonde differs groatoly in total oo~~eentra-
tion of dissolved colts and in retativo abundance of various conoti-
tuento. Tho high salinity of youngor and older 3.3uvium , ao coon 
in .Apaon31x 8.3, to duo t-) efftoroocone o of oalta art cularly 
located in tip northern part of Jaloro Diotrict and along river 
IChari. Dthersioo, in general, ground gyrator from alluvial foraationo 
i.ndicateo for to nodiuu mineral cnncontration. Ground dater to ca -
paratively leee saline along otro couroac, indicating that soluble 
oalto accummulotol during the rock reatherin.g are -being gashed off 
by the water recharging theee baoin . (round rater a my from th'mo 
ntr'i oouroeo oboza a gradual tendency of incroaotng salinity. 

In Pali region there is a moderato to high concentration of 

dinoolrod oalto. Cholortdos protably largely no, oodium chloride, .. 

is the moot coon and abundant of the anion aenotituento preooat. 

On an cavort •o the chloride conoontrntion ezoeedc 1000 garto parr 

million ao that moot vile ratora of the rogion have a precoptibly to 

otrongly calty ta0to. Carbonatoo are gonorally aboont or are 

orocont only ac tracoo in most of the vell catero if the region. 
bi carnonateo, hi vor,, are on the robe raga the oocond moot abundant 

of the anionic conotituonto. `hoy arc rronoralty proecnt in concont» 

ration ranging betvcon about 400 and 9f0 parto par ri± Ilion. Sulnhatoo 

which are the third moot abundant of the anion©, arc generally nr000nt 

in slightly ieee ooncontration than bicarbonatoo. `rho pi valuoo of 

m-►ot of to doll eaters lie bot icon limits of 7.3 and 8.3 indicating 

that ought alJalinity generally p*ovailo in the ground c tor. 
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In order t3 otudy the ocaoonni ohen, oo in salinity of 'gall 

rogion, in November 1952 coo 65 of the c.ollo uhieh oro camolod 

earlier in 1oveinbor, 1951 to. April 1952 mere sampled again,, The 

comparative analytical data on these vet1o, given in Appendix 8.1 

Is aumarieed in the table given b ol.oti: 

Summary of changes in bicarboc ate, chloride and ouiphate content 

between tiovember 1951• April 1952 and November 1952 in 65 riolle 

of the Pali legion. 

Bicarbonate Chloride Sulphate 
(Tu 13} 	4013 	(80 x ) 

Average not change; plus (+) to increase. +13 	-168 	.174 
t Bra , minus(-)is decrease*  in parto 
per million. 

No. of Volle ohoving flt oroaue 	.. 37 29 15 
11o.o ' walls shoeing inn doorcaoo 28 36 39 
No. of 	ol ,o vhoving no change 	.. 0 0 11 

Maximum increase in pp  n 658 -2,114 630 

Average increaco0  in ppm 	.. 125 252 123 

ffiszut doorotaco in ppm. 	.. 667 2,090 2 0000 

I iZnimum docroaoo in ppm 	.. 2 2 20 

Average dioroaoo in ppm 	.. 137 507 289 

The ;precipitation from the nonoDon in 1952 as considerablye 
above normal and the changoo in mineral concentration of ,ground: 

water are duo to the offocto of loaching of coil and infiltoration 

of this rain vetor. 

In a for inotan000 such an in co in vo110 I and 2 inft1-- 

tration brought above inoron000 eiouating to ro than 2010 narto 9 

per million in the total. noitnity of the Griund ratter and in nsny 

oompled ioli.o incroa000 of anvoral hundred putt nor million Vero 
JrLw- 	 I 1 	_ ------- .b - - 



rnptjnitudo wore meaourod in olightly more than half of the cello 

oa tplc+d. 
Thoo &ifferon coc fromplaco to mia ce In the PPIi rton 

omphaoice the local naturo of ohangoo in ionic concentration of 

dicoolved solids in the ground nator caused by infiltration, Moro 

oalto taro wailablo in the coil none for dissolution by inftltrat-

ina gyrator$ increaeoo in the local.. salinity rovultod but vlhero 

ouch. oalto tozo not available, the Infiltrating  infiltrattag utor tendod to 

dilute the ground rater and to dooroaco the salinity. The table of 

Appendix -9.4 -aloe indicatoo that the net inoroaeoo or diooroacec In 

btcar"bonatoop chloridoo and oniphatoc are not uniform ] from volt 

to o11. to a .any cacao inoreaoo© in one anion are marked by decree-. 

coo in the other to ontono in the same eemplod rrell and vice versa. 

1+t or example t,oll 19 regiaterod a decroaco of 667 N.p.oa • to bioarbo- 

natea vhtlo oho,ing inoreasoe of 276 p.p.n. in cblortdoo and 630 

p.p.n. in oulpht teo. An incroace of 175 p,p.o, in bicarbonateo %7ao 

neaourod In soli 162 vhilo at the came tine the chloridoo and 

culphateo docroaord by 14 and 60 ppr. roopootivoly. Such data 

oagoot that ohloridoo and oulphatoo nero available in the coil 

in the soil for d1onolution, in tL vicinity of vmll 19 but that 

bicarbonates btcazbonatoo oro lacking, In the vicinity of X11 162 an oppoaito 

condition apn ntty prevailed. hhcro decreases in all throe ontona 

ocourod cuoF co to roll 271 a loot[ of avattobla colt in the coil 

for dioeolutton to indicated. Convoroely choro incroaoeo Toro 
mocourod in all throe ciniono ouch ao in sroll 1050 the coil apparon-~ 
tly contained calta of the throe antono available for Gi000luttnn 

by infiltrating voter. 

Ovir*g to the relatively low porraoability of the rocI o of 

the "alt rogione groand voter oiroulatt in to gon©rallyr cloy. Yhao 
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the oalts di,ocolved in ' h 	 ~^ ground riatc~r arc only gradually rotur-
nod to the ourfaoo in ,araao of ground rater diocharjo along tho 
*riaoi pal ophomoral otronno of the region, Ac a coricoquonco of 
the balance bot+ oon the rato of Qalt 'acouznulation ct the rato of 
ground water circulation and dioohorge, the not oc .intty of tho 
ground tutor roncina gererally high.. Tiov~-ovoro narltod ottan.goc in 
oaltni.ty may occur from year to year Sao a rooult of ohifto in 
the balance botr don the rate of salt aooumulati -' a and the rate of 
ground vator ciroula'tion. Atonor oalinity rMich gorerally Ohara- 
latortzoa the crater of the oouthoaotern rt of the ' t 1t region to 
attributed to a more active ground orator circulation rooulting 
from tlighor water ta'b10 gradients +7btoh prevail In thto area. 
Consequently the bstcnce bot'ieen the rate of salt accumulation and 

ground rater otrouu.lation fae ouro a lover oalirtity« 
The quality of water from the opon, cello around Molls 

Uolth4o, Icolayat aid Palana 10 ontiofactory, The chloride content 
varioo from 100 to 200 p.p,►a. and di000lvod colid oontant from 
510 to 960 p. p.m.; but to the tamodiato South of the above area 
oxtr oly poor quality of rator had been found at Khara. The 
chloride and dicoolvod solid taro 200 and 4800 p.p.tn. roopootivoly. 

The qualit7 of nator in the Ratangarh area to also not 
oatiofactory. tinter sample from an open loll at foua, . to mtloo 
south cot of fatangarh boroholo v chorro 900 p.p.m. of ohlortdoo 
and 3000 p. p.a. of dt000lvod ooltdo. 

Tho quality of actor in tt t Stl3r area to o rooltonty tho 

ohlochioridoo and dtaoolvod solid contonto being 23 and 315 p.p.no 

only. 



	

I 	vJ 
ci 

I Of 

	

# t , 	i 6 	•+ I 	# t# 1 i 	i 

p4 .) as  

b r C: 	ti 	 o 

£ ra 	 e4 	r4 
rr i 

U); 

q i R~3 C r 	 np! a 
a ~ r~ 	

~1 	t~ 	
# 4 	` 
	

erg 

(I 	r1 4 0 V E r4  

	

+ e 	00.0 

i 

	

i 	1 Q N 
i 	f f 	# 4 	0 4 E; 	, it +. # I it, 

fJ 	1 	1 

• jfrt 
p~ 	f 	'I 

• 
f 

O i,i 1 

ip'l • 
	U 0 0 o a 	o 	

• 00 
	EC Go ~7 	C►j 	t4 #,, 



o w 

8 
$+ 	# 	1+ + 	1+ $ 1 i# i 1++ 1 # 1 I f t 

a 
#  1 

$ a 

	

*8 *so see 	0 
a a 

1  ! 
o s 

a a 

o a et r  ••.-$p4 r 
e a 
I  1 
a • 
'I 

! t 

1 1 C"t oaf 	
1 3 W 	 i 	c N 	4 M 	a 	a'1 	Cii a 	oate!t~ 	 ' 

# t 	1 1 # ! ! 	# 
a • 

a a 

t  1 

a • 

o s 

x •  

G~ 	V J 	N 	
t!3 6 0~4 	a~i Oak 

1• t## 1 4+ Q 4 + 1 1 1+ 4 1 1+ 	t++ 1+ ! # 1++ 
4 • 
1  N 

II 

I  ! 
a 0 
'I 
a w 

a . 
1 
w • 
t  1  _ 

e a a 6 w p44 	1f) to i~ r~l ',1 A +C~ C~ ~7► 	L~11 	0 0 D ~1 	t 
 10 

i+ 1 	
tq  t9 	C~ + 1 M vii co  vi ai o~'1 r4 p4 P4 0~4 p~ p4~ 10 p4 p4 p4 £4 c't p 03 03 



k 
I 

$ 	I 	 I 

40 	 oO 
r4 

I 	4+ 	1 	flIt 4 
I 	I 	 I 
• . I 
• a 	 I 
I 	I 	 I 

ri • $ 
• I its 

Ob 

91 

40 
qp 
rq 

I 	I . • 	 a • I 

• $ 

+ I + + . + + a I 	• 	• 

fe 

104 

14 	 to co 0 

fA 

40 

• •s 

• S . 	 44 4' 

• a 	 •4 * 	; 
;• OW3OOIOOOIOtIOIOO$DQOI 

II 
• I 	 0 

'a 8  

to 
 

to Lv 

fj 

	

E 	0 PC  

ii 
' 

cqco 	 ca co 	 0 1 0 * * 

I. 



`PB DIX 8 4.0Qn 0 
baton of c p1in for oo p attvo r a1yoio nhorn In tho 'orogot, 

tab o, S . 

s0 	 s wi0 	 4 	 A wkt 	+ms 	it 'rf 	rat w 	w" 	iO rct'r` *v t "► 	 f•'r act 'r'e rtll r"' 	as. w►♦*o 	øo 	 o nnc 	 i 

111 Wove 	!. 	over Woll Novobor 51 Novorihor •1962 
?7o. to to to Ar,1052 

w 	gyp, 620 
wv two +* "O. We +1 t, I+~~ ~r~a~i,~ 

1, riov1121,1951 
~M~, +Mid, wry 	. ~.k 

POV61P IO52 	108 
• Mrs 	 • w 

3nn. 3 1052 
ar4, *00'*•ro 1*4 rr0. +p4 .r; !I*, a►,* rrg 

v 	'?' 9X982 
a, 10 111 4 27 
3 10 18 0 21 

6 22 10 129 9 28 
7 2 21 140 9 28 
10 28 19 184 21 28 
12 28 20 Ise 21 28 
7.3 20 20 a 	160 28 

16 29 20 7.+2 22 28 
1? 29 24 166 22 28 
is - 	29 23 leg 30 28 
19 20 23 170 31 28 
20 0 20 173 'ob1 2 01962 28 
20 Date 3•pi951 22 170 • 2 28 
2 a 28 10 2 Be 
6 3 93 182 2 28 

223. Nar0 5,19 28 
41 4 93 246 14 24 

253 Is 27 
23 264 is 27 

41 5 27 266 10 21 
54 12 27 271 21 24 
62 ". 24 276 
63 

 22 29' 
12 24 277 22 29 

66 13 24 279 22 29 
'06 13 24 280 24 25 

14 27 2C0 24 25 
03 21 20 2i6 24 25 
101 #1 	►.* 2 1952 27 2) 25 95 
102 2 27 301 26 25 
1(X 2 i 873 'tpr,12 1062 91 
106 3 27 74 12 21 
106 2 27 220 is 19 





APPENDIX 8,2. ltd, 
Rus 	is of Partial ►a e 1 r i1, sto of a 	oar water Gnmplos fro  

Rajt othcin, 
**ø 	« à, "' 	0 ""a 0*0 "' *' ,""a ,00 "'o 
Samp3,o 	D ttc of 

—0 "'e "' a " a .wR ... 4*0 '* 	1** 411 +rr 

Conøttuont 	in parto 
*re , :*  w► 	*w .* # 10 +.* .: 	-0 ft*. ,r0 wto ,r 

portiilUon 	+ a 	uet nc3 -Ro g col r etion  C i na 0 rio ( 	c 	'h 	, ) 
• *e Sir. 	0 +rte 9i` ~y'Ml.'lM ' ±6 4+lAb .Mr 	a` 	'r 	"'a' 	p..'r 	"'r# "rF'q +t~4 ""rte "'~cil "n` 13 ' 	1 	"• 	a4 	r ~6'rAy ""R4 "', 	 'o ++r,a w►~ r 

7,3 BOB t1 7~" ,1 0 

2. 8, 7, G 7 ' 411 220 6wo 
84 22621,57 ' . 1305 330 520 
4, 21,1, 57 0,1 10 291 210 60 
so, 280 .,E 8,4 935. Traeo 176 670 4~7O 
6. 27,11.56 0,8 828 48 105 2700 
70 28.4.57 7,7 00 tai . 30 170 2880 
8. i,357 8,02 114 ¶r eo 146 220 
9., 2142.66 8,2 220 665 85 16 

6,.12.56 8,2 480 175  50 20 
11, .IQ 7,4 86 Ntl 278 250 1000 
is $ 4.9 87 8.3 202 a eo 327 470 1680  

18,257 	.7  .8 164 .,3 
 

Nil 87 180  
14, 16,4, 57 7.6 867 l 43#3 440 
16, 1.?. 	"v., 708 14;t9 1 625 
IGO, 1,,B4O7 7,6 . 10 608 192 808 
17. 4.e, 7,8 0 9 144 SIG 
18, 6,8.67 8,3 72 crao 411 Ila .914 

r 
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APPMX $,4 

cL.A.s 1 FTC.' T`1 o +)P K3~PMU M CATER 
.. r, +1~~ rr* w a# 	•• 	+.~ ww# ..r• 

Rate of '. .E. in Pare t e of total 
pOpaD 	 area of ground water 

ezploi tition.. 
•I~r w#~*~rR w~ rlt~ w+ ,A►~ww ~s: 	, e w~rr+ ..r w Mfr*~r~+.~w. ,rw gsa Mr*W&V isar0 9W O do* a*# *00 w,# urn „r~r 

1, Class 1 (01) ' pto 180 Nil 
2* Class 11 (?) ICO to 	600 14.69 

Cass Iii (M) 600 to  1f00 36.,94 

4. Class Z V (C4) 1600 to MM 25.80 

6, case V (SS) ;200 to 7C00  

. c3, ass vi U) 7000 tolC C0 5.3 

7,, Class VII ( 	) Abe 10000 0,12 

_•. wr10 .r& w~,~ w# ,w O +w0 R* +r►M "0 '0 .w # ..* wr * w0 wc,0 * ww# +r# -W,, *t, • . tw,~ .. IF wn# +w~i r0  



An 1y cr of 	ttr9 trnv 	1oatrnJ 	kspur(Geolo 	.cal ,fI zry y of n4$) 
D rtspor r .112.ono 	, 

••why 1~,p rr~ +s,~.~aMlr,~. 	 ~ 	 ~,w~+s *. +si r# wt +; +~~.++,*~+`+~. **` r~ r~,.~,:¢ 

Phnl-► Phi,• 	shop- thor- 
s.~ ~►p r~ +,~. r* Mi~ ui~ +,~ w~ 

tto,~ 1. 	Shoff- 	. ~en 
M,~+r~ ,r, ~, ~d. w,4 +ir.~ r 

habn 
siuM 	awi 	garb 	art SbOi- ntrc . soli Vo,1 
no01 	I1o2 	11aii 	tyall nti'a tloil road • 11o1 	No.2 Ro .No.2 .viddo 

• vo1L Villago, 
eN 	 • wi ,jio Mr *. w.t Mwo rR', .r, w, rro No0 +ra rr~ a~W,~ we,M~, w~ ~, ~.e w. '. w 	 # 	 r 	uYr~ .v 	iN1r, , .w 	r 	ifi 	r~ lr 

4t(Cub) 404 	428 	368 	372 38 296 96? 

:ignooiaft!g0) . 	3 	200 	(36 7 t1 X4.1. 266 

Ch 	r.no(Ci) 580 	PO4 	720 	460 Ski 500 56 3800 

Suiphurt e snyo 019 	785 	410 	313 101 ' 111 ' 174 1211 
drido(5 	) 

foti1 dl olvaWN 2 2 2144 	1684 1472 1306 1624 8296 
rM +a i ,r . s 	+ 	- rr0 a 6 Iwo rra s* ~r,;~ r,~ fre 

APB' NDIX 
8tIuinor Water Aa l 	oo "10C.I(Xz ta)Lt&) pot 	or d1iion, 
Ewa«.ø,,..oe.moo 	o.~* ., 

• 
~.~. 	.. 	.00...«.~.,.a..~«# ..~.»s — 	..o 	y .+ 	.w 	,. 	.. 	~*~~ 

	

Btkano ` tnnnu- Sur ,uri Ratir- att m'r 	C uTu. 
~.~, a' 

sui sar t u, 	1t 
rnan- 	garh 	gav1 now old  
garho 	now, old toll, ' o11 

oil. *10110 
wwawrr,& wp er b 	6nr *'IWO r.w r o. r!O, r p InO *r# +r& rra, A** "* r'6, a' -00 +wg dr,~+~6 *u6 	 'B +* 10 lb r* +* 'era 	 . s►i rr~ +r 

Liter (CaO) 1 	106219 	7811 4240 61 	46 

t gnesis( 	O) 8 	51 	121 	74 88 82 136 414 	16 

Car na (M) IN 	160 	111 	171 lei' 0? 	56 

C110 	(C1) 731 	66 	1 	:̀ 7 311 503 746 429 	20 

sulphur .c 946 	96 	104 	40 BOG 319 436 10 	4 
anhyd rtdo(S03 

UI tr to( t 	) q 	0 	66 117 10 41 2 	O 

Totes. d itsolvcd 2129 	429 	1c)26 	991 1123 2101 	2717 30 	136 
Solid %% 
w►0 40's w* +r o +W#.4w0 40 	+off r 	wr 	M,tira w 	+w 	+n p rr!+r 	 ►M ar 	+w~ +. .c~ 	► 	w 	wr 	► 	r 	++ 	«r 	.w 	+nr w 	~a +s~ wps w0 
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'iEio uittuoto foal of qu ntt.tativo h mIoatoa1 oo& uromonto 
to to dotortiino tho CAdittono *2 ictor to tho ,round rotor r000 oiro 
fron all oour000 (;rouni motor inarcnont) end 4ioobartp of ro r 
Sin( frorn thoo around Tatar bop (Ground vcto? 6oarment) 110 
bO1r2%Cin3 of of o jotnot tho ot1wr to ooito6 tic #' # t JA T1 1 

VOID pointed out in Vora 36 tiro gain problem in 
to air Ground 2 tutor aovolo out to to Inn r tho m n,.  

cour000. 
irounc1 voter 2roc all ourfoco ond oub ourfnoo.o/ Tito toti otoroijo 
OCLImOtty of t to Croutn6 votor roaoxvoiro vhtoh can bo ootlnatod from 
tho avor o arrotfia ytoid (or otor o oo-offtotont for cDnftaod 

,ut or) and aroz rnd doptb of tho ooutfor, 4"►c,o ,ot gtvo on t4oa 
of tho 7101d 2romz too end. 'jround raoorvblr in conttnuod pa tptna 
o7or yocro,, it to tho rooharra o9. to annul o3 nMo of otoratj 

—o of around r7ator Vhtob gtvoo on #boa of tbo ncthuri ytoid 
that eon bo uttilco4 from tho reoor oir, 

Tea oovputo tho chonijo that boo ocourod in ttto mount of 
rowed rotor in a octebmont area during a opoot iod p, rtod, it to 

aooa000r, to dotorzitno tho prootpit tton that hoc 000urod in do ott 
oatcbrnnt Garint tho portod and oottraato the boo tioI► tea 
proatpitati3a hoc £ onffrrod duo to moporetion cad tronopttotton0 

Pho dtfforonco bot oon tho prootp tin and tho ootthctod i'aa Gtvoo 
the total run o2f n -)tart of Vhieh boo ontorad into to oub-oc~t1 
and the root hoc n,~rod cioni tho bad of the rtaora in tho 
aetchoont ao rogtatorot by tho rtvor atop no the "obooruod run off?O. 
Tho Qhf l'oronc bzttoon the ' otai run off and tho, oboorvnd run off 
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ropr-~oonts tho quantity of rotor that hao orator o into t to oub-oot3. 
and inoronooc1 do o count of , round rotor ©ortnij fibs porlo1 opootftod. 

?Lao 0000!1tt 1 atifioulty Itoa in t &k-ing an opnro r ato ootim to 

of tho loo duo to ovaporQtt n t nd tranopithtton., bo loco oufforod 

by rny p tioubcr proci.pttction 4o,pondo on a nwbor of fcLOtoro0 

na oIy, tho otato of ooU l d to3pornturo of tho oo i l d tomporoturo 

and buruutty of mtr, siolooity of tho wind and tho count 'of 

ounohi.no. 

.2 ZACT1P  

Tho fcoto ro Mtot r op bo rnoaaurod and mod In around vx for 
3.lVontory aro Oo foltotos 
Ground ., ar n sron q, t s 
1. t ainfoll ponotratton to t xtor tablo 
2, r¼turn3, influont 000 aco from atrotoo 	lxoo and pond., 
5. Artifiota1 influont 000p a from trrigctt,n* rooarv°3iro, 

.pro .rag o o1 c o ►a0 inotu&in foodirig+ for t2ovn t1to. 
4. Infbor' of f o or ooaftnod around actor froci outoido tho area 

tuvoott atod. 

f W Voto r Drag , on t 
9. Bffbnont 000p o and .prim f]ou of frog around for anti 
dioabar(o by ourfoco Ztouo of eroratjoz and trcno attotton, or a 
artificial r000vai by dratnab- tortzo. 
2. Effluont 000prjo and +spring diootiarro of o-neiftnad VQtOr olonC 
faulto or Tonto ro Frog tho 1Ovor iirttono of mqutforo !.o1dina 
c oriftnod vator. 
54 t rtificial dtooiaro by pc tpinij. 
4, Subotxrfc o dtopborCo of froo or oon ino t cicior from unc1or-o ctti 
tho .roc. 

')nib oortatn of tho abo~ro oontiono& factoro ocy bo Importcnt 
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difforoai cinyo6 In tho natural Otto0 oforo artificial. drafton 
,ground rotorwertGr hso boon aclo by pu tptnn or Groin o egniiibroto 
is gororallg oatabltahod bot oon round-vator inoremont and 
dooronont, it oubourfc ^tn inftov and outfiot bo:ac th the orore und?r 
invnotigc~tion aro omnI1p influont an4 offZuont 000po.o aro oqual. 
io .oring. of t)io ator tableby nutpin,g roduaoo cin ay oorilototy  

out off or'fluont 000 to and thorofore to o oavath blo rotor rqr bo 
Qoaaourod otther by influont 000!cvo or by to a- gtnal offluont 
aoo 

If tbo oup ly to not ovorptr polo a oticond oqutltbriu to 
reaohod vhi h. to coCiotorod by a otattoncirsjvator b vol aftor a 
oonoidordDlo portoa of pttptnrj. ¶?ho quantity of vator that *an bo 

piopodboithout a c,ntlnuoc to rin(j of the rotor lovolp thoroforo0 

may monoure the q.u+cnt1 of orator avatlabto. Aloo0 co prot7touOly 

otatod0 a ototionory vator 10701 in a puptii oonfinod vator c o . . 
indicatoo oquilibri rzi boron o traotion a nd ou p1 r, 

Tt muat not bo oonoludoa that a oonoiaorabio 1orortng of tho 
7ator to.blo to oortouo or to doto 3,ontat to tho ' for oup' 'y. Just 

cc a our aco r000raof.r rinot bo 4ravA ocrt in ord>r to catch and proo. 

orvo flood fto i0 oo tho oirfaco-r000rvvoir 10 o].. (' ator tablo) nuot 

bo lovierod ouffiolently to pr wont boo by offlwnit oonparjo. A 4ocroaoo 

in tho aroo of of ttuont 000pcwjo ineroa000 tho area of influont 

coopgo (atoorptivo aroa) cna in turn inoror coo trio rota of rouna  

vztor rot crtjo* A doiboto r000rvoir at tho on of the cry cocoon 

or cyobo of dry yoraro to noc000ary it thovatorto to bo or t arj in 

the follovi ng rat nnacon or cyobo 

A roll, tapptn confined a±irronto of tator divorto vator 

oocctnrj from tho conduit bolov trio 	tiieho under natural 

oonditio,ao, ofRoa cup or'o a htCh rotor tablo in occop o aQ0 and 

to ring of ttz motor table tar roclaim the as n meta trc o c v-r.• 
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puapine ncy oalvngo vol or to&xoa up in olc . If oourot, unr0000nclo 

lovortnC of tho vator tablo or do ' otion artootan oquifiro coy 

toeroaoo tho 000t of punptng on6 is tto around vmtor unavaiIublo to 

tb000 oho aro noD ftnonotc11y obto to c,tntj eLoop vo to or to pp 2roo 

tho arootor 1opthos 

9« 	1~3A1 	~4a l 

-Tt ots rt~tbor atfftoult to o aluoto oorrootty tho footoro 
1! 	~3 tnvotvoG in tho trmontory d000ribo4 in tho pr aooa6in, porgy 

A ro ootwordokit voy of ootimattna tho CPounfi votor roobc r ,,To 

to by tho u o of rotor bolanoo o ,oti , covorlo tho ported of a 

rco?p 

It P dOA: tao tho p *oox pitatOon durtn a por iou r p rt o+ 

(coy a yocIr) .p R tbo oboorvod runoff 4urtn tho oo o portocl, tho 

boo duo to ooappratiou on trcuontrotionduring tho porto+ 

cif V!2 tho group+ 	for oontonto tit do Ctuntrw on i tho on of 

the porioa (U quontinoo boinj oz proaooO in inchoo of ttor 
oproaA over tho area oovorod by to oatoh out) thou tho voter i 
boi moo oqucti ou can bo otpr0000d in tho froe 

a~8 'Pa9 a P aI .C►r ,# 172 

`1oa P to a quontity vhtoh cn bo fairly occnaratobr 4otor aino1 

for cuiy oatoh3ont pro 7tdod thoro ara roll (Atotributod rain coucoo ovor 

tho cotchinent. r om alco bo aetor tnod fairly o *our toly (olthou t 

not oo aocuroutoby on P) fro tho rivor atao ro tr ►. •! 10 not co 

000y to +dotorainOD but uoto,, o ' or z oritobiota for ovaprcttrn 

and trop pttIatt: np 'Cif o'7uld I :. Form on ootl'nto y nl ►hough rot ltv 

for 13. Tho ova,p~)ration varioo fra3 ooaoin to 00003n cnd fr;a a coil t:) 
ooi1 and t xr 0000 ootl ovaporotoo at aifforont ratoo annon6irj car3al 
the diotanco bot eon tho our co of tho coil and oaturaLcd looal if 
m tnttxrn bnl v the nnt1 nr~rfftM- 
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ho uruorgrotu4 rotor coatorlt 4U oonc tot of to rto 

ncto1 s the otorod ground iat boLoi tho Bator tcbb D ciLoti vo 

dor~oto by G0 on tho cc ii tioiett ro botcioon tho otot' tabto ond.  tho 0 
ground ourfcLoo, hbteh o do to by So both bot ocurod in tnohoo 

of tor. If G,' 0 S ana G ~ G2 bo tho valuoo of thoco 4u anttti ono at 

tho boginuiog and tho cad of tho rprtod thou tho condition 82 0 ai 
c tit bo approzictoly oatIoftod if tho bogtnntn and th and of tho 

po rtodo are both dry of ooho, cad tho otato of the around to vo r 

r oorly tho ono 'Undor thoao 000.dtttr no t v2 - 1I vtfl be a raoaouro of tho 

tnorooao in the otorod croun vator, 

If x 11 ho oloaz from tli000 oucttono t iat oboorntiono of 

rota 'alU$ ron-off and c toration oft1tmnoptratioa i00000 acn noior 

Give tho obooluto voiuo of the otr rod ground 7ttoro duo to prootpt 

totton In t opoetftod poz'tod, ?hth tnorcoe ttU iood to Or  loo in tho 

'Pator toblo. If t70 hcvo a fo 	ii10 in the oorohont 0 and if 	note 

the tovrolo of rotor in the cello in the ogtonin; c d the end of the 
period caflt ror000at the iooroaoo In the otorod roun6 wator0 #G 

the v Qo of thte tnorooa Eno boon dra up b t liftingor Wiping, 
the 3o~'o1 it rotor in the t oilo at the and V1],1 "bo the of o co in the 

The nothodo to dotorcitno the varioo.o footoro iowolvod in the 
oto r b alartoo oquoti on c ro deocribod in the foflovtn g p r rancho. 
9.4 T1AIi PtiAfl 'U () ' "1Wt3I 

If tho oroo undor oinatdorattoo to fot 	Iorj3o, the rot folt 
rocordo of the rotnmaso otati-no i000tod in and arocand the oroa aro 
oollootod. Tho not}do wood for dotor tning the omit o of ratni'c . 
in atfroronc 'i artc of the roCto.a os be either of the 2oUUos ingsc 
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(b) hotc,con Poly, on. Uot cods- In tbto not) ode  a& jocont ototiono 
aro Jo and by at .fight linooa  thuo vi tr tho ontire aroa in a 
cortod of trion4ioo, orr)ot1atOU' r bi000tore oro o of on oaeb, 
of tbeoo linoo, tbero foroiniq a oortoo of 3tyTJThO oaoh c'ntaintng 

ono an8 only ono rainfall otatioa. Tbo entire aroa t t to any 

polygon to onoralty nearer to tho roi.nfa .0 otation contained 
thoroin than to any other and it is the tore aoou ed that the 

roinfoU r+ no o at that otatton choul4 opily to that aroa. 

(D) Ino to1'Ciotho0:- In thto c 1t o6 the rainfall toaordo of tho 

©tationa aro are on the area. "hen by t1 Cciont $ ioab7tolo or con-
touro of oqual rainfall are drtizn. ` ho crag bot o thorn ad jocont 

contouro to anounoa to be rootvinij the moon rAinfall bottoon the 

tto cantouro. 

Tho ourfaco run off can be a r t 000urod fairly .ao ^urato ly 

if aaugo diooharjo oboorvattonp two talwn on all in; ortant otroco 

of the ro ton unelor Ganettnmetion, Ttoaovore  in Omar ti crrtero at too 

moon a nthty or yearly ran ofd' froman aroa t  it to ncoocoary to hao xdt 

reliable gcuro dxoaharto oboorratf.ono over a prolonged oriod. In coot 

,ante if 1a j than the UnI of the rivoto hoe boon atarto of l 
recently and ao ouch the oboo :°prod run off data can not be tateoa as 

reliable. abler 
on no run off roc rdo are available#  onporieul foriulao for 

ootthatin, the curfaoo run off frezi themailable rainfall rcoor2o 
are uoo . A groat judaonont to , horovorm, noedod in coin theco 5imilao 

to chore the niot avproprtnto valuna of the ta'iouo oo.o$ 'ioionts 

involved. 
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¶to notbodo con bo 'gono ro1lt dtviaoa in to ol00000*.► 

(4) 'h proportional mot &o, 
(i) ¶'bo cotton t otbodo, 

( 4 ) `tio Pro or t na1 rtothoao * • ?t proprttoaI s of to to tho no 

loh 
 

vxa cao$o  irt tho oorly n ,00ttno of tIt loot ei3ntLu7 and Jo 
aoont to oivr000 tho run—.off no o oortth porcontojo of rntofc .; 

tbo ratio + opon t oa on tho czani tune of rotnft f , and ootobont 
ohtircetortottco L,O. * o sPo#  o)..OPo*  Vo, otot 1O Cavoro  1n UCO, cite. 

to rLotbo+ io puro1 oiptitoa), end boo no I.o to bo'oind tO, For 
nny crttouir cotob ont orocf  tbto oothod ice+" givo roncona)V 
oorroot vc tuoo of n'off io r 	s , rooro but thoro tU. be 'tde 
rnrictt Mno bot oo oottoZo arid o .ou cito+ vc iuoo to Cry and vat 
joczo, Ttio 	oli :: d of c . ratio vtIi ►$ tttb tho roi nfall r d 
from one ontohmont to tho other ttb tbo remo ztnfi i.e tv tzrtr of 
Sir Ale c 4oi' Btnnio nod ti,00ro. "tom fl Io c  !nri ci cad I , ,o 

4000zaoo z oo. i:,n to tbto eon000tioo0 

?ho mothodo duoto " njiio gad Scxcico oro d000ribo+ bolo *..  

U) togito 'o u1c ' A dototiot otu Ay of rotnfoU . end Doff K:oo acdo 
by Wa. ingito C Do Sousa for eo a onto in taco c 't ptotno of tho 
Dombo ,r 3toto9  Iodio. Troy , no tho foi1oSrina foroutno for tho 

o potation of roffs 

800.05? 

thoro I' to tot 1 rainfall in toeboo 

0 f. to run off In i .oeiot o 
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t7b ro R to runoff in tnotoo 
P to t tal rainfall in inoioo 

Pi to formulo to not, of redo ap ►itoction and ohoula be 
rootrtoto4 to cotobaonto vvoro owt1ttono o tior to thoco 
pro cling in oboy oroo aro tiot ttb0 

(it) 5t ngc'o Toblos- Ot r n o dividot tbo oatohmonto Into throe 
aato 	.00; bo 40  crtvrctoo4a, Ho , ovo a tobio ohotJtnC tlio cnni t 
run off aopondtn3 on on itftoront r 	ttudoo of total uon000n roinfoll 
ash tho typo of oato1ortt4 Rio tob'lo to roprodnooa oa teblo I7o.9 1 
Elop 

 
1ioovoro  did not o nl ain tho b3oto on biob the ftg*aroo in Pita 

tobto torts orrtvo l c# 

( ) iho I ,tiona . oth dot.. "b.o ration aothot of 6otenitninj the 

onnuol or oocu onal r ..of ° from the corropontwj rainfall t. oo into 
count the pz'tnetp3l 2ot,ro which ore rooponotbie for o pert of tho 

.rzivtfoit botni toot to rnn sff, Ttt000 t ctoro ore ovoporotion cntI troncc 
pflctton ito#t Ut turn ore govornod natnit by the noon toiporoturo. 
8unabtno aloadaQ C7tn{2 voiootty OnE btti3ttV tiovo ooio effect0 but 
theom g oratlr toUo the to porturo onto and cant, thorofor*V 
be roj r000ntod b r k poroturo. ho ohopo of the ontobnont, the olopo 
and vo otcblo OO +or ti1 i 'o on offoot on the ooaanno. 6totrtbutiin 
of run-c `. but spat on the cieCrooto  rsu ff* Ttta oitotonco of gtoctoro 

may bo a footor of aenoidorobto trtrtonco an iUU Hood opootol nova+Aoc 
roti 

/oozvjot the firot to otudy run off ca a roast nol of rothfofl 
after anduotton of l00000 ca Vomon4o, Uio forcot to ac bolow.. 

F 0 	' a (i1a 0,029 1) (0.039 '4 0.65) 
Coro R a 4nz unl runoff 

p rs Aitn ljrootpttotion 
A = tioo cnnt "  i ire po.roturo, 



in tho foiulao Givon by Vomoutof it tz,u16 ho noon that for To 75"° 

tho 1ioitttLe v 1uo of infnk1 for Voroaulo fo ula r ttoh could pro4uoo 
no run-.off aixcz **moo to 5O O '?hto to obvtouoiq not tho ec~oo ao 
rinfc1I to boloa 5O in zw,ot parto of Info and thug ttato forwu 
cau1d give no runoff. "rho fo ulc con thud by of local apolt ccti 'a only. 

Tho foraula oDpticablo to eonditicno to Xn1ta to duo to 
ahoola (20). 4 t Mc formula tho total ova oration and tranopira' io 
l00000 oa4 bo ealoulatod. cduottrzg Chia from tho ,rooioitation an 

tion of total rt off (ourfooc oo co11 ao ,round tor) can 
bo Hach. xbio forsulo hoc boar' diocu000;c in 4to`ilo in to fotlovtng 
pal Qrcphc. 

V000ur t00000 fran tho coil Zone occur in two yo *. (1) by 
the ovapo-ration of voter at the coil otarfoo and (it) by tronoptra- 

Lion fron the loaf ourf000 of motor vhtch hoe boon oboorbod by tho plannto 
and trcnolocatod to the lo coo. *ho onabL sad boo raoulttn fro i tho 
theoeapr0000000 to tzova no ► ► 	fi , !Y A ' 	.. 

V'horo tho tor tobto to near the grounds onrfcoo o'aporotion 
f'ori the coil to moot dual to evaporation free frog w tor. ourfaoop 
whoroao vith rotor tovolo of reotor aopto boloci the our 'aoo0 ovapo 
ration froo ooi t docroocea until it boo0CLoo nQt 1tCtbbo ^oho motOturo 
no 1onaor ronohoo the ourfaco by rya*11bor r + tton. 

¶'ho pr0000n tnvolvod in the boo of water Erin n1c to to co 
Col ota. Thoro to aantinu- ,o novonont of rater from the ooLt into 

otob up ooc ao and out of 1oovoe of t1.o plant, ta'1 , a vow c:a11 r it 
ttoo of c: for adoaoboa by the roato to rotaino1 in the »1a-►to. An 
count of hoot cgval to the latent hoot ',R rotor to roqutro t:, 
Vciportoo the rotor in tho Ieav000 '!o+ioo it hoot to not avotlabbo0 
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traripirot on ooa000; one oonQoroot7 as avnt1 10 hoc,Q tzteroccoo 
tranOpttotion .narecaoz Tho r33artt ► of hoat nook, for trcnoptrctton 
OOaoo directly Fran tho opus oc r4tont onorttd 

Ao intod out in porn ' .5 (D) ovaporrtton and tranoptrotton 
loom aro , vornod aainty by tho moan tomporataro9 SoVora1 o3pr ricl 
forau1ao have boon ovolvod for caloo attnS thoco ]00000. Bono of 
t i000 cro dt000ribod boioas» 
(t) Io r 1ohnoon Pons— Tt to forma3awoumoo o otrot t lino 
ro2.ottonohip botaoo t tbo 	 ovopat nopiration l00000 ana tho 
"offodtivo hoot". Ptao rolatio.nohip in 

U 0.8 + 0.196 r 

vhot 	IT ..e o potrano t Lion l00000 in ocro f. tx,r aaro. 
k 0 of focti o hoot in. Uhouoondo of dogroo d O4 

(D) x horonthtxttoo formulas . Ttcornth otto (1940) aoto ttnod tars nintbI; 
rotor bnianoa by Ovoivint tho aono-pt of ' potonttaL ovopotrnopftotLo& 
s d oaintj the mathoc►atioal equation f,r t 	toots' ovapotr o rtvation, 

Vho ro 

o a potonttol ovanotronopitation 
noon ionth1y toe oroturo 

I aono'u nt 
a + oonatc3n' 

'1' cu 4 'o' oro 121ftno4 by t'N-o 2 1loatne ognntionas 
 .1 'm 	() 	, ott of tae monthly hoot tn6t000 
o 0.0000006751 	000000771 1 a 0001792 1 a 0049239. 

.Ii000 valuoo of 'o oro corroaroG by tbo latitudo fcator for &7 
tifo Houle far 000l t ontI 
(0) Bbono7 '"rMlo L'oroulas * Dlcmoy caO Cz'tdd1.Q # ovolopoa a otop fto1 
forr 10 uotn, tccnoraturo c c day~►ttoo bouara for tho on vooto 



portion of the Unitod statoo. Thoir formula Mao boon uood 

outenoive1p by the V.S.Soil oonoervstton Sorvteo and oonoidesblo 

d&to hat) been ocib otod to detormtno the valuoo of the oor► 

bfttoionto to be wood for vartouo crepe. 

'hoi r foreiulo to 

Q 

1:hero the fo1Uo .n, quantitioo inuot be detoriuin.od for the oaao 

porlod* 

U =. oonotzztpttvo uco ( tapotranopiration l00000) of Drop 

in t.nohoo for given ti o poriod. 

F c Stn of the oonouxziptivo uoo ft etort3 for the poriod 

(cuin of the produoto of ne ,.. tomporaturo and precont of 

fmnual day time h suro) 
100 

I = oapUtea1 coof Aalont (annual irrigation conoon or 

,grot?.n, ooaaoa) 

noon tooporatiiro in do do ?nrhonhott. 

p c ioroontarjo of day t .ho h,aurz of the voar 000urtnrj duitint3 

tho ort1. 

Por oonthly oalou'1ationc 0 the onall lottoro aro froquontly 

taood for clarity cc foUo o1 

aonthly cinoucpttt7o coo factoro 

h a nonthly eoof fi.oi ont Q  

U a 1f o a)nthiy conouciptivo uoo o  taboo. 

The oonouapttvo uoo of vator by a parttoular crop in 0000 

aroao bo1ng tZnovp on ootft to of the uoo by the ocno Drop In ooio 

other area may be Qedo by the apn1ioation of the foraula U T. 

Tho fo aula of Hoot univoroal and .octinn and by for coot 

ouitublo for Indian conditions to that ovolvo6 by Tthoola anO to 
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dtoounood in dotal 1e in tho folloatng paroarapho*  

q.7  ICjOSE.A 1 3 !`P IUL4 r 
Rboo 1c ovo lvod a formula chloh ho f l rot nr000nto i in tho 

Unitod ITationo Soioritift.o Confronco o'i tho Conoaptioa and 
Ut .ligation of ' ,,00ura,c at Lnko Suoc000 I1ov Torlx in 1949. It 
mo preoontod in the forn of hie papor'Appratoal of ntor Pnoour000' . 
Anal aie and Utiliontion of Data (' ore000tinj rator 3rio3,d, p1.00d 
run off, flood froquonoq, prvor p,tontiai). 

'ghoolt hao triad to orro1vo a formula of t  Qoro or boo, 
,gonoral cpplt Asti ,n. Aftor a otudy of ovoilabia data of .rtainfall $  
to tporaturoo and run off in tho 	lndta and oboorhoro, and a 
vith the background of the oonoont of ran-o ` an a rooidnal of 
rainfall after doduotion. of 0ovaporattnn loco" it hoc bean p,00ibbo 
to evolve a now for rula, cihtoPi (flth duo rogard to the unit of 

ported to be taken for calculationv)cp anro to be of universal 
apptieation6 The funds ontal bacto of thin formula to that 
tocaporaturo can be takon to be a 000pioto o uro of a' 1 the va'iouo 

footora vhich a'o rooponoiblo for tho boo of rainfall to unoCf, 
b000 voriabboo aro oration, tranopiration, ounohtao, eloudo 

and Vin it votooti yr  

1 tam 
P M r tn1a11 (precipitation) in tnohoo. 
Ffl Monthly rat nfc l3. In i nohoo, 
PA 464nual rainfall in t aohoa * 

lOnI0 do 'o rainfall in inchoo. 
R " -off in 1nchoo. 

ionthly run off is i nahoo. 

R te► AnAuZC3l mint-off in tnohoc. 

Ri0o 10 dayo run off in inohoo. 
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L = loco in inoboo. 

tin c tic~nthly loco in inchoo} 
LA o Annual 1!~oo in tnehoo, 
'LI do 10 daro boo ii i nohoc. 
^P a Saar tocporcturo in 4oaroo P. 
Tn a L1oc  Moan nonthly for r aturo in dogroo P. 

TA = Man cnnuab. temporaiuro in doaroo P. 

T IOC 10 dayo moan tortp°rnturo in doaroe P. 
1. Eoroubc bacod on period of ono month 

IL 
rio ro ? 	> 40° " in 

for 	To <4O P. tho boo (1m) nor provtoioncllj bo 30ourlod oo 

T 	400 30° 200 100 00 

0.84 0#70 0.60 0.50 0*40 inohc3, 

T'ho oorr0000ndtna north .y rainfall ( ) run-of (p) 

rtela'si.cnohip cri11 bo 

b.o monthly boo oc not `.c'oporoturo to gtvon in Tt bbo 

2. Eoroubo toting tho yoor oo o unit. 
8A ~, Pt, -► 2 	thoro Z to a conot nt for ,divan 

Tbi000 fo.xmu1aO il . 01)11 to 011 00000 'Chero tho 2oinfoU 
to 0000 or boo you diotr .hutod ovor tho ypriod in uootton. Jut 
in or000 t oro tho Voinfo11 to or lore or it oc oo in oocaoton3]. 
cloud buroto tho boo acr hauo to bo ooboulatod on a ton dC7 or 
fiftoon-do.r tzn booto tnotocd of tho conthly or onnu3l baOCOO 
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In tho eaoo of annual ran- off tho doparturo of tho oaloulabod 

from the actual nay' bo due to a change in the cocoonal diotributioav  

tho rainfall 000uring at the oboe of one gear oo that the partial 

of foot of it is felt during the follovl.nr yoar0  or duo to 

inadequacy of rainfall and tot raturo otationo and run-o 't data. 

The onio gill apply to nonthly d000rturcr but taken over the year 

ro a ahilo th000 narturoo !cill dsoroaoo. 8tr3ilarl3r the d' parturoo 

in the anriu4al onalyofo of €ndividual rearo riill di!intoh or 

dioappoar if a nuabor of yoaro a"o dealt c tth collootivoly -)rovidod 

the data to oetiofaotory' and ado .uato. The Greeter the bor of 

yoarc taken, the ol000r will be the oCroonoot. Glaotor fed otroaao 

till ueod opocial troatorlt. 

The loa0ao calculated by 'Choolt &a formula for temporatoroo 

cnijtng from I to 1000  ? aro , ivon in Tablo 9.3 

9,8 LI. TATIO  

Tho Khoolao formulae roo 4tc u000d in the t r0000dingo of the 

Oyapootu of Ground Bator in 1955 g  t hon Bane r joo ( 3 ) pointed not 

that the monthly runoff ivon by 'thoola' o forouila dodo not tally 

rAth the actual nonthly' run off although the antual run-off 

coinoidoo. EQ pointed out that all onpirioal formulae aro barred 

on tho prinotoLo of 'ourvo-fittinj"„ if an araptrica . formula has? 

been obtained co as to fit in with a particular oarro agreeing vtth 

oboorvod rooultoD  Ito uoo to Baited to that curve only, It (t000 

not apply to any other typo of curvoo> Per inott noo D  if vo plot 

the voluo of PA  . TIA  of a patio alor oatataent aejotaot 

boing > 400  1?) of that catott font for a nunbor of yoaroo  vo ,dot a 

curve to thigh a otrai&t lino pcoct na throes the origin rya ca 

a fairly Good fit,, Since thin to found tD bo oo for a ntabor of 

catohmonto, the C ptrtoal formula,, 
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(whom u to a conotant for a particular catotment) to 3uotifiod 
Tt hrc bocomo pooetblo to fit a otraight line in thio oaoo booauoo 
the ran~o of PA - Rh io o all and eo aloe of Tt. A bettor fit to 
obtainb ] if ye fit tho curve 

If, on other hand, wo plot for any particular catothont 
the valueo if Pm - , against T. (To > 40 P) uoing data for a 
number of yoarc for each of the morttho ooparatoly,a o get di f foront 
eurroo for tho different nontho, and it to imp000iblo to got a 
a .ngie otraight lino ourvo 

- C 	(T0.42) 

to fit thorn all, Indood0 thio otrai,ght line d000 not aaito a good 
fit crtth any of the raont 	curves, The valuoo for dif!'oront 
ontobinento given by Iboola of the calculated monthly run off 
from thie formula and the actual run off dif 'or or s .doly from 
month to month too t oboes to any ono that the curve to a aiofl.t 
Per tnotanoo0 in tool +catchment &9947), aalcut atod run-off in 
Julyç to 13*75 inohee tin ! actual 4.23 incheo. In tlnhonedt (1932)0 
the calculated and actual run off vaiuoo arc roopootivoly 14.63 
and 4.23 i.nohoo in July, and 9.72 and 8#46 inchoo in October. 

Aoouuing that thio formula 4.o an rouicatoly ooz'root 0 tho 
annual ourvo hoc a',ar,)ninatoly the form 

Pm c, 4. 	('5- Tm - 12 X 52 ) 

or, oinco 	C  	R an& ~ 	12 A. va dot 

s 	PA -nA c 	(^a ~»32) 
p 

It thio to identical with -'A - "A 0 n ' A„ Go amot bQ0 



U TA i , (T . 32 ) 
Oro 

9 

If A * 50 P. n a 4446 ac if ''A 750 V z c 0.73. 
In to labio itt 0 for Iso 	m and Dritiatt CoIottci 

Moro ' A = to voZ poorly 90° PO iooL fiMMo s to o.ry frog 

NO0.41 to 0.557. Por !n~.1an ootohme for 'ti horo to mean onr&oal 

tenpo taro to highor, iz t 1.i baco a htgbor tc uo0 of tho ort r 

of 0.7 to 0.8, 

?hto pr00000 of out  n8 up tnwolvoo c good dcc.l of 
*'o ootbing" and all that ao got to that fltlo the monthly our oo 
are niofi to, the onnuol our ra obtaino4 frog ttzoc raboa a fairly 

good ftt , pr t4od tho annual ratnfcfl to not lone than 25 inoboo 
or tho area to not arid or oomtart , 

Dbtr tntod out that no thoro hao 000b a .lath cac ico 
that Khoola' o fQriIU1C Cava operable rooulto on a oonth1' booio. 

tbltW Otf,Dtltr (14) o piatnod in Aso papor procontod at 
the otno o pooh that the rooulto obtained by the application 
of i boo ]' a formula are nit o oarablo v,t th nottun17 i oathlr rap, 
off voluoo for tho roaoon that the fornula tokoo into ooc,unt only 

o po. tranopi ration i0000 o bt dodo not concidor the ground vator 
foatoro of infiiteratton and ro, onoration, If therefore, a 
e.oQpartoon on .mthly baoto to .rn4utrodD it to n00000ar, to 
introduce the factoro of inftltoratlnn once rononoratten in the 
oquotiono. Thoy aloo ouorootod the otatiotioal o anttano for 
introt toting th000 faetoro, 
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&hooIa' o formula baoo on portoao of oao month ho,3 boon 
applied to oeioutatoi3 to annual ground rotor rooharto of tho 
region. Tho foruic taking the yoc~r no a unit can .not be an'itod 
in t boanco of any roliablu value of co-of iotont 'N' to bo uood in 
the forniula. 

Dhruv t rcvna (16) hac ual.oula tad ourfoco and (round c ator 
potontialo of Curni baoiuo toting , tnhoolao mn.ano rioriddlo and 
¶hornth; iiatto fornulao for calculating tho ovapo ranopiratton 
t00000. The l00000, calculated by Thor~th attoo and Khoolo'o 
formulae woro nearly equal. 

To calculate the ground valor poto ►tialo Dueb rain g autjo 
otatio,uot in and around the oatchhont have boon ootootod ihoao 
avorc%go monthly rainfall oa Roll az .overage nonth r tc neraturo 
r000rdo are nimble. 

atttng tb000 rainguaCo otationao 12hoi000u polygon hao boon 
oonotruotod to got the area of iaf .uonoe. of each ratnrjua,o otation. 

Igor ooch rningu o otationo the monthly evapotrauopiration 
l00000 have boon &L lculatod by Thoel&o formula and oubOcttng Chia 

form the total nrooi pttotion0 the total run eff(both ourfaco and 
around tator) hoc boon arrived at. 19hoeo aalouiattono have boon 

done in Tablo,°3̀ 
Ao coon frog the table0 no ourpluo water bolcioo o~ztoto 

in the of r'ootivo aroao of Jodhourq Barnor0 ?aodrtgnIaccr  
end Bihanoro 2 ho rnoordo of Jat lotzior cad other otattono in 000t c n 

no£ h are not avatlablo0 but oineo the px otpitation thorn to core 

lc000 it to evident that no our~►luo orator balcnco will be nvnlloblc 

in that area. 
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ho ourpluo run of to contribotod by the offootivo Zinoo 
of the otationo Alcor, 'Taai; nr and CtI r. Tho total annual vttor 
notontinl .rani th000 otattono to oalonlatod in the toblo jivon 
boInv. 

Iottoato ofTotal V£1ter Potenti of 
u.::o. LVa~ .on 	Aroa or ,nrLRannoo 	optn or 	wovoi. run 

of the ototinn. 	run off 	off (coft). 

1. }i1tar 	4720 	1, 31,000 	0.30 	3,300 

2. A juror 	4960 	1,30,400 	2.43 	27,,800 

3. i Nat our 	1630 	45,450 	5.26 	19,000 

In the ro rt of v tor /n00000nt and Utilioation 

Co itttoo (45) the onrfac 	tor notrrnt al of difforont river 

brio Piavo been oalontatod not rig the 8tranCoo tob].o ea the bonio 

of calontat!on. 

?ho only rigor vol  toy in V'ootorn 	ca~thcn to the tuni- 
river voltoy. ?or comiuti rj the total ourfaco run off  fr°)a thin 
volley ttio ca)iolo entohoont nrna ban boon div+,&oa into 24 oub aroao 
and oaoi i o ben olaooi tod no aoo8, cvornao and bad a000rdtn, to 
3tr€ o olnootficatton. 'rho oaLoualtion are Ctvon in ^abto 9.5. +ho 
total ourfaco run off fri tho Lint baoto to 2,0') soft. 

ubotrcotiar the ourfaco run off from the tetol ran off 
ooloulatod ab: vo in oblo along the ground voter potential of the 

roion rortro out to 22600 ooft. it 0.52 T7.Aoro ft. 

9.10 DV;1T 	` -' 	i1;''4 !1+'. njçn;; Als F?IF:'i7T' 

Ac pointod out in earlier ohaptorc Moo, oo tar n oyoto-"atto 

otu&y for "Clio caaititavo ooti! tt )n it cr-'iund vator rooltnroo hao Uo^a 

nndorto! on by any or(anioation. !n obooneo _f the ronniroi datr~o t'w 
oot tod t otrag the Cater nolenoo `"gnotinn, t teh to the rrot eoon"ath 

aid roliab1a uothi4 can rat be winlo i. 



w 

Atn a Dcoouont of total , round xrater r000rttoo of as r rogton. 

cart be xnc do by knotnij tho castor tr bio doptho  totat depth i of 

ciçuitoro and the atorajo oo«offiolont of the aquifer (or the 

OP cif1C yiold in O as of unconfined cqutforo)0 Uo vorp thio will 

oorvo only to gi.vo an We of the total capacity of tho ground 

vetor• raoo oir and riot the onnual, recharge potontia'la Lo ciao 

pointed out in porao 4,5 and 4.60 the annual reoharo of the 

round Bator r000ru fro to very ,r.aoh loco in proportion to the 

atoraio eapactt7o To otart ttb o can (2rotn tergor qu+t tittoo of ca 

ator by pu►opina from ground tutor r000rvoiro but uitiactolyo  the 

not annual dt.ochargo can not be greater than the not available 

recharge. 

flovovor o  *von the data for naiculattng otorago co« 

offioic t or apooifte yield are not available, " he atop draw dovn and 

aquifer porformartea toot carried out on a oiogic roll (doocribod 

in para 7,22) give data to oalout to the co-offiotont of 

poriao btltty co-efficient of tranaaiooionitty, optimum  Uoohnrgo  

from the c oil and critical velocity oto, But unloaa oboorrationo 

on one or to oboorvation vellu located around the main roll arc ta!zon, 

it to not p000t blo to oaloulato l the otorq o co-offiolont. Stnoo ac 

far the drilling has boofl done only for dovolopant of production 

VIQI1o D  no vhoro the oboar Cation collo have boon dug. 

In the kthi o&n of Jaloolnor diotrioty which to en inroi 

tent cator bearing otrct& two additional tuba voila wore oonotruotod 

In tho vicinity of the ouiatina tube volt at Dablo for onouring a 

otoady mater ouopty to Jalna1i or toano  Vi 3 grajhran (92) hatro 

uttiiaod the data from the oboorvationo on th000 voile to calculate 

the otorogo oo-►o'ftciont for ` tbt Bi otn, ciultiplyi?g the otorax;o 

co-efficient thuo got by the avorotjo thtohn000 of rzrciular Zone 



- 22.x- 

Pooin Givoo the total ground later otorago of the rogioa. Tho 
vaIuoo got by then are an fo llov e t 

CndOtficlont of oto 'a o = 1.504 z 10-4 

Svoraco depth of biro hold bolo otatio vator love]. 
650 ft.. 

Poroontcgo of oaturated greaular Zone = 
U000 dos th of, oaturatoa. gx al ►r Zone 
boloa otutio vator to of 	 0 455 ft. 
Aroa eovorod by the ttht formation 	=580 oq,rtleo. 
►noo the total groan& Vater otorogo=330 1 640 1455 X 

i.504 Z 10-4 1664O aoro ft. 

Horovor0 no otatod, out ®aritor,, no roferanc ban boer, 
no in their pa or of the available recharge , potonti.a]. 

he t i oorioo to a Crory procitong a uifor for dovetopir1g 
pro uotion olio. i o rnportoa by tcthavir Praor (34), the rrotor 
table in, the area to about 120 ft. to 220 ft. 'below ground level 
Tbo 4ieobarro ouotaino+i ovor long duration pt ptnC of the proauctivo 
ao11 oonotruotndt at Cboa by the Diploratory Tube 'ollo 4rganioa- 
tion during their first phcoo of oporcifi,ono aac 460000 x.G.P.Iir 
at a otoa6y° draw down of 18 ft. 

On the aoto of Kh►ola'o formula, the ground orator recharge 
pocoatia], of the area to ntl, Thie a000rontly ooano that probably 
lthoola'o formula to not a"Alioablo In the region. Dut it ohoul& 
,boa be kept in viol that at recent, the nuabor of turbo cello in 
the region to very liaitods It to very likely that hoe, tuba collo 
are dovolopod in the area in a large ocalo an rtnon ouotainod uuoptng 
to natrio8 over a n abov of yoaro0 the groundvator r000r~roir z y 
cot gradually depicted rooultinQ in the gradual bdaoring of the 



Tile, ouch rocordo are available for a ooriod of at leant 20"25 
yoaro, It to not p ootblo to correctly 3udgo the validity of oola°o 
formulae. 

Anothor similarot~oo in neotorn Pa jcothnn. to the onooptional 
auo caoo of t tubo rolia in 0IUJDA VXLTAG'? (Long 73° 49' r Ln 
26° -23' iI) is Jodhz,ur Diotriot. S horn are three tuba rotlo in tho 
villogov each of t hich to reported to give a dfoobarjo of about 
75000 t.C.P.FU. ¶ao of th000 rollo a"o privately ovaod but the 
third to o no- d by a co-operative aoototg arid to being uood to 
supply dater for drinking nunp0000 arid irrigation. 

The viil000 is ottuatod in the limo atone formation abr)n: 
50 oiloo onott of Jodhpur. ' he o oopttonclly goofl yield frog th000 
¶70110 could be duo to nomo o,00tal otruetura' foafuro of the IWo 
otono fortion. 

Such looal onooptiono can not be oz alainod on tho baoto 
of Khoola' o fornula vhiob giaoo tho go ral regional picture of 
the around rotor roohargo potonttal. 
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10.1 	.4a~r 	-• 	if -`.Y 	l 	f } !  ni 	in .mrsT.3 * 

he pr000nt utilioatton of g'ound rratcr in the ra(S3on to 
rather scanty. The utilioation to tatnly through oha1tow largo 
dtanotox' dug C:ollo, In most coots v i10 tent dug t iro than about 
10 to 20 ft. below the rrater table. The olio arc sunk otan=1170, 
uoin simple tools„ in aneo' olidatod of .uvium or soft rrck. 

3laottng iov dqr is uor*d t, break ground c:hoc hard rock to 

encountered* Phe du relle for s'all ocalo Irritgati )n arc timttod 

to the alluvial plains of river Lint and its iirib~ztar;co. 

Reoentl;rscme &bo v olio have been conxtruotoi in Jaisalraor, 

3armor,, ' alore and 'li.kar t£fitrieto in the region. In Jaicaltuer 

District the f ,w deco tuba vello have been constructed around 

Obandon 9, B®tto and Dabla in the Tathl formation} In karnor, the 
tube 1ollo are Baited to area around Dotta in sand atone formation 
In Jaloro Diott. a hood number of tuba molls have htttvo boon 
conotructed in the Tohollo of Bhinnal, Ah3ro cnC 3aloro. In Sitar 
1)Lotrict onl' two croduotion tuba coilo havo boon conotr~sotod no 
near Bihar and other near '1aloana village. tbb©t of those tube voile 
have boon ocnotrictod by the iploratory Tuba "oUc organioattin and 

than banded over t:) either 1aothon "'ublio health rLgtnGQrtng 

~opartDont or the '4a1aothan Under ground rl'ator Board for ocoration 
and naintonanco. The Under around Vator foard has also done the 
e 

 
or of doopontn of a number of oxiotinC m.l10 by rnc! driliinc 

and bleating, thereby ionr~ving their yield# 

10.2 J - ) 7. ut1Tr C•...t,'07-D 	tA9 	D 	r'i.r') 	: 

èa otntod out in pars 1.2,, the roatorn Rajaettmn region 

to charactoriood by ortonolve areas of ind-blown Band and only 



X 60, 

about ' ; of tho total area to covorod by out c po of conoo .idatod 

goological foruationo. Tho nagnitudo and ontont of around ►tor 

movoaorr p ntorago et©, in the oandy, alluvial tract to not yet kn© . 

Aloe no ocean fromTable 9.4,tP%o boo duo to ovavoratinn to a otron 

faoto r hero.  

The faetoro limiting the dnvelo;amont of around voter in 

tho region are the dopth of orator tablo beyond the economic 

pu ping rartgo, the pr quality of aairor making it unouttoblo for 
irrigation and the l:)a yield of the uotlo. 

"ho cater bearing oronortien and the depth of rater taboo 

in different lithologioal for .attouo have boon dioo good in 
dotailo in Para 2.5. On the br io of thio certain aroao can be 
otraight away excluded fron progranmo of future development. 

Ti1+ Granite and metamorphic rocko of the foundation contain 
only sm U q,uantitios of rater alo tc too ointo, Tho Vindhyon nand 
ston,on, which ocouny a o nniderabto area, have lei porooitton but 
do hold, in placoo, fair quantity of rater along prominent joint 
pianoo. The mooigote and oon0000ics for iatino, variously oanoo"ltdc 
ted„ are likely to contain rater nit only along , ointn but in the 
body of the rock. S orrover, moot of the ground rater to rotainod 
Cobely in the wind blown nnndo env t llolua, o~tpontaliy rhoro th000 
root )n eryotalli rtoo 

Thoro to no o idonoo for ouiint that an "undorground la !to 

atth cOetrieftm drainage, oz+- nto In this part of "aSmAhn.+ . The 
,;round cantor body, or cone of + t tur~ation, te in conoiderod to root 
so a eaddlo aor000 tho infe'rgd vatnro'he' otrilti.n;3 cunt acot juot 
nof~th of Jodh")ur of ty. In come aroan there to probably no continr o+c 
Z0no of oaturati,n, aid the groufld rator ocouro only no ioolatod 
patchoo rooting in hollo o in the booene:tt 4 raith varying d-:,-r000 of 
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The true Cround eater b abno It* outoido the area candor 

oono.iderati in in the Gaagotio and ''un3ab rogtono $ and tovardo 

tiultan, T'h000 baoino are virtually out off from t'ootor' Rajaothan. 

Dither by ronir barri000 or by oeritrory bEQrcuito gradionto. 

On the bacto of to data available upt, the field cocoon 

of 195647, Bacu (5) bac prepared a mep of the orii none of 

a3aothcn oho ing the crowouitc1blo for future ;around vator oxnlorn- 

Lion. Thto app i.e 'reproduced no plsto 10.1 Thor have divided tho area 

in t£ ae Sow; - 

1. Area t ttoro future ozplorattnn to recommended. 

2. Aroa not oonoidored outtnblo for future exploration no 

indicated by ourftoè Bolo;  tcul tafornatten. 

►. 	Area not uo ioidered ouitablo for future ozploratton no 

Indicated by exploratory drilling. 

euito of eubao4uo't exploratory drilling in the Bono 

(2) have aloe ohov7n that the area to n:at outtablo for ground ator 

ovovor, the area of Jaloro Diotr&ot, oopaooiully that 

covered by tho 'ohollo of Bbinmml., Ahoro, not included in tbio 

map, be aloe boon found 'quite outtabla for future development no 

a rooult of the ortoaol.vo boring done by the .: 9lornt ry Tuba olio 

rgcoivatton. 

The oznloratory 'In i cling in Jodi, cur, k3ilkmnor., 'iagaur, Churu, 

and Sri Cana{^near Diotrtoto aho r that the in th000 Diotrioto ottli r 

the thtcttn000 of the granular cone to inoufftoiont or the yiol2 

fromhe vollo to very poor. 

Conotdering all thoao factorop the uotontiel motor boaririr 

couoo of tootorn -•aJaothan, rhoro further oxnloration {.o indtoato , 

are no  

(1) ttht Pars atton in Jcto for:. i?roc the exploratory dri Uin 



-238" 

series oontain several aquifers rith good tranomtsstbtity and quality 

is alsowith in permieeible limit for all types of uses. The thi 

formation roughly oovero an area of 5000 oq.krn(1950 eq miles) in 

Jaioalmer District. 

(2) Baxmer. €land Stone torniation z- Exploratory drilling at Botia 

near J3araer indicates that in a section of considerable tbtohneoop 

a r►atorial having quite a high porosity exists. That the quality of 

water is not very encouraging. The depth to vntor table also exceeds 

76 metres (250 ft) . But the acute scarcity and dire necessity of 

water out ay these detertng factors. 

(3) Older Alluviumand tsiant Voloansoe of aloro Dto trot: In 

Jalore district* the older alluvium generally Use below the zone 

of 'saturation and the ground water circulates through the interntatal 

openings of $and and gravel under unconfined conditi ns, Confined 

ground water also exists in undifferenti tted clay formation and the 

tTa'lani suite of Igneous rooky. 

(4) Vjad "a irneJ3to.neJoratiQn Li Gan  ftJ2ux 

Generally the Vc hran limo ,stone formation has solution 

openings and fracture partings which are not wet' developed and 

hence they do not contain any apnreoiabie amount of around water. 

However, as described earlier in nara 10.10, throe Tube wells 

dug near Bo runda village Long 730-49' E and Let 26° 23' 9) show 

exceptinaa'1 yield. Some local structural feature may be reoponoibte 

for this. The area has not been Geologically mapped and nothing 

definite could be said about it at this stags. 

(5) Alluvial Formation Around Sikor:- The trio exploratory tube molls 

one near Siltar & the otbernoar naloana indicate that saturated ar ula 

sections are encountered in the Zcent and Sub-recent fort  tons of 

Bihar area. The tube wells mcr not yield prolific quantities of water 

but VOTILF! it ATAI nsM ^nanA i' 4 	m*4 *#_ nn n'k' 	ts rtin~ r~1 r "i~a Prsrt p "J n , 



Tho quality of water is excellent. 
E 

10.3 E1'TCP OP PEMMIAL III^I(ATI)N CEMU 1 I5 014 PU U ,E GR1) D 

The Gang 'Canal, I3hakra Canal and the proposed. I 3asthan 

Canal are all designed as pexnnial, irrigation channel for the 

Diett'i©to of Sri Ganganagar, Bikaner and Jaiaalmer. 

A brief reference was made in para 4,3 (d) about the 

effect of these channel systems on ground. water. After prolonged 

irrigation in the region from these pernnial canals, the water 

table" .the area is bound to rise s  Inepite of the fact that for the 

iaJasthan Canal oyotem the main canals -art lined 6 The water looses 

even from the unlined branch canals, dietributariee0  minors and 

field channels as w011 an the fields them-selves would be +r neiderable, 

these being estimated to be of the o.rd-r of 55 of the. total 

discharge 

At present, the top layer of soil in the region is dry 

windblown sand. t1oot of the moisture seebing will therefore be 

retained in the top layers of the soil and may thus got loot by 

evaporation from tho soil surface. There may, thus be only very 

little recharge of ar-und water from this in the begirking. 

Ultioately, when the water content of the top soil Layers 

reaches the field oaDaoity of the soil, the tator will percolate 

downwards and will go add to the ground rater of the region. The 

rater table will then start r6oing, 

This fact is also indicated by the contours of the dopth 

of rater table show, on Plate Tto.4.3 for the Gang Canal 8ycturt. 

The depth of orator table in the areas nerved by this oyatou, rocs oh to 

now in operation for some 50 years is 100 ftor loco below ground 



-24t.- 

°urface. But in the ad joininag areas of command of ' to jasthan C nal 

system, the depth varies between 100 to 200 ft. below ground level. 

After a few decades, the rater table in the atea may risa to 

an extent at which the uuaping may be economical, Then the irriga-

tion from tube wells to euiilement the canal irrigation will not only 

be feasible but may become nece®eary In order to present water logging 

conditions in the area. 

However, at *resent no correct assessment of the period 

needed for the rise in water table and the arobable yield from the 

tube wells can be made. 

10.4  sY GESTT') tS OR UTU'-3' 	'I )RA I N 

(1) 	A,  geophysical survey, probably by seismic methods, should 

be under taken in order to derermine the contour of the basement 

below both the superficial unconsolidated form .tions and the older 
4 

sediments. By this means it nay also be poo ►ble to locate some of 

the burned valleys of the former topography take encroached by sand 

which may still act as ground water artoriec as wall car depressions 

of the older sedimentory formations, in the impervious rooks. 

Auden (2) has suggested the following lines of eeiemio 

tra sroeez- 

(i) Latitudinal- 

(a) latituto 25a 40' from the the Siciana Hi llo to iarwar Junction* 

(b) latitude 26°  240  from near Vin jorei to Celldnn and coot wardo 

to longitude 74°  
(o) latitude 26°  36' from just south of Jaiaalmor to Uorta Rd. 

(d) latitude 27°  10' from north of Jaiealmer to 'hal.odi and i1agaur. 

(ii) Longitudinal- 

(a) longitude 71°  10' from the Siwana hills to the northern edge 

of the Jaioalmer outcrop. 
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(b) for itudo 720 from the Sukri river to 1atifudo 26°: 

(c) lonattude 73° from noor Ba npura Road to latitude 28°. 
~~-) Exploratory boringo and b drologtcal toots obould than be 

carried out on tho potonttnl cater bearing Zones Indicated by those- 

Goophyotcal ourveyo. In the hydrological toots it to necessary to 

study tho porcittoo and opeotfio yield (or otorajo co-efficient 

for confined aquiforo) of oedimontory for tationo to obtain 

information on the count of motor thick can bo yielded to tho cello, 

(3) Chemical analysts of tater oompleo collected from the 

ozplor dry boro holed and othor ousting cello is also necessary 

to coo c hothor the quality of v ator in suitable for Irrigation 

and other uoeu. 

Periodical chemical, analysis to also necessary from the 

produotion rze11oo rhoro the gyrator is being utilioedp to detornine 

if there are any systematic variationo in coneontrationo of dissolved 

oalto,Thoy are also necessary to study the co-rolation of the varia. 

tion of colt concentration Pith annual precipitation and run-off. 

Such study for Pali Vo, ion nao car: ied out by Taylor (46) for ono 

ooaoon only for Pali reason and to d000ribod onrkior in pare 8.5. 

(4) tinter level noecurocionto should be done periodically round 

the year 	ye in order to otudy the coaoonal ac o l no annual 

variations in tho rotor level. This to very nocooeary for areas 

voro production tuba yells have been inotallo to coo vhother tho 

victor tablo falls dovin ri.th ouotaittod pumptn,, over a nu*abor of 

years. Such study to also noc000ary in the aroma served by 

poriantal canol oyotono to study the rioo of victor table riith 

o atinuod anplication of irri ation victor. 

Soceonal varinti 'n of victor table will help in the Ground 

cater inventory to noses the soaconol rnehn i'n r ►     
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ground cater. 

(5) To propo o a correct ground cater inventory and to unan7* 

aoeoao the ground later reeour co of the region by theraterbalance 

equation, it to necessary to have prolonged record of the surface 

run off of all important rivers of Zuni system. Por thin purpose 

the observations started by the Irrigation Department of the 

Government of Ra3aothan should be continued and intonoifi.od. 

butomattcgaugo r000rdero mq oloo 	be provided chore.over 
nodoo '3ary. 

(6) The apocific region, suitable forground mater development 

described in pare 1O7i should be inuoeti_ gated in Greater detal.lo 

and should be given priottty. 

Tho devolopment of ground rater in ]tht Porttion should 

be eyetomattea .ly taken up. To ascertain properly the productive 

zone of I thi series, detailed geological mapping of the area 

follo sed by a profile of exploratory bntoro holes taken at short 

diotanooe c t across the uhoie formation is necoo0ary. 

Specific yields of the crepe should also bo determined and 

the effect of inter cranes in the motghbouring wells ohould be studied 

to ascertain the 000nonio opecinge of the neighbouring veils~ 

The probable annual reohargo of ground nator should aloe 

bo carefully invootigatodo  especially in viev of the fact that 

Ihoolcr  a formula gives a nil run off in the area concerned by 

Lthi series. The around mater oontour#o of the region plotted by 

'Vi,Sagra3hyan oboe that the main direction of ground cater flare in 

Ltbt Pormation is from mouth to north and north-.voct. This also 

indioateo that tho couroo of external recharge, if any,, is p000iblo 



in the oouthorn portion of the region only# This noedo to be 

o srofully investigated and confirmed. 

In the development of the ground water in 3armer Sand Stone, 

an important consideration, beeideo detailed geological maputng is 

to study the prop toler a of the coil in area and to ace it nnmb 

specific types of salt tolerant and none crops can withstand the 

marginal quality of water,. 

7. 	Studios wi 3 be necessary of the effecto of raters with 

different contents of chlorides and sulphates on coil productivity 

in relation to different crops. This work should be carried out 

for a period of years, in cane it to abown that the prolonged use of 

certain waters, not found to be tmrnediate" toxicity, ultt tely 

has a deleterious effect on crop grotth. 
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