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Program of Ground Water Resources
Investigations for the Helmand-Arghandab

Valley Authority, Afghanistan

Introductj.on

Data available on the few wells which have been drilled in

the regior. covered by Helrnand-Ar;Jhandab VaLley l-\uthority (HAVJ:,\

in southwestern Afghanistan indicate that, at least locally,

wells of lov/ to

possibilities exist for weJJ.s or large yield g In at least one

area, water is confined under sufficient 8ressure to flow at

land surface o Because at some olsces

ap~roach or even exceed the available \Va ter,

thOl1ght is being gIven to increasing water availability by SUD-

a~d sp]~ings is inadequate e\!e~ for

by • 0- ....., •

conven~lona~ aralns.

l!later or

the qrcuTIci-water situation at one Darticular no,' I-,Tt--' ~ l ......

large purnpage or

r+, L water is oroiected to t3ke an essential

time dimension must be considered. Recharge and discharge must

be E:stirnated

Y'l'se nY> fa 1 1...... '-../L -'- ..... -L..



time. Deep exploratory drilling, accompanied by test ~jmping,

is rleededto make such predict::-ions and to CJuide later studies

and de\'e10pmento

The effects of vJithdrawa1s of water or of application of

water may be estimated crudely but cannot be predicted quantita-

tively, unless s1~udies are made of the ground water and its

environment o Likevvise, predictions cannot be evaluated or modi-

fied in the absence of da t;J. from a proper prograrn of moni torino 0

Whether or not much water is withdrawn, a study is needed

to determine J.=he areal distribution of s,-dj.ne around water in the
_J

region. It is quite p~ssible that areas between rivers, for

example between the Arghandab and Tarnak, may be similar tc the

doabs of the ?unjab, where brackish to salty \jround '.'later is

encountered at depth e In the Punjab careful studies and astute

manage!nent 0f gTCJund-Vlater extraction have p2rmi tted both ex-

tension of irrigation in the doabs and reclamation of non-

productive lands. Such possibilities need to he assessed in the

HAVA region o

'111is rep~rt contains recoml1endat::ions for develooina within. -"

HAVA a capability to study and LO monitor around-water resourC2S
--'

of the HAVA region. It lS based on field reconnaissance obser-

vations by a 3-man team of ground-water specialists ~rom the

u.s. Geological Survey (USGS) who worked in ~he HAVA region

D b 971 11 ~~l d 'J -bevlJeen Hay and ecem.er 1<' • '1'1e team ..i.nC-,-U eo • R. vones,

Eo A. Sammel and N. E. ,~ r,- ,
1'\1, C" ! yfP,C,nd S~ __~\._.. ~_ • -_1 _ •



US AID w2ll-drilling advisor assiqne,1 to 't/ork I;vith the USG3u-:arn

also providerJ u:hrlical expertise for I·lAVA drillinq operations

juring this period. 'IJ1e prograrn herein S'J9gested is loqical1y

within the scope of the Fourth Five-Year Plan. The studies

recommended here are for demonstration of and training in p~o-

ced ure s and technique s of 9ro:Jnd -W.3 tel' in'Vt= s tiga t ion but a t the

same time would yield information req0ired for rational utili-

zation of the water resources af the regiono

It is recommended that the organization within HAVA to ~ake

stlldies b(~ a group vJithin the Project Dev'~~loprnent Pla:....ning

Divisi.on. III this report it: will be referred to as the Cro:J1Y1

Water Section. Unofficially, such a group now (1971) PX1stS

on a small scale t:o utilize

1
. ,

present y 1n tne

the services

HAVA reg1on.

of the USGS

This gro:jp

cp'ound-
J

ipated in reconnaissance studies on 3 ~odes~ scale. hp?endix A

contains recommendations fOl'
., • t' ...an lnterlm program ~O De carr1ed

forward pending the start of the proposed Fi~e-Year pro0ram.



General Purpose of Project

Th(~ purposes of the proposed project are to dcveJop in the

Ground VJater Section an oftlce and fiel() capability for rnakinq

investiqations of lJrcund-water resources within the geofJraphic

region provenant to the HAVA; for monitoring the ground-\'Ja'ter

resources; for providing information necessary to ;Jlan develop~

ment of ground water, for design of ground-water facilities, and

for guidance in qrocncl-Itlater utilization. Additiona,1-1y, capa-

bility to drill tE)st hole s and record data therefrom is to be

developed.

These aims should be accomplished through advisino: ano

training Afghcn personnel at all levels of the Ground Water

Section. Training should be through day-to-clay contac1~ on-the-job

ins true-tion field technique s; appro priate in-house classroom

instruction In office processing of data and preparation of

reports; and academic and practical training abroad~

In the process of developing these capabilit-ies, data will

be collected to a3sist in short-term and long-range planning and

In operation 0f ongoing irrigation schemes.
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Functions of Ground Water Section

The duties of the Ground \/Jator Section should include the

following:

-
.L. Plan area] ., t., ... • ,.ana specla~ grouna-water InVeS~]gatlons•

2. Make areal studies
and other areas under HAVA.

3. Make special hydroloJic studies 8£ grourdwater
development Jchemes.

4 Ad'-lse rlJ'.L' r'u'ln('ClY'D'Cl'li• v ~. _,. '- _, _'-- ~ .'-._ '-. ,

on ground-water resources.
.includ ing- Jr J.va-::e i".,rji'll'dua1 S·,..L.. ,. "'-"'. . ~ ,

S. Collect and compile pertinent hydrologic data on
exis+'inq welle, karezes, d-n,d snrings nv +-l'",'jd -iP\'~nror-jeC' li[,r-'ry'- ~ v _ i t-' -_,. ~ ~.' l e ._.~. .L. , •._. ~ J.. _ .:>, . . a . .

studies, and correspc,dence.

6. Map surface geology and drill or contract for
explor3tory wells, piezorneters, and observation \\Jel1s It/here
advisable to supslement existing data on lithology, water-bearing
properties, and water quality.

r
I •

test l!le=.ls to
Perform pumping t8Sts on pxisting walls and on
determine vlater-bearirg character of the aquifers.

8. ,. '. ~'l ' h . 1 - 't- rhOLll:or \'va LeI' .Le\le~S ana c. emlCal. qualJ. '- y or wa ter
with snecic::l emphasis on cause-anci-effect relations in pro~ect

arsas, but also observe conditions in areas \'Jhere natural con
ditions apply)

9. Observe well hydraulics ~o determine optimum well
designs for various areas.

10. Design wells and well fields and suggest appropriate
Dumoina schedUles.l. L _

ll~ Prese~t finding in appr~priate rep~rts.

12 0 t1aintain liaison vIi th other agencies as zo?propriate.
Specifically full mutual exchange of technical data must be
effected \!Jithboth the HAVA Ground V-la tor S'-:ct:ion and the Hydeo logy
Division of the ~vater and Soil Surveys Autrl'Jri ty, ivli!listry of
Agriculture 0
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1. Assembly of available hydrologic anJ geol 1

maps, 21.1" photos, and reports; procurement and construction
nec8:3sary equipment and suppl-" es; provision of neC(;S:3ar~'
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of prclject pla~s, J.S lrs
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So Measurements and interviews in the
copying of records, library studieso
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, instruments; compilation of pumpage; sampling of water; estab
lishment of network of observation statjons.

9 0 Office and field sludies·g

10. Office studies, ~bse~vation of results.



11. Pl'elirninaI'y reports, basic data reports, maps,
graphs, final reports, letters and memoranda regardinq ground
\Vater.

1 ') FlOe· ltd ('onf·e"rr.:>y'ce c r,r·f-iee·"'-e ......_ ..... i-. -...... __ 0, \,..;..11. ~.l.~......, ...

attendance at technical meetingso
conrerences,
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In order to es t2blish procedut1es and deveLop lCH:';i 1 1 r

and office demonstrations and

pr-oposed under this 5-year pro~ject should:

studies
Orr) ",,,<11 '1"e s\._ \. "-_............. " •..,1. ...,.;. .,

r(~SOUrCes0

for ~

i<. ,.-, '.l' .,.- u'i~j .L v.!.: i -

Establish procedures and patterns rnn!lJ'()r'

Linder natural conditions and under ;je .'(~i 'fypr:n'"

sa rnplin] , arid

/1

't "
,- 1 1 '1' ri 1,:'\liJ -OD ""'a~ pa -'l ., +L'y ror_..... _.,; ",. .... -~ r ~. ~ ..... ...1-'-.

an~ s~jper\!isil1g test driJ_ling and p~mping test contracts.

So Establish office oI'oceduI'es for processi
1119, filin9, Eine disseminating data and reports"

b. Develop capability tc plan and make area
S l1f'('l;;:'.1.i. ~·h1<C1"-jiJt::. 31"(-'1, m"'l; t""'vr'l'l,q n)-'O'JY\a~m'lC:: :::r-'d a~J' 1 (~+-hpT' ~.,_·1..'-"r.-, -:-'<' <.~·l,<',S~...-_........". l.. __ ;...... .~~"'- -"-'-"'....., ",,-1,,-- ."-..../ ... __ ...._ t""-.l.. J.L . ,,I ",,--'t 1 ... _--4~ -_~. '-~.l.............. ~ a ........

and c}pel~c~_·ti(Jl1S cles2ribec1 in -:rie sect:iorls i]DO\/8 2.S ! ·~--c

fc)r tlle (~l~()lJltd \/Ja ter Section.

7
, "' Pr-'eI)aI'e preliminary, ~•• f'''''- o~·~--. ..--,

J.2;l

sneClrlC 3tuoles.
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'Jf CALENDAR YEAR FROM JANUARY I THROUGH DECEMBER 31.

Figure 3. --'I1ime Schedule of Act,ivities



three of the tE~st holes shou.ld be re·tainecl p'2rmanently as

obser'.lation wells - one in or, less desirably, adjacent to the

presently irrigated area; one In the area to be irrigated as a

result of the expansion project; and one 0n the desert bench

above the area to be irrigated. All these wells, and others

if available, should be measured ~eekly for about a year, follow

ing which period records should be scrutinized with a vievJ to

reducing the frequency of measurements and possibly deleting some

of the I/'Jells from the program. It is desirable that continuous

water-level recorders be operated in each observation well for

at least a month in order to learn the patterns of and reasons

for fluctuations o During Jperation of the recorders, a recording

barograph should also operate as nearly as is feasible o

Adjacent to each observation well, which should be providing

data on deep aquifers, a shallow well or ~iezometer which taps

the shallow water table should also be observed o

Measurements of specific conductance of both deep and

shallow groundwater must be part of the monitoring programo

Wells in frequent use should be selected for the purpose. Water

in the drains should be checked also, although if this is being

. done by others, the data should be obtained from them in order

nat to duplicate effort o Findings on both quality and level of

well water should be supplied on a current basis to thoserespon

sible for drainage and as requested to others, such as O&M and

Extension Service.
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Establishment of the complete netwDrk (nus t be precedC'd

and in part will accompany inventory of all It/ells, karezes, and

springs in the Shamalan area. VJells selected as part of the

interim program and test wells should,of course,be monitored

prior to commencement of the specific Shamalan study.. I i·- is

especially important to have an accurate leveling program to

establish altitude of water surfaces.

Pumping tests should be made on as Inany wells as possible ..

As many as 250 drilled well~) are planned for the constructior:

project which should offer plenty Gf opp-:Jrtuni'ty for testiny.

Although basic data reports and interim reports may have

been released pI'ior to or during the study, an interpretive

report should summarize the findings 0 The report should present

o plnlons as to the su i tabiliTy of the ground VJa ter and the

aquifers for supplementing surface water for irrigation, if

required in the future, and should include evaluation of the

water for domestic use o This report should cover the studies

which would be made during the first year of the 5-yectr project.

Near the end of the generalS-year ground-water project,

performance tests should be repeated on as many ~ells as Dossible

in order to determine whether specific capacity or yield has

changed, and if so attempt to ascertain the reasons, such as

corrosion, encrustation, failure of gcavel pack, decline ].n

pump efficiency, dewatering, higher water level, or in-

complete development of the \lJell.. Comparisons with data from

14



and chr:rnical G""l' h y·"JCJ,) ... L .-

of VJater. file information C'o11ect~ec! ~)ho1l1d

Arqhancla 13 J~ rea

chanCjes.

Second priority should be givenf-he Arghando b area 0 The

area envisioned cOl1prises the Hart!! Ar']handa h, Central Arghandab,

and Tarnak projects 8f the HA\n\ (figo 1)0 l\lrea:Jy at se';eral

places mare land has been preparej for irrigation thah can be

suppljed fnJ I"] l-\rghanc1ab Reservoir durinq n:)T'rn31 year~ by the

other

During 1971 attemots have been

ITl3de to save crops by tapping sh31loV'J ground vlater, and rnodest

succ~ess has been achieved at S0Tte places 0 Because low aquifer

permeability and s31in2 water are encountered at place~ pre-

liminary inform3tion suggests that only locally Nould wells

tapping shallo~ ground water support irrigation except during

brief periods of emergency_ Exploration for possible deep

sources is essential. ,.., . r: -l-' d' . l' -'-h' '1t:ven J. .L l~ln lngs lnOJ.cate L at .Lltt e or

no ground ;:later is available for irrigation, studies are still

'required to determine the amount and distribution of saline vJater 0

This large area is essentially unexplored for ground vJater.

Geologically, it is almost certainly far more complex than would

appear from the surface. It is likely that buried faults and

ridges of the bedrock affect the oCCUt'ren2e 3nd movement of

ground VJdterand perhaps its quality as \,'J'2llo Nothing iskn8\\Tfl

15
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proposed study as part of the 5-year pro9ram would indir

successful large-scale pumpinq EoI'

water to sup;)lernent surface water, to drair. ,:lI'eas

rt~acl1l~~d by conventional drains, or both. It IjJ~)1Jld bf:~~ in the

nature of a pre-feasibility study.

It lS su]gested below that as part of the interi~ 0m

as three deep test holes should De drilled in

Arghandab area, t:irne and resources permitting, prlor to '::OT!ir:enC(~-

ment of the 5-year pragram o It is also strongly recom hat

deep vJells be tes, part of the interim proJram o Tn~

'vvi11 t c)r

departure for the Arghandab study.

The study "'/ould begin during first year ot thc; :,-'/'::;ar

cont::inu·2 into the third yearo

extend over tIle 5 years and adjitional test pumping \·/ouldbe

done d ur ing t:he fifth. The study should begin "'lith

of all vJells, karezes, and springs of the area, which activity

should include re-examination cf those points previously

inventoried 0 Special effort should be made to abtain pumpage

data, that is,the c:;mount of water discharged over an irrigation

season and/or a year. Establishment of altitudes of points

on the ground-vlater s\Jrface (5) is vital. Shut-in pressures of

dY',tesia,n wells should be measured.

16



In aJ} areas, bUl~ especi(l] Lydie l\r~Jhandab,

;H?W \vel.~,5 :;jl!Guld be. a continuinq activLty ("-/en after terrninali.,)n

of the :intens:~\.·e inventory" Of [JDrt:oicular interest Are ItJeLl.s in

areas vJhere no :i.rlforrnation :is available at eLL on deep drilled

wellso

d "r"'; rlf""< +-'11<:' ("'o"r c ;:> ,-.:: -, ~'r""o' "-d .- ,- t-· ru -J... .. ':j ,--.J. \..... '_~_. u ~),_~ '-J.L Cl ~j u.ll,,---, -V/C:i-- J:--:- ' t l' . • d:3 :UCIY OL'servCl Clons are rna e

at [nany .: ~:~ 1_~ C) 1; se I"\·-J c3. t~ i 0 rt Vie 11 S (JI"

of obser-

but rllost \;Jould be retained

l1ecessary aSlJect of ~mina'~l'oll o~ ~echarne~ •• _.. " " • '-.L - • ':1 rates"

If conditions sirnila:c to those in other regions of sout!': Asi:~

apply, loss of water from ~he distribution system will be found

to be the major source of rechargeD Accurate measurements of

flow in the disLr tion system must De made" Moisture profile

studies are recommended, as are detailed water-budget studies

in sl';a1J.. vH::ll-de fined area s" Rc::qui red for succe ssful studies

are Drecise data on timinq and quantity of di\jersions. The

hydrogeologists would need cooperation and assistance from

several sections of HAVA.

In the l-\rC=fhand-. b area where ground IlJa tel" is to be considered

for possible irrigation use, it is essential to determine the

capability of the aquifers to transrnit and store water and the

17



chernicalquality of the water 0 In order to fllC'Jke such dC;l'" l'n "J

tions deep tests are necessaryo

l,,\,Ihen the new dril.ling equ i pmAnt: arrives, j t 3houlci be t i sed :i)l

the Arghandab al"ea fOI' a year to drill deep test holes. If Jine

pipe can be obtained and rigs made available prior to arrival

of the new equipment, test drilling should besrLn as f300n (CiS

possibleo

In addition to the information Obtained from the deeD tests

by measuring water levels, logging lithology, and analyzino

water ,it j.s necessary to determine aquifer parameters by means

of pumpi1g tests. The data are required to predict potential

yields 0f wells and, probably more important, long-term response

of water levels and changes in quality of water under heavy

pumping o

Pumping tests should be made a part of the iriterim program,

and during the 5-year st~dy every effort should be made to test

as many wells as possible, all exploratory holes should be tested.

Additionally, at the end of the program, wells should again be

tested and yield and specific capacity compared ItJith those

originally measured; the reasons for any change should be soughto

The findings should be presented in a special report.

If prospects for large -scale ground-vJater development seem

favorable, recommendationssho1Jld be made for further studieso

Preparation of a general plan of study, including geologic

studies, deep test drilling , test pumping, and seismic studies

18



wouJ.d be within the purview of this pT'oject, but would I'equire

time additionalto that shown in theti.me schedule of activities.

Preparation of a detailed plan and specifications for the

necessary studies should be a separate activity, perhaps appro

priate to a private consultant. Certainly the detailed studies

vlould be beyond the present capabiJity of Afghan groundwater

personnel and should be made by a consulting firm experienced In

major ground-water investigations.

Zamin Dawar Area

VJork in the Zamin Dawar ar'ea (fig. 1) would consist chiefly

of study o~ hydrogeology of deep aquifers by meaps of test holes.

The chief hope for additional water supplies for irrigation is

from deep aquifers, although it would be possible to command part

of the area from Kajakai Reservoir at least part of the year

subsequent to raising the splilway.

In this area of presumably small recharge, pumplng even mod

erate quanti ties of \tJater will Imver wa-ter levels, thereby

reiucing or even stopping the flow from karezes. Initially, it

is suggested that no wells for irrigation be drilled closer than

2 kilometers from any kareze mother well until pumping tests are

made which permit prediction of drawdown effects.

In Zamin Dawar area the work by the USGS team during 1971 is

the point of departure for additional study. No information was
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gather~d Or' possible c1ee~) aquifeI's 0

discharge, and quaLity of water which is t:o be clone as part; cf

the int-:erim program should be carriE~d on from inception of tht~

5-year progra1n o As test drilling is done duriflg the third y(~ar,

the monitoring system should be expanded to include at least

one well tappi::lg aquifers beneath the upperrnost on('.;~

Following updating of Invent0ry, test drilling, le\/(~1 jnq ,

and concurrent monitoring durirg the third year of the program, a

fir8l report should be prepared 0 TIle only rpsidual activity

proposed is monitoring o

Nauzad Area

During the second year of the 5-year project work on the

Nauzad area should begino The I"vork should start with inventory

of karez2s, springs, and wells, accompanied by leveling and

monitoring, the last to be continued through the f j_fth year.

Test drilling is scheduled to begin late in the third year, be

interrupted during the winte:...-' months, and resume during the fourth

year" The work should pl-'oceed along the lines of the Zarnin LawaI'

study, but because little information will be available prior to

the study, considerably more time is planned for inventory than

at Zamin Dawar.
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Musa Qala Are.:]

Work in the Nusa Qala ar(;a (fig. 1) ~i.sschedu.led to begin

during the summer of the third year of the 5-year program.

Procedures are expected to be as for the Zamin Dawar and Nauzad

areas, with probably more ernphasis on spI'ing and stream flovi~ In

this connec".::ion, it is essential that the gaging station on Musa

Qala Rud be properly operated o

Inventory and 1e\21ing should start in the summer of the

third year and, following a winter recess, be completed during

the fourth year. Test drilling is planned for the four-t::h year.

Other Arf;as

Usually studies of ground water in small areas, which do not

include some regional reconnaissance, are inadequate to some

degreeo HAVA is potentially responsible for large areas outside

those described above 0 (See figures 1 and 2 0 ) In order to

provide information needed for planning and for understanding

the regional hydrogeologic framework, as many data as time and

opportunity permit sho~ld be collected from othe~ areas.

Scattered dug wells, karezes and springs should be lnven

toried, as should all drilled wellso Appropriate data should be

assembled on stream discharge and precipitation. Necessary

leveling should be doneo
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Periodic measurements of water level, discharge, and

specific conductance should be made at selected wells, karr;~zc:,s,

springs, and stream stations.

Test holes should he drilled in scattered areas to provid(~

information on deep aquifers and water qualityo It is suggested

that sorne of these test holes be drilled during the winter of

the third yeal" and the rest after tests in the Husa Qa13 area

are completed o
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G -L n' , , .:lenera. I\CtTVJ_1:lf~S

Special studies, not presently identified, almost certainly

will be made by the Ground v}a tel"' Section • Some vJillbe spot

studies of specific areas, rnos t small, and oth'C:l"'s may be of some

special hydrologic variable, for example, time lag between

precipitation or irrigation and recharge; bank storage; or

quality of water. No advance schedUling can now be made of such

activi ties.

Rep8rts, except those on majo",' activities, also will be

required at times and on subjects not now predictable... ~'Jhen

periodic reports are considered together with those on major

areas and special studies, report writing may be considered in

the nature of contiYluing activityo

Likewise, training and monitoring are to be considered as

continuing activities.
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thE~ t;cainill.g would be performed ')n the Job. Selected fmVT\

T'ra inin9

major tesk for

personnel s:1ould be closely associated on nearly fllll-"ti'HS ,3:;~L~

The hydroS}eologist esp(~cial1y

lose, trequen.t: contact VJith the Chief of the Project DE';

Planning Division, the head of the Ground vJater (~f;:cti()n,

geoloqists and engineers of the section. On-the·-~oL

should be the most productive instructional tool. 'TIle u.:~;. Sl':3Lf

instruct, and guide, but should se2 tha t- 'n')s t~

of the \V·:.:;rk is done by Afghans, under close supervision Q }J.cs

co~p2~ence gro~s, more of :he wcrk shoul~be perform2d by local

pe'('sonrH'~l0 Af. ~ropria.te classro:)m instruction should also

In adJition to on-the-job and other in-service training to

,...... _-..r -: .- ·e-n }-..'I 1'1C~De 'J1. \/ 1. L·» U Q C • pers:)nne1, it is recommended tha t cut-of ·-country

( ". t-) .. . b .
\ D3rtlclPanL tralnlnq ~o e glven

I.... ..... .-J
to qualified individua=.s. A

recommended schedule of participant training Witll estimated costs

is presented beloVl in the section on !tBudget. l! The participant

training should consist of on-the-job and academic training lTI

c U c:the o~ 0' for example in a USGS office engaged in ground-(tJater

investiga tions coupled I:Ji th test drilling. Planning, sampling;

sample examination, logging, wall testing, compilation, reoortina.. '- - ~,.;

24

Provision is made for 5 man-years of training. ··h· .,In t e tralnlTlg- Q

p1:'ograms<in table 10

a~1d relation of \"York to co:nprehensive studies should be inCluded



T .... r2lnJJ1g should be a conscious act~ivi.ty over the ent~ire

p;~riocl of the 5-yeo.r project o In adclitjon to training provided

by tile project, academic trairdng should be encouraqed and when-

eVer possible,assisted admini'3tratively and financi211y by HAVA.

Attendance and participation in technical meetings, where pJssible,

also should be encour'aged 0



Per~~onnel

It is recommended that one UQS. hydrogeoloqis t and one It/elJ-

drilling advisor be provided to quide traininq and study area

activitiesQ Their rnain task, however, is to be training.

The hydrogeolo~J=Lst It/ill be the party ch ief.

should have free access to all appropriate officials of HAVA

frorn t.1e president down, most of his association will be with

the r~ad of the Project Development Planning Division and the

head of the Ground Water Section. He will work wi th thern on all

aspects of (]T'ound-vJater studies, particularly planninG - i rep:::>rt-

ing., Early in the project he If/ill advise and assist in preparation

of specifications for cOllmodities Q He will be the U.S. official

responsible at appropriate level for all planning and administration

required for pr,,'per management of that part of the loan used for

ground-water studies and training Q He will, on the U.S. side,

be responsible also for training and ~ill participate lYl field

and office work. He will, however, be an advisor, not a line

officer of HAVA, working within established USAID guidelines Q

The well-drilling advisor will be responsible for training

of drillers and support personnel, and for timely prep3ration of

sp,ecifications and orders for rigs, auxiliary equipment, and

suppliesQ He will operate drilling rigs and perform related

tasks such as repalr work and welding only as required for pur-

poses of instruct.:ion or in case of emergency. ~']henever time

p.::;rrnits, the wel1-d~illing advisQr should assist Helmand-Arghandab
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Construction Unit (HACU) tn its dri.llin~J w.Jrk" H~:: would be

prim3.rily an advisor and is not to be consider(::d an employee of

HAVA o He rnust,however, exert every effort to accomplish the

. objectives of HAVA o

The Ground Water Section should provide a minimum of three

geologists and one engineer~or two in each categor~ in addition

to the Section Chief for work and training o Necessary additional

personnel required for surveying, drafti~g, typing, interpretation

and translation, driving, mechanical work, etc o , will be provided

by HAVA" At least one driller, three help t2rs, anj necessary

watchmen will be provided for each drilling rig to be operated o
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I-lAVA Support

In adclition to supplying personnel t:o be tra ined, HA'JJl,

should provide office space, equiprnent, furnishings and supplies;

maps and air photos; sJL,ores; stenQgraphic ,se~retarial, trans

lation and interpretin9, drafting, rnechanical, and transpc)rtation

services, including drivers if needed. In this last: l'esVc?ct, one

pickup truck of those to be purchased under the project should be

assigned to each U. S. technician.
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Budget

The fiscal estimates herein (table 1) are based on requtre

ments for supporting only the program described herein and do

not include local currency costs of HAVA. The estimated tot~al

for the 5-year project is $eB5,OOOo

Below are presented in tabular form cost estimates for

commodities (table 2) required to supp~rt a 2-man UoS. input.
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Table l.--Surnmary of Estimated Dollar Budget



Table2.--Schedule of Commodities

Item
1

Drilling Equipment and Suppl::'es
Drilling Rig, percussion truck

mounted (Speedstar 'T? or
equivalent), equipped for
drilling to 400 m, plus
drilling and fishing tools $ 50,000

Spares

2 3

$ 10,000

Year
4 5

$ 5Q,000

$ lQ,OOO

VJ
f-'

Electric generator, 2500 W,
115/230 V with 12 V Battery
Charger

Electric Welder

Cutting and Welding Torch

Air Compressor (LeRoi 50 SDS or
equal) with spare parts for
2,000 hrs. of operation

Centrifugal Pump (gasoline)

Deepwell Turbine Pump and Diesel
Engine

Pipe, 2-inch 2,700 ft @2
4-inch 1,470 ft @ 3

Line Pipe, 6-5/8-inch OD
4,000 f-c @$4/ft

Line Pipe, 8-5/8-inch OD
4,000ft @$5jft

750

1,800

250

7,000

350

9,000

(4,000)
(4,400)

(16,000)

(10,000)

350

(1,400)

(16,OuO)

(10,000)

750

1,800

250

,7,000

700

9,000



Table 2 (continued)

Ite~ Year
1

LinePip2, 10-3 /4-inch, OD
300ft @$6.50 ft~

--r----- 3 ---4------ 5 Total
----'-"-------,,_.__._'- ---_.._-------

(2,600) (2,600)

Pipe, subtotal

Well Screens,
1 l/2-inch x 5 ft,
50 ft @$3S/ft

4-inch x 10 ftcontinuous
slot wire wrap, 30 fot @150/

MechanicTs and Hand Tools

Drilling Equip'TIent and Supplies,
~ Subtotal

$ 37,000

1,750

3,000

_2 , 0Q.~

$112,900

$ 30,000

1,500

1,000

$ 42,850

$67,000

1,750

4,500

3,000

$155,750



Table 2 (continued)

Total

$ 2,100

5432
Year

--..",------=----
1

$ 2,100

Item'

Scientific Equipment and Supplies
Water-Level Recorder (Leupold fir

.stevens FM or equal), 1.5 V
Battery Driven Clock,6@$
$350jeach

Spares 400 250 650

Portable pH/Eh Meter (Analytical
Meas~rernents 707-MV or equal)
Battery Operated w/Carrying
Case and Spare Electrode,
2 @$250/each 500 500

LN
IN

Conductivity Meter (Solubridge RB
3 or equal) with IX and lOX
probes plus ? spare Batteries
and IX Probe, 2 @ 350jeach

Recording Rain Gage

Microbaragraph, Weekly

Microbaragraph, Monthly

Sr'::Y'es

700

400 400

::500 300

300 300

50 .50

Tapes and Reels
Deep well exploration reel
{USGS W28101) w/l,500 ft of
cable, ready to operate (900)

Deep \vell Current Meter, other
accessories, spares

Electric Tape, 92m 2@110

(300)

(220)

(6D)



Table 2 (continued)

Item--"..---------..,.------.,.._-- ----'--'-
Tapes and Reels

500 ft
Spares
Refill

300 ft, 2 a$lSO/each
Refill, 2 @$llO!each

100 ft 9 3 ~$30 leach
Refill, 3 @$20/each

50 ft (in case), 6 ~$20/each

Refill, 4 @$12.50/each

Folding Rule, Engineers, 6 @$4!ea~h

~Level/Square/Tape, 2 m 6 @$.30!each
Tape Repair Kit
Tape Mending Tool
Miscellaneous

Tapes, subtotal

Dumpy Level

Surveyors Rod, 2 @$60/each

'Level Field Books, lU :?$4!each

<,
,)

Year
1 2 3 4--_._.,

(180)
(50)

(lAS)

(300)
(220)

(90)
(60)

(120)
(50)

(24)
(18)
(45 )
(25 )
(23 )

2,780

650

120

40

S Tot,a:.-.:.....l·~

$ 2,780

650

120

40

Altimeter, Surveying, 2 @$400/each 800

,Pocket: Transit (Brunton), 4 @$60!each 240
Leather Belt Loop Case, 4 @$7.S0/e.ach 30

25

12

800

240
30

25

12



Table 2 \continued)

Item'

Drafting Supplies
Lettering Set· (11 templates) $

Spares
Drawing instruments

Proportional Dividers, 8-inch
Detail Pen
Drawing Set
Adjustable Triangle
Adjustable Curve Rule, 2 @$4/each
Map Measurer
Polar Planimeter
Drop-bow Pen, 2 @$lO/each

Drafting Film (36-in by 50 yd),
2@$75/roll

~Tracing Paper (36-in x 50 yd),
4 @$15/roll
(42-in x 50 yd), 4 @$18/roll

Copying Machine OM 107 - Model 76)
and Paper

Stop Watch, 5 ~$3Q/each

Miscellaneous

1

175

4:3
15
60

"
8
8

60
20

75

30
36

700

150

2gS

2

$

3

250

100

Year

$

4

50

75

30
313

250

59

5

$

Total

175
50

45
15
60

8
8
S

60
20

150

60
72

1,200

150

457

Scientific Equipment & Supplies
Subtotal $ 11,135 $ 600 $ 500 $ .12,235



(7,500)
(2,000) (2,000) -

$ 2,000 $ 9,500 $ 62,700

100 300

700 500 500 3,200

$ 46,250 $'10,500 $ 500 $234,185

Item"

Vehicles
Truck, 5-ton, 4\"JD
Truck, 3..;ton, 4WD
Pickup, 3/4-ton, 4WD (2)
Pickup,. 1/2-ton, 4WD (8)

Spares

Vehicle, subtotal

Office Supplies&- Equipment

Miscellaneous

Commodities Total
CN
(5)

Table 2 (continued)

1 -2

(9,800)
(6,000)
(8,400)

(22 , ODD)
(5,JOO)

$ 51,200

200

1,000 ~ 500

$176,435 $ 500

3
Year

4 5 Total



Appendix A

Interim Program

Because it would probably take from Ito 2 years to imple-

ment the proposed project, certain activities are suggested to be

carried out by the Ground Water Section of HAVA prior to arrival

of U.S. personnel. It is envisioned that members of the USGS

team which worked with HAVA during the summer of 1971 will make

occasional visits to review and advise on the work or problems

which arise.

Inventory: Inventory of wells, karezes and springs should

be conducted on a continuing basis. Specific conductance of

water should be measured wherever possible and water from a

number of wells analyzed o Arrangements should be made so that

all new wells drilled in the entire area of HAVA responsibility
. .

will be visited and measured between completion of drilling and

instal.lation of pumps. Additionally several existing wells should

be inventoried in each of the HAVA areas or units considered for

development or assistance. Scattered wells elsewhere should be

inventoried. The data are needed for background when the project

is. implementec and will save considerable time then. Additionally,
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.conditions over the entire HAVAregion.

to serve as a reconnaissance base of at least

considereci. However,sufficient geographic coverage is

planning., and. therefore,the priority of needs of the

the data will in Dart serve as a beginning of monitoring studies.

Some of the data wL.. I serve more immediate needs ~ £ development
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Inventory now underway in theZamin Dawar area should be

carried to completiono That is all active and recently active

karezes, wells, and springs should be inventoried, including

history and other details, with emphasis on flow and cond'Jctance

measurements and establishment of altitudes of wate'r surfaces.

Similar information should be collected for the Shamalan area

where emphasi will be on well, inventory. This inventory could

be accomplished between trips to Zamin Dawarand during inclement

weather. Next concentration should be on the Arghandab area,

where over-expansion of land to be irrigated will probably require

more water than is available from surface sources during most

years. The more than 100 new well listed by HAVA Extension

Officers during the summer of 1971 should be precisely located

and accurate data on well performan~e should be adr:led. The Nauzad

<snd Ivlusa Qala areas also should receive early conslderation. The

reconnaissance effort should include wells, karezes, and springs

along the north and south of the Kandahar-Girishk highway.

Pumping Tests: Pumping tests of wells should be made at

every opportunity. Every effort should be made to carry Due

drawdown and recovery tests of drilled wells. Tttis should not

be difficult for new wells if planned in conjunction with their

inventory 0 ~tJherever possible, the GrounJ WatE:r Section should

persuade the driller, or person who installs the pump, to provide



the general surervison of· a m·:m who has

the Ground ilJater Section should install them,e2.suring ports"

drilling and training" The operation should be

Efforts are being made by US AID to obtain a 2-inchcentri-

personal experience in actually drilling wells, would not

A drilier fllUst be obtained t:o operate the rig and train

Division, vva tel" and Soils Survey -' A1Jt1 . ~,-i -'- ",Minis try of Agri-

arrived; the rig should not be used until the presently installed

drilling cable ordered from Pakistan has not yet (December 1971)

Test Drilling: The Ground Water Section should activate

privately dug w,"" LIs in the Kandahar area as a means of selecting

are followed"

fugal pump to be used by the Ground \~Jater Section for testing

the Speedstar 71 drilling rig now in Lashkar Gah, which US AID

supplying juis, even in emergency~ First priority should go to

su i table p'J.mps for the wells.

driller or drillirlg super-visor be borrowed from the Gro:Jnd ~vater

has rehabilitated and supplied with drillin] tools. A left-lay

culture, for this purpose. An engiLeer, unless he has had

HAVA personnel i-It its use" It is recorrmended that a skilled

during pumping tests and subse- t uent.1y as required.

right-lay cable is I'eplaced unless special drilling proced:Jres

wells and springs, not for filling tanks, dewa te"ring pits, Or'

a protected entry port through which water levels can be ffi2asured

dug wellso This pump should be used exclusively for testing

of heavy equipment and with conduct of field.investigai=lons.
39



Addi tional support equipment is required to o[)erate

drilling rig efficiently. A truck to bring water needed in the

drilling operation is required. A truck is needed also to move

pipe and other supplies. One truck, judiciously used, cauldin

a pincr, perform both functions. In addition, a pickup truck

for rUYt:'1ing el~rands, carryj.ng personnel, etc. should be assigned

to support the rig. Camping equipment and tents are reported to

be available now in HAVA stores. A necessary item is 5- and

8-inchcasing additional to the 200 feet of each now Oft :1and.

Procurement of 2,20J feet of 6-inch casing (also called line pipe)

and 800 feet of 8-inch would supp8rt a minimal program, but more

should be procured if possible.

Needed for full success of the program is a test pump. This

could be either a 4-inch deep-well turbine (preferably water

lubricated) or a 4-inch deep-well submersible p'Jmp. A power

sOurce would be required for either. Horse power requirement

would be from 12.S to 15.

If it is within the capability of the rig, each hole should

be drilled to bedrock. Unless the bedrock shows unexpected

permeability, penetration should be limited to 3 meters, ordi!

narily sufficient to establish that the formation is continuous,

not just a boulder.

Samples should be collected every 2 meters and at every

change of formation. Probable aquifers shOUld be tested by

bailing and if but little drawndown by bailing, by power pump.
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Tes.ts shall be conducted by a technician who will measure dis

charge and recovery. Water samples should be collected from each

aquifer 0 Depth to water should be m(~asured daily and a\: the

start of each drilling shift. Written notes should be rrade on

materials, fluid loss or gain, caving, rate of penetration, down

time, etco In the event performance is better than antici~.3_ted

or the period before the proposed project is longer than expected,

12 sites for test holes are suggested in a proposed order of

priority, although until proficiency is gained by the drilling

crew, probably 4 to 8 weeks will be required for-each hole, with

depth averaging 150 meters, although at-Kandahar test holes will

probably be deeper o It should be noted that these sites exclude

the Shamalan area, which is to be explored by a contract driller o

The sites suggested are:

1 0 Site selected for possible municipal_ well for

Lashkar Gah o The hole should be drilled as deeply as possible,

at least to 100 meters o This test hole could be converted to a

production well provided the casing used is replaced. The

advantage of drilling at this site first is ease of access, and

proxirni ty to headquarters, desirable for this operation by an

untrained crew o

2 0 Nahre Seraj area, vicinity of Wakil Abdullahkhan

Kalay--near lat 31°43 1 N.; long 64°32 1 E. Purpose is to determine

quality of water, depth to water, and character and thickness

of aquifers in area between Helmand and Arghandab Rivers.
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Zamin Dawar area, vicinity of Khola Abad, 1

kilometer (km) west of Gulmesh Manderl, about 2.5 krn west of bridqe

a .over Helmand River atKa j aka i 0 Site shouId be a bove Jail! f load

plain, but on generally low land near la t 32° 19 '30" No.; long

65°04 '30" E. Purpose is to determine character of mat:erials,

find possible deep water-bearing gravel layers, and ascertain

quali ty of water at depth in the area of lower Gulmesh t'13ndf-.;h.

4. Zamin Dawar area, vicinity about 3 km southwest of

Albelagh (about 7 km south of Deh Baba village) on west 5ide of

valley, but as far down slope towards flood plain as practicable

-- near lat 32°19' No; long 64°56' E. Purpose is to determine

character of materials and quality of water of deep aquifers in

the lower part of the Baghni alluvial fano

S. Zamin Dawar area, vicinity about 3 krn nort-h of the

abandoned village of Joy Daraz (about 7 km south of the bandoned

village of Roshafl3.bad) wherever drilling rig has easy 3ccess

near lat 32°29' N.; long 64°53' E. Purpose is to determine

character of materials and quality of water of aquifers in the

u~per part of the Baghni alluvial fan.

6. Nazud area, vicinity of Nauzad village, preferably

east of village center, as near as possible to axis of valley

near lat 32°24' N.; long 64°:29' E. Purpose is to determine

whether the valley contains deep alluvium with per,lleable aquifers

and to test quality of water.



7. f'.1usa Qala area, vicinity of 6

Musa Qala town, west of Musa Qala Rud near lat 32° 22' N.; long

64°43' E. possibly off the terrace, near flood plain of Farhad

Rud. Purpose is to determine the character of materials and the

quality of water of the aquifers in the centlal part of the Musa

Qala Rud valley.

8. Central Arghandab area, south of village of

Walakhan, along loop road about 10 km southwest of Kandahar near

lat 31°31 1
' N.; long 65°38' Eo Purpose is to explore for deep

aquifers in supposed axis of valley and to determine variations

of quality with depth.

9. North Arghandab area, approximately 45 km west of

Kandahar, south of Herat Road, vicinity of Mya village near lat

31°32 1 N.; long 65°10' Eo Purpose is to explore depth of alluvium,

test for water quality in area heavily dependent o"n kareze flow;

no previous deep exploration.

10. Zare Dast area, approximately 35 km W(~st of

Kandahar, and 5 km north of Herat Road lat 31°36' N.; long 65°19' E.

Purpose is to explore broad alluvial valley for deep alluvial

aquifers 3.nd quality of water in area where no groundwater is

currently being exploited.

11. North Tarnak area, approximately 20 km southwest

of Kand3.har, vicinity of Nakwadak, Gurgan, or Dehe Rajab

(depending upon access) near lat 31°28' N.; long 65°36' E.

Purpose is to determine depth of alluvium and water qualitv

area dependent on kareze flow o
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12. Vicinity of KhushkavIB (Helmand) near lat 31° 3<) IN.;

long 64° 32 f E. PUl'POS(.; lS Lo determine quality of deep '".1a tel" ,

character and thickness of deep aquifers in ared of s21ine

shallow water.

In addition to logging test v/ells drilled under their

supervision, personnel of the Ground 'NateI' Section should have

responsibility for obtaining logs and drilling reports on all

production wells drilled by HACU, HAVA, and other agencies.

Under present conditions, checking during construction will have

to be done by Ground Water Section personnel either on a cOlltinuous

basis or by frequent visits to drilling sites.

Monitoring: 71, program of measuring water levels and specific

conductances periodically should be instituted. Discharge of

selected karezes also should be measured. In general, monthly

measurements of these parameters will be sufficient" but wherever

possible weekly measurerrtents should be made following the first

heavy rain and continued until the readings clearly indicatl- the

effects of recharge; subsequently the frequency may again be

reduced to monthly. Immediate attention should be given to this

program, especially as water levels are now exceptionally low.

It is desirable to observe water leVl~ls in wells which are not

ordinarily used" Such fIVe lIs v/ill be scarce. Idea lly, wells

would be drilled or dug for the purpose; indeed .it is hoped that

some such wells will be provided by the test-drilling program.

In acsence of unused wells, measurements should be made in wells

before daily withdrawals are made. For example, wells could be
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measured at 0600 hours Sat'-Urday morning. Probably the rI10st

satisfactory method of getting such measurements would be to

select protected wells, such as those at a mosque or in a compound,

and hire a local observer, say the m'Jllah, a 8'2hool teacher, or

a member 01 the family i:1 w;lose cOTtpound the well is situated.

to make the measurements. It is recommended tha·t wells to be

measured by local observers be measured on a weekly schedule on

a ~ermanent basis even though monthly measurements would satisfy

technical requirements.

Ideally, depths to water should be measured by steel tape

and carpenters chalk~ If absolutely necessary, in interest of

economy, local observers who measure d..lg wells could be equipped

with woven tapes and observe the depth at which the tape contacts

the water surface" ivJ.easuring points must be clearly marked.

Specific conductance measurements should, where possible, be

made o~ water from wells that are frequently used, such as the

Kandahar municipal wells and irrigatio~ wells" Generally, reading

specific conductance is sufficient for monitoring ground-water

quality; only occasio~ally or in the event of marked change

should it be necessary to make chemical analyses of the ~lrpose.

Conducta.'l.ce readings should be made of kareze vlater on the sa'ne

. schedule as discharge measurements. Experience should perrni t

reduc tion of frequ('~ncy of mea surement after 2 or 3 years.

In the Arghandab area water levels should je measured in

capped dril.Ld V'J~:;}.J.3 w Measuring ports with plugs or caps that

require a wrench for removal should be installed. Additional
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dug wells for weekly 01' monthly m~~asurement can easily be selected

to extend the network of observation points for many of the newly

dug wells will not have pumps installed because of low yield.

Wells measured by Mr. Samme1 should be included. Effort should

be made to have wide geographic coverage rather than merely a

large number of wells. If tapes are provided, extension agents

of HAVA could make many of the measurements.

Data Storage: It is essential tha t data obtained in this

program be as complete, accurate, and accessible as possible.

Standard forms, including those already devised by USGS, should

be provided for well and kareze inventory, water-level records,

drilling logs, test pumping records, and water quality records.

Location of all wells,test holes, and sampling sites should be

plotted in a standardized manner on large scale maps, and the

records should be indexed by area for easy retriev~~o Water

level records obtained periodically in wells and karezes should

be compiled in graphs.

46


