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Abstract

1

This interim report, based largely on field work from March
1969 to June 1972 describes the preliminary results of hydro-
logic studies and exploratory drilling to evaluate the water-
bearing properties of alluyial deposits underlying the Tarai area
of the Lumbini Zone of south-central Nepal, The investlgat1on
and drilling were jointly undertaken by His Majesty's Government
of Nepal (HMG) ahd the U.S. Agency for International Development
(USAID) with technical assistance of advisors from the U,S,
Geological Survey, '

The Lumbini Tarai comprises about 4,000 square kilometers
of gently sloping cultivated lands and dry jungle lying between
the Churia Hills on the north and the Indian border on the south,
Monsoon rains occur from mid-June to October and the remaining
months aré largely dry, Most of the almost 595,000 people of
the abea live in villages and towns and subsist on crops grown
during the monsoon and livestock, Dry season irrigation from
streams qpd rivers is practicable in only a small part of the érea.

Use of tubewells for irrigation in much of the Lumbini T@rai
appears to present the best prospects fop year+long irrigation an@
a three-ggop economy, During ground-water expl??ation opéiatidns
in the Lumbini area 99 test wells totalling roughly 41,000 feet

‘Were drilled on a 9-10 km (kilometers) east-west‘and a 5-6 km




]

népthwsouth grid pattern, Aquifer tests to determine the
hﬁéraulic'cha?ao%eristics of the water-bearing beds were carried

ont 2t 26 seleeted test-well sites,

The best potontial fop largg:yielding tubewells lies in the
?qppsﬂ part of the Lumbini Tarai, Wells drilled in the coarse-
textured deposits of the Bhabar zone, which were laid down by
‘streams debouching from the Churia Hills, have the highest
yields. The water levels in these wells, however, are uniformly
below land surface and pumps are required to lift the water,
Wells drilled in the finer-grained sediments of the Gangetic
gone elsewhere in the area often fiow, Also, in much of this
gone, the ground water is confined under high artesian pvessure
at relatively shallow depth below land surface.,

Successful drilling in flowing artesian zone requires usé of
heavy barite based drilling mud tb contain the artesian pressuré
until the aquifer can be fully penetrated by the drill and the
well casing can be set and cemented, Withoﬁt proper mud control
and éementing, wells in this zone of the report area "blow out"
nesﬁ;ting iaﬁuncontrolled flow from the annulﬁs around the well
and from the well itself,

The zone of optimum flow from artesian aquifers‘is centered
north of Bhairawa near .the Agriculture Research Farm, ang this'
center, heads above land surface and yialds in the arfesian
system decreése in all dipections, The zone with . poorest potential
for irrigation from ground water lies in the southern and

southwestern part of the Lumbini area,
2



The clla#nieal quallty ot water from the artesian and semi-
artesian aquifers in the area is genarally good and suitable,

‘with few exdeptions, for domestig supply, livestock, industry,
and irrigation.



Introduction
Purpose and Scope of Report

This interim report summarizes data collected during the
first phase, extending from April 1969 to June 1972, of a project
designed to explore thg ground-water potential and to'study the
geochydrology of the Western Tarai region of Nepal, The report
also présents preliminary‘conclusions regarding the occurrence,
qnantity, and chemical quality of ground water in the Gangetic_
alluvium and Bhabar zone depasits underlying the area of investi-
gation, Accompanying tabﬁlatiohs presents part of the basic
data on which a final interpretative report will be baéed. This
information is released at this time in advance of the inter-
pretative report, because of its value to prospective users.of
ground watef in the area and most. particularly to those con-
cérned with tubewell construction,

The present investigation of the Western Tarai has been
Jointly §ponsored by His Majesty's Government (HMG) Department
of Irrlgatlon and Hydrology, Mlnlstry of Food and Agriculture
and the United States Agency for International~Development

(USAID), Technical advisors were assigned to the pmojech;by-‘ |
'the United States éeological Survey (USGS), A

The Governmenf of Nepal has been systematically strengthen-

ing its internal capability to appraise, develod and manage the

~nation's water resources, First efforts which were directed
, 4 .




~towards appraisal of surface-water resources began in 1962 and
continued ﬁntil the end of 1968 through a cooperative agreement

between HMG and USAID that provided for technical assistance

from the USGS, During this period, 57 permanent stream gaging

stations along with 38 partial record stations were established
throughout Nepal, In addition, numerous miscellanequs measure-
ments were made at other sites, Moreover, sediment investi-
gatiops, the study of mateﬁial in suspension in streams, were
initiated in 1964 under the same project, In 1965 the project
was broadened when HMG, with the techniéal assistance of the
United Nations, expanded the coliection and evaluation of
meteorological data, Establishment of the Ground Water Section
in 1969 and the Quality of Water Section in 1971 within HMG,
Department of Irrigation and Hydrology under the present project,
completed the organization of an integrated natioﬁal water-
reéources department,

Many aspects of training in the multi-disciplined science
of Hydrology are best accomplished.on—the—job yworking on actual
field invesfigations. Accordlngly, personnel from HMG Ground
Water and Quality of Water Sections were assigned units of
field and laboratory work involving either well inventory;:
hydrogeologic mappiné, exploratory drilling, geophysical well
logging, aquifer testing, determination of water quality or

collection of observation well data, On becomlng proficient in

one skill, these personnel rotate to other tasks for additional
5



training. As the ground-water resources of the Lumbini
Tarai were relatively unknown, the major effort in the

investigation was necessarily directed towards test drilling

and aquifer testing. During the Ground Water Project field

operations two combination rotary-percussion drilling rigs

pfovided by US AID to the Government of Nepal were utilized

for test drilling, Also, additional drilling serv’ces, in-

cluding one rotary rig and one percussion rig,were provided
to the project through contracts with Indian well-drilliing
cdmpanies. Another contract reverse rotary machine also

\

worked on the project for a brief period,




Location and Extent of Area

The area of investigation lies entirely within the Lumbini
Zone of Nepal and is located between 27°20' and 27°50"N6rth
Latitudes and 82°40' and 83°55' East Longitudes and covers
approximately 4,000 sq, kms, (fig. 1). 'he Lumbini Tarai
includes part of the Nawal Pérasi and all of the Rupandehi and
Kapilvastu Districts, Thé area extends about 120 km east-west
and raﬁges.in width from 20 to 45 kms north-south, The eastern
limif of the area is formed by the Narayani RiQer and the western -
1imif by the Arrah River and a southward extension of the Churia
(Siwalik) Hills. The northern limit lies along the base of the
Churia Hills, énd the southern limit is the Nepal-India Border.

The principal towns in the area are Bhairawa, Butwal, Parasi,

Taulihawa, and Krishnagar.
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* Economic and Cultural Peatures

‘Bhairawa, the population and economic center of the Lumbini
Tbrai is served by an all-waather airport which is being
expandad to accomodate large jet aircraft. There is no direct
1ink with the India Government railroad, although there'gre
- sgveral transit entpy points along the Nepal-Indian border. The
all-wagthqn Sonauli-Pokhara highway completely croaées the |

Lumbini Térai and links the Indian border entry poinf with the
iptermontane Pokhara Valley in central Nepal and also the méjOf
ceﬁters of Bhairawa, Butwal and Tansen, The Britigh Government
is currently constructing a highway eastward from Butwal to
VHSTOYUEFS- and. the Lndian Cooparation- Ubesiod 40 wikiing 2
poad westward from Butwal to Nepalganj., Both of thaéa roads

ape part of the east-west Highway system that will eventually
extend across the entire Naﬁal Tarai, Plans are also approved
o construct a north-south road linking'Krishnagar with the
east-west highway via Bahadurgunj. A link road connecting Parasi
vith tﬁﬁy%hﬂtnﬂﬁﬁt highway is'under construction, Thepe are, _

ip addition, short surfaced peads of 3 few kilometers length .
linking hu@bini and Taulihawa with india. Aside from fﬁS?g roads,
wany of which are currgntly under cdnstructiqn,“arg dirt ;;acks,
which are usable only in dry weather by all-wheel drive vehicles
oy bullok carts, kDuriﬁg'the monsoon, travel in much of the area
is limited to foot or elephant, Drilliﬁg operations ére not
practicable, even at short distances from the alle.weather roads,

during the monsoon, g



‘

(A

The 1971 census of Nepal indicates a population of 595,100
for the Naﬁal‘?arasi, Rupandehi, and Kapilvastu Districts of the
more extensive Lumbini Zone, Part of the Nawal Parasi District
lies outside of the Tarai and the area of this report, Never-
theless, most of the population live within the report area,
Prior to the control of malaria, the year-long inhabitants of
the area consisted largely of Thafus, a tribe that~apparent1y
had evolved a natural immuﬁity to the diczase, The other
indigenous inhabitants, pre-dating malaria control, were for the
most part indistinguishable from groups living immediately across
the Indian border with whom, as is true today, they freely inter-
mingle, With malaria controlled, however, people from the mid-
lands and northern hills as well as Nepalese refugees from Burma
have settled in the Tarai, Nowadays, the population is truly
polygenetic -and becoming increasingly mixed with additional
se;ctlemen‘c°

Lumbini, located roughly 15 km west of Bhairawa, is the
bipﬁhg;g%%wof the Gautama Buddha who founded the Buddhist family
of religioﬁé, Th2 sacred site is a wor'duide focus for Buddhist

pilgrims, who come to worship there,

10



Pravious Tnvestigations

L]

1heibas;§ for planning the present investigation has provided
ﬁy We Ve Swarzenski and H, M, Babcock (1968) who completed a
reconnaissance study in early 1968 and proposed the present ground-
water investigation of the Western Tarai., Previous ground-water
investigations in Nepal have for the most part been limited to
spot studies by consultants of specific areas, although some of
these have been rather extensive, It is believed, however, that
the Western Terai investigation is the first such study under- .
taken by HMG utilizing an appreciable number of Nepali technical

personnel,
Bekuovledguents

This report ultimately results from th$ combined efforts of
al; the personnel, pést and present and of several nationalities,
assigned to the Western Tarai Ground Water Project, It would be
difficult to equate the relativé‘contnibution of such diverse
yet intepdependent activities as access track construction, well
drilling, geophysical logging and cheﬁical analysis of water
samples, to name but a few examples, Messrs, Gregory Franz, .
Avery Beer, and Stephen Harper, U.,S, Peace Corps Volunteeils, were
assigned to the project as geologists and were Barticularly help-
fﬁl in the initial stages., One drilling contractor, N. B.

Tubewells of India, consistently excelled in its work performance,

Personnel of the Butwal Technical Institute builf and repaired
11



;imany items of. project equipment, 'The quality of their wopkmanship
was consiétently high, Measré. Carl Schantz and James G, Blevins
‘served as Well Drilling Advisors to the project., In addition,
MNr, Blevins contributed sukstantially to the Mud Control and
Cementing Sections of this report, . Thaqks are also due to the

many government officials and private individuals who assisted
the project from time to time, .

12
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Geography ' ‘
TJopography and Drainage

[ 4

The Nepalesa.Tarai constitutes the piedmont zone of the
vastGangetic alluvial plain which extends south into India,

The Tarai is an ayea of low relief characterized by gently .

doping cultivated land interspérsed wifh large tracts of
subtropical or dry junéle. The northern limit of the Lumbini-
Tarai is formed by the east-west trending Churia Hills which
rise abruptly fom.ﬁhe plain to altitudes of 3,000 to 5,000
feet, In the Lumpini Tarai, coarse deposits of boulder and cébble
gravel with sand form alluvial fans overlying énd_in part
intercalated with the finer-grained Gangetic sediments yhere
Streems deboudh fyem tha Churda Hills:. The casyse deposits
constitute the Bhabar zone, These ére extensive only along the
larger rivers and streams and do not extend in a continuous
piedmont belt as reéarted in the Indian Tarai, For example,
the Bhabar zone extends southward from the Churia front to a
maximum distance of 8 km along‘the Tinau River south of Butwal,
East aﬁgthast'of thig point the Bhabar zone deposits recede
northward until they feather out against the flanks of the
Churia Hi}ls, In the Lymbini Tbrai, this pattern persists east
and west of the Tiﬁau drainage where Bhabar deposits occ;; in
elliptical alluvial fans opposite the points where streams

debouch from the hills, The areal extent of the alluvial fans

~_and associated Bhabar deposits is dependent on the size of the

13



(\atream. the smaller the stivam,the smaller the fan, Bhabar
deposits are ‘for the most part absent at the base of the Churia
Hill in the {nterfluvial areas between larger streams., Aside
‘from the Tinau drainage, the only other extensive area of Bhabar
deposits in the Lymbini Tarai ocours along the Narayany River on
the east, _ |

Dvainaée in the Lumbini Tayai is . southward and
nu@erus abandoned stream meanders with oxbow cutoffs are indi-
cative of low stream_gradientssouth of the Chyria Hills,
Elevations range from 174.0 meteps above sea level at Butwal on
the northern edge of the Lumbini Tarai to 89,3 maters above sea
level at Sombarsa on the south near the Indian border, The flow
9 a1l .$he . 5treans in the avea. with the. -GUCIRLIOn of-the- Howay:
and Tinau Rivers is 1nterm1ttent in -the upper pledmont reaches of
the Tarai from April to June, Towards the end of the dry season,
the smaller streams cease to flow shortly after 1eav1ng the
Churia HlllS. Flow again resumes downstream after 1 t0 3 ka as
undepflow rises to the surface. In the intermittently dry
reaehaaa:Zpoaa_the Bhabar zone water seeps downward from the
stream channels and is recharged to ground water, Flow from °
points along the spring line likely represents rejected Eacharge.
The configuration of the spring line generally reflects the same
elliptical outline as the Bhabar zone deposits, South of the
spring line streamflow is fopr Ehe most part perennial although

very low in the sméller streams during the dry season,
14



The amoynt of recharge to ground water is a critical factor

in determlnlng the water budget for an area, Accordingly, the
‘Ground Water Project is currently (1973) conducting a atudy of

_ the recharge in an area drained by the Bhaluhi Khola 8 km gast

of Butwal, Staff gages have been established in the river at

locations upstream and downstream of reaches of pevennial flow

as well as in the intervening reach where flow ceases, during the
dry season, Observatlon wells with continuous water-levael )
recorders are located close to the river bank near to the staif -
gages on the river itself, The staff gages are read thmae.t;ﬂaa ‘
a day and the water-level recorders opepate continuoualy.

Stream dlscharge is measured during periods of both h:gh angd low
riow, Hoperully, the collection and 1nterpretat10n of theae

data may make it possible to relate stream flow and runatf E@

recharge of the ground—water system.

The Surface Water Section of the Department of Irpigatien
and Hydrology established a gaging station on the Tinay Rivep
a shont distance upstream of Butwal in 1964. . Data from this

¥

station are suymmarized in table 1. nll rivers and stregag ih

Nepal increase spectacuiarly in flow during the moOnsoon 3¢
-

LA
(.

which timé.they also carry heavy sediment loads,

15




Table 1. -Summary of Discharge of Tinau River, at Butwal

Catchment area Period of Maximgm flow Minimgm Flow Average Annual

in sq/km Record in m?/sec in m°/sec Digcharge
' " m”/sec
554 1964-69 2,220 1,0 23,5

Perennjal natural lakes and ponds are rsre in the Lﬁmbini
Tarai although some do occur in tﬁe northern part of the area,
usually near the spring liné. Most villages construct large
earthern tanks to provide water for bathing dﬁring the dry season,
These tanks fill with rain water during the ﬁonsoon and empty with
use during the rest of the year, Only those villages with tanks

~deep enough to intersect the water table are assured of year

round supply.

16



Climatic Features

The wet monsoon begins in the Lumbini Tarai in mid-June and
continues to late September, Sporadic rains usually occur
through October, but November and December are often completely
without rainfall. January, February, aﬁd March are generally
dry with only occasional rain, In April and May scattered storms
are the rule as the monsoon builds up to the southeast,

Rainfall data for Butwal 1961-1972 and the Agriculture
Research Farm near Bhairawa 1968-72 are shown in table 2, The
limited data suggest an increase in rainfall near the Churia
Hills front,

The maximum temperature observed in 4 years of record at
Butwal was 44.9°C on RAugust 1, 1963. Minimum temperaturé for the
same period was 4.3°C on June 27, 1964, The daily mean température
averages 25-26°C, however, Other stations in the Lumbini area,
at Bhairawa Airport and the Bhairawa Agriculture Farm, record
somewhat higher maximum Temperatures, but the period of record
is too short to derive averages. Average relétive humidity
ranges between 56-63 percent at Butwal and the limited records,

at the other stations suggest averages ranging between 25 and

L

84 percent, - ] .
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Agriculture and Industry

'

An estimated 93 percent of the population of Nepal is
engaged in agriculture op agriculturally related occupations,
It is likely that the percentage of agriculture workers is even
higher in the Lumbini area, The principal'crops are paddy,
wheat, maize, potatoes, o0il seeds, gram, dal, and considerable
variety, in season, of vegetables and fruits, Sugar cane, millet,
barley, jﬁte and tobacco are also raised but not extensively,
Livestcck and livestock products are major sources of agricul-’
tural income. Bullocks and water buffalo are the principal
draft animals‘although small numbers of camels, horses, and
donkeys are also used, ‘Cattle and water buffalo are raised for
milk, Sheep and goats together with chickens,; ducks and some
geese are the main meat sources, Fish and fish farming are.
becoming increasingiy impbrtant,

Forest products are an important source of revenue forp the
drea. An estimated one-quarter of the Lumbini Zone is in

comnercial forest, The Sal (Shorea robusta) is the most valuable

single species,

Household crafts, such as weaving, basketry, blacksmithing,
and small écale manufacture of leather goods provide souré;s of
cash income for farm families, Major industries of the area
include the sugar mill and distillery at Bhairawa, the workshop

and plywood factory managed by the Butwal Tbchniqal Institute
it 19



,. at Butwal, who also built and manage the hydroelectric project

on the Tinau River, Local rice and oil seed mills, usually

servicing several villages, are among the minor industries,

20



Irrigation

Withoutvat least some irrigation, the growing of paddy and
wheat is usually limited to one Crop- per year in the Lumbini
Tarai, Construction of major irrigation works is currently (1973)
in progress to utilize water from the Narayani River. Water will
be distributed to the Nepal Tarai eastward outside of the Lumbini
Tarai towards Birganj and westwards, in the Lumbini Tarai, to
Bhairéwa through the Parasi area by a system of canals con-
structed to a reported 0,75 foot to the mile grade, Whereas the
irrigation water will be valuable to area farmers, lateral distri-
bution by gravity flow will be limited with this slight gradient,

Minor irrigation proijects utilizing flow from smalier rivers
have sometimes been disappointing in the Western Tarai. Cbnsid—
erable loss of irpigation water occurs, for example, in the Tinau
irrigation system as the-canal passes over the coarse deposits
of the Bhabar zone south of the headgates, This leakage is
considerable and water is not available at all points through
the disteibution system during the dry seasoh. Another minor
irrigation system is under construccion on the panganga River in
the western part of the area, In addition, local farmers have
constructed extensive hand-dug irrigation systems captur;;g flow
froﬁrsmall streams, The man years of labor involved in such
construction arevtruly prodigious, All these minor irrigation
works require expensive repairs to the headworks and canals

following the monsoon floods.2



Use of ground water -is, of course, an alternative to use of
surface wafef in most areas requiping irprigation, Ground water
can be develdped with varying degrees of intensity and funding.
Furthermore, water from wells ﬁaa an immediate utility on a upit
by unit basis whereas surface-water irr;gation projects are
usﬁally expgnsive and not operable until the entire sysfem is
complete. A number of productive wells in the Lumbini area
resulting from the present.Ground Water Project have been

turned over to HMG, Irrigation Department for use.

22



Well Numpering System

]

The test wells were dpilled on a grid roughly 9 to 10 km
.aastwest_and 5 to 6 km north-south, although, for reasons of
‘access to sites, there are exceptions to this spacing. Numbering
begins in the south east coyner of the.areé and wells are
numbered serially from south to north on each line, The 13 grid
lines, in turn, are numbered serially from east to west, For |
example, well éﬁg‘near' Bogri is the fourth well north of the
southernmost drill site on the sixth line west of the eastern
boundary of the area., Test well locations are shown in figure 2.

Table 3 is a cross reference between test well numbers used
in this report and test well numbers used to file records in the
MG, Department of Irrigation and Hydrology and USAIﬁ. The file
numbers reflect the chronology of the drilling program, For.
example, NB-7 in the file numbering system refers to the seventh

well drilled by N.B. Tubewells for the project,

23
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Table 3, ‘Cross Reforence of Test Wall Report Mumbers
snd Teat Well File MNumbers,

m_ﬂq... M ! Repoxt No. _File_No, s Report No. File Wo. s Rugort-No, File Mo,

: : : ’
1A H9 2 49 HDe28 ;3 6/4 Ne.32  ;  9/8 NB-4,2
| L : : '

1/2 B8 . 1 5/} NBe16 3 6/5 NE-28 4 - 9/9 NB-41
t : $

2/1 NB-15 3 5/2 NB-17  6/6 NE.d , 1.0/1 HDw23
H 3 :

/e NB-13 3 5/3 NB-28 § 6/7 . liB.58 : 10/2 HD-21
§
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Geohydrology

The northern limit of the Lumbini Tarai lies along the base
Jof the Churaa Hills, the Napaleaa geographic designation fop the
- Sdwalik Range in the report area, Racks exposed by atneams
cutting through the Churia Hills conaiat of interbedded tino-
grained sandstone with clay vugs,  shale, conglomerata, and‘freﬂh-
water limestone all of late Tertiary age. The fomeiong dip
generaiiy‘northward and the entire range forms the Outﬂauﬂﬂi“
folded belt of the Himalaya, The Churia-8ivalik Forvations m
the source rocks of most of the stream~deposited alluyial |
materials underlying the Bhabar zone and the contiguous Ganqqtiﬁ
Plain immadiately to the south, _

The Bhabar zone daposits and Gangetic alluvium sputh of the
Churia foothllls form the principal aqulfers of the area,  The
Ground Water Invest:gation Project was designed, in pagt,
explore the areal extent and thickness of these aquifqra. The

—

d“pest test hole drilled to data (1973) was a 1,512-2‘00!.' slim

g P S,

hele, wq;;,é/s. at Sempi (table 4) Unoonsolidated deposits o!

e ™)

fluvial origin were penetrated throughout the entire depth of ,
this hole, The only known penetration of GhuriaeSiwalihﬂtpdpogk.
in the ared occurred in a 69«foot well drilled in the Briéighj_
East-West Highway compound 2 km east of Butwal, This W!ll ]
located about 500 m from a spur of the Churia foothille, Huuuvcr.
the well is not generally indicative of dopth to badrock in iho

area. 25



The 1,000-foot test hole, well 3/3, at Svnwal is more
typical of the thickness of alluvium relative to bedrock depth
near the Churia-Siwalik front. This test hole is located roughly
750 m_. scuth of the Churia foothills and penetrated alluvium
throughout its entire 1,000-foot depth, The total thickness of
the alluvium is not known, The logs frém the northernmost drill
holes, none- of which réached bedrock, would suggest the preseﬁce
of a considerable thickness of alluvium even near the contact

with Churia-Siwalik Formations and also a major hinge-line fault,

possibly still active, along the southern base of the Churia-

Siwalik Range,
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Water Bearing Characteristics

v

The Bhabar gone deposite consist of boulder, cobble and
‘pabble gﬁavel and Qoépga saﬁd interbedded with some silt and
clay, In the Lumbinj Tal;‘ai, the Bhabar deposits occur in
elliptical alluvial fans extending downstream from the points
vhere larger streams debouch from the Churia foothills, The
size of the fans are eontrolled by the volume of discharge and
sadimem:'loadé of the streams, a® only the larger streams develop
large alluvial fans. The Bhabar ‘dquoaits contain large quantities
of ground water, and properly=censtructed wells penetrating
aquifet's,\-.'.:m/fi‘;;::its produce lawge yields, Well 5/17 at Driver
Tola indicatés that Bhabar deposits overlie older Gangetic
alluvium at this site. The fiyst 285 feet of this well were
drilled by the percussion mathod in order to penetrate the ‘coarse
Bhabar deposits encountered in the upper part of ‘the hole, Clay
wﬁs penetrated at 285 feet and subsequently, drilling was com-
pleted to 820 feet by the divect rotary method, Nothing coarser
than paBhle grevel wae ercoyntered batween 285 and 820 feet in
the rotaryl section of the hole, ‘I’her sediments below the depth
of 285 feet are typical Gangetic é.lluvium. That the Bhabar _
d'epos,:i.ts. fomma zone of vecharge to ground water is wiﬁmdq by :
their position updip and largely overlying the\Gangetic alluvium
and by the fact that the coarse sediments readily accept in-

filtrating rainfall and stream runcff,
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The Gangetic alluvium underlying;interfingering with, and
bordering the Bhabar zone deposits consists of intercalated
‘lenticular beds of silt, clay, sand, and pebble gravel, Near
the Churia foothills, in the interfluvial areas, the proportion
of silt and clay is greater than that of sand and gravel., The
Gangetic alluvium is more extensive than the Bhabar zohe deposits
in the Lumbini Tarai and contains aquifers ranging from fine -
sand to coarse pebble gravel, Tﬁe beds dip gently to the south
from the Lumbini Tarai and are contiguous wifh the Gangetic
alluvium of India, |

The thickness and extent of aquifers in the Lumbini Tarai
appears to be controlled by the ancient drainage pattern. The
ancient drainage system, in turn, seems to be a subsurface
reflection of the presenf-day river system in that, the thickest
and coarsest-grained aquifers occur in the buriéd'alluvial fans
of the larger streams, East and west of the Tinau River, except
where interrupted by deposition from other streams, the water-
bearing materials become fiﬁer grained, Aquifers underlying the
present-day river flood plains, howeﬁer, are thickest and are
generally composed of coarse gravel, As might be expected, the
water-bearing beds are thin and fine-grained in the sod;;grn‘ ‘

part of the Lumbini Tarai reflecting lower stream velocities

south of the foothills at the time of deposition,
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Ground Water Occurmrence

The ultimate source of viftuqlly all fresh ground qéter is
precipitation and, with the exceﬁtioh of some desert regions,
the ground-water reservoir is pefiodically recharged by in-
filtration from rainfall or from streams, ' Water enters an aquifer
by downward. percoiation‘of rainfall or infiltration fr;am streams -
through pgre spaces in the soil to the zone of saturation, thé
upper surface of which is the water table, Water-table condis

tions exist where the aquifer. is not gonfined by overlying

impervious strata, Unconfined water occups in the permeable

sand and gravel resting on top of the first clay layer at depths
ranging from 10 to 30 feet below land surface thraughout‘tbe area.
Most of the villages and small towns in the Lumbini.Tarai obtain
domestic water from shallow dug wells penetrating the watar;tablg
aqnifev. The water in the zone of satﬁration, sometimes referpad
- o aé Yphreatic water", moves;by gravity fiow from sources or
points of recharge towards areés of discharge, This migratioen
couplqdﬁﬁ&gh evapotraﬂspipétion and a?tificial withdrawsl accounts
'for the seagonal fluctuation of watep leQels in dug wells tapping
the water table, During the monéoon, the water table rises to -
near land ;urface or sometimes above to the point of watei loaging,
Natural and artificial discharge together with ;igration dewnalope
may result in a lowering of the water table of as ruch as 30

feet at some locations during the dry season, aiphough the avarage

decline is less,
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Water in the alluvium also occurs under confined or artesian
‘conditions. hrtesian conditions occur where the water moving down-
gradient through permeable water-bearing stata passes beneath im-
permeable strata that form a confining bed, If the materials
beneath the water-bearing strata are also impermeable, water
acquires a hydrostatic head related to the vertical distance
between the altitude of land surface at the point of confinement,
the slope of the potentiometric surface, and the bottom of the
confining bed at the point of discharge, The stratigraphic dis-
tribution of Bhabar deposits and Ganget;c alluviﬁm in the Lumbini
Tarai presents a nearly text-book example of an artesian system
(fig. 4). Generally, permeable beds of sand, gravel, or coarser
material extend up dip to the north where they can receive recharge.
The water then moves down dip through the aquifers, passiné beneath
impermeable beds within the alluvium, As the aquifer fills‘and

the pressure or potentiometric head of water within the aquifer

‘is established, Where the potentiometr{c surface lies above land
surface, as in much of the ceﬁtral part of the Lumbini area, wells
penetrating the artesian aquifers will flow at land surface., Where th
potentiometrie surface is below land surface, as is the case, in
much of the remainder of the Lumbini area, wells will not flow

and are tefmed "subartesian" as the water is still confiﬁgd. The
lenticular character of aquifers within the Bhabar zone and Gan-
getic alluvium indicates that water may also occur in these beds

under partially or semi—confined.conditibns.

Artesian aquiférs act as conduits conveying water from rechargé
30
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“areas to points of natural or artificial discharge and,

‘consequently, ‘the rise and fall of the potentiometric level is
largely due to changes in pressure rather than to the changes
in the amount of water in storage in the aquifers, To dewater
& bed coﬁtaining water under artesian pressure, it is necessary
to lower the potentiometric level below the top of the aqﬁifer.
The flow-wgll aquifers of the Lumbini area are at present (1973)
little exploited and to dewater these aquifers pumping’would be
necessary to draw. downthe potentiometric level below the top of
the water-bearing beds. Artesian wells will cease to flow,
however, when the potentiometric level ‘declines to the datum

of land surface., From February 1971 to March 1972 ‘the head on
well 5/11 at the Government Fish Farm declined 9 feét to

32 feet above land surf;ce reflecting use and also discharge
from uncontrolled flowing wells drilled nearby,

When a well penetrates an artesian aquifgr, the pressure
ié relieved in all directions, creating a cone of pressure
relief (cone.of depression), Therefore, welis near other
flowing wells of large yield, that is, near the inverted apex
of the cone of pressure ﬁelief, commonly show a decline in
pressure that is greater than the regional decline. The overall
decline is; of course, a composite of many cones of pressure
reliéf., Sﬁfficiént long-term data to evaluate the regional
decline of the potentiometric surface are not yet available.
Collecting such data is one purpose of the observation well

program established by HMG, Ground Water Section in 1971,
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* Pressure levels in selected flowing and sub-artesian wells are
monitored'oﬁ a continuing basis, Some of these wells are
"equipped wifh continuous pressure-level recorders and others
are measured monthly by a mercury manometer or pressure gage.,
Several years of such records should show regional and local
trends of the potentiometric surfece.

As an artesian aquifer is a pressure system, a well drilled
into a confined aquifer registers the height of the potentiometric
surface even when the aquifer is first penetrated, Yield by
natural flow or by pumping 1ncreases as the aquifer 1s more
fully penetrated by the well, but the artesian pressure may not
change substantially with greater penetratlon. The discharge
from a well flowing at land surface commonly decreases with
time as the pressure level declines, Subsequent re~drilling,
more fully eenetrating the aquifer, often restores some of the
lost yield., As artesian pressure is dissipated, however, the
well will cease to flow when the potentiometric surface coincides .
wvith lang surface, and deepening the well witﬁin the same aquifer
will not restore flow,

Within the area of high artesian pressure of the Lumblnf
area only ‘those wells drilled by the Ground Water Project; using
mud control techniques later described in thls report have
completely penetrated the confined hlgh-pressure aquifers,
Locally constructed hand-drilled wells, however,'invariably

reach only to the top of these aquifers, as do wells constructed
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by commereial drilling rigs not utilizing mud control, 'This
type of cqnsfruction results in leakége around the annulus
‘between the open hole and the casing pipe, precluding any
possibility of valving to conserve water and pressure head,
When the artesian pressure in an aquifer system is
dissipated it is, for practical purposes, generally lost for-
ever, Restricting yields from wells in fhe area will.locally:
restore some head, but the regional decline of the potentiometric
surface is usually long-termed, Relief of pressure down dip by
discharging wells induces additional inflow to the aquifer
system at points where the system is recharged, These points
of recharge, however, are often at considerable distance. from
points of discharge. Friction loss and intervening variations
of permeability_yithin the aquifer limit the restoration of
pressere head by increased eecharge. The recharge zone for
aﬁuifers in the Lumbini Tarai, however, is everywhere relatively
near to points where ground water is or could be discharged by
wells,  Jhe proximity of soupces of recharge.presents the
possibility, as yet unproven, that the aquifer may be'over-
drawn" during the dry season only to be refilled by monsoon
rains, Parther, as the spriné line is believed to repregent
rejected recharge, it is poesible that increasea exploitation
of ground water will result in salvage of some of the spring llne
flow to recharge and ultimately to wells down dlp. Several

years accumulation of data frg? the observation well program



"and the rgcharge study will be necessary before these theories
can be proyed or disapproved,

The?e ié at least some direct evidence that it would be
practical to overdraw . qquifers in the Bhabar zone during the
dry season and then rely on infiltration from monsoon rainfall
and runoff to refill the system, The well supplying thé British
East-West Highway compound is located on a stream bank roughly
4 kn east of Butwal. Aquifers penetrated by this well are semi-
confined and consist of coarse sand and gravel, The well
supplies the highway compound and subsidiary villages of road
workers and their families, Pumping levels remain stable in
the well during the monsocon and begin first to decline during
December~January, then more sharply during April-May as the
dry season progresses. By the middle of May the pumping level
approaches the bottom of the pump and the draft must be restricted.
A€ this point, the water ievel in the well responds rapidly to
any minor pre-monsoon rainfall indicating almost direct in-
filtratigp to the aquifer system., With the arrival of monsoon
rains the équifer fills rapidly and the static water level
recovers to the initial pre-pumping level, )

Figﬁfé 3 shows areas of high and low potential for yields
from tubewells and also shows areas of flowing ‘and non-flowing
artesian conditions. Generally, wells in the central part of

the area flow above land surface and have higher yields,

Thereafter, yields and head decrease, often to below land surface
35



in all directions around the perimeter of this area, WellS
constructed in the semi-confined aquifers of the Bhabar zone

have the highest yields, but water 1eveis are below land surface

and the wells require pumping.
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" History of Exploratory Drilling

~ The initial phase of the present groundwater investigation
provided for exploratory drilling to evaluate the depth, thick-
ness, and areal extent of potenfial aquifers in the Western
Tarai Region of Nepal, Exploratory drilling by a contractor
operated reverse rotary rig commenced in. Maf 1969 at tho‘ -
Agriculture Research Farm near Bhairawa, The tnst'hola en-
countered water undepy high artesian pressure, approximately 40
feet above land surface, at a depth of 164 feat. The well
"blew out" and was partially cased and brought undep control
only with extreme difficulty, This experienca proved by

Practical example that the reverse rotary uethod_of_dvillinﬂ

was unsatisfactory for use in the areas of high artesian

————

pressure, The drilling machine was then moved 0 a site naar

Manigram, in what was then suspected and latgr pmoved‘to be a
zone of non-flowing or unconfined water, Considerable drilling
difficulty was encountered with the large pebhlae, cobbles, and
boulders characteristic of the Bhabar Zona, Sucooaeful well
5/14, was completed, however, to a depth of 158 feat, (table Q)
after more than a month of drilling,

Duriné the 1969-70 drilling season . the drilling oontractor
provided one percussion drllling rig for use in the Bhadap |ono
and one direct rotary rig for use in the finer sedivents of the -
Gangetic alluvium, The first test: mu, 5/9 drilled b direct

| U ———

rotary on the ngmculture Resgarch Pa!‘l and GOIN.QM May 0. 1970 . :
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-was only partlally successful The weight of t the drilling flqld
was not sufflelent to control the artesian pressure, and the well
’?térted to flow before‘ea51pg_agquscreen‘yere installed. Well
casing and screen were subsequently installed, however, even
though the screen only penetrated a few feet of the aquifer. This
well, 5/9, initially flowed about 1,000 gpm but subsequently the
flow decreaeed to 500 gpm after several months of use, The
second well, 5/10, completed on May 26, 1970 was considered
successful, The artesian pressure was contained; the aquifer was
completely screened; and the well was cased to the surface, The
initial flow of the well was measured at 600 gpn with a pressure
head of 36 feet above land surface, The third test hole drilled
Ly UILS CUNLLGULOL wdS dDEluONed at 1o> IeeT OWiNg TO inapility
to control pressure and to penetrate caving sand and gravel beds,
A total of S5 test holes were drilled by the first drilling con-
t;actof during the 1969-70 season (fiscal year 1970) along the
Bhairawa-Butwal road,

The drilling contract was awarded to another contractor in
the 1970-71 field season (fiscal year 1971), Although the con-
tract was awarded late, the contractor completed 19 test holes,

several with depths up to 1,000 feet, between February and June

1971, The U,S, purchased drilling rigs arrived “in Nepal in late

December 1970, One rig was placed-in operation in February 1971

e e et s

and completed 10 test holes by the end of the 1970-71 field

season, The percussion drill%gg rig operated by the previous
«/ : i




‘year's contractor drilled § test holes, 5/15 to 5/19, in the
Bhabar zone between Manigram to Butwal completing the last
parcussion well at Butwal in Septamber 1971, The base-1ine
traverse between Paklihawa-Bhaivawa-Butwal was completed in the
first 6 months of 1971 and the drilling operations moved eastward
to complete~a series of south to north traverses located‘approxi~
mately 10 km apart and extending from the Indian border to the
Churia Hills. About 5 test holes were drilled on each traverse
.at 5 to & km north-south intervals, The final traverse in Juns
1971, designated number one in this report, was in"the Bhabar
zone near the Narayani River. The above drilling operations
totalled 39 test holes for an aggregate of 14,000 feet and com-
pleted the exploratory drilling for the area from Bhairawa-butwal
road eastward te the Narayani River,

Drilling operations in the western part of the Lumbini area
started in November 1971 and were completed by June 1972 for a
total of 60 test holes, Both U,S. purchased drill rigs were
operated by Nepali personnel and together completed 20 test holes
during this period. The drilling contracicr completed 40 test
holes during the same period demonstrating the greater expariencg
of their personnel as contrasted with the newly recruited.HMG
drilling crews. The drllllng pattern in the western part of the

" Lumbini area was 31m11ar to that used the previous season except

that the average depth of the wells was greatar. "R test hole,

6/6 at Semri, the deepest to date, was drllled to a depth of

i b Raed g



‘1,512 feet. At leact one Ipu0- -foot test hole was drilled on

each of the 8 western traverses and the remaining test holes

‘averaged about 500 feet, By the end of the 1971-72 field season

(fiscal year 1972) the project had drilled 99 test holes and test

wells for a total of 41,700 feet, This included 14 large-

b I —
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diameter produclng wells, 6 of which flow nesturally, and approxi-

I LA —

mately 50 small-dlameter obsaervation wells to be used . .- for

o B it

monltoring purposes.
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Drilling Methods

A complete description of well-drilling methods is. beyond
‘the scope of this report., It is desirable, however, to describe
briefly drilling methods used by the Ground Water Project and
others concerned with tubewells particuiarly with reference to
problems inherent to well construction in the area. The tubewells
were drilled by the direct rotary, percussion (cable-tool), and
reverse rotary methods employing either project or contract drlll—
ing rigs. Further, many small-diameter tubewells are drilled

by local contractors for farmers by the "slugger" method utilizing
simple home-built equipment, i
The direct rotary method involves rotating a string‘of drill
rods with attached bit in an open hole, Simultaneously, drilling
fluid is circulated from an open mud pit by a mud pump down the
hollow rods and out the openings in the bit to return back up the
open hole to the mud pit, The returning column of drilling fluid
carries material cut by the bit to land surface and thence to the
mud pit near the well head, Drilling fluid consists of water
mixed with mud and méterial used to increase the density (weight),
The mud used should be bentonite, a volecanic clay, that has the f

property of flocculation (the ability to swell when wetted),

Most of the project wells were drilled by the direct rotany

method It was found to be the most satlsfactnry drllling method

fov constructlon of wells in the high ~-pressure art931an aquifers

e —— e e g e e

that ocecur at shallow depth, Direct rotary machlnes however,
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nave not satisfactory for deilling in areas like the Bhabar zone

where pebbles, cobbles, and boulders are encountered. bDoth rock

roller and drag bits are used in rotary drilling. Rock roller

bltS are best fo

or drllllng in ‘sand and gravel and drag bits

perform best in 511t and clye

e u——— — == PR

The percu551on (cable tool) method of drllllng 1nvolves

—

ralSlng and dropplng a heavy strlng of dr111 tools con51st1ng of

a blt drlll stem and drllllng Jars attached to a steel cable.

The cable passes from a collecting reel over a pulley wheel at
the top of the derrick before connecting to the tool string. The,
string of tools is activated up and down by means of a pitman arm
and the resulting blow crushes material down fhe hole under the
bit. The.crushed material is- removed. from theroolewwith-afhailer
and dumped., The percussion method often requires that the oole

be drilled in several different diameters starting with the
largest diameter at land surface. When it becomes difficult to
advance the larger pipe the diameter of hole is reduced and drill-
ing contigued with a smaller bit, Several different diametiers

of well ;ubing may be necessary to complete the well.

Percussion drllllng 15 partlcularly well sulted to the very

coarse sediments of the Bhabar zone, Accordlngly, most of. the
project wells north_of the spfingoline of grid Iine 5 (Paklihawa-

Butwal) were drilled by the percussion method, Percussion drill-

L
e g ——

ing is much slower than rotary drilling in areas'where con-

e

siderable thlcknesses of silt and clay are encountered° Because



of difflculty "in con+rolling artesian pressure, percussion,

mathods are not Suitable for drilling areas where high pressure

arte51an aquifers occup at a shallow depth, 'The project drilling

rlgs are comblnatlon direct rotary-percussion'gﬁdﬂéén drill using

alther method. (figs, 5a, Sb),

The reverse rotary drillln

———

g method, as the name 1mp11es,

reverses the dlrectlon of fluid flow in the conduit or hole made

by drllllng._ Water flows by gravity down the open hole outside

of the large dlameter drill pipe through whlch it'is returned by

pumplng to land surface.

. ——— e

drill pipe provide the cutting action, Dpill cuttings along with

Large-diameter drag bits attached to the

the drilling £luid ascend to the surface inside of the drill pipe

and are settled out in a pit, As the hole is constantly tull ot

water, qirculation is accomplished by a large centrifugal puimp,
This method of drilling requires copius quantities of water; a
liﬁiting factor during the dry season in the Lumbini area, The
reverse rotary method is further limited by the inherent inability
to control the weight of drilling fluid making it unsuitable for
drilling high-pressure artesian zones, Its use is also limited
To areas of relative fine-grained sediments, It is, however '
particularly well suited to areas of fine grained sediments where
non-flowing and water-table aquifers occur and where large-~
diameter gﬁavel—packed holes are required, Much of the area ouyt-
side of the flowing artesian zone of the Lumbini Tarai could

likely best be drilled with reverse rotary machinés particularly
. 43



.. at locations where Theds deaigablé_to multi-screen and gravel-
pack seveﬁal'aqnifers in the same well for increased yield,
The 51mple squipment involved in the "slugger" method of
drllllng tubewells consnsts of a llne of small plpe usually
2 to 4-1nches diameter the bottom length of which may be

relnforced W1th a coupllng, and a trlpod to fa0111tate ralslng

and 1ower1ng the pipe. Some means of activating the drill pipe

up and down in the open hole is also required and usually a

simple "rocker" board suffices to provide the drilling action,
The pipe is started in the hole and water is added for lubrica-
tion and to facilitate removal of drill cuttings., The driller's
helper applies his hand to the top of the vertically placed

Urdll pipe fuoullly d ledely diruiigng seal as the pipe 1s raised,
As the drill pipe is lowered, the hand is raised allowing water

to escape from the top opening of the pipe. This flapping action
works as a simple pump and drill cuttlnggjzﬁgbugh the hollow drill
pipe. Cutting action is provided by the rise and fall of the pipe.
As crude as this method may seem, its application makes it
possible to construct 2 to 6-inch diameter wells to depths of

several hundred feet,

—— e

——

(10 to 30 cen;c__sd,_-u-sc-)-aioot exclus.l,\ie.__@,-eas;ﬁq costs naturally
i
appeals to Tarai farmers, By this method, however, it is impossible

e e

to control artesian flow and tubewells so constructed invariably

leak around the annular space between the casing and the open
45 '



hole. In areas of high arlusian pressure, this method has the
fgrther disadvantage of being unable to fully penetrate the
gqpifer. In fact, "slugger" tubewells seldom penetrate even to
the top of flowing aquifers as the confining layer usﬁally
"blows out" before-the aquifer is reached, When "blow outs”
occur the casing pipe is landed in clay.2 to 3 feet above the
top of the équifer° The clays immediately above, capping the
water-bearing zone, are then continuously eroded by the upward
arfesian flow, Historically, the wells flow for awhile, but

when the cavity in the clay topping the' aquifer is enlarged to

sufficient size the well will collapse often cutting off the

flow entirely,

Although of large diameter than.is generally common in-the
area a ‘tubewell located 500 m west of the Bhairawa Airport
illustrates the usual sequence of events to be expected with
“élugger" drilled wells in high-pressure artesian areas, This
well was drilled to 198 feet at a diameter sufficient to install
6-inch casing, About 3 feet above the aquifer; the few remaining
feet of the confining clay layer could no longer contain the
artesian pressure of the aquifer and the well "blew out", Some
initial difficulty was experienced removing the clay plug;forced.
into the bottom of the pipe by the "blow ocut", 'When the plug
was removed, however, the well flowed.at a rate of 1,350 gpm,

The unconfined 6-inch column of water fountained roughly 7 feet

above land surface, Due to the construction method, there was
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no possibility of valving off the well as this measure would
have only increased leakage around the outside of the casing and

accelerated the erosion and enlargement of exposed borehole

walls down the hole, The initial flow continued for Several

months until what must have been a considerable cavity developed
in the clay exposed between the bottom of the casing and the top
of the aquifer, The well owner's afternoon nap was abruptly

interrupted one day with the announcement that his spectacular

well was finished. What in fact actually happened was that the

cavity had collapsed cutting the flow to only 20 gpm and also

causing considerable subsidence around the well head. Subsequent

reworking the well with a bailer restored the flow to about 650
gpm whereupon shortly thereafter it again collaused. Yiéld could
likely be restored again, but considering that the cavity below
the casing can only erode further, it is perhaps fortunate that
the flow fromlthe well has reduced to a trickle,

While the above events are more than usually spectacular,
the same sequence of events commonly occurs in other wells con-
structed By_this method in areas of high-preséure artesian
aquifers, Water from "slugger" type wells runs to waste from.
both contiquous flow out of the casing and from leakage around
the uncemented annulus, "Slugger" type wells should not g;
constructed in areas of high artesian pressure since they waste
both pressure head and ultimately the ground-water resource,

Certainly, no official subsidies should be sanctioned that would

encourage this type of drilling and well construction,
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Specialized Drilling Procedures
o Mud Control

The t@in factors of high heads above land surface and
shallow depths to aquifers combine to make control of artesian
pressure, while drilling, difficult in much of the report area,
Aquifers with heads exceeding 40 feet above land éurfacé‘ave
encountered-at the relatively shallow depth of 160 feet, An
unweighted mud column does not have sufficient height at these
depths to balance the hydrostatic pressure of the artesian '
aquifer, Without exception, holes drilled with unweighted mud
under such conditions "blow out" and then Flow uncontrolled often
also with the attendant calamity of a stuck line of drill rods,

10 achdeve a balance between the height or the mud column

and the hydrestatic pressure in the aquifer, it is necessary to
rincrease the weight of the bentonite-based drilling fluid by
introducing heavy additives, This is usually accomplished by the
admixing of barium-based additives such as bapite (native barium
sulphate-BaSO4) to the standapd drilling fluid, The weight of
drilling fluid necessary to simulate a balaﬁce fluid column is
determined by calculating the hydrostatic pressure necessary to
balance and, preferably slightly suppress, a given pPrassure at a'

given depth belesw land surface, The formula used for this

calculation is as follows:
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\ M= @4 D)W
)

(Plus 10% Safety Pactor)
Where: M = Required mud weilght

W = Weight of water or 8,33 lbs,
per U,S8, gallon

H = Artesian head above land surface

D = Depth to top of aquifer
For example, assume 42 feet of artesian head above land éurface at
a depth of 164 feet., Using the above formula:

M = (42 + 164) 8.3%
164

M =10,52 + 10% safety factor
M =11,62 or 11 1/2 1b, mud,

Determination of required mud weights in the field is often
accomplishgd by using the chart shown in figure 6, Using ithe
same example, depth of the hole below land surface is read on the
left-hand column and the artesian head converted to pounds per
square inch (227 feet x 0,433 = 98 1b/in2) plotted on the middle
column of the chart. A line connecting these twa points and

extended to intersect the right-hand column of the chart shows
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a requireqd mud density of 11 1/2 1bs per gallon., The safety
factor is already built into the chart, In areas whére thé
relationship -of head above land surface to depth to aqﬂifer is
known, a safety factor of 10 percent over and above the determined
requirement is sufficient, In unexplored areas a greater safety
factor is indicated and holes should be started and finished with
mud weighiné up to 12 pdunds per gallon, -

Bgrite has the advantage of providing the maximum increase.
in weight with the minimum increase in viscosity, Weight of
drilling fluid cannot be ‘determined by wvisual or tactile means;
The common method of measuring the weight of drilling fluid is
by means of a mud balance; a simple fulcrum scale, one type of
%hich redds.directly in pounds per. U.S. gallon (£ig.6) weight
of drilling fluid is often confused with viscdsity particularly
by drillers unfamiliar with the use of barite, Viscosity can
increase to the degree where the mud pump has difficulty in
circulating the drilling fluid, At this point, the fluid may or
may not be weighted to the required specific gravity, Very
viscoﬁs muds can have a sPecific gravity only slightly above that
of water, Viscosity is measured by.means of a "Marsh funnel®,

a funnel-shaped vessel of known volume with a calibrated gyifice'
at its base, The time, in seconds, rgquiéed to 'fill a quart
container from this instrument is directly convertible to vis#‘

cosity (fig. 7).
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Viscosity generally though not noéessarily increases with
mpd weight, and excessive viscosity can hamper drilling progress.,

It then becomes necessary to lower viscosity while maintaining a

specific mud weight, This can be accomplished by the judicious

addition of water to the drilling fluid, but this method, if not

carefully controlled, carries the risk of simultanecusly redueing

the mud weight, Several chemicals are useful in controlling

viscosity, chief among them is "kutch" an indigenous substance

roughly equivalent to qQuebracho, Kutch is a tannin extract from

the acacia, Acacia Catachu, tree and a by-product of the khair

(katha in Hindi) producing industiy whnoss primary product is a
paste used in preparing "pan" that ublqultous after-dirmer
digesiive aid so much. in demand threughout tg@-auhnﬁeatlnent
Caustic soda (sodium hydroxide - Na OH) is also uyseful in reducing
the viscosity of drilling fluid, KXutch is supplied in solid form
and needs té be dissolved in boiling water before use, After it
is in solution it is often aamixed with caustic soda in a 10 part
kutch to one papt caustic soda proportion, This mixture is slowly
added 0 the circulating dfiliing flyid at the well head, Under
no'circumstanées should solutions of thipning chemical be dumped
rapidly in;o the mud pit, After adding thinning chemical§_it‘is'
necessary to monitor weight and viscosity at closely spaced
intervals using the mud balance and Marsh funnel, These closely-
spaced measurements will identify any su&den changes in mud

weight in time to correct the problem by addition of barite,
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. when using thinning chemicals care must also be taken to balance
the mud colutn by cireulating the drilling fluid, It is possible
for the drilling fluid in the mud pit to be of a differént weight
-and viscosity than that of the mud down the hole in the drilling
column, If the 1nsufflciently weighted drilling fluid from the
mud pit replaees the fluid in the hole without mixing the Well '
can start to flow. Consequently, weight should be reduced leW1Y
until mixing by circulation makes the drilling £luid howogeneous .
The viscosity of drilling fluid can be increased with the.
addition of hydrated or slacked 11me (Ca (H)2) and also COmEmON -

corn (malze) starch., Both of these additives and the thinning

chemicals are available in Nepal or nearby India, .
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Cemanting

Unless at least some of the annular space between the’tube~
well casing and the open hole is sealed, leakage will occur on
the outside of pipe 'in flowing artesian zones, At locations
where the artesian head above.land sqrfaqe is small, it is often
possible to plug the leakage with clay.. Clay is not a satis-
factory seal, however, in areas of high positive pressure,
Several methods were used to cement tubewells in the Lumbini
Tarai, The "positive displacement" and "tvemie pipe" methods,
termed thus for the purposes of this report, are the methods néw
adopted as standard on the Ground Water Project, Either of the
methods require that the cement seal be placed opposite an
{operueable layer. ' Umially it fs best to place the cement seal
in the confining layer above the water-bearing bed,

Positive Displacement Method As

e s e A

.

drilling continues inside the
cemented casing in the positive displacement method, a pipe size
should be selected that is compatible with the subsequent com-

pletion diameter of the well, The hole is first drilled to

%, L

penetrate a §ight clay, preferably the confining layer, and

stopped at least 30 feet above the aquifer, The casing is then

lowered to within a foot of the bottom of the hole and held by
clamps at land surface, B known volume of éement is pump;ﬁ by
the mud pump into the casing string through a cementing head,
The cementing head is simply a cap fitted tq the- top of the

casing with arrangements for connecting to the mud pump, usually
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by way of the kelly hose (fig. 8), A 2~inch valve loczted

between the hose ang the well cap completes this assambly.‘ The
cement slurry is pumped into the well and displaced down.the
casing by a known volume of drilling fluid until it is.sub-
sequently forced out of the bottom of the open pipe, The drill-

ing fluid and ceément will not mix, At this point, the cement

will ascend upwards through the annulus between the outside of

the pipe and the open hole as additional fluid is pumped into

the casing. Displacement by drilling fluid is continued until

the cement arrives at the desired point.in the well annulus or

in the case of some wells, all the way to land surface, The

2-inch valve is then closed forming an airtight seal, and the

cement -and drilling fluigd coluan stabilizes.
allowed to dry and set,

. The cemsnt is then
After the cement seal drys, drilling is
continued inside the cemented casing, still maintaining proper

mud weight, until the artesian aquifer is fully penetrated,

Smaller dlameter casing with attached screen is then lowered

in the remaining 0pen hole, Minimum standard speclflcations

usually require 60 feet of overlap between the two casing strings

installed by this method, In the Lumbini area, however, overiup

on wells drilled by the project rigs was often less, dué“!h part

to an initial shortage of casing, A packer is 8180 required to

seal the annulus between the larger and smallep casing, This
method of cementing has the advantage of being secure in the

eévent the well should start to flow before planned, It ig the

best method to use with inexperienced‘drilling personnel,
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Whereas it has not proved necessary in the Lumbini area,

most drilling manuals recommend following tLe cement slurr9

with a soft wooden plug. In this method, the wooden plug is

supported in the cementing head until the slurry enters the
casing. Provision is made on the side of the cementing head to
withdraw the support freeing the plug in the casing string.
Subsequent displacement with drilling fluid forces the plug to
the bottom of the hole, This method, when successful, possibly
provides more positive displacement of the slurry and also wipes
the inside of the casing free of cement,

The well casing available to the project, however, is not
always of uniform inside diameter, On several wells, the wooden
plug hung on irregularities in the casing before reaching the
bottom of_the hole., This sometimes requires a time consuming
and expensive reaming operation and could lead to the loss of
the well unless circulation could be reestablished to allow a

second cementing operation, Under prevailing circumstances use

of cementing plugs appears impractical,

Tremie Pipe Method  This method of cementing is best suited for
setting a single cintinuous string of casing and scréen. The:
well is drilled to total depth, completely penetrating ths
aquifer and with careful éttention to mud control. The é;sing
string with attached screen is lowered with a packer placed on -

the outside of the casing string at an interval to coincide with

the bottom of the 2zone to be cemented, The packer should be
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. located on th? casing string to place it in the confining layer
30 feet above the aqnifer. Ona method to assure a seal bf the
packer is to locate it at a point where hole diamter haa been
veduced, The packer, often a solid iron ring fitting around the
outside of the casing pipe, can then be firmly landed on the
shoulder created by the reduction of hole size,

Centerlng guides con51st1ng of 3 straps of metal each 1/4 x
1 1/2 x 12 inches are welded at equidistant intervals outside
of the casing pipe with the long axis vertical, Sets of these
guides should be located above and below the aquifer and near |
the bottom of the hole, The use of centering guides assures a
uniform thickness-of cement grouf around the casing pipe, With-
out guides the casing pipe can rest.againat the side of the bore
hole making a complete seal impossiblé. The small diameter
tremie pipe is sufficiently flexible to bypass the guides,

A small diameter 1 1/2 to 2-inch tremie pipe is lowered
into the annular space between the outside of the casing and open
hole to within 6 inches of the packer, Obviously, the hole to
be cemeééed st be of suff1c1ent diameter to allow simultaneous
accomodation of both the casing and tremie pipe. A caleulatgd
volume of cement is then pumped through the tremie pipé_Sk means
of the mud pump diéplacing drilling fluid upward in the annular
space outside the casing pipe. The tremie pipe is then with-

drawn and the cement seal allowed to set,
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Both cementing methods involve calculations to dqternine
the amount of cement required to £ill a given annular space.
There are tables in well-drilling manuals.to assist in determin-
ing annular space, fluid volume per unit of length of casing pipe
and other factors necessary for well cementing. Although these
manuals provide all of the informatioh required to cement a well
successfully, it is gubd Praciice to make independent calcula-
tiona.

Before attempting to cement a well, there are several canst-
ant volume measurements to be determined. Chief among theée is
the volume of the tank in which the cement is mixed and the fluid
capacity of the suction hose, mud pump and all other hoses and
pipes carrying drilling fluid to the well head. The capacity of
the cementing tank is determined as follows:

Capacity = Width x Length x Height x 7.5 (U.S.galse. per
cubic foot).

In the case of the tanks used by the projéct:
Capacity = 3 feet x 8 feet x 3 feet x 7.5
£ = 540 U.8S. gals..
’Dividing the 340 gallons by 36 inches'gives the capacity per
inch of depth, in this case, 15 gallons.

The simplest and perhaps most accurate method of determing
the fluid capacity of the mud pump and all the attached drilling
fluid lines located hetween the myd pit and the well head is by
displacement. Clean water should be circulated through the pump
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and lines until bractically no trace of drilling mud remains.

The suction hose is then placed in the calibrated tank which has

been partially filled with drilling fluid and the volume of fluid
. noted. The pump should be operated with the discharge (kelly)
hose open at the well head. When drilling fluid appears at the
end of the discharge hose the pump is stopped and the calibrated
tank measured again., The amountof fluid removed from the tank
is the capacity of the mud pump and attached hosés. The pump
and hoses on driliing rigs used by the project have a fluid
capacity of 34.8 U.S, gallons, This figure as well as the
capacity of the cementing tank will remain constant on all
cementing operations unless the hoses are changed.,

€ 1s now necessary to calculate the volume of cement

necessary to fill the annular space‘between the outside of the
casing and the borehole wall. The formula for determining

cement requirement is as follows:

V =Vb - Ve
V = Volume of cement required )
Vb = Volume of borehole ; in U.S, gallons
Ve = Volume displaced by casing g

—y?

For example, to determine the cement requirement for,100
feet of 12 inch borehole when setting casing with 8,625 inch

outside diameter (0.D.):

V =Vb -~ Ve

C . W= TT r%h = 7T a2 h = 0.7654d°h)
UL
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2 :
V= (127 x 0,7854) 100 _ (8,625% x 0.7854) 100
143 143

V= 37.9 cubic feet

V= 37.9 £t3 x 7,5 (£t3/gal) = 284.3 U.S, gal.

It is often desirable to add 10 percent to the volume of
cement to cover possible increases in the borehole diameter due
to caving. . If this additional cement is not reqired, it can be
run to waste when it appears at the well head, |

It is now necessary to displace the cement slurry down the
casing pipe and upwards in the annulus outside the pipe. This is
done by following the cement slurry witg enough drilling fluid to
accomplish the displacement, The fluid requirement is calcu-
lated to allow a S5-foot cement plug to remain inside the casing
to assure a seal at the bottém end of the pipe. |

Thus: V = (dnside diameter)2 x0.7854 x 95

144
V = 33.16 cu, ft.
V = 33,16 £t° x 7,5 (ft.3/gal.) 248.7 gal.
plus 34,8 (capacity of pump and mud lines)
'V = 283,5 u.s. gals,

In areas such as the Lumbini.Tarai with several artesian’
aquifers occurring at different depths, it is often necessary to-
pour several plugs éf cement grout. . Such multiple grouting might
be required to seal off the bottom of a deep test hole and sub-~
sequently screen an aquifer at a shallower depth. In another-

case, it might be desirable to screen the second or third aquifer
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«\penetrated by a borehole and to seperate by cementing this aquifer

from the one up the hole, The upper aquifer could still start

to flow around the well annulus unless twin grout plugs are poured,
This multlple grouting requires the use of a tremie pipe.
For example, assume g 12-inch diameter borehole drilled to
a depth of 385 feet and ‘requiring cement plugs from 160 feet to
200 feet and from 270 feet to 330 feet, To calculate the fluid

volume -between the outside of the casing and the borehole wall:

-V = volume of hole - volume of ca31ng
V = (122 x 0,7854)-(6.6252 X 0,7854) x 1
144
V = 113,09 - 34,47 x 1
144
V = 5459 cu, ft, per foot
V =

5459 x 7,5 (U.S. gals, per cu., ft.) 4,09 u,S, gal/ft,
To calcﬁlate the U,S. gallons of cement required for each
plug: \

160 feet to 200 feet = 40 feet x 4,09 = 163.6 gals,
270 feet tb 330 feet = 60 feet x 4.69:: 245,.4 gals,
The tremie pipe is first lowered'in the annular space

between the casing and borehole wall to a depth of 330 feet aﬁd “drﬁ-

11ing - fluid is cipculated to assure that the conduit system is

open., The entire cement requirement is mixed at one time; that
is, 163.,6 + 245,.,4 gals = 409 gals, The first plug of 245 gals
is then pumped through the treme pipe, Immédiately follow-

ing this operation the tremie pipe is raised to the 200~foot
63



level and the remaining 163 gallons of cement is pumped into the
anlus, The mud PUmp and drilling lines are then cleared of
cement by displacing with 34 gallon of drilling fluid, The

tremie pipe is then raised to 155 feet and drilling fluid cir-
culated freely. This procedure will clear the tremie pipe of
cement. The amount of cement lost in tﬁe tremie pipe is.negligible,
An additional 5-foot plug of cement is usually poured by hand

around the well head at land surface to complete construction, .

The cement is mixed in the calibrated tank by using the
drilling mud mixer or the bypass hose on the mud pump to agitate
the slurry, Water is first added to the tank in the predetermined
amount required for the cementing procedure, Individual bags of
cement are then added until the slurry reaches specified'ﬁeight.
The ratio of water to cement for a suitable grout is 5,4 U,S,
gallons to a 94 pound sack of cement, With the variable quality
of cement available in Nepal, however, no formula will prove
satisfactory for determininé a cement to water ratio. Cement
should be mixed with water until a weight of 15 pounds to one
.S, gallon is obtained, The weight ratio caﬁ be determined by
using the same weight balance used in measuring mud weight,

After the cementing procedure is completed, it is geed
practice to'clean the mud pump and lines by circulating dgilling
fluid and later, clear water through the pumping system, The
joint on the mud hose is broken at the well head and the fluid
pumped to waste away from the mud pit, This is necessary since

cement causes drilling fluid to deteriorate. The mud pump should
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~ then be opened ang thoroughly washed with clear water co remove

any residual cement:,
Ordinarily, the cement grout is allowed to dry for 48
hours before drilling continues or the well is developed, - The

drying process of the cement can be hastened by addition of

commercial quick-hardening chemicals--usually calecium chloride

(CaClp), The quick hardening chemicals are added to the cement

slurry immediately before Pumping into the borehole and will

speed the hardening process by 24 hours, In oll cases, a small
sample of the cement is Kept separate as an 1ndlcator of the
degree of hardenlng. |

After the cement grout has hardened, the well is developed
by washing qut the heavy drilling fluid; Bven though the. heavy
drilling fluid leaves a considerable mud cake on the borehole
walls in the aquifer section, wells in high pressure artesian
zZones usﬁally develop rapidly when the mud weight is reduced
and flow starts, The well is allowed to flow initially until
completely sand free, FPupther development can be facilitated

4 e

by opening and closing the valve creating a surging effect,
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Aquifer Tests

Two major hydraulic characteristics that affect the develop-

ment of an aquifer are its ability to transmit water and its

capacity to yield water from storage, These characteristics,
which affect the water levels op artesian pressures and yields
of tubewells, are called the transmissivity, first defined by
Theis (Ferris and others, 1962, p, 72-73), and storage coefficient
(Ferris and others, 1962, p 74-78), respectively, More recently
these terms have been redefined by Lohman and others (1972),
When these aquifer characteristics are ?nown for an aquifer or
part of an aquifer, it is possible to forecast approximate water-
level or artesian pressure trends at diffevent rates of withdrawal
from producing tubewells, '

To establish the transmissivities and storage.coefficieht
of aquifers in the Lumbini Tarai, 29 aquifer tests were made at
selected sites. The tests were made on both flowing artesian
and non-flowing (subartesian) tubewells, The results of these

tests ap@-summarized in table 5 and are described in more detail

in the following pages.

Pasauli Site - An aquifer test Qas conducted on well 2/3iat the .
Pasauli site on April 10 and 11, 1972, The The%s recovef&'
method was used, owing to apparent lack of hydraulic continuity
with the nearby observation well, Tubewell 2/3,_screened in a
fine to medium sand with gravel from 105 to 130 feet, indicated

an average to low transmissivity of 23,690 gpd/ft, The well was
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pumped for a period of 12 hours at 473 gpm (US) with a diesel
powered turbine pump, The drawdown after 12 hours pumping was
44,1 feet,

Visnupura and'Sitlapq?>Sitesa—nquifgrtests were made 6n the
flowing artesian tubewells at Visnupura (4/1) and Sitlapur (4/2)
using the Theis recovery method as no obéervation wells were
available, Tubewell 4/l‘at Visnupura, screened in a fine to -
medium sand with some gravel from 190 to 206 feat, was allowed
to flow at é gpn for a period of 24 hours, The pressure head
recovered 0,74 feet after the well was shutoff, to the static
head of 3.6 feet above land surface and indicated a relatively
low transmissivity of 12,820 gpd/ft, _
vell 4/2 at Sitlapur, which had.a static head of 43 feet
above land surface, flowed for 24 hours at 24 gpm with a decline
in head of 1,13 feet, The indicated transmissivity of 21,340
gpd/ft dis within the average to low range,
Both the above tests holes are cased with 1 1/2-inch casing
- and secreen and friction loss along this small diameter pipe may

account éartial;y for the low transmissivities,

conducted at Belahia using two flowing artesian wells, Tubewell
4/4, screened in a fine to coarse fand and gravel from 225 to

245 feet,‘flowed for 24 hours at 261 gpm, During this period the
‘pressure declined 3,64 feet in observation well 4/3 located

325 feet away, The recovery rate coincided with drawdown to
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indicate a moderately high transmissivity in the range of 54,380
to 68,460 gpd/ft, The storage coefficient ranged from 1.69 x
10% to 5.85 x 1073, The hydraulic characteristics of the
aquifer were computed using the Theis non-equilibrium and Cooper-
Jacobs modified formulas,

Kerwani Site--The Theis recovery method was used to determine the

transmissivity of the aquifer penetrated by tube-
well 4/6 at Kerwani. Tubewell 4/6, screened in sand and gfavel
from 400 to 420 feet, was pumped for 24 hours at 40 gpm with a
drawdown of 3.64 feet., The plotted recovery data iﬁdicated an
average transmissivity of 32,150 gpd/ft. The specific capacity
of the well was about 11 gallons per foot of drawdown.

Paklihawa Site--Two Theis recovery tests were conducted on flow

ing artesian wells at the Paklihawa site. Tubewell 5/2, screened
in a siltstone gravel from 265 to 275 feet, flowed at 50 gpm for
48 hours, The pressure recovery was 12,3 feet after ;8 hours of
shutdown, A low transmissivity of 3,430 gpd/ft was indicated,
Tﬁbewell 5/3, screened from 475 to 505 feet in sand and gravel,
indicated a pressure decline of 20,6 feet after flowing for 48
hours at the rate of 223 gpm. The plotted recovery indicated ‘a
relatively low transmissivity of 8,410 gpd/ft. The transTéssivity
indicated by both the tests of Paklihawa is considerably less

than that of the more shallow zone tested in the near vicinity,

Bhairawa (S.P. Camp)--The aquifer test conducted at the S,P.

Camp indicates that the transmissivity of the.second artesian
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..zone is in the moderately high range in this area, 1he test
was run from June 16 to 20, 1972 using tubewell 5/5 as the
‘producing well and tubewell 5/4, located 75 feet away as the
observation well, During the discharge cycle well 5/5 flowed
at 200 gpm for 48 hours, The pressure . decline in observation
well '5/4 stablllzed at 2,94 feet after 35 hours of discharge,
The recovery rate 001n01ded with the drawdown to indicate a
moderately high transmissivity in the range of 48,250 to 55,730
gpd/ft; and a storage coefficient of 3.0 x iO'4 to 6,8 1074,
These wells were screened in gravel from 240't0 253 ft,

Bhairawa Airport Site--An aquifer was test made on the flowing

artesian well 5/6 at Bhairawa Airport from June 26 to 30, 1972,
i€ Well screenea in gravel rrom 1YZ to 2Ub teet in the upper
artesian zone, flowed for 48 hours at 416 gpm with a pressure
decline of 6,7 feet. The plotted recovery by the Theis recovery
method indicates a relatively high transmissivity of 105,100

gpd/ft,
éggigulturgiReseapch'Farm‘Site-—Well 5/9 at the Agriculture

Research Farm which had a static head of 30 feet above land
surface, was allowed to flow for 48 houprs at 420 gpm with a
pressure decline in head of 1,6 feet, The Theis recove;yz-\method'
indicated a transmiésivity of 236,020 gpd/ft.which appears
unusually high for an artesian aquifer, The gravel samples

however, were very coarse and the initial yield from the well

was reported to be 1,000 gpm or more. The well was screened in
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coarse gravel from 160 to 164 fost in the top part of the

artesian aquifer,

Government Fish Farm Site--Nn aquifer test was conducted on March

15 and 16, 1972 at the Government Fish Parm using two flowing
artesian wells, Tubewell 5/10 screened in a medium to coarse
gravel from 158 to 178 feet, flowed.for 24 hours at 490 gpm,
During this period the pressure declinéd 2,38 feet in obaervation
well 5/11 located 350 feet: awa/; The racovery rate coincided
with the drawdown to indicate an unusually high t*ansmissivity
for an artesian aquifer in the range of 152,700 to. 191,500
gpd/ft, whereas, the storage coefficient indicated a range of
1,1 x 107% to 3,38 x 10°5, The hydraulic characteristics were
compufed by both the Theis énd Cooper~Jacobs nathods and‘wqre

of the same magnitude as those found in the Agriculture Regearch
Farm 2 miles- to the south, _
gégiggég_ﬁéfgeeﬂquifer tests ware mads on the non»flouing tube-
wells at the Manigram site in June 1971 and in February and
March 1972, For the tests 3 diesel povered turbine pump was
installed in tubewell 5/14 which was pumped fﬁr 15 to 36 hours, -
The decline in water level was recorded in observation wells .
5/15 and 5/16, located 50 and 100 feet away, ra..,p.—zctivaly. In
March 1972 tubewell’ 5/14 was pumped ot 2 »oka cs 1,210 rpm for

a period of 36 hours with a drawdown of 6 feet, The water level
decline in the observation'well, 100 feet away, stabilised at

0,92 feet; The computed transmiscivity valuss caver a wida
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vange. Ihe Theis non-equilibrium ang Hantush leaky aquifer

methods indicated Similar values of 1,100,000 and 1,300,000

gpd/ft, whereas, the Cooper-Jacob method indicated 1,900,000

gpd/ft. The most plausible solution for this test, however,
appears to be that using Boulton's delayed yield formula which
indicated a transmissivity of 815,000 gpd/ft and a storage

coefficient of 0.15 for long-term pumping under unconfined

conditicns., The storage coefficients of the other solutions,

which ranged from 2.19 x 1074 to 4,1 x 1075, may give evidence of

the semi-confined nature of the aquifer,

The wells were screened from 80 to 150 feet in very coarse
gravel, pebbles, cobbles, and boulders, Although high trans-
@1SS1vity values are to bDe expected 1n the very coarse sediments
of the Bhabar zone, the above values are considered to be
exceptionally high, These high values may be due in part to
hydraulic continuity between the water table and the semi-
confined aquifer through the thick gravel packing, The trans-
missivity indicated at Jogikuti well 5/18 may;’theréfore, be

more representative of the Bhabar zone deposits,

Driver Tole Site--Well 5/17 at Driver Tole completely penetrated
the Bhabar zone deposits at 285 feet and is screened from 310 to
350 feet in coarse sand and gravel of the underlying Gangetic
alluvium, An aquifer test was conducted on June 22-24, 1972
using the Theis recovery method. The well was pumped at 317 gpm

for 24 hours at which time the drawdown stabilized at about
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20,5 feet, The plotted recovery curve indicated a trans-

missivity of 236,900 gpd/ft, This is a relatively high value
but it is considered of the right magnitude, however, owing to
the coarse nature of the sediments and thickness of thé aquifer,
It compares favorably with more shallow artesian tests near

Fish Farm well 5/10 and Agriculture Research Farm well 5/9.

Jogikuti and Butwal Siteé——The wells at Jogikuti, 5/18 and Butwal,
S/lQZa:e both drilled and screened within the Bhabar zone deposits
near the Churia foothills, Well 5/18 at Jogikuti was screened
from 77 to 142 feet in cobbles, pebbles; graﬁel and coarse sand,
This well was pumped at 330 gpm for 24 hours with a drawdown of
4,2 _e2et, The Theis recovery methbd indicated a high trans-
missivity of 435,000 gpd/ft. Although. the abave value appears to
be high it is believed to be reasonable owing to the very coarse
nature of the screened aquifer materials,

The Theis recovery test conducted on tubewell 5219 at Butwal
indicated a transmissivity of 188,200 gpd/ft. The well, screened
in coarse sand and gravel, was pumped for 24 hours at 334 gpm

with a drawdown of 10,6 feet,

Aquifer tests tapping wells in the Bhabar zone deposits of
antecedent streams debouching from the Churia Hills indizzge
exceptionally high transmissivities ranging from' 200,000 to
800,000 gpd/ft., The specific capacities of the wells reflect

the same high transmissivities, ranging from 30 to 200 gallons of

yield per foot of drawdown. .
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Bogri Site--The aquifer test conducted on tubewells 6/3 and 6/4
at Bogri indicates a relatively low transmissivity of 12,000 to
14,300 gpd/ft in the shallow non-flowing zone. Well 6/4 was
pumped at 50 gpm for 48 hours with a drawdown of 7 feet, The
measured decline in the water level in the observation well 6/3,
100 feet away was 3,55 feet after 48 hours., Both wells were
screened in.fine to coarse sand with gravel from 100 to 120
feet., The computed storage coefficients were 2.16 X 104 and
3,93 X 10™%*  The 1ow transmissivity indicates a decrease in
aquifer permeability toward the south,

Semri Site--At Semri a test by the Theis recovery method was made

on tubewéll 6/7 which is screened from 215 to 240 feet in a coarse
sdllu ana gravel aquirer, Uurang tﬁe test the well frlowed at

80 gpn for 24 hours, Following shutdown the mercury manometer
indicated a pfessure increase of 1.02 feet after 24 hours of
recovery, returning to the static head of 43.66 feet above land
surface. The test indicated a moderately high transmissivity of
82,820 gpd/ft. |

Chapia Sites--Two aquifer tests were conducted near Chapia

between April 16-18 and Mayls-lo, 1972 on tﬁo separate produciﬁg
zones, At Chapia (Baidauli) well 6/10 discharged by artesian
flow at 450 gpm for 24 hours. - After 16 hours of flow .
the pressure decline stabilized at 3,36 feet in observation well
6/11, located 100 feet away. The recovery rate coincided with

drawdown to indicate a high transmissivity in the range of
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- 128,320" to 150,570 gpd/ft, e computed storage coefficients:

. were 6,23 x 10_5 and 5,21 x 10“5. The wells were screened in
medium to coarse gravel between 171 to 187 feet.

The second test at Chapia (Chilia) was in wells screened

in sand and gravel from 7p to 100 feet, Well 6/8 was pumped at
'50 gpm for a period of 60 hours with a- drawdown of 4,3 feat.
The decline of water 1evel in observation well 6/9 250 feet away
was 1.44 feet at the end of the discharge cycle. The data,
computed by the Theis and Cooperwaacob methods, indicates a
transmissivity ranging from 28,400 to 31,830 gpd/ft, with storage
coefficients of 1,65 x 10~% ang 1,28 x 10~%, Both aquifers are
capable of supplying water for irnigatién, at least'on a limited

scale. . g

Bhujauli Site--A flow test was made on test hole 6/12 near '

Bhujauli on April 22, 1972, After flowing for a period of 70
hours at 22 gpm, the pressure head declined about 0.34 feet, and
when shut in then recovered to the original static head of

13,53 feet after 32 hours, Analysis of the data by the Theis
recovery gethod indicated a moderately high transmissivity of
64,530'g§d/ft, The low yield of the well does not reflect the
relatively high transmissivity value, owing largely to thgtsmall'
size (1 1/2-inch diameter) of the casing and screen,

Mughla Site~-Aquifer tests were conducted using two flowing

artesian wells near Mughla from May 1 to 7, 1972, Well 8/3

screened in gravel and coarse sand from 500 to 520 feet,
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“initially flowed at 450 gpm, During the tests, however, the
discharge had to be controlled to maintain a constant rate,
owing to decline in yield with prolonged flow, During the test
well 8/3 was allowed to flow at 335 gpm for 24 hours, and in
this period the pressure head declined 17.2 feet in observation
well 8/2 located 100 feet away, The recovery rate coincided
closely with the drawdown to indicate g relatively low to
moderate transmissivity in the range of 12,900 to 21,000 gpd/ft.
The storage coefficient ranged from 1.1 x 10™° to 3.25 x 10'4.'
The relatively low values ;uggest a decfease in transmissivity
of the aquifer to the west of Mughla, The aquifer could supply
water for irrigation, however, if production wells are judiciously
spaced and utilized, | |

Asnia Site--Flowing well 8/5, near Asnia, scrzened in a coarse

sand and gravel from 215 to 237 feet, was tested on April 4,
1972, The well was allowed to flow at 115 gpm for 28 hours

with a pressure decline of 3,4 feet, After shutdown the pressure
head returned to theoriginal static head of 27.5 feet above

land surface. The plotted recovery indicates an average trans-
missivity of 27,600 gpd/ft and suggests a decrease in trans-
missivity toward the west. - &

~

Rehara Site--An aquifer test made on the non-flowing tubewells

near Rehara indicates the aquifers in this area have low
transmissivities, On May 19, 1972 tubewell 9/5 was pumped for

48 hours at the rate of 50 gpm with a drawdown of 12,9 feet,
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A decline in water leve] of 4.96 feot wag recorded in observation

well 9/4 located 180 feet away. The drawdown and recovery data

were plotted and indicateq transmissivities in the range of 7,160
to 7,400 gpd/ft and a storage coefficient of 9.35x10-8.

Motipur Site-- An aquifer tegt using two flowing artesian wells

was made May 7-9, 1972 at ¢pe Motipur site. Well 9/8 screened in

sand and gravel from 131 to 1g7 feet, was allowed to flow at 618

gpm for 24 hours. 1Inp observation well 165 feet away, the pressure
declined 9.01 feet from g Static head of 27.81 feet above land
surface. The recovery rate coincided with the drawdown to indicate
a moderately high transmissibity in the range 59,020 to 61,000

gpd/ft with a storage coefficient of 1.01x10°4.

Taulibawa Site--An aquifer test conducted in tubewells at Taulihawa

suggests that some of the aquifers in western Kapalvastu District
have very low transmissivity. Although the wells at Taulihawa flow
with 3 static head of about 8 feet above land surface, a pump was
installed in well 10/3 to increase the yield and subsequent effects
on the adjacent observation well 10/2. Well 10/3 was pumped at 36 .
gpr for 24 hours, with a total drawdown of 56 feet. The pressure
decline in the observation well 75 ft away attained a maximum of
0.98 feet below land surface. The computed transmissivity for the
drawdown and .recovery cycles indicates a very low range of 2,080 to
2,210 gpd/ft; The stﬁrage coefficients, however, were 1.25x10~4

and 1.67;:10-4 or very similar to storage coefficients elsewhere

in the same aquifer system. The low values of transmissivity
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>uggest poor potential fop intensive irrigation from aquifers,

Champapur Site--A Theis recovery test was conducted on small

flowing well 11/5 at Champapur on May 12, 1972, The well was
allowed to flow for 24 hours at 13 gpm. After the well was

shut off for 22 houps the pressure head ‘recovered a total of

3.81 feet to the original statie head of 13,19 feet above land
surface., The plotted data indicated a low transmissivity of

6520 gpd/ft, characterlstlc of the western part of the study area.

Dharamnagar Site--The aquifer test conducted on two flow1ng

wells near Dharamnagar again demonstrates the low transmissivity
values encountered in the western part of the Lumbini Tarai.
During the test the well 12 /5 screened from 190 to 210 feet, in
fine to coarse sand and fine gravel, was allowed to flow at 26
gpm for 24 hours., A pressure decline of 3,75 feet was observed

in the observation well located 50 feet away, The. recovery

rate coincided with the drawdown to indicate a low trans-

missivity in the range of 5,410 to 6,550 gpd/ft computed by the
Theis non-equilibrium and Jacob-Cooper ﬁodified formulas, The
storage coefficients were in tﬁe 10™4 range,

Shivanagar Site--A Theis recovery aquifer test was conducted on

well 13/2 at Shivanagar, June 2, 1972, The well was pumped with
a small turbine pump at 42 gpm for a period of 24 hows, with
a resultant drawdown of 19,6 feet., The recovery when plotted

indicated a relatively low coefficient of transmissibity of
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13,040 gP?/ft. The well was screened from 210 to 227 feet

in fine siltstone gravel,

" The water-bearing beds in most of the Tarai area. of the
Lumbini Zone range from 10 to 30 feet thick., The trans-
missivity of these aquifers ranges from less than 10,000 to
more than 200,000 gpd/ft in the artesian zone and from 200,000
to 800,000 gpd/ft.in beds of the Bhabar zone near the antecedent
streams. Well yields and drawdowns vary with the magnitude of
the transmissivity coefficients, In many instances.yields of |
production wells could be increased by multiple screening of
two or more aquifers in the samé well, Caution needs to be
used, however, in screening artesian aquifers, if there is a
considerable head differential since the aquifers under higher
head will leak through screened sections into aquifers of
lower head. The actual yield,could even decrease at least

initially, until the head differential equalizes.
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Well Interference and Spacing

In areas of artesian fiow, especially where the confined
water 1s just beginning to be.utilized, it is beneficial for
the water econemy to space tubewells to maintain optimum flow
yields with minimum interference effecté between wells, Failure
to space wells propertly results in premature decline of
artesian pressure and loss of free flow in the boreholes. It
is equally important in areas of non-flow to space wells so as
to minimize decline of water levels and: concurrent increased
pumping lifts, The hydraulic characteristics and other hydro-
logical data obtained from the aquifer tests indicate a wide
range in the water-yield czpacity of the aquifers of the
Lumbini Tarai., Using data obtained from the aquifer .tests it
is possible to estimate approximately how long a well will flow
or can be pumped at a given rate and also what the intérference
effects will be with respect to nearby tubeweclls in the same
area,

Relatively small drawdown effects were noticed in the
boreholes tested north of Bhairawa near Fish Farm well 5/10
where the artesian aquifer has a high transmissivity., Até;he
Fish Farm a single Qell flowing at the rate of 500 gpm would
cause a decline in artesian head or pressure of 7,37 feet at
a distance of 10 feet from the tubewell after S5 years, After

flowing for 30 years at the same rate, the total decline would

be only 8.0 feet, If the flow were increased to 1,000 gpnm,
79



 however, the decline in pressure head at a distance of 10 feet
from the tubewell would e 14,7 feet (fig.9) after 5 years of
continuous flow,

Single producing tubewells are not the rule, howéver, in
any given area, Mope commonly, boreholes are clustered in
groups of two or more so that the head in any one tubewell is
the sum of its own drawdown Plus the interference effects of
other producing tubewells nearby, Graphs (fig., 10) have been
constructed using a method (Lang, 1961) that modifies the Theis
non-equilibrium formula. This method helps resolve problems '
related to the proper spacing of two tuﬁewells of the same
- eonstruction and yield that tap a common aquifer. Thus two
tubewells near: the Pish Farnm gach flowing at 100 gpm would have
a combined pressure decline of 2,45 feet if spaced 1,000 feet
apart or 2,16 feet if located 10,000 feet from each other when
flowing continuously for 100 days (fig. 10). Likewise, if the
discharge of the well were increased to 1,000 gpm the combined
pressure decline in each tubewell would be 24;5 feet if spaced
1,000 feet apart, As shown above the total decline in head
resulting from prolonged discharge will be thg sum total of
the well interference figures of all wells within the area of
influence of each well, The pressure decline can be minimized
by optimum spacing of wells and the judicious use of water, In
Other areas where the transmissivities are more than 100,000

gpd/ft such as the Agriculture Farm and Chapia (Baidaqli), the
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. declines ;n pressure head would be very similar to those
described above,

Near well 4/4 in the Belahia area about 6 miles east of
the Fish Farm, where the transmissivity is about 60,000 gpd-ft,
the estimated decline in pressure head that would result from
a single tubewell 10 feet from the producing well and yielding
a constant 200 gpm would be about 8.2 feet (fig.9) after 5
years. Likewise if the flow were increased to 1,000 gpm the
decline in pressure would be 44.1 feet, The predicted inter- -
ference‘between two identical wells in'éhis area pumping at 100
gpm continuously for 100 days would be 7.14 feet, if spaced
1,000 feet apart (fig.10), It is evident then that the spacing
of wells should be gfeater-near Belahié than in the Fish Férm
area, The same conditions are probably applicable in the same
\areas near 8% Camp well 5/5, Semri well 6/7, Bhujauli well
6/12, and Motipur well 9/7,

In the shallow aquifer of tubewell 6/8 at Chapia (Chilia)
the altitude of the poténtiometric surface is very nearly the
same as the’land surface, therefore, pumps will be required to
lift watep from tubewells tapping this aquifer. The estimated
decline thdat would result 10 feet from a sipgle‘tubewell §§eld-
ing a constant.200 gpm would be about 15,5 ft. (fig. 9) after
5 years, If the yield were increased to 500 gpm ﬁhe decline
would be 39,1 feet after 5 years, 'The predicted interference
between twb identical wells in the same aquifer ﬁumping at
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.. 100 gpm continuously for 100 days would be 12,75 feet (fig. 10)

if spaced 1,000 feet apart, This analysis further indicates

that the distance between wells should increase as the trans- -

missivity of the water-bearing formations decreases, The

transmissivity of the shallow aquifer at Chapia (Chilia) is
about 30,600 gpd/ft. Similar conditions may glso be encountered
in. the areas near Pasaﬁli well 2/3, Sitlapur well 4/2, Xerwani
well 4/6, and Asnia well 8/5 as transmissivities at these sites
range from 20,000 to 30,000 gpd/ft,

Aquifer tests conducted at Bogri well 6/3 and Mughla welll
8/2 indicate transmissivities in the relatively low range of
12,0QO to 15,000 gpd/ft, The estimated decline in head that
would result 10 feet from tubewell, near Bogri, yielding a
constant 100 gpm, would be about 13,2 feet after S years.
Likewise /the decline at Mughla would be about 11.4 feet
(fig., 9) during the same pepiod. The predicted interference
between two identical wells in each of these two areas yield-
ing 100 gpm continuously for 100 days wquld be about 27,7 - feet,
at'Bogvi and 27,4 feet at-Mughla (fig, 10), if each were
spaced 1,000 feet apart. Similar conditions could be en- :
countered in aquifers near Vishnupura well 4/1 and Shivéﬁégar
well 13/2 where the'transmissivity appears to be in the same
general range,

A number of test sites, located mostly in the western

part of the study area, indicate unusually low transmissivity

values of less than 10,000 gp%ﬁft. Aquifer tests conducted



+at Rehara well 9/4 and Dharamnagar well 12/4 indicate trans-
missivity values in the low range of 5,000 to 7,0b0 gpd /ft,
The estimated decline in head that would result 10 feet from a
tubewell near Rehara yielding a constant 100 gpm would be about
30,4 feet (fig. 9) after 5 years. Likewise the head decline
in a well a? Dharamnagar would be about 37,1 feet during the
same period, The predicted interference between two identical
wells,.at-each of these locations yielding 100’gpm continuously
for 100 days ét a distance of 1000 feet apart, would be about
48,0.feet at Rehara (fig, 10) and 58.3 Feet at Dharamnagar.
It is evident from these figures that the yields of wells in
the western part of the report area are quite low and the
interference effects between wells would be high, These
conditions limit the potential of the aquifers to supply
sufficient wéter for extensive irrigation,

Aquifer tests conducted on wells penetrating the Bhabar
zone south of Butwal indicate exqeptionally high transmissivity
values rapging from 200,000 to 2,000,000 gpd/ft. At Manigram
well 5/14 site, using an indicated trénsmissivity of 815,000
gpd/ft, a single-well discharging at a rate of 1,000 gpm would
have a water-level decline of about é.4 feet at a distance, of
10 feet from the weil after 5 years of continuous pumping
(fig. 9). The predicted interference between two wells pumping

at 1,000 gpm continuously for 100 days would be 3,69 feet with

the wells spaced 1,000 feet ag%rt (fig, 10), S8imilarly, a



. single well at the Jogikuti well S/18 site dischargiing at a
rate of 1,000 gpm would cause a decline in water level of 4,4

feet at a distanceof 10 feet fron the well after pumping

continuously for 5 years, Predicted declines in water level

and attendant interference between wells are minimal in this
area of Bhabar zone deposits and should present few or no
problems with well spacing,

Owing to lack of information at this writing all the
previously predicted declines in water levels and pressure
heads .are based upon conditions at a specific time and have
not taken into consideration annual recharge to the aquifers,
During high rainfall of the monsoon in the Lumbini Tarai, the
recharge is undoubtedlybof.considerable magnitude. Future
monitoring of water levels and water use should provide
information oﬁ the amount of recharge that may occur t; the

aquifer systems of the Lumbini Tarai,
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Chemica) Quality of Water

The chemical quality of water from the artesian and semi-

artesian aquifers of the Lumbini Tarai is generally good and

is suitable, with a fey exceptions, for domestic supply,

livestock, and irrigation, Analyses of 'water from 33 tubewells

(table 6) show that all the water is potable and that most of
the ion concentrations are below the maximum limits suggested
by the U.S Public Health Service (1961) for drinking water,
The water from the aquifers in the report area is generally

moderately hard usually from 100 to 250 parts per million
(ppm) total hardness as CaCosx.

The water from the aquifers of the Lumbini Tarai is

suitable in chemical qQuality for irrigation on many types of

soils, Most of the water analyses, when plotted on the
4

classification diagram (fig, 11), indicate a low to very low

sodium hazard and a medium salinity hazard, Water samples from

tubewells near Shivanagar and Krishnagar in the extreme south-
west section of the feport area indicate a low sodium and
medium to high salinity hazard, The effect of the salinity

hazard may be overcome by leaching of cultivated soils by

R
-

excess irrigation or naturally with rainfall, The artesian

water is predominantly a bicarbonate type with varying pro-

portions of calcium, magnesium and sodium ions, ‘The bicarbonate

lon concentration is for the most part relatively, high, ranging

from 200 to 450 gpm. 87
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The dlagram for the classification of irrigatiun waters

‘(flgoll) 1s based on electrical conductivity in microphos/ca

- (ECX 10° ) and on the sodium- adsorptlon ratio (SAR), Electrical

voonductlvity is commonly used for indicating the total con-

veentratlon of the lonized constituents of a natural watav and

is closely related to the sum of the cationg or anions as

‘determined by chemical analysis, . Conductivity is the measure

of the, sallnlty hazard of water for 1rrigation. ' 8AR, used as’
a weasure’ of ‘the .sodium hagard, is a ‘caleulated value in which
the concentrations of the ions involved are expressed in willis.

equivalents per liter (meq/l) and is defined by the equation:

The classifications of'irrigation water diécussed above
wepe designed primarily -for use in arid regions having minimal
annuai rainfall, These classifications are not directly
appllcab;e to water used for supplemental 1rr1gatlon in areas
of relatively high percipitation where the root sone ig annually
leached by infiltration from monsoon. - Under cond;tzons-:isting
in the report area, water classified as high salinity haagrd ‘
can be rsed on a suPplemental basig with little danger to CYOPS,
while very high sodium hazard waters can be used occasicnally

on all byt the most sensitive crops.
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Areas of Groung Water Potential for Utilizatior

The following discussion is an amplification of the
information presenteq in figure 12.

Zone 1--The Bhabar zore south of Butwal, is an area where
aquifers have extremely high transmissivity values indicating
that high yields can be obtained from properly-constructed
tubewells with relatively small drawdowns, Spacing of wells
drilled in this area apre not as critical as elsewhere in the
Lumbini Tarai as interference effects between wells will be
miniﬁal. Further, recharge to the aquifer system likely occurs
annually. The static water levels, however, are below land
surface and pumps will be required to life water for irrigation.
Zone 1 conditions also exist in the eastern part of the Lumbini
Tarai near the Narayani River and to a less extent along cohse-
quent streams where they leave the Churia Hills and enter the
Tarai,

Zone 2--The optimum area for flowing artesian aquifers
(fig. 3) is centered north of Bhairawa near the Agriculture
Research Farm and the Gerrnment Fish Farm, From this center,
the zone of high transmissivity radiates outwards diminighing
to 60,000 gpd at Belahia to the east, to 50,000 gpd at the
S.P., Camp south near Bhairawa, and to an averagé of 60,000 gpd
on a line between Semri and Bhujuali to the west. The high

transmissivity values for the artesian area alsq appear to
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extend beceath the Bhabar zone to the north as indicated by the
vell at Driver Tole, we1) spacing near the denter of -this
zone would not be overly critical., Towards the outer limits of
this zone, however, well Spacing and judicious use of water
would be matters of increasing concern, |

gggg_zf-hreas with,transmissivity values of 25,000 to
60,000 gpd/ft are included in zone 3, Wells in this zone couid
be used for irrigation, however, interference between welis
would be more pronounced than in zones 1 and 2, Production
wells should, therefore, be spaced father apart to minimize
cunulative drawdown effects and attendanc increase of pumping
lifts,

zone' 4~-In this area the aquifers generally have low
transmissivities of 10,000 to 25,000 gpm/ft. Production.wells
in this zone would also probably have relatively low specific
capacities, but could be used for small-scale or supplemental
irrigacion. )

Zone 5--Aquifers in this area have generally very low
transmissivities of less than 10,000 cpd/ft. Wells in this zone

should be limited generally to domestic and public-supply use,

or apecialized industrial use where high unit cost could be

l\'

absorbed.,
Wells in zones, 3, 4, and S5 should likely be constructed

to screen several aquifers in order to produce the maximum

possible yield at a given lociﬁion.
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General Conclusions and Recomnendations

Conclusions

1. The area where tubewells ' d

Ll : can be successfully develope
for irrigation are not uniformally distributed in the Lumbini
Eiral‘ ngerally, tge Bhabar zone and the mid-central part of

e report area are best suited = -water
exploitation, *o largs-geale ground-va
in

2, Except for aquifers/the coarse deposits of the Bhabar
gone, aquifers elsewhere in the report area occur in relatively
thin layers of sand and gravel interstratified with clay layers
of variable thickness, The water-bearing beds dip generally
to the south thrgughout the report area,

3. Although the Bhabar zone has the best potential for
ground water development, the water levels ara everywhere
below land surface and pumping will be required to lift water
for irrigation.

- -4, The area of maximum flow-well artesian pressure is
centered about 2 to 3 miles north of Bhairawa. Heads above
1lana sSurrace as well as yleias uecredse yrdludily L1 ail =
directions from this center.

'S: ?lhe‘extreme southern and the southwestern parts of the
Lumbini Tarai are the poorest with respect to potential for
ground-water development,

6. Initial artesian head above land surface generally
declines rapidly with use’, but flow usually stabilizes at
roughly one-half of the initial yield after several months,

7. %he chemical quality of both flowing and non-flowing
ground water in the report area is generally good and suitable,
with few exceptions, for domestic supply, livestock, industry,
and irrigation, The bicarbonate ion concentration, however,’
is for the most part relatively high,

Recomnendations _
1. The observation well program established by the
Ground Water Project in the Lumbini Tarai should be continued.,
Data obtained from this monitoring program will become in-
creasingly important as the ground-water resource is developed
and utilized, Whereas aquifer test data providg a basis for
planning a production well program, long-term observgtions of
water levels and pressure head are necessary for optimum manage-

ment of the ground-water Tesources This is particularly true
S
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. relative to achieving the optimum utilizati
on of the resource
_ and;palancing by natu a harge
: e the, aquifer systempf'} ”?ﬁ]" artificiat s d"s"harge e T e
ey 1€ BpOf G von CPE GO,
b o Generally (
i ,;mo 1: tubewella drili d' for irpigation use
L e e el e h:;gbini
it . o) o Wi Y inimize
1nterferehﬁe betweep wi tg puells iﬁﬁéi B %ﬁﬂ d.toim
TG Anr,,

i 3. All tubewéﬁ c nstrue ad iﬁ{%he flowiﬁ artesian area
| should bexpgoperly ce gnted, ik 1d and f gﬁ% regulated

by control valves, Y&elds f ﬁ{y ells should be limited

to the amount of watep actuai gpi%éé*fo AN crop. After
.. %he irrigation requirement is satigfied) valved on the wells
rordh should be closed and remain C1ps§ﬁA tii‘;ﬂﬂiﬁekt irrigation
“.r tun. requirement, Conservation of ’ pé'sure "héfdd ‘ahd the ground-
oy urAter resoyrce by preventlng ngedlgss ‘Wdste of water will
entail government supervision and enforcement.

g 11

60 QIGWE;
e e ‘The present. cgmmon practlce of putting down low~cost

"slugger~type" wells’in arve 0f drtesian flow should be
curtailed.,and then gfohlbltgd a ieoon ds other sources of
water either from modern tubewells or cafidls tan be provided
to Tarai farmers, The slugger-type wells are wasteful of the
grouna-water resource, bleed Orf artesian heaa unnecaeaarl&Ya
and creFte local wEter 1ogglng problems. -
5, enerally, new production wells should be preceaded by
a pilot o l}m.hole" to Yerify” ‘Geohydrologic conditions at a new
- site, This. $ame gl hole can subsequently be reamed to the
planned diameter of the production well,

6, A numbep of(yells resultlng from the Ground Water
Project 1nvest1gatlons in the Lumb1n1 Tarai have yields sufficient
for irpigation, These have Been turned ‘over for use to the
1309, .. HMG Depaptment of Irrigation, ' gone of theee wells are already
S aye ,1n use, Considering, however, the almdst “total lack of data
Ta il (—on the economics of 1rrlgétfbh from tuBewells in Nepal, it is
sqggested that three small pllot 1rr;gatlon ‘projects be

i3

e

L established in the Limbini Taralldtilizing ‘three selected wells,
Thesé projects would incliude twé' ¢f thé flowing wells (ong in
zone .2 and one in zone 3, fig. 12) and one pumplng well in the
Bhabar zone (zone 1, flg. 12) requiring pumping, All other
auxiliary’ 1nstallat10ns such as pun s, canals, drainage, crop
protection, ‘e should be'prdvided, ' After a year or more of
operation, 1t s odld be possible to evaluate the economics of
tubewell 1rr1gatlon in the report area, . On the encouraging
side, however, 13 the fact that prlvately-owned _tubewells
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immediately south of the Lumbini Tarai in Uttar Pradesh, India
have proved economically viable, ‘

7« Yields from tubewells drilled in the less productive
aquifers of zones 4 and 5 (fig, 12) as well as in better
aquifers of zones 2 and 3 can be increased by screening several
aquifers, Caution needs to be exercised, however, in screening
several artesian aquifers in the same wall where considerable
head differential exists between aquifers, In such case, the
yield may decrease at least until the head differentials

equalige and may be less than initial yleld even after equali-
gation, ' Tk '
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Explanation to accompany Tables 4, 5 and 6

1. Numbers are assigned to a series of north-south trending
traverses beglnning at the eastern boundary of the Lumbini Zone
and progressing westward at 10 km intervals. Test holes are
numbered in sequence in each traverse from the Indian border
northward. Example: traverse 3, borehole 2 is numbered 3/2.

2, Name ot village near which corresponding test hole is
located.

3. Approximate elevations, in teet above mean sea level, have
been ;ransferred from the benchmark at Bhairawa Airport using
transit or theodolite. Figures are to the nearest foot.

4. Depth of test hole in feet below land surface.
5. Day, month and year the borehole was completed.

6. API line pipe (mild steel tubing) was used to case most of
the boreholes and extends from the borehole head near land surfac

to the top of screen.

7. a. The screen set in most boreholes is perforated pipe.
b. Depth in feet below land surface, to top and bottom

of perforated pipe or well screen.
c. Type of material screened,(s) sand, (g) gravel; (f,m,c)

fine, medium, coarse.

8. Pressure head at time well was drilled, in feet above (+)
or below (-) land surface datum.

9. Yield, in U.S. gallons per minute (gpm) by natural flow (i),
by airlift (a), or pump (p) measured after initial development.

10. Drawdown, decline in head or potentiometric surface, in feet,
resulting from pumping or natural flow.

11. Specific capacity, ratio of gallons per minute of yield per
foot of decline in head resulting from pumping or natural flow

of a well.

12. Other Information:

A. Abandoned hole, casing pulled and hole plugged
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12, (continued)

e ]

Foxboro pressure recorder installed

Stevens water-stage recorder installed
Geologic log in table 7

Electric log in files %
le 6

: Flow or pumping test carried~§:t at borehole

OmoO N ™

Chemical analysis in tab

13, Remarks
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Table 7 Well Logs

Test Hole No,: 1/3
Location: Nandnagar Completed
Drilled by: Hydrology Dept.

Mtitude of Land Surface:

Drilling Sterted 15/5/71

15/5/11

Log by: S. M, Shrestha

Static Weter level (Head): _ 1SD
] ¢ Thicknegs Depth :
1ithologic Description ;. (feet) (fget) =
Soil . 1 1
Sand, grey, fine, with mica : 9 : 10 :
Sand, coarse . T 11 s
Boulders, with sand, yellowish gray 1 C 12

Hole abandoned



Table 7 Well Logs

Test Hole No.: 1/2 Drilling Started 10/5/71
Location: Fenahawa Completed 13/5/71
Drilled by: Hydrology Department Iog by: S, M, Shresths

- mtitude of Land Surface: 340 r£t (103.6 )
Static Water level (Head)

e e - LSD
H i : Depth :
A SR ‘Lithglp.gic Description : Th}.gl:l;:?ﬂ : (fget) .
Soil, gray, sandy %el &
Sand, yellow, very fine 9 10
Sand, gray, coarse 7 17
Sand 13 30 .
Sand, medium, well sorted with qtz. & mica, possibly
pebbles ~ 5 35
Sand, coarse, well sorted, mostly qtz. 2 37
Sand, very coarse 3 L0
Boulders with gravel & coarse sand 1 41

Hole abandoned



- Clay,
- Sand,
 Clay,
 Clay,
- Clay,
Clay,

O,

Test Hole No.t R2/1 -
Location: Harakpura

- Drilled by: N.B, Tubewells
Altitude of Land Surface: 338 ft. (103,0 n)
' static Water level (Head)z,-'lz, ft. 1SD

et . WA W ) S m

LI,

~" . Table 7 Well Logs

Drilling Started 10/5/71

Lithologic D cription

i

Sub-soil

Clay, gray w/sand and gravel
Clay, gray, sticky

Sand, gray, fine to medium
Gravel, w/sand

Clay, gray

Gravel

Clay, gray and yellow

Gravel

Clay, gray w/fine sand

Sand, w/gravel

Sand, fine

Clay, gray, w/fine send
Gravel, w/medium sand, water bearing
Clay, w/gravel

Clay, gray, plastic

Clay, gray w/sand

Clay, gray, w/sand and some gravel
gray

fine to medium

grey w{fine sand

yellow and gray, plastic
yellow, sticky w/siltstone
yellow, sticky

Clay, yellow w/fine sand

Clay, gray, plastic

Sand, coarse w/gravel -

Clay, yellow w/gravel

Clay, yellow w/fine sand

Clay, gray, plastic

and, gray, fine

Clay, gray, plastic

lay, gray, w/fine sand

Clay, gray, plastic

Yell Completion Dat

Completed 16/5/71
Log by: G.P, Chaturvedi
037
: Thickness : Depth :
: (feet) 3 (feet) ::
7 7
8 15
15 y gg 9.1
20 Cad .2
29 Gf 24-C
3 g2
8 C 9
lO 100 BQ-‘J
32 fﬂ_l-lz__ ;{0.7—1
5 137
3 140
10~ € as0
60 210 é "l .CL—
15 G225 ..
10 35— €8
15 250
20 270
10 280
10 290
.
35 330
130 L60
20 480
“40 520
10 530
53 583 1
19 = 675602 N <
8 610 '°°
42 C 652
20 - 672 o WS
18 - S___E_QQ ~ \0'3
gg 85
¢ 795

8
Caging - 235 ft, 6 in. L% 7 7
Sereened Zone - 209-226 ft,
Yield A



Table 7 Well Logs “~ o~

Tost Hole No.: 2/2 Drilling Started 5/5/71
Location: Pasauli Completed 6/5/7
Drilled by: N,B, Tubewells log by: G. P, Chaturvedi
Altitude of lend Surface: 331 ft, (100,9 m)
re, M
Static Water level (Head): -12 ft. 13D i // =
i : Thickness : Depth :
1d thologic Description :  (feet) : (feet) :
Subsoil, light yellow 6 T _6 14
Gravel, angular to subangular 6 o 12
Clay, gray, plastic 8 " 20 ,.e8
Sand, gray, fine to medium 30 50 ccon
Gravel, subrounded to angular w/sand 10° _€60 13-
Clay, gray plastic w/sand and gravel 45 ¢ 105 .
Gravel, angular to subrounded w/fine sand, water bearing 25 ¢ 130 350
Cley, gray, plastic w/fine sand 30 ¢ 160
Clsy, gray, plastic 40 200 _ £o+9

Well completion data

Casing:. 135 ££/10 in. to 6"  __ y\-'
Screened Zone: 105-135 ft/6 in. 2l°

Yield 473 GPM (Pumped)

Drawdown 44.1 ft.



Table 7 Well Logs ( 9
Drilling Started 3/5/71

4571
log byt G. P, Chatgrvedi

Test Hole No,: 2/3*
Iocation: Pasauli ™
Drilled by: N,B, Tubewellg
Altitude of Land Surface: 332 ft, (101,3 m)

Static Water leve':!.{ (Head): ~13 ft, 1ISD

p—————

T e

C"‘Stnpletedz

T e —— ST A A VR W YA S

i Lithologic De gerintion

¢ Thickness : Depth
(feet) s (feet)

e wa

Sub-soil, yellow, sandy clay
Clay with fine sand

Sand, medium e
Clay, gray, plastic with fine sand

Gravel with fine to medium sand, wgter bearing
Clay, gray, plastic with sand

Clay, yellowish-grey, plastic

Clay, gray, plastic with fine gand

Clay, dark gray, plastic

Sand, very fine

Clay, grayish-yellow, plastic

Gravel, fine, angular to sub-rounded with fine sand
Clay, gray with fine sand

Clay, gray, plastic

Gravel, angular to sub-angular

Clay, gray, plastic

Well completion data
Casing 148 £t/1L in,

Screened Zone: 118 - 128 ft. 45— 39
Yield

5

5
60
40
30
50
40
30
50
10
70
20
10
10
10
€0

5
10 1o
Ses70_51-3
c 110 325
6 140 o8
190
230 .
260
< 310

320



Yell completion data
Casing: 168 £t/ 17 in,

Screened Zone : 138 - 148 ft. QB T g

)
Table 7 Well Logs “~ o
fest Hol® No.: 2/4 Drilling Started 8/5/71
jocations Sishania Completed 10/5/71.
Drilled by: NeB. Tubewells Log by: S, B, Kensaker
) ytitude of Land Surface: 338 ft. (103.1 m)
N
static Vater level (Head): -10 &, LS 9997
oEEn , . : Thicknegs : Depth 3
b Lithologic Deseription :  (feet) : (feet) :
sub-soil, graylsh-yellow 5 5
(lay, light yellow w/fine sand 15 C 20 g
Sand, fine 10 230
sand, w/gravel, well sorted 20 5750 o2
Clay, gray w/sand 30 -
Sand, fine 10 <»° 90 21
Gravel, rounded to subrounded w/sand 10 . 100
Clay, gray w/sand 10 Cc¥9 110
Send, very fine 12 122 4
Gravel, angular to sub-rounded, w/fine sand, water bearing 28 G 150 ¢ q
Clay, gray, plastic 35 — 185
Clay, gray, plastic w/sand and gravel 55 240
Clay, dark gray, plastic 20 260
Clay, yellow, sticky w/sand and gravel 20 ¢__ 280
Clay, yellowish-gray, plastic 15 295
Clay, gray, w/sand and gravel 25 320
Clay, gray, sticky 40 /_360 159
Clay, gray, w/sand. 110 o, 370
Gravel, wel1 sorted w/fine sand 10 © 380 g
Clay, -gray, sticky 40 = 420
Clay, gray, w/very fine sand 5 425 4.
Gravel, w/fine sand <0 Q4o 354
Clay, gray, plastic, 55 < 500
[iX9
- !’"‘



(3)
Tablo 7 Well Loga -

Tost Holo Nout 275 Drilling Started 7/5/71

Jocation: Bhataulia Comploted 12/5/71

Drilled by: Hydrology Dept, Log by: S, B, Kensakar

Atitude of Land Surface: 360 ft, (108.6 m)

A
1 S48

- )3
pH ”

static Water lovel (Head): =15 £4. 13D u.¢

: Thickness : Depth :

Lithologic Deseription (feet) : (feet) :

*e

—

Clay, eray and yellow, sticky c &
&mg: yellow, very fine to fine ]2';5_ "%% 3
Olay, gray, sticky b camd 40

Send; with quartz, biotite muscovite and other minerals L8 __88 .8
Clay, gray with some silistone fragments 38 c 126 ng
Sand, yellow, with qtz., biotite & miscovite 16 = 12 21
Sand, yellow with sandstone & siltstone particles 5 7 A
Clsy, gray with siltstone fragments 2 we 149
Gravel & pebbles, angular, with layers of fine to coarse sand 22 G ___1'_7}_, ¢
Cley with fine sand 2 173
Gravel, coarse 2 ¢ 175

Clay, gray, sticky _ 55 230_ o\
Clay, gray & black, sticky, hard with sand 50 L.,ig_a_q 35D
Cley, gray & yellow, sticky, sandy, with siltstone particles 108  C388 X
Gravel & pebbles, water bearing 50 438
Gravel & pebbles with thin layer of clay at 440 ft. T @ _ 445 ¢.b
Clay, yellow. & gray, sandy , 27 :‘572 a9
Gravel & pebbles with thin layer of clay at 493 ft. 25 491

Well completion data VS
Casing: 440 £1/1L in,

Screened Zome: 420 to 430 ft. 29 — \3\



Teble 7 Well Logs

Tost Hole Noo: 2/6 Drilling Started 12/4/T1
Location: Vijayapur Completed 15/4/71
Drilled by: Hydrology Department Log by: S. B, Kensekar
Atitude of land Surface: 384 rt, (117.0 m)
Static Water level (Head): ISD
_ : Thickness : Depth
o Lithologic Description : (feet) : (feet) :
Snil, grayish-yellow . 4
Clay, yellow, sandy 12 € 16 ud
Sand, yellow, fine, clayey 12 — 28
Sand, coarse _ 32 . é__éo‘ \9 L
Clay, gray & yellow, sticky with clayballs and siltstone ‘
fragments 180 240
Clay, gray with thin sand and silt layers 10 250
Clay, gray & yellow, sticky 70 320
Clsy, gray & yellow, sandy with claybslls 40 C- 360
Clay, gray & yellow, sticky 20 380,53
Gravel ’ 20 & 400,
L ALY

Well construction data

Gasing: 386 £t/1% in.
Screened Zone: 381-386 ft. Wk = -8



Table 7 Well Logs ((v\')

Test Hole No,: 3/l Drilling Started  28/4/71

Completed 29/4/T1

Log by: G. P. Chaturvedi
337 £t. (102,79 m) -
Static Water level (Head): w10 py, 15D

Iooation: Hardi
Drilled by: N.B, Tubbwells
Qitituds of Land Sirface:

) 4 f/"):r
T TN~

—

i "Lif_;_llologic Degeription

Sub-soil, grayish yellow, sandy

Thickness : Depth :
(foet) :

- WS

Sand, fine to medium with gravel lg Sw‘z;'z'oi- ¢-0
Clay, grayish yellow, plastic with gang 12 e o
Gravel with sand, fine to mediym 28 a_60 lo.n
Clay, gray, plastic 5 ~ 65

Gravel 15 G4 80 543
Clay, gray with fine sang 20 - ¢ 100. 30-4
Clay, gray plastic 60 T 160
Gravel, coarse 3 c 163

Clay, gray, plastic . 17 _ 180 _cy.g
Sand, fine with gravel 40  sewe 220 -
Clay, gray with fine sand 20 CLws 240 Ja
Sand, fine 20 P —51
Clay, gray, sticky 30 " 290 5 %1
Sand, fine to coarse with gravel, water bearing 25 cccq 315 o)
Clay, gray, sticky 45 = 360 oA
Gravel, sandstone, with fine sand . R0 o 380\ <3
Clay, gray, plastic 40 420

Clay, grey with fine sand L 460

lay, gray, plastic 40 500 = \£24

Well completicn _data

Casing: 315 £t/1% in,
Screened Zone : 297-307 ft. 905 — ‘53‘(



Tﬂ.hlﬂ 7 Woll. Logn LV F (/}

. 1 s 3
Tost Holo Nou: 3/2 Drilling Started 24/4/T1
Locations Jokvar Completed 21/4/71
prilled by: N.B. Tubowolls log by: S B, Kansakar
ptitude of land Surface: 344 ft. (104.7 m) "
Static Water level (Head): =6 ft. LSD V% 1% o 'i,,,w-/“
. : Tmickness : Depth :
e Lithologic Degeription . (foot) 3 (feot) :
Soil, dark brown 6 T 612
Clay, yellow w{sand 6 - 12
Clay, gray, sticky 18 2044
Gravel, fine w/sand 10 40
Clay, gray, plastic 10 50
Gravel, well sorted w/sand & siltstone fragments 10 Sw¢ 60
Clay, gray, plastic S . g 67
Gravel, well sorted w/coarse sand 11 78,237
Clay, gray, plastic 5 &3
Clay, gray w/sand, 27 C 110
Clay, gray, sticky 30 140
Clay, gray, w/sand 30 170 .\.g
Gravel, w/coarse sand 2 — 172
Clay, dark gray, plastic 13 "2 185
Gravel, w/gray clay 15 <€ 5200
Clay, gray w/gravel 30 230954
Clay, yellowish gray . 20 IIT 250
Sand, medium to coarse w/gravel : 8 786
Clay, gray, plastic y ‘ 34 | <292
Sand, gray, coarse w/gravel, rounded to 9

subrounded, water bearing , : 18 gau@f .
Clay, gray, plastic w/fine gravel . . 20 ~_ 330
Sand, very fine . 10 ¢cw” 7340 .1.%
Clay, dark gray, plastic ‘ 50 390
Gravel, w/sand | 32 C 226
Clay, gra lastic w/gravel 0

‘ » Bray, P /8 70 500 — ‘521

lay, gray, plastic

Well completion dats

Casing: 315 £t/1% in. :
Screened Zone: 298-308 ft. 903 ~ QH



Table 7 Well logs - 2/

fost Hole No.: 3/3 Drilling Started 20/3/71

Completed 23/3/71

| Log by: G, P, Chaturvedi
Atitude of land Surface: 355 £y, (108,2 m)

Location: FParasi

mﬂled by: No Bo Tubewells

Static Water level (Head): -8 ft, ISD a2 T A /“‘

s —_ : Thickness : Depth ¢
= Lithologic Deseription s (feet) : (feet) :
Sub-soil afk A

Clay, ine with sand & gravel 3 < 8, M
Send, gray with medium gravel 29 — 30

G ravel & medium grained sand g S¢Y445 A
Sand, gray, coarse grained with muscovite & biotite 38 5 709,1\.3
Clay, yellow with gravel, sub-rounded to angular and sand 10 80 -
Clay, black & yellow, sticky 50 c130

Clay, gray & yellow with siltstone ' 10 140

Clay, yellow & gray with silt : 8 18 e
Silt, fine, couwpact, cemented . 15 5-,\:'1@—?: b
Clay, gray with silt bed from 196 to 199 ' 57 220 "
Clay, gray & silt " g 10 ,» 230

Clay, gray, sticky 1 241 q3M
Send, fine grained 16 707257 2.2
Cley, gray & yellow, sticky with silt bed from 276m380 283 - 280
Clay, gray & yellow, sticky . 8 C 288 513
Sand, fine to coarse with gravel from 300 ft., water bearing 28 Ged316 5 ¢y
Clay, gray sticky : 5 a 321\
Well completion datg ‘ ' ' aiske
Casing: 8 in., to 90“ft/ 4 in, to 321 q.3

Screened Zone: 291 -.321 £t/ 4.in, 49\~ N

Yield: 450 GEM (est,, Air 1ift)



Table 7 Vell Logs
tost Hole Nos:$ 3/4

Drilling Started 26/3/71

Jocation? Purasi Comploted: 21/3/71
prilled by: NeB. Tubewells Log by: G. P, Chaturvedi
] j1titude of Land Surface: 353 ft, (107,6 m) e
7,4

static Water level (Head): -8 ft, LsD TS '[
S | ¢ Thickness ¢ Depth
[ Lithologic Degeription :  (feet) (ﬁg:t) :

i 6
gﬁ;, yellow with fine sand 2 12
Sand, fine with gravel, carbonacecus material at 28 ft. 18 30
Send, gray, fine to redium with muscovite & garnet 11 yA R
Clay, with fine sand 19 60
Sand, medium to coarse with gravel 10 70
Clay, yellow with sand & gravel 10 80
Clay, yellow & gray, sticky 30 110
Clay, gray-yellow, sticky with silt 50 160
(lay, grayish yellow 15 175
Sand, gray, fine grained 7 182
Clay, yellow, sticky with gravel 11 193
Send, fine with muscovlite 7 200
Clay, yellow, sticky with gravel & sand from 220 to 230 40 240
Send, fine with eilt 10 250
Clay, with gravel, fine to coarse 20 270
Clay, gray to yellow with very fine sand 10 280
Clay, gray & yellow, sticky with silt & gravel 30 310
Clay, dark gray with very fine sand 10 320
Clay, gray, sticky 10 330

¥ll completion data

| Casing 330 £t/1% in,
Screened Zone: 295-305 £t
Yield: 25 GPM (Air 1ift)
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Table 7 Well Logs .~ |

fost Hole Nout 3/5 Drilling Started 29/3/71

[ocation: Swathi Completed L4 TL

ppilled by: NeBs Tubewells log by: Driller

pititude of lend Surface: 380 £t, (115,8 p) 520 ™

static Vater lovel (Head): -5£t, 1sp 15 LU

= : Tnickness : Depth :
P Lithologic Degoription :  (foet) 3 (feet):

Soil 5 T 5,.¢

Sand, fine‘/' 18 ?_3__?— j] 5

Clay, grey with wood fragments from 23 to 25 £t 25 48

Sand, coarse: ‘ 3 51

Clay, gray with gravel 4 55

Clay, yellow with kankar , 10 65

Clay, yellow, sticky 35 100

Clay, loose with kankar 39 139

Clay, gray with kankar from 152 ft. 2, 160

Clay, sandy 30 190 7.2

Gravel 17 (5 207 ‘3!

Clay with kankar . 23 230

Clay 90 320

Send, coarse 3 1) 325.

Clay 73 C 398

(lay, sandy with kanker 19 417

Clay, loose with kankar 11 28 4,

Sand, medium~coarse with fine gravel 18 TS 446 2 G

Clay, loose with kankar from 458-466 ft. 127 TESR

Sand, with gravel from 580 12 585

Clay, loose 25 C 610

Clay, sandy 17 627 191

Send, coarse with gravel L 23 sew (650 oo

Clay 2 o5 %

Sand, coarse with gravel 15 ©*° €90 L.,

Clay 29 719

Clay, sandy, soft 31 750

Clay, sticky, soft 58 808

Clay, sandy v 10 818

Clay, sticky, soft 8 906

Clay, sandy 9 915

Clay 5 920

Clay 20 950

Glay’ sandy . - 155 965

Clay 35 1000 398

%l comletion data

Casing: 648 £t/1% in, 5

%icr:.ened Zone ; 628-61.;4 £t Lo T A

8.4z 20 GPM (Air 1ift)



7 S

Table 7 Well Logs R (i LR

qost Hole No.s 3/6 Drilling Started 7/4/71
pocations Khairini Completed: 10/4/71
prilled by: N.B. Tubewells log by: G, P. Chaturvedi
pltitude of Iend Surface: 397 ft., (121,1 m)
AL

static Water level (Head): +12 ft. 1SD 124°°
i : Thickness : Depth :
LR - Lithologic_ Degeription s (feet) : (feet) :
Soil, yellowish grey with clay 5 5
Sand, yellow, v. fine with clay 7 C 12
Clay, light yellow 8 20,0
Sand, coarse with fine sandstone & siltstone gravel 10 — 30
Grevel, medium, well sorted, rounded 10 547140 (41
Sand, gray, medium with miea 30 - __70 913
Cley, gray 20 90
Clay, dark gray with gravel, rounded to sub-rounded 10 (C 100
Clay, yellow, hard with siltstone fragments 20 120 4c.5
Gravel, with sandstone & siltstone fragments 18 ’z_ 138
Gravel, with clay 10 7 s
Cley, yellow, sandy with gravel 10 158
Gravel, fine to medium 10 ¢~ 4 168
Clay, yellow, sandy 7 175 (103
Clsy, yellow, gray, plastic 10 185
Clay, gray, sandy : 25 < 210' 4
Clay, with gravel 20 ——230
Send, light gray, fine ‘ - 10 —=_ 240 424
Send, gray with clay 10 & 250 .
Clay, gray & yellow, sticky 10 260
Clay, vellowish~gray with silt and v. fine sand 20 280 _a¢.4
Gravel, mostly of sandstone with medium sand, water bearing 30 ¢ 310 | -~

s & R
Clay, gray, plastic 5 ":3}_5_'/_3(;.

Well completion date

Casing: 315 £t./1} in,
Screened Zone:; 285-305 f’i. gbg— 927
Yield: 15 GPM (flowing)



=

Table 7% Woll, logs
'b Hole N00= 3/7 \<
s Drilling Started 10
pooatd O} Sunwal " 10/4/72
ompleteds  12/4/71
Drﬂled by: N.B. Tubewells
Log by: So B Kan a]'
jtude of Land Surface: 419 ft " ) i
. A . (127.7 m)
; m
gtatio Water level (Head): +48 £t, 1sp - aps ! 2
— . ] .
Id_ 3 | .
— thologle Deséription ; “’iﬁi"éiﬁs (feet)
: £ eet) 3
Soil
clays bwm‘;iiSh"y?llw’ sandy 10
Gravelé i‘i gl;zlyw;ﬁhmany sindstone fragments 10 __(_;,_.-2946'1
01 & grave <0 40
Grzgél, fine to mc?diM1 with Many sandstone £ 10 : A V3 \
0lay; dar].i gray with sand near top ragments 10 60. 2%
gand, medium with gravel 63
aravel with sagg & s::th layers-—v— /4
: iﬁgélgray, medium with gravel, water bearing %8 gev 61160
gT T e
01:;8 d:;k ngy wi‘blilg:'z\troie Fraglents 7 77192
| ’ ©
. (lay, dark gray, plastic 28 7
- Clay, 872V plastic 12
; (lay, gray, plag‘l}ic with gravel 8
t %nd, gri;:yi', medium to coarse 18
'~ (lay, yellow, sandy '
Gravel, with medium to fine sand e w8
(lay, yellow-gray, plastic -8 ¢\ 328
3135: gray, plastic = 12 30
Dlags gray, plastic with medium sand 2
éid, gray ’ cgarse -;-2
nd, fine with gravel & siltst
gla}’s gray, plastic e 16
Ciay, yellow-gray, plastic with gravel 43
{ viey, gray, very plastic N
k. =8 500 — 152 ™
11 completion data -
Cagings
sing: 160 £t/1f in.

Scl‘eened Zon .
Tie s es 140-150 £t, 137-147 ft. o NG
eld: 10 GEM (flowing) b




i

Table 7 Well logs lq

Test Hole No: 3/8 Drilling Started 14/4/71
" \
jocations Svmval Completed  21/4/71
Dl‘illed by': N.B, Tubewells Log b’y: Ge P, Chaturvedi
Al'bitu‘ie of Land Surface: 419 ft. (127.7 m) , / a :
[y N7
static Water level (Head): +10 ft. LSD n i -~
N LT : Thickness : Depth
Lithologic Dsseription : (feet) _(feet) & _
e
Soil, grayish-yellow with fine sand 5 = 10
Sub-soil, yellow with sand 15 .____29 09
Gravel, angular & sub-rounded with send & siltstone fragments 40 o 9 ,g.2
Clay, dark gray with sand & some gravel 60 <120 4,
' Gravel, well sorted with sand & siltstone fragments 20 C. 140
Gravel, well sorted with coarse sand 28 1168 —_—
Clay, yellow with sand 10 178
Clav, yellow with sand & gravel 74 185
Gravel, well sorted with coarse sand & siltstone fragments 7 ¢v9 192
Clay, yellowish gray, plastic with fine sand 38 230 4.1
Clay, gray, plastic with gravel, fine 50 <280 o_
Gravel, well sorted with coarse sand, water bearing . 30 5310 5
Clay, yellowish gray, plastic with fine sand 90 £00
Cley, gray, plastic 65 465
Clay, yellow with grsvel & coarse sand __ 20 485
Clay, yellowish gray, slightly sticky 75 560
Clay, gray, plastic with sand 40 600
Cley, yellowish gray, sticky with send & siltstone fragments__ 30. 630
Clay, gray , 30 660
Clay, gray, sticky with coarse sand, & gravel 20 680
Grevel with clay, gray & sticky 10 690
Clay, yellowish gray, sticky 10 700
Clay, yellow with fine to medium sand 32 C 712
Clay, yellowish gray with fine sand 128 840
Clay, yellowish gray, sticky with gravel & sand 6 846 2751-9
Gravel, well sorted with siltstone fragments & sand 29 S 875 o
Clay, gray with sand — 12 . 887 T
113 & 1000 - 3o 2

Clay, gray, plastic

Well completion data

Gasing: 305 ft/l—%— in. ) - % 2
Screened Zone: 283-203 ft, @6 &

Tield: 12 GPM (flowing)

35




Table 7 Well Logs /

. 1
4 Hole Mo 4/ Drilling Started 11/3/71
Vishnupura

Tos
1ccaf,ionz Completed 13/3/7

pritled L Log by: S, B, Kansakar

‘ Altitude ol Iand Surface: 333 f'bn (101.6 m) ! P
§ i
 otto Vater Jevel (Head)s 43,5 Isp | )02
s Iitholoei ¢ Thickness : Depth ¢
gL ologic Desaription . (feet) : (feet) :_
Soil, yellow-brown, fine " T g i\
sand and clay = 20
ciav, yellowish=brown, very sticky : ﬁ 29,___3..0 609
Gla;;F , yellow, sticky w/sand 8 38
Clay, grey w/silt . 45 83
Clay, gray with fine sand and siltstone fragments 17 100
Clay, derk gray & yellow, sticky 10 110
(lay, gray with medium sand 30 o 140
Clay, gray & yellow 30 170
Clay, gray with silt 29 192
} Cley, gray, loose with silt 16 208 £3.y
" (ravel, medium, rounded, with coarse sand, water bearing 12 g 220 670
Cley, grey with silt, 19 .29
. 728
Well completion data
Casing: 210 f£t/1} in, 4
Screened Zone: 190-206 ft. %19~ 82
Tield: 8 GPM (flowing)



- S

Table 7 Wall Iogs v~

TeSt' Hole No, ¢ 4-/2
f508 tiont Sitlapur
nrilled by: NeB. Tubewells

Completed
Log by s

7/3/71
S. Bo Kan sakar

o of land Surface: 345 ft,

Drilling Started 22/2/71

pptitud (205.4 m) )

- statio Water level (Head): +42 £t, ISD 2 ey 4t

% e o —

Fo— . .

‘ 14 thologd . ¢ Thiclmess ¢ Depth ¢
" = ogic Description i (feet) 3 (feet) :
g0il, brown with clay & fine sand 6 6

ry fine with some n

dand, brown, vc?.cy : S md, quartz, feldspars . 15

clays gra;\r, Sthky.mth mid and cogrse angul;r Sandpa lg Cw", 52 34

send, very fine, with gray clay 11 45

tley, gray vith nediun to coarse sand 55 —00 "2

clay, grayish brown _ 20 ¢ 120

Clays grayish brown with sand and gravel — &9 189

send, medium to coarse with gravel, angular to rounded 17 2206 576
Clay, gray’ish brown with medium sand 14 —‘—2'2'0‘52 B

nd, medium to coarse with gravel A€

Sa 3 g 18 VB2 238

Clay, gray-brown to brown with medium sand 30 P

~ Sand, brown, fine, with fine gravel 6 2174,

f} C%ay, Erown, with fine gravel . 16 290 o5 M
Clay, browm 45 c 33 0

| givelt,) fine to coarse, water bearing 12 & 347 ::i’,?

sy, brown 33 e 380
Gravel & sand with some clay 8 C .6)388,”? ]
Clay, grey-brown 22 4,1(5 ’
Gravel 5 AL
Clay, gray LT
Grevel, fine with coarse sand 8 466
Clay, gray o« 2 Tzp'lh
Grgvel and sand o1 —302 ’
311@, gray 18 w9520

2y, with sand and gravel . 10 230 1.
Clay, black & yellow, sticky - 80 610 Ta:
gﬁy, grey, sticky with sand & gravel 10 ¢ 620

7y Bray ) FM,%Q 640 e

}’ send, fine to coarse = 40 gﬁ 2; ,
Clay, gray with some sand 30 7I0 <~
(S"?ﬂds coarse with clay 7 & T
lay, gray 33 120 223.§
gand, fine to coarse with gravel and clay 18 768
lay, gray with sand & gravel layerse 32 C 800 — 241

Yel) completion data

cesing: 360 £t/1L in.
ngened Zone: 330~350 ft.,
eld: 2/, GPM (flowing)

006 7 10t



Tahle 7 Well Logs o (\..),»\

/
~

jost EOL° Noo:  4/3
ooa L0

Drilled by: N.B. Tubewells

Drilling Starteq 15/3/7L

Comploteq 17/3/71

Log by: S, B, Kansekar
Al'bltude of Iend Surface: 343 f‘b. (104‘5 m)

Belghia

o) ~ A NA
" iatic Vater level (Head):  +40 rt, ISD ) ne ? '}7‘,«- i
_,..—-—"""'"»"M" e D = . __Tl
Lithologi e i ¢ Thickness : Depth :
PNt ——=13102081e Desoription : (feet) : (feet) :
sil, yellov, clayey with fine sand
send, fine. to very fine 3 d 11
Gravel, fine to mgdlum with coarse sand 31 = 33
Cla:)", gray 'With fine Sand 8 L'—go ‘1.%
Clay, grey, sticky - 10 60
Clay, yellow, with gravel 20 80
Clay, grey, .S‘tlcl{y with gravel - 120 < 200
Cley, gray with some gravel 26 2264g.9
Ssand & clay, alternate layers 12 238
; Sand & gravel, water bearing 2 240
 S%nd & clay, alternate layers 10 5 250
Sand & gravel, fine 10 260 — ¢ 7

Well completion dats

Casing: 260 ft/1} in,
Screened Zone:  235-255 ft. 76— 777
Tield: 100 GPM (flowing)




e
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Table 7 Well Logs
st Holo Moot A/4

T T ——— e A R T L W

Drilling Started 6/3/71
pocation? Belahia Completed 15/3/71.
prilled bys Hydrology Dopartment Log by: Avery Beer, PCV
jititudo of Land Surface: 343 rt, (104.4 m)

: n 0"

static Water level (Head): 40 rt, 1gp =, 2
piE, : i s Thickness : Depth :
o Lithologic Deseription s (feet) : (feet) :
Olay, taw, sandy 5 5
Sand, fine to very coarse 5 10
Gravel, fine, woll sorted 35 45
Gravel fine with clay 5 50
Clay, light gray with gravel 20 70
Sand, fine 12 82
Gravel, fine with sand, very hard 13 95
gsnd, with fine gravel 13 138
(ley. with fine gravel and sand 10 148
Send. medimn, with gravel 10 158
Grevel with medium sand 10 163
Sand,fine to medium with gravel 20 183
Smnd, fine to coarse 22 210
Sand, fine with clay 10 220
Cley, with fine sand 7 227
Sand, fine %o cosrse with some clay 8 235
Sand, gray, coarse 5 240
Sand, bromm, medium to coarse 15 255
Gravel, fine, many rock fragments 5 260
Gravel, iedium to coarse 3 264

¥ell completion data

Casing: 10" to 81 ft./ 6" from 60! to 267 .
Screcned Zens: 225-245 ft,
Tield: 500 GPM (flowing)

NOIE: Predeminance of sand and gravel may result from
contaminagtion from ceving formations.



=

Table 7 We1l Logs \~
test Hole No.: 4/5
Locations Petrabania
prilled by: Hydrology Department
preitede of lend Surface: 373 g4, (1337 ny
static Water level (Head): o

Completed

———ee e 18D

—— " ——mn

Drilling Started 19/3/71

1/4/7

Log by: Avery Beer, PCV

. _ : Thickness : Depth ¢
i - Lithologic Deseription i (feet) : (feet) :
Clay, ten, sandy 14 14
Sand, brown, medium 1 15
Sand, browm, coarse 9 2/,
Gravel, fine with some pebbleg 8 32
Gravel, fine with gray clay 10 42
Clay 12 54
Clay with medium gravel 20 T4
Send, brown, medium to cogrse 26 100
Clay, sticky with gravel 9 109
Sand, with fine gravel 3 112
Gravel, fine, with fine sand 16 128
Clay, grey-black, with gravel 9 137
(ravel, coarse, sub-angular to subrounded with blaock clay 3 140
Clay, with coarse gravel and sand 15 155
Gravel, very coarse with some clay 5 160
Clay, brownish-grey, with gravel 10 170
Clay 18 188
Gravel 10 198
Pebbles, small with gravel 3 201
Gravel, medium with pebbles 9 210
Sand 7 217
Grevel with some clay 6 223
Sand, coarse 6 229
Clay with coarse sand 6 235
Clay, ten 30 265
Clay, brovn, sandy 20 285
g/, gray 20 305
Clay, black, greassy 20 325
Send, coarse 28 353
13y, with sang and gravel 30 383
Gravel 4 387

T?S‘b hole - uncased



Table 7 Woll Logs v
fost Holo Nou3  4/6

\ g

/

Drilling Started 5/4/71

Location: Kerwand Completed 12/4,/71
prilled by: Hydrology Department log by: S, B, Konseker
prtitude of lend Surface: 422 f£t, (128,7 m) A
n) 0f -

gtatic Water level (Head): =25 ft, ISD +.6% /¥ 2~

: Thiclkness : Depth @
o Iithologle Degeription : _ (feet) : (feet) :
Clay . 10 £ 10,
Sand, fine to medium 13 23
Sand, Eh-ireDr —> C““”E’A 36 - 59 "9
Clay, yellow with siltstone fragments 7 66
Clay, gray, sticky 12 78
Clay, groy, sandy 14 92
Clay, black & gray, sticky 18 110
Clay, gray, black & yellow, sticky with some gravel 10 120
Clay, yellow 10 130
Clay, gray 4 134
Clay, gray and black 2/ 158
Sand, fine to coarse with gravel 2 160
Clay, gray, yellow & black 78 C 238
Clay with sand and gravel 7 245
Cley, gray, yellow & black 154 _ 39 2\6
Gravel and sand with interbedded clay, contains chert 23 G 422 8.¢
Clay, yellow and gray 18 7J,0\%
Clay, sandy 20 460
Clay, gray & yellow, sticky 40 500 -\52

Well completion data

Casing: g to 80 ft/4" from 60 to 430 ft.

Screened Zone: 400-420 ft/4 in, 129 — 128

Yield: 400 GPM (Air lift)



Table 7 Woll Logs
Test Hole No,: 5/1

Drilling Started 20/5/71

Location: Paklihawg Completed 30/5/71
Drilled by: N.B. Tubewsllg Log by: D, C. Parajuli
mitude of land Surface: 342 £, (104.3 n) .

‘ s A S 0
Static Water level (Head): 430 £+, ISD 1% "7(,/""

i : Thickness : Depth :
= Lithologic Deseription :  (Peet) : (feet) :
Sub-soil 3 3
Kankar 6 9
Clay, gray, plastic 35 Ll
Clay, gray, W/siltstone fragments and fine sand 6 50
Clay, dark gray, plastie L5 95
Grevel, rounded to sub-rounded 35 130
Clay, gray, plastic 17 147
Gravel 8 155
Clay, plastic 20 175
Gravel 2 177
Clay, gray and yellow, plastic 13 190
Sand, gray, medium 15 205
Clay, yellow and gray, plastic 60 265
Gravel .10 275
Clay; gray and yellow, plastic T 63 338
Gravel, angular to sub-angular 2 340
Clay, gray w/sand 10 350
Clay, grey, sticky 20 370
Clay, gray, w/sand 20 390
Clay, gray, sticky 30 220
Clay, gray, w/fine sand 30 450
Clay, gray, w/sand end silt , w30 480
Gravel, sub-rounded, and coarse sand, water bearing 30 510
Clay, yellow, sticky, w/sand 30 540
Gravel, w/coarse sand - 10 550
Clay, yellow and gray, sticky 40 590
Sand, cogrse, w/gravel 18 608
Clay, grey and yellow, sticky 132 740
Sand, coarse w/grsvel 10 750
Clay, grey, sticky 46 796
Sand, coarse w/siltstone gravel N 810
Cley, gray, plastic 104 914
Clay, gray, w/coarse sand and gravel 16 930
Clay, gray, sticky. 70 1000

Yell completion data

Casing; 520 £t/1% in,
Screened Zone: 490-500 ft.
T ield: 32 GPM (flowing)
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Table 7 Woll Logs

' \ 5

st Holo Noui 572 Deilling Started  1/6/71

prilled by: NeB. Tubewells log by: D, C. Parajuld

Altitude of Land Surface: 342 ft, (104.3 n) -
AN

static ‘ater level (Head): 435 rt, 1gp ‘ ~

—

ILit) . X t Thickness : Depth

s s dthologic Dasoription i (foet) : (feet) :

sub-soily w/fine send 5 5

Kankar a 11 %g

Sand, ® 1un . 14

Clay, gray, plastie 20 50

m&:’" W/Silt, Com}':)acted 30 80

Cley, gray, plastic 15 95

drevel, siltstone w/coarse sand 35 130

Clay, yellowish gray, plastic 17 147

Gravel, sud-rounded to sub-angular 7 154

Clay, grey, blastic 36 190

Gravel, well sorted, weter bearing 20 210

Clgy, grey, plastic Al 251

Gravel, w/siltstone fragments, water bearing 19 270

Clay, gray, plastic 3 273

Well commletion data

Casing: 6 in, to 20 ft/4 in, to 280 ft.

Screened Zone ¢ 265-273 1t.

Teld: 50 GPM (flowing)



Table 7 Well Logs

Test Hole No.$ 5/3
prilled bys N, B, Tubewells

Atitude of Iand Surface: 342 f, (04,3 m)

Drilling Started:
Completed: 13/6/71

6/6/71

Log by: D,C, Parajuli

e

=

-

———

p—

Static Water level (Head): 45/ £+, 18D -~
. . Thickness ¢ Depth :
Lithologic Description : (feot) : _(gggt) -

Sub-soil, w/fine sand 3 3
Clay, w/fine sand A 5
Kankar . 5 10
Clay, gray, plastic 52 62
Gravel, w/coarse sand 13 75
Clay, gray, plastic 20 95
Gravel, w/fine sand 5 100
Clay, gray, sticky 12 112
Gravel, w/sand 8 120
Clay, w/sand 20 140
Clay, gray, plastic 50 190
Gravel, well sorted w/coarse sand 20 210
Cley, groy and yellow, sticky 13 253
Gravel, well sorted, rounded 25 278
Cley, gray, plastic | 37 315
Gravel, well sorted, sub-angular to sub-rounded 17 332
Clay, yellow and gray, plastic 43 375
Gravel, sub-rounded w/coarse sand 8 383
Clay, gray, sticky 102 485
Gravel, well sorted, subeangular to sub-rounded 6 491
Clay, yellow, plastic 19 510

Well completion data

Casing: 510 ft./6 in.
Screened Zone: 475-505 ft.
Yield: 223 GPM (flowing)



Table 7 Well Logs

ost Hole Moot 5/k | Drilling Started 4/6/72
Jocation? Bhairawa (S.P. Camp) Completed: 5/6/72
pritled byt NeB. Tubewells Log by: Keshab K.C.
M‘bitude of Land Surface‘: 350 ft. r
35

et fiater 1evel (Hoad): 435 £t, Isp = P
e 81" 1o I~

i e : Thickness : Depth @
R Lithologic Deseription s (feet) eet) :
Soil, Yellow . 2 2
Clay, y‘ellOW ’ SthkY 8 10
Cley, gray, sandy 1 21
Clay, yellow, sandy 9 30
Clay, gray, sticky 10 40
Clay, yellowishgray with siltstone particles 19 59
(lay, grayish-yellow 22 81

Gravel, rounded to sub-rounded 95

Clay, gray, sendy
Gravel with broken pieces of pebbles
Clay, yellow, sticky with thin layers of sand and gravel

140

Cley, gray, sticky 150

14
3 o8
22
10
10
Clay, gray, sticky %g o
20
15
21
A
13
7
8

120
130

Clay, grayish-yellow, sticky

Clsy, gray, sticky 200
Gravel, sub-rounded to sub-angular with coarse sand 215
Cley, gray, sticky 236
Clay, gray with coarse sand 540
Gravel, sub-rounded to sub-anguler 253
Clay, yellow with sand 260
Clay, grayish-yellow, plastic 268

Well completion dat

Casing: 259 £t/ 4 in.
Screened Zone:  240-253 ft.
Held: - 60 GPY (flowing)



Table 7 Well Logs

Hole No, ¢ 5/5
Test Drilling Started 7/6/72

jon: bBhairawa (S,P, Cagm
Jocation (S.P, Canp) Comploted 10/6/172

. d ¢ N.B, Tub
Drllle by B‘Jells Log by: KGSh&b K.Co

Altitude of lend Surface: 350 fi, N
~ 2 S -
gtatic Water level (Head): +35 £t, Isp nt 27

m—

. ¢« Depth
. Lithologic Degeription Ticunose 3

(foot) : (feet)

e ge

e gqeo

Soil, yellow, clayey - 3 3
Clay, yellow, sticky 7 10
Clay, gray, sandy 11 21
Cley, yellow, sandy ” 28
Clav, yellowlsh-gray with siltstone particles from 42 feet 35 63
Clay, greyish-yellow 17 80
Gravel, rounded to sub-rounded 12 R
Clay, grayish-yellow, sandy - 10 102
Gravel with broken pieces of pebbles 17 119
Clay, yellow, sticky . 51 170
Clay, grayish-yellow with sand 10 180
Clay, gray, sticky 15 195
Gravel, subrounded 17 212
Clay, gray, sticky 10 222
Clay, grey with coarse sand 12 B4
Gravel, sub-rounded 19 253
Clay, yellow with sand 12 265

Well completion data

Casing: : 258 £t/ 6 in.
' Sereened Zone:  240-253 ft.
Yield: . 200 GPM (flowing)




TB,b].G 7 Well Iogs

Jocation? Bhairawa ilrport

peilled by: Hydrology Department

Altitude of Land Surface: 344 ft. (105,0 m)
gtatic Water level (Head): 437 £,

Completeq

Drilling Started

21/10/71

27/10/71

3, V. Shrestha

Iia

2
,’(’ ".),/./

——

. ¢ Thicknegs : Depth ¢
RN Igthql_o.g_l_q._ﬂ_qmgtion, :  (feet) : _(fget) :
Soil 2 2
Clay | 10 12
Sgnd, finhe 3 15
Gravel and sand . 45 60
Clay, gray, sticky 105 165
Clay, gray, sandy 27 192
Gravel, water bearing 1 206
Clay, dark gray 5 211

Well completion datg

Casing: 211 £t/ 6 in,
Screened Zone: 192-206 ft.
Yield: /16 GPM (flowing)



g

Tahle 7 Well Logs

No.: 5/7
st ole Noet 5/ Drilling Started 7/11/71

Bhairawa )Water tank) Completed 11/11/71

Location:

. : N,B. Tube '

{ pjtitude of lend Surface: 35 £t, (1073 n)

4 /) e
‘ ;a7
gtatic Water level (Head): +31 ft, 1ISD /
i ‘ ] Thi Depth
. ¢ Thickness : .
Iithologic Deseription + (feet) (fgﬁﬂ .
Glay, yellow with fine sand 0 10
vaé]_ with sllts'f:one and fine to medium sand io 20
Glay, 8rays plastic , 22 12
Gravel, sub—round?d to sub-angular 3 45
Clay, gray, plastic 60 105
Sand, coarse 7 112
Gravel with coarse sand 10 122
Clay, grey, plastic with gravel 28 150
 (ley, gray, plastic with fine sand 10 160
~ Clay, dark gray, sticky 5 165
 Clay, gray, plastzi.c with gravel 25 190
Clay, gray, Plastic A . 10 200
Clay, yellowish-gray, very sticky 4 204
Gravel with medium to coarse sand, water bearing 10 21/
Cley, yellowish~gray, plastic 6 20
Well completion data
Casing: 10" to 130 ft./8" from 100 to 220 ft.
Screened Zone: 200-220 f't.
Yield: 125 GPM (flowing)




Table 7 Well Iogs

.t 5/8
st Hole Mo / Drilling Started 17/1/72

on: Bhairawa (Lwami School) Completed 20/1/72

mcati

. N.B, 1
prilled by: N.B. Tubewells Log by: G, P. Chaturvedi

- j1titude of Iand Surface: 352 ft, (107.3 m)

2d M

gtatic Water level (Head): 431 ft. Lgp 1L -

v " ]
SO . : ‘ ¢ Depth :
d Lithologic Descrintion e el e (et
Soil, yellow ' 5 5
Clays y‘ellow. . ' 18 23
Clay, gray with silt p 30
Clay, yellow with silt | 20 %0
Clay, grey with silt 5 55
Clay, gray with fine sand 18 3
Clay, gray 7 &0
Clay, gray with gravel 5 85
Clay, gray 18 103
Gravel, angular to subwangular . 20 123
Cley, gray 26 149
Gravel, sub-angular with sand 2 151
Clay, gray with send 29 180
Clay, yellowish-gray with sand 10 190
Clay, yellowish-gray 13 203
Gravel, coarse to fine, angular, sub-angular with sand 10 213
Clay, yellowish-gray, sticky 10 223
Gravel and sand, coarse to fine, water bearing 30 253
Clay, gray, very sticky 7 260
Clay, gray, sticky 22 282
¥ell completion data
Casing: 256 £t/ 6 in,

Screened Zone: 230 to 250 f4,
 Tield: 400 GPM (flowing)



o

Table 7 Well Logs

No, s 5 9
Tost Hole / Drilling Started 2/5/70

Completed 8/5/70

log by: B, D, Kharel
jLtitude of Land Surface: 358 £, (109,0 m)

Jocation: Ag. Researoh Farm

prilled by: Assoclated Tubewsllg

TR e ATI IR R SR S IR RS e =

Static Water level (Head): +40 £+, ISD ,2,1‘?)) (i

. . : s Depth :
g Lithologic Deseription . 'Ih:l(.icjk‘neje:j:s : jfget) :
Clay, yvell?w, with fine sand 19 19
Send, grayish-green with black specks and gome yellow clay 10 29
Sand, coarse with greenish clay 1 30
Clay with kankar 25 55
Clay, greenish yellow, sandy 10 65
Clay, yellow, sandy with quartzite 10 75
Sand 5 g0
Clay, green with some -sand 10 90
Sand, greenish black with some clay 10 100
Clay, with some gravel 20 120
Clay, gray with black specks 20 140
Clay, black ) 24 164
Gravel, medium to fine, semi-rounded with sand 5 169
Sand, coarse with quartzite pebbles, water bearing 10 179

¥ell completion dats

Casing: 169 £t/ 8 in,
Sereened Zone: 164-169 ft,
Yield: 1,000 GPM (flowing)



Table 7 Well loga

sost Hole Nou: 5/10

e

e

Gravel

Drilling Started  15/5/70
[ocation: Govt. Fish Farm Comploted 26/5/70
prilled by: Associated Tubewells B, D. Kharel
Altitude of Land Surface: 363 ft. (110.6 m) " o a0
0y 77 _~
static Water level (Head): 430 ft, ’
. i : Thicknegs : Depth ¢
Iithologic Deseription :+ _(feet) : (feet) :

Clay, yellow . _ 7 4
Sand, brownish, fine to medium 12 19
Sand, brownish, medium to very coarse with qtz., chert, shale 24 43
Gravel, fine (5mm) 6 49
Clay, black, mixed with coarse sand and gravel 1 60

8 68
Clay, black and yellow 10 78
Gravel with some clay 3 81
Clay with coarse sand 10 91
Clay, black, plastic with kankar 6L 155
Clay, yellow 2 157
Gravel, water bearing 21 178
Clay, yellow 2 180

Well completion data

Casing: 180 £t/ 6 in,
Screened Zone: 158-178 ft.
Yield: 600 GPM (flowing)



Table 7 Viell logs

fost Hole Noot 5/11 Dril)dng Started: 12/7/7T1
Jocationt Govt. Fish Farm Completed: 28/2/71
prilled by: Hydroléigy Department log by: 8. B. Kanpakar
ptitude of Land Surface: 362 f£t. (110,2 m) o 7
static Vater level (Head): +32 ft, LSD L
i : Thcknego ¢ Depth ¢
— ologic Degeription . (feet) : (feet) :
Soil, brown, fine, clayey , 5 5
3and, brownish-gray, very fine with some clay 5 10
Sand, brown, fine and clay 12
Sand, brown, medium to coarse, angular, siliciocus to
feldspathtic with some clay 3 15
Send, brownish-gray, medium to coarse, qtz. end
feldspar with dark mineral 3 12
Gravel, browm, fine, feldspar, qtz., dark mineral L 22
Gravel 2 24
Gravel, coarse, rounded, composed of chert and
sandstone pebbles; coarse sand 6 30
Clay, bluish-green, sandy 5 35
Clay, blue end fine sand 6 1
Cla7, bluish-brown with fine to medium sand, poorly sorted 4 45
Cley, bluish-green 6 51
Sand, green, very fine 4 55
Sand, green—gray, very fine 30 85
Clay, loose, with some sand 15 100
Clay, groy, sticky with some fine sand 5 105
Clay, gray 40 145
Cley, gray with gravel chips (kenkar) 11 156
Gravel, fine to medium, sub-rounded, chert mostly A 160
~ Gravel A 164,
Gravel, medium to cozrse, sub-rounded to rounded 3 167
Gravel 10 177

Well completion data

Casing: gn +o 100 ft./4" from 70 to 175 ft.

Screened Zone: 156-175 £t/ 4 in,
Tield: 490 GPM (flowing)



Table 7 Well logs

ost Hole Nou:  5/12 Drilling Started 28/5/71
Location: Machaulia Completed: 3/6/71
prilled by: Hydrology Departument log by: S, M. Shrestha
jipitude of lend Surface: 382 ft. (1165 m) vy &
2 S
gtatic Water level (Head): 418 ft. LD 7~
i : Thickness : Depth
Lithologic Deseription . (feet) : (feet) :
Clay, yellow 3 3
Sand, fine to coarse with some clay 9 12
gravel with pebbles, cobbles & angular stone fragments 18 30
Clay, black 10 40
Send with gravel & pebbles 9 49
Clev, yellow to black, sticky 11 60
Sand; fine to coarse with gravel 5 65
Clay, black to yellow, sticky 15 80
Sand, coarse with gravel 10 90
Clay, yellowish, sandy 10 100
Gravel with pebbles & cobbles 15 15
Clay, black, sticky with some yellow clay 30 145
Gravel with pebbles 5 150
Clay, sandy 5 155
Gravel and pebbles 10 165

Well completion data

Casing: 10" to 60 ft./A" from O to 160 ft.
Screened Zone: 150-160 ft,
Yield: 100 GPM (flowing)



P

Tablo 7 Well Ilogs
Tosb Hole Nos:@ 5/13

Drilling Started 16/6/71

Locatiollt Manglapux (Bhalwari) Comploted:s 21 /6/71
prilled by: NoB. Tubewells log by: D, C, Parajuld

F’ Altitude of Lend Surface: 398 ft. (121,2 m) s

| - )%8 _~

;! Static Water level (Head): +10 £t, 13D X -~

e , : Thickness : Depth 3

| Lithologic Degeription . (reet) : (feet) :
Sub-gsoil, dark gray w/sand 3 3
Clay, dark gray, plastic 3 7
Sand, gray, medium to fine 3 10
Gravel, well sorted w/pebbles 20 30
Clay, yellow and gray, plastic 28 58
Gravel, well sorted w/coarse sand and pebbles 22 gg
(lay, yellow, sticky ysand 15
Gravel, w:eill s;rted :}J coarse sand, water bearing 30 ﬁg
Clay, yellow w/fine to medium sand 20
Gravel w/sand 45 190
Clay, vellow w/gravel, angular to sub-angular 10 200
giazelée ﬁgﬁd :zi:g;-rounded w/fsand é.g glég

aYy o ?
Gravel, w/coarse to medium sand and clay 20 280
Clay, yellow w/very fine sand 50 330
Sand, coarse w/gravel 5 335
Gravel, w/sand and clay 45 380
Clay, yellow and grey w/sand and gravel 40 420
Gravel , sub-rounded to angulsr w/coarse sand %g 430
Clay, gray and yellow, sticky .70
Clay, yellow w/gravel’and sand 10 480
Gravel, sub-rounded to sub-angular w/clay and sand 28 523
5

Clay, yellow, w/fine to medium sand, and gravel

Well completion data

Casing: 125 ft/1% in.
Sc_:reened Zone: 105-115 ft.
Yield: 15 GPi: (flowing)



Table ¥ Well Logs

o 5/14
fst Hole No Drilling Started 10/6/69
. Manigram
Location' g comple't,edg 10/7/69
. Agsociated Tube ]
Drilled py: Hhssoclea 1bewells Log by: T, li, Singh .
~ " P £
J1titude of land Surface: 422 ft. (128?6 m) %37 ?
static WYT level (Head): =11 ft, LSD
/‘———_
- ; . L ¢ Thickness : Depth ¢
e Lithologic Deseription i (feet) 3 (feet) :
(1ag, yellow, sandy with gravel 5 5
oravel yith cobbles, pebbles, boulders 35 40
yellow
21.221 with cobbles, pebbles, boulders 12 2(5)
sand, medium to coarse with gravel 3 63
Gravel with cobbles, pebbles, boulders 12 75
(ravel and sand 5 80
gravel with cobbles, pebbles, boulders 5 85
Send, gray with gravel 7 9
(lay, yellow ] 6 98
Gravel, fine to medivm 7 105
Gravel 38 143
Sand, grayish-black, coarse with gravel 5 15
(lay, sandy with gravel 4 152
Cobtles, pebbles, boulders 6 158

Well completion dets _

Casing? 14" to 80 £t/8" to 155 ft.
Screened Zone: 80 to 155 ft.
Tield: 1210 GPM (pumped)

Drawdovms 6 ft.
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Table 7 Well logs
Jocations Driver Tole (Naya ldll) Completed: 22/1/71

prilled DY Agsociated Tubewells

s pytitude of Lend Surface: 444 £t. (135,4 m)

Static Water level (Head): -42 £t. ISD

” ,L
)% !

f

)

Log by: R, L. Dags, S. B, Kansakar

——

-"‘-"-—“—“

: Thickness : Depth :
Li thologic Description . (feet) 3 (feet) =
(Drilled by Percussion Method)

Soil, brown, loamy 5 5
Clev, brown 5 10
Cobbles, pebbles s boulders—quartzite and chert 16 26
Sand, brovn, medium with some pebbles (' - 3/4" dia) 6 32
Clay, brown 19 51

Cobbles, pebbles, boulders = angular to sub-angular,
some coarse send intermixed L5 96
Clsy, dark brown with sand and gravel A 100
Gravel, and cobbles 22 122
Cley, with kankar 4 126
Gravel and sand with cobbles & pebbles 30 156
Cley, dark tan with red specks .1 157
Boulders - quartzite 35 192
Clay, vellowish-browr, sandy 7 199
Gravel, sub-angular to sub-rounded 2 201
Sand, medium to coarse 29 230
Clay, brown, sandy 16 2.6
Pebbles, cobbles, boulders 4 250
Sand, coarse to very coarse with gravel 35 285
Clay, yellowish-brown 20 305

(Continued by Direct Rotary Drilling \I-iethod)~

, Gravel and pebbles, water bearlng 55 360
Cley, brown, sandy 10 370
Sand, fine to coarse 30 400
Clay, browm, sandy 10 410
Sand, fine to coarse 26 436
Clay, brown, sandy 3 439
Sand, fine to coarse with gravel from 445 ft. 16 455
S&nd s edium to coarse 40 495

Continued,.,,.
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Table 7 Well Logs
st Hole oot /1T

S . Depth ¢
: Thickness : Dep

Lithologic Dege n . (feot) : (feet) s
brownl, sandy. e
gﬂaﬁ:and gravelg fine to coarse yith pebbles %’37 542
(ley, brows sticky 15 50
L ath alten_xating layers sand & gravel 17 387
o1y, yellow, sticky 7 594
Gravel ing ] e
Cloy: i th alterngtlng, layers of gravel 7 610
Cley, yellows sticky 4 614
s, 7 621
Cley, yellow 4 o
sand & gravel . 5% e
Clay, yellow, sticky with thin layers of gravel from 657-662 26 670
Clay, brown, sticky ! A
= 8 685
Clay, yellow, loose i <2y
Send & gravel : Tos
Cley, yellow, loose ] L
Gravel & coarse sand; with pebbles - 2
Clay, yellow, sandy : ek
Gravel and pebbles with thin layers of clay €0 o

Cley, yellow, sandy . °20

BOE: First 305 feet of well drilled and cased with
percussion rig and deepened later by direct
rotary method,

¥ell completion data

Ceging: 10" to 300 £t/6" from 260 to 374 ft.
Screened Zone:s 310-350 ft. ‘

Tield: 317 GPM (pumped)

Dravdown: 21 ft.



———

Table 7 Well Logs

: 18
st fole Noe 5 Drilling Started: 28/1/71
. i Kuti
" iated
prilled by: AsS0Ci8™® Tubewe Lls Log by: R, L, Dass
utitude of Iand Surface: 487 £t. (148.4 m) » 7
oL LI
static vater level (Head): ~41 ft, ISD )5 /
i 4 _— : Thickness : Depth : B
— Lithologle Deseription :  (feet) feet) 3
pbles 3
gelay, sandy, yellow 4 15
Boulderss cobbles & gravel 13 28
sond epd gTAVE 10 38
01ay)s yellomsh—brown 7 75
Cobbles, boulders, gravel with some coarse sand 85 130
ggnd, c0aTse 12 12
8 150

0la¥, sandy

Vell completion data

Casings 10" to 78 £t./8" from 78 to 150 ft.
Screened Zone:  T7-142 ft.

Tield: 396 GPM (pumped)

Drawdown 4 fi.



Table 7 We1ll Logs

mest Hole No.: 5/19 Drilling Started: 19/5/71

Jocation: Batwal Comploted: 22/9/T1

log by: R. L, Dass
pltitude of Land Surface: 571 i, (174.0 m)

prilled by: Associated Tubewells

) 2 =T
gtatic Water level (Head): -42 ft, ISD ) g

—

: Thicknegg : Depth

Lithologic Deseription (feet) : (feet)

CLIN 1]

Soil 3 3
Clay with gravel & boulders 12 15
Gravel and boulders 10 25
Boulders, cobbles, pebbles, & gravel 50 75
Send,and gravel, coarse, with cobbles & pebhles 63 138
Clay, brown with kankar 7 145
Clay, with gravel, cobbles & pebbles 30 175
Clay, brown 20 195
Sand, fine with clay 5 200
Clay, with gravel and boulders 20 220
Clay with kankar and boulders 30 250
Sand, fine with gravel 10 260
Clay 3 263
Send 7 270
Gravel and sand, cemented , 3 273
Clay and kankar 23 296

Wwll completion data

Casing: 14" to 81 ft./8" from 81 to 216 ft.
Screened Zone:  83-138, 190-206, 246-265/8 in,
Yield: 335 GPM (pumpeds
Drawdown: 10.6 ft,



Tes'b Hole No, : 6/1
Jocation: Jigna
prilled by: N.B. Tubevells

Table 7 W11 Logs

p1titude of Land Surface: 300 r, (91,4 m)

TTTTTTT mMam AR Y ENEEL L AW

Drilling Started 25/1/72
Completed: 31/1/72

Log by: G. P, Choturvedi

static Water level (Head) 1SD

. . ) ¢ Thickness : Depth :
LI Lithologic Deseription :  (feet) : (feet) :
Soil ) 5 5
Clay, yellow, sticky ¥ it
Sand, yellow, fine to medium 5 20
Send, blackish-gray, medium 20 40
Clay, gray, sticky 10 50
Clay, yellowish-gray 10 60
Clay, yellow with sand 10 70
Clay, yellow, sticky 10 80
Sand, medium to fine 10 90
Sand, coarse to medium 10 100
Clay, yellow with sand 30 130
Clay, yellow with silt 30 160
Cley, yellow, plastic 10 170
Clay, yellow with fine sand 10 180 -
Clay, yellow with silt 31 211
Clay, yellow with gravel 15 226
Clay, yellow with gravel and medium to fine sand 19 245
S&nd; medium to fine 5 250
Clay, yellow with sand 10 260
Sand, fine 10 270
Clay, yellow with sand & silt 10 280
Clay, gray with sand _ 40 320
Clay, gray, sticky 10 330
Clay, yellowish-gray and fine sand 10 340
Clay, gray, sticky 20 360
Clay, gray, sticky with grevel, well sorted 20 380
Clay, yellowish-gray with sand 20 400
Clay, grey, sticky 20 420
Clay, yellow, sticky 50 470
Clay, yellowish-gray with sand 10 480
Cley, yellow, sticky 30 510
Clay, yellow with medium to fine sand 10 520

Continuedessessssse



Talllo i Woll, I.()[In
6/ (Cont, )

‘k\lg\ NQ ol

&\);it' i
,.#"' s N
ILithalonie Dogordption ¢ Thickness ! Depth ¢
1 ]

— i (foot) 3 (foot) :

e vollowy gtioky with silt

LAY S 110, atloky with gravel & gllt 50 570
A ollow, stieky 40 610
QRS oy with sand 20 630
ey SN t1 20 650
Qv ERAYy PAASHC 10 660
*‘:a;::i; ve coarse to medium 2 ti8
qnd, Ve coarse to medium with some clay 0 690
ey, Sy sHely 10 700
Qay, Sray with sand 10 710
Clayy ST sticky 50 760
sy SX gticky with sand 0 770
01y ynllowish—gmy, sticky 10 780
Qlav, yellowish-gray with wedium to fine sand 15 795
(lay, yellowish-grayy plastic 25 820
Qayy yellowish-gray with sand 10 830
gy, gray, sticky 10 840
0lay, yellow with sand 10 850
0l gray, plastde 20 870
0oy, gray, plastic with sahd 15 885

65 950

0lay, yellowish-gray, plastic

Test hole-uncaseds




Table 7 Well I-OgS

. .2 6
Test Hole No (2 Drilling Started 10/2/72
pocation: Sombarsa Completed: 10/2/72
m'illed by: N.B. Tubewe:-ls Log by: G’. P. Chaturvedj_
pltitude of land Surfacs: 293 ft. (89,3 m)
static ater level (Heed) : LSD
i . Thi Depth
B ] : ickness ep :

Lithologic Description . (feet) 3 (feet) :
Soil 2 2
Clay, yellow with fine sand 10 12
gand, fine . ‘ o8 40
Clay, gray plastic with silt 40 80
Clay, yellow 10 90
Clay, yellow with silt 30 120
Clay, gray, sticky 60 180
Clay, gray with fine sand 20 200
Clay, erays, plastic 80 280
Clay, yellow, sticky 50 330

Test hole — uncased - cemented off.



Table 7 Well Logs

No.: 6/3 .
st Hole 0 Drilling Started: 6/2/72

jocetion Completed: 9/2/72

prilled BY? N,B. Tubewells Log by: G, P, Chaturvedi
tude of Lend Surface: 313 ft. (95,3 p)

fe ,
Bogril

ut 0o ™
static Weter level (Head): -9,9 £+, ISD 42"
et Thi.ckn
3 ] . : Thicknesg ¢ Depth_ :

S Iithologic Description . (foot) (fget) :
Sub-s0il, yellow g,andy. : g g
gend, fine to 1}1ed1um g 13
(lays 8reys ?thkY 7 20
Clay, £ray wl'blf.l silt 15 35
Clay, £reys st:Lcky 5 40
gand, fine to medium with mica | 10 50
Clay, gray and yellow, sticky 30 80
Clay, yellow with gravel 16 96
Gravel, medium, sub-angular to rounded with

coarse sand, water bearing - o7 123
Clay, yellow, sticky : 17 140
Clay, greyish-yellow with gravel & coarse sand 10 150
Clay, gray, sticky 15 165
Clay, gray with fine to medium sand 15 180
Clay, gray, sticky 12 192
Clay, yellow with thin sand layers 28 220
'Clay, grey & yellow, sticky 20 240
Sand with gravel 10 250
Clay, greyish-yellow with fine sand 30 280
Clay, grayish-yellow sticky 10 290
Clay, grey with sand and gravel 30 320
Clay, yellowish—gray, sticky 60 380
Clay, gray with fine sand 20 400
Clay, vellowish-gray, sticky 20 420
Clay, grey with sand , 25 445
Clar, grayish-yellow 10 455
Clay, vellow with gravel X 5 460
Clay, gray, yellow, sticky 20 80
Clay, grayish-yellow with sandstone gravel 20 500
Clay, gray | . 210

¥ell completion data

Casing: 130 £t/3 in.
Screened Zone: 100 to 120 f‘b:
Yield: 15 GPM (Air 1ift)



Table 7 Well Logg

: Noe: 6/4 i
ot 020 Drilling Storted 17/2/72
: ., .. Bogri
Looat"‘on' og Completed 18/2/72
wos N.B, Tubewell
prilled ¥ ® Log by: G. P, Cheturvedi
jtitude of Land Surface: 313 ft. (95,3 m) 2 O
«' ) 1 o g
syatio Vater level (Head): ~9.9 ft. LSD L =
/’-7 — =
ILitholosic Descrioti : Thicknegs : Depth 2
— gic Degeripiion . (feet) i _(feet) i
Soil X 8 8
send, fine o mdlm 6 1
| [ay, grays sticky 6 20
‘ sand’ gray, fine to medium 20 40
Gravel with coarse sand 12 52
(lay, dark grey, very sticky . o 46 98
travel, well sorted, water bearing .22 120
Clay, gray, sticky 5 125

} Yell completion data

Casing: 12/ £t/ 8 in,
Sereened Zones 100 to 120 ft.
| Tield: 50 GPM (pumped)

Drewdowm: 7 £t.




Table 7 W1l Loga

~ Clay, grey, sticky
. Clay, yellow with medium to fine sand ' 18 478

qest Hole Novt 6/5 Drilling Started: 21/1/72
 Jocations Muwadiha Completed:  24/1/72
prilled byt NeB. Tubowells Log by: G, P, Chaturvedi

:;: ptitude of land Surface: 316 ft, (96,2 m)
static Water level (Head): 1SD
= ‘ Depth

. : ¢ Thiclmess ¢ De :

L Litholopic Degeription . %gee‘b? : (fget) :
Soil A
Sub-soil . é 10
Clay, 8rey, plastic 10 20
Cley, yellowish-gray with fine sand 10 30
Clay, gray. plastic 30 60
Clsy, davk gray, plastic ‘ .10 70
Clay, yellowish-gray, very sticky 10 80
Clay, with sand and siltstone fragments 8 88
Clay with sand 12 100
Clay, gray with silt 40 140
Clay, gray with fine to medium sand 10 150
Clay, yellow with sand 10 160
Clay, gray, sticky 20 180

{ Clay, yellow, plastic with fine to coarse sand 30 210

 (Clay, yellow, plastic 70 280

. Sand, coarse with gravel 10 290

.~ Clay, yellowish-gray with sand & gravel 10 300

. Clay, yellow, sticky with sand 70 370

. Gravel with sand 10 380 —

 Clay, gray with sand & gravel 20 - 400

~ Clay, gray, sticky 20 420

~ Clay, yellowish-gray with gravel 5 425

~ Gravel with sand 5 430 —

 Clay, gray with gravel 10 440

| 20 460

4 Clay, vellow, plastic 9 487
Clay, gray to yellow with sand ?.?) gg

Clay, gray, plastic & very sticky . .
Clay, yellowish-gray, plastic with medium to fine sand 10 540

Clay, yellow with sand and gravel 16 556

Test hole-uncased.



Table 7 Well Logs

b.: 0/0 PR
Tosb flole No. / Dl‘-‘-lllhg Startods .L/.,/JJ_/'?:L
oot gk Completed: 2/12/71
5 NIB. Tubewells =

prilied 2 Log by:™ G. P, Choturvedi, D. G, Parajuld

MtitUde of land Surfece: 330 ft, (100.6 m)

qatic wter level (Head): ISD

s ‘ il : Thickness : Depth :

i H____J____hth_glop:lc Degeription . (feet) (feet) :

13

Slay vith sand %2 é?,

d

gzllllds yery coarse w:}th fine gravel g %%
Gravel, fine to medium 3 fil
Cla 10 1
szel wvith clay 23 34
Clay 36 110
Cley, gray vith fine sand 20 130
Clav, 8TaYs plastic. & sticky | 20 150
Gravel, well sorteds sub-angular & sub-rounded 12 162
Clay, £reYs sticky with coarse, sand T8 170
Clay, 8rays sticky with coarse sand 10 180
Clay, gray, sticky with some gravel 10 190
Gravel, well sorted with coarse send 3 193
Send, nedium to coarse with clay, yellowish gray, sticky 7 200
Clay, gray, sticky with coarse sand ) 10 210
Clay, gray 5 215
Gravel, well sorted, engular to sub-angular with coarse sand 25 240
Grevel, well sorted 3 243
Clay, gray, plastic 37 280
Clay, yellow 70 350
Clay, gray, with gravel 20 370
Clay, gray 20 390 .
Gravel, rounded. to sub-rounded 8 398
Cley, yellowish-gray 12 10
Clev, gray 20 430
Clay, grey with gravel & sand 10 440
Clay, light grey, sticky 5 L5
Gravel, with coarse sand 10 455
Clay, vellowish-gray, plastic with gravel 10 465
Clay, grey, sticky N }C:] L15
Clsy, yellowish-gray with some gravel 35 510
Gravel, sub-engular 10 520
Cley with coarse sand 20 540
Clay, vellowish-grey 25 565
Clay, yellowish-gray with coarse sand 9 574
Clay, gray with kanker 6 580

Continued..,.......



Table 7 Well Logs
Hole No.: 6/6¢ (Cont,)

Test
/"-_—-‘. ““““ ﬂu 1{11 mpth -
. . . ¢ Thickness @ :
it Lithelogic Deseription s (feet) : (feet) :
ellowish-gray
L Gl?:’ 3{ight sray with fine sgng g 65, 045
y Clayy 25 : 30 675
~ (lay, light gray with coarse sand 30 705
Clav, light gray with fiae to coarse sang 18 723
sand, coarse to v. coarse with gravel & siltstone 10 733
Clays light gray, plastie 8 741
Sand, coarse to v. coarse, with siltstone gravel 10 751
Clay, light gray, plestic 23 774
Gravel, sub-rounded to subangular with coarse sand
and siltstone 12 786
~ (lay, gray, sticky 30 816
 Qlay, gray with gravel & coarse sand / 820
 (Gravel with coarse sand 15 835
~ Clay, gray, sticky 9 844
~ Sand, very coarse with gravel 10 854
~ Clay, gray . 30 884
 (lay, grey with sand, gravel & siltstone 26 910
, Clay, gray, sticky 11 921
’  Sand, coarse with gravel 7 928
: Clay, gray with medium sand , LR 970
~ Sand, medium to very coarse with fine gravel « 10 980
~ Clay, gray with fine to coarse sand 60 1,040
: Clay, gray, plastic 120 1,260
- Glay, yellow, sticky 10 1,270
. (Clay, yellow with medium to very coarse sand . 20 1,290
. Sand, coarse to v. coarse with some gravel 13 1,303
. Clay, gray with sand 37 1,340
| Clay, grayish-yellow, sticky 60 1,400
Clay, gray, sticky 58 1,458
Sand, fine to medium 10 1,468
Send, coarse to very coarse _ 19 1,487
Clay, dark gray 1,495
Sand, coarse to v. coarse 10 . 1,505
Clay, yellowish-gray, sticky 7 1,512

Y¥ell completion data

14" from 0 to 200 ft. - cemented )
Test hole-uncased after 200 ft.
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Table n wBll I'Ogﬂ

Continuedecasceae

&

Noo ¢ 6/ 7
ole '
st B Drilling Startea 29/5/72
ions Semrd 0
1008 ompleted 31/5/72
pr g byt D,C, Parajull
stupude of lend Surfaces 330 £t (1006 )
s
water level (Head): +3 f a7 "
gtatic . ISD 15 /
—
: Lithologic Deseription ¢ Thickness : Depth
g s  (feet) 3 (feet) :
B 1, gray
‘ gﬁy: grayish-yellow with sand 4 4
6layy grays sandy g :
O, sub-rounded with sand 3 =2
Yo sanple 9 ig
‘: Clayy gl:aﬁr 2 15 €0
Clay, yellow-gray 30 90
. Gravel
(lay, yellow w::L‘th s::thstone gravel and cosrse sand 1_‘/; lgé'
(187 yellow. with siltstone particles 13 120
Cl&yél yellowish~gray 12 132
Grav
| 2 134
Clay, gray 16 150
Gravel, sub=rounded 12 162
(lay, yellow 8 170
Cley, yellowish-gray, sticky 18 188
g::};;lgray 9 197
=4 4 201
gy, gray 10 211
(ravel, sub-rounded to sub-angular 29 240
Clzy, gray 6 246
gLW, grayish-yellow 14 260
: Ty Bray 20 280
cﬁi’ grayish-yellow 10 290
ey, yellow, sticky 5 295
caY; yellow, sendy with gravel 2 304
Clﬂ% yellow 19 323
lay, greyish-yellow, sticky 28 3
- Uay, yellow sticky’ 5 35%
; ¢ )
| Ci:y » yellow with gravel 13 369
Claf’a yellowish-gray, plastic 2 391
Q ¥y yellow 10 401
: Glzy » Brayish-yellow 10 41
Clay, By . 42
- ) gray vith siltstone particles 23 455



rest HO1e No.: 6/7 (cont.)
-— ——
Iitho_lggi%s_gm ! Thickness ¢ D :

e S e L ——— 1on . SS L] epth L
/’ll : (feet) : (feet) :
Cleys Yo . |
GlaY: yellow with siltstone particles 17 472
Clays 8TeYs sticky 8 480
clays grayish=yellow ig {5,233

11l completion data

Cgsing:
Sereened Zone:
Yield:

215-2/40 ft,
80 GPM (flOang)

Tatle 7 Well Logg




: fosb Ho

le Noe 8 6/8
Chapia (Chilia)
N.,B. Tubewslls

Land Surface: 375 ft,

(11444 m)

Table 7 Well Logs

Drilling Started: 9/12/71

1642 /71
G, P, Chaturvedi

Completed:
Log by:

 Uay, gray, sticky

\ ~ll__w° completion data

_§§§§ns= 100 £t/ 8 in,
yoied Zone:  70-100 £t

Do’ 3 GFM (flowing)
P o 43 £be (pumped)

50 GPM (pumped)

o +itude of T AN
static wter level (Head): +0.7 f£t. ISD 14
;
: , ] : Thicknesss Depth :
- Lithologic Degeription :  (feet) ¢ (feet) :
| ¢011, sandy
| g:fllé: fine to coarse with some clay '.218 %g
(lay, grey with fine gravel 10 40
(lay, 8TaYs plastic, sticky : 30 70
- oravel, well sorted, sub-rounded to sub-angular,
A Wa'ber bearing
ﬁ Clay with fine sand ig gg
gravel, well sorted, with some sand, water bearing 10 100
Clay, gray with sand 10 110
(lay, dark gray, sticky 25 135
Sand, fine to coarse with siltstone 7 142
(lay, yellowish gray, sticky with sand & gravel 8 150
Clay, yellow with gravel 17 167
' Gravel with pebbles 18 185
Olay, gray 2 210
Gravel with coarse sand 23 230
(lay, gray with gravel and sand 7 237
 Clay, grey with medium to coarse sand 3 240
 Clay, gray, sticky 10 250
Clay, gray with sand 10 260
 Sand, coarse with gravel 20 280
gll:y, gray, sticky 30 310
Y, gray with sand 50 360
Ulay, gray, hard 10 370
'glay, gray with gravel 20 390
lelay’ yellowish-gray with very fine sand 30 420
Clay’ 1,,rellow:i_.z~3h-grst;y' <0 440
oy gray with fine sand 15 455
0 }: with cobe.Les 3 458
&’y gray, sticky 17 475
vel, fine with cosrse sand > 480
3 483



Table 7 wol11 Logs

Tﬂst Hole NO.: 6/9

Jocations Chapia (Chilig)

prilled by: NeB. Tubewells

Y jtitude of Land Surface: 377 ft.  (115,8 m)

e —— ——— -

Drilling Started 26/12/71
Completed:

28/12/71

G, P, Chaturvedi

static Water level (Head): +43 £, 1gp ”':“}’ .
. . . . ¢ Thicknegs ¢ Depth :
Lithologic Degeription :  (feet) (fé’et) :
Sub—SOil . 5 5
(lay, with fine sand 8 13
Cley, yellow with silt 27 40
Clay, yellow, hard 1/ 54,
Clay, dark gn.:-ay 6 60
Clay, yellomsh-:gray 10 70
Gravel, fine, with sand, water besring 10 80
Clay, grayish-yellow 10 Q0
Gravel, sub-angular, water bearing 10 100
Clay, gray 7 107

Well completion dats

Casing: 104 £t/ 3 in,
Screened Zone: 70-100 ft,
Tield: 2 GPM (flowing)



gost Hole Nou! A
,tion: Chapia (Baidauli)

Drilling Started: 18/12/72

o6 Completed: 21/12/72

: . N.B. Tub g
prilled b¥ swells log by: G, P, Chaturvedi, D. C. Parajuli

. iitede of Land Surface: 380 £t, (114,8 1)

LD
static Vater level (Head): . 425 ft, 1SD PQ"Z) /
L — Thickn Depth
- . . C o : ckness : p ¢

L Lithologic Description +  (feet) : (feet) :
3011 with fine sand 3 ‘ 5 5
sand, fine to coarse with vellow clay 5 10
Glsy, yellow with fine sana 13 23
Clay, Brey with fine sand 10 33
Sand, coarse with fine gravel, and siltstone 9 L2
Clay, gray, Plastic 28 70
Gravel, well sorted 10 80
Clay, gray with fine sand 10 90
Gravel, well sorted 10 100
(lay, gray with sand 10 110
(lay, gray 20 130
Clzy, grayish-yellow 20 150
Gravel E : 3 153
Clay, yellowish-gray | 138 171
Gravel, sub-rounded to sub-angular, water bearing 16 187
Clay, yellowish-gray ' 17 194

Well completion datg

Casing: 194 ft./ 8 in.
Screened Zone: 171-187 ft.
Yield: 450 GPM (flowingd



Table 7 Well Logs

gt Bole 100 /1 Drilling Started: 23/12/71
Ipcﬁtiong Chapila (Baldaull) Completed= 25/12/71
prilled b¥? N.B. Tubewells Log by: G, P. Chaturvedi, D.C. Parejuli

 ysitude of Lend Surfaces 383 ft. (116.8 m) b

. ater level (Head): +25 ft. L 2N

Sta‘tlc ater e ’ SD .
ek _ . —_ . Thickness : Depth 3
- Lithologic Description s  (feet) (feet) :
Soil _ 5 5
(lay, yellow with coarse send 7 12
01eys yellowish—gray, sticky 8 20
Cley, gray, sticky with siltstone particles 10 30
Clay, grayy sticky 36 66
iravel with coarse sand, water bearing 12 78
(lay, dark gray, sticky o 12 90

| (ravel, with coarse sand, water bearing 10 100
(lay, with gravel 5 105
Clay, yellow 10 115
(lay, gray : 15 130
Gravel with gray clay 10 140
(lay, yellow with gravel 7 147
Grsvel with coarse sand L 151
Clay, gray & yellow, sticky 19 170
Gravel with cosrse send, water bearing 17 187

7 194

Clay, gray, plastic

iell completion data

Casing: 192 ft/ 3 in.
Sc.:reened Zone: 171-187 ft.
Tield: 50 GPM (flowing)




}

Table 7 Well Logs

pst Hole No.: 6/12 Drilling Started: 28/12/71
Jocation: Bhujauld Completed: 31/12/71
prilled by: N.B. Tubewells Log by: G. P. Cheturvedi
pltitude of Lend Surface: 393 ft, (119.7 n) o)

T ;)/p//
static Water level (Head): +13,5 ft. ISD e
TR : Thickness : Depth
- Lithologic Degeription :+  (feet) : (feet) :
Soil 3 3
Sand, fine to coaise 4 7
Sand, medium to coarse with some gravel 23 30
Sand, medium to v. coarse ' 10 .0
Gravel, angular & sub-angular 5 L5
Clay, yellow, plastic L5 90
Clay, dark gray, sticky : , 10 100
Clay, grey, sticky 20 120
Clay, yellow, very sticky 8 128
Clay, yellow with sand 6 134
Clay, with sand & gravel 2 136
Gravel, fine, & v. coarse sand with clay 6 142
Clay, gray, sticky ] 147
Gravel, fine with coarse sand, water bearing 23 170
Gravel with clay 5 175
Clay, grayish-yellow 25 200
Clay, yellow, plastic with cobbles 34 234
Clar, yellow, sticky 8 242
Clay, with cobbles 38 280
Clay, yellow with gravel 45 325

Well completion data

Casing:s 180 £t/ 3 in.
Screened Zone: 165-175 ft.
Tield: 22 GPM (flowing)



Table 7 Wel1 Logs

f 0.2 O .

e Tor? 6/ Drilling Started: 5/1/72
| ations OB Completed: 14/1/72
pitled bys NeBe Tubewells log by: G, P, Chaturvedi

F ptitude of Land Surface: 420 ft. (128,1 m) o

f!}

Wl 5]
'?‘3"

P e e o 1 D=

Continuedsesesse

gtio ator Jevel (Head)s 4 £4, 1D Vo7 s
S T Lithologic Deseripti ¢ Thickness Depth ¢
21 W10081 ¢ eserd : :
o — btlon :  (feet) feet) :
i 9
gf;yl yellow with fine sand % 9
H . .
Glay: gray mth flIl{? sand . 8 17
(ley, yellow with siltstone particles 8 25
Gravel with siltstone i 32
travel, engular & sub-angular with fine to medium sand 8 40
| (lay, yellow with gravel 20 60
Qey, yellowish-grey, plastic 18 78
Gravel with coarse sand 7 85
(ley, gray and yellow | 36 121
Gravel, well sorted, angular to sub-angular with coarse sand 30 151
Gravel with pebbles and cobbles 24 175
(lay, yellow, sticky 7 182
Clay, yellow with grevel in thin 3" layers 15 197
Clay, yellow, sticky 13 210
Clay, yellow with fine sand ' 10 220
(lay, yellow 9 229
Gravel, angular, water bearing 11 240
Send, coarse with gravel 5 2%L5
Gravel with coarse sand 18 263
Clay, yellow with coarse sand 7 270
Clay, yellow, sticky 10 280
Clay, yellow with cobbles and pebbles 10 250
Cobbles & pebbles 12 302
Cobbles & pebbles with clay 25 327
Gravel, angu_lar 5 332.
Gravel, angular with clay 18 350
Sand, very coarse 5 355
gravel vith yellow clay ﬂ 372
Clay, yellow with sand & gravel 1 387
Ly, yelloy 5 402
Clal‘f: yellow with sgnd gg 430
- Ulay, yollow 450



Table 7 Well Iogs
ot Hole Mo.: 6/13 (cont,)

Te
) _ o : Thickness : Depth :
e _Lithologic Deseription i (feet) (feet) :
\ poulders with clay 5 452
f Boulders with clay 10 462
(le7, yellov. > 20
oy grg :;lth sand 30 530
(lay, yeiiow 20 e
Glagfr: yellow with sand 20 570
' Gravels | e e

; W__e_J-._l_ Completion dats

| Gasing? 251 £t/ 3 in,
gereened Zone: 235-249 ft,
- Yield: 8 GPM (flowing)




Table 7 Well Logs

- TS RTERR BTN AR B SRRRRRETSE T

s /1
b fole Mo / Drilling Started: 20/2/72
. .B. Tubewell

prilled bys N e Log by: G, P, Chaturvedi
Hltitude of Land Surface: 324 rt, (98,8 p)

gatic wter level (Head): __ISD

N h

" X : i + Depth :
Lithologic Description ; Th%;iﬁ‘;i‘is X gﬁet s

— e

gﬁ yith fine sand | ; "
gnd, gray, o - 26 40
(lay, browm with v, f:.me sand 40 - 80
qavel, fine with nedium sand ' 13 93
mevel, with clay 1 107
ipavel, well sorted : 8 115
irevel with clay ' 13 128
revel, well sorted 12 140
(ley wvith sand and gravel 20 160
(lay with gravel 60 220
(lay, gra7, sticky 127 347
travel with coarse sand 18 365
(lay, gray, sticky 55 420
(lay, gray with medium to fine sand 40 460
Sand, medium to coarse with gravel 10 470
(lay, gray with sand 30 500



Table 7 Wel1 Logs

X NO.: 8/1
fost HOL° Drilling Started: 7/11/71
san: Ko ridaha
jocations 28 Completed: 17/11/71
pilled bY Hydrology Department Log by: S, M. Shrestha
jidtude of land Surface: 310 ft, (94,5 n) y o
2 //
gtatic Water level (Head): + 2 £+, 1SD 4 4
Y. S T Thickn Dopth_
. . : cknesgs ¢ :
Lithologic Deseription s (feet) (feet) :
Soil .3 3
Clsy, 8ray 12 15
Sand, and siltstone fragments 15 30
Sand, “fine 20 50
Clay, grays loose L8 98
Clay with siltstone and sand 5 103
Cley, gray, loose 19 122
Clay, with sandstone fragments ' 13 135
Clay, yellow 100 235
Cloy with siltstone fragments 15 250
Cley, yellow L5 295
Gravel, fine with coarse sand, water bearing 15 310
Clay, yellow 10 320
Gravely with coarse sand 16 336
Clay, yellow 14 350
Gravel and sand 14 364
Clay, vellow 36 400
Gravel and sand  ~ 5 405
Clay, yellowish-gray 33 438
Clay, gray with fregments of siltstone 28 466
Sand 30 496
Clay 6 502
Well completion data
Casing: 330 £t/ 1% in.

Sereened Zone: 300-310 ft.
Yield: 3 GPM (flowing)



i

Table 7 We11 Logs
fost Hole Noe: o2
focation? Mughla Completed: 17/1/72
prilled by: Hydrology Department log by: 8, M, Shrestha
ptitude of land Surface: 337 py, (105 » m)

Drilling Started: 1/12/71

BT
static Water level (Head): 43¢ ft. 18D b P
F iy “ I Depth
ith ¢ Thicknegs P :
o Lithologiq Degeription i (feet) : (feet) :
gfai;;, yellowish, sandy i 2
| Gend, yellowish-brown with siltstone fragments 18 24
| Clay, yellowish-gray 16 70
 Sand, siltstone : s
~ Clay, yellow with sand ‘ 23 P
~ (lay with sandstone particles 10 b
Gand with sandstone & siltstone Particleg | 17 oL
Gravel and clay' | 8 102
Clay, gray, sticky 38 140
Gravel - » 5 145
Clay, yellow 17 162
Gravel 3 165
- Clay, yellow to gray with some layers of gravel 181 346
Gravel and coarse sand 19 365
Clay, yellow snd gray 113 478
Clay with sand and siltstone particles 10 88
Gravel e 492
Gravel, water bearing 18 516
Clay, yellow 14 530
Gravel 2. 532
Clay and gravel g8 520
Clay, gray, sticky, becoming yellow, loose 41 581
Gravel and sand p7a 605
Clay, yellowish-gray 18 623
Gravel and ssnd " 630
Clay, yellow 30 660
Sand, gray and yellow ki 667
Clay, vellow 93 760
gravel : g 765
lay, yellow and grs T2
GI‘aVély e ) 3 775
Clay, gray and yellow, sticky, with layers of gravel 75 850
Grave] 5 855
Clay, yellow 132 987
Well completion
Casging 528 £t/3 in,
Screened Zone: 505-512 ft.
Yield: 50 GPM (flowing)



Toble 7 We11 Logn

' Nos ¢ 8/ 3
ot 1018 Drilling Storted: 17/1/72
‘ a1t}
¢ Hydrology Dopartment
.prill"d by Log bys 8, M, Shresths, 8. B, Kanasker
| 11,11,11(1" of land Surfoce: 334 £+, (101,5 ) and B, D, Khorel
static Water lovel (Hoad): B9 ft. 18D 12 L9 r/f
N Tl on Dooth ra
Litholordc Donoriptio R Yot S s
— erdption 1 (feet) 3 (feet) :
Sub—ﬂog‘n 2 2
(layy =% 7
gand, fine g 13
flay, W/sand 7 20
(layy yO]J-OVd-Bh“gray 15 35
iy, groenish-yellow y siltgtone 3 13
snd, coarse to fine w/gravel fragments 7 50
(lay, yellow 18 68
travel : 10 78
(lay, yellowish-gray 13 91
(ravel, coarse w/sand 7 08
clay,lgray, sticky 39 137
Grave ' 10 147
(lay, yellow 23 170
(lay, gray, loose L8- 218
trevel and siltstone fragments : 2 20
ey 17 237
‘Gravel and coarse sand 7 2434
iClay 20 264,
g{avel 4 268
ey 25 293
ravel w/sand , 8 301
EClay . 25 326
lravel w/sand 7 333
(lay, sandy, hard . 8 34
pgi‘:;el, vlrl/fine to coarse sand 30 371
‘ yellow 0
gﬂ‘avél 32 2’.13
Loy 50 461
8 469

| avel v/seng

Continued.. sesvsece



v

Table 7 Well LOgs
, Hole Noes 8/3 (cont.,)
5

fe
Lithologic Deseription s Thickness : Depth ¢
— :  (feet) 3 (feet) :
| Cl8 17 486
m-aa;e:t . 4337
0l . i
aravel w/coarse sand o 7
ol 18 539
el completion data
Cesing? 530 £t/ 6 in,

sereened Zone: 500520 ft,
Tield: 335 GPM (flowing)




Table 7 Well Logs

u ol No,: 8/4 Drilling Started: 19/2/72

Completed: 25/2/72
4 by? Hydrology Department Log by:

o
Jocé

B, D, Kharel
Dyille L AN
ntitude of land Surface: 350 ft, (106.7 m) -

y) v /4"‘

son? Sarahawa

[ ..iic Vater level (Head): 411 r£t, 1sp
Ste

_— : Thickness : Depth
Iithologic Deseription : :

(feet) : (feet)
/8;; ) 2
Soily ET

13 15
Clay . 7 "
ra sandy .
Gla{’ frel{;wish—gray w/silt ‘ 16 é’é
(éi:}: w/kankar and siltstone gravel 1;3 2
)
g >
gig: ﬁﬁiltstone\ gravel , 13 33
Sandj fine to coarse . ﬁ 2
(lay, dark gray 3 i
. W/Sj ltnd 18 129
1, w/sa ' 2
gﬁf ;’rellowish—gray, sticky ig ié'v;
vel, w/sand
gﬁ;f éray and yellow, sticky ig, ;_(9)2
g 0 236
(lay, gray \ 36 e
travel, w/coarse sand = 242
(lay, gray g 520
ravel and sand : vy
Qay, gray | 7 e
Sy 33 302
lley, gray . o
(ravel o 4
glay,lgray 32 g’?g
Tave o
. 26 404
(ravel and gand N b
o™ 3 479
ga‘aVel " ik
= | 3 492
Ifr:-Tl'avel : 492
v ay
[“Lcomietion gota

140 £t/3 in.
ﬁﬁreened Zone: 120-130 ft,
1d: 6 GPM (flowing)



Table 7 W13 Logs

e Noe 8/5 :
jost B Drilling Started: 4/3/72
. Asnia
Locati"n' Completod: 93/12
; : Hydrology Departm
jrilled by: e CAERn G Log by: B, D, Knorel
Altimde of Land Surface: 374 f't,. (113.9 m) ) 7 ?‘r; :/;r/
gratic Vater level (Head): 437 £t, 18D '
T Thickn Depth
s s e : ckness 2D :
— Lithologic Desgription :  (feet) : (feet) :
s0il, EYeY |
G;a)’: yellow w/send and gravel g 1(5)
Sand, coarse w/gravel 20 32
Clay, 8TaY 158 190
Gravel and sand 15 205
(lay, gray and yellow 10 215
travel w/coarse sand, water bearing 22 237
Clay, gray 8l 318
Gravel ' : A 322
Clay, YellOW 26 348
Gravel and coarse sand 9 357
Clay, yellow, sticky 33 390
Gravel, w/cobbles and pebbles , 13 403

Well completion data

Casing: 248 £t./3 in,
Screened Zone: 222~238 ft.
| Tield: 115 GPM (flowing)




Table 7 w11 Logs

No, ¢ 8/ 6
fest Hole Drilling Started: 16/3/72

Completed: 16/3/72

log by: B, D, Kharel
gtitade of lerd Surface: 429 ft, (130,7 n)

Iccﬁtionz Si‘tlapur

peilled by: Hydrology Department

tic Water level (Head):

Ste ISD
— .
, , : Thicknegs : Depth 3
Lithologic Deseription s (feet) (feet) :
-— -
Sub-soil 2 2
Send, gravel W/ clay 2 4
Boulders 9 13

Hole abandoned.



Table 7 We11 Logs

et Hole No.: 9/1 G

Jocations Chakacouda

piled by: NeB. Tubewells

Drilling Started: 27/2/72
Completed: 3/3/72
Log by: G, P, Chaturvedi

stude of land Surface: 313 £t (95,3 m)

Test hole - unecased.

<

At
gtatic Water level SHBde): 18D
3 i : . s ckness : P :
— —thologio Dosoxiption i (feet) : (feet) :
il

| g;ay yellow, plastic 1; 2(5),
Clay, yellow with sand 20 40
Cleay, yellomsh-gray, plastic 20 60

. (lays Ye yellowish-gray with sand 40 100

| Gravel with siltstone fragments 10 110°

© Clay, grey, PlastJ:c 30 10

| (lay, gray with Sj.-lt 10 150
Cley, gray, plastic T 60 210
Sand, coarse with some’ gravel - 10 20

| Clay, gray, plastic with silt 80 300
Glay, yellow, S'blcky' IER 20 320
Cley, yellow with some silt 1.0 330
Clay, yellomsh-gray, S‘t:l.ckgr 50 380
Gravel 10 390
Gravel with yellow clay 10 400
Clay, yellow, sticky 30 430

- Clay, yellow with gravel 20 450
Clay, grayish-yellow, plastic 10 60
Clay, grey, sticky with silt 7 - - 130 500 __
Clay, gray with fine gravel e dlOE 600
Clay, gray, plastic - ‘60 650 -
Clay, yellow, pldstic - 10 670
Clay, gray, sticky 70 740
Clay, gray with fine sand - 20 760
Clay, gray, sticky L 769
Clay, yellow, -plastic 80 860
Cley, yellow 30 830
Clay, gray, plastic 20 910
Clay, gray 40 950
Clay, yellow, plastic oy A0 985

nT el e



Tablo 7 Well I_ogg

Nou: 9/2
nost Hole TO Drilling Started: 24/2/72

Well construction datsg

Casing: 210 £t/3 in,
Screened Zone: 195 to 205 ft.
Tield: ‘ 2 GPM (flowing)

jocation? Dumraha Comploted; 2/o/12
: N.B.s Tube
pridled b B log by: G, P, Chaturvedd
pytitude of Land Surface: 336 ft, (02,9 m) o r{f:
) B
statio tater level (Head): <42 £+, 1Isp 1
= Thickness Depth :
sy . : ess @ :
. Iitholosic Deseription . (feet) : (feet) 3.
Soil, yellow 5
Clay, yellow? sticky . 52 60
Cleys yellom.sh-gray, sticky 5 65
gravel with giltstone and sand ; 10 75
clay, yellowish-gray, sticky 45 120
aravel with siltstone gravels and fine sand 10 130
gravel, well sorted with fine to coarse sand 20 150
Clay, yellowish-gray, sticky 45 195
Gravel, well sorted, water bearing 15 210
Clay, yellow, sticky 10 220
Clay, yellow with siltstone gravel and some sand 60 280
Clay, yellow with siltstone gravel 40 320
Gravel, sub-angular and sub-rounded 10 330
0lay, yellowish-gray, sticky 30 360
Clay, gray, sticky 60 420
Clay, gray with some gravel and sand 10 130
Clay, yellowish-gray with fine sand 20 450
Clay, yellowish-gray 10 460
~ Clay, gray with gravel ‘ 20 480
Clay, gray, sticky 20 500
~ Clay, yellowish-gray with gravel 10 510
~ Clay, gray, sticky 30 540
- Clay, yellowish—gray with gravel 10 550
Clay, yellowish-gray, sticky 10 560



Table 7 Well Logs

No.: 9/3
rost Hole T / Drilling Started: 4/3/72
. hare .
wcation- Rehara Comple‘tedg 6/3/72
3 H . Bo

prilled by: N Tubewells log by: G, P, Chaturvedi

p1titude of Lend Surface: 355 £4, (108,2 m)

static Water level (Head) s 18D

frE th

} . ¢ Thickness : Dep :
Lithologic Description . (feet) : (feet) @

Soil b 7 7

Clay, yellow with sand 6 13

Clay, yellow, sticky o L0

Clay, yellowish-gray, sticky 30 70

Clay, yellow wﬁ:th gravel 10 a0

Clay, greys sticky 10 90

Snd, coarse to medium 10 100

Gravel, well sorted, sub=angular to sub-rounded 20 120

Clay, gray, sticky 20 140

Gravel, sub-angular to sub-rounded 20 160

Clay, gray, sticky 20 180

Clay, gray with coarse sand 10 190

Clay, yellowish~gray, sticky 50 240

Clay, yellowish-gray with gravel and sand 20 260

Clar, gray, plastic 20 280

Clay, yellow, plastic 10 290

Gravel with coarse sand 10 300

Clay, yellow with gravel 20 320

Clay, yellow 32 352

Gravel with coarse sand ' Gg zgg

Clay, yellowish-gray

Clay, yellow 60 480
20 500

Clay, yellow with grevels

Test hole - uncased



Table 7 Well logs

fest Hole No.: 974 Drilling Started: 6/3/72

Jocation: Rehara Completeds 7/3/72

prilled by: N.¢B, Tubewells Iog by: G. P, Chaturvedi

utitude of Land Surface: 357 £t, (108.6 m) i oY "‘”
) >

static Water level (Head): =4 ft, LSD

1 : Thickness : Depth ¢
- Lithologic Deseription . (feet) : (feet) :
Soil | 7 7
Clay, yellow with sand 6 ik
Clay, yellow, sticky 34 47
Clay, yellow with coarse sand 30 77
Clay, yellow 12 89
Clay, gray, sticky b 93
Sand, gray, coarse 7 100
Gravel with coarse sand 20 120
Clay, yellowish-gray 7 127

Well completion data

Casing: 125 £t/3 in,
Screened Zone: 105 to 120 ft,



Table 7 Well. Logs

st Hole NO. ¢ ¢ s
Te %/5 Drilling Started: 9/3/72
tion: Reha
locatio chara Completed: 10/3/72

Drilled by: N,B, Tubowellg Log byt G, P, Chaturvedi

titude of lend Surface: 358 £t, (109.1 m) Tk

L OO
static Water level (Head): -5 pt, 1sp 10
i _ : Thickness : Depth @
- Lithologic Description s (feet) : (feet) :
Soil, gray 5 5
Sub=soil with fine sand 3 8
Clay, yellow 5 13
Clay, yellow, sticky 22 35
Clay, vellow with fine sand Vi 42
Clay, yellow, sticky 18 60
Clay, yellowish-gray 43 103
Clay, yellow, sticky 5 108
Gravel with coarse send, water bearing 20 128
Clay 7 135

Well completion dats

Casing: 126 ft/ 8 in,.
Screened Zone: 111 to 121 ft.
Yield: 50 GPM (pumped)

Drawdown: 13 f+t.



Table 7 Woll Logs

Test Hole No,: 9/6 Drilling Started: 10/3/72

location: Wadari Completed: 13/3/72

Drilled by: N,B, Tubewells log by: G. P, Chaturvedi
MtitUde of I&nd Surface: 3‘79 ft, (115.7 m)
Static Water level (Head): 1SD
: Thickness : Depth 3
s Iithologic Description :  (feet) : (feet) :
Soil 5 5
Sand, medium to coarse with fine gravel 10 15
Gravel, well sorted with gray clay 27 42
Gravel, fine with coerse to v, coarse sand 18 60
Gravel, well sorted, sub-rounded with clay,
yellovish-gray, plastic L6 106
Gravel well sorted, subrounded to sub-angular 5 11
Cley, gray, plastie 18 129
Gravel with grey clay 4 133
Cley, grav, sticky 15 148
Gravel, well sorted 10 158
Clay, gray, sticky 21 179
Cley, gray with gravel 1 193
Gravel, well sorted, sub-rounded to sub-angular 8 201
Cley, gray, sticky 19 220
Clay, gray with gravel 58 278
Gravel, with v. coarse sand 2 280
Gravel, with coarse sand 3 283
Clay, gray, plastic 13 296
Gravel 10 306
Clay, gray, plastic 34 340
Cley, yellowish-gray with gravel 16 356
Gravel, well sorted 8 364
Clay, grzy with gravel ' 16 380
- Clzy, gray, plastic 40 420
- Clay, gray, sticky 49 469
Gravel, with gray sticky clay 23 492
Clay 11 503

Test hole - uncased,



Table 7 Woll Logs

Hole No.,: ©/7
Test Ho / Drilling Started: 15/3/72

Location: Motipur Comploted: 20/3/72
Drilled by: N.B. Tubewellg Log byg G, P. Chaturvedi
sltitade of Lend Surface: 394 f%, (120.1 m) yo

Static Water level (Head): +29 ft, LSD

: : Thickness : Depth :

A Litholocic Degeription . (feet) ¢ (feet) :
Soil 4 L
Gravel 12 16
Sand, V. coarse to medium 5 il
Clay, gray with coarse sand 11 32
Gravel with cobbles and pebbles, sub-angular to .

sub-rounded, coarse sand 8 40
Clay, gray with sand 13 53
Clay, gray, plastic 21 7. -
Gravel, sub-angular to angular 6 80
Clay, gray, sticky | 14 %
Gravel 7 101
Clay with gravel 4 105
Gravel with coarse send and clay 5 110
Gravel, well sorted 12 122
Clay, yellowish-gray, plastic 9 131
Gravel, well sorted with pebbles 9 120
Gravel, well sorted, sub-angular t7 sub-rounded 22 163
Gravel, fine with coarse sand 5 1 A
Clay, grey with gravel and sand 23 %I?.O
Clay, gray, plastic 20 50
Clay, yellowish-gray with sand 30 75
Clay, gray with gravel lé&- s
Clay, yellowish-gray 15 75
Cley, yellowish-gray with gravel and coarse sand : ~
Clay, yellowish-gray with gravel 25 505
Clay and gravel in alternate layers s 320
Cl gra lastic _
Glaa?and g;-agel in alternate layer approx. 3" or 2" thick g ggg
Clay, yellowish-gray 11 361
Clay with gravel and fine sand 3 369
Gravel with coarse sand 17 386
Clay, gray, plastic . 390

Gravel with clay

Continuedeesssses



Table 7 Well Logs

Test Hole No.: 9/7 (cont,)

. Litholopic Deseri Lon

Clay, yellowish-gray
Gravel with some clay
- Clay, gray
Clay, gray with sand
Clay and gravel in alternate bands
Clay, gray, plastic
Gravel with clay
Clay end gravel in alternate bandg
Gravel with sand
Clay, gray

Well .+ vompletion data

Casing: 164 f£t// in,
Screened Zone: 136 to 159 ft,
Yield: 60 GEY (flowing)

. Depth ¢
:  (feet) feet) :
A 39
8 402
15 417
3 420
32 452
13 4,65
7 LT2
8 480
5 485
17 502



Table 7 Well Logs
No,:
Test Hole No.: 9/8 Drilling Started 31/3/72
Jocation: Motipur Completed: 2/4/72

Drilled by: IN.B , Tubewellg Log by: D, C, Parajuli

S AR AT AT DR B PR L R LA L AR e

Atitude of Land Surface: 394 ft, (120.1 m) 0 an
Static Water level (Head): 429 g, 1SD e

. ¢ Thickness : Depth :
b Lithologis Description s (feet) : (feet) :
Soil, grayish-yellow 3 3
Sand, medium 6 9
Sand, coarse L 13
Gravel, sub-angular 9 2
Clay, graylsh~yellow with sand 10 32
Sand, coarse with gravel 8 40
Clay, gray, sticky 22 62
Clay, grayish-yellow with gravel & sand 11 73
Gravel, sub-angular to angular 9 82
Clay, gray, sticky 13 95
Gravel, angular to sub-angular with cobbles & coarse sand 25 120
Clay, yellow with grawvel 11 131
Gravel, sub-angular to angular, water bearing 35 166
Clay, yellow 6 172

well completion data

Casing: 172 ft/8 in,
Screened Zone: 136-163 ft.
‘Teld: 618 GPM (flowing)



Table 7 Well Logs

Tes'b HOle NO-: 9/9
Location: Bhartapur

prilled by: N,B, Tubewells

Static Water level (Head):

Drilling Started:

Completed: 27/3/72

Log by: G. P, Chaturvedi
Atitude of Land Surface: 437 £t, (133.3 m)

26/3/72

1SD

: Thicknegs : Depth @
i Lithologic Deseription . ’Ihi(geet) : (feet) :
Soil A 4
Gravel 23 27
Clay, yellow, sticky 5 32
Sand, coarse with gravel 5 37
Gravel, angular to sub-angular 6 43
Gravel with clay, yellow & gray 35 78
Gravel 4 82
Gravel with clay 25 107
Clay, yellow with coarse sand 13 120
Gravel & sand with yellow clay 11 131
Gravel, angular to sub-angular 14 145
Clay, yellow with gravel and coarse sand 9 154
Clay, redish 6 1€0
Boulders 5 165

Hole abandoned,



Table 7 Well Logs

Tost Hole No.: 10/1 Drilling Started: 23/5/72
Location: B akapur Comploted: 25/5/72
I’illed by‘: Hy'drOlogy Dep't., Log b.Y! B. D. KhﬂreI
Altitude of land Surface: 330 i, (1003 m)
Static Water level (Head): 1SD
- : Thickness ¢ Dept;l)
Lithologie Deseription :  (feet) : (feet) :
8
Olay, yellow . A
Clay, yellow and gray, sticky iy
0lay, w/sandstone gravel 22
Sand, fine 13 %5
Sand, ccarse & gravel w/clay 2
Cley, black and yellow w/coarse sand 52 b
Sand, coarse w/clay . 25 12
Clay, yellow 12
Gravel, sandstone M 16s
Clay, gray, yellow | o S0l
Gravel, sandstons ’ : 2 o
Clay, yellow e
Gravel, sandstcne 12 5
e 279
Clcy, w/sondstone gravel ié K
Gravel, v/clay | i
Clay _ -
Gravel, w/sandstone particles : 15 gi.z
i 320
Gravel, sandstone 25 335
Clay, v/gravel _ 38,
Gravél, v/sandstone particles 49 e
Cizy, yellow, sandy o JoL
Gr;r;l, interbedded w/ clay | 36 24 o
Clzy, yellow and grey, sticky o i
Gravel interbedded w/clay 30 180"
Gravel w/send 4 JoL
Gravel 11 505

Clay

Test hole = uncased



Table 7 Well Logs
Drilling Started: 25/4/72

Completed: 3/5/72

prilled by: Hydrology Department log by: B, D, Kharel

Jmtitude of Lend Surface: 340 rt, (103.5 m) 5 M
v

Tea't Hole No,: 10/2

jocation: Taulihawa

b -
static Water level (Head): + 8 ry, |06 " _—

g—

3 Thickness ¢ Depth

Soil 2 2
fClay, gray to dark gray, yellow, sticky 23 25
bley, gray and yellow, sticky L, 69
sand,w/gravel and siltstone particles 1/, 83
Clay, yellow 14 o7
Send w/siltstone gravel 18 115
§Clay, sray 16 131
Sand, w/fine gravel 11 142
Clay, yellow 5 147
Sand, w/gravel 10 157
Glay’ 'y y'QH-OW 9 166
Gravel, w/sand 11 177
Clay, yellow 77 254,
Gravel 2 256
Clay, yellow ' 67 323
8ilt, compact 2 325
Clay 15 340
Gravel 19 359
Cley, yellow 14 373
Gravel, interbedded with clay 8 381
Clay : 11 392
Gravel 6 398
Clay 102 500
Gravel, w/siltstone particles, water bearing 36 536
Clay, dark gray and yellow. 19 555
travel 16 571
Clay ' 17 588
Gravel, w/siltstone particles 4 592
Clay, gray 17 609
Clay, w/gravel 19 618
Clay, gray and yellow 53 671
Gravel 3 674
(lay 26 700

¥ell completion data

Casing: 522 £t/3 in,
Sereened Zome: 501-512 ft.
Yeld: 20 GPM (flowing)

| Lithologie Degeriptio :(feot) ¢ (foot) :



e ———

x> g

Table 7 Well Logs

Test Hole No.: 10/3 Drilling Started: 8/5/72

Iocation: Taulihgwa Completed: 16/5/72

Drilled by: Hydrology Department Log by: B, D. Kharel

Altitude of land Surface: 340 ft, (103.5 m) . oy
Static Water level (Head): +8 ft, ISD o
: Thickness : Depth @

_Lithologic Degcription . (feet) : (feet) :
Soil 2 2
Clay, gray and yellow, stic 55
Sand, w/gravel : a 238 &3
Clay, yellow and gray 3 86
Gravel, sandstone with sand 69 155
Clay, yellow 9 164
Gravel, sandstone 12 176
Clay, gray and yellow 30 206
Gravel, w/siltstone particles 2 208
Clay, yellow 28 236
Gravel, siltstone 7 243
Clay, yellow 10 253
Gravel 2 255
Clay, yellow w/thin layers of silt R4 279
Clay, yellow 81 360
Gravel, interbedded w/clay 8 368
Clay, yellow R8 396
Gravel A 400
Clay 25 425
Gravel : 1 426
Clay, yellow, hard 69 495
Gravel, w /sandstone particles 19 514
Clay 12 526
¥Well completion data
Casing: 10" casing to 98 f£t./6" from 98 to 520 ft,

Screened Zone: 500-514 ft.
Yield: 36 GPM (pumped)



Table 7 Well ILogs

Test Hole No.: 10/4 Drilling Starteds 15/4/72
Location: Jenakpur Completeds 18/4/72

Drilled by= Hydrology Deparment LOg by: B, D. Kharol

Altitude of land Surface: 353 f£t, (107.5 m)

Static Water level (Head): 1SD

A : Thickness 3 Depth ¢
. Lithologic Deseriptio : e0 1 e
Clay, sandy 11 1
Clay, yellow 14, 22
Clay, yellow w/siltstone gravel 35 60
Sand, fine to coarse 1 Th
Clay g 82
Sand, fine w/siltstone particles 10 R
Clay, gray, sticky 69 161
Gravel A 165
Clay, yellow 5 170
Gravel 3 173
Clay, gray and yellow 55 228
Gravel w/siltstone particles 6 234
Clay 34 268
Gravel, w/siltstone and sandstone particles 8 276
Clay, gray 34 310
Gravel, mixed with clay 9 319
Clay | 16 335
Clay w/gravel : ' 22 357
Gravel Jég ﬂé’
Clay, gray, sticky

Gravc,a'l 8 450
Clay . 52 502

Test hole - uncaseds '



Table 7 Well Logs

Test Hole No,: 10/5

Location: Gorsinghi

Drilled by: Hydrology Department

Drilling Started:

6/4/72

Completed: 10/4/72

Jog by: B, D, Kharel
Aititude of lend Surface: 398 £t. (12,4 u)
L0
Static Water level (Head): +5 ft.  LSD 7 he
.fUt'l_""j{”.' A -
— - 3.(;{ "' :
3 . g Be : Thicknegs : Depth 2
: - Id thologic Desorintion : (reet) 1 (foob)
Clay, grey 10 10
Clayy yellow,.hard, sticky, w/siltstone gravel 28 38
Sand, coarse to fine w/clay 9 L7
‘Clay, yellow and. gray 33 - 80,
Clay, w/siltstone fragments 548 a5
Clay, gray 16 10L;
Gravel, w/coarse sand & giltgtone particles 29 130-.
Clay, yellow and gray 61 191
Gravel w/coarse sand 12/ - 2031
Clay~"" 97" 300
Grevel ) 4 304
Cldy, gray and yellow™ g 385,
Gravel, i/sand LI - 18- 403
Clay, yellow: ' 9 L2
Gravel, w/sand . 7 439
Clay, gray 1 33
Gravel, w/send A, 14 LA
Glay = o - RN =z 55, 502'-
Well comnletien -data _
. R R R 7 o 2 T
Casing: 218 £t/ 3 in, — . S ——
Screened Zone: 196208 ft,” T ol - s S
Tields 5 GPM (flowing) ik e Vi
i i TR
2GHT:
A AS

T3, e e



Table 7 Well ILogs

Test Hole No,: 10/6
Locaticn: Bhelai

brilled by: Hydrology Department

Drilling Started:

Completed: 21/3/72

Log by: B, D, Kharel

23/3/72

| Altitude of land Surface: 438 gy, (133.4 m)
(LA
Static water level (Head): 42 ry, 1SD 1% 4 \/’
-~

I . . : Thickness : Depth :

g Lithologic Deseription :  (feet) : (feet) :
Soil, gray D 2
Sand, fine w/clay 6 8
Clay, yellow, sandy 7 15
Sand, fine to coarse w/fine gravel 15 30
Clay, gray and yellow, sticky 26 56
Ssnd, coarse w/gravel 8 (A
Clay, gray, hard, sticky 53 117
Gravel, and sand, water bearing 15 132
Clay, gray 9 11
Clay, yellow 33 174
Clay, gray and yellow LA 218
Gravel and sand 3 221
Clay, w/gravel A 225
Gravel and sand 12 237
Clay, gray and yellow 63 300
Gravel 2 302
Clay, yellow 65 367
Gravel 2 369
Clay, gray 10 379
Gravel end sand 6 385
Gravel 8 410
Clay, gray B 503
¥oll completion data
Casing: 145 £t/ 3 in.

Screened Zone: 121-133 ft.
Yield: 2 GPM (flowing)




Table 7 Well Logs
Drilling Started: 27/4/72

Completed: 29/4/72
Log byt D», C, Parajuli

Test Hole No,: 11/
LocationgParaspur

Drilled by: N.B, Tubewe]lg

Altitude of Land Surface: 323 ft. (98, 4 m)
Static Water level (Head): 1SD

¢ Thicknegs : Deptil
_ Lithologic Degerdption s (feot) : (fee
Soil, yellow 5 18
Clay, yellow with kankar 1;5 2
Clay, yellow, sandy ' 5 2
Clay, yellow with sand & siltstone particles 16 z
Sand, fine to mec.iium 19 75
Clay, yellow, S‘blcky. ' . £ o
Clay, yellow, hard with kankar and siltstone particles 0 320
Clay, gray with kankar & siltstone particles 22 i
Cley, yellowish-gray with siltstone particles from 130 ft, 28 oy
Clay, yellow with some siltstone particles 30 10
Clay, yellowish-gray with siltstone particles 5 o5
Clay, yellow, sandy T oy
Clay, yellow & yo
Clay, yellilowe 1'slandy 5o
Clay, yellowish-gray _ &
Cla?i graylsh-yellow with sand & sandstone particles :.'IL-(S) §00
Clay, yellow with siltstone particles from 200 ft. 30 330
Clay ay, sticky, hard _ %0
clagr: ?ﬁﬁéw with siltstone particles from 350 ft,. 32 382
Clay, yellowish-gray, sandy ) 395
Clgg: yellow, sandy with siltstone particles ]2-3 18
Clay, yellow, sandy _ ] 2%
Gll::;r: gellow: sticky with siltstone particles <1 iéé—
Clay, yellow, plastic . ) . 2 163
Glay: yellow, s‘g.cg with siltstone particles 7 470
Clay, yellow, stic 22 492
C llow with siltstone particles ' 10 o
Ci-g: gzllow with sand and siltstone particles 5

Test hole = uncased,



"

Table 7 Wo11 Logs
Test Hole No,: 11/2

Drilling Started: 20/4/72
Completeds 24/4/72
Log by: D, C, Parajuli

Location: Gaidahays
Drilled by: N,B, Tubewe11 g

Altitude of Igng Surface:

335 fto (102.1 m) ) ((“ o »
v ;
Static Water leve) (Head): w5 ft, 18D 0 /
: Thickness s Depth
—Ldthologic Degoription s (feet) 3 (feet) ¢ .

Soil, sendy 4 4
Clay, yellow, sandy 5 9
Clay, gray & yelloy, sticky 22 31
Siltstone 5 36
Clay, gray to yellouish-gray, sticky 34 70

¥» Bray to yellow with siltstone particles 80 160
Clay, yellowish-gray, sticky 5 165
Gravel, siltstone & sandstone 18 18
Clay, gray and yellow, sticky 14 197
Clay, yellowish-gray, with siltstone particles 8 205
Gravel, sandstone, siltstone 15 220
Clay, yellow, sandy 16 236
Clay, yellow with siltstone particles bl 280
Clay, grayish-yellow, sandy 10 290
Clay, yellow, sandy 27 317
Clay, yellowish-gray, sandy 10 327
Clay, gray with siltstone andsand 7 334
Clay, yellow, sticky 56 390
Clay, yellowishegray with siltstone and sand 22 412
Clay, gray and yellow 28 440
Clay, yellow, sticky with siltstone particles to 452 ft, 42 482
Clay, yellow, sandy : 11 493
Clay, yellowish gray, sticky 9 502

Well completion data

Casing: 190 f£t/3 in,
Screened Zone: 165-180 ft,
Yield: 5C GPM (Air lift)



Tablo 7 Well Logn
Tost Hole No,: 11/3

Location: Bankattl

Drdlling Starteds 19/4/7
Complotods 22/4/72

Drilled by: N,B, Tubowollg log by: D,C. Porajuli
Altitudo of land Surface: 345 £t, (105.1 m)
Static Water lovel (Hoad): 18D

y Thickmepn s Dopth
. Lithologie Deagriptdon . (fopt) ¢ (foot) i
Soil, yellow 5 5
Clay, gray & yellow 15 20
Clay, gray, sticky 11 31
Clay, gray with glltstone particles 10 A
Clay, yellow & gray, sticky 19 60
Clay, yellowish-gray, sticky 20 80
Clay, sandy with siltstone partiocles 17 o
Clay, yollowish-gray, sendy 23 120
Clay, yellowish-gray with sand and siltstone particles 16 136
Siltstone 6 142
Clay, yellowish-gray, sandy 7 149
Clay, yellow 11 160
Clay, gray 33 193
Clay, yellow with sandstone particles 10 203
Clay, yellow, sticky 25 228
Clay, yellow with sandstone & siltstone particles 2L 252
Clay, yellow, sticky 13 265
Clay, yellow, plastic 5 270
Clay, yellow with siltstone and sandstone particles 10 280
Clay, yellow, plastic 8 288
Clay, yellow with sandstone & siltstone particles 3 291
Clay, yellow, plastile 19 310
Clay, yellow with sandstone particle- 10 320
Gravel, rounded 11 331
Clay, yellow, plastlc 11 342
Cley with siltstone particles 10 352
Clay, yellow, plastic 8 360
Clay, grayish-yellow with siltstone particles 20 380
Clay, gray with siltstone particles 20 400
Clay, groylsh —yellow with siltstone particles 10 10
Clay, gray, plastic 12 422
Clay, yellow, plastic 18 440
Clay, grey & yellow with siltstone particles; 32 473
Clay, yellow, plastic 8 480
Clay, yellowish-gray, sticky 22 502

Test hole ~ uncased



Table 7 Well Logs
t Hole No,:
Test Hole No.: 11/ Drilling Started: 13/4/72

Completed: 17/4/72

log by: D, C, Parajuli
430 £t. (131,0 m)

Location: Bhaktapup
Drilled by: N.B. Tubewell
Altitude of Lang Surface:
Static Water level (Head):

LSp
cknegs : Depth
mmmnmmmm : MMLL—
Soil, yellow 4 4
Clay, yellow, plastic 16 20
Gravel, rounded to sub-roundeq with coarse sand 17 37
Clay, grﬁr, sticky 15 52
Clay, yellow, sandy with gravel, sub ) 8 60
Gravel with c:oarsgy sand . » subsangular to rounded 5 65
Clay, gray , L 70
Clay, yellow with coarse sand 19 89
Gravel, subwangular to rounded 11 100
Clsy, yellow with gravel & coarse sand 2 109
Clay, yellow, sandy 13 122
Gravel, with clay 8 130
Clay, yellow, plastic 24, 154,
Gravel, rounded to subeangular ; 11 165
Clay, vellow with gravel 10 175
Clay, yellow, sticky 25 200
Clay, yellow, sandy with gravel 12 212
Gravel, rounded 10 pry
Clay, yellowish-gray, plastic 7 229
Clay, yellow with gravel 6 235
Clay, grayish-yellow, plastic 35 270
Clay, grayish-yellow, with gravel 10 280
Clay, yellowish-gray 13 293
Clay, yellow, sandy 7 300
Clay, gray, plastic with gravel . 1. 314
Gravel with sand 46 360
Sand, coarse with gray clay 13 371
Clay, yellowish-gray, plastic 19 -390
Clay, yellow, sandy 10 400
Clay, yellow, sticky : E . 9 409
Clay, yellowish-gray, plastic with sandstone particles 31 440
Clay, yellow with gravel 49 489
Clay, gray, plastic 38 527
Cley, gray, sandy 38 565
Gravel with clay and sand ‘ 5 570
Clay, gray with gravel 10 580
Clay, grayisi~yellow, plastic 126 706
Clay, yellowish-~gray, sandy 10 716
Clay, gray with sard 10 726
Clay, grayish-yellow, sandy 19 745
Clay, gray, plastic 40 785

Test hole - uncased.



Table 7 Well Logs

Drilling Started: 10/4/72

Completed: 12/4/72
Drilled by: N,B, Tubeyells Log by:s D. C. Parajuli

Altitude of land Surface: 379 ry, (115,5 m) Y ‘ﬂ;'
)

Test Hole No.: 11/
Location: Champapur

Static Water level (Head) s 13 ft, ISD

Thicknegs: Depth
(feet) : (feot)

°s 88

Limo;ogic Degerdiption

Soil, yellow, sandy 5 5
Clay, yellow with fine sand and silt 15 20
Sand, yellowish—grey, medium 13 33
Clay, groyish~yellow, plastic with siltstone fragments 58 91
Clay, yellow 25 116
Clay, yellowish-gray with siltstone fragments 5 121
Clay, yellow A 17 138
Cley, grayish-yellow with siltbtone fragments 7 125
Clay, grayish-yellow, plastic 20 165
Clay, gray, sandy> - «t3e 10 175
Gravel;  rcunded to sub-rounded with siltstone ' 17 192
Clay, gray, sticky 18 2%3
Clay, gray with gravel 10 2 0
lay, gray, plastic lg 2338
Clay, yellow s
Clay, yellowish-gray with gravel 15 2
Clay, yellow, plastic 10 263
Clay, yellowish-gray with gravel 8 2;%
Clay, yellow, plastic ﬁ %00
Clay, yellow, sandy _ 2 25
Clay, gray with sandstone, siltstone, particles i 2ok
Clay, yellow with sandstone particles %g o
.Glay, yellowish with gravel _ = Ses
Clay, yellow, plastic with sandstone particles g e
C ellow, plastic )
Ci?;: grayisi-ypellow, sandy with sandstone particles ig ggi
Clay, gray with gravel . 2 750
Cley, yellowish, sandy with gravel . 75 35
Clay, yellowish-gray with gravel 2% e
Clay, yellow, plastic with gravel
Clay: gray with coarse sand . gé . i;g
Clay, gray, sticky with sandstone & siltstone particles : 2

Cla}', gray, plaStiC

e ompletion dat

Casing: 192 £t/3 in.
Sereened Zone: 177-187 ft. _
Yield: 13 GPM (flowing)



Table 7 Well Logs
Drilling Sterted: 30/4/72
Comploted: 4/5/72

log by: D, C, Parajuli
Altitude of land Surface: 342 £t.  (104,2 m)

Test Hole No,: 12/1
Location: Ajigarg

Drilled by: N,B, Tubewells

Static Water level (Head):

LSD
: Thicknegs ¢ Depth
thologic Degeription :  (feet) : (feet) s
Soil, yellow 5 5
Clay, yellow, sandy 40 45
Clay, gray, sticky 10 25
Clay, gray, sticky with siltstone particles 25 80
Clay, gray & yellow, sandy with siltstone particles 40 120
Clay, gray with giltstone particles 19 139
Gravel, sandstone and siltstone with clay 12 151
Clay, yellow, loose 29 180
Clay, yellowish-gray, plastic 14 194
Clay, grayish-yellow, sticky with silt 11 205
Clay, grayish-yellow, sandy with siltstone particles 45 250
Clay, yellow with siltstone particles 50 300
Clay, greylish-yellow, sandy with siltstone particles 37 337
Clay, yellow & gray, loose, sticky 105 442
Cley, yellowish-gray with siltstone perticles 20 462
Clay, yellow vith siltstone particles 30 492
Clay, yellow & gray, sticky " 90 582
Clay, yellow, loose with coarse sand n - 593
Clay, yellowish-gray with siltstone particles " 30 623
Clay, grayish-yellow - 33 656
Clay, grayish-yellow, sticky with siltstone particles 12 668
Clay, grayish-yellow, sticky 19 687
Clay, gray, sticky with siltstone particles 60 47
Clay, gray, sticky 40 787
Clay, gray with siltstone and sandstone particles 8 795
Clay, gray, loose sticky 73 868
Clay, gray with some siltstone particles 18 886
Clay, yellow & gray, sticky 47 933

Test hole —~ uncased,




Table 7 Well logs

Test Hole No,: 12/2 Drilling Starteds 29/5/72

location: Bahadurgenj Completed: 31/5/72

Drilled by: Hydrology Department Log by: B, D, Kharel

Altitude of land Surface: 352 ft, (107.2 m) 0 '),,:g A 3
o0 T
Static Water level (Heaed): ~23 f£t, ISD

——

s Thickness 3 Depth

Sand, yellow and black, fine 35 35
Clay, yellow, gray sticky 35 70
Clay, gray with sand 20 90
Clay, yellow, sticky with coarse sand 15 115
Gravel with siltstone fragments 16 131
Clay, yellow and gray 20 151
Gravel with siltstone fragments 3 154
Clay, yellow 7 161
Gravel 2 163
Clay, yellow, soft 5 168
Gravel, water bearing 1 181
Clay, yellow 29 210
Gravel > 215
Gravel, interbedded with clay 22 48

Well completion data

Casing: 10" casing to 98 £t./6" frem 98 to 181 ft,
Sereened Zone: 171-181 ft,
Yield: Slight
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Teble 7 Well logs

Test Hole No,: lw Drilling Started: 5/5/72

Location: Ganeshpur Completed: 6/5/72

Drilled by: N,B, Tubewells Log by: D, C. Parajuli

Altitude of Land Surface: 371 ft, (113.0 m)
Static Water level (Head):

1SD

. Thickness : Depth @

Lithologic Degeription . (feet) 3 (feet) :
Soil, yellow 6 6
Sand, medium to fine 7 13
Clay, sandy : 13 26
Sand, medium to fine 13 39
Clay, grayish-yellow, sandy ) Al 80
Clay, gray with siltstone fragments 93 173
Clay, yellow, sticky 8 181
Clay, yellow, loose, sandy with silt 49 230
Clay, gray, sticky 19 249
Clay, grayish-yellow with silt 95 344
Clay, grayish-yellow, sticky 29 37
Sand & gravel, coarse with gray clay : 7 380
Clay, gray with siltstone gravel 30 410
Clay, sandy with siltstone fragments 31 441
Clay, grayish-yellow 1 462
Clay, yellow, loose 40 502

Test hole = uncased.



Table 7 Well Iogs

Test Hole No,: 12/4 Drilling Started: 7/5/72

Location: Dharamngger Completed: 8/5/72

Drilled by: N,B, Tubewells Log by: D, C, Parajuli

7yl
Altitude of Iand Surface: 406 £t, (123,7 m) g b7
)2 P i
Static leter level (Head): +16 £+, ISD -
: Thickness : Depth
Lithologic Degcription i (foet) : (feet) :.

Soil 2 2
Sand, medium to fine 57 29
Sand, coarse with gravel, rounded to sub-rounded ' 9 68
Gravel, rounded to sub=-rounded 5 &
Clay, yellow, sticky 8 .
Gravel, rounded to sub-rounded ? e
Clay, sandy with siltstones particles 78 168
Clay, sandy with siltstone gravel 12 180
Gravel with siltstone fragments 20 200
Clay, gray & yellow, sandy 40 240
Clay, yellow, sticky with kankar 13 253
Clay, yellow & gray, sticky 29 poe
Clay, yellow with sandstone and siltstone particles 86 368
Clay, yelloy 12 380
Clay, yellowish-gray, sticky with coarse sand 20 400
Clay, yellow, sticky with sand & siltstone particles 27 427
Clay, yellowish-gray, sticky 13 440
Clay, yellow & gray with kankar bde 484
Clay, gray 18 7%

Well completion data

- Casing: 214 £t/ 3 in,
- Screened Zone: 192-209 ft,
- Veld: 27 GPM (flowing)



Table 7 Well Logs
Test Hole No,: 12/5

Drilling Started: 10/5/72
Location: Dharammager Completed:  11/5/72
Drilled by: N,B, Tubewsllg

Log by: D, C, Parajuli & B. P, Bhattaral
Altitude of Land Surface:

e LA
406 £t, (123.7 m) pe

) —

Static Water level (Head)

: #5 £, ISD |

em—

s Thickness : Depth
Li thologic Dosoription : (feot) : (feet) :

Soil, yellow, Sandy

3 3
Sand, yeJlOWish-gray, fine to mediunm 39 o
Sand, coarse with gray clay 21 63
Sand, gray, coarse 7 e
Clay, grayish-yelloy with sand 30 ot
Clay, yellowish-gray 17 .
Clay, yeJlowish-gray with siltstone particles 45 162
Clay, yellow 7 169
Clay, yellow with sandstone & siltstone fragments =1 =70
Gravel, rounded to sub-rounded with coarse sand from 202 ft. 20 <10
Clay, yellow, sticky 10 R20

Well completion data

- Casing: 215 £t/ 6 in,
 Screened Zone: 192-209 ft,
- Yield: 26 GPM (flowing)



Table 7 Well Logs

Test Hole No,: 12 '
/6 Drilling Started: 12/5/72

Location: Rahatkol Completed: 13/5/72

Drilled by: N,B., Tubewellg Log by: D, C, Parajuli & Bhattaral

Mtitude of Land Surface: 430 £4, (131.0 p)
Static Water level (H eaq): 159
¢ Thickness : Depth 3
, Lithologic Deseription : (feet) (feet) :

Soil : vi 7
Clay, yellow with medium sand 11 18
Sand, fine to medium 10 28
Clay, yellow with siltstone fragments n2 100
Clay, grayish-yellow, sticky ‘ 17 117
Sand, coarse with siltstone fragments 8 125
Clay, sandy with siltstone fragments 21 146
Clay, grayish-yellow, sticky with silt L6 192
Clay, yellowish-gray, loose, sticky 36 228
Clay, grayish-yellow, sandy with siltstone fragments 32 260
Clay, yellow, sticky 10 270
Clay, grayish~yellow with coarse sand 21 291
Clay, grayish-yellow, plastic 19 310
Clay, yellow with medium to coarse sand 30 340
Cley, yellow, sticky 35 375
Clay, grayish-yellow, plastic with gravel 8 383
Clay, grayish-yellow, plastic 37 420
(lay, grayish-yellow with siltstone and sandstone fragments 8 428
Clay, gray, plastic 22 450
Clsy, grayish-yellow with gravel 10 460
Clay, yellow with sand 1 471
Clay, yellow, plastic 31 502

Test hole -~ uncased,
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Table 7 Well Logs

Test Hole No,: 13/ Drilling Started: 25/5/72

Location: Krishnagar Completed: 27/5/72

Drilled by: N,B, Tubewellg Log by: Keshab K,C. N
fl

Atitude of Land Surface: ) ks o~

334 £t. (101.8 m) oY _—
Static Water level (Head); -15 %, 1SD

: Thickness : Depth @
~1dthologic Desoription ‘ s (feet) ¢ _(feet)

Clay, sandy 8 8
Clay, dark gray 6 14
Clay, gray 9 23
Clay, yellow with fine silt ! 17 40
Clay, yellowish-gray with siltstone particles 28 68
Cley, yellowish-gray, sticky with siltstone particles 20 838
Clay, grayish-yellow with siltstone particles 22 110
Clay, greyish~yellow 10 120
Clay, gray ‘ 34 154
Clay, grayish-yellow with sandstone & siltstone fragments 8 162
Gravel with coarse sand, water bearing 10 172
Sand, cosrse to medium with some gravel 8 180
Clay, yellow, sticky 30" 210
Clay, yellow with some sandstone fragments 10 220
Cley, yellow, plastic 10 230
Clay, yellow ' 7 237
Clzy, yellow with siltstone and sandstone fragments 13 250
Clay, yellow with siltstone particles 10 260
Clay, yellow with sandstone & siltstone fragments 10 270
Clay, yellow, loose with gravel and.coarse sand 10 280
Well completion datg
Casing: 10 in, to 90 ft/ 6 in.. to 177 ft.
Screened Zone: 162-172 fi,
Yield: 42 GPM (pumped)

Drawdown: 27 f£t.




o

Test Hole No,: 13/2

Location: shivanagar

Tabhle 7 Well Logs

Drilling Started:
Completed: 22/5/72
Irilled by: N,B, Tubewells Log by: Keshab K. e

21/5/72

Mltitude of Lend Surface: 337 ft. (102.8 m) 4)1/,,
Static Water level (Head): =16 %, 1SD
+ Thickness : Depth ¢
Lithologic Degeription . (feet) : (feot)

Soil 6 6
Clay, yellow, sandy 26 32
Clay, sandy with siltstone particles 4 36
Clay, gray 16 52
Clay, gray with siltstone particles 8 60
Clay, gray, sticky , 40 100
Clay, with siltstbne fragments 37 117
Clay, gray & yellow with siltstone fragments 19 136
Cley, yellow with siltstone particles 2/, 160
Clay, yellowish-gray, sandy 32 192
Clay, yellow with siltstone , 8 200
Clay, yellow with siltstone particles 10 210
Siltstone gravel, water bearing 17 227
Clay, yellow with siltstone fragments 15 242
Clay, yellowish-gray 18 260
Clay, gray with siltstone bands 48 308
Sand, coarse with siltstone fragments 12 320
Clay, gray 20 340
Clay, gray with siltstone fragments 40 380
Clay, gray,sandy, with siltstone particles 22 402
Clay, sandy, with alternating layers of clay and sandstone 20 422
Clay, sandy, with hard sand layers 11 433
Clay, gray, sticky 26 459
Cley, yellow, with sandstone particles 20 479
Clay, gray, sticky 2 500

Well completion data

Casing:

8 in. to 90 £t/ 6 in. to 229 ft.

Screened Zone: 208-222 ft.

Yield:

4,2 GPM (purped )

Drawdowmn: 20 ft.

3

-



Table 7 Well Logs

Tost Hole No.: 13/4 Drilling Sterted: 17/ 5/72

Location: Plpri Comploted: 18/5/72

Drilled by: ¥.B. Tubewolls Log by: De C. Parajuld

| Altitude of Land Surface: 375 ft. (114.3 m)

~
y

\ I e ‘I”:_
Static Water level (Head): +1 £, ISD o
s Thickness : Depth 2
N Lithologic Degeription s (feet) : (feet) :

Soil, yellowish-gray 5 5
Sand, medium 6 11
Clay, gray, sandy 3 14
Clay, gray, sticky 1 25
Clay, grayish~yellow, sandy 5 30
Clay, grayish-yellow - 6 36
Clay, yellow with siltstone fragments 5 Al
Clay, yellowish-gray, sticky 10 51
Clay, yellowish-gray with siltstone particles 10 61
Clay, yellow, sandy 9 70
Clay, sandy with kankar 10 80
Cley, yellow with siltstone particles 32 112
Gravel, siltstone & sandsione 8 120
Clay, vellow with giltstone fragments 12 132
Clay, gray, loose - . 8 140
Clay, yellow, loose with siltstone and sandstone particles 24 164,
Gravel with coarse sand, water bearing 18 182
Clay, yellow, sandy , 38 220
Clay, yellow, plastic 25 245
Gravel with sandstone particles -."pd coarse sand 16 261
Clay, yellow, sandy with some g}%ﬁel 20 281
Clay, grayish-yellow, sandy _ 19 300
Clay, gragish-yellow Mk 20 320
Clay, yellow, loose . 62 382
Clay, vellowjvsandy with sandstone & siltstone particles 78 4,60
Clay, yellow, loose 2 502

Well completion data

Casing: 181 £t/ 3 in,
Screened Zone: 168-176 ft.
Yield: 1 GPM (flowing)




Table 7 Well Logs
Test Hole No.: 13/5 Drilling Started: 14/5/72
Locstion: Lohraulsg Completed: 16/5/72
Drilled by: N,B, Tubewells Iog by: D, C. Parajuli

Atitude of Isnd Surfece: 428 £+. (130.5 m)

Stetic Water level (Head): LSD
‘ : Thickness : Depth &
Iithologic Degcriptian + _ (feet) (feet) :

Soil A ( 8 8
Send, redium 12 20
Sand, fine 25 45
Sand, fine to medium 16 61
Cley, grey with siltstone 15 76
Clay, gray with siltstone particles 9 85
Clev, grayish-yellow, sticky with siltstone fragments 43 128
Gravel, rounded to sub-rounded 12 140
Clay, yellow, sandy 33 173
Gravel, sandstone & siltstone particles with clay 7 180
Clay, yellow, sandy, looss 22 202
Clay, yellow, szndy with siltstone particles 8 210
Cley, yellow, sandy 20 230
Clay, yellow and gray 38 268
Clay, vellow with siltstone fragments 12 280
Clzy, yeliow, sticky 10 290
Clay, yellow, sticky with siltstone particles 10 300
Cler, yellowish-gray with sand 13 313
Cley, yellow with siltstons particles 55 368
Cley, yellowish-grey, sticky 32 400
Cls7, yellowish-gray, sticky with siltstone particles 10 10
Cler, yellow, sticky with sznd 12 422
Clev, yellow with coarse sand : 13 435
Cle7, yellow, sticky 25 460
Clz, gray with sandstone particles 23 483
Clav, gray with coarse sznd and sandstone particles 9 92
Clay, grayish-yellow, sandy 11 503

Test hole -~ uncased.
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