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Groundwater Recharge in Panjab State (Indla)
Using Tritium Tracer

P.S. Datta and P.S. Goel
Dept. of Chemistry, Indian Inst. of Technology, Kanpur

Vertical recharge to groundwater due to the 1972 monsoon plus supplemental
irrigation has been measured at 21 sites in the state of Panjab(India) using tritium
tracer. Average recharge is found to be equivalent to 8.5 cm of water. This is about
18% of the average rainfall and 12% of the total watering.

Introduction

The Panjab region, which is one of the major wheat producingstates in India, is served
by three rivers - Sutlej, Beas and Ravi which are tributaries of river Indus. The surface
water has been extensively utilised (Chaturvedi 1971). For providing reliable and
adequate amount of water needed for the expanding demands, groundwater resources
are being increasingly exploited. A proper management of these resources depends
greatly upon quantitative determination of recharge and various factors that influence
it so that a stable groundwater level can be maintained. In earlier studies we have
estimated the amount of vertical recharge in Western U.P. (Datta et al. 1973) and
Haryana (Goel et al. 1977) using tritium tracer. In the present paper we report the
results of our studies undertaken in the state of Panjab at about twenty sites to measure
vertical recharge to the groundwater due to the 1972 monsoon rains and supplemental
irrigation.
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Fig. 1. Index map of Panjab state.

Physiography of the Region

The Panjab state (Fig. 1) has two major topographical regions: (1) the sub-mountain-
ous tract, which runs parallel to the Siwalik ranges and is formed by the detrital
deposits. The groundwater occurs under both confined and unconfined conditions.
The depth of the water level in this region varies between 2 to 40 m below ground level.
Average surface slope is about 2 m to 3 m per km, and (2) the alluvial plains, which
constitute the central and most of the southern Panjab. The tract is covered by deposits
comprising of sand of varying grades, gravel, pebbles, and clay with kankar(calcare-
ous concretions). Groundwater occurs mostly in unconfined conditions. The average

surface slope is about 0.4 m per km. Arid and semi-arid climatic conditions exist in
most of the area.
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Experimental

The technique has been discussed elsewhere (Dattaetal. 1973, Goelet al. 1977). Tracer
injections were carried out in June 1972 and first sampling was made in November
1972. Results of the experiments conducted earlier in U.P. showed that the tracer
activity gets diluted significantly during the course of its movement in the soil. There-
fore in the present injections a higher activity of tritiated water (4 wCi/ ml) was used.
The pore water from the soil samples was extracted by distillation under reduced
pressure. The concentration of tritium in water samples was measured using liquid
scintillation counting system (Tri-Carb).

Results and Discussion

The tracer profiles as well as the moisture profiles for a number of sites are shown in
Figs. 2 to 7. These shapes are similar to those seen earlier for various sites in the states
of Uttar Pradesh (Datta et al. 1973) and Haryana (Goel et al. 1977). The movement of
the tracer towards the water table is apparently by the layered displacement mecha-
nism with molecular diffusion (Goel et al. 1977). The experimental data for all these si-
tes sampled after the 1972 monsoon rains, are presented in Table 1. There is a wide
variation in absolute as well as fractional recharge. Such factors as, amount of irriga-
tion and rainfall, amount of clay in the soil, depth to the water table, etc., might be
responsible for this variation. Low values of fractional recharge are found for areas of
hard clay and shallow water table. Soil analysis could not, however, be performed.

For the 20 sites an average recharge, Re, for the 1972 monsoon plus supplemental
irrigation is found to be 8.5 cm of water. This is about 189 of the average rainfall, R
(47 cm) and about 12% of the total watering. Since at most of the sites the supplemen-
tal irrigation, /, is comparable to the rainfall, the latter must contribute significantly to
the recharge. In Fig. 8. we have plotted Re versus (R + /) for all the sites. The empirical
curve Re = 2 (P - 15)% which gives the value of recharge (both Re, and P, in inches)
for a given value of P(P =17+ R)has been suggested by Chaturvedi (1946), from some
laboratory experiments, for climatic conditions of Uttar Pradesh. This empirical
relation cannot be expected to give good agreement because it does not take into
consideration such variables as soil properties, etc. (Datta 1975). However, it may be
pointed out that the experimental recharge values are more often lower than higher
from the curve. Since the climate of Panjab is drier compared to that of U.P. this trend
is quite natural.

Working out the average discharge for a six year period, from 1966 to 1972, it has
been assessed (Hoon 1974) that in Panjab a potential of 5550 m.cu.m. of water can be
made available annually by exploiting sub-soil aquifers through tubewells. For the

227



R. S. Datia and R. S. Goel

wd (7Y w22

"$311S snoureA Je sa[ijold aInisiow pue A3AnOR WnnU | ¢-g ‘s8I

wd Lz

ZL118ZP2idwog
ZL°9°91 P2YI2lU]

wd Lz J

4 .

wd 99¢ eza

- 002

= -1081

ZL1rzzp2dwos

- - . . oot E : 1 zr9 7pap2fu]ost
L i i i o i 4 - o1
ZL'1sz p2idwog ’ 201122 paIdwDs
r 7 219791 P22l b ozt 1 706 i payatur ] ] ozt
i . ] i oot ] _“|_.. - oot
2 e = ~ 08 - T o 108
VILONYI TV [6-8M] VHNGLIGEVH [B-um] LOMWYHYHA[7-YM] Emz&\szo_m [e-uMm]
1 —i i 1 1 i 1 1 1 41 1 09 L 1 L | 1 1 1 1 A 09
oL 0 0zl 0OL 08 09 0% 0Z 0cE 0Z 0L 0 09 07 0Z O 0t 0Z Of 0 ol 0 0€ 0Z oL O ol 0
(1MW Wdd (LIM)D W Wd2d (%IM)D W Wdd (*6IM) W Wdd
w2z wo @z
- - w> /8y wza - 99¢ 2 0z wo 99¢ J W 99¢ mmm
L 4 4 . Hosi 4 . -002
L ] I 4 4 Jogt 4 . — 081
3 e . E ot 4 5 4 ewwezpadwos oo,
L9 L pap2lul
L . 4 40z1 . . B —071
L . 4 Hoot | 4 - —0Z1L
i 9 Z4711 Ll p2IdwDg ecuLzpadwosr 108 b S b oot
i ZL°9°51 p2d2lu] ZL:9-5Lp2alu] o Num ._N,.w_, wwmwmm N
¥vdoy [9-uM] _ VHVH G-um . VHVHOQ[Z-4M| m__._<mm_5<xz<ru_‘7m>>._ .
1 I WP 1 1 i 1 - 1 I 1 i 1 I 1 1 L 1 1 1 1 9
ol 0 0e 0z 0L O 0e 0z O 0 0E 0Z OF O o._ 0 08 09 07 02 O ot 0 07 06 0Z O O
(MY W Wd2 (RM) W Wdd (M) D W Wdd (RIMYD'W WdD

(sw2) Hi1d 30

228



Groundwater Recharge in Panjab (Judia)

ZL110Z P21dwog
ZL 961 P23d2[y]

VIVIGNYE [21-8M] ]

wiGee J

09z
072

T q0zZ

00z
081

b 4091

9 [248

ZL w0z p21dwog
ZL9'81P21d2(Y

VHLICYA [o1-uM] 08

Ly L 1 09

1 1
0z oL 0

ZL 1161 p21dwos
ZL°9'81 p21d2lu]

YMIHYHO [s- m;u
1

I I L
0 0€ 0Z Ol O

- w2609 j

B E

| I
0e 0Z O 0 "0t 0Z Ot O

e wo g8y

ZLLeLp2IdwDg
4z9-81p2402(u]

»ov.z<x.r<a _w_-azm_

Om oN o—

(%MW

o o€ oN o— 0
WdJ

Omo~o— o owovowo
(IM)I'W WdJ

"$3}1s SnoLieA je saijold ainisiow pue ANANOE WNNL | “G-4 'sS1

wd 96¢ 222 wo owﬁﬁ

N 7 1 r b 09z
r 7] n r B 4072
b 1 r 4 Hozz

r b 1 r 4 002

r 7 1 B 1 4081

L B L - —Host
ZL'11°61 P2IdwDg S

r 4 wsupaeluyd 4 4 Ho71

r 7 1 F R oz

f B g = <ZL 711781 p21dwos oot

ZL9°LL P2d2lu]
"1 vinsva Er-an] 1T Ay VKO [ZI-uM] 108
1 Ly i 1 1 1 L L i 09

0Z 01 0 08 8 07 0 0 Of 07 Ol 0 0§ 07 0f 0z o 0

~ 1 wd 9901 2224 1 w3 195 2222

- B - E Hooz

5 1 - . ~Josi

r 1 r - —ost

L | N | ZL1L poidwog Jon

1 ZL9 L1 P2yd2lu]
3 q - . ozt
YVHVHSNYMYN [O1- 8M]

+ ZLiL Ll p21dwos E - 4 001
ZL9°LlL Payd2lul i ] 08
UVINVHSHYVOI1-uM] _

| 1 1 4— 1 i 1 AL 1 s 1 1 1 09

0c 0Z O O ot 0 0Z O O Ol 06 OL 05 O€ Ol

(*AM)O'W Wd?D (*IM) W Wd?

(swd) H1d3Q

229



R. S. Daita and R. S. Goel

woZ9L J
3 : Hozz
- 4 400z
- 4 # 08t
4 405t
I 1 zeumzpardwos 07
1 zeoizeavalu | oy
7OOHdYHNANVY [EZ-UM]
] —00t
L L 08
1 1 I 1 1 00
0z ol 0 08 03 Oy 0Z O
E -ozz
E 007
2.:.2535&
4 zL9'0z P2302(ur{081
E —osi
. H071
E 4oz
E - oot
- 408
1 \d‘-OZ—._ﬂiﬁﬂﬂlm.\m Ow
ol 0 Ot 0Z OL O

(%% M) "W Wdd

“$3)1s SNOLIBA J® Sa[1joid aInjsiow pue ANANoe Wwniu | “/-9 s34

wo¢g| zzm _ wd 0zzL

4t 01

4 F ) ozt

1 F 001

L1 Zzp2idwos b o 20111z p21dwpg 08

L9902 p21d2lu] Z09°61 P2322[u]

.| Lovawvaz-uM 171 . YVOOYWN [oi-uM] Mw
0E 0Z Of 0 0t 0Z O 0 ol 0 0f 0Z Of 0
wo ggyz mm—y wo v|¢

. 41 F . 082

. 41 F . Ho9z

g 1 t . Hovz

. 1 r e Hozz

. {1 + : Hooz

E 1 . 4081

E 1 E Hoat

E - e ol

. 1t . Hozt

Tze1rezpaidwos " zu1izpadwos |00

1 woozpadalurj | zr9sLpadalul oo

| HdvoaNigoo [iz-um]  VIVHLINGYH @-m_é o
ol 0 o0t 0Z OF 0O ol 0 ot 0Z O O

(%M ) I'NW WdD (%IM)' I'W Wd?D

(swd) Hi1d8a

230



Groundwater Recharge in Panjab ([ndia)

(porBunun) pu o s LT T 0 1IN g9 11 [ooydeindwey £z-um

. ] SLO0 OV 99 09 0L ¥¥T £6r O1 epuneyq 77Z-dm
(1BueD)3(I12M3QqN L) 1214 “201m05 910 08 gvl ¥S 09 TL yer 01 yieSpuIQoD [Z-UM
UOnE3LLI JOJ puels S1a139] puo - L1 T8t 9 0  d[qe[ieAe Jou vled DN Jeueunseqg 0Z-dMm
-09s 2y} 'sady 1os (Apues) § pue 7800 S°€ Tyl ST 0 801 61¢ 1IN TepOYeN 61-YM
(wnipaw) W ‘(Gusy) T (Aredy) H 010 8¢ vL S ov T9l S1z 11 ereyundey g1-4m
:10J puels SI31IJ[ ISI1] :3P0D) « 8I'0  TOI L'81 149 0s 6°'8C '9C LN eelpue( []1-dYM
6¥00 69 L8l 6 O 90fl ¥'9¢  OH eyileIN 91-YMm
610 86I 6'ST 19 05 6§ I'LL 1H reaueyd SI-4m
L0 S’S 011 0s ol IIN 89L 1N oqueyied PI-YMm
vI0 Tl 91C TS 09 ¢€Ig Loy 1N eAnsed €1-dMm
970 191 81T vL 0L IIN T N1 [eARIRUNRYD TI-YM
wo 06l 1'2c 98 08  9¢l gIL 1IN Ieyueysyien [[-YM
€00 TE €6l I 0 9 99  1H JeyeysuemeN 0[-4Mm
€00 LT Pl 0z 0 L'1T 79 1H BIONISBIN 6 -UM
€C0 ¥l 081 69 09 98 yor 1S Ineyoereg 9 -YM
81'0 0l YLl 09 08 DN $9¢  AH Jereyy ¢ -dm
0z0 L0l L'vE 1T 0T T8¢ Syt 01 ojweteyd ¥ -dM
010 011 061 8 05  L'6S osy  O1 1og uBMYPIS € -YM
€10 Iy 99 €9 09 IIN 12 (N K eyeIod T -¥M
o Lt Ll S 2 1 A1 4 0L, L quues nejweyd | -Yym
(%'10A)
1+ (wo) JuUod ‘DD Yesd (wo)l (W)Y
Mxl Y I9iem NSQ 42004 ] :omummm.:— [Tejureyf
381eyoay aSersay o judw Buriaipm )
-ooe[dsig Jo yidaq +9P0D : ang

ZL61 JQWIAON 01 7/6[ dunf woly 331eydas 10§ qelued wolj eiep eluswiadxy - | 9qeL

231



P. S. Datta and P. S. Goel

24 1 T 1 T T T T 1
- ® Rainfall -
O Rainfall plus
20— irrigation

Recharge (cm)
= >
| I

o)
l

0 40 80 120 160 200
Total watering (cm)

Fig. 8. Variation of recharge with total watering (rainfall and irrigation).

total area of Panjab (5 million hectares), this amounts to about 11 cm of water and is
higher than the average recharge value obtained by us. Some contribution to ground-
water must also come from seepage from canals. The current draft is likely to be higher
than 8.5 cm even though during the past few years the exploitation of groundwater
through tubewells has been curtailed due to a shortage of power. The steady depletion
of groundwater regime of the tract as observed since 1965 (Uppal 1972) suggests that
the total recharge to the aquifers (vertical recharge plus seepage from canals etc.) is
insufficient to balance the draft.

In the preceding paper (Goel et al. 1977) we have seen the recharge data from the
state of Haryana where the climatic condition are similar (arid and semi-arid) to those
in Panjab. It is interesting to compare the data from these two states. This is done in
Table 2. There is a remarkable closeness in the data from the two states. This demon-
strates that the method, inspite of limited number of sites, gives reasonable results for
the averages. '

The shapes of the tracer profiles are found to be Gaussianin many cases enabling us
to calculate values of the diffusion coefficient of water in soils. These values range from
1.4 x 10-5 cm? sec™! to 2.4 x 10~5 cm? sec+ and are similar to those found for the states of
Haryana (Goel et al. 1977) and U.P. (Datta 1975).
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Table 2 - Comparison of Panjab and Haryana results

State Panjab Haryana
No. of sites 20 15
Period June, 1972 June, 1973
November, 1972 _ November, 1973
Re 8.5cm ~ 8.0cm
R 47 cm 49 cm
(R+1) 68 cm 55 cm
Ranges for Re 2cmto20cm 3cmto 18 cm
Re/ R 0.18 0.16
Re/(R+ L) 0.12 0.14

Second Sampling

At four sites samples were collected after a lapse of about 21 months so that two
monsoons had infiltered into the soil. These data are presented in Table 3 and are
shown in Figs. 9 and 10. The shape of tritium profile at Malerkotla (WR-9) is quite
puzzling since it shows two peaks intervened with a few sections that show no activity
at all. There is, at present, no satisfactory explanation for this. The center of gravity of
the two peaks has been taken as the positions of the tagged layer for calculating the
value of recharge. There is reasonable similarity in the results for the two successive

years though the data for the second year are very few.

Table 3 - Sites sampled after two years (in February, 1974)

Site FIRST SAMPLING SECOND SAMPLING
Re/ Re|
R(cm) Kem) Re(cm) (R+l) R(cm) I(cm) (cm) (R+]))
WR- 9 Malerkotla* 62,2 85 2.7  0.032 101 125 11.4 0.050
WR-10 Nawanshahar 66.5 32.5 3.2 0.032 166 64 9.0 0.036
WR-13 Dasuya 47.7 31.3 11.2  0.14 132 60 194 0.10
WR-17 Rampuraphool 36.7 Nil 45 0.12 67 17 165 0.20

* The activity profile at Malerkotla found at the second sampling is not understood.
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Fig.9. Tritium activity and moisture profiles at the sites sampled after two monsoons.

Conclusions

Average vertical recharge in the state of Panjab is about 18% of the average rainfall
and only 12% of the total watering. It appears that the irrigation water makes a
substantial contribution to the groundwater recharge. It is essential that the lowering
of the water table which has been observed in recent years should be judiciously
controlled. There is thus a pressing need for full exploitation of surface water resources
and to develop ways to increase recharge to the groundwater.
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