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In India, as elsewhere, groundwater is a vital component of the ecosystem and 
its controlled use should not interfere adversely with the natural hydrologic 
cycle. However, its misuse causes many problems and may be observed in the 
Bist Doab and adjacent areas of the Punjab state where difficulties arise from 
water-logging, pollution by industrial toxic wates and overdraft in the phreatic 
aquifer. Remedial measures should include artificial recharge to groundwater 
in recharge areas by means of check impoundments and infiltration basins in 
order to overcome serious over-exploitation currently in progress. 

Introduction 

The Punjab (India) covers over 50,000 square km and is mostly a flat alluvial plain 
with elevations under 300 m, although there are isolated sand-dune hillocks in the 
south and southwest composed of eolian sand and silt from the flood-plains of 
rivers. On the northeast, the state is bounded by the Shiwalik Hills with altitudes 
ranging from 300-900 m. Paralleling the strike of this Himalayan sub-mountainous 
region is the Kandi Watershed extending from north-northwest to south-southeast 
for more than 160 km. This comprises many micro-watersheds, each of varying 
size, topography, vegetative cover and hydrology. 

In most of the Punjab, the climate is continental with extreme summer heat 
alternating with rather cold winters. The mean annual rainfall ranges from 250 
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Fig. 1. The Punjab (India), showing the Bist Doab and the Kandi Watershed (stippled). 
Numbered lines represent isohyets in mm. 

mm in the southwest to 1,000 mm in the foothills. There are three large perennial 
rivers in the state which are the Ravi, the Beas and the Sutlej. Two of these, the 
Beas and the Sutlej, are shown in Fig. 1 which also indicates the Kandi watershed 
which covers 4,600 square km. The three rivers mentioned above delimit irrigated 
areas called the Bari Doab (between the Ravi and the Beas) and the Bist Doab 
(between the Beas and the Sutlej). There is also the so-called old Sirhind Canal 
tract south of the Sirhind Canal. All of these irrigation areas supply an extensive 
canal network. 

This paper is mainly concerned with the Bist Doab. Here, there has been a 
great increase in both governmental and private tubewell subterranean water 
extraction resulting in serious groundwater depletion problems. These are 
accentuated by water-logging induced by rising water levels in the southwest of 
the state. Pollution is also accelerating. 

Above ground, extensive denudation has occurred in the Shiwaliks. Ephemeral 
monsoonal torrents ("choes") transport sediment from steep sided, irregular and 
highly erodible catchments principally to the southwest through the Bist Doab 
eventually to deposit as far away as the Beas River. In all, there are 141 choes 
possessing catchments varying from 20 to 56 square km in area. 

Until the middle of the last century, the Shiwaliks were fertile hills with acacia 
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and pine. However, following the eviction of landowners after the Sikh wars of 
1845-1849, overgrazing and tree-felling devastated the vegetative cover. Hence, 
while the original fertile silt transported by the choes was useful, this has been 
replaced now by sand which has destroyed many hectares. In 1902, this led to the 
enactment of the Punjab Land Preservation (Choes) Act which restricted grazing, 
tree-felling, quarrying and other deleterious activities. Thus was recognized the 
adverse effects of vegetative loss in the foothills. From the 1950s to the 1970s, 
there were insufficient funds for reforestation and soil conservation. The con- 
tinuing problem stimulated a World Bank appraisal report in 1980 as a result of 
which the Punjab authorities involved British commercial companies. In this con- 
nection, the author investigated groundwater and surface water conditions in the 
region. 

It became clear immediately that degradation had to be arrested and flood 
control measures devised. The latter would combat water logging as would 
canalization, a measure proposed for one particular "control" choe called Dhol- 
baha. Fortunately, the groundwater in the Bist Doab is fresh so that lowering the 
water table may be undertaken also. If this were not the case, such a procedure 
could not be followed successfully unless the saline water had an electrical con- 
ductivity of under 2,000 micromhos/cm at 25C0. Saline water is useful for irriga- 
tion only if mixed with fresh water from canals as K. P. Singh (1983) proposed. 

In the Kandi watershed and the Shiwaliks, rehabilitation of the upper catch- 
ments is urgent. So too is promotion of irrigation coupled with flood control if 
farm lands are to be developed through terracing, impounding, horticulture etc. 

Initially, a hydrogeological investigation of the Bis Doab is important and this is 
attempted here. 

Geological Setting 

Geomorphologically, the Bist Doab is divisible into three zones, i.e. 

The Shiwaliks and the Kandi Watershed 
The interfluvial plain between the Beas and Sutlej 
The flood-plain area 

The existing and earlier Beas, Sutlej and other rivers deposited a great thick- 
ness of Pleistocene to Recent sediments derived from erosion in the mountains. 
The relevant lithologies and sequences are as follows: 

- Surface deposits (Recent). 
- Sirowal sediments and occasional gravels to the northeast with Kandi coarse 

clastics including red clay beds to the southwest (Holocene). 
- Boulder beds with interbedded clays (Pleistocene). 
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The alluvium at the surface reflects the latest stages of sedimentation in a 
process which commenced in the Tertiary. Cenozoic sedimentation involved sedi- 
ments in the Shiwaliks which, according to R. R. Chaudhri and J. S. Dhanda 
(1980), can be divided into late, middle and early portions. The upper part ranges 
in age from middle Pleistocene downwards and comprises three members which 
are as follows: 

- Boulder conglomerate (middle Pleistocene) 
- Pinjore lithic arenites (late Pliocene) 
- Tatrot sediments (Neogene) 

The Pinjore beds are exposed about 5 km west of the town of Pinjore, also south 
of it as well as on the left bank of the Ghaggar River. They are composed of a 
variety of arenites, some with calcareous and others with ferruginous cement. 
There is also a lithic so-called wacke and the "marker" mineral is sillimanite. 

As regards the source of the sediment, the polymictic composition indicates a 
heterogeneous provenance. Probably it is attributable to the influx of detritus 
from several streams draining the rising Himalayas. These debouch sediments in 
basins located transversally to the major Himalayan drainage system. The sources 
comprise pre-Cenozoic and Tertiary crystalline and sedimentary rocks exposed in 
the Simla Hills around Simla, (Fig. 2). This is demonstrated by the presence of 
undecomposed fragments of such parental rocks in the Pinjore sediments. 
Initially, the supply of sediment must have kept pace with the rate of subsidence, 
but, towards the culmination of sedimentation, the rate of sediment supply must 
have exceeded the rate of subsidence by far. The basin was rapidly infilled with 
pebbles, cobbles and boulders from the adjacent, rising Himalayas. Disrupted 
bedding, current bedding, ripple marks, scour and fill structures with imbrications 
have been observed in the Pinjore rocks exposed in the type area. The imbricate 
patterns show a southward flow of paleo-currents. This, together with the moder- 
ate to poor sorting of the detritus suggests that the Pinjore sediments were depo- 
sited in a shallow, subsiding basin. 

Kankar is extensively developed in many of the sediments of the Bist Doab. 
This is a vernacular word for calcareous deposits occurring in various alluvial and 
eolian deposits in India. Their formation is a function of both surface and 
groundwater processes. The actual nature of the kankar varies according to the 
complex geochemistry involved. Occasionally, it comprises a biochemical precipi- 
tate. 

A review of proposed classifications for kankar was given by S. C. Awasthi and 
V. K. Anand (1980). The parameters utilized include shape, size, hardness, com- 
position, mode of origin and occurrence. Each has limitations. However, in the 
Punjab, kankar signifies calcium carbonate in nodular form with associated 
impurities such as silica, magnesium and ferric oxides, is of fragmentary character 
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