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PREFACE

in response to a request from the Government of the Islamic Republic of Pakista_n, :
the Govornmont of Japan decided o condhicl a basic desigﬁ study on the Project for
_ Exploitation of G roudwater at Provinee of Punjab and entrustcd the study to the Japan
lnternahoml Coopen ai ion Agency (J [CA) '

JICA sent to Pakistah a study beamj from June 1 to July G, 1996.

The team hc-ld dmcuqswns with the ol‘ﬁc:al conoeme{l of the Government of
Pakistan, and conductod a field study at the sludy area, Afler the leam returned o
Japan, further studies were made. Then a mission was seni to Paknstan in order to
© discuss a draft b'iqlC de31gn, and as this result the present report was fmahzec‘l

I hope that this report will contnbutc 1o the promotlon of the pro;ect and to the
~ enhancement, of friendly relations between our two countries.

I wish to express my sincere appreciation to the ofﬁcials concerned of the

Covernment of the Islamic Republic of Pakistan for their close odoperalion_extcndcd, to
the teams.

October, 1996

_ - | N _
Kin.)io:l*"uji.tfl'zr - -
Presldent '

_ Japan lnmmatmnal Cooperahon Agoncy



:Oclober, 1996
LETTER OF TRANSMITTAL

We are pleased to submit to you the basic desig’n $tudy_ report on the Plf()jé()ll for
IExploitation of Groudwater al Prqvince of Pun’jab in the Islamic Republic of Pakistan.

o ']fhis Stﬁdy was conducted by Japan Techno Co., L:t.d'., under a contract to JICA,
during the period from May 27, 1996 to October 31, 1996. - In conducting the study, we
have examined the feasibility and rationale of the project with due consideration to the
present situation of Pakistan and formulated the most appropriate basic design for the
project under Japan’s grant aid scheme. ' '

. Finally, we hope that this :repoﬂ will contribute to further promotion of the project-..

- Very truly yours,

Project Manager
 Basic Design Study Team on
The Project for Exploitation of
_ Groundwater at Province of Punjab in
. The Islamic Republic of Pakistan

Japan Tebhno Co., Ltd.



BASIC DESIGN STUDY ON THE PROJECT FOR
EXPLOITATION OF GROUNDWATER AT PROVINCE OF PUNJAB
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CHAPTER 1

BACKGROUND OF THE PROJECT

t-1 Background of the Project

“The Istamic Republi(j of Pakistan is located in southwest Asia borﬁcfed by Iran and Afghanisian to
the west, India to the cast and the Arabian Sea (o the south. . The fotal land area is about 796,000
km'. Thé population is about 134 million perﬁons {estimate fof 1996) growing at an annual rate of
3.1% (average for 1985-1993)  The GNP for 1994 is 55.6 billion US dollars and GNP per capita is
about 430 US dollars.. ~ The sectional Share in GDPjshows agriculture leading at 25.0% with an
impm\e.me'm in GDP at 'an ai.erage gmwlh rate of 5.0% during 1991-1996. Pakistan bocame an
mdepcndem sovereign slatc in August 1947 as 4 result of the division of the fonner British India.
‘The country is admi mslmmely divided into four provinces of Nonm-\Vesl Frontier, Punjab,
Baluc‘hlstan and Sind, a]ong with lhc Capna] Fedcranon of Istamabad, FATA and Asad Kashmlr

The coonomy of Pakistan'is bagcd on agﬁculmré with about 47% of the wofking populalion caming
th-.lr living mrough agriculture. However, since agncultum] conditions are strongly af!cded by the
‘ “eather, agncu]tural producuvny is low and unstablc The producuvmes of Pakistan's main crops,
- wheat, rice and colton. are low at about 60% of thc world average productwny ’Ihcufon upgradmg
of agn'cuiluie préducti#ities is urgemly nc.,dud In the Se\.emh Five Year Plan {1988- ]993), the
: lmponant pollmes promoled by the Pakistani governmient for’ agncultura] dudopment are (1)
i achle\emcm of sclf-suﬂmency in basic food items, (2) increase in food productmﬂ Lhrough
.: 1mpr0\cmcm in agncullura] b’lSlCS (3) nmase the cmproymcnt opportunities in the wral area
aning o ba_lam, (he economic conditions with lhe urban area. Preseatly, in the Eighth Five Year
= Plan {1993-1998), under the continuation of previous agn'cuhum} development policies, the
gmcmmenl of Pakistan is promohng agnculmrai land improvement through new bulldozers, and
mnsuucuon of [ubw.ell 1mgatlon facilities mclumng groundwaler duelopment These objoctives

mll comnbutc lo the nalmnal mprovemenl of social wel f; are for the Islaniic chubhc of Pakistan.

1'1hc pmJocl provmce of Punjab has about 68 milhon in populauon which is aboul 53% of the
“national populauon The area is about 206 thousand km’ or about 26% of the countny. whereas the _
cultivated Yand area of Punjab is 11. 85 miillion ha, which is about 57% of the Culu\falcd land in the

oounU)r The main products of Punjab are wheal, rice, sugarlanc and cotton, m which producuons -

~oover about ?O% of the total food products in the country. lherdorb, Pun_;ab is calted Pakistan's food -



storchouse. The cl.imalc' of Punjab is divided into the rainy season in July and August and the dry
seasont from September to June, with some rain in Febuary and hﬁrch. The average anmual
precipitation is low in the desért area at the southern part of Punjab with about 100mm, and about
200mm to 800mm in the Barani and Indus pléjn whete there are more agricultural activities. . The
- Barani of rainfed agriculiure and dessert arcas dcpcnd upon groundwater for imigation. Therefore, the
:gosenmcm of Pun)ab is’ amung o mm*asc food production  through development - of new’
agncultural rmgquon land and increase in producuvlty ‘To atiain this poal, the execuling agency, -
D:reclorate Genqral Agriculture (Field) of the Governm»_nt of Punjab, Lahore (DGA), is conshuchng 7
tubewells and providing rental séwices for construction equipment such as bulldozers and tractors
based on farmers” requests,. o . |

.Prescmly. _the DGA is managing 16 power dnllmg ngs and 6 of them have been in use for over 20
' years. In oonsequ»ncc, the demands for tubewell diillings from farmers cannot be miet sufucncnny _
~and farmers are waiting sen era] months to sev cral years to have their lubw.ells ‘The other 10 power

" rigs weré procured by the }apanese govemmem in 1988 under the Increase of Food | Supply, Kennedy .
Round il To * imptove the present conditions, the governmenl of Pakistan made a quuesl for
Japanesc grant aid to procure tubewell drilling equipment and materials necessary for groundwaler _
developmem ‘ ’[hjs project aims to develop groundwater in Lhc Barani and dcse:t arcas whcre
unstable agricultural activitics and poor suxroundmgs are ewdent Theérefore, farmers are awa:tmg
groundwater supply for imigation and dnnkmg (] lmprovc the agrscullural produam(y and ]wmg
standard of the mral arca, : '

1-2  Qutline of the Request

‘This request for groun;}watcr development was prepared in Augu_sl,' 1989, When the diséuséion and
confirmation of the request were made doring e Basic Dtsi_gn Study in June, 1996, a revised
request was proposed by_the cxemting agency, DGA. The requested oquipmcn( are listed below,



: <Table 1-1  Contents of Requesls, Augusl 1989 and June, 1996 _ -
No| . Request (August, 1989) .. |Revised Request {June, 1996) at time of B/D Slud}

1. |Rotary Drilling Rig : 10uniis |Rotary Drilling Rig o : 30 unils
2. |Survey Equipment _ ' - |Survey Equipment :
1) Resistivity Meter - Zunits {1) Resistivity Meter P Yunits
2) Pumping Test Equipment  : * 2units |2} Well Logging Equipment © : Qunits
13 Well Logging Equipment: = - 2units _ : L : '

3. |Spare Pants . ' . - llot _ |SpareParts N 1
4. " |Other Equipmen{ ST § Other Equipment ~ ¢ .. ' : Tlot
1) Drill Pipe, Drill Collar, . - |1y Dl Pipe, Drill Cotlar, 1

2) Bits, Stabilizer, Bit Sub |2 Bits, Subitizer, Bit Sub

3) Bit Breaker, Tools Kit - ' 3) Bit Breaker, Tools Kit

5. fOthers ‘ Others R -
" ' |1y Computer St 20units
2) Compressof ; ' : 30 units
3) Water Analysis Set St 1 9umits
4) Mobile Workshop - : ilunits
 15) Welding Equipment .1 30units

In the revised requesl of June, 1996, the numbcr of cqunpmems was mcreasod and as a result of
 discussions between the basic design study team and the DGA on the necessity of each equipment,
the following points were agrccd upon.

1) The urgency of the mobile workshops and V\eldmg equlpmenis were commned to be low.

2) The coatents and quanuly of cquipments sha]l be decided b'tsed on the survey resulis of the Basic

' Design Study . _ _ ' ‘ .

3) The basic rcqucst and pnomy of cqu:pmcnis were agreed between the Study team and the DGA,
the cxcculmg agency, and ooncluded in the minutes of meeling as shown in Table 1-2.

Table 1-2 C‘omanls of Request and Priority of the B/D Minutes

Ttems for Confirmation {Junc 12, 1996) Priority
1.~ |Tubewell Drilling Equipment with Drilling Auc;soncs A
2. - {Geophysical and Tcslmg Equipment ' . '
1) Resistivity Meter: ~ _ A |. B
: © | 2 Water Quality Aml) sis Equ;pment ' . C
{3. - Other Equipment’ . ; 1
1) Computer . = = L : B
2) Compressor = } Z . : B
3) Pick-up Truck . : ' B
4. Additiona) Request from Pakistani Side o
" | 1y Spare Paits for Drilling Rigs so far Procurcd under Ja;vmesc Grant Aid.
2) Training for Drilling Rig Operation and ‘Tubewell Con.slmcuon '
3) lmema] Traml:orlatlon '



~ The contents and qu_amity' of equipinent wérc studied by the team in Tokyo based on tﬁe
interpretation of field survey and discussions withjlhe government of Japan. The cxplanation of the
drafi basic design was canied out from the end of A'ugusl'(o_mc beginning of Scptember, 1996 in
Pakistan. As a result, the equipments for the Project were confirmed as listed below.

' “Table 1-3 . Contents of the Project (September, 1996)

No.| . Equipment Quantity : Dcscriptjon‘
1. |Rotary Prilling Rig {9 units Truck Mounted Drilling Rig _
_ ' " IDrilling Capacity of More Than 200 m Depth
2. |Drilting Tools 1 tor 1)Standard Accessory S
' 2)Drilling Tools
3)Others
3. [Spare Parts | ! ot Minimum Required Quantity
4, |Compressor 1 units Mobile Type
‘5. 1Pick - Up Truck 2 units Single Cab, 4x 4
6. [Compuier | 3 1 uﬁit Desk Top Type
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CHAPTER 2

CONTENTS OF THE PROJECT

: 2.1 Ohjécli\'esoftheProject

In the Elghlh Five Year Plan (1993 1998) the Paklslani gmemmcni is pmmoung :mporlant
policies wnh objccmes of a 7% annual growlh in GDP along with increase in per capita income

; thmugh restraind in populauon gmwth In pamcular since agriculture sharcs 25% of the GDP,
growth and developmem in aguculture are the most :mpoxtanl subjects for reseurce conservation, and
through effective use of water and land resovrces, improvement in production is being strived for._:

The Directorate Gencfal Agriculture (Field) of the Govemfnenl of Punjab, Lahore (DGA) is alming
.'(0 improve agucultumj pn)dud_lon Lhrough mechmuzahcn Thié is being canied oui by (l) fand

_ _1mpr0vemem w:l.h new bulldows (2) promouon of groundwater inigation by lntroducmg well
. 'dnlhng rigs and (3) culmatmn efnc;ency as a result of tractor introduction. To promote irrigation
farming, the govemmcnt of Punjab has emacted a subsidy system in 1972 “here oonsimcuon of
:mgahon tubcwells and instatation of molonzcd pumps based on farmers’ requesls are subsuhud to

reduce the cost burden on thc rarmers

In this project, the goveminient _of Punjab has objectives to significantly increase agricultural
productibn in rainfed agricultural ficlds called the Bma:cas | In this respect, an imigation plan
Lhrough igmundw‘a!e’r develobnicnl will be inip!émcnled wilh ‘objecﬁvcs 1o improve prbduction by
mneasmg Crop yi ield and converting to a cash crop culuvanon pattern, and to increasc the economical
’ bcneﬁl efficiency of farmers. These objectives can bc met by the procurcment of tubewell drilting
equnpmem and materials necessary for groundwater dev elopmenl. '

- 2-2° . Basic Concept of the Projeci
221 C‘_onﬁm,mﬁon' of the Request .

The contents of the ﬂ:qucét is bascd on the PC-1 of August, 1989 but in June, 1996, dun'hg the
* discussions be{ween the basic dc51gn study team 'md the BGA, which i is the execuung agency, '

rewsed oquest was submmcd by the execuling agency n the revised request, the number of
dnllm_g tigs was increased from 10 to 30, However, since- a sufficient justification for this



revision could not be confirmed, at the meeting of June 12, .1996, both sides have agreed as

follows lhrougii confirmation of the equipment requirements and their priorities.  The quanliliés
and other detailed contents will be considered based on ficld survey and data analysis results
relating to (1) inigation plan and (2} tubewell drilling plan in (he project areas.

NO. Hems for Cbnl'mn_alhn (June 12, ‘1996) L - Priority *

L. _|TubowcH Drilling Equipment with Drilting Accessorics A
2. |Geophysical and Testing Eqmpmenl | ' o | '
| 1) Rcsnslmt) Méter o g L ‘B

2) Water Quality Ana!) sis I:qm pment ' ‘ C
3 Olh(?f Equipment -

| 1 Computer
2) Cnfnprcssbr
3 Pick- up Touck

" |Additional Requesl from Pakistant Slde

l) Spare Paris for Drlting ngs 50 far Procured undee Japanese Cﬁm'l Aid.
2} Training for Drilling ng Opc.rauon and Tubewell Consuucuon '
3) Intemal Transpoﬂauon '-

222 Examination of the Request

~ The requ{eSt of the Pakisl ani govemment includes the procutemient of ilu't.)cwell duilling cq'u'ipme’ni' :
necessary for g}oﬂndwatcr inig:iﬁon in the Barani areas of Punjab F*révincé; relnforcement of the
jubcwell construction organization of .lhc execuuhg agency; prom_otion of !ubcwci{ cbnshuctiqn’

© earneslly desired by the farmérs{ and inlpm\'eme:it of agricultural production, The Barani areas |
of the project are widely spread out and about half of the presently operating ddlling rigs are
severely deteriorated because they have boen in use over 20 years, and therefore, the demands for
tubewell drillings by faners canndt be met sufiiciently. . As a consequence, the necessily of
power drilling rigs are considered since aquifers are found below 100 m dnpths and the

- formations arc lnrd rock The iterns for emmlmtmn are shown inthe ﬂow chart of Flg 2—1

h Definition of the Bar_ani Aress

® The Baram areas of Punjab Province are ‘areas where presenuy, agncu!lural culuvauon is
~ dependent only on rainwater, '
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@ The farmland area of the Punjab Barani areas is 1,501,700 ha according to the 1995
'A'gniculimjal S{aiisiics. However, the groundwater i gation area of the project sites is
the total Barani area excluding previously developed areas and (enant faming areas, and
whete farmers want 1o camy out groundwater imigation through expenses borne by
_mcmsclvcs; This areais 1,157,000 ha (2,856,000 acees). '

@ Inthe Punjab Barani areas, traditional shallow wells as well as recent tubewells are being
| uscd. . The tm:hhona] shallow wells depend on unconfined groundwalcr with depths
betow 20 m.  However, during the dry season, since water (ables are lowcr and flow
rates decrease tubewells at depihs between 10(} m and 200 m usmg confined

' gnoundwater are in demand. '

. @ Hand boring p!anis of the birec(orate'or Agticultural Engincering (DAE) are used (o dill
| in the t}uck {more than 200 m th:ck) Alluwum and Dntuwum soft lay ers of meram areas’
and canal |mgatcd areas.” Of the ncarly 3, 000 nmgauon wells {a\emge depih 0wy
drilled annualty, 80% arc done by hand plants. On the other hand, in the Barani areas,
since groundwater deselopment is necessary in Pl:ocene and Miocene sedimentary rock
) fomlahons below the thin Alluvium and Dituvium layers v\hcre use of hand plants are ‘
-difficult, power drilling ngs Wthh ha\e hxgh pcrfonnance and eﬂxc:ency are greatly in
demand.

2} Consideration with Related Projects

- 'Ihc equipment listed below 'w'erg 'précﬂ_red. b} the DGA .l]uiou'gh _t]lé Pgnjab Agricultﬁra] '
Department Groundwater Dcvclobmém Project (Material and Equibmcnl Supply _for_.thc
Increase of Foodrl’rmiuction, 2KR, 1988/89).  As aresult of the site sun-ey,. the use of
these equipment were confirmod (Se_c Fig. 2-2). However, since. locations of casing
screens are often determined on the basis of hydrogeological cdnditions fi ound at the time
of the dﬁllihg.'only a few well log data 'aré aifailable ' Iunhermore pumpmg tests are

oonducled by simple melhods using oompmssors 'lhcrefore in ﬁns pro;ect though .

well toggers and pumping test eqmpmenl are not neoessmy, the applxcalxon of smlplcr '

- methods is more appropna{e
-a Rotary rig and drilling accessories : 10units’
b Compressor © 1 10wunits
¢ Resistivity meter ' : 2unils
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@ The fumdand area of the Punjab Barani arcas is 1,501,700 ba according 1o the 1995
Agricultural Statistics.  However, the groundwater imigation area of the project sites is
the total Barani area excluding previously developed areas and tenant fuming arcas, and
where farmers want 10 cany out groundwater inigation through expenses boine by
themselves.  This arcais 1,157,000 ha (2,856,000 acves).

@ In the Punjab Barani areas, traditional shallow wells as well as recent tubewells are being
usad.  The traditional shaltow wells depend on unconfined groundwater with depths
below 20 m. However, during the dry season, since water tables are tower and flow’
rales decrease, wbewells at depths between 100 m and 200 m using conlined
groundwater arc in demand.

@ Hand boring plants of the Dircctorate of Agricultural Engineciing (DAE) are used to diill
in thc thick (miore than 200 m thick) Alluvium and Diluvium soft layers of riverain arcas
and canal irvigated areas. - Of the nearly 3,000 iinigation wells (average depth 30 m)
drilled annwally, 80% are done by hand plants.  On the other hand, in the Barani areas,

-since groundwater development is necessary in Pliocene and Miocene sedimentiny rock
tormrations below the thin Altuvium and Difuviom Tayers where use of hand plants are
difficult, power diilling rigs which have high performance and efficiency are greatly in

demand.
2y Consideration with Related Projects

) The equipment tisted below were procured by the DGA through the Punjab Agricaliural
Deputment Groundwater Devetopment Project (Material and Equipment Supply for the
Increase of Tood Production, 2KR, 1988/39).  As a result of the site survey, the use of
these equipment were confirmed (See Fig. 2-2).  However, since locations of casing
scicens e offen determined on the basis of hydrogeological conditions found al the time
of the diilling, only a fow well tog data are available.  Furthermore, pouping lesis are
conducted by simple methods using comprcssors.  Therefore, in this project, lhough'
well oggers and puniping test equipment ive not necessuy, the application of sinspler

micthods is more appropriate.

a. Rotary rig and deilling accessorics . 10units
b.. Compressor : o 10 uniis
c.  Resistivily mcter : 2 units
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d. Welllogger o+ Zuails
. Pumping test equipment . .1 2unils
f.  Water tanker 4 : ~ -t 2units

@ The below listéd ctjuipmcnt were procured by WAPDA under. the Project for
Groundwater Devetopment in Desert Areas of Pakistan (199%1’94) The sile suh'cy

confirmed the sufficient use of thSL cqu1 pment.

‘Rotary 1ig anddn!lmg accessories : ?.uni_ls;'.

a.
b. DTH tools . Do Isel
¢ Compressor - . _ '. : 2unils .
d. Welding equipment = = - -t 2units
¢.  Resistivity meter - C o lunit
. Welllogger R _ , " : lunit
g2 '_Pumpinglesfequipme'nt = o ;- lunit
‘h, Wircless communicalion equipment - : - Sunits
i Water quality analysis equipménl .t Z2units
. -8 tcrane tiuck ' S 2 units
k. Watertanker | : 2units
I Pickuptuck ot 2units

; WAPDA has bum carrying out h)drogeo!oglcal groundwacr potcnuﬂ test drilling 'md,:

: other sulwys in the Barani areas since the 1980's. Presenny, the H;,drogcology Wing
of WAPDA is conducting groundwatcr'suﬁeys' in the Barani areas (D.G. Khan and

‘ Rajanpﬁr) with special ordcr from'tl_ae Federal Govcmﬁmnt, and the rotary dilling rigs
procured through the Japanese Grant Aid are being used for this purpose.  Their

- groundwater study dutics include éva]uation of groundwater potential, aquifer depths,
'. water quallly and other facloxs and prep'\rauon or [epOLts. 1 has'bccn confirmed that

: Lhese will not oxulap wuh this present pro;ccl Morwur. the tubewell conslmchon
'. operation of WAPDA is handlcd oomplclcty mdepcndemly by a 12 mcmbu team who
set up thc;r own tents, procuu, and transport cqu:pmcm and matemls by themselves.
Whereas on the other hand, the DGA tubewell drilling ¢ team consists of 3 membl,rs per
rig who operate in cotlaboration \nth the farmers where the farmers supply 410 5
assistants and procureltranspon bentonite, screens, casings and other material nccessa:)
for lubcv.e]l constuction. Consoquenlly, in companson o WAPDA equipment



procured by the DGA include less transport vehicles and sun'cy' equipment, and more
tubewell rolary tigs.  Likewise for this project, emphasizing tubewell constiuction as
requested by the farmets, placing impoitance on procmcmcnl of ro{axy chilling i go as th»

pnnupal equrp:mnt is anucnmtui

) Consi'deni‘ati'on with Irrigation -

o

The ;olél area of the largel area of Purijab Province is 2,906,000 ha, of which 1,501,700

ha is the Basani area. The Baran groundwater imigation area for this project is

1,157,000 ha as shown in the next table, which is 40% of the totat target area of Punjab

~Province. - Since realization on development of groundwater imigated arca and tenant

“Table 2-1

farm area is unlikely, these are excluded from ihis projecl.

calcutated from the owner fatming ratios,  (Table 2-1).

Fhe Barani Land Area and Irrigation Land Area to be Iigated for this Project

Tenant farm land ared was

No. ProjeclArea Land Area | A) Bamni'A.re_a B) Irrigation Asca | ) A)-B) | D) Owner Fanﬁing F,_) Area o be [rrigation .
- (Disteict) {1,009 ha) (1,000 ha) (1,000 ha) Ratio{%) - {1,000 ha) 1B
1 |Avock ' 336 1255.7 0.9 254.8 779 198
2 |[Rawalpindi 244 198.5 28| 195.1 95.8 187
3 [belum’ - 147 822 1.0 812 91.0 74
4 |Chakwal 313 233.5 1.8 Pk - 877 203
5 |Khushab 342 2312 40 212 - 703| - 1604
6 |Mianwali 288 108.5 0.0 i08.5] - - 61.4) n
7 |Bhakkar 588 330.7 00 307 esal 216
8 |Rajanpur 3206 262]: 0.6 256 659] - 17
9 |D.G. Khan: | 352 00l . 352 81.7 .29
| 2,906 1,501.7} 111 - 14906 716 1,157
1990 Agricuttural S!aListics, Punjab Province
® The numbcr of tubcuells needed in lhe Baram areas is calculated as 43 9ﬁ0 wuh the

_ assumpuon that for 2 pumpmg rate of l r:usec {about 100 m’lh:) per “cll 65 acres

e 325 haof farmiland can b irigated.

_ On thc, other hand acoording 10 the: records of the 10 dnllmg 1igs procured through

IlS’IODOha = 26325 halv.dl-43950welis

J apanese assssi.mce in 1988/89, only 520 tubewells (av: erage depth 95 m) were diilled m'_
aboul 7 years, and the effective use of dnllmg ngs is being consuiered ‘but the large

' polcnnal demand can be mnﬁmled



@ Analysis will be made io seg if the fahue'is.in Barani aieas can brocurel prcpﬁuc the cosls
of inigation tubewell constiuctions under the present regisifation system. 'i‘hc results of
~ analysis are presented in the following Tables.  For owner farming, procurement /
© preparation of tubewell construction costs is possible despite ihe size of farm acreage (S
' tb‘l(la_ms)., :

a The annml income, of farmers consists of farm mcomc. lweslock mcomc and orf-‘
farm income. The annual cash moomes with respwl o farm size (5 20 actes)
range from about Rs. 25,000 to 58, 000. _

b, The dlsposablc incomes, . which are annual cash mcomcs minus requnrui‘
| expenditures, range from about Rs. 8,000 to 27 000, :
"¢ According to the ﬁnamial analysns of farm houschoids (Type 1: average cmppihg'
; mlensﬁy of 90% for.7 project sites of Attock, Rawal pde Jhelum Chakwa]
" Khushab and Mrmw*dn), qssunung a groundwatcr 1mgauon land area of 65 acies as
lhc unit area, the oosl o be borme by cach farmer is 3.6 to 4.3 times the dlspos‘lble
| mcome which means that with about 4 to 5 years savmgs one jrrigation tubewell
- can be co_nshuqed. In reatity, there are many farmers that apply for the tubewell
| drilling based én a unit atca of 25 to 40 ',acrcs and consmict rirﬁgat_ioril tubewells with
_ ' thesavmgs oflOto 15 )tars - o ‘ T
o d. In the ﬁnanc:al analysxs of Typc 2 (average cmppmg inteénsity of 50% for 2 project
sﬂes Rajanpur and D.G. Khan) with savmge for aboul 518 years, the construction
" cost for tubcwdls can be swurcd Thereron,, for present owner farmers havi ng 5to
20 acres farms, me cost for tubewel! consuu;tlon can be pqocurt,d and prepared. :
Table 22 Picé'cni Financial Conditions of Farm i{o'dséhéld
(’ fype-1 : Average Cropping Intensity 9% for 7 Project Sites)

Assumed Conditions
1. Fam Size  (acres) 590 75 100 125 150 175 200
2. Croppingdntensity @) | 90 - o0] %0 % . .
3. FarmlIncome . Re) |- e301]  ossn 12782 15078 19073 22369 25565
4 LivestockIncome © (Rs) | | 6273 9228 9565|  9964] 10332] 10701 11,069
5. - OffFammIncome 0 (Rs) 12920 . 18956] . 18956] 18956] 189561 18956 18956
6.  Cashlncome = - (34445)| -25,584] i37,770] 41,334 44,898 48461|: $2,026]- 55590
7. Bxpendilure Ry | ) ' )
8 Disposablelncome (6-7)
9. ArcaShareto65 Acres (%) _ ,
10. Shared Capital Costs  (Rs.) 588751 73,593 88,3120 103031 117,745
1.

Required Saving Years ~ (10/8) { - 3 290 at 33 . 43 43 4.3

" Purijab Economic Research Istitute, Febriary, 1995



Table 2-3

Prosem Financial Conditions of 'Farm Household

(Type-2: Averagc Cropping Intensily S0% for 2 Project Sites)

: Assumed Condilions )
1. . Fann Sizo {auvres) 5.0 15 16.0 125 150 17.5 20.04
2. Cropping Inlensity . (<) SO . 59 50 50 50 50 50
3. FannIncome {Rs.) 1708 2577 343|429 5153 6017|687
4. . Livestock Income (Rs) 6213 928 9so6] 9961 10332 10,701 11,069
5. Off-Farm Income (Re) | 129200 18956 18956 18956) 18956 1895 18,956
5. CashIncome 344453 | 20911] 30761} 31,988]  33215] 34442 35.668] 36,895
7. Expenditure CRs) | 17486 G 25,102) - 21,102)  21,102] 21,102] 21,1021 21,102
8. - DispowableIncome - (6-7) : i . 13, 145
9. Arca Share to 65 Acres (%) 0.08 0.12 0.15 0.i9/. 023 0.27
10. Shared Capital Costs (Rs) | 2768 a41521] 553620 69,202]. 83042 963883 110,723
11, Reguired Saving Years (10./8.) 8.1 4.3 5.1 5.1 621 67 7.0

Punjab Ecoromic Research Insttute, February, 1995
4) Considération with Tubewell Drilling Plan

(D Presently, the DAE has 218 drilling equipment operating around Punjab Provinee with an
annual tubewell construction rate of about 3,000.  Of thesé, 55 teams are operating in
the project target areas.  However, 45 tcams using power winches, hand plants and

' percussion rigs are limited to drilling in canal inigated areas or riverain areas.  (Table 2-
4) Furthermore, in the Barani areas where hard rocks are prevalent aﬁd aquifers decp,
the only opérable equipment are the 10 rotary rigs procured under Japancse assistance,
and these are conslructing about 60 to 100 wwbewells annually. (see Table 2-5)  Of the
total arable land, the Barani arcas cover 52.9%, riverain cover 1.3% and canal inigated
area cover 45.8%. Therefore, in the project Barani areas, new rolary rigs are
immediately nceded.  The requested capacity of the rigs is for 200 mdepthand ¢ 1?-
172 inch diameter. (Refer to Fig. 2-3)

(2 The drilling methods of the Agiicultural Department and WAPDA are simitar,.  The
design depth or 100 to 150 ny is first drilled 2 o 8 5/810 ¢ 10-5/8 inch diameter to
confirm the aqu{‘r and waler quality. This requircs about 15 days. Then for a
producu{on tubewell, the hote is bored to ¢ 17-1/2 inch, and screen ‘and casing are
installed, which takes about another 15 days. This means that the tubewell can be
comgpleted in about a month. Judgmg from this tubewell construction expenence ofthe
ucccuhng agency, in the Barani areas, one mtary rig can constiuct aboul 3 lubc:\\ells pet

year considering Ramadan and other hotidays.



" Table2 -4 Current Allocation of Tubeweli Drilling Equipment

Drilling Rigs Supporting Vehicle
Arca Hand | Power Tapanese Assistance | Percussion | Truck | Tractor | Pick-up| Jecp | Water
Plants | Winch No. of Rigs Truck Tanker
1 KRJI | Equipment |
_ 1|Faisalabad 7 ' ] o
_ 2|Jhang 10 - B N R
3| T.T/Singh 5 L o
4|Sargodha 1|

_ 8iLahore 7 B
_ 9lKasur 6 )
10[Sheikhupura s| 2 B )
11|Okara 7 1
12|Gujranwal 1 6 _ o
13|Gujrat 11 R ~ 1
14iSialkot 10 ! 1 1 i

Narowal

SubFotal - )
20(Multan 6 1
211 Khanewal 3

—
[ A -]
.
i

9 Projcgcl Sites

] -
1
| 1
‘Sub Total 66 3 1 . _ 0 0] 14,0
| B 185) 17} 10 0 6| 10, 6 2| 19 8
Grand Total 218 ' 45 ]

* Qwaex by Dritling Section and Bulldozer Section



Table 2-5 Construction Record of Irigation Tubeveells in the Project Barani Area

Project | No.of| yssom0 | isomt | 1sowex | o199res | rsezma | roeims | isesms Total Numbers of Tubewells (1989-1996)
sie | Rz | Totad No of| Successful [Unsaceesstut]  Success
$ Ul S U s U s | U s U 8 U S U | Tubewells | Tubeuetls | Tubewelks Rate
anock | Rs| 4]l 2 I T I I O O ) I 55 H ] e1sa
g mto] 7l ol ol ol ol el o o a2 8| 6 5| s & 1 Y| IR
| s s ol o 3] 1ol o ral 2| of o] s o - e 51 _u} - 7099
ms| o s ol 3 o3 | nl 12 1 ‘
mem | ms| ol owml o 8] o ol ol 5| of 4] o 5| 3 40 36] . 4 9004
coavad 1| o8l ol sl a2l ol sl o] s a9 2 a3 12| eia]-
ol ol ) o8] o 4| ] s sl 3] sl s I T
Wadab | 2| 1 el ol sl o ad o wf. e 5| o ol . 4 0
wa | 2l stoof a0 S| o cst o ;] ol s o 2 4 s ]
R4 | 14 g0 o} o wl o w| o ¢ o & 6 d |-
Reippur | RS s| o a2 of & o B 2 o] 1000%] -
DG han - ' 100 |l o enen|
oot o | oas] w3 ml ol sl | sil s oml | ol w] el ) sl am o  sioa
Note:  S: Successful Tubewell ' ' ' o B

U: Unsuccessful Tubewell

© 5) Consideration under G__mundwéter Existence Conditions

'(D

tubewells did not produce groundwaler makmg them unsuccessful. As for uc&,ssful '

In the prcucc& Bamm areas, dunng the 7 yea;s from 1989 (L) 1996 520 lmgamm‘_

tubcv.e}ls w:,re drilted with 10 rolary rigs, which means an annual dnllmg ra!e of 74

wells / rig. 42| iubeuclls were successful and 99 unsuc&,ssrul for a succcss rale of

about 8$1%. (Rcfer to Table 2-5 and Appu:dax -6)

In Rawa!pmdl Dsslnct test tubewells of 295 m and 250 m depihs were drilled, but both F

tubewelts, 8.8% were of 150 (o 200 m daplhs and aboul 80% were of 5010 150 m'dcpihs. '

“Merefore, rotary drilling rigs of 200 m capacily are required. (See Fig. 2-3 and Fig. 2-4)

The groundwater potential m!u of the Baram areas is relahvely Iow as compand 10 Ihat A

of the p!'uns of the lndus river basm in Punjab Tubewells produmng L cusec (about

100 m .r'hr) o cover an :mg'ﬂlon 'ma of 65 acres 1s about 63%, when Hmiting thc -

dmwdown wuhm e pmmsmblc 'mmunl ’Ihemrorc in 63% of the area, one tubcv»ell
is enough 1o lmgale 65 acres with l cusec, but in the other 37%, 1 Cusec, c'umol be
pumped which means more than one tubewell nceds to be drilled. (Sec Fig. 25 'md Fig.
2-6)
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Table2-6 Static Water Level of Tubewells :
: - Kajanpiirs
Static Water Level Attock | Rawalpindi] Jhelom | Chakwal | Khushab | D.GXhan Total
+Rlowing Anesian Well 2 21 ) 0 o 0 23
0~5.0m 1 3 11 0 8 0 23
5.t ~10.0m 6 10 [ 2 .10 0 34
10.1~15.0m 0 2 6 10 0 23
15.1~20.0m 15 7 14] 27 0 68
20.1~30.0m .4 10 ? 13 9 1 : 79
30.1~50.0m 6 4 3 1 21 1 49
50.tm{s) 0 0 5 12 5 23
Total 35 58 36 5 127 10 3
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;.3 : & Ihelum
2 ) Chakwal
o
c.[;. _ B Khushab
'.g B Rajanpor/ D.G.Khan
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: S . 100 (m'/heim)
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Tablc2-7 Specific Capaciiy of Tubewells .
. . s RIAERPUIT
E Specific Capacity {m /hi/) Rawalpiadif  Jhelum Chakwal | Khushab § D.G.Khan Totad .
1.0() 9 ;3 1 -0 6. - 13
1.1~20 21 i 4 0 1 26
“2.1~30 5 2 5 2 0 14
“31~40 - 2 3 2 ] § ] '8
[ 4.1~50 1 3 K 2 0 24
S.1~7.0 ¢ 5 2 33 B i 33
7.1~10.0 0 4 .8 19]- 2 33
101 () 0 1 8 g | ) 13
Total 38 21 Rk 50 6 183




2-2-3  Evaluation of Project Sites based on Groundwater and Invi gation Dcvdopnienis E
1) Evaluation of Project Sites based on Irigation Development

Imgalmn development in thc pro;cct sites is carried out on a request baS|s from the farmers,
The pnonty is rated upon oonsrdcrallon of the B'umu land area, area o be imigated, farm
- scale, fanmer income and othier poiemia] factors for lmgatmn dev elopmem as well as focus

on emdxcauo_n of poverty as an objecm ¢ of the Eighth Five Year Plan, 1993- 1998.

(@ The bordedine for poverty is calculated based on the minimum rcﬁuir_cd calorie intake

 rate of 2,550 cal / pe'rson / day. In 1950/91, this was célculaled as an income of Rs.280 /

pusonl month (Rs.3,360 Ipe:sonl ya,ar), and in 1996, the poverty line is assunied as

an income of Rs.380/ person / month (Rs.4,560/ person ! year} On the other hand, the

' wemge monthly income for a farm houschold in all or Pa}ust'm is Rs. 2 931/hh/ mon!h
(Rs.35,472/ hh/ year). '

@ Upon examining this bordeiline for an average farm houschold mlhe project sites, the
_ n-cl profit from farming dependent on rain is below the pOVCll.y line of ail areas. The
deficil is covered by income other than agli'culture and li\?estock trecding.  Especially,

lhe income from crop farming in sma]:i fanm areas of the southern dry arcas and Potwar

p!_ateau is extremely low.

‘ lf tubewell ungauon is camcd out through this projccl in Khushab, Msanwah and
Bhakkar of southem Polwar p!alcau where geologic and hydrotogac conchuons are
suitable for tubewell 1mgabon,_thc net profit from crop farming alone will ¢cross the
p'ove'ny line.” Even in olhér_ arcas, net profit doubling can be anticipated through
iniplementation of this project.  ‘Therefore, the unstable farm management dependent on

n rai.'nwatcr can be transformed into a stable man agea_ueﬁl based on groundwater inigation.

- @ The pnomy rating of the pro;cct sites from thc wcwpomt of lmgalnon duelopmcm was
camcd oul by wclghted cvaluanon using povuty in refation to inigation potenlm]
{Refer lo Table 2 8)

a Below the bordul:m for poventy: Rawa]pmdl inthe nonhcm ey, Raympur and
' D:G. Khan in the southein area(3 siles);



b, The borderline for poveity v Atlocic, Jhelum and Chakwal in the norther :
area (3 sites). ' '
c. Abo'.c the bordedine for poverty:  Khushab, Mranwah and Bhﬂkkar in the northem
. area (3 sites).

“Table 28 Imigation Potential and Fasm Houschotd Income (Estimated 1996)

Project Site ~ Project Area” | Farm Household Income

_ ___(Thousand ha) _ ®s/Yea)
|tAwek T 198 ' 12,269
2 Rawalpindi g7 ' 5,368
AJhelam A DY
AChakwal 203 | 1,630
SKhushab 1 160° 19553
6 Mianwali | 7 16997

IBhaldar | o 216 B35 |
8 Rajanpir 1 R Y /)
9DGKban | 29 34490
Tod . | List | =

2) Evaluation of Project Sites based on Groundwater Development S

(@ Situation of rotary drilling cquipmé_nl © Ten rotary drilling equiprhehl have already |
bt;én procured, and these are operating prbpérly withoul any big prolf!enls'. Presently
{1996), these are allocaled as 3 in Khushab, 2 in Rawafpiﬁ_di and 2 m Chakwal, wheie
groundwalcr de \"élopmcm is h)'drogéo!dgical dif liculi duectoa :disuibuﬁon of hard rocks,
Also, inthe northemn Potwar pi 'itcéu, 1igis lomled in Altock and anothet one in Jhelum,
The Iatter 2 are also allocated in hydrogeologlcally suitable locations where aquifers are
found in deep layérs. ' : A ' _

On the other hand, one rig is operating in common with D G. Khan and Rajanpur in the _
southern area. - The site sur\my revealed mal an addmonal procuremem is Recessay in
this area.  As for s:tcs in other Barani areas {Layyah and Gu;ral), these were not
" included in the. reguest of 1989 but ha\e been prOposed in lhc amcnded request of 1996.
- Presently, these sites are scrved by rotary drilling rigs U*msrem'd from near by areas “hen _
the need arise. © Thercfore, the site survey also conmmed the necessity of mdcpcndent . |

rigsin lhcsc siles as uell inthe futurf:



@ Groundwater development plan in the Basani arcas:  Groundwater development is :

- required for inigation in me Barani areas. The projccl tand arca, excluding preSenlly
inigated areas, Is 1,857,000 ha (2,857,000 acrcs).  Assuming a standard groundwaler
pumping rate of 1 cusec (about 100 ni’/he) per ml__)c.wcl!. then the migation area is 65
acres, which means 43,900 lubexkclls ale necessary in the entire project :arcas Area-
wise, Bakkar roqmrcs the most at 8 200 tubewells, and Chakwal Attock and Rawatpmd; :
each require mmc than 7000 lubewclls Furthcrmorc, dependmg on qquer dep{h |

: pmblems mth sqlt waler intrusion are found insome areas.

" To evaluate the groundwater avajlabilitf, spcéiﬁc capaéilies were calculated from.
| pumping cates and drawdowns of cxlsung tubewells.  Then, | if the drawdowa is less
than 20 m, an evatuation was made to Judgc if the standard grou ndwater pumpmg rate of
H cusec can be obtamed from a unit tubewell.  In Atlock and Rawalpmd.l lhe umt
tubemll pumping rate is fow with a }arge drawdown, and in oider to pump 1 cusec of
 proundwaler, 2 of more tubewells are required. The required inigation tubewells in the
* Barani areas, as calculated from the specific capacitics, is about 1.5 times the above
* assnmed number, which means 65, 800 bewells. ‘

@ Records of tubewell dsil-lin'gs:. The number of tubewells constructed with the 10 rotary
| dn‘lling ﬁgs prbcuréd in 1988 throu gh lhe:J apancse a§i§lance’is 520 (avefage depth of 95
m) in about-7 years, or-an annual average of 74, which means 7.4 wells ! year / rig.
| However, this number includes unsucctssful tubewells. Inthe northern Polwar platean
' area, unsuccessful tubewells are espu:ta]ly numergus due {0 thick day I'\)cr In this
-area, lubew L“ gala is scarce and gcophyswal survc}s are not sufl hcxently conducted. As
“arcsult, Atlock has the lowest success rate at 61.8%, next is Chakwal at 69.1%, followed
by Raw: aIpmdl at 71.5%, Jhelum at 92.5% and the other 3 areas we 100% for an average
in'all areas of 81% From a hydrogco!oglm! vmwpomt m areas where growxlwaler
'de\clopmcnt is d;fhcult the cflecmc use of geophyswﬂ eqmpmem is necessary to :

. 'upgmdu thé SUCCESS m{c of tubewell dntlmgs

. @ Alloéalion plah for 'ncw r'(}iary :dn‘lling qigé: . The allocation of rotary drilling tigs 10 be
N newly procuréd ‘was. considered. Se\'en-)'ea:s have élapse’d since. the request was
submilted in 1989 and to cope with the rising demand of farmers for groundwater
| , developmem the excculing agency has revised the ongnm request for 10 dnllmg rigs 0
30 rigs.  Requirémienl restriclions on the numbu of drilling rigs were cons:dcred' _



through detailed evaluation on factors such as target tand area, farm scale, farmer income,
groundwater potential and irvigation tubewell demand in the project Barani 'u‘eas from
vicwpoinis of groundwater and irrigation developments.  However, the feasibility of
s project was confitmed for reasons such as, the project land area for iuligation is wide
at about ‘11,570,000' ha; the farmers have oh-goin'g economic activities which include
sound cash incosies and a distribution system for agricultural producis; and owrning
iiri éat_ion ubcwells create possi:bili.ties for growing cash crops such as sugarcane, cotton
~ and rice, ?whicl.l can increase present cash incomes * Therefore, the procurement of: :
- power anhng 1igs is required in the projecl areas. On the other hand, with regard to the
nutaber of power drilling rigs to bc procurcd the neccssary number of power dnilling rigs
will be detemlmed by emluatmg the area to be irrigated in the Barani arcas, farm scale,
; fanmrs incone, gmund\\atcr potential, and the ds:n'land of mbe\\clls for 1mgatzon based

Con groundwater and wngaluon de\elopnwnt

In oons:derahon of the above ooncepts lhc overall ‘evaluation of lhe pro;ccl sites was
mads on the districts to be mcluded in the project accordmg to the scores the) obtamed

The references used for scoring ar¢ as follous

H For project site Barani area rating, pnonl) is gwen to largcr Barani arca sntes
(2) For farm size and produce inoomc ratings, pnonty is gnen to lower values in .
- consideration of poveity.
(3) Present operating situation of dnllmg ngs is cv'ﬂualed and pnomy is gwen 1o fon-
operating areas. : : :

{4) For rating on design irigation tubcxwll dcmand prlomy is gwcn to areas where j
predicated demand for tubewells is higher. ‘ :

(5) For overall evaluation, areas of higher total scores are gmn prioiity. Especnally,
from the vicwpoints of bencfit to low income houscholds and suppoit to eradication
of poverty, in this project, D.G. Khan and Rajanpur are used as the standard, since
farm produce inconie is low and stands on the poveily bordeline. Rajanpur was
positioned below the povert) ling due to the farmeers’ incone, but was evaluated (B)
bocause the project site tand asea is relam'ely small and pr;scmly, one rotary dilling
rig is in operation; and thercfore the areas receiving total scores above lhal of
Raja.npur is rated as “A” for dnllmg u]mpment ncoessnty

Rotary dlill_ing $ip requirement cvaluation 'rating A) is givento the 7 sites of Altock,

Rawalpindi, fhelum, Chakwal, Mianwali and Bhakkar in the noithem Poh{'ar' area,

and D.G. Khan in the souther arca.  Overall evaluation rating- B) £00s lo
. Rajanpur and then, Khmhab receives the overal] evaluation raung Q) whm. cmsung :



3 rotary drilting I_ﬁgs are ncfxv operating.

For Attock and D.G. Khan, two rofary

drilling rigs must be procured for each district because Aftock has the i_xig,hcst‘ demand
for the number of pianncd tubewells for irrigation. .G, Khan has the most urgent

nccessity for the agricultural development including the cl imination of poverty.

T’lblf: 2- 9 Evaluauon for Project Site l‘rom ihc, Vicwpomt of Imgahon Dwt,lopmenl
: and Groundwater Development

: - Presently | Dosigned ‘nuimbers Totat Overall ~ Allocation of

Project Arza FamaStze - Farmllouschold] Operating of brrigation Score | Evaluation |new Dritling

: o Income | Drilling Rigs Tubewells . Rigs (Plan)

Distrit | 1,000ha Rafing | acre } Ratiog Rs ]Rating} No. | Kating 1,000 | Rating
1 |Atock ~aos| 7 ol 6 | w2anl s 1| & | s 9 33 A 2
2 [Rawalpindi 1376 a2 9 sael 7 2| 3 || s 33 A 1
3 |thelum M 4 73] 8 98428 6 1 6 28 3 28 A 1
4_|Chakwal w08 8 | oal 7 | e o« faf 32| 2 2 A 1
S Khushab 0] s | 1sa| 2 Jasssi) 2 ] 3 1 | st 5 15 < 0
6_{Mishwali ] 3 | 133 4 | ool 3 Jo) g 128 3 2 A )
7 {Bhakiar 26l 9 waf 1 | 235w 1 |o] o fs2]| 6 % | A 1
8 |Rajanpur 17 1 ol 3 | el s 1l s les| 19 B 0
9 [DG.Kha 6 2 | 00 s s 9 lol o |l s 2 27 A 2
224 Consideration on Appropriate Scale

This project will procure cquipment and materials for groundwater developrient, Consideration

on the appropria{e quanliiy of the main equipment, tubewell drilling equipment, will be made.

A1) -Appropuiaté_ Scale based on Budgcl_

million in 1995/96 which is about 4 9% growth in the recent 5 years.

~ The budget for the execuling agency {DGA) was Rs. 250 million in 199.1192, and Rs. 382

The inflation rate in

1995/96 is similarly about 9%, which reveals that the actual growth rate in budget is 2ero.

 “The budgets for DGA and the diilling seciion of DAE are Rs. 548 million and Rs. 35.8

' million respcclwely in i996/97 On the other hand, the cost for management, opcmuon and

: l9’96/97

' mamtenancc of nmc rotary dnllmg ngs are C'dculated as Rs 1 1,320 000

§O! The opcrétion'and m-aintc'rian:cc 00st for 9 ﬁgs'acoounls for 2_1% of the DGA bpdgcl in

@ The operation and mamtena:m cost for 9 rHigs accounls for 31 6% of the budgel in
~ 1996/97 aliotted to DAL, : '



@ Tliroﬁgh the Japanese assistance (the Project for Increase of Food Prp‘ducﬁon) 10 DGA in
1991/92 and 1992/93, the procuied number of bulldozers were 140 and 113, respectively.
OF the budget allotted to the Bulldozer Section, about 39.6% and 36.4% of the budget,
for respeetive procurements, were used for managcmcm operation and maintenance of
ithese eqmpmcm ' .

| As 2 'mnsequem_::. it 9 rotary diilling rigs are procured, the budget allocation for

2)

management, operation and maintenance from DGA and Drilling Section should not present

“any problems
“Human Resoutces

Presently, the WelI'Dn'tl'i'ng Section manages 118 powef otay dn'lling 1igs and hand boring

~ plants. . The required numiber of personsiel is S50 as shown in Table 2-10. - Because the.

Well Drilling Section has 566 registered workérs sixteen workers can b assigned to the ncwly

: _procuro& power rotary dnlling rigs. The tubewell dnfling work is org"mlzod by a group of

workers including otie driller and two driller helper for cach rig.  Under the prosent situation, 3

drivers, welders, and mec_hamcs arc supplcmcmod fn_)m other section and cach member s
responsible for two power fotaryr drilling rigs. Therefore, as shown in .Table_ 2-11, the
mininum necessary number of workers for cach ixm.'cr rotary drilling rig is 4.5 for a singlb sift :
and 7.5 for a 2-shift system. . ' . FE ' '

Table 2-10. Number of Drilling Crew al Sitc{1996) -

No.ofngs | Necessary no. of Tolal no. of © . Remarks

‘ crew for ¢ach rips . Crew ' ’

Power  rotary 10 : 3 ‘ 30 .
dnlling rig : :
hand  boring . 208 23 5201 To be reduced - in
planis and (Anmgu of 2 5) proportion to the no.
other drilling _ : _ 1 of newly procured rigs
1igs S : : :

‘Tolal 28] L T : - . 550 | Esscntigt crew .
Present no. of = Lo ' ' " 566 | 16 persons .t . be

drilling crew _ T ‘ I assigned o new |_‘igs.

If new power rotary dn‘._llir@g‘ﬁgs are procured, the demand dxxmﬁéing hand plants will be

~discontinued in quanlily: cqual 1o the numbcf of powcr rotay drilling 6gs procured, and the

hand plant opcrations wiil be promoled and reallocated so that fiew power rolary drilling rigs

: operators can be secured.  Furthermore, the execuling agency is pl:mmng o lmplemenl az
shifi system 0 !mpm\c opcnuon emaency




Table 2-11 Drilling Crew by Shift

Classification Required no. of - Required no. of pecsonnel Reimarks
: peisonl for a single- for a 2-shift system
shift system
Dniller 1.0 j 20 Permanenny slaymg al
: ' . . site :
Eriller Helper : : 2.0 : o 40 Peimanenny slaymg at
: : - ) site
Driver 05 ' ) 05 . - |Only when moving
: . o : - | drilling rig '
Weldet 0s - = ! 05 . Only when  inserting |
: : . o .| casing :
Mechanic ! - 05 - - : 03 - When © starting &
: ; ' : ' : - | repabing drillingrig |
Total - 435 ' 15 |3 or 6 . personnet
: : S - . permanenily stay at site

If ning rotéry drilting rigs are procurcd in thjs projeet, the same number of hand boring plants -

' \'n'll be canceled. Thus about 22 persons (25x9= 22 5) and 16 persons (566 550 =16) .

' that can be n,!ocqted at present will be incorporated mto thu new S)slem In that case, as

shown i in Table 2-12 and Figure 2-7, because the noccssa_r} number of crew fora shlglc-siﬁ_ is
4.5, 2 personnel additions are rd:;uircd. On the other hand, for a 2-shift, 20 personne!
additions are roquired.  Thus, in ihe actual opcraiiof_n of the newly procured rdtary drilling rigs,
ﬂaa Well Drlling Section at DAE must relocate the experienced workers and assign the
expericnced \\Drkers. of drilling rigs as the drillers or the drilter helpers of main part of tubewell |
drilling work for the better uﬁ!ization of hurnan reso.uroes'in the Well Drillinngeciion. Then

by _assigi'ﬁng the newly cmp!c_}yod 29 \}'ofkcrs separately as the dh'!I_er 4he[pcrs, it will be

~ possible to start tubewell drilling work at site while the new workers receive instructions from

_ thc:ewperienccd ohé‘ As for uﬁining of hew pemonnel a techinical training center is

: planncd to be estahhsht,d in Talag'mg, Chakwal Bistrict, with the purposc of i 1mprmmg the

3

tc»hmcal level and the efficicncy of work process managcmenl
Subsidy Systcm

@ 'Ihe subsidies {0 lubcu.clf driliers dlﬂer accordmg 10 \'.dl diameter from 30% lo 7% as

- hsied in Tablc 2- 13 ‘In 111_13 syslun, cash does ;101 actually Now to the farmers, but

: instead the cost for tubewelt ddilirig to be paid by the farmers is sct al prices W00 %

_ below the markel vaIue Onthe gox’cmnment sidc, this cosl is apprdpri_alcd asa subsidy
and not pald in cash. ' '




Fable 2-12  Determining Table for Dritling Crew

Procurement Siagle-Shifl System Two-Shifl System
Quantily of Rips : . _
Required Number | Personnel Batance | Required Number | Personne! Balance
1 - _JAsE M 13 n
2 50! 2 150 6
SR R 135 L 225 g
a4 Loasgl 8 30.0| -4
_____ .5 225] 6 1S 9
6 270 .4 45.0 14|
7 31.5 2 - 525 -19
8 6.0 0 - 600 24
9 . 40.5 -2 61.5 -29
1w . a0 4 75.6| . 34
N 495| 6 825 39|
12 s40] 8 90| -4
13 _585] 10} 915 491
14 630 -12 105.0 -54)
30 - 135.0/ 44 225.0 134
20
10 : T
Personne! Surplus

-10

-20

Persons

-30

.1 —#— Single-Shift System

_Personncl Balance

1 —6—Two-Shif System |1

1 2

Personncl Balance:

i 4 s &

9'.

7 8

10

Noumbers of Procurement of Power Rio!ary [‘)ril‘ling' Rigs

11z 13

~ Fig. 2-7 Drilling Crew Balaace

14

Personnel Deﬁcll '_

=22




Table 2-13 . Tubewell Drilling Cost and Subsrdy Ratc (July 29, 1989)

Well Dia. Power Drilling Rig (1989) Hand Boring Plant{1985) Power Winch :
inch Unit Unit  |Subsidized] Unit Unit  |Subsidized| Unit Unit - | Subsidized
Drilling | Subsidy Rate Drilling | Sebsidy Rate Dyilling | Subsidy Rate
Cost{Rs) | _(Rs) (%) 1Cost(Rs) | {(Rs) (%) | Cost(Rsy | {Rs) (%)
4 . :
5
6 :
1 - : 17 5 e |
8 104 36 s |18 8 | 6 | 2 13 50
10 N e 1 |} s ' ' .
12 B .36 21 . 46
14 157 | 55 85 | 45 24 48
15 . ' 53 - 27 49
16 (188 9 50 53 27 49
17 o : ﬁ 56 30 46
18 ' .
19 313 188 40
- 20 .
2 32 . 207 30
22 ' :
S 23
24

@ There is also a 3ubsidy sysieni for motorized pumps, where the goods are supplied and
the costs are appropriated as subsidy.

Applicable Arca Subsidy per Tubeweli _ Allolied Ratio

Barani Area - Rs. 20,000 20.5%
 Riverain Area Rs. 18,000 280%
Canal 'm;igated . Rs16000 58.5%

‘ @ Prcscmly ’%28000 lmgauon tubewells exist m Punjab vamc:,, and the conslmchon of
: 220,000 more ubewells i is niecded hereafter.  The DAE is pl mmng to suhsu:lm 60,000
irigation tubewells in 30 yoars.

2o

Cutltivated arca of Punjab Province : 60,000 wells (30 years)

b. Cultivated arca of Barax_liéreas_' : 6,660 wells (30 years)
Drilling rigs in Barani areas . Sno 222 wells per year '

X

- 222 wells/year + 8 wells/rig = 28 rigs / year
28'11'35 10 existi'ng fgs = lS nigs

: ffa 2-shifl system is introduced, 9 rigs

ad. ln relation to the subsidy system at least 9 ngs are nec‘,ssaly inthe Banm area ror

' dnilling inigation tubewells.

2.23 .



4) Savings and Economics Conditions of Farmers -

23

231

As economic foundation of famicrs, lhe incomes according (0 farm atea (5 to 20 acres) were
considered. If the dnsposable income per fam household is saved for 4 to 8 yers, and a
group 1s formed to meel the n,qutrement of “mom than 25 acres, less’ than 65 acres”
necess'xry for application of lubewell construction; - From the statistical pomt of view, if the :
fanncr:. orgamm a group by ascummg the unit area of irrigation as 65 acies, the j joint irvi gmon
tubc“clls can be constructed by saving 4108 )eafs worth of excess moomc Ho“ever in the
actual sﬂuatlon the fanuers groups are of smail scale. 'lhus the fanncr:, in Baram areas are
constructing thc nmgatlon tubcwells based on lhc savings of 10 to 15 yea cars woith of excess

incomg,

| Basic Deéign

Desiga Concept

In this project, tubewell diilling equipment necessary for groundwater irrigation in the Barani

areas will be procured.  The design policies will be considered from the viewpoints of imigation

planning, tubewell drilling plan and related natural and social environment.

1} Policy on Natural Conditions -

The pioject arcas can be divided into ’3 w:m acoordmg to the intgation sxluqtmn (l) B'uam
areas, (2) riverain areas and (3} canal inigated arcas. Topograplucally, the canal ll]‘lg’il&j
and riverain arcas arc plains or attands of 100 m to 200 m elevation, and geologically, these
areas have thick Allavial and Diluvial sediments (over 200 m) wilth abundant groundwater.
On the other hand, the Barani areas spread from Ihe Potwar 'platééu in the aotthesn pat at-
clevations between 300 m and 500 m to the Rajanpur area in the southermn pan at clevauons: -

between 150 m and 300 mi.  The geology of e Barani amas consist of 10 mio 30m
'Alluwal and Diluvial scdiments and Phoc‘,ne 10 Mnocenc ‘sedimendary rock formations

below.  Groundwater in the Ba:am areas can be found in the hard rock fomnahons in the |
fower layers at depihs below 100 m, where good quality oonhned groundwater cxists.
‘Therefore, groundwaler da,vele}pmenl in the Barani arcas reqmres power tolary drilling
equipment..  On the other hand, groundwater duclopmcni should be carefully surveyed
before drilling where thick clay sediments exist in Potwar plateai,r and saline water exists in -



2

Rajzmpﬁr plains in ihc_ sonthern pat.

_ Furthermore, in the project areas, effective precipilation rate needed for agriculture is low.

In the southern, deseit area, the rainfall is 100-200 mm / year, and even in the northern,
Potwar plateau area, it is 200-800 mm / year. Therefore, ef Tective use of waler resources is

necessary and groundwater development is impatant not only for inigation by also for

dﬁnking as well. - Consequently, the spcc;ﬁcauons and qu'muues of dn!lmg eqmpmcnl will

“bein a(‘o:)rdance wnh these reqmrt,mcnls for devdopmenl

Policy on Social Conditions

The miain mduslna] foundatxon of Paklsian is agncul[ure Since mcrease in agnculluml :
producuon is linked to rise in income of farmers, agncullun, is given high pnonly in the
pational de\dopmenl plan. . To realize this pohcy, DGA is promonng procurement and
rental of bulldozers tubewell drilting ngs and tractors for mechmizauon and efticiency

uporadmg of agnwlture l‘mthermon, since groundwater developmenl in the Basani areas

s directly related to mcrease in agncultural production, the government of Punjab Province

- established a subsidy system in 1972 to promotc construction of :mganon tubewells which

are caried out through the request and 0051 sharing of farmers.  This 'projccl is also an '

ex!e nsxon of this concept and the necessity and effectiveness were confirmed. Theiefore,

' lhe -appropriatencss’ and urgcncy of equ:pment for groundwater development will be

- considered and treated.  Because the tubcweli dnllmg is implemented from the request of

f armers and with the partial cost bom by the fanwers, it is mxtlt:lpatcd that thc benefits might be

gnatx,r tothe \\calth} farmers hamg larger cultivation arcas. . Thus it is necassary to instruct

- the relatively poor farmers having smaller cultwat:on arca to submit a joint apphcauon for

tubgwell drilling.

Policy on Eguipment for G'roundwaier Dc'velopmtnt

' Rmnfall is scarce m |hc pmjea Barani areas, anid groundwalcr is lmpmianl for not only
: 1mgalion but dnnkmg as well. However, good thly confincd groundw*xter is found in
- aquifers butow 100 m dcplhs and the layers are hard Tocks of Temaxy sandstone - and

limestone..  Therefore, selecuon of tubewell dnllmg ngs havmg appmpnatc capamy is

o slgmﬁcanl

Also, fiom experience in groundwater development in the Barani areas, the success cate Is 60 - '



10 80% which include areas of grcai diﬂit.ul;y. "Fﬁcr;'fore, effective use of geophiysical

4

equipment is necessary to raise the success rate.  On the other hand, since groundwater
development conducted by DAE is essentially development of inigation tubewells, well
logging and pumping tests to examine aquifer capacity are often times neglected.  Therefore,
survey eqmpmem will be kept at a minismum and importance will be p]aced on considering

' lhe numbcr of rotary diilling ngs the nnin equnpment for gmundwater dcvclopmenl
‘. Consideratioﬁ on Implemeatation Structure. |

-According to the explanation of tthe DAE, as for the personncl amangements after the new

chilling equipment are introduced, the presénily bpcmﬁng 218 experienced drilling teams

~will be given prioity, and promotion and staff rearangement will be made inside the

Dlmdom!e Moreover, new recivitment and Irmmng will be conducied o rcspond to lhe-

sitvation. '’ In addition, part of the training will be held in conjunctlon wnh the operation

gu:dance of the rotary dnl!mg eqmpmenl o be pmcurcd in this project.,  For an effective -
dnllmg Opuﬂlml‘i a two-shifl system needs {0 be considered to mcreasc the annual drilling
cap_acny. In the ummng, a suitable -training manual will be prcpared o standardm '
operaﬁo:i and maintenance of rotary drilling rigs.  Also, technical trammg on geophyscal |
prospecting and analysis in order (o impiove their success rates of groundwatcr development

~ willbe oonducted in ths projcct to enforce the: 1mplementat|0n stracture,

5)

6)

Policy on Operation and Maintenance

The present opcmnon ‘and maintenance s:luanon on tubewell drilling is very effective.
Upon procurement of new equipment, the [xcsent level will be maintained; the manual will
be prepared during the training period for technical improvement; and a training seclion will
be established to handle newly employed staft, =~ Maintenance and sparc pans storage are
presently carried out jointly by the well drilling section and the bulidozer section.  Since

“this arrangement is funcuomng eftectively, fulute coopesative retam)ns shou!d be funher_ '

slrengthened
Policy ¢n Schedule

In this pmject OpC{3U0l1 gundfmcs and lcchmcal hmmng on groundwaler de\e}t)pmcnt isto I_
be conducted after internal transportation and deh\ely of the equipment, Consequenl!y,:
sulllicient oonsademuon on lhc schr.,dulc with full cooperation of the excculing agency is
necessax) : _



()] Poncy on Environmental Consideration
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b

In relation to groundwaler development for imigation, wéter table lowering . due to over
pumping; land subsidence; salt water intrusion; and water comaminalion due to agrcultural.
wastewater, have impact on the eavitonment, but these are presemly very sarg.  However,
the. exectmng agency must be consnd{'mic of lhcse lmp’i(}ls inthe rulur:,

Basic Plan

Tot_al Plan

~ ‘This project aims to procure eqmpment necessary for groundwater de\elopment (o inigate

the Barani areas of Pun}ab Provmce The cqu1pment to be procured are hsled bclow as'

_ desr:nbcd m the b‘msnc concept of lhe project.

2

e e o oo

'I\chv.ell dulllng equlpmem
Dnllmg lools

Cormputer

Compressor

Pick-up truck

_Spam parts -

s'I'nc mam oqu:pmcnl arc rotary clnllmg 1gs required for mbcm,ll construction.  Also,
' opcrauon ou:dancc wnh manual pmparal:on and lechmcal mumng at the project s:lcs will bc
“implemented,

Equipment Plan

) G) ’I\wa.;li Dnllmg Equnpmcn{

“In thc revised rcqucsl (1996). the number of dnllmg rigs was increased from 010 ’%0 '
biat in cms:d;r of ana]ys;s results, opcrallon and mamtcnanc» capab:lmcs and priotity in
barani areas, 9dnllmg rigs are o be procured. o

* The diilling melhod in the request (1989) was rofary tab!c melhod but in the revised
request subnmted to the study team dusing the basic design study (1996), the top drive -

' method W‘\S proposed. From lhc vwwpomts of manocuwablhly, ecommlcs and



‘adaptabilily to the gcoiogy, and also since top drive was adopted in a similar project for

WAPDA in 1994, the top drive method is judged 1o be technically feasible (Refer to
Table 2-13).
changed to the plunger type pump which has minimal discharge variations and can be

In addition, the mud purp to be mounted on the rig was requested (o be

maintained more easﬂy Upon reimmng to Japan the study team made consrdumﬂons

' - on Japam,sc products and found that sales of plunger type pumps have increased in

Condilion

: po&ﬁbilily of changing to DTH hammer and
: ramblhly of hammer can be uced 1o the
. [maxiroum. :

* recent years.
Table2-14  Chasacleristic Com paison Table for Rotary Table Type
and Top Drive Type Drilling Rigs
Irem Top Drive Type o Rotary Table Type
Geological  |For mud drilling with ti-cone bxt no big For mud drilling with ori-conc bit, no big
difference. For hﬂld mck formduons, difference.  For hard rock formaliodis, can

change to DTH hammer, but cann_ol make best
use of the hammet’s capability.

Drilling MethodMud as well as air dritling with tri-cone bit.

When chahged to DTH hammer, can make
best use of its capability.  Can also be applicd
to reverse circulation.

|lo reverse circulation.

Mud as well as air drilling with iri-cone bit
When changed to DTH hammer, cannot make
best use of ifs capability.  Cannot be applied

Bit Rotation

Since a hydraulic motor is used, no restricdon

Since - power “is  tansmitted lhrough al
Speed on rotation speed. Applicable for DTH|transmission gear, rotation speed is restricted
hegnamer 1o bri-cong bit. . by gear.  Only applicable (9 tri-cone bit. '
Drilling Depth |Not appropriate for deep drillings.  Economic] Appropriate for decp dnlltngs L,000 m (ms
' depth are at maximum 600 (o §00 m. depths are po&snblc :
BitLoad |If insufficient bit load (at shﬁlloiv drilling{ At shallow depths, dnll:ng mmlbc continuéd}-
o depths) load can be applhicd with putl down w:lh insufficient load, and v.mghls hea\ner :
apparatus. S lhzm drill collar and dnl]mg pipe cannot.be|
loaded on. .
Workability f }Since power is Uansmitied hydraulically, loss|Since mechanical ransmission is vsed, loss is
Operation  [is minimal for casy operation.  Spare parts forjgreal which  makes operation  complex.
Pedformance '

hydraulic components need o be sufticieolly

However, repair parts can be procured locally.

securcd.

’Ehc rotmy dnllmg 1i g to be newly procumj must be a mud dnlimg cquipment capablc of
dn]hng a final tuluveli diameter of & 17-1/2 mch down 10 200 m in depth and of the
same drilling method as comn'only used by DAE. Todilta ¢ 17-172 inch diameter

- tubewell, DAE uses a lwo—step method where firsta ¢ 10-5/8 Inch pilot hote is duilled

to conﬁrm the mstcncc of gmundw*atcr then the hole is entarged 1o ¢ 17-1/2 inch.



“This is a method peculiar o Pakistan which is _suilable_lo.lhe dqp:_ability of presently
owned rotary dilling equipméent and local groundwater development technology.  If a
& 17-172 inch well is to be drilled in onc round, a class higher 300 m drilling rig would
~ be necded, which will increase the cost and incidental equipment.  Since local farmers
~ ‘and drilling technicians prefer the prescnt diilling mcthod and that DAE wans to secure
s much 1igs as possnblc, the prescnt 200 m class rigs will be selectcd Asa tesult of
~ the site survey, hard rock areas requiring DTH hammer were found to bc non -existent,
and so DTH hamniers and accessorlés wnll be etcluded from thls project.

- From lhe view of mamtcnance by mc executing agency, addmonal procummenl of .
packjng for mud pumps is requested because these are rapidly consumed and require
frequent exchange.  Also, mud pumips which are more casxly maintained are rpquested '
_'ﬂ]u dnllmg capacity of rigs depends on the capacity of the oqutpmenl itself as well as
the capacity of the mud pump. - [fthe mud pump flow rate decreases due (0 abrasion of
the packing, slime cannot be effemwly discharged and drilling speed dereases causing
jammmg of drilling tools. mclefore in I.hlS project, the plunger type mud pump will be

“adopted duc o its smlphmly in maintenance and small variation in discharge rate.

: @ Drilling Tools

: .As for dritling ools, since dnllmg collars and stabilizers for previously procured
cquipment * are av'ulable and can be commonly uscd, the number of these tools witl be
miinimized for llus project, ang consideration will be made to exchangeability of joints

_ and connectoxs CThe qu'mmy of tri-con¢ bits for nud diilling will be in accordance

- withthe requm ments of the geologic conditions of the pl OjC(l siles.

@ Computer
Al 'the present time, thc DAE at Lahore is the only office with computers.  However,
_ the compulers are old (CPU of 386 and 286), and since the capacmes of hard disks are
small ancl is mulu'ﬂly shmd with oﬂm oftices, they are used mostly for administrative
o documcm preparation w1|h little al!owance for orgamzahon and analysis of tubcv, el data,
In this prul:camenl ong oompuler at Lahote hcadquancrs. to prepare technical repoits,
organize iwbewell dala and analyze gc,ophysm) survey resulls i is nceded.  The computer
having CPU of Peatium 166 Mhz, 32MB memory, HD: 1. 2GB with built-in CD-ROM
drive along with a 17-inch dlsplay and laser pnnlcr(capablc of lnndlmg A3 size) s
. selected.



@ Compressor . | . o
This is to be used for tubewell completions and simple pumping tests.  In the Project
for lncrease of Food Production (1988), 10 compressors were procured, - The rate of ‘l
sel of compressor and accessories to 2-3 rota:y diilling rigs is Judged to be feasible for
areas using more than onc rig. ~ With consndcranon on disisibution of the e)uslmg
compressors, the minimum ruqu:red 3 oompressoxs will be procured and the capamy
will be not less than 7.2 m !mm 2 bar As accessories, riser pipes of 4 inch drameler
and i pipes of 1 inch will lso be included. : o

® Pick-up Truck ; : : _ _
: For management and nmin'tenanée by:thc tubewell drilling team and effective operation
. of geophysical surveys, 2 pick-up trucks will be procured The spec:ﬁcahons of smgle
. cabin, 3 seating, 4-wheel drive is selected. '

' ® Spare Pans _ : :
Spare pars ar¢ rcquucd for tubewell drilling eqmpment comprusors, and pick- up
trucks . - The quanhms will be calculated by attrition rale based on hourly wear. - As
for spare parts for rigs procu;ed through the ijea for Increase of Food Production
(1988}, the minimum quantity mqﬁired for ufgcnt fepairs and’ maintenance will be
-considered. By our site survey, packing for mud circulation system plSlOﬂS for mud .
'pump, power- -transmission gear cham bearings are nezded lo be procured

O Other Equipments

A. Geophysical Equnpmcnt
The previously procured resistivily meters (thc Project for [ncruasc of Food Ploducuon
1988) are presently distiibuled: onc in Faisalabad and 'moﬂ__acr in Multan. - The
frequency of use has increased since the oberalion guidance held in 1992, ranging from
12 10 22 'siles per year, for a total of 74 sites in 5 years (Refer to Table 2-14).  With
geophyscal 'prospccling, the aquifer depth can be predicted to dctenniﬁ_e the drilling
depth; and an average of 4 pqinis per site is sun:'cycd so that these can be compared to

* select the point having the highest :pbssibilily of groundwater. I‘hcrefore geophysical
prospecting can increase the success rate. of groundwalcr du elc»pmenl Moreove:,'
analys:s of Rcmsumy data can also reveal arcas of saline water.  When oonsidc:ing the

: chamctensurs and geologic con_dsuons of (he Barani areas, in the Faisatabad region, -

- stace the aquifers are located in deep layers and the area is widely spread, surveys cannot

 be sufficiently camied out with the present one unit, Thercfore, procurement of another



resistivity meter can refinforoe the survey activities. However, _morc'impo_nam than the
number of survey cquipment is assurance of necessary sun'cy pcr'sonnel‘ In DAE,
about 10 engincorsftechnicians can operate  geophysical cquipment, but cannot
satisfactorily conduct basic analyscs of hydrogeologic data, and therefore, (he skﬂl level -
-of present technicians must be raised and new engincers technicians must be recruited.
“That § is, engummfleclm:cnans with knowlcdge of geology, h)drogcology or geophysics
‘must be newly cmployed to remfor(‘c the survey slaff and foster pclsonnei who can
'orgamzc and anaiyw existing - data and * make comprehensive  judgment . on '
hydrogeotogycal dala and geophysical survey 'resﬁus. :'lbe'cxocutingjagency ‘has
requested technical training on groundwater survey and analysis.  Therefore, in this
project, impottance will be placed on technical tréining on Qpcralioﬁ, analysis and '
interpretation of results obfained from the existing 2 units of resistivily meters for more
etchti.w' use of these equipments. .. However, 2 new units of power boosters will be
procnred 10 remfon,e thelr goophl sical survey as shown i in Table 2-16.

Table 2-15 Rccord of Gwphys;ca] Surveys (1991 1996)

19012 | 19923 | 199304 [ 190495 | 1995w [ Tl
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a.l <& N ) - — -
e :o;g {3 Jhelum - T I S 4 4
g E % AChokwal |~ - C S 3 5 42
- ; —T
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g . 1
% 6Mianwali | - 3 R 3
G 7Bhakkar | ¢ -l - . - o
= : - _ ‘ :
; : 8 Sargodha - 1 - 1 - 2
g 9 Faisalabad | - -l 3 2 6
g' CgliRejuper | 2 | - 2 ' 2
e L E ———— ‘ ; — :
i g ZlepGKkhan| - -l - N 3 »
_g ‘% 2 {3Layyah P - . . 3} 0
Al Mutan I SRR ST B A 27
Tod | 2 | 2 2| 2 8 | 0 M



Plan of Geophysical Surveys (1996-2001)

Table 2-16
199697 | 199798 | 1998m9 | 199900 | 2000/ - Tota)
= .
e g |re 3 6 6 6 6 -
g g% 2Ravalpindi| 5| 10 10 10 O
g | $%5 Posctum 2|5 5 s | s »
E : Eg 4 Chalowat 8 | 12 _12: 2 12 54 233
'5 N s Khushab 5 10 | .10 - | 10 45
“S | 6 Mianwali | 2 a 3 5 S 18
g 7 Bhaker 2 5 5 s 5. 22
-,§ _ E%gg 1 Rajanpur 3. 15 50|15 15 68 127
5257 DG Kban | - 5 12 12 s | s | s
Total 38 8 78 83 83 ' 160

B, Waler Quality AnalySis Bquiﬁméhl '

~ quatity and soil analysis laboratorics arc located in each District.

Presently under the jurisdiction of the Punjab Province Agricultural Departmoent, water -

to determine the 'approprialehess of groundwéler quality can 'bc_r'equested by lamers at a.
low price of Rs. 5 per sample.  Therefore, pmcuremem of new water quality analysis ‘

equipment is not necessary.

2} Consideration on Origin of Procurcment

A)

B)

Tubewell Drifling Equipment

“The 10 nigs procured through the ijcct for Increasé of Food Productmn (1988) were of '
Japancse make.  Since the operational situation as well as managemen, opcmlnon and
maintcnance by the excculing agency of these rigs are 'prcscming best ‘oond‘ilioi}s,

procurement fvom Japan is desired.
from Japan is very appropiiate.

Pick-up Tiuck

It is judged that procurement of drilling equipment .

. Water quality analysis

A number of asscmbly plmis for Jap’mcsc vduclcs are’ avm]ab!e in Pakistan.

Consuknng the request of the executing agency as well as smre patts procerement and
local repair pos.sm:lmes tmcks of manufacturers lnvmg Iocal assembly p!'mls and those
v.luch canbe procured locally will be examined.




C) Other Equi pmenl

For othcr cqmpmenl procurement from Japan or other countries will bc consuiernd

3). Technical Training

Japanesx: engineers will be d!Sp’ltChad for trumng on assemb!y and operation of eyl ipment

S bc procured by this project and for technical training related to groundwaler dcxclopmcnt g

- survey.  The lap’lnesc cnglncm aﬂer anival of the eqmpmcnl will conduct the follomng

- duties along with Pakistani ooumerpaﬂs during a fixed period of stay

a. Technical lram* ng on asscmbly, test run and operation of uell drilling cqmpmcnt

. Technical training related to operation md_mmnienance

b.
C. Pr’ep:iration of a manual on the above technical training
d

. “Technical training on gmundwalcr development survey and analysis

4) Speciﬁcalions and Quantitics

A} Tubcwell Dullmg qupment and:  Rotary, top head drive lype

‘ Accessones

B) Rcsistiﬁly Meler -

' C) Waler leuy Anahsrs
Eqmpment

5 D) Computer
E) Conipressor
1) Pickup Truck
G) Sparc Parts

Drifling capacity ¢ 17-1/2 inch, 200 m:

O units

“This is excluded from the project, however technical
B -trammg is to be caied oul for cﬂlmem usage, and 2 sus
of power booster:,

Smoe watur quahly and soil 'mql)nc labm*atcnes are
avallable al the pro;wl arcas, ih:s is excluded from the

: project. _
1 unit ( At Lahore)

3 unils

2 units
1 lot for rigs of KR 1l pchct and for this prOjt,Ll



Table2-17  Listof E;quipl‘nent to be Procured

No. |Equipment Main Items Q'nty |Specifications
1 |Tubewell  Duilling{1) Drilling Rig |9 units | Type: Top drive ype for mud dnllmg
Equipment Capacity: Minimum 4-2/170.4. dill pipe
Dnllmg depth200m
2) Truck : Power Source: Truck cngme PTO
o Mounted with rig
4 cycle _
waler-cooled cngme
_ GVW: 16,000 kgf
4 x 4 drive
: |Max. Power: 215 HP (mm)
3) Mud Circulation Pump [Supply on ’l‘mck
P]unger lype
. Not less than 700 llb’mm x 20 kgffcm
2. |Drilting Tools  |1) Drill Pipe 1ot |4-1/2" O.D. fiush, 3-1/2 IF std. Box/pin
- |6 nv/pipe x 34 pipes (per tick)
2) Hole Opeaer 17-1/2" x 10-5/8” (sofl rock-hard rock)
3 Hole Opener 14-1/2" x vO-5/8” (soft rock-hard rock)
4) Tri-cone Bit 14-3/4” (soft rock-hard rock)
5) Tri-cone Bit 12-1/4" (soft rock-hard rock)
6) Tri-cone Bit 10-5/8" (soft rock-hard rock)
- |7) Thi-cone Bit 9-5/8” (soft rock-hard rock)
_ 8) Fishing Tools Overshot, tap, hydraulic jack 30 t
3. [Computer ' 1 unit |CPU: 166 MHz, Memory: 32MB, HD: 1.2GB
4. |Compressor 3 units | 7.2 m/min., 12 bar
5. [Pick-up Truck 2 units | Water-cooled diesel engine
4 x 4 diive, single cabin '.
0. (Spare Parts 1) For this Project 1lot  |Minimum required paﬂs.'
2)For KR-11 Project !l 1ot - '
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