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CHAPTER 1

TERAI GROUNDWATER RESOURCES AND DEVELOPMENT

1.1 Introduction (and objectives of the studies)

The present groundwater studies are part of a reappraisal of groundwater development for irrigation
in the Terai. They include a review of the aquifer systems, aquifer development potential, the
methods currently being used to exploit these aquifers by tubewell irrigation, and the possibility that

existing tubewells may be better designed and constructed at sizes and costs appropriate to the Terai
irrigator.

The area considered, shown by Figure 1.1, includes the main Terai together with the inner Terai
valleys of Chitwan, Dang/Deukhuri and Surkhet.

1.2 The Aquifer System
Main Terai

The main Terai is underlain by detrital, alluvial and eluvial sediments which wedge out northwards
upon the consolidated folded rocks of the Siwaliks and thicken southwards towards the Indo-Gangetic
plain. Fold and thrust faulting within the Siwaliks and rocks of the Himalayan foothills have produced
structurally controlled valleys of the interior Terai: Chitwan, Dang, Deukhuri and Surkhet.

The main Terai comprises the following hydrogeologically significant lithological-depositional units:
the Bhabar zone, the inner Terai valleys, and the Indo-Gangetic plains.

The Bhabar zone consists of coarse eluvial and alluvial sediments deposited as outwash fans at the
mountain front where the rivers enter the Terai plain. The width and geometry of the Bhabar zone
sediments seem to have been controlled by the flow regime, energy and catchment size of the rivers
entering the Terai plain; the zone is not everywhere present in Nepal, in particular where Siwalik
sediments occur close to the Indian border.

The distribution of the Bhabar zone fan deposits (coarse sand, gravel and sometimes cobble deposits)
and the deposition of the parent river exert a strong control on occurrence and lithology of the Terai
aquifers, The best aquifer conditions can be related directly to major river systems which have
historically deposited coarse materials in which is developed a very permeable, unconfined aquifer.

The Bhabar zone is the major intake area to the aquifers of the main Terai. It is recharged direct from
rainfall and from infiltration from the river beds, particularly those debouching from the neighbouring
hills.
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The interior Terai valleys are structural basins filled with coarse eluvial and alluvial sediments. Ip
Dang, at least, the valley fill is highly variable and contains several terrace surfaces developed ip

older, part cemented alluvium; below these terraces are alluvial tracts of the present river systems,

Locally, at least, these valley sediments are moderately permeable and have some considerable
aquifer potential. In Surkhet, the valley fill alluvium and eluvium are very thin and cementation

appears to have reduced porosity.

Sediments typical of the Indo-Gangetic floodplain underlie the major part of the Terai and comprise
alluvial clays and silts with important but subordinate sand and gravel layers. These appear to be
products of historical deposition from the braided, high energy rivers which cross the Terai. These
rivers contain a coarse bedload material of sands and gravels and are characterised by constant lateral
channel shifts.

Northwards and at depth, the sediments of Gangetic type appear to merge with Bhabar type deposits

while towards the Indian border, fine grained sediments predominate (Figure 1.2).

The total thickness of the sediment pile under the Terai is not known, but exploitable aquifer material
is unlikely below 500 m. Analysis of deep exploration boreholes drilled under United States
Geological Survey (USGS) technical control in Bheri, Lumbini and Mahakali Zones suggests that no
significant permeable material occurs below 250 m (Table 1.1), while in the interval 0 to 200 m,
between 10 to 25% of the section is described as screenable. For recent drilling in the Jhapa District,
Japan International Cooperation Agency (JICA) and Groundwater Resources Development Board
(GWRDB) give much higher estimates (53 to 65%) for the interval 0 to 300 m, but these are thought
to reflect a different basis for field sample description rather than a major aquifer quality.

The system is regarded as leaky aquifer pile, with vertical exchange between shallow and deep
confined aquifers, dependent upon thickness and lateral persistence of the low permeability beds.

Screenable aquifer material can invariably be cut throughout the profile, with a well defined shallow
zone about 50 to 60 m thick (in which locally small artesian heads are developed) and a generally
confined deeper zone in which large pressure heads are developed sufficient to give flowing artesian
boreholes. Subdivision of the deep confined zone, on the basis of depth and head, has been attempted

in the Bhairahwa zone, but regionally, such a division is most difficult to maintain.

In the shallow zone, sand and gravel layers, although they cannot be correlated over distance, are
generally common enough to support productive, unconfined shallow aquifers which can be found
in most areas. Typically, between 20% and 50% of screenable sand-gravel is encountered to 46 m
(46 m is used as a convenient classification limit for tubewells which exploit the shallow zone) and
such material may exhibit high permeabilities, with a range of 20 to 150 m/d.

Locally, this shallow aquifer is confined, allowing seasonal free flow artesian discharge from some
shallow domestic tubewells.
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Figure 1.1

Study Area
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Figure 1.2

Schematic Section Through Main Terai Aquifers

(Vertical exaggeration 20:1)
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Deep Aquifer Lithological Data

TABLE 1.1

Name of No TD  Screen Percentage of screenable material within interval (m)
Test Bore (m)  (m) 0-  50- 100- 150-  200-  250-  300- 400-
50 100 150 200 250 300 350 450
Bheri Zone: Bardia and Banke Distrlicts
Kamdi 1/5 217.0 114.3-120 32 27 12 2
Mauda 117 207.6 71.6-71.7 6.7 12 6 24
Jamunaha 21 305.8 124.7-132.6 31 63 62 18 7 38
Kohalpurwa /11 457.3 210-216.5 5 0 10 1 18 4 8 4
Sainik Gaon  3/1 304.8 433-524 15 40 54 24 9 0
Odarapur 313 4573 58.2-64.3 25 25 12 11 18 29 4 0
Dhakela 4/4 369.0  38.144.2 30 16 21 0 0 7 12
Taratal 6/2 339.0 82-86.6 55 54 0 6 0 0
Average 24 30 22 11 9 13 8 2
Seti-Mahakall Zones:
Kallali and Kanchanpur Districts
Basanta 3n 4573 47.25-55.35 13 24 15 12 5 2 2 0
Sisaiya 3/5 353.0 175.3-181.4 15 2 4 31 6 8 1]
Ganeshpur 3/8 1222 80.2-85.1 38 14
Phulverria 4/1 304.8 77.7-85.3 17 21 0 0 0 0
Dhabai 4/5 196.0 90-96 4 34 7 0
Dangari 513 127.1 108.8-114.8 20 46
Geta 5 304.8 85.3-88.4 14 18 42 6 1 0]
Kaspa 6/4 304.8 67.7-70.7 9 16 0 4 14 1
Bichhuwa 716 304.8 87.5-93.7 47 37 1 5 1 5
Average 20 23 10 8 5 3 1 0
Lumbini Zone: Kaplilvastu,
Rupandehi and Nawalparasi Districts
Semri 6/6 461.0 32 23 11 6 20 26 1 18
Harakpura 21 2713 63.7-69 62 12 0 12 11
Swathi 3/5 304.9 191.4-197.5 2 13 11 21 9 1
Sunwal 3n 152.4 42.645.7 41 38 31
Sunwal 3/8 304.9 86.2-89.3 37 40 1 1 9 18
Sitlapur 42 2439 100.6-106.7 12 25 20 7
Paklihawa 5/ 304.9 149.4-152.4 26 17 1 35 15 1
Driver Tole  5/17 250.0 94.5-106.7 73 64 77 59 59
Jigna 6/1 289.6 27 9 0 1 1
Hughla 8n 300.9 154-156.1 31 5 14 31 9 6
Chakacouda 9/1 3003 6 6 12 1 1 0
Ajigara 12/1 284.5 7 0 1 3 0
Average 30 21 15 16 13 9 1 18
Average all zones: 25 24 16 12 10 8 5 S

Source: Based on USAID-USGS investigations, 1969-73
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The GWRDB/UNDP (United Nations Development Programme) shallow aquif

out in all Terai districts between 1987 and 1992, has a

aquifer, in terms of thickness and permeability of screena

the shallow zone.

ai alluvium, in the interval down to 150 m, contains an average of between

The deeper profile of Ter
aterial within clay-silt layers. Locally, over 60% ig

15 and 25% of screenable sand and gravel m : '
screenable. These deeper sands and gravels support productive aquifers typically with 20 to 60 m/d

permeabilities. Locally, in the coarser sediments, very high permeabilities exceeding 100 to 150 m/d
are known. Many deep exploration bores (such as those drilled under United States Geological Survey
(USGS) technical control in 1969 to 1974) and deep irrigation tubewells drilled by the Bhairahwa
Lumbini Groundwater Project (BLGWP) had original artesian heads up to 20 m above ground level:
despite subsequent head decline, many wells are still free flowing at ground level.

Inner Terai

The inner Terai valleys of Surkhet, Dang and Deukhuri are discrete, bounded valleys formed by fold
structures and faulting within older, consolidated rocks, while Chitwan valley is an extensive alluvial
tract, formed by the coalescence of the braided channels of the Rapti and Narayani Rivers as these

enter the main Terai.

The Dang valley is crossed by the Babai River: this flows in a wide alluvial plain which merges
northwards into a terraced surface dissected by Babai tributaries. Dang appears generally to be
underlain by bouldery eluvial-alluvial sediments at least 120 m thick, in which both shallow and deep
aquifers have been proved by drilling; the section contains bouldery layers which make drilling
difficult, and impossible by manual methods. Locally at least, there is a clear separation of these
aquifers seen in terms of hydraulic head difference; and in the southeastern part of the valley, a
distinct difference can be observed between the deep aquifer watertables (over 30 m deep) and the

shallow aquifer water level.

Well tests have indicated a generally high transmissivity aquifer in the shallow zone within the Babai
alluvial plain and the east-centre part of the valley, in coarse sands and gravels, although locally,
cementation may reduce transmissivities. In interfluve areas and towards the north valley margin,
shallow zone water levels deepen to over 10 m, and it becomes impossible to construct suction mode
Shallow Tubewells (STWs).

The deep zone contains very permeable sands and gravels which form a productive aquifer occurring
at least down to 100 m depth. However, water levels in the aquifer are deep, often below 30 m, and

show large annual fluctuations in response to recharge.

The Deukhuri valley lies about the Rapti River, and much of the area consists of flat, alluvial valley

bottom lands with a shallow watertable except at the valley margins. The shallow zone generally :

contains a high percentage of coarse permeable material in which is developed a productive phreatic
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aquifer with high or very high transmissivities and test permeabilities up to 150 to 200 m/d;
potentially, it can support productive STWs, except in the Lamahi district where silt, fine sand and
clay reduce aquifer potential. Most of the area has water levels of less than 6 m depth, particularly
in the Rapti riverline belt where water levels are shallow. Test drilling to below 100 m has indicated

a substantial thickness of permeable aquifer material, particularly gravel, although this deep aquifer
is untested.

The Surkhet valley is bounded by folded and faulted older rocks which partly control drainage and
may focus spring discharge; a major spring (25 1/s) discharges in the valley centre and spring flows
are used for irrigation. There are no irrigation STWs and no DTWs. The rock section under Surkhet
valley seems to contain no substantial aquifer material, but rather a very thin alluvial-eluvial fill
which mantles the older rocks. The evidence suggests three layers, below which is evidence of very
low permeability Siwalik rock:

- a superficial layer (perhaps less than 10 m thick) of low permeability, recent alluvial;
- colluvial material, which is rather argillaceous; and

- below, a sequence of up to 100 m of old alluvium-colluvium, comprising gravel, sand and
clay beds; the sequence is generally argillaceous, cemented, and appears also to have low
permeability.

The recent and cemented alluvial-colluvial deposits seem to have insufficient permeability to support
pumped wells and although they may support low discharge dug wells, they are very poor aquifers.
Siwalik strata are likewise of low mass permeability; they cannot be classed as aquifer material,

although fracture storage may be developed.

Aquifer occurrence in the Chitwan area has been controlled by alluvial sedimentation from the Rapti
and Narayani Rivers. The shallow alluvial section commonly contains 70% of coarse sand-gravel
which supports a highly transmissive aquifer (some permeabilities exceed 200 m/d) which is exploited
by dug wells. However, there is widespread occurrence, at about 9 to 10 m, of a hard, cemented
boulder conglomerate, while locally, fine sands occur in shallow section. Both lithologies cause
drilling difficulty. The watertable in Chitwan is shallow and generally lies at less than 5 m below
ground. Similar aquifer conditions are anticipated in the deep zone since a 100 m deep but untested
well at Bharatpur showed over 70% of the section to be screenable material.

1.3 System Recharge
Main Terai
Recharge to the main Terai aquifer systems principally occurs direct from rainfall to the Bhabar zone

and by infiltration from the beds of rivers crossing the Bhabar zone. Southward, less significant
recharge occurs directly into the shallow zone sediments and through river bed infiltration. Recharge
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is transferred laterally into the confined deep zone aquifers,

maintained b

has been noticed in the BLGWP tubewells, some of which start to flow freely after June, and untj] -

November when the artesian head falls below the casing top.

Some authors (Jenkins, 1983), on the basis of some C14 isotope studies in the region between the

Siwaliks, Bhutwal and the border, have suggested some boundary recharge from subsurface Siwalik
sediments into the Terai alluvium. This Study considers such a recharge path most unlikely to
provide a significant contribution to the flow balance. It is unsupported by any piezometric data,

while typical Siwalik sandstones are argillaceous and of very low porosity.
Natural discharge from the system takes place by the following mechanisms:

leakage to the shallow aquifer layers, across leaky aquitards of clay-silt; leakage is "driven"

by the head difference between deep confined layers and the shallow zone;

= local, lateral discharge from the shallow aquifer to incised river channels;
- spring discharge at the slope break between the Bhabar zone and the Terai proper;
- subsurface outflow across the Indian border; and

- evapotranspiration and evaporation from the shallow watertable (which, in some districts
with a widespread shallow watertable, maybe substantial).

Abstraction, either pumped or by artesian free flow, is now locally a major element in the discharge
from the aquifer systems; consequent head reductions in the deep artesian aquifer are thought likely
to reduce leakage to the shallow zone.

Some tentative quantification of recharge is useful for estimation of the possible upper limit of
aquifer development. This upper limit might involve the widespread intensive development of STWs
in areas of suitable land without surface water for irrigation in conjunction with significant DTW

development in appropriate deep aquifer areas.

Theoretically, there exists an upper development limit where recharge availability will start to
constrain STW development, through declining dry season water levels which lead to discharge-
suction problems. It must be stressed however, that intensive STW development may in some areas

have a function in drainage and watertable control; i.e., intensive development will reduce 1

evaporative losses and thus make a further contribution to water availability.

Concurrently, development of the deeper aquifer zone by means of medium and deep tubewells B
(MTWs and DTWs) is likely to reduce piezometric heads in the system. As a consequence of this,

leakan‘ce recharge from the deep to the shallow aquifer will be reduced.
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Recharge estimation involves several unquantified elements, principally the definition of recharge
intake areas and the value and variation of effective infiltration rates across the recharge intake areas.

Actual and potential recharge have been estimated by various studies, notably by Duba in 1982, and
in the reports of the GRWDB/UNDP shallow groundwater investigations. These estimates involve

both infiltration estimates and the calculation of throughflow estimates using piezometric gradient
and transmissivities.

The Bhabar zone receives the highest rainfall in the Terai and has the greatest infiltration capacity.
Estimates of potential recharge to this zone, generally based only on rainfall recharge (ignoring river
bed infiltration and upwards leakance), vary from 465 mm (Electrowatt, 1984) to very high estimates
given by Tahal who, in modelling work (BLGWP/Tahal, 1992), presents a groundwater balance for
the Bhabar zone which allows that about 42% of rainfall (over 1 100 mm) reaches the aquifer; this

study also considers recharge input from streams which cross the Bhabar zone, in addition to rainfall
recharge.

Duba (1982) studied recharge on a zonal basis; he separately considered recharge to the Bhabar zone
and to the shallow aquifer to the south of the Bhabar.

The precise distribution of the Bhabar zone is difficult to establish; in some areas it is indistinct but
elsewhere, clearly coincident with coarse fan deposits. Nevertheless, the Duba estimate of 4 014 km?
for the Bhabar area looks sound. Using this, Duba derives a mean annual recharge to Bhabar of
685 mm, an average of zonal values, with a range between 329 mm and 1 089 mm (the minimum

being in the Rapti zone) equivalent to a mean recharge of 33.5% of annual rainfall.

Since well hydrographs in the Bhabar zone strongly suggest that soon after the onset of the monsoon,
the aquifer becomes full and rejects recharge, potential recharge estimates cannot be verified. The
rapidity of the watertable rise does however confirm the high infiltration capacity of the system.

Estimates of direct rainfall recharge to the shallow aquifers south of the Bhabar zone have been made
by several authors: 124 mm (Kenting 1984) to 370 mm with an average of zonal values of between
215 and 644 mm (Duba 1982). Such variations appear inconsistent with rainfall which shows little
variation from west to east across the Terai.

Further, on the basis of Groundwater Development Consultants (GDC) work in Bangladesh, where
well calibrated groundwater modelling has demonstrated vertical recharge through Gangetic type soils
of 420 to 500 mm, we would be sceptical about the lower recharge estimates given above. It is also

pertinent that the consumptive use of the former 100% sal forest cover in the Terai is estimated as
600 mm, all of which was consumed from the shallow aquifer.

The lower recharge estimates are thought more applicable to very heavy soils or to dense vegetation
cover, neither of which is widespread in the Terai.
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To improve on the various estimates quoted above, some more detailed fieldwork, with appropriate ’-' .
field instrumentation, linked to some modelling of the groundwater/surface water system, would pe
required. However, recharge appears unlikely to be a resource constraint in the foreseeable future and
a much more intensive degree of development may be needed before the likely limit can be deduced

with any certainty.

Because of the continuing uncertainties in recharge estimation and the lack of any detailed field
studies, we propose to follow the 1987 work of GDC, and adopt an overall recharge value of 600 mm
which is to include 460 mm rainfall recharge and 140 mm leakance from the deep aquifer to the
shallow zone. (This value is conservative since the shallow aquifer, which rejects recharge through
much of the monsoon period, would actually accept more recharge where the shallow aquifer is
developed and the watertable lowered). Further, a safety factor is applied to this figure to give a

recoverable or developable recharge of 450 mm.

We consider this a credible but conservative value for planning purposes. It would for example allow
a development lgvel in the shallow aquifer of 16 STWs/km? (13 1/s discharge, 590 h/y operation).
This is equivalent to one STW per 6.25 ha gross; a level quite unlikely to be practically realised. If |
irrigation losses are considered available for pumping, the STW density could reach saturation levels.

Further points are as follows:

- intensive STW development is only likely in Class S1/S2 areas (good-average lithologies
with shallow watertables); areas classified poor-marginal will inevitably be less developed,
as the deep aquifers will be used in preference to the shallow zone;

- on the evidence of STW development and build up in the last 10 years, the pace of future
STW development will be steady, unspectacular, and phased; this will allow observation
through the GWRDB/UNDP monitoring network of the effects of progressive development;

and

S e

local over-development of the shallow aquifer has few cost penalties; STW well life is short
(five to eight years) and well capital cost is small; damaging effects could therefore be

quickly reversed by allowing STWs to go out of production.

Inner Terai

In the inner Terai valleys of Chitwan, Surkhet, Dang and Deukhuri, there are considerable variations f
in rainfall, soil and topography, and it is anticipated that recharge conditions will differ from those
in the main Terai. No specific recharge studies have been carried out, however, and only a qualitative
appraisal is possible. In none of Chitwan, Dang nor Deukhuri is recharge thought to be a constraint,b?
to irrigation development; such constraints will come rather from soil permeability, deep water lev'elsi'j
with high irrigation pumping lifts, and practical difficulties in drilling and well completion. I“
Surkhet, a lack of aquifer material rather than recharge will constrain any development. Lo
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The Chitwan valley is an extensive alluvial tract, formed by the coalescence of the braided channels
of the Rapti and Narayani Rivers. There is active recharge through highly permeable superficial
alluvium to the shallow aquifer; recharge input is dircct from rainfall and from river bed infiltration.

The Dang valley consists of two morphological components:

- the alluvial plain of the Babai River, with coarse alluvial bed material overlying an alluvial

shallow aquifer; and

- an elevated highly dissected terraced interfluve area, developed on bouldery alluvial and

eluvial sediments and characterised by deep water levels.

Well hydrographs suggest that active river recharge to the shallow aquifer occurs along the Babai
River channel; at the time of the monsoon, large and rapid rises in the watertable (up to 30 m) in
wells in the interfluves indicate rapid recharge through permeable boulder deposits.

Much of the Deukhuri area consists of a flat, alluvial tract about the Rapti River and the riverine
plain. Recharge is through highly permeable alluvial surface deposits to the shallow aquifer which
itself then discharges to Rapti base flow, which is perennial. River gauging of the Rapti River at its
entry and exit points to the valley established a credible estimate of flow accretion due to the
groundwater contribution to base flow (UNDP/HMGN (His Majesty’s Government of Nepal) 1989;
Deukhuri Valley: Technical Report 9 (NEP/86/025): this led to an estimate of annual recharge to the

groundwater system of 181 million m%/y.

The Surkhet valley, an area of about 150 km? is underlain by Siwalik formation consisting of
quartzitic sandstones, siltstones, shales and brecciated limestone. No major drainage lines cross the
area. The valley fill consists of deposits of alluvium, fan talus, and colluvium which mantle the older
Siwalik rocks, but these are very thin, of low permeability and do not support a useful shallow
aquifer. While potential recharge may be high, actual recharge is extremely limited because there is

little available storage in the thin alluvial-eluvial layer.

14 Present Development and the Hydrogeological Database

1.4.1 General

Three well designations are in current use in the Terai, defined as follows:

- deep tubewell (DTW), typically drilled to depths of 120 to 160 m by direct circulation (DC)
and equipped with 20 to 45 m of screen and a gravel pack; designs are configured for
production discharges up to 80 to 100 1/s, using force mode pumps (lineshaft or electric

submersible turbine);
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Medium tubewell (MTW; generally the Irrigation Line of Credit (ILC) terminology);
typically drilled to depths of 60 to 80 m by direct circulation (DC) and equipped with 7 n;
of screen and a gravel pack; designs are configured for production discharges around 25 1/s,
force mode pumps are used, although in some ILC areas with shallow watertables, Suctioﬁ;;
pumps are used; and i
- Shallow tubewell (STW), typically drilled to depths of 20 m by manual drilling methogg !
(thokuwa or bogi), and equipped with 3 to 5 m of screen; designs generally use 100 mm
production casing to allow production discharges up to 15 1/s and are equipped with suctiop
pumps; in some areas with watertables too marginal for suction pumps, the STW may be se; |

in a pit.

A machine drilled STW is used by ILC of maximum depth 60 m and with 10 to 15 m of screen; |
suction pumps are used but in some ILC areas with deep watertables, force mode pumps are used.

These typical designs are shown in Figure 1.3.

1.4.2 The DTW Database

The DTW database consists of records for over 800 wells drilled since 1969. Initial work was
concentrated on basic deep aquifer exploration and carried out by USGS/HMGN between 1969 and
1971 in the Terai portions of Bheri, Mahakali and Lumbini zones. This programme constructed
numerous investigation DTWs; some exhibit free artesian flow and some have been converted for

irrigation use.

Since then, exploration drilling has been carried out in many Terai districts by GWRDB. The work |

has involved basic resource investigations by drilling, logging and pump testing, while in some areas,

the tubewells have been converted and handed over to other agencies, for example the then Farm

Irrigation Water Utilisation Division (FIWUD) for irrigation use.

In addition, both investigation and production DTW drilling has been carried out within feasibility _'

studies and specific projects aimed at irrigation and agricultural development and small town/urban

water supplies and some factories. Particular sources of information are as follows:

between 150 and 300 m;

the Kapilvastu Tubewell Project (KTIP) in the Kapilvastu/Nawalparasi area;

1-10
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the Bhairahwa Lumbini Groundwater Project (BLGWP) in Rupandehi District, which has
since 1979 has constructed over 140 irrigation DTWs by DC methods; well depths are

the Narayani Zone Irrigation Development Project (NZIDP) in the Birganj area, the
Janakpur Agricultural Development Programme (JADP) in the eastern Central Region, anq
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GWRDB completed 91 DTWs in the period 1975/76 to 1988/89 for purposes of investigation
and production;

GWRDP has constructed investigation DTWs in Birganj;

the irrigation component of the Sagarmatha Integrated Development Project (SIRDP) by
GWRDB;

the current well installation works under the groundwater component of the Irrigation Line
of Credit (ILC) programme. ILC is constructing STWs, MTWs and DTWs in Kapilvastu and
Nawalparasi with designs to meet specific farmer group demand for irrigation water;

current work by GWRDB with Japan International Cooperation Agency (JICA) funding and
assistance on the evaluation of groundwater resources and associated irrigation master

planning activities for Jhapa District where exploration DTWs have recently been drilled
to depths of over 300 m; and

twenty-one DTWs have been drilled to depths of up to 200 m, on behalf of the Nepal Water
Supply Corporation (NWSC), for supply to Terai towns and a further 80 wells of varying
size drilled by the Department of Water Supply and Sanitation (DWSS).

Evidence is discussed elsewhere in Chapters 3 and 4 that the design, completion and development of
some DTWs and MTWs, and some machine drilled STWs, may conspire to produce rather inefficient

wells with partly blocked screens, particularly where the well is gravel packed or the screens set
deep.

Evidence of this process is provided where well test performance (stated as well specific capacity or
transmissivity) is inconsistent with the lithology screened by the well. A likely consequence of these
DTW (and machine drilled STW) design and completion faults is depressed well performance; well
test parameters derived from single well tests will be considerable underestimates and will not give
any realistic picture of the aquifer formation screened by the well. The matter is discussed later, since
it directly affects aquifer potential mapping.

The main design and performance characteristics of the majority of the DTW database are
summarised by district or by development authority/programme in Appendix 1. It is necessary to

repeat the caution that these are based on existing completion data which are often distorted by
dubious construction and/or supervision practices.
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1.4.3  The Shallow Tubewells Database .

drilled by private contractors, using manual drilling methods, for &
or subsidy arrangements from the Agriculture Development Bank of thal‘;.
sted and no well records are made; they are therefore of;f-‘
g a general view of current developmeny

Most STWSs in the Torai have been
farmers assisted by loan

(ADBN). These wells are not logged or to

little use in shallow aquifer classification beyond givin

densities and associated trends.
assisted GWRDB with carrying out a major investigation of the
logging and pump testing of exploratory

Between 1987 and 1991, the UNDP

Terai shallow aquifers. This work included the drilling,

STWs throughout the Terai, including the Dang and Chitwan valleys.

Subsequently, selected STWs have been incorporated into a Terai-wide monitoring network, to track
fluctuations in the shallow watertable and to allow mapping of areas with end of dry season :

watertables shallow enough to allow suction mode (centrifugal) tubewell pumps.

The GWRDB/UNDP work has been presented in a series of basic data reports for each district of the

Terai. Regrettably, many of these suffer from poor well completion and performance testing with the

particular result that much of the data on aquifer parameters is misleading.

Summaries of some of these data are listed in Appendix II, Tables IL.1 to IL5, which also include

data for 63 community STWs in the Birganj area.

Other agencies who have drilled STWs, and who keep records of STW position, construction and

performance include:

the GWRDP/ILC Programme: since 1992, GWRDP has been involved in the Kapilvastu
Tubewell Irrigation Project (KTIP), financed under the ILC groundwater component. The
project is drilling both STWs and medium/deep tubewells in Nawalparasi, Kapilvastu and

Dang districts;

GWRDB: which has constructed STWs in several districts including Birganj and then

handed them over to farmers groups;
- SIRDP and JADP; ‘

- the Japanese Red Cross Society (JRCS) which has constructed 25 mm to 100 mm diameter :

4 IS DN = 23 L

wells in Rupandehi District for rural water supply; and

S JUR e

- other small town and rural water supply programmes, including the Finnish lmernationalA
Development Agency (FINNIDA), HMGN rural water supply project.

i
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The great majority of the STWs installed in the Terai are completed by manual drilling contractors
for farmers; the work is either funded privately or under the ADBN subsidy scheme. Almost no
information is collected during the drilling and completion of these wells, and they cannot be
regarded as making a useful contribution to the STW database. Evidently, the drillers do retain field
information on drilling conditions and shallow zone productivity and watertables, but this is nowhere
recorded.

144 The GWRDB/UNDP Shallow Aquifer Survey

The GWRDB/UNDP work has been a valuable aid in assessing the shallow aquifers of the main Terai
and their potential for STW development. It has provided basic information in terms of transmissivity

on shallow aquifer material and thickness, water levels and aquifer productivity.

The data collected from this programme are not, however, always of high reliability. The programme
was ambitious and involved a large number of exploratory drillings throughout the Terai, with
consequent logistical, supervisory and contractual problems. In some areas, the programme does not
appear to have been adequately supervised, with adverse consequences for well construction and
testing. The following problems are noted by the GWRDB personnel who did the data analysis and
produced the basic data reports:

- STW construction faults: failure to reach target well depth, screen misplacement, use of
incorrect screen aperture, or screen blockage through lack of any well development;

- frequent use of test pumping times of sometimes only 30 to 40 minutes, which is quite
inadequate, particularly in those cases where well development was occurring during a pump

test;

- the quite inappropriate use of suction pumps for pump testing; many wells could not be
tested because of the rapid fall of the pumping water level below the suction limit of the

pump; and

unreliable or unavailable instruments for measurement of water levels and test discharge.

The main consequences were that many wells were not completed to specification; many were not
tested while others were incorrectly tested with very dubious results. The GWRDB hydrogeologists
have noted the common situation where the test results, either in terms of transmissivity or specific
capacity, are quite inconsistent with the lithology of the material screened. In many cases, testing has
taken place with a partially blocked and undeveloped well screen; this has resulted in high well
drawdowns, caused by high head losses in the well, and consequent gross underestimation of well
transmissivity. The situation was made evident where GWRDB personnel carried out a few well tests
with a piezometer; the latter records formation parameters (transmissivity) more characteristic than
those obtained from the blocked well.
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1.5 Aquifer Development Classification

1.5.1  Lithological Classification
ewells, drilled both for investigauon

b
ep and shallow tu
B BPHLEEP that aquifer parameters derived from

Although there are many data fro

there exists a constant suspicion

and for production purposes, may be depressed by faulty well design o

single well tests, permeability or transmissivity,

completion.

In reports on the GWRDB/UNDP shallow aquifer study, GWRDB quotes numerous examples of we]|
th the lithology of the screen zone. In cases where

tests which give parameters quite inconsistent wi
gross screen misplacement can be ruled out, this behaviour has to be a consequence of screep
blockage by drilling mud or drill cuttings.

Similar evidence comes from the ILC programme where, in some MTW and DTW cluster areas, the

indicated well specific capacity and transmissivity are consistently low and inconsistent with
formation screened; subsequently, such wells have developed continuously during step discharge tests

to give well parameters more representative of the screened zone.

In BLGWP Stage II-2, problems with gravel pack design and placement, rather than formation
deterioration, clearly depressed the specific capacity and indicated transmissivity of the Stage II-2
DTWs.

These matters must be considered when applying the aquifer lithological classification discussed
below.

The classification method, which generally follows that developed for the 1987 GDC Study, is based
on the use of mappable indicative values for the aquifer permeability and clay percentage for the deep
and shallow aquifer. The GWRDB/UNDP shallow aquifer investigations have provided data for the
whole Terai, not available in 1987, on screenable aquifer percentage and aquifer transmissivity.
Although the STW classification is primarily based on aquifer percentage, field transmissivity values

-have been used to test for consistency between reported lithological section and well performance.

The DTW data contain rather intermittent information on clay percentage (or percentage screenable

ly for the explorati ilt b
USGS and for exploration bores recently constructed in Jhapa District ploration DTWs bui 'Y

material) in the deep profile; such information is complete on
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o -
Perhaps 70% of DTWs haye been tested to give well transmissivity (but usually from single well
tests, without the preferred piezometer) or at least a well specific capacity index. These well
parameters have to be used with some caution since, as explained elsewhere, poor well construction

and development may give a depressed and unrepresentative parameter value.

Classification limits have been set up to group shallow aquifers lithologically into three classes
(8ood, marginal, poor); and three deep aquifer classes (good, fair, marginal) as shown in Table 1.2.

In practice, it has not proven possible to apply the threefold classification effectively because of the
difficulty of applying the original class limits to STWs whose depth varied much, from 8 to 35 m by
district and by drilling method. As a result, the "marginal” and "poor” classes for STWs have been
lumped together for classification and subsequent mapping purposes. Where the aquifer is judged
"poor” and incapable of supporting an irrigation tubewell, the area has been classified SO.

TABLE 1.2

Aquifer Lithological Classification

Shallow tubewells (0 to 46 m) Deep tubewells (46 to 120 m)
Classification | Percentage of | Classification | Transmissivity of 100 m
aquifer section (m?/d)
Good > 40% Good > 2000
Marginal* 20 - 40 Fair 1 000 - 2 000
Poor* <20 Marginal <1000
Note: * For mapping purposes, "marginal” and "poor” STW areas have been lumped together

as "marginal" except for areas classed as SO for excessively deep watertable or
drilling difficulty reasons.

Source: GDC

The cut-off point between a shallow aquifer and a deep aquifer is maintained at 46 m.

The classification is based upon percentage of aquifer within a section, as shown in Table 1.2, but
where possible, well transmissivity data are used to confirm the classification.

For STWs, a rule of thumb was used, that an STW screened in a good aquifer would support a

transmissivity value of about 600 to 800 m%d, sufficient to support a 15 I/s STW with a 2 m
maximum drawdown; UNDP test data were evaluated against this informal criterion.
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the use of transmissivity data is complicated by the problem of posst
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ibly depressed transmissivity

. i ransmissivi
In some cases, where there is evidence of well construction problems the field t 1ty has

been adjusted upwards to better reflect real aquifer conditions.
ifer study was the setting up

One of the most important products of the GWRDB/UNDP shallow aqu
¢ network is read monthly,

of a Terai-wide monitoring network based on observation STWS Th
allowing the watertable to be monitored into the critical end of the dry season period from May to

June when the watertable is at its lowest.

p the position of the 5 m depth to water level contour,

Most importantly, the network allows us to ma
cial to planning

which is considered the practical limit for suction pump operation and hence is cru
groundwater development and pump type. The watertable mapping for May 1991 has generally been
adopted in aquifer classification. It shows the deep watertable zones of the northern Terai margin;
it also shows limited but significant areas, particularly in the border region, where the watertable may
reach 5 to 7 m in the dry season. In such an area (an ILC cluster at Jahada in Kapilvastu), suction

pump operation has only been made possible by installing pumps in pits between 1 and 3 m below

ground level.

Such mapping was included in the 1987 GDC Study, but was based on a single survey of dug wells,
several of which represented shallower perched watertables rather than the more extensive shallow
aquifer available at typical STW depths. As aresult, the extent of the system with watertables greater
than 5 m is now thought to be significantly smaller than as mapped in 1987. This in turn has reduced
the extent of shallow aquifer down-graded in terms of development potential because it exceeds

suction pump limits. The 1993 lithological and water level mapping is shown in Volume 6, Plates 1

to 8.

1.5.2 Development Classification

Piezometric and aquifer lithological information have been combined to develop an aquifer
development classification specific to Terai conditions as defined in Table 1.3.

The classifications are roughly in order of development priority, but since water levels are more
significant than aquifer quality for STWs, while the reverse is true for DTWs, the sense of the
classification is not immediately obvious. The rationale is that while a marginal classification for
STWs would at worst result in a few (rather inexpensive) failures during drilling, completion in deep
watertable areas, even in a good aquifer, can result in extra pumping costs which may make DTWS

uneconomic.
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The STW classification takes a water level of 5 m below ground, as this is thought to reflect a
practical limit for operation of suction pumps within STWs. The DTW cut-off point has been set at

a static water level of 10 m below ground level, since economic calculations suggest questionable
benefits at greater depths.

TABLE 1.3

Aquifer Development Classification

Shallow tubewells Deep tubewells
Class | Lithology Watertable Class | Lithology | Piezometry
S1 Good <5m D1+ | Good Artesian
D1 Good <10 m
S2 Marginal | <5m D2+ | Fair Artesian
D2 Fair <10 m
S3 Good >5m D3 Marginal | < 10 m
Good >10m
S4 Marginal | >5m D4 Marginal | > 10 m
S0 Poor Any DO Poor Any
Any North of 5 m limit
(drilling difficulty)

Source: GDC

1.6 Mapping

Hydrogeological data for the shallow and deep aquifer zones of the main Terai and inner Terai
valleys have been mapped at 1:250 000 scale and classified in terms of development classes. The

mapping is given in Volume 6, whilst a hydrogeological discussion of all Study Area districts is given
in Chapter 2.

Several practical issues arise in the classification and mapping process, for example:
- There are areas between proven expanses of "good" deep tubewell lithology for which there
are few or no data, and which have therefore been classed lithologically as "fair"; notable

examples occur in Rautahat and Sarlahi districts. Applying the principles of depositional
continuity, it might be considered reasonable to upgrade such areas, as was done in some
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In areas where there are no DTW data and depositional pattern "bracketing” cannot b,
considered, then a marginal lithological class has been used: this invariably leads to dowp.

grading to classes D3, D4 or DO. Yet a D4, and certainly a DO class, implies that no pry

development is possible in the area. (The SO shallow tubewell classification generally meang

that it is impossible to construct STWs, either because there is insufficient shaljoy,

screenable lithology, or because of drilling difficulties and deep water levels.)

- In the case of the DTW development classification, the DO class cannot fairly be equated
with the STW SO class. In the main Terai, there are no areas known where an irrigation
tubewell cannot be constructed (although in the less favourable areas, the tubewell designer
may have to use excessive drilling depth and screen to achieve a reasonable production
discharge, and then have to contend with very slow drilling due to boulders and cobbles;
this could not be justified for irrigation purposes, but might result in a very acceptable

source for a town water supply).

- Where the DTW classification system encounters cases where good and fair lithologies are
coincident with deep (>10 m) water levels, the areas have been effectively downgraded for
development by the use of the following modifications:

- "good"” lithology/deep water level: use class D3: and
- “fair" lithology/deep water level: use class D4,

) Finally, the problem remains of how -to fairly classify areas where defective well
construction may have depressed aquifer Parameters. A typical problem arises when a group
of DTW tests gives average (probably depressed) transmissivities in the range of 300 t0

2 : P
750 m*/d and sporadic transmissivity values of 1 000 to 2 000 m?/d. Yet in these areas,

descriptions of strata cut indicate that perhaps 25 t0 30 m of gravel or very coarse sand have

been screened. The formal classification will class thege areas marginal and generally D4,

e .. ¢

issivities outside the reference 1215
. . into

occurred) justifies moving the area’”

or even DO, for development; the occurrence of trang -
(and any suspicion that well construction faults have
a higher class.
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CHAPTER 2

REGIONAL HYDROGEOLOGY

2.1 Far Western Region

2.1.1 General

Sedimentation in the region has been dominated by deposition at the mountain front of alluvial fan
deposits by the Karnali River in the west and the Mahakali River in the east. This has had the effect
of extending Bhabar zone deposits across the Terai. Such areas are rated good for both STWs and

DTWs, although the area near the Karnali River has been down-rated for STWs because of drilling
difficulty which may require powered rigs.

Throughout both districts, there is a productive artesian aquifer between the major rivers. When

USGS test drilled the area in 1969 to 1972, it generally established fairly widespread permeable
aquifer material and artesian flowing heads of 6 to 12 m.

Subsequent DTW drilling confirms generally permeable lithology that will support productive DTWs.
Unfortunately, the artesian head has not been regularly monitored and we do not know if any
significant head declines have occurred since 1972.

2.1.2  Kanchanpur
Shallow Aquifer

The GWRDB/UNDP shallow aquifer programme drilled 15 STWs to an average depth of 32.3 m and
established that 44% of the cut section is useful aquifer material. Their test data indicated high
transmissivity values in the east, adjacent to the Mohana River and in the south to southeast border
region, in general agreement with reported coarse gravel lithology with a small fraction of clay and
fine sand. Although this area is classed good on lithological grounds, part of the area is downgraded
to Class S3 for development because of deep water levels in the shallow zone.

There are insufficient data in the west-southwest, and so the area is not classified.
In the centre-northwest region, there appears to be some lithological deterioration, with significant
clay-medium sand in the section (UN 7, UN13, UNG6); test transmissivity values from this area are

low, suggesting that there is a real lithological deterioration compared to the far east to southeast.
The area is classed as marginal in lithological terms.
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e drilling difficult while river bed shift and flooding would make well
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however, boulder-gravels
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ere roc : dﬂowlng artesian zone extends through central Kanchanpur; positive heads up to 10 m
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Howey G‘;V;Y the USGS drilling programme in 1971 although these may have since declined
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The UNDP drilled 33 wells, of average depth 26 m (range 10 to 56 m) in the shallow zone, and 32
were successful. Sixteen out of 19 had a discharge greater than 8 I/s, and 13 out of 19 had a discharge

greater than 12 /s, indicating a generally productive shallow aquifer with excellent potential,

Analysis of the UNDP lithological logs and test data suggests:

marginal areas for STWs in the central and southern border region, probably connected with

an increase in clay-fine sand in the shallow section, and showing transmissivity values
consistently less than 1 000 m¥/d; and

otherwise, a widespread occurrence of coarse, permeable material in the shallow section in

the west between the Khutiya and Mohana Rivers; these areas are classified fair on the basis
of lithology and test results.

In the southeast, in the area of Karnali River fan deposits, gravel-coarse sand lithologies are

associated with the highest transmissivity values. These areas are classed as good.

The area north of the highway is problematic as it contains gravel lithologies which support locally
highly productive STWs (UN30 in the northeast, UN17 in the northwest), but also several wells with

non Bhabar argillaceous/sand lithology. Because of the lithological variability, the area is classed
marginal.

The May 1991 GWRDB/UNDP water level map (based on STWs) shows that no deep water levels
occur and much of the area appears ideal for suction mode pumps. Only locally, near the southern
border and in the central north area around the Kanara River, do water levels at the end of the dry
season exceed 5 m. In the north border strip of Kailali, water levels exceed 5 m below ground (this
zone is classed S) to indicate that STW operation with suction pumps is impossible.

Deep Aquifer

The deep aquifer classification is made on the basis of the USGS exploration well data (from 100 mm
test bores) and from subsequent GWRDB exploration wells, some of which have been converted to
irrigation use by FIWUD.

The USGS data for 23 tests show average transmissivities of 672 m?/d with a range of 30 m¥d to
2 892 m%d. It is significant that the highest transmissivity values are from the east, in the zone
between the Pathariya River and the Karnali; this zone is classed good for DTWs, with a D1
development classification,

On the basis of the USGS and GWRDB data, the remainder of the area, the centre west, is classed
as fair (D2 development class) on the basis of high well specific capacities, and local occurrence of
well tests reporting transmissivitics exceeding 1 000 m*d; in the flowing zone, such areas receive
the D2+ classification,

70662BONGDO\BNTGR3-22 April 1994\wp 2.3



BT ies, de 4
fringe; COArse lithologie ¢p water leyg),
he northern slopment classificatj g
for the (D3, D4 developt alion),

n (D3,

Th specific test data o
ity s assificatio

- inal cl
drilling difficulties justify a marginal ¢

2.2 Mid Western Region

2.2.1 General

able for STWS. The Banke shallow zone jg genera”y

‘ highly suit :
T Sl y'll Banke, there are areas with deep, pre-monsogp shallow

i ; -east; in centr
marginal, except in the south-east; 1n al (classed $4).

X otenti

watertables and these have little STW development P
he sedimentar ;
Deep aquifer appraisal is based largely on USGS data. " genBCm‘llv. o Y Sequence i
i River in west Bardia,
dominated by alluvial deposition from the Karnali River 1n we é I
Banke; these rivers have deposited a thick sequence of coarse, pcrtnea NS 1IN the e
profile while areas between these two sources of coarse sedimentation tend to have deep aquifer

and the Rapti River j, east
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Over an extensive area of central and south Bardia and Banke, the deep aquifer has deep water Jeye

which result in low D4 rating for development.

2.2.2 Bardia

Shallow Aquifer

The May 1991 GWRDB/UNDP watertable mapping shows that overall, water table levels in Bardia

are extremely shallow; only in the extreme north of the district do levels exceed 5 m, with potential
dry season STW pump suction problems.

The UNDP investigations drilled 19 STWs, of average depth 39.6 m; these bores showed an average
permeable thickness of 39.6% in the shallow section. The UNDP experienced well completion

problems and only four STWs were pump tested because of field technical reasons. Consequently,
the results of this work give a most incomplete cover of the district

A re-analysis of STW lithological logs indicates that in much of central and west Bardi

a, lithology
and permeable thickness allow STWs to be installed; in th

¢ zone adjacent to the River Karnali,
s between 380 and 550 m?/d quoted by the

st Bardia, about th iver. All these
areas are generally suitable for STW development, being classeq S s e Man Riv
n ‘

lithology is coarse and correlates with transmissivity valye
UNDP. Similar materials and potential seem to exist in eq

on the a5 : . deep
water levels, the area is classed S3. Sumption of good lithology but
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In the south of the district, boreholes indicate lithologies dominated by clay, silt, fine sands or at best

S. Here, it is difficult for a STW driller to find 6 m of suitable
screenable material, The aren is classed, at bost, marginal (S2).

thin coarse sands, and gravel

Deep Aquifer

Data on the deep aquifer are entirely from the USGS cxploration programme of 1969-72, although

this programme constructed no boreholes in west Bardia. In the Far West, about the Karnali riverine
plain, there are no data, but by analogy with the Kanchanpur area, it is likely that this zone has thick,
permeable materials in the deep section. It is accordingly classed good for DTWs and D1 for
development; however, there may be other practical constraints to DTW construction here, such as
flooding, well protection and drilling difficulty. In west Bardia, USGS well 6/3 confirms very high

transmissivity values in thick permeable sediments, possibly associated with continuing sedimentation
about the Karnali River fan.

The high classification of these areas is modified to D3, in the south-centre of Bardia, to reflect the
depressed water levels found in the deep aquifer here.

In east and central Bardia, fine lithology restricts transmissivities (confirmed by USGS transmissivity
data in the low range 180 to 510 m?%d) and the area is classified marginal at best for DTWs (D3 for

development); in areas where this marginal class coincides with deep water levels, a very low D4
development class results.

2.2.3 Banke
Deep Aquifer
All DTW data for Banke is from USGS exploration work in 1969 to 1972.

In the south-east region, adjacent to the major southwards shift in the Rapti, a group of USGS
exploratory DTWs gave transmissivity values between 470 and 3 050 m%/d. Despite construction
techniques which may have reduced recorded transmissivity (100 mm casing diameter, 3 m screen),
these data suggest that the area be classed good to fair for DTWs. Elsewhere through Banke, the
wells show rather low transmissivities, in the range of 20 to 400 m?%d, and the area is classed as
marginal only. There are no data in the extreme southeast, south of the Rapti; the area is classed
marginal (D3) only to reflect a lack of data,

It is noted that the deep water level zone in Bardia extends through Banke almost m' the Rapti River
arca; water levels in DTWs often exceed 14 m, In arcas judged of fair or marginal lithology, such
deep water levels lead to poor development classes of D3 and D4 respectively. In north Banke,
artesian surface flows were recorded by the USGS work in 1969 to 1972, Until present head values
are known, the classification does not account for these artesian conditions,
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An analysis was made of the lithology of these project wells and of the Sflal‘lo_ | data from,
USGS wells. Classification was confirmed where possible by test transmissivity relsu ts, altho}‘gh
these are ambiguous because of poor construction and because development has almost certainly

depressed these values.
The analysis shows:

- shallow, permeable gravel and sands occur in the northwest, along the Man River; this area
is classed good for STWs;

- bores in the east and southeast near the Rapti River, with 90% permeable screenable
material (UN wells 10, 24, 23, USAID wells 1/5); thick sections of permeable sands and

gravels occur here, distributed about the curve of the Rapti River; these materials are in the
lithological class good and in S1 for development;

in central Banke, bores occur with no screenable material (UN wells 6, 17, 18, 4); sections
are dominated by finer sands and clays and bores: the area is classed

at best, marginal with
development Class S4; and

- in the northern margin of Banke, Bhabar zone material is discontinuoys often with thin

gravel horizons and some clays and fine sands. The area is classed marginal for lithology

S4, locally S2 for development.

The May 1991 watertable mapping, based on UNDP STW oObservation,

) _ shows that overall, watertables
in Banke shallow zone are extremely shallow; in one area,

northwest of the Rapti in north-central

) and will hence potentially cause STW
cations are reduced to S4.

Banke, water levels will exceed 5 m below ground level (bgl
suction problems. In these areas, STW development classifj
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2.3 Inner Terai

2.3.1 General

The inner Terai valleys of Surkhet, Dang and Deukhuri were formed by fold structures and faulting
within older, consolidated rocks.

The Dang valley, which consists of a highly dissected surface with terraces, is filled with bouldery
alluvial and eluvial sediments. It is characterised by deep water levels except in the Babai River
plain, and by difficult drilling conditions. Deukhuri is formed almost symmetrically about the Rapti
River, and much of the area consists of flat, alluvial valley bottom lands.

The Surkhet valley is bounded by folded and faulted older rocks. No major drainage lines cross
Surkhet, and the valley seems to contain only a very thin alluvial-eluvial fill.

Although Chitwan is classed as an interior Terai valley, its form is different. It is an extensive
alluvial tract formed by the coalescence of the braided channels of the Rapti and Narayani Rivers.
The area contains a shallow watertable and has thick, but locally cemented, alluvial deposits.

2.3.2  Dang Valley

Introduction

The groundwater system has the Babai River as a local base level; recharge input to the north of the
valley results in large water level fluctuations with subsequent falls as the sediments drain to the

river at high gradients. A deep water level zone in the north is coincident with large water level
fluctuations.

Recharge is mainly on the north edge of the valley through very permeable surface deposits; the
system discharges to the Babai and much of Babai base flow is from groundwater discharge.

The strata contains several permeable layers, locally separated by clay layers. In the north, the deep
aquifer watertable is generally deep (up to 30 m) sometimes with a 20 m annual fluctuation. In the
southeast of the valley, a distinct difference can be observed between the deep aquifer watertables
(apparently 50 to 70 m deep) and the shallow aquifer water level, indicating clear aquifer separation.

Shallow Aquifer

In Dang, older alluvial-colluvial terrace deposits are deeply dissected by tributary rivers running
south to the Babai River; typically there are rapid topographical changes between elevated interfluve
areas and the river channel. These landforms will control groundwater development, as follows:
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of average depth 29.9 m (although the
one since in northerp

The GWRDB/UNDP drilled 10 STWs in the Dang valley,
UNDP did recognise these well depths were inadequate to define the shallow z
Dang, water levels were greater than 30 m); drilling was often very difficult because of boulders and
cobbles. Upper section data from DTWs and STW lithological data showed that 48% of an average
STW would consist of screenable sand/gravel. Nine well tests were completed, while others suffered
from problems with the use of suction mode test pumps, poor measurement devices, and short test
times. Tests indicated generally high transmissivities from 18 to 5 670 m?*/d, from lithology described
as gravel and sand. Some of the low transmissivity (T) values were quite inconsistent with supposed
lithology and some wells may have been poorly constructed; alternatively, some of the low

transmissivity values may reflect cemented or conglomeratic gravels.

The transmissivity data and analysis of lithological logs suggest that much of the Babai plain and
centre-east Dang has adequate coarse sand-gravel lithology and will support STWs. The area is
classed good for STWs on lithological grounds.

While the Babai valley lands are classed S1 for STW development, it is inevitable that in deep water
level areas away from the valley and in the interfluves, it will be difficult or impossible anywhere
to construct suction mode STWs, even though shallow zone lithologies in Dang are classed good to
fair. Deep watertable areas are classed SO (development not recommended) and locally S3/S4
development class.

For much of the western area, data are lacking, although some low capacity STWs were constructed
near Bainsa. The area is classed marginal for STWs.
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Deep Aquifer

GWRDB drilled 17 DTWs in the valley, to average depths of 92.7 m, with screen set as deep as

108 m and typically set in the interval 40 to 95 m. Water levels in these wells are generally deep, up
to 35 m, apparently through the entire area and this will prove to be a constraint to DTW
development. Six of the DTWs were pump tested, and the UNDP reports transmissivity values in the
range 18 to 5 670 m*/d. The low T values are inconsistent with position and lithology, and must
represent major construction-test faults. We consider the more credible values to be those in the range
1035 to 5 670 m*/d and conclude that very permeable sands and gravels form a productive aquifer
which occurs at least down to 100 m depth. Conservatively, transmissivities over 1 000 m%d should
be widespread and hence, the central area is all classed as fair on lithological grounds; the north

fringe is classed marginal at best because of deep water levels; large annual fluctuations, and hard
drilling conditions.

These lithology - based classes are downgraded because of the excessively deep water levels and
hence the DTW development class generally becomes D4.

2.3.3  Deukhuri
Shallow Aquifer

The GWRDB/UNDP study drilled six STWs of average depth 29 m, and established that 53% of the
average shallow section consists of permeable sand and gravel; drilling was much less difficult than
in Dang, and manual methods are possible along the Rapti River plain. Ten STWs were tested (UNDP
and ADBN STWs), but testing was constrained by test pump suction and measurement problems.

While Pliocene-Pleistocene cemented conglomerate, sandstone and clays occur in the rocks of the
valley rim, the valley alluvium and colluvial deposits are of main interest.

Recharge is through highly permeable surface deposits to the shallow aquifer which then discharges
to Rapti base flow, which is perennial. The groundwater gradient is from east to west, as the river

flows.
In April 1989, most areas had water levels of less than 6 m depth, particularly in the Rapti riverine
belt where water levels are shallow. This picture is confirmed by water level observation maps for

May 1991 which show shallow water level regime along the Rapti River plain; deeper levels (6 to

8 m) occur southwest of the river.
However, the test data indicate generally very high transmissivity values as follows:

- project STWs T range 990 to 9 925 m?/d
- ADBN STWs T range 700 to 4 928 m*/d
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Deep Aquifer

An analysis of seven GWRDB DTWs was done. These have an average depth of 71 m, with Screen‘gf‘
usually set in the interval 30 to 55 m but occasionally deeper, below 100 m. All bores cut 5 ':

substantial thickness of permeable aquifer material, particularly gravel, but no test data were .
available. Nevertheless, it is concluded that the potential of the deep aquifer is fair; test drilling is 7.

needed to confirm this.

2.3.4 Surkhet

The Surkhet valley, an area of about 150 km?, is underlain by the Siwalik formation consisting of
quartzitic sandstones, siltstones, shales and brecciated limestone; rocks of this type also form a hill
in the centre of the valley. The valley fill apparently consists of deposits of alluvium, fan talus, and 1

colluvium which mantle the older Siwalik rocks.

The watertable in the valley is generally very shallow, and this shallow groundwater is exploited by
dug wells, for domestic and garden use, and by springs. A major spring (25 1/s) discharges in the
valley centre. Springs and river flow are used for irrigation. There are no irrigation STWs and no

DTWs.

A geological sketch map (after GWRDB (Uprety), 1985) is given which shows drainage, rock outcrop

and dip information; an interpretation of deep structure is given in an east-west geological cross
section. .

‘i
The area is seen as a bedrock valley developed in folded Siwalik sediménts, faulted along northwest- i
southeast and northeast-southwest lines. The drainage pattern in the area is probably controlled by ]
these fault lines; they may also be responsible for convergence of groundwater flow at major spring

sites.

Several field investigations have been made as follows:

geophysical (electrical resistivity and shallow seismic) survey in 1986: the results were
somewhat difficult to interpret in terms of aquifer occurrence, as no correlation borehole
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was available; they did however suggest that generally, some high resistivity material occurs

below 50 to 60 m depth; the recommendation was to drill deep exploratory bores to look at
the deep section;

- GWRDB exploratory shallow well drilling in 1986/87: four bores were drilled to the south
and southeast of the town, at Chilan Tal (69 m), Dayuti (55 m), and Tilpur (50 m); very
thin layers of permeable material were cut, but apparently, these could not be developed,
and aquifer potential was too low to justify casing and testing of the bores; the bore at
Mangal Gadhi (44 m) was screened in an apparently good aquifer layer, but excessive, rapid

drawdown in the bore caused the test to be abandoned; it was concluded that STWs were .
not feasible; and

- Nedrill drilled three 200 m deep exploration bores in the valley in 1991, generally south of
the town, at Bulbule, Budbude and Latikoili; the drilling was by the DC method, using
drilling mud weighted by barytes. The contractor noted very hard drilling in brecciated
material in some sections. Nedrill conclusions were:

- Bulbule: multiple water bearing formations between 66 to 135 m;
- Budbude: a shallow aquifer only, at 30 to 34 m; and
- Latikoiali: water bearing formation at 102 to 112 m.

Significantly, the Nedrill strata description mentions "crushed quartzitic sand associated with brown
shale”. This may be Siwalik strata, and not alluvial-colluvial deposits. The bore was screened 102
to 112 m, gravel packed and developed sand free by air lift at 2 1/s. None of the bores were pump

tested, possibly because of equipment constraint or because of perceived low formation permeability.
Our interpretation of the log of the deep exploration boreholes gives the following sequence:
- thin, recent alluvial-colluvial sediments (<10m);

- older, cemented and low permeability alluvium and colluvium, possibly ancient valley fill-
fan material (up to 100 m); and

- folded Siwalik sediments.

Siwalik rocks generally lack significant primary permeability, although fractures in the quartzite
members may locally enhance permeability; in general, these rocks do not support good aquifers. The
alluvial-colluvial materials in the valley floor may contain permeable sand and gravel but are
extremely thin. A simplified geological section is given on Figure 2.1.

Our conclusions are as follows:

- the evidence suggests a superficial layer (perhaps less than 10 m) of low permeability,
recent alluvial-colluvial material (A in the cross section) which is rather argillaceous;

70662BONGDOBNTGR3-22 April 1994\wp 2-11



d alluvium'couuVium (Ac in the Cross gq,..

. cllo
o sequence is generally afglllaceol,s’ - n)
1§

|
nce of up t0 100 m of oh
t

rmeability;

. below that is a seque

beds;
comprising gravel, sand and clay

w pe
cemented and appears also to have low p |
permeability siwalik rock (SSiSh-Fes); i the Neg.

. n
d phyllitic? shales at 199 B A:l
T At

- below this, there is evidence of 10W ed at 114 m an
bore at Budbude, black shales are 1088 t 106 m depth;
Bulbule, similar black shale is reported 2

"crUShed

2to 110 m at Latikoiali,
ikewise, the lithology reported in the screened zone gt :
B likewise, the li gy ik Stray.

W o low permeability Siwjy)
quartzitic sand associated with brown shale", is likely to be low p

. insufficient a0
The recent and cemented alluvial-colluvial deposits seem to have m- d: Si lp'irmeab”lly
ned; Siwa
to support pumped wells, but low discharge dug wells can be sustal X Strata gy,

. t DTWs;
likewise of low permeability and are unlikely to suppor

- although there is unlikely to be any significant groundwater p(.)tentlal in thlshvallejy, drilling,
well completion and testing have not been adequately carried out and there is g clear

reason why the DTWs were untested;
- Some supervised test work is needed to confirm the low potential; and

- On present information, Surkhet has a zero classification; it is considered that no meaningfy]
STW or DTW potential exists.
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Shallow Aquifer
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Figure 2.1

Hydrogeology of Surkhet Valley
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gravels cut in typical STWs and dug wells. In the south-east, near the Rapti River, boulders as well
as finer sand material were cut.

Re-analysis of the lithological logs indicated the following:

- a very typical profile is 2 to 3 m of clay upon gravels; boulders in this sequence usually

terminate drilling, particularly by manual methods, at 8 to 10 m; and

- in the south-east near the Rapti, 2 to 3 m clay overlie fine sands which pass into gravel-
boulders. These fine sands could give screening difficulties; otherwise, lithological potential
for STWs is as the rest of the area.

On lithological grounds therefore, the whole area is classed good for STWs and S1 for development;
the quoted transmissivity values allow 15 I/s STWs to function with acceptable drawdowns. Water
tables appear shallow almost everywhere, less than 5 m. In one area only, southwest of Bharatpur,

depths to water seem to exceed 6 m (September 1992 UNDP data).

Deep Aquifer

There are few DTW data for the area, but by analogy with the shallow zone, it is likely that
sedimentation by the Rapti and Narayani Rivers has accumulated a sediment pile containing
permeable materials in deep sections. This conclusion is supported by data from an untested 100 m
tubewell at Bharatpur (NCDO1; approximately Universal Transverse Mercator (UTM) 247 000, 3 065
500), in which over 85% of the section was screenable material.

The area is tentatively classed as having a marginal lithology and D3 class for development; some
exploratory drilling is needed to confirm these classifications.

24 Western Region
24.1 General

This region has several features which allow a good understanding of aquifer conditions, since the
area was test drilled by the USGS in 1969-72, and this work formed the basis of major later projects,
the Bhairahwa Lumbini Groundwater Irrigation Project (BLGWP) and that is the GWRDB/Kapilvastu
Tubewell Project (KTP), under the International Development Association (IDA) Irrigation Line of
Credit (ILC).

The area contains some of the most permeable aquifer material encountered in the Terai, in the

BLGWP Stage I area, and in addition, the area contains an extensive artesian pressure aquifer which
extends through the three districts.
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system as two aquifer layers separated by an aquitard. 4

2.4.2 Kapilvastu

Shallow Aquifer

In Kapilvastu, the GWRDB/UNDP shallow aquifer study drilled 23 STWs of average depth 50 m, 1
Thirty-two per cent of the average section consisted of coarse sand and gravel. The UNDP mentions ‘
that some of the STWs had construction faults, including screen design, poor well development and ‘"':;
screen blockage. It also experienced problems with its well test programme; some test results were |

unusable. It concluded that the shallow aquifer in the west was marginal (and had no deep aquifer).

in the northwest indicate moderate

m%d. STWs have generally been
successful here, despite construction faults. Likewise in the Va

Iwad cluster in the northeast, tests
indicate moderate specific capacities and average transmissivitie

s of 518 m%d. Water level mapping

indicates that dry season water table levels exceed 5 m only in the northern fringe of Kapilvastu.

The centre-south has therefore been classified as marginal lithology (S2 for development), and the
northeast and northwest as generally good (development classes S1,0rS3in deeper watertable areas).

These areas are therefore classified fair for DTWs. In the

development classification, such areas,
where coincident with the artesian zone, are classified D2+
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Deep Aquifer

The USGS data and the GWRDB K series boreholes indicate that no useful deep aquifer exists in the
west of Kapilvastu; the K series DTWs indicate that transmissivities are generally below 500 m?/d
and sand percentages are apparently around 10 to 23% in the 0 to 150 m range. This would be
mapped marginal at best (In the 1987 work, no DTW potential was ascribed to this area.
Transmissivities were indeed low, but this is thought partly due to poor construction and
development). However, results from the ILC work at Shivagarhi suggest that the northwest should
be reclassified fair for DTWs; and the west-southwest as marginal.

In the northeast-east of the area, we have some ILC data for MTWs and DTWs in the Valwad and
Kopwa clusters. This indicates that Valwad has a moderately productive deep aquifer, with average
transmissivities of 970 m’/d; however, the DTWs at Valwad may have construction faults which have
depressed the transmissivity values. At Kopwa, MTWs indicate an average transmissivity of 654 m?/d
(range 300 to 1 000 m*d). Small head artesian flows occur in both the Valwad and Kopwa clusters.

On the basis of the ILC data from Valwad and Kopwa and USGS mapping, northeast and east
Kapilvastu is classed fair for DTWs.
2.4.3 Rupandehi
Shallow Aquifer
The UNDP STW study drilled 26 STWs of average depth 47 m and proved 38% permeable material
in the average well. The UNDP transmissivity results are consistent with reported lithology and
suggest the following classifications:
- in the west-southwest about the Kothi River, low formation transmissivities are coincident
with an area of low STW density (picked from mapping/census done by the consultants,
United Designers); the area also has a lithology with a high clay-fine sand content; the area
is classed marginal for STWs; and
- the central north area is classed good (S1 for development), ds it contains coarse materials

with high permeabilities and has shallow watertables; it encompasses Stage I BLGWP area
and the Butwal area in the Bhabar zone; peripheral transmissivity reduces.

Deep Aquifer

Drilling and construction of production wells in the BLGWP allow us to classify the majority of the

Rupandehi area.
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2.4.4 Nawalparasi

Shallow Aquifer

During the UNDP field studies, 17 STWs of average depth 33.7 m were drilled; they proved that 48%
of the average borehole section was permeable material. Subsequent pump testing of eight wells was
unsatisfactory because of screen development problems, and difficulties with the centrifugal suction
test pump, which may have depressed field transmissivity results. Analysis of the UNDP field results
and reported lithology shows that the area southeast of Nawalparasi, towards the Narayani River, is
good for STWs; in the Narayani riverine plain, however, drilling is likely to be difficult in bouldery
conditions. Similar conditions occur in the adjacent area of the ILC Jahada cluster, which indicates
coarse screenable sediments, with issiviti i

10 I/s. This area is also, on litholog::lr:f:u:::SZ;Z?:::CSST(::’500 idand A
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Deep Aquifer

Information is available from GWRDB and from the ILC programme. In the Jahada cluster, MTWs
(of 56:m av.erz'lg-e'depth) have been built; specific capacities are rather low (about 2.6 1/s per metre)
and nansm‘mswmes around 300 m*%d. DTWs at Sunwal (average depth 121 m) are more indicative
with specific capacities of 6.8 1/s per metre and average transmissivities of 780 m%d. Conversely, the
USGS data does however indicate a rather low percentage of permeable material: 15 to 23% for the
section 0 to 150 m.

The area is therefore classed as all above marginal for DTW's except in the northwest where Sunwal
data suggest good to fair potential for DTWs (development class D1+ and D2).

2.5 Central Region
2.5.1 Parsa
Shallow Aquifer

Information on the shallow zone is available from STWs drilled by the UNDP shallow aquifer
programme, by NZIDP, and by JRCS. In addition, Biswakarma carried out a STW inventory.

Data for the 25 UNDP STWs is unreliable; most have extremely low specific capacities, inconsistent
with the stated thickness of permeable material in the well (UN 2; 6 m screen, 11.8 m permeable
thickness, SC 1.63/UN10; 7.6 m screen, 19.2 m permeable thickness, SC 1.57). The exceptions are
in the north-centre area where STWs have high specific capacities. These results must be controlled
by construction faults/development and test form, and do not give mappable numbers. Nevertheless,

an attempt was made to classify using specific capacity and lithology.

On this basis, the south-southeast is classed as, at best, marginal since drillers might have difficulty

in finding sufficient sand or else the formation is generally of fine medium sand and difficult to

screen.

The central zone is all classed good on lithological grounds, but towards the northern margin of the

district, there are reports of increasing (hard) drilling difficulties, and the area is classed marginal.

Watertable mapping is available for May 1990/91. It shows that no deep water levels were recorded

over most of Parsa; only in the extreme northeast and in the forest are pre-monsoon watertable levels

likely to exceed 5 m.

2-17

70662BONGDC\BNTGR3-22 April 1994\wp



Deep Aquifer

. . -”):
DTW data are available for an east-west zone across central Parsa; they consist of test data from Sy,

GWRDB wells and three NZIDP wells which are of depths between 100 to 150 m.l AW?OUgh wa hdi;_f'
W specific capacities and transmissivity valyeg 3
2/d); reported test yields are hig (al

5

no lithological data for the cut section, DT
generally high (transmissivities in the range 1500t02 400 m

over 60 1/s). ,

In view of these data, the east-west zone across central Parsa is classed good on lithological gTOUndgj
(D1/D1+ development classes); elsewhere, there are no data and the areas are classed fair (i.e., thé; |
southwest corner). We lack data to fix the northern boundary, but the approximate limit of Bhab'ar?
sediments was established on drilling evidence. Any DTW lithology north of this is classed marging]
(and hence D3/D4 development class) because of drilling difficulty and low aquifer saturation ratherf),

than on strict lithological evidence.

2,52 Bara
Shallow Aquifer

The UNDP shallow aquifer study of Bara proved that about 40% of aquifer material can generally
be expected. They also showed a lithological deterioration to the southwest (Balrampur UN19) where ;
the section is very argillaceous suggesting a poor to marginal lithology. Pump test data indicate that
moderately high transmissivities occur in permeable Bhabar sediments, in wells close to the highway,
and fairly high transmissivities in coarse alluvial sediments derived from the Pasada Nadi River.

Conversely, low capacity wells at the southwest border region reflect poor lithology.

Watertable maps are available for May 1991. The network is sparse in the north-northeast, making
contouring difficult. However, two other points, at Simara in the northwest and Nizagarh in the
northeast-east indicate very deep water levels (about 15 m); these are consistent with the Biswakarma
census which describes no STWs in the area. Other reports indicate severe drilling problems in this f
area, including very hard drilling and very deep water levels. The northern area is classed poor in
lithological terms, at best marginal; the deep water levels suggest development class SO.

In summary, the central zone of Bara has good potential for DTWs and an S1 development class
(although locally, deep water level areas occur and reduce development class). The shallow aquifer ,”";'
deteriorates to the southwest, towards the Birganj-border region, where it is at best marginal (D3 for
development, D4 where the watertable exceeds 5m). Conditions in the northern, Bhabar zone, are
marginal for both STWs and DTWs. Certainly, machine rigs would be needed to drill in this area. -
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peep Aquifer

Both GWRDB and NZIDP-Birganj DTWs h
typically 53% (range 39 to 749

ave been drilled in the area. The NZIDP data shows that
) of the section 50 to 150 m is screenable and test transmissivities
average 1474 m%/d. On the basis of T values and lithology, most of the area is classed good (locally
fair in the southeast). The northern boundary of good DTW conditions is drawn just north of
Pathlaiya near the King Mahendra (East-West) Highway, where there is a successful 95 m DTW.

Northwards, the area is classed marginal and this class, with deep water levels, leads to a D4
development class.

There is a significant area in southeast and south Bara with depressed water levels in the deep

aquifer; on the grounds of a pumping cost penalty, this leads to the reclassification of otherwise good
DTW areas there to D3 and D4 development categories.

Piezometric levels in the DTWs are generally in the range 4 to 6 m bgl but locally, in the area
southeast of Kalaiya, water levels justexceed 10 m bgl. Artesian flows are uncommon but a flow was
recorded at Phattepur, north of Kalaiya; this is marked on the map as a small flow zone.

2.5.3 Rautahat

Shallow Aquifer

Lithology and well test data derived from the UNDP shallow aquifer study indicate the following:
- 39% of the average STW is screenable (an average well is 29.2 m deep);

- rather thick sand-gravels occur in the southeast border region and adjacent to the Bagmati
River: associated with high transmissivities and classed good for STWs (S1 for

development);

- clay rich shallow section in the southwest area: classed lithologically marginal, and S2 for

development; and

- coarse but variable lithology north of the highway, in Bhabar zone and to the Siwalik-Terai
boundary; with locally high transmissivities; classed as marginal only (and deep water levels
and drilling difficulty (difficult with machines and impossible with manual rigs) suggest SO

development class).

Watertable levels for May 1991 are almost everywhere less than 5 m in Rautahat, except in the

northern fringe where water levels may exceed 10 m in May.
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254 Sarlahi

Shallow Aquifer

The UNDP shallow aquifer survey drilled 20 STWs (average depth 31.4 m) in Sarlahi and establjgp,,

that over 50% of the shallow section consists of screenable aquifer material. Unfortunately, few

reliable tests were carried out to confirm the lithological data. Analysis of the test data ang STwW

lithology generally allows the following subdivision of the shallow aquifer:
- finer lithology and lower transmissivity values in the southeast towards the border and

Hardinath River: classed as lithologically marginal and S2 for development;

- in much of the centre-west of Sarlahi, higher transmissivities are consistent with high
aquifer percentage (locally less than 65%): classed as good lithology for STWs and S1 for

development; and

- in the region of the highway and north, the shallow aquifer lithology is classed marginal as
the area is difficult to drill and is bouldery, although there seems to be a high aquifer
percentage; here, the shallow aquifer has a low development class (S0) to reflect pre-
monsoon water levels greater than 5 m and the difficulty of well completion.

The shallow watertable configuration, derived from May 1991 data, indicates generally shallow water
levels, except in the north-centre,

Deep Aquifer

DTWs built along the Mahendra Highway to depths of 70 to 110 m, exhibited low transmissivities

(<350 m?%d) and a deep static water level (SWL) which ¢xceeded 15 m everywhere. This zone ¢
therefore be classed marginal for DTWs and D3 class for development

There are also 13 DTWs in the south-southeast: these have water levels below 10 m but have high

transmissivity, usually exceeding 2 000 m¥/d. The whole arej s classified as lithologically good and

D1 for development.
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In central-west Sarlahi, there is an absence of data; the area is classed fair on the basis of the

lithology of contiguous areas.

There are no artesian flows reported in the district, but it is likely that a westwards extension of the

Mahottari artesian zone occurs in the ¢xtreme southeast,

2.5.5 Mabhottari

Shallow Aquifer

The UNDP drilled 15 STWs, of average depth 38 m, and established that between 30 and 40% of
permeable material existed in the shallow zone. Transmissivities from nine STW tests were low and
ranged from 130 to 320 m?/d. Analysis of shallow zone lithology shows thick, permeable material in
a central zone and towards the northwest: this is classed as good for STWs.

Northwards, boulders are encountered and the area is downgraded to marginal for STWs (S2 for

development); further north, dry season watertable levels exceed 5 m and STWs are not possible; the
area is graded SO for development planning.

In the southeast (into Dhanusha) and southwest, there is a significant lithological change, to fine
sands and clay section with little gravel or coarse sand. This zone has only between 5 and 15 m of
aquifer in the top 40 m and must be classified as having marginal lithology; however, conditions for
manual tubewell construction are reported to be good.

Deep Aquifer

A zone of deep water levels in the deep aquifer extends through north Mahottari into north Dhanusha
while an artesian flow zone exists in central Mahottari, and extends through Dhanusha into south
Siraha.

There are data from DTWs (JADP M series wells) in the north-centre coincident with the zone of
deep water levels. This group of wells shows generally high transmissivities, which average over
2 000 m%*d (range 570 to 4 750 m%d) for discharges between 20 to 50 1/s. These data indicate good
potential for DTWs. For purposes of development, these areas are variously classed D1, D1+, D2 and
D3 to reflect variations in water level and the position of the artesian zone.

The rest of the centre-south, much of which is coincident with the artesian zone, is classed as fair,
and D2+ for development; although transmissivities are less than 500 m?¥d (only exceptionally
reaching 1 000) there is thought to be some underestimation of formation parameters by poor

construction,
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DTW completion difficult.

2.5.6 Dhanusha
Shallow Aquifer

Lithological and well transmissivity data from the GWRDB/UNDP shallow aquifer survey indicy,

that most of Dhanusha has excellent shallow zone lithology, except for an ill-defined area in the south
centre,

Well tests by the UNDP showed a wide range in transmissivity from 200 to 8 000 m%d ang y,,
yields between 5 to 15 I/s. While faulty well construction is probably responsible for some of the

low transmissivity values, the data are taken to generally indicate a p srngalicHaon Zone classed
S1 for development.

In the north, many sections show gravel and coarse sand, yet at some points, non Bhabar materiy
(clay, fine sand) dominates the section; these areas are classed as having marginal lithology.

A change to fine sand-clay lithologies with much lower transmissivities can be seen in the soyth-
centre zone. The area is classed marginal for STWs (and S2 for development).

The UNDP development map classes the whole of Dhanusha as "probable area of shallow irrigation
wells". However, they seem to define a well adequate for irrigation if it produces "3 to 5 1/s or more".

This definition is too broad and would lead to classification of almost every part of the Terai as a
"probable area of shallow irrigation wells".

The watertable in Dhanusha is everywhere shallow.

Deep Aquifer

The DTW data generally indicate well transmissivities less than 1 000 m?/d which would normally
demand a marginal classification. However, because well performance may often be reduced by
construction faults, the centre-southwest has accordingly been classed fair and D2+ for development.

Marginal areas are:

5 the southeast where there is evidence of lithological deterioration from data in Siraha:
classed as marginal lithology and D3 for development; and
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a zone of deep water levels (greater than 30 m bgl) which occurs in the northern area
centred on the King Mahendra East-West Highway and extends to Mahottari, in Dhanusha,
this belt of deep water levels seems to coincide with marginal lithology for DTWs, which
leads to a poor development classification of D4,

An extensive zone of flowing artesian conditions can be traced through Mahottari to south central
Dhanusha and into the southwest of Siraha.

2.6 Eastern Region
2.6.1  Siraha

Shallow Aquifer

The UNDP tested 16 STWs and established a transmissivity average of 670 m?/d (possibly depressed
by defective well construction). Higher values occurred in the areas judged good on lithological
grounds. Values greater than 500 m?/d are generally found only in the area judged lithologically good.

An analysis of lithological and pump test data derived from the UNDP shallow aquifer study, showed
that the majority of north and central Siraha contains coarse permeable sediments which would
support STWs and would be classified good (and S1 for development in shallow watertable areas).
Some of this coarse material seems to be a fan deposit of the Kamala River.

On the south border region, there is a distinct deterioration in formation quality to sections rich in
clay and/or fine sand. This area is classed as marginal on the basis of lithology and either S2 for
development or S4 in the deep watertable area on the border.

A STW census by East Consult indicates generally low STW densities north of the highway and the
change to generally low STW numbers is taken as the northern boundary of good conditions: beyond,
STW drillers will encounter deeper water levels and boulders, and the area must be considered

marginal.
May-June water levels reported in May 1991 are generally less than 4 m bgl, but locally exceed this

along the northern boundary, north of the road. On the southeast margin, adjacent to the Indian
border, there are other areas which commonly record water levels greater than 5 to 6 m bgl.

Deep Aquifer
The following conclusions were made on DTW potential:

- much of the area north of the highway is a difficult drilling area for any rig type; fine sands
in section, and thin permeable layer in section, make DTW completion difficult; and there
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2.6.2 Saptari
Shallow Aquifer

The fan sedimentation of the Sapti Kosi River, and to a lesser extent, the Bhatiwaian River,
dominates the hydrogeological system. Coarse fan sediments dominate both the shallow and deep

aquifer zone.

UNDP field work established lithological sections in 31 STWs of average depth 39.2 m. For all the
UNDP wells (plus some shallow section data in DTWs), a high proportion, 46%, was screenable.
Sixteen STWs were tested to give a transmissivity range of 100 to 8 000 m?*/d and well yields of
5.0 to 15 1/s. Almost all transmissivity values greater than 500 m?/d were from STWs in areas of
coarse sands and gravels. Correlation between well log descriptions and test results was good.

Analysis indicates the following:

- coarse sand-gravels in the southeast margin area and in the west are of lithological class
good;

: rather mixed, fine lithologies with gravel strings in the north suggesting Bhabar type is
absent; and

- elsewhere, lithology is marginal for STWs.

development; ¢.g. land and flooding. Development class is $1, or 83 in deep watertabl
’ Wwatertable areas.
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Water level data for May 1991 indicates that pre-mon

. soon water levels reach 5 m bgl along the
northern fringe and in one area south of the district

Deep Aquifer

Deep aquifer data are scarce but we know that much of th
drilling area; fine sands in the section m

¢ arca north of the highway is a difficult
ake DTW completion difficult, There are several failed wells

small aquifer percentage. Water levels are generally deep (18 to
30 m bgl). Since transmissivity information is absent,

Development class is D3 at best, possibly D4

here. Some of the wells report a

we must classify, at best, as marginal.
as water levels deepen towards the north. In the east,
along the Sapta Koshi and to the southeast, there are wells locally with high aquifer percentages and
high specific capacities. Neglecting values which cannot be reconciled with lithology (ER3, 5, 6),

transmissivities are in the range 350 to 1 077 m¥d. Optimistically, the area is classed fair, D2 for
development,

There are no data in the southwest but by analogy with adjacent wells in southwest Siraha (T values
300 to 550 m?*/d, Sc 2.5 to 5). The area is classed marginal only.

2.6.3  Sunsari
Shallow Aquifer

As in Siraha, coarse alluvial fan deposition of the Sapta Koshi dominates aquifer occurrence here and
in the southwest of Morang. This thick alluvial section contains a high percentage of coarse
screenable material (UNDP established 56% from its STWs) which gives high transmissivities to
STWs.

Lithological analysis of 17 UNDP STWs indicates widespread occurrence through Sunsari, of coarse
screenable material in the shallow zone. Gravel and coarse sand lithologies are common. These areas
all have good lithologies for STWs. Test results in the shallow zone indicate that very high
transmissivities are common. For 10 tests, average transmissivity exceeded 2 000 m?/d, while the
range was 313 to 4 300 m%d. In the case of lower transmissivities, UNDP implicates formation
damage and incomplete well development as the cause of these low values in the well. These areas
of good lithology have a S1 development class except in the centre-north where dry season
watertables exceed 5 m and lead to a S3 classification. Some practical constraints exist however. In
the riverine plain of the Sapta Koshi, bouldery conditions make drilling by any method difficult;
locally, measures would have to be taken to protect well heads from flood.

In the centre-east of Sunsari, about Khanar, these coarse fan deposits are reduced and the percentage
of clay and medium-fine sand in section increases significantly. Either no tests were carried out or
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In these areas where water level exceeds 5 m bgl, the lithological classification is downrateq,

In the northeast, artesian flow is recorded, even from a pore of shallow depth (44 m). This jg ,,

extension of the artesian zone of Morang.

Deep Aquifer

Data from 14 GWRDB DTWs indicate generally moderate transmissivities (average 688 m?%d in the
range 105 to 1 000). Some of these low transmissivities are probably depressed by construction
problems. Because of the influence of Sun Koshi fan sedimentation, lithology in DTWs seems
generally to mirror the shallow zone, and the whole area is classed as fair for DTWs. This generally

leads to D2 development class.

There are no DTW data for the east fringe area, but by analogy with the shallow sedimentary section,
we assume some deterioration in lithology, and class the area marginal and D4 for development.
2.6.4 Morang
Shallow Aquifer
An assessment of lithology and transmissivity values from the UNDP test STW programme indicates
that there is invariably 6 m of screenable coarse sand-gravel in the 0 to 25 m shallow zone although
some lithological deterioration may occur in the centre-west around Pothiyahi

i,
Allowing for screen/construction problems which certainly depress transmissivity (T) values (at

Salakpur, the project well T of 261 m%d is near an ADBN well with T of 2 793 m?/d, in similar
lithology), there seems to be a moderately high transmissivity overall. For a 19 well sax’nl’le
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. 6 have T < 1 000;

- 8 have T of 1 000 to 2 000; and
. S have T > 2 000.

It can be concluded that almost the entire shallow zone south of the highway is classed good on
grounds of lithology and transmissivity, and S1 for development.

There are no data north of the highway except for a STW census mapping by United Designers,
1989; their work indicates that there are almost no STWs north of the highway. Accordingly, the area
has to be classed as marginal for STWs, and D4 for development generally.

For May 1991, the UNDP monitoring established shallow water levels everywhere; no stations
exceeded 3.5 m bgl; in many areas, large evaporative losses must occur from the very shallow
watertable (and hence STW intensive development might have a benefit in watertable control). May

1988/89 water level data however show a small area where depth to water is greater than 5 m in the
west-northwest.

Deep Aquifer

The deep aquifer database is from 16 GWRDB drilled DTWs and five other DTWs, some of which
may have been drilled by the Koshi project. These wells were all drilled south of the highway.

In the northwest and centre, several DTWs have small positive heads which allow delineation of a
flowing artesian zone (possibly continuous with the artesian zone in Sunsari). In this area, heads are
small and may rapidly fall as wells are discharged.

It appears that the area is not well connected to recharge areas in the Bhabar zone and is of local,
rather than regional importance.

The data indicate that, over much of the district, a high percentage (52%) of the deep section is
screenable material, while higher aquifer percentages seem to occur in the west and southwest, where
the Sapta Koshi has contributed coarse fan material to the section, and in the northeast where coarse
fan material from the Ratuwa River, has entered the section.

Generally, transmissivities are in the range 10 to 900 m%d, while locally these may exceed
1 000 m?*/d. However, there are insufficient data to precisely class the area, so the district is therefore
classed marginal for DTWs (hence D3 for development), except for areas of possible fan material,

which are classed as fair.
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s only in the extreme north of Jhapa, in the

therefore classed as S1 for development purposes. Iti
Bhabar zone, that deeper water levels and possible drilling difficulties reduce the development class

to S2/S0.

Deep Aquifer

Information on the deep aquifer zone is derived from 16 GWRDB DTWSs scattered over the district,

and also from recent data from 15 exploration boreholes drilled by JICA in southeast Jhapa.

The GWRDP bores, which were up to 130 m deep, indicated only moderate transmissivities (average
660 m?/d, range 45 to 1 750 m?/d, at test discharges around 40 I/s; these data would indicate marginal
conditions for DTWs. The JICA data are more complete although restricted to the south-southeast of
Jhapa. It tells us that there is apparently an exceptionally high percentage of screenable material in
the section (quite atypical for the Terai and possibly affected by sampling bias), even down to 250 m,

as follows:

interval 0 to 50 m, average 65%;
interval 50 to 100 m, average 59%;
interval 100 to 150 m, average 53%;
interval 150 to 200 m, average 56%; and
interval 200 to 250 m average 69%.

The JICA boreholes were screened in this section at different depth int Is. b n 57 man
L . ervals, betwee
248 m, and there 1s .a clear trend of decreasing permeability with screen setting depth However
average permeabilities are around 25 m/d, range 10 to 66 m/d ang ing P. ..Vi[ies =
average transmissl
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930 m*/d (range 300 to 2 700 m%d). These data indicate a deep aquifer of moderate productivity
which is classed fair on transmissivity grounds.

The apparent discrepancy between the GWRDB and JICA data sets may be due to different
construction practices. In this respect, the JICA results are considered more reliable.

Accordingly, the aquifer is classed fair (D2 for development), except in the north margin where data
are lacking (lithology classed marginal, hence D3 or D4 in deep water level areas) and in the west

about the Kankai River, where the data are also poor (lithology classed marginal, D3 for
development).

There are no data on heads in the deep aquifer, although some artesian flows are reported.

2.7 Artesian Aquifer Head Decline

Artesian head monitoring has been carried out by the BLGWP in Rupandehi and in eastern Kapilvastu
since 1975/76 at observation points on the margin of, and within, the BLGWP tubewell irrigation

areas. The records from 12 boreholes are shown in Figures 2.2 and 2.3. These are distributed as
follows:

- seven from the BLGWP Stage I area (W/38, W/34, W/42, W/63, W/57, W/40, W/39); since
this area is in production, all piezometers may be affected by pumping; W/38 in particular
appears to be a production well used for piezometric observations;

- two from Stage II-2 areas (R1/2, R2/1); and

- three from south of the BLGWP area (R2/9, 5/2, 5/5).

The detailed abstraction history of the area cannot be reconstructed from the available records.
Pumped abstractions have progressively increased, but there is no usable record of abstractions since
the start of production while uncontrolled free flows are not measured. Abstraction history cannot

therefore be reliably correlated with the piezometric record.

The piezometers 5/2 and 5/5, since they are most distant from the production area and have the
longest record, are thought to be most representative of the behaviour of the system. They generally
show a head decline of 9 to 10 m since 1971, when observations started following the USGS drilling
programme. The decline consists of an initial rapid but exponentially decreasing head decline in the
period 1971 to 1981, possibly reaching a near equilibrium state (roughly corresponding to free flow
discharge from an increasing number of DTWs). An increase in pumped abstractions through 1983
to 1993 has probably been responsible for a further decline to a new equilibrium level, and for the
last 3 years, heads have stabilised at 0.5 to 1.7 m above ground level (agl).
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Figure 2.2
Terai Deep Aquifer BLGWP : Head Data
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Figure 2.3
Terai Deep Aquifer BLGWP : Head Data
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TABLE 2.1

Terai Aquifers : Chemical Analysis
(ions, mg/lit)
Well ) Depth to i) I)“'rom Tow  Calc EC pH SAR HCO3
Zooe Nr Location Due  Aqufy F G Mg NaeK HOO3 Sod  Q 003 ‘s‘:ﬁ: H‘c'.d’c':)'; ki Had
Bberi I 1Ppabawa  RbT3 341 o001 107 1 192 £ac03
e 1?7 2Dupuwa  MarT3 125 001 6 13 s NL 8 o0 316 269 271 157 2711 190 - -
erer 4 4 Halbaldok w623 000 91 ) ; M NL 6 o0 552 24 U4 U3 466 8.10 006 -
Bberi IS 5 Kamdi MuT3 143 004 20 41 3 356 NL 6 1 406 44 46 261 426 850 008 030
in 11 7 Manda AT 8 W e NL 5 o 22 218 219 269 488 730 034 031
e 8 8Uds M3 @7 om0 2 1 8 2 NL 6 o 398 pr>) 223 346 683 800 1359 246
Bheri 21 1Jamonaha Dec™2 1247 000 8 41 99 407 zg 3.0 208 106 104 141 255 850 060 074
Bhai 23 3PaTmC. JuT 430 080 3§ 3 8 o o 3826 642 187 189 372 918 890 395 369
Bhesi 26  6PoliceTmCr. Jan-73 994 000 6 1 124 458 28 2: 4 340 148 148 267 569 860 026 266
Bhesi 28 8 Ranjha 1073 7 2% s 44 g 2 872 168 171 444 979 800 485 548
Bheri 29 9 Amy Camp Ranjha 466 40 30 137 64 p ‘7 10 sS04 196 124 339 598 850 1.12 463
beti 211 11 Kohalporwa  Feb73 2103 o 0 646 m 223 503 738 720 149 559
B . 000 12 2 91 314 29 11 0 34
v 212 12 Thukak DeeT3 1280 3 iz sy s 104 116 257 488 820 236 282
ety W1 1SmikGaon Nov?3 433 3 Na® iy ap g, oA 0 384 316 314 318 523 70 - 002
ovir W 3Odmpa AmT3S S82 o 0 704 202 201 472 837 750 142 542
x 00 29 22 186 64 S8 6 0 59

Bheri ¥4 4 AgriFam Feb-73 305 0.10 8 21 216 656 33 162 163 495 1025 8.10 546 6.64
e 35 S AgriFam Rb3 930 % 2 [ et 9 56 722 108 106 630 1175 9.00 934 862
Bheri 8 8 Modaha Mar73 579 001 8 o . 216 NIL g g ;gg 2% 50 W 5 to0 oo

! 410 10 Amokia Mo 220 220 190 326 850 001 -
Bberi 70 004 15 22 60 34 NL 5 o0 430 126 28 7
Bhos 1 1 Kanthpar AmT3 1158 & T e N 5 b 1 1 249 513 790 227 242
Bberi 42 2 Damh Ap-73 1085 000 40 20 8 440 NL 8 0 616 182 W % & oo s 357
Bberi &5 5 Dhakcha Apr13 381 23 3% 3 320 NL 6 0 35 88 W ai S Té 1% 147
Pad 1 1 My 150 001 95 o . o NLo§ 0 . ::5‘1 ;:9 262 569 760 139 14
Bberi 57 2 Belbhar May-73 792 13 19 19 162 8 14 220 143 35§ by 539 ;ig oot 062
Bber 5/4 4 Belbhar Jon73 695 060 76 0 36 242 11 6 0 280 190 190 1o 23 8 ggn 0.18
Bheri SIS 5Jabdahawa  Jun-73 823 000 23 28 95 450 NL 8 0 466 174 173 ;?2 gs 713 19; 393
Bheri @ 1Tl Jn73 814 000 2 21 4 20 NL 9 6 138 141 243 850 092 037
Bhes 63 3Bdom M3 789 005 49 2 %6 2 18 8 0 34 2 I 24 AW 180 035 -
Bheri May-73 683 008 29 2 19 24 2 6 4 220 264 163 264 331 840 001 0.6

. 0

SevMah U1 1 Durgali May-74 152 000 81 2 45
M 21 IBhammi  Mydd T8 001 3% % 5 4§ 0 o 1% 185 8 53 550 14 220
SetMah 22 2 Joshipur May-74 418 004 69 | 62 38 29 10 0 244 178 176 261 4% 170 063 182
SevMah 23 3 Semd May-74 671 000 64 26 53 410 37 8 0 308 270 267 3% 600 750 041 139
SeUMah 24 4 Semri May-74 180 000 101 24 37 454 43 8 0 500 350 351 3712 38 780 442 497
SeuMash 26 6 Sems May-74 402 001 88 14 S8 446 21 9 0 336 280 M %6 600 750 028 17
SevMah  3/1  1Basante Jun-74 472 001 42 1S 93 34 32§ 0 19% 166 167 323 s0s 750 133 313
SevMah 32 2 Kaunipor Apr-74 396 002 4 6 74 314 24 10 0 240 136 135 257 400 780 113 246
SevMah 33 3Bijayapwr  May-74 838 000 59 0 76 334 20 13 0 248 148 147 274 480 770 153 253
SeUMah 35 5 Sisaiya Apr74 1753 001 57T 2 79 340 24 9 0 254 150 151 284 487 750 129 257
SevMah 37 7 Sisaiya May-74 171 000 44 20 39 208 18 9 0 270 190 192 244 384 790 - 103
SevMah 38 8 Ganashpor  Apr-74 802 004 48 13 28 248 21 9 0 210 176 173 203 343 790 - 059
SevMah  4/1  1Phulveria  Apr-74 717 002 59 18 102 432 10 10 0 334 220 21 354 565 780 083 266
SeUMah 42 2 Gadriya Apr-74 668 022 56 10 60 366 s 4 0 250 180 181 300 544 720 136 239
SeMah 43  3Banda Apr-74 860 000 70 1 82 35 4 12 0 258 178 179 292 457 780 05 227
ScUMah 45 5 Dhabai Apr74 899 002 6 7 53 302 38 9 0 24 184 184 248 436 780 052 129
SevMah  5/1  1Dhangathicity Feb-74 360 001 57 7 55 324 18 5 0 248 172 171 266 469 740 097 189
SetMah 53  3Dhangai WT Feb-74 1088 004 60 10 41 334 0 4 0 228 190 191 274 492 740 080 166
SetMah  S5/4 4DbangariWT Jun-74 920 004 59 3 37 286 0 5 o0 232 160 160 234 544 730 178 150
SetMah  5/5 5 MCamp Jun-74 783 002 41 16 40 264 24 10 0 182 170 168 216 384 770 036 095
SevMah 571 7 Feb-74 856 000 44 1 64 242 43 8 0 342 166 114 198 331 770 096 1.69
SetMah 578 8 Actria Fb-74 1164 000 21 10 38 158 32 9 0 106 % 94 129 196 820 009 0T
SeUMah  5/9 9 Teghai Feb-74 762 000 45 16 24 240 20 9 0 186 178 178 197 345 160 - 036
SeMah 62 2 ChaGom Mar.74 820 004 30 23 44 288 12 14 0 252 172 170 236 369 820 023 135
SevMah 63 3 Amaniya Feb74 457 001 42 17 46 316 8 5 0 216 176 175 259 417 790 051 1.68
SevMah 64 4 Feb74 617 002 8 4 58 418 8 o0 320 240 239 343 600 7.70 080 2.08
SetMah 65 5 Dekhatbholi Mar74 875 000 32 14 17 200 s 6 0 116 140 133 164 282 810 006 053
SevMah  6/6 6 Bandi Mar74 716 001 24 14 16 168 9 4 0 124 118 118 1338 240 830 005 040
SevMah 71 1 Pachui Mar.74 887 001 54 19 54 366 4 5 0 304 216 213 300 565 780 096 1.5
SevMah 72 2 Amlia Mar74 835 000 31 24 26 270 9 5 0 190 182 176 221 384 820 - 006
SevMah 75  5Bichhawa  Mar-74 149 006 53 S 46 292 0o 9 o0 232 152 153 139 449 750 117 174
SetMah 76  6BichhuwaJha Mar74 875 000 76 36 9 416 8 4 0 320 336 338 341 S05 750 - 007
SevMah 777 7Patia Mar.74 600 000 46 26 28 312 20 5 0 220 24 22 256 457 810 0.09 067
SevMah 78 8 Sudha Apr74 363 004 90 27 36 46 4 5 0 394 33 336 382 689 740 0.0 095
SeUMah  8/1 1 Mahendranag: Apr-74 158 000 113 1 100 568 25 9 0 482 298 286 466 738 730 098 359
Bhairshawa 472 2 Sitlapar Dec-76 244 31 28 10 246 8 3 0 270 192 193 157 386 820 031 0.8
Bhairshawa 4/3 3 Belahia Jan77 793 16 27 15 2204 10, 5 0 260 152 151 167 250 8.00 052 030
Bhainhawa R1/8 8 Ramnag Jun-77 9333 2% 31 19 254 2 5 8 200 190 188 215 329 850 058 036
Bhairahawa R2/10 10 Saphig Jum-77 7045 14 31 15 206 6 S 8 200 164 163 175 256 860 049 0.10
Bhainhawa 67 7 Semri Jun-77 1533 U A 5 184 NL S5 8 220 160 159 157 267 850 0.8 .
Bhainhawa 82 2 Moglaha Jun-77  301.03 18 15 46 228 13 s 0 260 108 107 187 288 810 191 158
Bhasinhawa 82 2 Mughha Reb-78  301.03 50 15 53 340 13 6 0 298 186 187 279 514 820 168 1385
Bhairshawa 8/3 3 Muglaha Reb-T8 16439 49 15 42 3 2 6 0 302 184 184 266 491 8.0 135 164
Bhairah 84 4 Sanh Jun77 1525 4 M 8 28 08 S5 8 200 174 175 177 256 860 027 -
Bhairshawa R”1 1 Sundi Jun-77 1179 17 19 11 158 6 5 0 180 120 121 130 205 790 042 020
Bhairshawa R22 2 Bharbalia Ju77 137 ¥ 28 9 20 NL S5 0 280 200 200 213 311 820 028 026
Bhairahswa R2/3 3 Sonbarsi Jun-77 805 14 33 NL 180 2 5 0 140 170 171 148 230 800 - .
Bhairshawa R24 4 Govraari Dec-76 916 20 25 21 248 2 3 0 26 151 153 124 289 820 137 101
Bhairshawa R2/S  $ Chamartola  Dec-76 10065 % 8 59 25 s 5 0 360 100 98 82 SIS 820 259 239
Bhainhawa R26 6 Chirpmrwa  Jun-77 1259 34 25 23 258 2 5 10 260 186 188 220 319 850 045 .
Bhainhawa R28 8 Shihawa Jun77 1158 2 2 6 202 NL 5 10 200 174 174 174 267 860 023
Bhainhawa R29 9 Bagah Jun77 112 1 29 3% 188 4 S5 12 200 148 147 164 267 860 130 O0.12
Bhairshawa R2/10 10 Bhojaali Feb-78  136.64 40 17 6 M40 2 6 0 3% 168 170 279 471 820 219 221
Bhairshawa R2/11 11 Nanaulia Jun77__ 1256 2433 S 220 NL S 20 220 206 196 197 295 9.00 0.4 -
Data from BLGWP and USGS exploratory drilling progr
¥3-2-L.wk]
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However, considerations on the aquifer flow mechanism and the evidence of isotopic studies Sugges,
that groundwater velocities should decrease and residence time increase with depth in the Terg;
aquifer pile. It is speculated that more saline, chloride-sodium bicarbonate rich groundwaters,
possibly with low acid pH and dissolved CO,, may exist in the deep aquifer. Such groundwater woy
certainly be corrosive to mild steel, and may be implicated in screen blockage and reducing wel]
specific capacities reported for some Terai DTWs. Some well head chemical analysis of discharge
from deep screened wells would allow confirmation of such corrosive deep waters, and alloy,

utilisation of corrosion resistant well screen materials.
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CHAPTER 3

DEEP TUBEWELL STUDIES

3.1 Introduction

For groundwater irrigation development in the Terai to be successful, it is essential that the tubewell
designer and constructor implement a tubewell of sound design which delivers water at minimum

practical cost and lives a long life. Reasonable requirements of the designer and tubewell constructor
are that:

- tubewells are reliable and of long life;

tubewells follow good standard design practice, consistent with local availability of
materials and equipment and with contractor capacity;

tubewell costs should be kept at a minimum, consistent with sound design and the farmers’
ability to pay for the well;

tubewell design and configuration are consistent with natural aquifer water levels and
fluctuation; and

- tubewell performance is consistent with local aquifer permeability; defective well design
and screen development leads to under-performing wells due to excessive water level
drawdowns; although he may not always appreciate it, the farmer (or the project) would
therefore be burdened with unnecessary extra pumping costs throughout the life of the
tubewell.

In this present strategy review, groundwater engineering studies are used to define a least cost,
practicable DTW design or range of designs for the Terai; these studies involve the following:

- design yield;

- pump type;

- well configuration and hydraulic design;
- borehole construction methods;

- operation and maintenance; and

- economic optimisation.
There is generally a range of design solutions, some of which reflect the ideal or possible and some

reflect the present experience. A consistent theme in assessing design decisions is whether the choice
is a largely reactive one imposed by circumstance or a genuine choice out of a range of options.
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3.2 Current Terai Tubewell Design, Construction and Pe

3.2.1 Design and Construction

In current Terai practice by GWRDB and private drilling contractors, deep production tubewe]|s

(DTW) for irrigation are drilled to typical depths of 120 to 160 m by direct circulation (DC) anq

equipped with a single string casing-screen string of mild steel casing and 20 to 45 m of steel screep
(generally with 1.6 mm saw slot), with a gravel pack grading 2 to 5 mm or 3 to 8 mm. Casing size
is reduced in diameter at the base of the upper or pump chamber casing. Reverse circulation (RC)
drilling is also used successfully to drill a few DTWs. Plastics (PVC or ABS) and fibreglass are not

currently used.

Designs are configured for production discharges up to 80 to 100 1/s, using force mode pumps
(lineshaft or electric submersible turbine). A more shallow variant is the medium tubewell (MTW),
typically drilled to depth 60 to 80 m by direct circulation (DC), but sometimes by machine
percussion, and equipped with 20 m of screen and a gravel pack. Design is configured for production

discharges of about 25 I/s. Force mode pumps are used, although in some ILC areas with shallow
watertables, suction pumps are used,

Somewhat different, and often deeper, tubewell designs have been used for investigation purposes:
for example the USGS investigation programme in 1969-72, which constructed 100 mm test tubewells

to depths up to 305 m, and the current JICA work in Jhapa, where 100 to 300 m tubewells are being
installed with successively deeper screen settings,

Some, iezigation DT Wedesigns used In the. Tordl are given in Table 3.1 below and in Figure 1.3.
Design and performance data for most Teraj districts are tabulated in AI;pend‘ I Tables I-1 to 1-16.
1x I, Tables 1-
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Figure 3.1
BLGWP DTW Data
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TABLE 3.1

Typical Existing DTW Designs in the Terai

Project Well [ UWC | Screen | Test UWC/LWC | Specific
depth length | yield | diameter capacity
(m) | (m) (m) (I/s) (mm) ((1/s)/my))
(average
parameters)
NZIDP 142 53 41 69 | 350/250 12.9
Birganj 136 50 37 67 | 400/250 9.8
BLGWPI 141 43 55 | 135*% | 350/200 26.5
BLGWP II-1 177 47 43 | 109* | 400/250 5.4
BLGWP II-2 140 44 29 82 | 350/200 2.9
BLGWP III 143 42 18 82 | 350/250 5.0
400/250
ILC-DTW 112 - 34 38 | 250/150 7.5
JADP*** 141 - 35.7 | 27.6 | 350/200 2.3
300/200
Mahottari 137 | - 21 | 23.6 | 2502200 3.1
250/150
Siraha 114 38 18 79 | 300/200 5.5
350/200
Sarlahi 89 - 23 49 | 250/225 10.9
300/200
ILC-MTW** 66 18.3 25.2 | 250/150 5.3
150/150

Notes *  production yields around 80 /s
**  MTW medium tubewell; defined by ILC as a tubewell < 100 m depth, around 25 1/s:
***  Danusha District

Source: DOI and other project offices in the Terai
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BLGWP uses DC mud drilling for DTWs. Al boreg
analysis is carried out; screen/pack

TW design has been modified severa] lime,
s
1ly developed, two string Stage | a

The tubewells drilled by
of general Terai practice,
(Appendix I, Table I-6). The design has chan
Stage II-1 designs to the present Stage I1I sing
Johnson wire wound rod based (WwRb) screen.

are geophysically logged, but no formation sampling or grain-size
design appears generally fixed. Air lift and pump development 1S used on the wells. DTWs g,

constructed in the depth range of 140 to 170 m, with screens installed in the interval 40 to 170 p,

The changes in design over the project life seem to have been prompted by several factors ang

apprehensions:

which required two string completions with pressure

- original high artesian pressures,
and drilling mud weighted with barytes, to control

cementing of the upper well casings,
artesian pressure; such two string completions were also appropriate to (then) perceived rig

capacity which was thought incapable of installing the entire casing screen string. The use
of high weight drilling mud continues, although in the BLGWP project area, artesian heads

seem to have declined to 1 to 3 m agl;

screen length based on a 80 to 100 1/s design discharge and a fixed screen entrance velocity

criterion; screen aperture choice has normally been restricted to 1 and 1.6 mm;

in Stage II-2 areas, there was frequent well failure because of sand ingress, and
consequently, gravel packs were adopted as a safety measure, although their installation was
often defective (sand ingress may have been a consequence of using a design appropriate
to the coarser formation conditions in Stage I areas in the finer formation in Stage 11-2
areas; despite the continued use of gravel packs, several of the Stage III wells have high
sand ingress, and pack-screen design may be implicated:

- the current design i i i .
o) -tth 1: a single string completion (apprehension about rig capacity has been
overcome), with Johnson type screens with 1.0 mm to 1.6 mm slots opposite a 2 10 g mm

ravel pack; screen- i g
g. p 5 pack design does not seem to be based o formation graif
size analysis; and on any routine form
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3.2.2 DTW Performance

Performance data for the majority of DTWs in the Teraj are given in Appendix I, Tables I-1 to I-16.

Performance 1s generally reported in terms of a well productivity index (specific capacity (SC) or the
inverse, specific drawdown) of transmissivity and of permeability. In an attempt to assess the
performance of the well screens, two indices are tabulated: s

pecific capacity per unit screen length
and discharge per unit screen length.

The data generally show a very large range in well performance, expressed as specific capacity or
as transmissivity. In Mahottari District for example (Appendix I, Table I-10 ), average specific
capacity is 8 (I/s)/m but the range is between 0.1 and 39 (1/s)/m; the SC values of less than 2 (1/s)/m
(38% of the sample) are not consistent with descriptions of coarse sand/gravels screened by the well.

The implication is that either the descriptions are optimistic or the well screens are partially blocked
or misplaced.

Data for the Dhanusha District show that for 33 irrigation DTWs, average SC is only 2.3 (I/s)/m with
a narrow SC range of 0.2 to 5.7 (I/s)/m (Appendix I, Table I-12); this average value is considered
very low and inconsistent with the sands and gravels reportedly screened by an average of 35 m of
screen.

Itis evident that such specific capacity data and transmissivity estimates for the deep aquifers cannot
be adopted uncritically since many values tell us more about defective well construction and
consequent head losses through incorrect casing/screen diameters and screen blockage than about the
formation screened by the tubewell. Screen blockage can be inferred, for example, where very low
well transmissivities occur in tubewells screened opposite clean coarse sands and gravels. A
particular difficulty arises where transmissivity estimates are used as the basis of the area lithological
classification for tubewells (Chapter 2).

Construction and performance of BLGWP DTWs is well documented; data are given in Appendix I,
Table 1-6 and in the summary table below (Table 3.2).

It is significant that while average Stage I DTW specific capacities were 27 (I/s)/m, current BLGWP
Stage III wells have specific capacities of around 5 (I/s)/m (and only 2.9 (I/s)/m in Stage II-2 wells).
A graph of unit specific capacity distribution (SC, specific capacity per unit length of screen, a well
Productivity index) for wells in each Stage of BLGWP (Figure 3.1), show a decline in the median SC
from Stage I through Stage III. Another trend can be detected in the value of discharge per unit
Screen length, a direct indicator of screen transmission efficiency; this declines from Stage I to

Stage I1-2, but increases in Stage III wells.
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These performance changes are probably explicable in terms of a combination of factors:
. a change in aquifer material in St

percentage in the production interv
and 42% in Stage II wells);

ages 1, II and III development areas (reported "sand”
al has also declined, from 63% in Stage I to between 27%

screen-pack design may not be appropriate to Stages II and 111 formation, while drilling
practice and development methods may not fully clean and develo

p well screens-gravel pack
zone, particularly for those deeper set screens; and

. changes in screen type.

The reductions in SC and unit SC essentially indicate declining well productivity, and hence
increasing pumping costs. One of the causes is thought to be formation damage and partial blockage
of the screen-pack-formation zone, by heavy drilling mud and cuttings; damage may be exacerbated
by the long drilling mud residence time (over 12 days in the typical BLGWP DTW) required for mud
DC gravel packed designs. Without effective mud breakdown and high energy development at the
screen face, blockage of the screen and the pack-screen annulus will cause high head losses and
increased well drawdowns. This effect may be in addition to falls in formation permeability caused
by a regional deterioration in the permeability of the aquifer formation in the Stage II and III areas.
It is difficult to evaluate formation permeability changes since sampling from the DC mud stream is
difficult, and no formation grain size analyses are available.

Discharge per unit screen length falls from Stage I to II-1 and II-2 and may reflect screen clogging
while the high value in Stage IIT (3.4 (I/s)/m) probably reflects the use of high open area, stainless
steel WwRb screen, together with improved pack emplacement achieved in Stage 111 work.

As the designer uses more screen, even if as in this case, the use of WwRb type screen has now
replaced saw-slot pipe, there should be a trend to reducing drawdown (and a parallel increase in SC).
Yet although very different lengths of screen were used in Stage I (55 m), Stage 1I-2 (30 m) and
Stage II1 (18 m), there is no correlation between screen length and SC (Figure 3.2). This suggests that
even in the longer screen strings, blockage has occurred and transmission is only occurring along a
limited part of the screen.

There is also some field evidence, from current JICA-GWRDP work in Jhapa, that the specific
Capacity of deep screened wells is lower than those of designs with shallow set screens; an indication
that it may be difficult to fully develop deep screens (Figure 3.2).

Some similar problems seem to be occurring in DTWs and MTWs drilled under the Kapilvastu
Tubewell Project (KTP) under Irrigation Line of Credit (ILC); some data are given elsewhere
(Appendix I, Table I-5). ILC is completing mud drilled, gravel packed DTWs and MTWs configured
to yield 30 to 40 1/s and 20 to 30 1/s, respectively. The tubewells have mild steel casing and saw
slotted steel screens typically set in the range of 50 to 112 m depth.
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eas have wells with very low specific capaciﬁes
discharges per unit screen length, ang SCreg

tion screened (by compal‘is()n

i are bet
Although average specific capacities of ILC wells

(for DTWs), there is a wide variation 1n S
on or screen material used. Some ar
y low apparent

ipti f forma
ith descriptions 0
wi 47 (1/s)/m). some ILC data are Summarige %

sample descripti
(e.g., Jahada MTWs, Valwad DTWSs), ver

permeabilities which are not consistent
BLGWP Stage 11l DTWs typically have SCs of aroun

follows:
S ‘
I r’_—_
Location Nr KS SC Q/Screen
length
(m/d) | ((/s)/m)) ((1/s)/m))
MTW: 1
all MTWs 28 34 5.3 1-7
Jahada MTWs 10 26 2.6 -3
Valwad MTWs 46 8.5 | 1.
Kopwa 21 5.7 1.2
Bhal/BAL VDC 8 _ 34 5.3 1.4
DTW:
all DTWs 14 22 7.5 1.1
Sunwal DTWs 4 20 6.9 1.0
Valwad DTWs 3 11 2.8 1.1
Kopwa DTWs 4 32 8.8 1.2
Motipur VDC 1,9 2 - 7.5 1.1

The gravel pack design of these wells is not entirely rational (2 to 5 mm pack grading for 1.6 mm
slot size) and may impede effective formation development because no fraction of the pack material

can pass the slot.

Further, it appears that the development tools available to KTP are of inadequate design or capacity.
Some of the air compressors and "jetting" heads used by the KTP are of insufficient capacity to allow
working with air below 60 m to 70 m depth; the implication is that no effective air development by
compressor is possible at the deeper screen settings used in medium and deep tubewells. To do this,
a larger compressor rated 14 to 18 kg/cm? pressure and 350 to 600 cubic feet per minute (cfm)
volume would be required.

The "jetting t.001" in current use, a 50 cm long, 3 inch diameter pipe perforated with many 3 mm
holes, used w1tl.1 arather low capacity pump, is incapable of delivering effective water vel }t, <{u

to 50 m/s velocities are required) to the slot-gravel pack zone within the 4 and 6 i Mo e ; )
used. The tool is better regarded as a low velocity washing tool oty inch slotted casings

The possibilit 0 _
p y that in some ILC wells and in some clusters, well development has been ineffective

70662B01\GDOBNTGR3-26 April 1994\wp 3-8



DTW Performance
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is supported by step discharge data shown below. In many cases, the te
increase in SC as step discharges are increased because the poorl
Joring the test pumping cycle. Such SC behaviour is abnormal, an
(he 1992 ILC KTP work, 12 are unanalysable, precisely because w
hydrﬂulic effects. As follows:

St data clearly show some
y developed wel] s developing
d of the 22 step tests reported in
ell development is masking well

Cluster STW | MTW | DTw

Jahada | 2%/2%x 8/7 1/0
Valwad 0/0 1/0 3/0
Sunwal 0/0 0/0 4/1
Kopwa 0/0 | 0/0 312

Total 212 9/7 11/3

Note: * number of step tests

**  number not analysable because of well development

It is highly likely therefore that many deeper screens in ILC tubewells are not being cleaned and
developed and some may remain blocked by drill debris and mud: this is likely to be one of the
causes of low well specific capacities reported at Jahada and Valwad. It is of interest that when step
tests were carried out on a series of Jahada MTWs, the tests could not be analysed because well
development continued throughout the tests. Clearly, some ILC well development has been defective;
wells with screen blockage will have excessive drawdowns and a permanent penalty in pumping costs
to the farmer-irrigator.

There are several aspects of current DTW well design and completion which need review or
modification:

the use of drilling mud of excessive weight; this can damage formation permeability,

particularly if DTW drilling times are long;

- very large diameter holes are required for the gravel packed designs with 350 mm upper
well casings (UWC), needed for 300 m*/h production discharges; we suspect that where rig
mud pump capacity is inadequate for this duty, there may be consequences in poor sample

cuttings recovery and excessive drilling and reaming times;

- the use of gravel pack seems to be based on a desire for extreme safety (to avoid sand
pumping) rather than rational design; both the current gravel pack design and the possible

use of naturally developed designs instead need review;

some routine formation grain size analysis and a choice of screen aperture size would allow
the designer to screen and develop finer formation material, allow some reduction in the
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3.2.3 DTW Drilling Contractors
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mud), simple machine percussion rigs wit
ers are as follows:

Rig capacity is limited: the
s and by the priva

Drilling personnel are also few. Numb

Government Private
DOI | JADP sector
Drilling Rigs
Depth capacity 3
100 m 6% *
200 m 4 3
500 m 18 15 12
total
Personnel
Drilling engineers 0 4 10
Drillers 18

Notes: * private sector includes partially HMGN firms such as Nedrill

%k 1
includes one reverse circulation (RC) rig

ssue i illi Cc t
1 I 1n L

as follows:

- In the Bhabar zon i i valley n
s e olf the Terai, and in the inner Terai valleys of Dang and Deukhuri decl
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Formation penetration difficulties, casing block i ’ cula
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contractors generally avoid bouldery areas altogether); the percussion-bailer system, where

drilling takes place inside casing and casing is driven, is often successful in these extreme
conditions;

In 1969-71, during the USGS investigation drilling, DC mud drilling successfully handled
artesian pressures encountered during drilling; 20 m positive heads were controlled by
drilling mud weighted with barytes. In current DTW drilling, it is customary still to use high
weight mud, yet, in Kapilvastu and Rupandehi at least, there is monitoring evidence that
artesian heads have declined to values close to ground level. Continued use of weighted
drilling mud in areas where it is unjustified, contributes to formation damage by deep mud
entry into target formation. This can make effective well development most difficult, and
almost impossible where the well is gravel packed. A review is needed of the use of high
weight drilling mud, particularly in gravel packed wells;

RC rigs with water flush can only operate satisfactorily in non-artesian zones (although

wells have been drilled successfully in mildly artesian areas using RC with mud drilling
fluid);

A single RC rig successfully operates in the Terai where it has drilled over 40 irrigation
tubewells to depths of up to 200 m. In optimum conditions (finer formations, watertable
below 3 m) drilling times are about twice as fast and drilling costs considerably less than
for the DC mudflush method. RC sample control and discrimination allow more precise
screen design and placement while the absence of drilling mud makes well development a
much easier task, particularly in gravel packed completions. RC methods deserve to be more
widely used for tubewell drilling in the Terai;

Rig ancillary equipment, particularly compressors, jetting and circulating pumps, mud
pumps and development tools, may sometimes be inadequate for DTW and MTW designs
currently being built in the Terai, particularly where screens are set deep. Suitable jetting
tools, capable of high exit velocities, are required and much ancillary equipment,
particularly compressors, need upgrading;

machine percussion rig operators, who are currently working on rural water supply
tubewells, appear to lack knowledge of percussion technique, in particular, maintenance of
drill bit form or the use of bits appropriate to formation conditions. Some operator training
is indicated; and

currently, mild steel casing with saw cut slots, is in common use for both MTWs and DTWs;
use of wirewound rodbased (WwRb) screen, galvanised or stainless, is apparently
uncommon. Plastics and composites (GRP, ABS, PVC) are not used for irrigation wells
although PVC is being used (in 75 mm and 100 mm diameters) for rural water supply wells:
GRP was apparently once used in Birganj, but failed in use, possibly because of mishandling
during installation. PVC is locally made (but currently only in 100 mm, 150 mm and
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expressed as present day cost per cubic metre; i.e., unit cost; and the s

umed design features then examined. The methodology and results of this sensitivity exercise are
3

ass
described in Chapters 4 and 5.

The standard or model DTW designs have been examined in more detail in Volume 5, Economics'.;:‘f

Chapter 7.

3.3.2 DTW Models

For any combination of permeability and percentage screenable aquifer, economic analysis of capit
and operating costs for a range of DTW designs and discharges shows that there is an optimu 1
co.nf.iguration which produces water at least cost. When a range of different discharges are comparé ¢
m'lmmum unit water cost is found to be usually derived from tubewells with the maximum possibl

discharge. However, such discharges may not necessarily be appropriate to farmer needs in the Tera
A desirable practical discharge can depend on other considerations, including available command area.
and channel losses in the irrigation distribution system. Perhaps most importantly, the dischargé ‘
to be easily manageable by a farmers’ group as this may have a significant e,ffect on eventu
handover. The experience of farmer group organisation and irrigation water management in exisﬁﬁ
:::g:aoiol;“;“;"ds_based on 300 mal.h DTWs has not been encouraging and certainly suggests ma£ 2
i s with much lower discharges, need to be considered as well as the 300 m*/h DL

T0662BONGDOBNTGR3-26 April 19%4\wp 3
-12



giderations will affect DTW design in Terai, in Particy

lar, th

o8 ili : » the drillip

other ign and availability of casing, screen ang ancillary €quipmenpt, Dvas"Tethods used and
e d¢ 0 completed by rotary direct circulation (DC) mud flygh, In the Teraj gre

.ayaria ; . e
jnva ] completions; reverse circulation (RC) drilling is uncomm
acke

pich has completed over 40 irrigation tubewells), anqg na
.5 whi
i

h this study has concluded that there are potenti
ted, althoug 8€S to theg 1
adop design features. ¢ other drilling

drilling,
on (altho
tural we]

with single string, graye|

methods and

well designs for detailed analysis were configured around dischar
The 90 and 60 1/s discharges correspond generally in Teraj termin
und the 45 and 30 1/s discharges to a medium tubewel]] (MTW). Th
considered 2 shallow tubewell (STW); the STW, whether drilled
Jefinition fitted with a suction pump, although a force mode pump

MTW) is briefly considered for comparison.
a
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ology to a deep tubewel] (DTW),
e 151/s discharge moge] is usually
Manually or by drilling rig, is by
at the same discharge (but termed

geveral basic designs were examined:

direct circulation (DC) mudflush drilled, gravel pack designs, with a single string
completion, mild steel casing and saw cut slotted mild steel screen; it is assumed that the

well is built in D2 aquifer development class; this design is close to standard T

erai practice
and uses easily available steel pipe;

natural pack designs, DC drilled, in D2 aquifer development class; and
- reverse circulation (RC) drilling, of gravel pack designs (D2 also).

For the lower discharge wells (i.e., the 45 and 30 1/s MTW models), it is considered feasible to install
PVC casing-screen strings safely to design depths; at greater depths, practical considerations of
casing strength and handling dictate that steel casing must be used. The use of PVC (manufactured
in Nepal at diameters of 4 to 8 inches) gives considerable potential savings in capital cost and
expected working life as compared to imported mild steel materials. Accordingly, some further
optimisation runs were done on MTW designs, using PVC casings and screens.

These designs are summarised in Table 3.3 and also in Figure 3.3.

The DC gravel pack, steel casing-screen model was tested on the assumption that this well design,
for gl design discharges, would be built in both D1, D2 and D3 aquifer development classes. On the
basis of the pTW lithological classification shown earlier in Section 4.2, these classes were set
*Wivalent to Percentages of screenable aquifer greater than 0.6, 0.4 and 0.2. For all models, a

Simplifying Testriction was made, and permeability set at 30 m/d.

h .
5 models of varying aquifer development class are given Table 3.4.
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Several points need to be made about these assumptions:

the standardised designs use well depths and screen lengths which approximate o the
optimum for least cost water, rather th
they therefore do not necessarily repres
the test of 90 I/s DTWs in D3 areas not un

an to any configurations currently used in the Teryi
ent wells that are practically buildable; for example’

expectedly gave an optimum well depth whic
is clearly excessive; and

MTWs and STWs; in the main modeg

it may be feasible to use cheaper PVC materials in
se of current Terai practice and

however, steel was used for pricing purposes becau

availability; more exotic or higher cost materials, for example fibreglass casings apg

" type screens, were not considered in the detailed analysis becauge

they were, however, included in the sensitivity study.

stainless steel "Johnson
of cost and availability;
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Figure 3.3

Designs for Tubewell Models
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CHAPTER 4

ECONOMIC DESIGN OF TUBEWELLS

4.1 Methodology

The principles of economic design of tubewells have been described in detail in previous reports such
as GDC (1987) and MMP (1990) Volume 6. The main points arec summarised as follows:

2 the present value (PV) of future costs can be obtained by standard discounting techniques;
the formula for n years of an annual cost C, is:

(1+1)"-1

PV=C x
r(1+r)"

where 1 is the discount rate. For a 20 year well life and 7% discount rate, this comes to:
PV =10.6 x C;

(this more severe than the 12% interest rate adopted for the least cost well comparisons
discussed in Volume 5, Chapter 7, where PV = 7.47 x C,. As a result the analysis in this
chapter - intended to focus on graph slope and sensitivity rather than absolute costs -
reflects a higher value (from the farmer’s perspective) on minimising principal costs).

- the annual costs are largely due to the power requirements for lifting water from the
pumping water level to the discharge box; other operation and maintenance costs are fairly
small; screen length (L) and drawdown and thus annual costs are directly related;

- the capital costs of construction are attributable to drilling to sufficient depth to install the
screen with blank lower well casing (LWC) opposite any un-screenable material, drilling
for and provision of upper well casing (UWC), tubewell completion, pump house and

discharge box and pumping equipment;
) there is therefore an optimum depth at which the cost of the water produced is a minimum

because an increase in screen length; i.e., capital cost is balanced by a saving in the NPV
of operation because the drawdown is reduced; this is depicted in Figure 4.1; and

70662301‘GDOB\TGR3-9 May 1994wp e



f optimum screen lengths can be found baseq
es 0

. ° ri
ration, a s€ ,
3 for each well configu |irrigation we

; . in norma
different design discharges; 1n nor

the design discharge is increased.

11s, the overall cost of water Tedyge, n

1o the Terai since: as described in Chapter 3, Change, i
ce ] . .

tan dent on the aquifer properties and method of dril,
d well configurations can be €Xamineq a,

This last point is of particular impor
well design and performance are needed depen

. . timise
employed. Therefore, a series of different OP .
and the resulting ¢
omy of sca

ost of water compared. A particular Questig,

maximum discharge for each case, le" is likely to be found for the it

. " On
examined in this Study is whether the expected "eC

range of tubewells that are possible in the Teral.

s to identify suitable designs for detailed costing an

. . > 3 1 a o
A second objective of the optimisation W del allow a wide range of esign,

i imisation mo
economic analysis. The lumped parameters 1n the optimis

est the sensitivity of the recommended designs.

to be easily examined and thus t
) i wn are pre i
The derivation of the cost elements, the results obtained and conclusions dra presented in the

following sections.

4.2 Base Costs
4.2.1 Pumping Equipment

Recently tendered pump and motor costs (excluding spares, control panel, etc.) from the BLGWP
project have been compared with data presented from the Minor Irrigation Supplement of the Deep
Tubewells project in Bangladesh (MMP 1991). The latter have been upgraded to current prices
assuming inflation factors (in US$) of 1.3 (1989) and 1.1 (1991), based on the World Bank index

numbers of wholesale prices. In addition, budget quotations have been sought from manufacturers
in Bangladesh, India and Pakistan.

The data for electric motors and lineshaft pumps have been graphically fitted to the usual general
relationship as shown in the lower half of Figure 4.2 and the following result obtained:

PUC=2000+500xQ *5xH ©9

The relatively low sensitivity of pump motor unit cost (PUC) to dischar

ge (Q) relates to the minor
changes to pump,

8es column pipe and line shaft diameter, and thus raw material content. The higher
sensitivity to operating head (H) is partly due to the proportinal
partly due to the direct effect on pump costs as the ny

mber of stages and sett; : as
illustrated in the upper half of Figure 4.2), ges and setting depth increases (

effect on power requirements and
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Figure 4.1
" Economic Well Design
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dep‘hs’ . costs due to the need
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are rarely com
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Y In case of g, Blier

°r damage, They 4

se direct drive diesel engines has been €Xxamined using the relationship;
. u
The P

PUC=49500+289%0 St 994345 gy

s a 50% increase in costs over the 1987 Study.
. meé .
This assu

4 2'2 Energy

icity costs for economic analysis have been based on the 11 kW mar
Electricity €O time of the Inception Report (GDC 1993) plus an allowance
available at the t1 lower and three higher tariffs were also examined,
a fixe(;oj;)‘s;- +0;: 1.4/kWh was checked to represent the present subsidise
Rs20 )

ginal rate (Rs 2.6/kW)
of Rs 2 000/kW-year as
One additional rate of
d tariff,

uirements have been computed assuming the following efficiencies:
Power req

Pump bowl - 15%
Electric motor - 95%

Drive shaft/head losses

85%
Diesel engine/gear box - 90% (additional to the above)
icienci ic and diesel drives,
These efficiencies give 0.6 and 0.55 "wire to water” efficiencies for electric a oo e
' operate
Spectively. These are quite severe but may reflect the present tendency to op

i ficiencies.
design heads, and also a general absence of data to support higher effi

J/kWh.
. i ost of about Rs 3
Diese] fye] has been priced at the prevailing Rs 12/litre thus giving a ¢



4.2.3 Casing, Screen and Drilling

The following UWC and LWC unit costs have been derived for the limiting discharges exa"‘ined.

Discharge Price (Rs/m)

(m®/h) LWC Plain | Drilling”® UWCPS | UWCRC
50 4"PVC 300 1200 2 800 3 700
100 6"PVC 600 2 300 4 900 4 100
150 8"Steel 1500 3 000 5900 4 500
300 10"Steel | 1900 3 600 7 200 4 900
450 12"Steel | 2 300 4 500 8 600 5300

In the case of UWC costs, this includes an allowance for reaming out to a larger diameter as wey) e

providing steel pipe at an appropriate diameter.

The above data for direct circulation drilling (DC) are referred to in the analyses as parameter set
P2. For reverse circulation drilling (RC), a unit rate of Rs 2 200/m was used for all diameters apq
the UWC costs adjusted as shown. This parameter set is referred to as RC1 or P3. Two additional seg
of costs were created to reflect the smaller diameters needed for naturally packed wells (P5) ang
some special study of 200 m*/h (56 1/s) tubewells.

Parameter Set P5 - Natural Packed Wells (Rs/m)

Discharge Price (Rs/m)

(m*/h) LWC | Drilling | UWC
50 300 1200 | 2700

100 600 1200 [ 4200

150 1 500 2000 | 5300

300 1 900 2700 | 6300

450 2 300 3000 | 7100

T0662BOINGDC\B\TGR3-9 May 1994\wp 4 _4



 Set P6 - for 200 m*/h (83 1/s) wells (Rs/m)

Paramele
Discharge Price (Rs/m)\
(m*/h) LWC Drilling | 14" uwc m
arks
200-1 Steel 1 500 3 600 7200 DC
200-2 Steel 1 500 1 500 4 200 RC
200-3 Steel 1 500 2700 6300 | N Pack*
200-4 GW 3000 2700 6300 | N pack#
200-5 GW 3000 1 500 4 200 RC
Note: * Naturally developed gravel pack.
43 Results

The previous studies described in GDC (1987) were based on a fixed UWC cost per metre and a
constant rate for drilling. The results show clearly the weak dependence of minimum cost water with
annual hours of pumping (% 4 to 7%) for + 300 hours per year for 1 100 hours. Accordingly,
present study has concentrated on the 1 100 hour case.

the
The previous study also showed how unit water costs were very sensitive to the static water level
(SWL) assumed. This is however "fixed" in the sense that the optimum screen length does not depend
on SWL although the net present value (NPV) of the operating costs does. The present study has
therefore been carried out using a modification of the original computer program so that a range of
different designs could be examined effectively. In the revised program, the unit cost of water at an
assumed static water level of 3 m bgl is calculated and presented in the output. The calculated
construction cost and net present value of operating costs are also shown. If costs for a different
static water level are needed, they can be readily estimated by factoring as follows:

NPV =% sNpy,

S+3

Where S is the value listed for drawdown. The choice of a 3 m SWL is intended to be directly
tomparable with the previous study and allow comparison with shallow tubewells. In practice, a SWL
Of 3m in the shallow aquifer would usually preclude use of DTWs. However, because of the frequent

‘endency for a degree of artesian rise in DTWs, a DTW of about 3 m might occur in areas where
STWs were impossible,

7066250]
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cial high cases
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the range anticipated depap, ;.
pend]ng

The results have been calculated for a ran
s. The general case of 30, 40 or 60 m
e figures in
hnique to be utilised.

permeabilitic

or 200 m/d also. The aquifer percentag
drilling tec

vestigated reflect

on the gravel packs, slot size and

arameter sets (P2 and RC1) for elecyr,
Or

Figure 4.3 shows the unit cost of water for the two P

diesel (/D) powered pumps.
Figure 4.4 shows the results for high permeability aquifers and Figure 4.5 the effect of diffel’enl

permeability for the standard (P2) con
e but with a wide range of electricity t

figurations. Figure 4.6 shows the results for the Standyg

40 m/d permeability cas ariffs.

4.4 Conclusions

4.4.1 Operating and Capital Costs

At the discount rate of 7% employed (more severe that the 12% adopted for the analyses in Volume 5

Chapter 7), the NPV of the operating costs is always greater than the capital costs for the optimiseq

well configuration. This weighting is always greater at high discharges, high aquifer proportions ang

high electricity tariffs. As a result, the optimum screen lengths are such that drawdowns only exceed

10 m in a few unlikely combinations of high discharge, low permeability and low aquifer percentage
With the cheaper flat rate RC drilling costs, the theoretically optimum drawdowns get as low as 1 t(;

2 m with corresponding inflow rates of around 0.6 (I/s) m to 0.8 (I/s) m of screen.

The overall tendency to higher operating costs, longer screen lengths and low drawdowns als
' 0
increases the preference for cheap screen and high aquifer percentage if this can be achieved

4.4.2 Power Source

°

Figures 4. i
Rg DCB:jand 4.4 show how unit water costs for diesel are always higher in standard low yieldi
or DC drilled i i : yie
orlooiRs 3 (:oot/it\);weus, irrespective of aquifer proportion and permeability, than for electriciti
s plus Rs 2.6/kW per hour. Compari i ,

. parison with Fi 4 ;
become ch ~ ) ) gure 4.6 suggests that diesel
o eaper (for K=40 m/d) with DC drilling if the power tariff is Rs 3 000/kW pl Rle;;/:iwn

er hour or more. Th i AT plus Ks 3.
i ' e.swuch between electricity and diesel moves to progressi :
s the aquifer proportion reduces or the power tariff increases pressively:lower disch

In the extreme case, diesel i € T reater than 3 rcentage
» isch aper for flows
greater th
- " around 250 m /h at an aquifer pe

The results also sho w w
w how ov i
erall water costs for diesel driven tubewells red ignif; ly with
uce significantly wit

S

power for wells of less than 1 :
00 m’h (28 1/s) capacity could warrant some further i
urther investigation.
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Figure 4.3
Unit DTW/MTW Water Costs and Aquifer Proportions ( K=40 m/d )
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Figure 4.4

Unit DTW/MTW Water Costs and Aquifer Proportions ( K=100 m/d )
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Figure 4.5
Unit DTW/MTW Water Costs and Permeability Ranges
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Figure 4.6
Unit DTW/MTW Water Costs and Electrical Power Tariff Ranges
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Previous studies investigated the effect of capital weighting and concluded that diesel’s cost
disadvantage at standard tariffs increased at yields over 150 m’/h (42 1/s) as capital costs were

factored up to 1.5 times base costs. At lower yields, the cost disadvantage reduced, but remained.

44.3  Optimum Well Configurations - Pumped Wells

The present study can be compared to the results in the 1987 report with regard to the optimum
discharge. The earlier work consistently showed lower costs for higher discharges whereas the present
study only shows this for RC drilled holes. This result follows directly from the comparable
assumption of a constant drilling cost irrespective of depth or diameter. The present study allocates

increasing costs to larger diameters and this reduces the tendency to a cost advantage with higher
discharges.

In addition, the switch from 4 and 6 inch PVC casing and screen to an assumed slotted mild steel at
the limiting yield of 100 m*/h actually results in lower unit water costs for the smaller wells in all
DC drilled holes. This cost advantage is increased at high tariff rates, low aquifer percentage and low
permeability; i.e., any condition tending to cause higher operating costs. In the event that high cost
wire wound screen or corrosion resistant glass reinforced plastic (epoxyresin) (GRP) were employed
instead of mild steel, the advantage of smaller discharges would increase.

However, the major purpose of this investigation is to identify the optimum well configuration and
resulting unit costs for the anticipated range of conditions rather than determining the minimum cost
of water within a given configuration. The results for RC and DC holes are shown in Table 4.1 for
the electric tariff of Rs 2 000 kW plus Rs 2.6/kW per hour.

Certain combinations of aquifer properties and drilling method have been excluded. For example, at
very high permeabilities, RC drilling is more difficult due to fluid loss and the likely presence of
bouldery or artesian conditions. Conversely, a high percentage of low permeability material is
unlikely to be drilled using DC.

Table 4.1 also shows clearly that a change in the definition of screenable material from say 20% to
40% or 40% to 60% is always worthwhile, even if the permeability drops by the same ratio.

In certain conditions marked (*) in the table, deeper higher yield tubewells would be cheaper.
However, the resulting depth at the optimum is excessive for RC drilling, particularly due to the risk
of artesian pressure. Intermediate depths and slightly higher yields of say 200 m%*/h might still be
preferred.

A second concern is that the DC drilled, high permeability cases are optimised with screen lengths
that can be unrealistically short on hydraulic criteria. This mainly applies to the very low aquifer
proportion case.
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TABLE 4.1

tim
DTW Drilling Method, Depth and OP

um Unit Water Costing (Rs/m’)

e | [
_,.._-———r/w“” 40 60 60
Screenable aquifer (%) 20
Drilling method //""
P H ili d /'——f L —]
ermeability (m/d) ‘/______6_4;___, " 0.40% ]
30 062 | ———— | < 300/133
62 | 50/65
50/87 300/r1 or
or.
*
450/218* ] 450/178 o
., | 048 0.36* 0.41
49 058 | 042 : 300/106
50.79 300/143 50/59 or
it 300/127 | 300/118
450/192* or
450/157
50 0.55 0.39 0.44 0.33 0.39
5073 | 300130 | 100/68 | 300/108 | 450/121
or or or or
450/175* | 300/116 450/143 300/97
60 0.52 0.36 0.42 0.31 0.36
50/69 300/121 300/108 300/101 300/90
or or
450/161 450/132
100 0.45 . 0.36 - 0.31
100/72 300/89 300/75
or or
300/124 450/93
200 0.37 - 0.29 _ 0.26
300/95 300/70 300/60
4500r1 y or
/118 450/85 450/72
Key Unit Cost (Rs/m%)

Optimum discharge (m’/h)/Optimum Depth® (m)

Notes: (a) * See text
(b) Standard Power as Rs 2 000 kW plus Rs 2.6 kW/h, 1

(c) Costs for standard case with SWL = 3 m_ 20 W 100 hour year.

Source: GDC
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The main purpose of Table 4.1 is to allow aquifer proportion and by implication, drilling methods
to be compared. The optimum yields and well design are of secondary importance because as
discussed earlier, the unit cost for water may not vary much with alternative yields. In fact, in some
cases shown in the table, two different yields give an identical unit cost.

The table shows clearly that high permeability is a major factor in producing cheaper water.
The particular case of the 200 m3h tubewell is illustrated in Figure 4.7 for the standard tariff case.

The selection of slotted base pipe or galvanised wire wound screen (GWS) makes little difference to
the unit price, as does the shift from natural pack to RC drilling if the latter cause the permeability
band to drop by one step. The high relative cost of DC artificially packed holes is clearly shown. The
corresponding screen length and specified capacities are shown in Figure 4.8.

This conclusion supports the rationale of switching, for the larger discharges, from DC drilling with

medium to coarse sand being defined as screenable, to RC drilling with fine sand and upwards being
screened.

4.5 Gravel Packing

The cost of water produced in gravel packed and non-gravel packed wells has been compared for
several different power tariffs and the results for the standard tariff are shown in Table 4.2. The
benefit of smaller diameters and natural gravel packs results in unit costs lower than for gravel
packed DC wells. The savings are comparable to those for RC drilling. If naturally packed wells
actually produce any increase in effective permeability compared to normal DC drilling, then there
is an additional benefit for the same proportion of screenable aquifer. If, however, there is a
reduction in screenable thickness, the effective permeability usually needs to increase by at least one
step for natural packing to retain its price advantage.

4.6 Effect of Subsidy

The provision of a subsidy to the farmer through the electricity tariff structure produces distortions
in the well designs preferred by the farmer group if they pay a fixed proportion of well costs.

In essence, the farmers may prefer to install cheaper tubewells with less screen than the economic
optimum because they are not paying an economic price for electricity.
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The optimum tubewell characteristics at s

of Rs 2 000/kW + Rs 1.4/kWh below:

(andard power ta71

ff are compared with a Subsidig, d
i

e
K=60 m/d, p= 4
Discharge k=30 m/d, p=40% p=40%
100 m%h —
13.3 m screen, total well cost
Power at 18.5 m screen, total well cost
1.4 Rs/kWh | Rs 260 000, water costs 0.47 RS/m’ | Rs 216 000, water cost 0.39 Rs/m>
Power at 20.7 m screen, total well cost 3 14-72“; Z%rge:;at[‘;a; Wellocosts
2.3 Rs/kWh | Rs 277 000, water costs 0.52 Rs/m Rs 2 ’ 0sts 0.43 Rs/m?
TABLE 4.2
Natural Pack DTW Completion and Unit Water Costs (Rs/m?)
Percentage aquifer (%)
Permeability (m/d) 20 40 60
30 0.56 | _044 | _040_
100/136 100/96 100/81
40 0.56 0.41 0.38
100/121 100/87 100/74
or
450/147
60 0.46 0.38 0.33
100/103 100/75 450/124
or
450/151
Key: Unit Cost (Rs/m?)

Assumption:

Source:

Optimum discharge (m*/h)/Optimum depth (m)

Tariff Rs 2 000 kW + Rs 2.6/kWh, 1 100 hours, drilling and casing costs set as P3.

GDC

The apparent dilution of the impact of greater subsidies for power to result only in a 10% reduction
in the cost of water results from the fixed component of water costs. These are 50% for the capital

costs and of the remaining 50% operating costs, 56%
» 20% of the power ch fixed
annual fee of Rs 2 000 kW. P arges are based on the

4.7 Optimum Well Configuration - Artesian Condition

mmon existence i iti i
The co of artesian conditions outside the Bhabar Zone gives rise t mplex seri¢s
s rise to a co

of conditions:
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Figure 4.8

Screen Length & Specific Capacity for 200 m %h Tubewells
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the available head is sufficient to remove the need for pumping and the well is artesian
flowing (AF);

the available head is insufficient at critical times to produce a useful artesian flow and
centrifugal pump assistance is needed (AP); and

the available head merely causes a rise in the static water level and this sub-artesian
assistance to the turbine pump reduces the cost of pumping (SAT).
In addition, the amount of excess pressure may increase with well depth because of the

hydrogeological environment. This over pressure rate (OPR) can be expressed as metres of artesian
rise per metre of drilling. '

A complete economic analysis is beyond the scope of the study because of additional considerations
such as:

artesian heads will decline with aquifer utilisation; the conditions that give high pressure;
i.e., elastic (low) coefficient of storage and tight confining condition (low coefficient of

vertical permeability) themselves cause drawdown to increase more than experienced in low
head aquifers;

the switch to pumped conditions will happen at some ill-defined time in the future, making
NPV calculations inaccurate; and

- the OPR is not well defined in most areas.

The 1987 study considered the interrelation of flow, initial head and various aquifer parameters on
optimum flowing well design. It was concluded that heads over 7 m were likely to be better designed
as free flowing wells (AF) whereas centrifugal pump assistance (AP) was needed at lower heads.

Artesian heads at +5 m always produced much cheaper water than vertical turbine (VT) pumps with
a SWL of + 3 m.

There thus appears to be a clear decreasing preference AF>>AP>>SAT.

In the present study, the artesian flowing and pump assisted criteria have not been examined again,
but more attention has been given to the SAT case. A rise in static water level of 1 m produces a
reduction in NPV of annual power consumed (APC) and the life expectancy of this rise can be taken
as NY years. For a discount rate of 7% and a value of NY of 10 years, the saving is given by:

Saving = (APC, - APC,) x 7.02
Drilling to additional depth costs:

Cost = Depth x (Drilling Cost + LWC cost)
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ective is to set the same screen length deeper :
Ct th

o extra screen cost because the obj
¢

There is n

SAT advantage.

to increase because of the need to fully cement the UWC o 4 :
Cpth

UWC casing costs are likely
ve the gravel pack may be als
0 needed

around the first confining layer. Additional grout plugs abo
if the main confining layer is deep. This increase in UWC costs from the normal 20 m case alreyg
y

considered can be calculated as:
Cost = 20 x (UWC,ging t+ UWCgining) X 1.1

where the 1.1 factor offsets the extra work involved in grouting.

4.8 DTW Costs Summary

The range of cost estimates for gravel packed, mud DC drilled DTWs in the three deep aquifer
ummarised in Table 4.3. These estimates are based on a standard priced bjj|

development units is s
diesel driven vertical turbine pump

of quantities, an example of which is shown for a 60 1/s well with

on Table 4.4.
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TABLE 4.4

Sample Deep Tubewell Costs Estimate (F inan?ial, 1993'):
60 I/s Mud Drilled, Gravel Packed Well with Diesel Engine

DTW Model: D2 Gravel Packed:diesel power/VT lineshaft

60 Us,td 120m:Dc mud drilled :non tele:27 days;drill/test; total head 14.8 m

Item Unit Rate Qty Total
(RS) (RS)
Setup on site: shift to next site LS 15 000 1 15000
Restore site LS 5 000 1 5000
Drill 508 mm min. for UWC m 4300 23 98 900
Drill 355 mm for LWC m 2 600 104 270400
Geophysically log bore LS 13 000 1 13000
Supply 343 mm [14in] UWC ms casing m 2 600 20 52000
Supply 206 mm [8in] LWC ms casing m 1350 59 79 650
Supply 206 mm [8in] slotted ms casing m 1900 36 68 400
Supply reducer 14 - 8in LS 1750 1 1750
Install casing & screen LS 11 000 1 11 000
Supply & fix well cap LS 3 000 1 3000
Supply, install graded gravel pack m3 1 000 6 6 000
Supply, install backfill; grout upper casing annulus LS 5000 1 5000
Collect lithologic /water samples LS 1500 1 1500
Carry out formation sieve analysis: 5 per bore Nr 300 1500
Develop well by compressor, air lift pump etc hr 600 24 14 400
Carry out step & CD pumping test:inc. measurement hr 570 48 27360
Supply borehole completion report 4 000 1 4 000
sub total: 677 860
VT lineshaft pump: 19.8 bhp/14.8kW; diesel power (inc gearbox) LS 239 800 1 239 800
[complete inc discharge head,] 60 1/s*14.8m head
Installation LS 5 000 1 5000
Valves etc LS 8300 1 8300
Pump house/ control chamber LS 126 000 1 126 000
Discharge Box LS 11 500 0 0
Transformer 11/ 0.4kV: 50kVA LS 13 000 0 0
[ENERGY COST 3.7 Rs/Kwh :
Annval running cost = 14.8kw * annual operating hours * 3.7 Rs sub total: 379100
Pump Operator: cost as Rs 120/ ha/ year
total 1 056 960
Replacement:Well 25 years/ Pump + motor 15 years
Note:
Exclude the following items as in rates:
Driller man day 300 28 8400
Day paid labour:27 days/ DTW:
Supervision man day 50 28 1400
sampler/ welder man day 45 56 2520
driller helpers [10 Nr] man day 45 280 12 600
Watchman/ camp worker man day 40 56 2240
Rig service (once each 2 DTWs) LS 5000 1 5000

Source: GDC

T0662BOINGDCO\B\TGR3-9 May 1994\wp 4-14



CHAPTER 5

SHALLOW TUBEWELL STUDIES

5.1 Introduction

Shallow tubewells (STWs) have been consistently identified as the groundwater irrigation technology
of choice in the Terai. The predicted rapid increase in number and use still does not appear to be
taking place, although there has been steady growth since 1987 in the numbers installed through
ADBN, ILC and other government programmes along with those installed by the private sector. It is
likely that several factors are impeding a massive expansion in STW development, and these certainly
include contractual, technical, economic and social factors. This chapter addresses contractual
problems and technical deficiencies in the STW sector. The latter are not always easy to define
because the great majority of STWs built in the Terai are unreported: STW performance, lithological
and water level data are therefore generally absent, and technical conclusions have to rely on small
sample surveys.

Nevertheless, this study has concluded that the preferred development strategy must allow for the
maximum use of STWs: to this end, the quality of the product must be technically sound and there
must be a range of design and construction methods and materials to suit the range of hydrogeological
conditions.

In this chapter, we discuss general criteria for STW design, and then review present design and
construction practice in the Terai. The review is based on published data (GRWDB/UNDP, see
Appendix II, Tables II.1 to IL.5), brief field surveys in early 1993, an extended census of irrigation
STWs in April-May 1993 (Appendix III, Tables III.1 and IIL.2) and interviews with drilling
contractors working both manual and machine rigs (Appendix IV, Table IV.1). Finally, model STW
designs, generally based on present practice, are given (Section 5.5) as a basis for economic analysis

(Chapter 5), together with recommendations for the STW sector, including target criteria for design

and construction.

5.2 STW Design Considerations

The overriding consideration in STW design is that the pumping water level does not fall beyond the
suction limit of the pumps being used. This means that drawdowns, for a 2 to 2.5 m static water level,
must be limited to less than around 4 m, implying typical screen lengths as shown in Table 5.1.
Screen lengths for other yields and drawdowns can be easily calculated or prorated from the table.
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TABLE 5.1

STW Screen Length for 4 m Drawdown

r_____,_._._____
eqs 60
Coefficient of permeability 20 40
(m/d)
Minimum screen length for

Q=151/s 21 10.5 | 7.1*

Q=101/s 25 | 7.0* 4.7*
Note: * 10 m minimum recommended, see text.
Source: GDC

are automatically needed when the aquifer is finer (lower permeability) or the

Longer screen lengths
screen lengths are seldop

eason SWL deeper, although field interview results suggest that longer

dry s
e due weight to the design, Thjs

employed and this implies a failure by the parties concerned to giv

failure, and some of the other problems faced in STW construction, may be a result of the application

of the same methods of tubewell construction to irrigation STWs that are applied to hand pump water

supply tubewells: these wells only supply one or a few households, so maximum yield is seldom an

issue.

The dimensions of the STW must allow water to reach the pump without excessive upflow losses;
4 inch diameter casing and screen is normally adequate for flow of up to 15 1/s. The topmost 9 m or
preferably 12 m of the STW should be airtight to prevent loss of suction. If an entry velocity criterion
is applied, assuming no screen blockage or open area reduction, and a factor of safety, the desirable
inflow rate for 4 inch diameter material with 8% open area, is about 0.8 (1/s)/m. This dictates that

screen length for STWs should always be more than 10 m.

A wide range of materials can be used for STW construction since there are few strength limitations
at the required installation depths; these include plastics (PVC, HDPE, ABS), glass reinforced epoxy
resins (GRP), steel and local materials such as bamboo and mesh.

Terai based manufacturers appear able to produce either PVC blank pipe or higher specification
ribbed screen while 4 inch diameter steel pipe is also manufactured in the Terai. PVC materials offef
considerable advantages in terms of cost, working life and range of possible slot sizes. They havé
become the dominant material in Bangladeshi STWs within two years of becoming available. Sinc®
they are not suitable for drilling by thukwa (drive), their use in Nepal may require active promotion
by the government or manufacturers, with concurrent training of some drilling contractors.
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sand control in STWs is problematic. Whereas clear, sand-free water is normally seen by drillers and
farmers to be the ultimate aim, the methods available are limited due to the manual technologies
employed. Bailing and overpumping are normally possible, but, as for DTWs, a surge block or
backwashing and jetting using a suction pump would often be beneficial. The survey has not produced
any evidence that STWs are normally sounded after development to check if there is any backfill

inside; such backfill, if more than a few metres thick, would significantly reduce the effective screen
length. *

A typical STW pump and motor combination is the Kirloskar NW4 (182 mm diameter) equipped with
a TV1 water cooled medium speed (1 500 rpm) diesel.

The pump is capable of 75% bowl efficiency between 16 and 23 I/s at a total head of 10.2 m down
to 8.5 m. In this range, net positive suction head (NPSH) requirements are less than 1 m and power
consumption is less than 3.7 brake horse power (BHP). The TV1 engine has a rated output of 7 hp
or 14 hp, depending on the number of cylinders. If the tubewell has a specific capacity around 2 to
3.5 (I/s)/m, the pump motor and tubewell will be reasonably well matched so that the whole operation
is fairly efficient. For specific capacity less than 1.0 (I/s)/m, the yield drops to 10 I/s and the bowl
efficiency drops to 55%, giving a 2.5 bhp power requirement. The 33% deduction from 15 I/s gives
rise to only a 17% reduction in power needed, causing a significant rise in the cost of water. The
pump would also have more chance of breaking suction if the flow reaches 27 1/s due to the higher
NPSH requirements.

The solution is to match the pump to the duty and the motor to the required power. This process is
much easier with diesel drive than electric because the farmer may be able to adjust the operating
speed to get better overall fuel economy. This fine tuning is more practicable if the mismatch
between the tubewell and the pumping equipment is not too severe in the first place. The present list
price for STW pumps and engines is around NRs 20 000 for a 5.4 hp pump and engine, NRs 21 000
for the 7 hp system and about NRs 24 000 for a 8 hp system. Farmers are said to prefer engines in
the 8 to 10 hp range because they can be used for purposes other than pumping, such as running
threshers. There is thus a tendency, supported by the price structure, to get higher rated pumps than
are strictly necessary.

Better matching of pump to duty requires that the specific capacity of the well is known, thus
reinforcing the case for properly testing the well at the time of construction.

53 Present STW Design and Construction Practice

5.3.1 Design and Completion

There are over 35 000 STWs in the Terai, the majority drilled privately or under ADBN auspices by

local contractors with manual drilling equipment, although several projects have used machine
percussion rigs to drill STWs. Some typical STW specifications are as follow:
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tructed throughout the Terai to depths of between 1 ang

Shallow tubewells are being manually cons . . .
over 50 m. Drilling is generally to a standard design, the contractor 1§ generally unsupervised apg

ematic sampling/testing. With manual methods, the most typical completion is drilling

there is no syst
f 100 mm mild steg

at 4 to 6 inch diameter, to depths of 20 to 30 m, followed by the installation 0'
casing, with 3 to 5 m of 100 mm screen. Screen material includes locally fabricated coir or nyjgp
mesh wrapped on a pipe base, slotted bamboo, high density polyethylene (HDPE) or steel saw slotteq

(possibly galvanised) pipe; the slotted mild steel pipe in common use in the Terai can deteriorate iy
storage to give slot form largely blocked by rust spall. There is little choice of well screen aperture
available to the contractor (screen choice may be limited by bulk procurement), and in some cases,
screen misplacement or use of inappropriate aperture screen combined with a lack of developmen,
allows sand ingress which causes screen blockage and reduced performance or well failure. Well
development is by circulation of water through the well screens but evidence of sand ingress and
short STW lifetimes, suggest that development is quite inadequate. However, the manual contractor
does not have the resources to deploy standard development tools (such as high velocity jetting heads
or compressors) although it should be possible for him to operate surge block devices in the screen
zone. The consequences of inadequate development may be excessive well drawdowns and frequent

occurrence of sand pumping or sand blocked STWs.

Typical well discharges are around 13 1/s but it is common to find both low discharge wells (around

5 1/s), and wells whose discharge fails in the dry season or over time.

Machine drilled STWs, although of greater average depths, do not always appear to be significantly
better in performance terms than manually drilled wells. In the case of DC mud drilled STWSs, it
appears that development has been inadequate to effectively remove drilling mud. GWRDB
hydrogeologists working on the GWRDB/UNDP shallow aquifer drilling comment that the
development of STWs drilled with manual methods (water flush or drive) can often be easier and
more effective than with wells drilled by mud flush rigs.
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sTW well performance data are scarce because no data are collected during construction except for

a spot discharge estimate, and no formation sampling or drawdown discharge
STWs are built without any survey of w

tests are done. Most
ater level depth and variation; as a consequence, some STWs
have been built in areas where suction operation is not possible without pitting of the well to 1 to
3.5 m (Jahada).

The typical Terai STW operates with a surface mounted suction lift pump powered by a 5to 7 hp
diesel. The installation runs to a suction lift limit of about 7 m and the overriding design

consideration is that pumping water levels do not fall below this suction limit and hence the STW
must be installed in a shallow watertable area.

Costs for manual drilling are typically around NRs 2 500 to 2 700 per well (while rates for drilling
by imported percussion machine percussion are around NRs 2 000 to 2 200/m). A typical 4 inch cased
STW drilled under the ADBN subsidy scheme to 15 m costs about NRs 12 000 to 15 000 excluding
pump set; the pumpset typically costs NRs 20 000.

5.3.2 Drilling Methods and Contractors

STWs drilled by manual methods such as thukwa (manual driving of a slotted casing terminated at
a pointed drive spear) are often limited to shallow depths, particularly in cobble-gravel materials;
such materials are also slow and difficult to drill with machine percussion rigs drilling inside
temporary casings. In cobble free areas, all manual methods are successful. Hand sludging (also
called dhikuli (Tillson 1985)) can be used to achieve hole diametres of 6 inches to 50 to 60 m: i.c.,
adequate for natural packed 4 inch diameter casing and screen. Manual percussion (bogi) using a
simple tripod and temporary casing can give finished diameters of 8 inches but requires a level of
capital investment intermediate between other manual methods and the use of imported machine
percussion rigs. Wash boring or jetting using a suction pump or hand donkey pump is less frequently
used in the Nepal Terai than in northern Bangladesh; costs can be expected to be comparable to

manual percussion.

Drilling progress using the above methods can often be improved by use of a two string completion
where the STW suction pipe/upper well casing (UWC) is used as a conductor pipe during drilling of
the lower well casing (LWC) section. However this configuration increases the costs, not least
because of the risk of being unable to retrieve the UWC if drilling in the deeper section cannot be
completed.

Machine percussion and rotary rigs have also been used to drill STWs in the Terai, especially for
specific projects such as the ILC KTP; the GWRDB/UNDP shallow aquifer investigation programme
used both machine and manual methods.

The Agricultural Development Bank of Nepal (ADBN), the principal employer of STW manual
drilling contractors, insists on a minimum 6 I/s discharge from the STW, as a contractor payment
condition (but it is reported that even this yield stipulation maybe relaxed subject to farmer consent).
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The number of working contractors in the Terai is not known, but on the tl’a;:oo .reported ADBN
1992/93 fiscal year STW completions (4 400 ADBN supported STWs plus private STWs j, .

nine month drilling season at 5 to 7 day completion time per well), there could be over 100 Working

in the whole Terai.

5.4 STW Surveys

54.1 General

Interviews with both STW owners and with drilling contractors (Appendices III and IV; Tables IIL.1,

I1I.2 and IV.1) have indicated that the following issues need attention:

much of the Bhabar zone and the interior Terai valleys, contains aquifers within material
which can be difficult to drill, particularly for manual methods; in Deukhuri, drilling
difficulty (and ADBN rules on the basis of payment for successful and failed STWs) seems
to have discouraged contractors from tendering; in 1993 in Dang, where drilling is of

particular difficulty, only one drilling contractor remained;

there is a tendency to adopt insufficient screen length, pipe diameters and airtight blank

casing;

- there are numerous reports of STW failure or discharge decline (these exclude drilling
failures where the contractor cannot complete and the well is abandoned without casing),

a consequence of well or pumpset defects; and

- there is particular evidence of sand ingress to STWs, resulting in clogging of well-slot and
reduction of the zone of saturation, and reduction in STW specific capacity and discharge;
this suggests either incorrect screen-slot placement, incorrect screen-slot size, use of
unstable or mechanically weak screen-slot material, or inadequate or non-existent well
development.
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5.4.2 The 1993 Shallow Tubewell Survey

An extensive field survey of STWs in the main Terai and Inner Terai valleys was carried out in the
period February to May 1993. Concurrently, a survey was conducted of STW drilling contractors in

the Terai.

The majority of the wells in the field survey sample were drilled by manual methods. The survey has
indicated that while discharge may generally be satisfactory, pump drawdowns may be excessive
(possibly blocked screens), the life of the STW may be short, and matters of operation and
maintenance are sometimes neglected. The data from these surveys are summarised in Appendices 111
and IV, respectively.

The sample survey indicated the following pattern of design and usage:

2 the sample average STW depth was 17.8 m, with 13 m of 100 mm casing and 5.7 m of
screen; the STW was normally drilled and completed in 7.3 days;

- the well is equipped with motors of between 1 to 8 hp, but generally in the range 5 to 8 hp.
Motor power appears ill matched to pump size as there is no correlation between pump
outlet diameter and horsepower; all sets in the 5 to 8 hp range tended to have 2 to 4 inch
outlets;

- 29% of the former sample (72) reported seasonal reduction in the pump discharge,
presumably because of an increasing suction depth; 8% reported that yield from the STW
decreased significantly after long pumping times;

- 20% reported pumping sand, sand ingress to the STW or well blockage from sand; there
were isolated reports of well collapse because of sand entry and collapse around the STW
surface casing;

- over 47% of farmers (sample size 75) reported that long times were required for pump
priming (defined as greater than 15 minutes); in the worst case, the priming operation

needed two hours; and

- discharge was measured for 54 STWs; the average was 13.7 I/s with a range of 2 to 25 U/s.
543  Other STW Data

To complement the field survey, other STW data were reviewed: data were available from several
Projects from the UNDP shallow aquifer survey, and from the ILC work in Kapilvastu.
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with subordinate coarse sand; in this material (theoretical minimum permeabilities a 0{';-70 m/d), 5
properly constructed 10 1/s STW with 11 m of screen, could be expected 10 have afsf‘;c‘ I capacity
(SC) of 6 to 7 (I/s)/m. Yet the ILC sample of 59 STWs shows average SC values of 4.3 (I/s)/m, wig

a wide variation within one cluster area from 1 (I/s)/m to over 15 (1/s)/m as follows:

Cluster Percentage of STWs with Specific Capacity
<1 (ifsym | 1-2.5 (sym | >2.5-5 (I/s)/m
Jahada 0.0 26.0 52.0
Shivagarhi 10.5 26.3 21.0
Goberdiha 0.0 9.1 81.8

It is considered that wells with SC of less than 2.5 (I/s)/m (25% of the STW sample in some clusters)
have either been drilled in areas of very low permeability formation material, or more likely, have

partly blocked, poorly developed screens.

The evidence is similar with some ILC built MTWs with mean SC values of only 2.6 (I/s)/m (Jahada
cluster MTWs). Formation damage by drilling mud and poor development is implicated, especially

in deeper screened wells.

5.5 Model Shallow Tubewell Designs and Costs

The configurations for STW models considered later in the economic analysis are given below

(Table 5.2), together with estimated capital costs of the models. The objective is to compare typical

costs of the following:

- improved version of typical current Terai STW: a 20 m STW, constructed manually under
ADBN subsidy, cased with mild steel (MS) pipe and equipped with a suction pumpset; the
STW has a more serious development effort and a simple test to establish the 6 1/s minimum
yield currently required for contractor payment by ADBN;
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. a similar design, but one which uses PVC for casing and screen: elsewhere, we advocate the
trial use of PVC casing and screen, which is made locally at 4 and 6 inch diameters, and is
much cheaper than imported mild steel (MS) casing; although irrigation STWs are seldom
completed with PVC (although its use for rural water supply wells is more common), we
anticipate that PVC use will become much more common;

. a machine-drilled, 60 m deep, suction pumped STW, similar to those being constructed in
the Terai for the ILC programme: this design is fitted with mild steel (MS) casing and saw
slot screen, is gravel packed, fully logged, developed and tested, and equipped with a simple
pumphouse and discharge box; capital costs of this design are five times that of the manual
STW; and

: an additional 15 1/s machine drilled tubewell, similar to the third design above yet equipped
with a submerged, diesel powered pump; similar designs (here designated MTWs because
a submerged pump rather than a suction pump is sometimes used) have been used in the ILC
programme; as for design 3, the capital cost is some eight times greater than the manual
STW designs.

Both machine drilled 15 1/s designs demonstrate the very large capital cost difference between manual
and machine methods. It is difficult to see how machine drilling of STWs can be competitive with
manual drilled STWs under present practice, particularly as the machine drilled mud drilled option
(as implemented under ILC) seems to provide wells which are difficult to develop. To make machine
drilled STWs affordable would require a major modification in the machine drilling method (different
work practice, use of down hole hammer or RC rigs) to give low drilling costs, together with adoption
of drilling costs closer to the manual driller, and low cost plastic casing and screen. They do have
valid applications in the areas where manual drilling methods are not practicable.

For completeness, Table 4.7 includes the cost of electrified STWs, and dug wells.
All STW and dug well variants have an allowance of RS 2 000 for a simple discharge box (rarely
used at present) and a nominal Rs 5 000 to cover the value of the thatched huts usually built by the

owners to protect the pump and provide daytime shelter. This addition of Rs 7 000 is not normally
included in the typical ADBN STW package.

7
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Well Configurations and Capit

TABLE 5.2

al Costs Comparisons:

STWs and Dug Weljg

. W Dug wells
Item STW* STW manually df!Ued(’:Vse!;el maSn'II?lauy :i'g:i:
machine casing-screen: lmprBN drilled: PVC dl‘illede
dl'illciii (II)LC Terai p l;:f:i(;;)(AD casing screen
mode
0 20 10

Depth (m) 60 e 10-15/8 10-15/8 7.5/5 i
Discharge (I/s)/engine 15/8 10‘_15/ Electric 3
(hp) Diesel ec

Component:

- s 1

Set up/restore site 7 500 - 2500
Drilling 117 500 2 100 2 100 2 100 100001 117 50
Geophysical 1500 - B . i 14 409
logging/sampling/report

Casing, screen, MS 49 750 12800 MS 12 800 PVC 7 400 5100 MS52 000
reducer/cap

Installation 4 500 4 500
Gravel pack/grout 3 500 - - N 3500
Develop/test 10 620 2 500 2 500 2 500 1 000 20900
Sub total 194 870 17 400 17 400 12 000 16 100 225 300
Pump and diesel engine Su 24 000 Su 24 000 23 000 Su 24 000 Fm 20 000 | Fm 100 60¢
Priming hand pump - 1 200 1 200 1200 -
Installation/valves 2 000 2 000 2 000 2 000 2 000 5500
Pump house/discharge 41 000 7 000 22 000 7 000 - 81 000
box**
LV connection cost - 76 000
Total 261 870 51 600 141 600 46 200 38 100 412 400

Notes: D2/S1 aquifer; * gravel packed

s includes Rs 2 000 for simple STW discharge box and Rs 5 000 for value of typical existing thatched STW houses
MS mild steel; PVC polyvinyl chloride; Su suction pump; Fm force mode

Source: GDC

70662BONGDC\B\TGR3-10 May 1996\wp

5-10

e



5.6 Recommendations for the STW Sector

5.6.1  Suggested Target Criteria

The hydrogeological evidence suggests that much of the Terai is underlain by very permeable shallow
aquifer material yet the performance and life of many STWs suggests that STW drilling and
completion needs improvement. With some flexibility in screen design, and attention to well

components and well development and completion, we see no reason why a target acceptance yield

of 15 I/s, and a STW life of 15 years minimum, should not be considered realistic. We suggest that
the following provisional acceptance criteria and procedures be adopted.

Design

Development

Yield test

Casing and
Screen

Minimum screen length 10 m. Internal diameter 4 inch for 15 I/s target yields or
less. Minimum 12 m blank pipe from ground level to top of screen.

Minimum activities to comprise bailing, use of a surge block and overpumping.
Development considered complete once water is clear (i.e., fingers visible through
18 inches of water in a bucket) and sand free, i.e., no more than 1 gram of sand or
half a teaspoonful per 20 1 of water at any time during the first 10 minutes of
pumping and a negligible amount thereafter).

Separate criteria for minimum test yield depending on static water (SWL) level at
the time of testing.

If SWL <3 m bgl, minimum flow rate to be 12 1/s;
If SWL <6 m bgl, minimum flow rate to be 8 I/s; and
If SWL >6 m bgl, minimum flow rate to be 5 1/s.

In subsidised STWs, well screen should be 0.8 mm saw slotted smooth or preferably
ribbed PVC screen to DIN 4925. Larger slot widths up to 1.5
mm should be considered if the screenable formation is mostly fine gravel or

coarser material.

In the possibly unusual circumstance that formations comprising uniform fine to
medium sand have to be exploited, a coarse sand to fine gravel pack or wrapped
screen could be employed. Base pipe for wrapping should be smooth wall rather
than ribbed.

PVC casing set less than 20 m below ground level could have a wall thickness of
3.7 mm absolute minimum; i.e., class 3 to IS 4985. Deeper PVC casing should have
an absolute minimum wall thickness of 5 mm (the same as for screen to DIN 4925),
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5.6.2 Manpower and Research Needs

The STW sector requires both some technical-design input and field supervision and eXperimentation,

in addition to some modifications to the contractual system. Technical and supervisory persopp
from government and the ADBN would need to be involved at field level in practical well desigy

changes, involving both contractor and farmer. There are several basic requirements:

- practical research into all aspects of STW design criteria, materials (in particular the
increased use of Nepali manufactured PVC casing and screen), construction ang

development techniques;

- investigate the feasibility of modification of existing manual rigs, for example the
modification of the bogi system by addition of circulation/rotation pump and small rotary
drilling bits; this element would also consider adoption of improved development
techniques, using surge block and overpumping;

- aneed for some limited field experimental work into the development process, to be focused
on existing machine drilled ILC boreholes where development appears incomplete, or on

newly constructed test wells to allow controlled development, design innovation and the test
use of new STW screen materials;

technical field supervision and reporting on the ADBN STW programme is required on a
routine basis; there is a clear need for technical supervision of the design, sampling,
develc?pment and testing process; hydrogeological technicians, with knowledge of formation
sampling, scfreen design and well development, yield drawdown testing and reporting, and
pumpset maintenance, are needed at field level; however, it is unlikely that any organisatiOH

such as ADB ili ici
' N could. mobilise enough technicians to supervise and monitor STW
construction and operation; some of this will have to be d

i one i jtable
extension and advice; by the farmer, with su
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B an extension type approach to help farmers understand what could and should be achieved,
what can be done to achieve it and their role in implementation; with appropriate training
and explanation, it should be possible for the farmer to monitor the drilling, yield

performance and water levels in his own STW; and

- some adjustment to the risk-reward ratio within the contractual system operated by ADBN
is needed to more fairly balance the contractual risk to manual contractors who drill in
difficult areas, particularly in bouldery or fine sand conditions; at present, there is a
tendency for such contractors to refuse to work in marginal or difficult areas; the
modifications should include preferential drilling rates for difficult drilling conditions, or
possibly an allowance for equivalent pilot hole drilling should the STW have to be

abandoned because of adverse drilling conditions.

Although ADBN promotes the majority of STWs in the Terai, the agency is not, as a matter of current
policy, involved technically in STW construction supervision (except to certify a limiting well
discharge on which contractor payment is based). This leaves a serious technical-supervisory gap
which needs to be filled both to protect the farmers and to safeguard the longer term investment.

Because of the involvement of ADBN in the STW sector, it seems logical to suggest that ADBN’s
current policy should be reversed, and that ADBN, with appropriate technical strengthening, is well
placed to provide technical field supervision through mobilisation in the field of suitable
groundwater technicians with knowledge of formation sampling, screen design and well development,

yield drawdown testing and reporting, and with additional pump-motor training.

The required field research should be implemented by GWRDB hydrogeologists, supported by a
consultant hydrogeologist/groundwater engineer and a consultant drilling engineer. These people
would not be project specific, but would review well design practice throughout the Terai.

More specific matters of STW design, design change and component materials, and field research on
existing underperforming STWs would be addressed by Department of Irrigation (DOI) through the

GWRDB research group mentioned above.
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CHAPTER 6

CONCLUSIONS AND RECOMMENDATIONS

6.1 General

For the reasons discussed above, the performance and life of Terai tubewells does not always attain
what is practically possible, yet these things can be improved by small changes in the processes of
well design, well construction and development. The scope for improvement is discussed broadly in

the subsections which follow and is particularly important in the context of improving the quality and
cost effectiveness of the tubewell on offer to farmers.

6.2 STW Construction and Contractual Systems

The hydrogeological evidence is that much of the Terai is underlain by very permeable shallow
aquifer material, yet the performance and life of many STWs suggest that STW drilling and
completion need improvement. With some flexibility in screen design, and attention to well
components and well development and completion, we see no reason why a target acceptance yield
of 15 1/s and a STW life of 15 years minimum should not be considered realistic. The target

acceptance yield and other acceptance criteria are given in Chapter 5. To achieve these targets,
several measures are required, as follows:

Drilling Contractors:

The manual well driller needs technical field advice and supervision on matters of formation
sampling, screen selection and placement, well development and simple but controlled yield testing.
The contractor must be required to carry out effective well development and this may require him to
use additional equipment. He should be required to make simple reports.

Contractor training programmes, such as those run in the past by the ADBN, should be restarted.

ADBN should consider making loans to drillers to encourage them to acquire the extra equipment
needed for correct STW development.

Contractual System:

The contractual system by which the majority of STWs are built needs review.
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Well Development:

Required field experimental work into the development process should be focused on existing

~ machine drilled ILC boreholes where development appears incomplete, or on newly constructeq test
wells to allow controlled development, design innovation and the test use of new STW Screep

materials.

Alternative Casing-Screen Material:

Promotion of the use of plastic casing and screen through DOI (for trials), ADBN and drilling

contractors, with concurrent technical design liaison with Nepali PVC manufacturers.

Field Supervision:

Technical field supervision and reporting on the ADBN STW programme is required on a routine
basis. There is a clear need for technical supervision of the design, sampling, development and testing
process, and for field advice on pumpset installation and maintenance.

6.3 DTW Design and Completion

Well i i ice i
comPletlon and well design practice is somewhat rigid and requires critical review; in some
cases, earlier designs are being subsequently applied to different form |

i ation-aqui iti ith
unsatisfactory results. on-aquifer conditions W
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The current Stage 111 DTW well completion practice in Bhairahwa Lumbini Groundwater Project
(BLGWP) is not entirely logical, and is in some respects unduly conservative, Overweighted drilling
mud is used to control much diminished artesian heads, with consequent formation mug damage. The
Jogic of the use of a 2 to 8 mm gravel pack opposite stainless steel WwRb screen with 1.6 mm
aperture, other than extreme safety, is unclear; it is likely to impede effective development in the

screen-pack zone.

yet these designs are pursued without any formation grain size sampling and analysis. Formation
analysis, and a choice of screen sizes, would allow more design flexibility and a reduction in length
of production strings and in screen setting depths.

Since well design in Stage I of BLGWP used natural development and produced DTWs with specific
capacities five times those of current DTWs, we suspect that current well design is defective while

development of the well, particularly opposite deeper screens, is ineffective.

At the Kapilvastu Tubewell Project, the ILC DTWs and MTWs (and machine drilled STWs) show
some similar design and completion problems. The wells are mud drilled and completed with 1.5 mm
saw cut slots and a 2 to 5 mm gravel pack, a somewhat illogical and conservative design with built-in
development problems. Some of the wells are of low specific capacity and show clear evidence that
the screens have not been developed. That development is difficult or ineffective is partly confirmed
by compressors which are incapable of working below 70 m depth and the lack of proper jetting-
development tools.

In view of this evidence of poor well performance and problems with screen development, there
seems to be a need for some rethinking of DTW design and completion. A critical review and
concurrent pilot field study by people with background in drilling engineering and hydrogeology, is
required of the current practices in the Terai, and should include the following topics:

- review the justification for continued use of gravel packs in DC mud drilled wells, screen
selection and gravel pack design; review the logic and justification, in terms of safety, for
use in BLGWP and ILC of packs grading outside the slot width; review gravel pack grading
and placement and the requirement for routine formation sampling and mechanical grain size
analyses, to derive grading curves to assist the screen design-placement process; reconsider
the current definition of screenable material - should more screen design flexibility be
available, and how does this affect the length of the production string required?;

reassess the applicability and advantages of naturally developed well completions in terms

of drilling costs, possible reduction in formation damage, and ease of formation
development;

review current operation of the one reverse circulation rig in the Terai and consider the

feasibility of the more widespread use of RC;

70662W)NSD(,\B\TGR3~13 April 199\wp

6-3



. ohting materials in context of present redyceg arteg
welg

5 review drilling mud control and an

. tions;
heads: examine alternative mud formula ’

pment and chemicals used; examine de‘,elopme

.o » n
s. in terms of well specific capacity; alrange ¢
screen development techniques and POssip)

- review well development methods, equl
ie]d
€in.

efficiency, particularly in deep set screen
testing of appropriate isolated section well
screen flow logging techniques;
. ing costs as inte
- focus on increasing specific capacity/decreasing well pumping gral part o the

well design process; and

- implement sequential specific capacity tests for individual wells-, tlo detect performap,,
deterioration; review possible causes, which could include physical sand blockage, bio-

fouling or non-organic encrustation.

In view of the apparent advantages of the medium tubewell (MTW), namely reduced drilling depth
and diameter, more shallow screen set and hence reduced drilling cost and fewer screen deveIOpmem
problems, further work is needed on the design of these tubewells with typical yields in the range 2

to 40 I/s and their application to irrigation use.

Ancillary equipment needs to be upgraded. New development tools need to be provided to allow
effective development across deep screens where deep screen settings can be justified; a flow log
wireline tool should be acquired to allow investigation of well screen performance where specific
capacity appears inconsistent with the grain size of the formation screened.

6.4 Manpower and Research Needs

Implementation of the recommendations given in Sections 6.2 and 6.3 will require involvement of

personnel from the Nepali government, the private sector and from external consultant organisations.

The major requirements are:

- aneed for practical research, and development, into al] as

pects of DTW design, construction
and development;

consolidation of DTW and STW data from all Terai districts into a database and mapping
to allow basic aquifer resource and planning Studies:

- research is required into STW design, constryct;

) ) on methods and materials used; this could
cover possible upgrading of the manual drillj
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. a need for some limited field experimental work into the development process, to be focused

on existing ILC boreholes where development appears incomplete; and

. promotion of technical field supervision and reporting on the ADBN STW programme is
required on a routine basis; supervision is nceded during design, sampling, development and
testing process; hydrogeological technicians with knowledge of formation sampling, screen
design, well development, yield drawdown testing and reporting are routinely needed at the
field level (since farmers at present lack back-up in the operation and maintenance of their

pumpsets, it would be desirable if the same technician could assist with the pumpset
problems).

Well design and field experimentation in both the DTW and STW sector should be implemented by
DOI/GWRDB hydrogeologists, supported by a consultant hydrogeologist/groundwater engineer and
a consultant drilling engineer. These people would not be project specific, but would review well
design practice, including materials, and carry out practical field tests throughout the Terai. GWRDB
would then be in a position to promote incorporation of test results into tubewell production drilling,

either by direct field liaison or by incorporation of modifications into standard contract
specifications.

The DOI/GWRDB is the repository of the majority of Terai groundwater data, from both the deep and
the shallow zone aquifers. It needs to expand this function and develop a comprehensive tubewell
data base linked to hydrogeological mapping and mapping for development planning.

Water level mapping is of particular importance to successful STW expansion. The GWRDB
maintains a basic but low density water level monitoring network (initiated under the GWRDB/UNDP
shallow aquifer survey). A reasonable long term objective would be to increase the level of detail in
this network by incorporating routine water level data collected during the ADBN STW programme
by rural water supply programmes and by other projects. This would allow GWRDB to compile STW
development mapping at a scale suitable for field planning use.

In the STW sector, hydrogeological technicians with knowledge of formation sampling, screen design
and well development, yield drawdown testing and reporting are routinely needed at field level to
assist farmers and perhaps to train them in basic water level yield measurements. Since farmers at
present lack back-up in the operation and maintenance of their pumpsets, it would be desirable if the
same technician could assist with the pumpset problems.

It was earlier mentioned that although ADBN promotes the majority of STWs in the Terai, the agency
is not, as a matter of current policy, involved technically in STW construction supervision (except
to certify a limiting well discharge on which contractor payment is based). This leaves a serious gap
which needs to be filled both to protect the farmers and to safeguard the longer term investment.

70662BONGDOB\TGR3-13 April 1994\wp 6'5



TW sector, then the logical position is to suggeg; thay

Because of the i DBN in the S i
e involvement of A ide technical field Supervisjo,

rov
ADBN’s current policy should be reversed and that ADBN should p Tviafer techni
through mobilisation of suitable and mobile technical personnel (groun nictans wigy

additional pump-motor training, capable of producing full well completion-test reports) within gp,

Terai districts. This is addressed further in Volume 1, Chapter 11.
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