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P REF ACE

The study on the technical and economical feasibility
of installing spillway gates at the Kajakai reservoir,
commissioned by the Asian Development Bank under its
technical assistance program for Afghanistan, has been
under.taken by International Engineering Company, Inc.
(IEeO)" the consultants contracted for this purpose.
The Consultants retain full responsibility for the
contents of this report and for the views expressed
therein, wh.ich do not necessarily coincide wit:t those
of the Bank or of the Government of Afghanistan.

The projections of future production developments and
resulting benefits from the Ins(a11ation of the gates
and from anticipated irrigation investments are" of
necessitY,based :>n t:he knowledge and experience presently
available and using the assumptions indicated., However,
it is recognized that given changed circumstances,
development may proceed differently and, in particular,
that with concentrated efforts and under favourable
conditions, progress may be faster than has been
projected.
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CHAP'rEH I
SUMM.,'\I{ Y Jl CONCLUSIONS AND Hj~:CO~-1Ml!"Nl)AT[ONS

1.1 GENERAl"

Inb-rnational EngineeritJg Compal~y, Inc. (IECO) v;as l'ctaincd by the
Asian Duvelopm"nt Ba..,.k - preq~ntlYlProvidhlg tf~chni::al Cl£sistal.,:,,: to
the Royal Government of Afghanista!l - to eva luat'ethe technic~11 and
economic featiibility of installing fiipHhvay gates at th~ c)(.jsting Kajahai
Reservoir.. Field support of t:he IECO b:udy team was provided by' the
Helm.and Arghandab Valley· Authorit)~, Lashkar Gah" Afghanist~n.

Ll SUf,.fMAR Y OF STUDIES

The r.'port discusses the followin~ subjects:

• Preparation of preJ inlinary de:signs and plans rOJ! tbt. required
spillway structl!J.l~e and gates in the existing ungated spillway
channel.

• Study of the construction requirements for th,e spillway structur(·
al"d of the ~gencics that might carry out the construction..

• Reservoir operation studies made to dete: .nine the mode of op­
eration :t~d th-e yield and characteristics of the reservoir f ,,:it.h
and without gates and under present conditions. Sb'('ies W~re

also made for antici}-ated future conditi:ms..

• Eva~uatio21 of the benefits likely to result frOnt the gate installa­
tion. Thebe int:lude estimates of the effects of flood control, iO"I­

provement of the supply of irrigation 'water to present irrigated
farmlands; proviriion of addiLo_,al water t<... per.mit the deveiop­
ment of nev,r irrigation pr".>jec i S· ,nd installation of h)'droelectric:
power facilitie~ at Kajakai Reservoir.

tt Sturiy of hydrologic and agIicultural infOl"mation to provide data
for U:e technical studies and economic evaluations dcscriiJe,j
above.

• Study of the effects of il'nprovements in agricultural pI" lctices
in the Helmand Valle', and of possible improvements to traditional
Irrigation systems..

• Study of the need and reqlliren~ents for flooa fOI-ecasting for the
Helmand River and Kajakai Reservoir.,

1,·1



.E(:onomic analyses of the costs and benefits associated with con­
struction of the spillway gab~ structure and of the a:asociatcd
irrigation ~lnd power deve~opmcnts.

1.3 CONCLUSIONS AND Hl:"'COMMENDATJONS

The conclusions or recommendations resulting from the studies madfJ
for this report are as follows:

l. It is technicaH'f fe:etsible to installl spillway gab~s in the present un­
gate:l spillway channel at Kajakai Reservoir. The installation would con­
sif=t of eight power-ope;"at~d radial gates, each j[ 2.• J9 01 wide by 12..0
m hi.gh. WhHe sonle erosion of the terrace gravels in the middle reach
of the spillway channel nas taken place in the past: and will continue in
the future, it is not considered necessary or desirable to attempt to
plotect this reach from further degradation. Only a short length of
prob;~ctive apron downst:ream of the gate structure i ~ proposed.

2. The capital cost of the spillway gates ')nd :structcr~ is estimated to
be U ..S. $4,575,000, of which $3.280,000 is in foreign currency and the
balance of $1,295,000 or Ars l08,lOO,aOO in local currency. The exchange
rate used is 83* 5 Afghanis equ;valent ito onc U.5. doHar.

J. Operation studies show that lli baseJ on the hydrologic p~riod 1947­
1970, the present reservoir"Nithout gates is capable of providing the
optimum theoretical \',;rater requirement for the Heimand Valley lands
presently under cultivation in Afghanistan except for ac.ceptable shortages
in the 1947-48 critical dry period. The reservoir \:ould simultaneously
suppty the power needs of the near future and provide a measure of
flood control when compared with the natural condition of the river before
construction of the reservoir.. UncontroJl_~d Hood discha rges would,
however I occur from the reservoi r in most years regardless of the mode
of operation adopted.

4. Operation of the reservoir to meet increased irrigation demand in
the Seraj. Kajakai-Shamalan and Gannsel areas, and the need for addi­
tional power, ""ould require the addition of gates on the spilhvay. The
need for the gates for this purpose wo lId depend on the timing of new
irrigation developments and on the pO"/er load gro".rth in the Helmand­
A rghandab VaHey. Planning studies are to be conducted for new irriga­
tion ?rojects in the next 5-year developmental plan of the vaBey~ The
ddditional power which \.'Jou1d result from the gate installation may not
be required for about 2.0 years.

5. The present addition of gates would provide an increase in Hood
protection, principally to farn1iland and canals in the traditional (or
non-project) agricultural areas. The reservoir, however. even ,"vith
gat.es installed will still permit spins to occur in most of the ,"'ret seasons.
However, in operation over the 24 years of the study period. spin ...,ouad be

1 - 2



reduccdCrom an occurrence of 20 tim<:s in 24 years to 16 in 24 yca rs by
the addU:ion of the gates. 1"lo.>d discharge p(~aks from the reservoir
would b(~ reduced every year in whie h spill tool<. place by amounts r<. nging
from 7 percen: te. 58 percent.

6. 1'he addith.'\r al flood prolectiOl:. w'tHe cconom ically significant, is

not considered '0 be sufficient to allow .1.ny marked change in the nature
or design of the traditional canals or headings except perhaps in
individual cases.

7. The controlled rclcz.se of the flood water stored behind the gates
will permit better applicatior. of water during the irrigation season to
farmland currentiy under cultivation in these traditional areas and will
i"csult in improved crop yields.

R. Following installation of gates in the spillway, benefits wou~d be
realized from Oood control and the improved supply of irrigation water
to the traditional farming areas. With agricultur,r.l produce valued on
the basis of local market prices, these benefits are estimated to produce
an internal rate of return of 9~ J5 percent when compared against the
costs of installing and maintaining the spiUway gates. At interest
rates of oj percent, I> percent and 1 percent, the ratios of benefits to
costs would be l. 90, 1.44 and 1.27, respectively (see Table IV - 3).
Vlith agricultural produce valued on the basis of export-import prices,
the corresponding rate of return would be 10.1 percent and the benefit
cost ratios would be 1. 98, 1.52, and 1.35 (sec Table IV -I I).

9~ In satisfying the demand for ne ....' i r rigati,..m projects and for
additional power, the flood control and improved irrigation water supply
benefits would be reduced. If the total costs and benefits of the spillway
gates, the new irrigation projects" and power development are compared,
the internal rate of return ,....ould 1ie behveen 1.6,0 and 7.82 percent
depending on the schedule of development assumed, and using local mar­
ket prices to evaluate agJ icultural benefits. The cor responding ratios
of total benefits to total costs for Uhf" project developOlcnt schedule
referred to herein as Scheme I (Figure IV -I) would be L67, 1.24 and
1.08, for interest rates of 4 percent. 6 percent and 7 percent, respect­
ively (see Table IV-I"! and IV-5).

V/hen the agricultural benefits drf:: based on export-import prices the
internal rate' of return for Scheme I then becomes 7.85 percent and
benefit-cost ratios are 1.67, 1.25 and 1.10 for interest rates of 4, 6
and 7 percent, respectively (see Table IV-14 and IV -13).

10. If the rate of return --9.15 percent, based on local market prices
far agricultural produce, or 10.1 percent based on e=~port-inlp(lrtprices-­
obtained by the provision of partial flood protection and irnproved ,-vater
supply to present traditional far:nland is considered adequate. the spiH­
'Nd y gc:tes should he built as soon as reasonably possible. If not, the
installation of gates sh'juld be postponed until '::hey a Ire requi red by the
~~rovelopment of nevI irrigation projects 0r additional stages of the



I< ..,j.akai pnW(~I' installation. Pogtpomng Uw installation of Uw ,r.:atc9
fur a period ~\lch .... fiv.> years, while ."HJHmninv., ;any of ttl.c proj"rt
(It'V(~I()plllent sdu~dul(·:fl, utili zed hf'rf-in_ does not i01l"o-o\,(' UUf! cc'on ~)rnin~

of tiw proj(Oct.

J 1. Assuming that approval of the project could be obtained by t~e end
of September, J97 J and that a construction contract w","}'re awarded by
June, 1972, installation o{ the spiHwa}' gates could he cornplcted before
the flood seaS0n of J974. If approv~l of the project is dd,q'ed by about
six nlonths until March, I c;72, the g~tcs could not then be completed
until the flood season of 1975.

12. The planning for future developments: shouhi endeavor to set up
criteria to optimize: muUiplc-purpnsc operation of the reservoir for
flood control, irrigaUon :'\nd power.

13. The need to improve agricuUuJraU and irrig,ation practices and t'1ie
technicaJitics involved arc weB llH]i(~en;lood by Uw ':"bgencies responsible
for cievelop,n.ent in Hue Hclimand V"lUl<;-j1, The main barriers to be over­
come a i"C sociologic and economk, r,ather than technicaL Additional
effort, however, is required to obtain ami maimtaiin records and data
on n,)od damage, i rrig::Jltion water use, and agricultural practices in the
traditionaJ. or Non-Project A.rcas for use in f~-"tult'e planning studies.

14. Construction of thC' spill".';} y gates ;;Hlid structure L'i a major under­
taking requiring considerable skiH and (experience arnrl should be carried
out by an established experienced outside contr::l,ctcr or 3gency. It is,
however, desirable Ito utUHze both the pHC'JrsonneU an,,» equipment of the
Helmand Arghandab Consltruction Unit to the gJreat~'5t pos~ible extent
either as a sub-contractor or joint v(-nhJlre partner. This, it is believed,
would minimize the mobilization period; facliitate use of local resources;
provide experience for local pcrsonneR; and nuinimize inveshncnt for
heavy equipment, which might: n01l: !be eCd:momicaUr utHizco after con­
struction of the gate structure.
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CHAPTEH II
IN')'RODUCTION

2.1 PURPOSE

This report is prepared for the Asian Development Bank and C0ncerns
a Technical Assistance Agrcc:ment between the Royal Govcrn!nent of
Afghani stan and the Bank for assi stance iTt prepa ring certain technical
studies relating to the Helmand IHver, Afghanistan.

The report evaluCltes th0 economic fcasibilityoi installing spilhvay gates
onth.espillway of KajakaiHeservoir. The project location is showninEx­
hibits I and 2.

2.2 AUTHORITY

The engineering services were authorized under" an agree~ent dated 15
October 197J, between the Asian Developlnent Bank and International
Enginee ring Company, Inc., San Francisco, California, U.S.A.

2. 3 ~COPE

The scope of the engineering services covered by this report is as out­
lined for Part A of the Project in Hue Terms of I{eference of the contract.
In general, the services consist of the preparation of designs and esti­
mates for the spiUway gatc5~ quanllufica1tion. offioorl damage and agricul­
tural and power benefits, prepall"aticn of first-stage reservoir operation
studies, and recommendations on reJlated hydrologi(: and agricul~ural

features~

2.4 PRIOR STC DIES

Eng inee ring studie 5 for f-'rovisiior~ of spiiJhva y gates on Kajakai Reservoir
·.vere made by IECO during the initiia1 design and construction period of
the Kajakai Project U;;·f ierer.ce SL I\~o prior studies have been made on
the economic benef:ts of installing, If".ates, but related! reports dealing with
agricultural benefits in !the a reap d.Jw711stream of Kajakai Reservoir have
been made by USAID-USBH. Pm.·.·er studies for Kajiakai Reservoir '.vere
also made by H..\V. B.::'C~. 3.nd lbe!H.-~fits of the pO'.\-er instaHations '..'lere
evalualttN'l. Se .... eraR cpf'ration 5t'lldies have been made in the past by
IECO, n~w. r3,ecK • .n::d the L'SJdD-t"SBR. These sVldies are discussed
hereunde'f' in tne al"prOJF'r~"--ite F~<llC~".
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2.& ADDENDUM

A t the time of completion of this r€~port, additional stl'eam flow data
for Kajakai reservoir became available. These data show that the
water year 1971 is likely to have les:s inflow than the year 1947 which
has until now been considered as the driest year of record. With
1970 also a year of low runoff, the critical period 1970-1971 will be
more severe than that assumed in this report. See pages A-5 and
l\ -7 in AppencHx A.

It is not possible to reVl.se the studies to conform with this data: how­
ever the basic effect would be to require a greater carry-over storage
in the reservoir to satisfy irrigation and power requirements which
would then reduce the space available for flood control storage and
for implementing river flows in the irrigation period. Since these
conditions prevail for both the gated and ungated conditions, the general
effect is to make the provision of additional reservoir storage space
more beneficiaL It it:; therefore considered that the econonlic analyses
made herein are still \·aEJ: however~ some revision of the reservoir
operation criteria wou.ld be necessary in practice.
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CHAI'TEH III
SP1J~LWAY DESIGN ANI> CONSTHlJCTJON

3. J INTH ODUC TION

The spillway for Kajakai Hescrvoir now consists basically of an unlined
~hannel in the right abutment. This channel, which wa s excavated through
rock, located about 700 meters distant from the dam, leads to a natural
depression that curves back to join the main river about 300 meters be­
low the toe of the dam g The over~ll length of the spillway channel is
about 1450 meters. Inthc>lpstreamrockcut, the chaJUlel is 113.6 meters
wide at its invert and is controlled by a concrete slab with a shClrp up­
stream crest located at E1. 1033.5. Details of the existing spillway are
shown on Exhibit 3.

When initially designed, the reservoir was intended to be raised by adding
a future gated structure in the spillway, and a tentative design was pre­
pared beforehand. The discharge capacity of the spillway, both gated and
ungated, would be :- llfficient to pass the discharge resulting from routing
the floods, described hereunder, through the r'~servoir. The larger of
these two floods \,I/ouid have an anticipated outflow of approxhnately
-130,000 cfs with only a nominal freeboard. Dimensioning of the present
spill way cut was thus affected by the needs of both present and future
cond·.tions.

The arrangement of the dam outh't,: works and proposed future power
plant are shown on Exhibit 6. For further details of the original designs
see Reference 5.

3.2 DESIGN FLOOD AND OPERATING CRITERIA

The criterion for establishing the original spilh~-'ay capacity both gated
and ungated was to pass the foliO'.ving floods:

• a hypothetical flood with a peak inflow of 318,000 cfs without en­
c roachment on normal freeboard, and

• a hypothetical flood with a peak inflow of 4RO.OOa cfs to be routed
through the reservoir without overtopping the dam..

For the present study, the spillwaydesignfloodwas revic\ved as discus­
sed in Appendix C and resulted in a peak inflow of 440.000 cis. The
.:: pi:h...a y wa s then s i zLd to pa s s this flood through the reservoir and pro­
;-ide a freeboard of ctbot.:t 1.0 nleter. Under these criteria, the maximum
::-t~scr'vo)r ,"vater surface \,vould be £1. 1049.0, and the peak outflow would
be ·lOR,nOa cfs. The disc~large rating curve for the spillway is shown
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(In Exhubit ·1. At '130,000 ers, the discharge previously ciesigned for, the
fred>oa rd would be reduced to about 0.50 meters, which if., a srr"aLl im­
provement on present cOJ1<;itions.

H outing of the design nood ,"va s done 50 that the outflow was less than
t:he inflow until the n~servoir was surcharged to £1.. 1045.9, at which
point the outfluw was made equal to ',he uncontroUed crest capacity.
In any final design, an operation procedure should be stipulated to avoid
excessive spills from the gates when the reservoir is full or nearly full.
The discharge of the eigt't gates f\Illy open with the reservoir at El.
10&5 would be about 250,000 cfs.

3.3 SF'IJ.lLWAY LAYOUT

A. Geology - The main spillway cut is located in a body of sound dol­
omitic limestone whose bedding planes arc gently tilted in a downstream
direction. The spillwa y CGt at the existing crest is 2 bout 50 meters high,
and the rock, after some twenty years of exposure, is still fresh and
sound. Marked joints arc observed in directio:1s transverse and paral­
lel to th(;: spillway ccnterl\ne. A disti·.lct fault is obseJ:"v~d runntr.g the
length of the spillway and dipping to'wards the left abutment. Drill Hole
DH 101, see Exhibit 3, located ncar the crest structure, shows the fault
to exist at about 7.0 meters bele\'! the present channel level, and to be
2 meters in Lhickncs5 and filled 'with gouge material. Treatment of the
fault, however, should present no unusual difficulties. In general, the
rock is sound and suitable for supporting the proposed spillway struc­
ture.

Downst:re-am of the present spillway cut the depression is 0verlain by
terrace gravels, which have been "..:eakly cernented but become more
strongly cemented with depth. Operation of the spillway has eroded rrluch
of this material, leaving numerous large holes some 5 to 8 meters or
more in depth. The gravels arc of variable thickness. Drill hole DH
104 \,vas carried through 25 meters of this material without hitting bed­
rock. Operation of tile spillwa y either under pre~ ent or future conditions
w:11 continue to erode this material some of which will be deposited, as
it has it: the past, in the main rivpr channel. The terrace gravels form
a part of a large dr-posit extending across the basin, which lies to the
north and northeast of the' spillwa\- cha~eL The deposit thins out, h0W­

ever. along the lower eas~ :,west portion of the spillway escape channel
a nc! 1in-: es tone is ag<1 in sc en on tile in v.; rt about m idwa y along this chan­
neL Two othp.r drill holps (DB t02 and DH 103) assist in defining the
te~'ra(:(' J.!~-a'\/I>l ;c1l1d rock profile ne;lr the end of the original spillway cut.

H. S;)ilhvziY L:11'hlt!:; - 1., d('tc!'minjnf~ the spillway layout, a basic factor
l~ :;nw the erodible t.~'·r.3C(· gravels should be dealt with. No special
trc o tnl'.'nt sh0uld bl' glV"n to these n~aterials, since it would require a
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lia "~(' eXiwnditu n° l'l exc ....'vnte this mall:(-:rial, to form I h~ rccluired ~;h:ann«~j

in rn("l~ or lerr'a('(~ A~·'lVelH, and to pr()vi(h~ concrptc lining. It is 'H·(~fcJ"­

<1hl(~ to continue to pe~mil (~rosion to take place and treat this 3S a main­
h'nance measure as is now being done. Th~ channel should eventually
tend to stablizc itself because of it:B shape and the harder underlying
bedrock.

The c rcst structure should then be located in the rock cut at a sufficient
distance upstream of the beginning of the erodible mC\terial to avoid
undermining of the terminal structure. On the other hand, economic
studies indicate the desirability of loc<1.ting the crest s:tructu~e as far
downstream in the rock cut as possible to raltnimize excavation costs.
The location shown in Exhibit 4 was selected to optimize the above
factors ..

The new crest structure was therefore located just downstream of the
existing crest, and a short length of downstream apron ,,lias provided to
protect the new crest structure. The apron i.l:. provided with a mild nip
bucket and a cut-off excavated into the rock.

The crest structure was sized to use eight tlO-It wide gates due to the
constraint of the existing channel width. Economic studies were made
to optimize the costs of the gate heigh'_ anj the excavation required up­
stream and dO\\Tlstream of the crest~ These studies resulted in the con­
figuration shown on Exhibits <1 and! 5.

Due to the jointed nature of the rock. a grout curtain and drains will be
required uncle r the c rest structure and in the abl1trnent walls. Rock an­
chors win be utilized on the abutments at the crest structure and under
the slab and side ..vaUs of the downstream apron. Underdrains will be
provided and special treatment of the faulted zone will be required. Thi s
zone will be excavated over the 'Nidth of the crest to a depth of 20 to 30
lneters, as found necessary and backfilled with concrete. The fault chap­
nel can be used to carry the main drainage header. The downstream
a pran and cut-off will also be reinforced and deepened where made nec­
e ssary by the fault.

Eight steel radial gates 12.19 m ",.ride x 12.0 m high will be prOVided.
These will be operated by electrically driven hoists. Power will be sup­
plied by a 3'-phase, 4-wire, 3RO!220-volt line from the proposed power­
house. The estimate includes a standby diesel unit in case of power
fa ilur~.

Access to the spillway ''Jill be by a roadway to the left side of the bricige
clerk crossin2 the 3pilhvay. Since the reservoir win be drav,m do'"vn be­
low crest levl' every year. n0 provision is made for stop logs up­
st!"pam ')f the gates.

III-3



E,i\rUer reports have indicated that additional excavation of the spillway
channel at the exit to the main river is nceded to protect the power
plant'. While this appears to be desi~able and neccssC;\ry, no cost is
considered hercin for this feature as it is independent of the proposal
to install gates.

3.4 COST'S

The total construction cost of the spillv!:ay structure and gates is
$4,351,000, as discussed in Chapter IV. The capital cost, assuming
a composite interest rate of 6 Fercent for both foreign and local
<.~urrency, would be $4,575,000 of which $3,280,000 would be in foreign
currency and the balance of $1,295,000 in local currency. At an
exchange rate of 83.5 Afghanis to one U.S. donar, this would be
E'!quivalent to Ars 10R,lOO,OOO.

3.5 PLAN OF IMPLEMENTATION

A. Schedule for Construction - A program for installing the spillway
gates, assuming that such installation is to be made following completion
of this report, is shown in Figure In - l. A period of one year has been
aUowed folf' adm.inistrative approval, final design, preparations of plans
and specifications and bi.dding. This would p~:rmit construction t'J
CQlnmenCe shortly after mid-19'r7l. The main factor affecting construc­
tion is that the spillway norm.aHy operates for considerable periods in
the wet season of April through June (see Table A- 3). Construction
operations are therefore assumf:'d to be virtually suspended in this wet
season. Preferably, the mid-1912 date should be met to allow time for
excavation of the spilht'ay channel before the wet season of 1973 and
(to catch the spring- runoff) construction of the spillway structure and
gates before the subsequent wet season in 1974. With this schedule, the
stand-by generating unit would be required for gate operation until the
po"...er plant, ",,,,'hich would .£lIs':) be under construction~ is completed.
If approval of the pr0ject is delayed by a further six months until
March 1972, the effect would be to delay construction by one year.
This is illustrated in an alternative construction schedule shown in
Figure III - 2.

B. Design and Construction - The spillway· installation is a Inajor hy­
draulic structure some 20 n~eters in height that will be operated to pass
discharges for considerable pe!"iods: in about hvo out of every three
years. It is important that both the design and the construction be car­
ried ont by organizations experIenced in this type of work.

C0r11struction \·.. iH prinnpaHy inV0h'f" hard rock excavation, rock drill­
)n#; and g routi ng" corcrete placerrn.~nt, and installation ')f structural
steel gates. The safest and the most expeditious method of construction
"'.':>ulid be to empl~)'J', f,:,)U9wing normal bidding procedures, an established



~"ont r.u.. lin~ (j rm wtw would he rf!HpOnRibte {or "lll facets of the construc­
tion, indueling the supply ·)f labor and mah~ria19. An exception would be
tlw supply of radial gaic9 and hoists, which would be handled by separate
(' nntract.

Tht~re v.·ould, however, be advantages to some form of association be­
tween the main contractor and the Helmand Arghandab Con$truction
Unit (HACU) as discussed hcre1Lvnder. In this way, the main contractor
would provide the tnost economical l~:l-)e of heavy equipment available
in his own organiz.ation, and potential conflict with other HACU projects
- such as the Sham alan Unit, if constlructed at the same tinle - would be
a voided.. The period for which equipment: ;''1ill be used will be short;
such equipment, if purchased especiiaUy for the project, would have to
be used in similar projects if it is to be used economically. Construc­
tion of the gates to foHow the schedule in Figure III - I would mean that
construction was being done concurrently \vith wvrk on the new power­
house~ It would also reduce mobilization costs if'the same contractor
\'Jere to carry out both operations.

3.6 HELMAND ARGHANDAB CONSTH UCTION UNIT (HACC)

The fJehnand Arghanciab Construction Unit has been in C'xistence since
3.bout J 955~ It \>Jas originaUy set up as a part of Morrison-Knudsen
Afghanistan (MK A) at the request of the Afghanistan government. Thd'!
original ir.tent wa 5 to train and equip the organization to be the construc­
tion division of (he Hehnand VaHey Authority and, as such, to handle
new construction as wen as maintenance work for the Authority.

Upon completioH of MKA operations in 1962, the equipment, shop facili­
ties, warehouse~, spare parts and tools were turne::l over to HACU to
supplement what they had acquired du ring their organizational and train­
ing years. HAeC' set up their headquarters at Chah-i-Anjirs, which is
near th(" Helman<! VaHey Development "Norks and only a few Iniles from
Lashka r Gah - the location of tne Hclmand Arghandab Valley Authority
headquarters.

HACU also acquired, and still has. 2\vell-trained labor force consisting
of equipmt'nt operators, carpenters, masons, welders, steei w0Jl."kcrs,
drillers, heavy and light duty mechanics, an'l~ warehousemen as well as
a considerable number of f0remen. The organizatiion has broadened its
scope in the past few yc-ars and l::O\V bids on a more or less competitive
ba s ~s for building and c i v lit construction ,"'Jorks.

At pres(·]:t. H-\CU is preparin~, to cllrry out the reconstruction w0rks of
part of tiw ShamaLzm Land D(·v~'lormi"nt Are-a. For this work, they have
S(~"-tU"'''ia an AiD Loan, valued ;at ab0ut SI,{)OO,Oi}iO, for new construction
(·qun;H"n~·;'t, spilrc' ;lartts and tocls. Of thpse, the following j!.:PHllS coute!
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be used for ('or~8tructi0I1of the Kaja,kai spillway structure provided til<.!
construction schedules of the two projects were co<npatiblc~

2 Tractor Shovels
1 Truck Tractor and Lo-Bed Trailer
6 Duo'l)> Trucks (for Aggregatte Hauling)
2 Rubber-Tired Dozers
2 Welding Machines
11 Pickups, 3/4 tons
2 6-in. \Vater Pumps
3 Flat-Bed Truck~

6 Pneumatic Vibrators
2: Truck Cranes
I Generator, Diesel-Driven
2 Generators, Diesel-Driver:
1 Truck-lvlounted Lubricator
I Fuel Truck Tanker

2 eu yd
75 tons
JO cuyd

300 amp

2~-30 tons
75 kW
30 kW

1,200 :~al.

With a new value of about $412,000, the above equipment is estimated to
require about $45,000 worth of parts for rehabilitation if used subseqnent
to the completion of the Shamalan and this should then be sufficient to
serve through the gate construction period.

For the rock work, HACli has eight or nine w- "'l drills, secured through
USAID several years ago. These are still ..:ra a.1d it is understood that
they were new when received. Drill steel and bits are also available but
blasting supplies would, however, be required.

The investment required for BAGU to dothe work entailed hi this project
without outside assistance, assuming. that equipn'lent was available from
the Shamala.l cnnstruction as described above, is estilT'ated as follows:

Spare Parts (fur Rehabilitation of Shall1alan equipment)
3 Air Com.pressors - Rehabilitate
1 Rock Shovel - Rehabilitate
1 RO D-Dragline - Rehabilitate
I Sc reening Plant - Rehabilitate
I Motor P3.trol - Rehabilitat~

G rout Equipment
-100 Amp Welders - New
End Dump-Rock Bed Trucks - New
Concrete Plant - New
Spare ra rts (dt! .ring Construction)

45,000
27.000
17,500
17,500
10,000
5,000

20,000
7,500

15 3,0~r.

35,000
34,000

Subtatal
C ')ntinge~i("Y

TO"' AL Invt,sbnent

01-6

u.s. $

371,000
';5,000

427,000



If the spuUway s~ lrUctUI"(: were ."'.~ be built at the saIne time as th(" Sham*
ah'Uli c, nstrucUtj,1lI _0 that the Shamlan eq'.1ipm<nt would not he ~vanable"

the foUnwing investment would thcn be requircd:

Cost/t! .•S. $

3 Air CcmprcssoJr:li - HchabiUtate
I Hock Shovel·· HehabiUtatc
2 D-fl DOZP,Jrs - Rehabilitate
~ RO- D OragPHc - Rch.'ioiHtate
I Screening Plant -, HehabBit~te
2~~u yd Loader - Rehabilitate

1 iMotor Patrol - Reh~bllitate

l 6-in. Pumps - Hehabilitate
-1 \Vellders. 400 Amp - RehabiHtate:
Grout Equipment - NeoN
4 Pic1\r.1upfi (Tranfiport) - New
3 i 5-cu yd End Dum,ps - Ne,,""
I Service Truck - Ne\''''
I i OO-kW n\v~G Plant -, New
I 1,5-~W Light,Ph.nt - New
i 300-Amp Welder - New
1 Concrete Plant - :\lew
1 Flat Bed Truck - Nc\'J
Spare Parts (dudng Construction}

Subtotal
C ontill1lgcncy

TO TAL lnve' stment U.S. :1>

21,000
17,,1500
20,,000
1'1,500
JO"OOO
10,000

5,,000
S,OOO
4,000

20,000
16,,000

153,000
25,000
10,000
3,000
2,000

35,000
8,000

.-29,ODO

"'t2'1 ~OOO
. &4,000
491,000

In selec.ting a const:n~ ,~ion organJi Z.3.!tiOllii. fur the spinway gate construction,
there are apparerllt ad""i}ntages to employing HACU~ particularly if diffi­
culty :;;nould exist in ::Jblta~niing co~tliatC'troJr'S wining to undertake the pI ">0­
l~ms 0ff mabYlizing f'JlJr a relativeHy small contract, Appare~ltly also r~'­

strictions in the terms off the fnndincing for the spillw'"ly and the power­
hou se ("onstruch....n .....7c;ulld render it unHkefly that foreign contractors other
than HACU could operate on both JProjec1t:~. On the other hand, the magni­
tude and imp0rtance of 1lhe concrete work, the tolerances for assembly
and instaBing the gates, and the extent of the rock excavation are outside
the past _xp'::-rience O! iHACU 3lndl its supervisory personne:l.

The preferred :rolff::UlJ0d \vo:uild tUlleref::;;Jrc be to ernplQy iHACU as a joint ven­

ture partner 0r subc~mtrJ!dr'T, SUltp~3'i~'jrJlg local~.aboJr'andsomeequ.ipment
'items: n"atheiT' ithdn .as: a so>lf= Dr rn:.:un c0ntractor. Alternatively, the use of

a c-:))!1l5ti"ud~ ':Jr, ~n2md1:''t·!''J-"'t"n1t te3lm to supplement BACD supervisory and
"echnic·;:iil staff 'c:«,u.nl~1 t·· c01a:~ddlff"!"edl pJr"JiYided such a team had suHicient
:,-utlho,dt:·· tto ir!f1! i-,len: ~:lJt ;.n,-~ :s:tt.!-'PS lI'eqll~l rtE"d for satisfactory prosecution of
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CHAPTEUIV
ECONOMIC E:V AI ..U ATION

4.1 COSTS

A. Definitions - The following definitions are used in this report:

I. Total direct cost - The sum of aJl costs directly chargeable
to the construction of the project, excluding contingencies.

2. Contingency - An allowance to cover the cost of minor items
r. estimated in deta il, unforeseen conditions and otite r miscellaneous
expenditures not directly covered..

3. Engineering and administration - Costs folf' design engineering
(officp. and field), supervi sion of construction and administrative charges.

4. Total construction cost - The sum of the total direct costs, the
contingency allowance and the cost of engineering and administration.

5. Total capital cost - The totalU construction cost plus the value
of interest charged on capital during the construction period.

6. Interim replacement costs - Cost.s for replacing facilities, in­
cluding gates, hoists and electrical equipment, whose estimated useful
life is shorter than the assumed project lIfe.

B. Cost Estimates - Cost estimates for the gated spillway are shown
in Table IV -1 and are based on the layouts shown in Exhibits 3,4, and
5 and described in Chapter III. Estumates of quantities are generally
based on takeoffs from these dra\viings. Unit costs are obtained by
breakdown Df component costs or from experience data for items of
lesser importance. The co~ts of gates and hoists are based on esti­
mates provided by manufacturers undertaking international bidding.
Contingencies are estimated as being 15 percent of the direct costs for
all itel'ns. Costs for engineering and administration are estimated to
be 14 percent of the total direct cost. The total construction cost of
the spiU'\'.ray structure, as sho\'ffl in Table IV -I, is $4,351,000. As de­
fined above, this cost does not include interest during construction.

This estimate is based on prices as of April, 19'71. No aUowdnce is
made for future escalation except that unit r-rices aSfiume nonnal es­
calation within the construction period. The exchange rate used in this
report is 83.5 Afghanis equal to one U"S. dollar.

C. Capital Costs - Interest <Juring construction is based on the con­
struction schedule shov."n in Fig~are HI -I at the appropriate interest rate.
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D. A.nnual and ncplacement Costs - Allowances for these costs arc as
follows:

1. Interim replacement costs were assumed! to be 1 percent oC
thei r construction cost.

2. Insurance includes an allowance for dama~e, vandalism, prop­
erty damage and public liability. A rate of 0.1 percent of the construc­
tion cost of the gates and hoists was u:se~ as an estimate of ~hese costs.

3. No allowance was made for taxes of any k.ind.

4. Operation and maintenance annual values ""ere based on exper­
ience data for similar projects. Allo'wances of 0.2, percent of the con­
struction cost of the concrete structures and 1 percent of the construc­
tion cost of the gates, hoists and electrical equipment 'were adopted.

The total annual cost based on the above values "vas found to be $30,000.

4.2 BENEFITS

A. General - The benefits whidll wiH accrue from installing spillway
gates comes from utilizing the additional 819,000 ac-ft of storage made
available in the reservoir. A detained discussion of these benefits and
their derivations is contained in Appendix B, and the benefits have been
divided into the foUo\'Jing categories:

• Flood control,
• Improved supply of irrigation ""ater to present farmland,
• Provision of irrigation water foJ!" new farmldnd, and
• Power generation.

B. Flood Control Benefits - Flood control benefitts are considered to
be applicable only to the N0n-Project Areas in t1l-~ Upper Area delineated
in Exhibit 2 and Appendix B, with the exception of rr.inor amounts re­
sulting {rorn improvements in maintenance costs of structures in the
Project Areas. Operation studies, which are discussed in Appendix A,
show that the addition of spillway gates will not completely control
flooding but will produce a partial 'improvement in the effects of flooding.
This improvement, hovJever, results in a reduction of about 17 to 22
percent in damage to the canals and headings and to flooded farmland,
and will increase the :;i("ld from the farmland '.'.fhere it has been affected
by floods. The annual benefits attributable to the reduction in the above
damages are detailed in Appendix B and listed in Table IV -2. As oper­
ation of the reservoir changes from the present wode to meet future
requirements, it is assmned that the effect of flood control will be re­
duced, and the annual benefits are assumed to be reduced to 30 percent
of the values sho",m in Table IV-2.

IV -2



C.. Improved Supply of Irrigation Water - An improved supply of irriga­
tion water to present fa rmland is considered to be applicable to both the
Lower and Upper Areas defined in E;xhibit 2 and Append-'.x B; however,
the Chakhansur subdivision of the Lower Area will be exanlined indepen­
dently in some of the following analyses.

The benefits attributable to improved supply of irrigation water stem
from the fact that the increased volume of water stored every year in
the reservoir and released in the irrigation season will permit the ap­
plication of additional beneficial "vater to farmland served by individual
canals. This will result in an increased yield from the farmland, the
benefits of which are tabulated by areas in Table IV -2. These benefits
would also be reduced to 30 percent of their values shown when the oper­
ating mode of the reservoir is changed to meet future irrigation and
power demands.

D. Irrigation of New Land - The irrigation of new land would be possicle
by using th..: additional stored water since - if unacceptable shortages
are to be avoided in a critical dry period - the ungated reservoir would
only be able to meet present irrigation, flood control, and first stage
power demand. With the addition of gates, !nore water is then made a­
vailable to develop new lands in the Upper Area (Kajakai-Shamalan and
Seraj) and the Garmsel subdivis10n of the Lower Area. No provision is
made for increased supply to the Chakhansur Area in this analysis. The
annual net benefits attributable to these developments are derived in Ap­
pendix B and summarized by area in Table IV -2, together with the con­
struction costs required to develop the areas. These benefits are the
values which would result from full development of the area and would
begin to accrue only after these areas were developed.

E. Power - Power will be supplied to the Helrnand Arghandab Valley
system, which is soon to be expanded by the power facilities at Kajakai
Reservoir. By installing gates, the increased yield ",'ill permit additional
power generation for when the system demand increases above the capa­
bilities of the present reservoir. If the gates were not installed, the
power demand would h"i','e to be met by the construction of other facilities.
The power benefits w0-11d= therefore, be the difference in costs between
the Kajakai facilities and the alternative facilities, which are assumed to
consist of a series of diesel generating plants, as discussed in Appendix
B. The costs of the Kajakai facilities and the alternative thermal facil­
ities are sumn1arized in Table IV -2. These benefits would begin to ac­
crue ':--hen new power capabilities are required and installed.

4.3 ECONOMIC ANALYSIS

A. Gtneral - A study of the potential benefits and the operation studies
shows that the benefits a1 e in hvo categories: the first, which includes
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Cleod con1 ,'Ill :wd ,II; impl"OvPd w:ll('r supply to prf!:H'nt land, haR the
1:t'lwfib;; h"gllming with till' installation of gatc:s :tne! entailH no othC'r c1e­
"t'lnpnlpnt COBI s; til(' :H'cond, which includes walt"r supply to new farm­
land ilne! powe-r, ha:-; the' hf'nefits commencing only when these projects
a l"e constl"llcted, and (:xpennitures are considerably in excess of those
required for tlw spiliwdy. Ho\vcver, under the assumptions made in the
operation study, the gates are necessary to permit these nAW projects
to be undertaken.

The following analysis j s made on the basis of total costs and benefits,
including the additional projects, and it was not considered necessary to
allocate only a portion of the benefits from other projects to the spill­
'\\"a y gates. The analysis is made on a present-worth basis due to sched­
uling of costs and benefits.

B. Schedule of Devel~~nt - The analysis is made on the basis of a
50-year 1He for all the projects considered. The development schedule
for the irrigation projects is shown in Scheme I of Figure IV _.1. The
development schedule of the new irrigation projects used herein is an
estimated one, as no firm prosp~cts presently exist for these develop­
m ents. However, items in the 5-year plan currently being prepared in­
clude provision for planning studies to develop the Seraj and Garmsel
a reas. The adopted schedule calls for continuous development of the
areas, with the construction period for each spanning over five years.
A gap is provided between the Seraj and Kajakai-Shamalan developments
to permit possible development of land in the Darweshan area (see
Table B-1) although no benefit is taken for the DaTweshan development.
Construction expcndituTes C.re assumed to occur at the end of the second
year of construction. Benefits are a~3umcd to begin after the third year
of construction and i.o redch !'"ull developmt"nt, in each case, after 10
years. While these prcjccts are assumed to have the same life as the
spillwa y gates, only those portions of the benefits occurring within the
period assigned to the gates (50 years) are included. To account for
the inclusion of all the construction costs of these projects, a salvage
value is allowed for each project by straight-line depreciation and occur­
ring at the end of Ow 50-year gate life.

The pow(~r developments folIo''''" th.~ schedule as shown in detail for the
5 percent projecHon rate in Figure B-1, and smnn"la1"izcd i'1 Scheme I
(Figure 1'/-1). Again, benefits are aggregated only in the perivd of the
gate life, '\vith salvag.::, V3:]ucs assig:wd to !loth hydro ann thfc'rmal con­
struction costs on ~. str?i.!ht-linc· hasis. Repiacemcnt of tIl'- diesel plants
is assH"j.:;d to be at J5- P'~ r intervals, \.lfhile the hydro plant is assumed
to hav.~ lh·' ::'-C!n'" lif,~ '.lS0d ti!" Cv' Fates (50 years).

Benefits fl-OY'll n00d rr,nti-"l and impro'/ed water supply to present land
a r! t 3}<; t'TI to h= i" iL '"i(~ - r· -11" "ftc-::- (":')rp pletion of the gate S <lno 'to continue
for n-e iife --:' ~I~-: "~,~·s. '!/ithcmt the addition ryf other proj'!"cts, they



wouldcoutinue at th(!nnnualamounts showninTable IV-Z•. However, with
the ..• inclusion of the other projects, these benefits would accrce.;;lt thes.c
maXimUnl1.·atesuntil the benefits fr,om the Kajakai-ShamalanDevelop...
ll1.cnt hogin,reducing linearly thereafter .untilthe last ofthe hydroelec­
tric installations is complete. From this point, these benefits .would
<:ontinue at the reducedrate (30 percent) tothe end o{ the period studied.
The schedule for this is shown in Scheme I IFigurelV ~l).

'rhe above schedule is basedonthe construction schedule in Figure 111-1,
showing completion of the gates in 1974. The analysis is aRsumedto
r'Jn from January, 1974, and interest during conatruction is allov;,'cd on
the gate construction cost from mid-l 973.

c. Summation of. Cosls and Benefits - If no other developm.ental proJ­
ects. were built, the flood control and water supply benefits would con­
tinue for the full 50-year period. Table IV -3 shows the present worths
of costs and benefits and the benefit-cost ratios with only these benefits
charged against the cost of the spillway gates. The internal rate of re­
turn under these assumptions is 9.15 percent with the Chakhansur water
supply benefit. included and 5.6 percent, excluded. As discussed inAp­
pendix B, the Chakhansur benefits for improved irrigation water supply
should, ho\....ever, be included, and further discussion will be restricted
to this criterion. Hence, with no other development projects considered,
the internal rate of return would be 9.15 percent and the benefit-cost
ratios would vary from L 90 to 1.01 for interest rates at 4 percent to
9 percent (see Table IV -3).

When the other developmental projects for new irrigation lands and power
are included, the costs and benefits associated with each project form a
time series as shown on Table IV-4 for the Scheme-I schedule of devel­
oprnent. The present worths of this time series for various interest
rates are sho..vn in Table IV -5, which also shows the benefit-cost ratios.
Table IV -14 shows the internal rates of return for the various compon­
e:'lts of the project and for the combined project. With the projects thus
combined, the internal rate of return is found to be 7.60 percent if the
gates are constructed by 1974.

The effl~ct ofthe individual projects on these rates should be reviewed.
\Vhen the £land control and improved irrigation water supply benefits
are reduced to account for the influence of the other. projects, the inter­
nal rate of rehlrn for these reduced benefits compared alone against the
gate costs faUs to 8.25 percent frorn 9.15 percent obtained above for the
full benefits. Under the combined project benefit and cost summation,
the gates represent 31 percent of the present worth cost and the flood
control and irnproved in-igation water supply represent 33 percent of the
ben~fit:s, u sing an inte rest ra:e of 8 percent which approximates the in­
tern.al.:-"ZltF of return.
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Th(' inltnonal ratcH or return for the irrigation proj~ct8 on new land an'
8hown in Table IV -1'1 to vary from 6.04 percent to 7. 78 pi~rcent fo~ the
Scheme I 8chedule. These rates, however, which do not irtclude any al­
location of gate cost, serve to depres8 the average rate of return. At
an 8 percent interest rate, these figures represent approximately 62 per­
cent worth of the costs a.nd 59 percent of the benefits.

The power benefits have an internal rate of return of 9.29 percent, ex­
cluding any allocation of gate CO!1t. Power may therefore been seen as
improving the average rate of return, and, at an 8 percent interest rate,
represents 7 percent of the present worth of the costs and about 8 per­
cent of the benefits.

The above present-worth cost percentage:s may be compared with the
actual construction cost expenditures as shown in Table IV-2, which are
$4,351,000, $22,250,000 and $13,660,000 for the gates, irrigation projects
and power installai-ion, respectively, and represent 11 percent, 55 per­
cent and 34 percent of the total construction cost of $40,261,000.

Because of the above factors, to evaluate the rate of return, careful
consideration must be given to the effects of the new irrigation projects.
It was not considered realistic at this juncture, to attempt to evalua.te
the effect of modifying or eliminating the irrigation projects in favor of
other pToject functions.

D. Effect of Variations in the Period of Analysis - As discussed ear­
lier, orJ.y a portion of the costs an~ bEnefits of the new irrigation and
power developments is included in the analysis under a 50-year gate
life because these developments are required m.uch later than the date
assumed for construction of the gates. To check the effects of the above
assumptions, an analysis was run for Scheme I on the same basis as
that described above but using a 75-year life instead of 50-year life for
the project. The effect of this v :is found to be small. By comparing
the internal rates of return for 50 and 75 years in Table IV-14, the in­
ternal rate of return for the combined projects can be seen to increase
from 7.6 percent to 7.9 percent. All additional analyses were ther.efore
made on the basis of the 50-year life.

E. Effect of Variations in the Development Schedules - The effect of
delaying the new irrigation projects '\\ras studied by assuming that each
one was delayed by five years as illustrated in Schemes II and IV of
Figure IV -I. The schedule shown fer these projects in Scheme III is the
same as for Scheme I.

The effect of variation or the power development was considered to be
best incorporated by advancing the development to meet the 8 percent
load projection shm.vn in Figure B- L This development schedule is
summarized in SchelTIes III and IV of Figure IV -1. The power schedule

IV-6



in Scheme II q'-; the 6.1m(~ ao that in Schemc· I. ;\cn'~h~raUng the'! power
dc-vclopml~nthas the c-ffect of increasing the inhn'nal.rato o£retuTn of this
feature alone from 9.29 percent to 11.28 percent.

Table 1\'·-6 shows a cost-benefit stream for Scheme IV that follows the
pattern in Table IV--l for Scheme I. Permutation of the values in Table
IV-4 and IV -6 will give the costs and benefits for Schemes II and III,
with some nlodification of the flood control and unproved water 5upply
benefits.

Present worths, benefit-cost ratios and internal rates of return were
then obtained for these schemes, the .results being shown in Tables IV-7
through IV-14.

As might be anticipated from studying FigureIV-l, these variations made
little difference to the overall economic picture, and Scheme I may
therefore be taken as representative for the economic at.ialysis.

F. Effect of Postponing the Ga.te Construction - The effect of postponing
the gate construction by five years was considered by making an analysis
for schedules similar to Schemes I and IV but with the gates constructed
by 1979, instead of 1974,. The basic effect of this is to reduce the flood
control and improved ,vater suppl.y benefits by five years, initially, while
accumulating additional discounted ben.efits at the end of the 50-year
period. The overall effect of this is insignificant as seen by the internal
rates of return obtained for these conditions shown in Table IV-14.

Since the flood control and improved ,vater supply benefits begin immedi­
ately upon completion of the gates but those from the new projects begin
only on completion of these projects, it can be seen that the timing of
the gate construction is basically a question of whether to provide the
flood control and inl.proved water supply functions immt;diately or to
postpone constructinl1 until it is required by the develc;>ment of new
projects.

4.4 ALTERNATIVE ECONOl\HG ANALYSIS

The foregoing analysis has been based on using local market prices to
derive the value of agricultural benefits. An alternative approach is to
use soci~-economicprices, in which the value offarm products is based
on their export Dr import prices. The main effect of this approach is
a change in the prices applying to wheat and cotton. In addition the
opportu.nity cost of labor has been assurn.ed to be zero in rclotion to
agricultural incom.~, "Nhich results in a reduction in the ~.ralue of floa.d
daniages to the extent of the cost of lab-:>T in this item.. A more detailed
discus sion of the derivation of prices for wheat and. cotton roay be fnun-ill
in Appc... ndix B, Paragraph 8 •. 5.
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'V.heat .. is considered·. to be imported at. prevailing prices and in equal
quantities from USSI~an<l USA, and transported to a common point at
I~asbkargah. Thispriceis taken .3S applying for aperiodo£ ten years
after installing the gates. After this period Afghanistan iuconsidered
as havingbecon\e seH-sufficient in wheat production, and local market
prices are again assumed to apply.

Cotton is considered to be c.xportedl predominantly to the USSR and a
price has been derived for this commodity which is conside·red appli­
cable .. over .the entire economic life of the gate project•. The revised
benefits based on the above criteria are shown in Table IV-10. This
table may be compared with Table IV-2 from which it differs only to the
extent of the value of agricultural b(mefits I as affected by the prices. of
wheat, cotton and labor as discussed above.. As can be. seen, the above
assumptions result in an increase in these benefits, particularly in the
(!arly years of the project~

An economic analy~i5 was made using these alternative benefits in the
same way as that discussed earlier in Paragraph "!.3. However, in view
of the conclusions reached therein, the alternative analysis was made
onlyforSchen1.c I of Figure IV- L Table IV-II shows the present worths
of costs and benefits if no developnlcntal projects, other than the gate
installation, are constructed.. The benefit-cost ratios for this condition
are found to be l. 98, 1..52, and 1.22 for interest rates of 4%, 6% and 80/0,
respectively, and the internal rate of return is found to bc 10.. 1%, in­
cluding the Chakhansu r benefits.

When the other development [n"ojects for new lands and power arc con­
sidered, the costs and benefits form a time series as shown in Table
IV-12 for the Scheme I schedule of development. The present worths
of costs and benefits of this series arc ~hown on Table IV-13 for vari ous
interest rates. The resulting benefit to cost ratios are found to be 1.67,
1.25 and 0.98 for 4'-0, 6'o/l®. and 8'Ii1>,1l"cspectively, and the internal rate of
return is 7.85%, with the proje'..:ts Ums combined. The above rates of
return are listed on. Table II-I4 where they may be compared with the
corresponding rates of return for the analysis based on local market
prices.

The alternative analysis thus results in higher rates of return than for
the former analysis, 10.1~~ c'!)m~})ared with 9 .. 15% without additional ir­
rigation dev·elopments. and 7.85\(,il,~ VT~r:sus 7 .. 60o/tlJi indudjngthencwirriga­
tion devel'!Jlpments.. l.J>'!Jlstponeu-n.cntt ')If th[c:' gate installation ""vould tend to
reduce these differences since the principal increase cmnes frc-m the
higher CDst of ,,,heat in the initial ten years 6

·L 5 INVEST~~ENT

The ltota]lconstruction cost of lthe spilh·...ay strud.1l.ll r,,;-] s U .5. $4 •.1'51,000.
oFwhichU~S. $3,1 12..,7U1!O is in f~reig1!ll4";:urJre~~:cy. The b:allancf\O ()f J"-'llalli.".'...-



a)(:111 U.S.. $1.l3~,300. which is ill local CUTrf!l1cy, would .. ::orrcspond to
Ars" 103,37~,()OO at an exchange rate of 83.5 Af~hanis to one U.S. doBar.
TIl(~HC vaLH"s should be inc Tcased {or interest during con 3truction, ac­
cording to the loan l(~rm5 applicable. Using an interest rat(! of 6 per­
cent as an index, the addition of interest during construction would in­
crease the above values to gi.ve a totaJl. capital cost of U.S. $4,575,000 of
which U.S. $3,280,000 '-'/ould be in ....·oreign currency and equivalent to
U .5.. $1,295,000 in local currency. The latter amount would cor respond
to Afs 108,100,000.

Annual costs, exclusive of amortization and interest, would include in­
terim replacements and insurance.. Operation and maintenance would
amount to U.S. $30,000. Of this amount, U.S. $]5,300 would be in foreign
currency, and U.S .. $14,700 or Afs 1,2:l7,450 in local currenc}'~

The benefits that would result w(\uld come from improvernent6 in the
agricultural sector and from power.. The flood control and improved
irrigation water supply benefits would come from incremental improve­
mcnts whose value woald be difficult to assess to indivicuals. Repay­
ment for such benefits would have to come either frorn government con­
tributions or general levies on the affected land. Such revenues could
begin as soon as ("cmsh·udion of the gates v_'as complete~ Hepayment of
benefits to both irrigation and po\'Jcr projects would be dependent on the
implementation schedules and (h.,taHs for these projects. 1\ CVemlf>S from
these would not be forthcoming for about 10 years for indgation projects
and for 25 yea rs fOJr FIJowe n-. In view of the uncertainties in\'ol ved, no at­
tempt has been rnad(' to d(-tern~ine a repayment schedule or to allocate
repaynlent among the hnn.etions~



COST ESTIMATE FOR SPILLWAY STRUCTURE

Costs in US $ ~~uiva1ent US $
Unit
Cost Local Forei~n Total

Item ~n~ity Unit US $ Eguiv. $ US $ Equi"\,l" $-
Excavation, rock, access road 2,410 eu m 3.90 1,722 7,678 9,400
Excavation, rock, spillway 165,000 eu m 3.90 115,800 527,,700 643,500
Lil'le drilling 1,350 1m 2.00 810 1,890 2,700
Excavation, fault zone 2,000 eu m 20.00 36,000 4,000 40,000
Drill grout hvles 1,380 1m 4.00 1,656 3,864 5,520
Drill drain holes 1,400 1m 4.00 1,680 3,920 5,600

Drill anchor holes 10,710 1m 4.00 12,852 29,988 42,840
Grout foundation & abutments LS {;,278 2,322 8,600
Concrete, piers & abutments 6,;!.OO eu m 60.00 237,900 128,100 366,000
Concrete, crest structure & apron 11,410 eu m 50.00 376,530 193,970 570,500
Concrete, channel walls 150 eu m 75.00 6,525 4,725 11!t2S0
Concrete, bridge deck 140 80.00 6,075 5,175 11,250

Concrete, backfill 2,000 eu m 37.00 51,800 22,200 74,000
Reinforcement steel 422,000 kg C.SO 40,090 170,910 211,000
Anchor bars, supply &grout L8 63,600 42,400 106,000
Drains LS 1,389 12,501 13,890
Waters top LS 2,400 2,400 4,800
Structural steel bridge 91,000 kg 0.60 6,552 48,048 54,600

Miscellaneous metal LS 6,360 46,640 53,000
Hisce11aneous LS 131 719 850
Rlldial gat~s 8 ea 103,000 t.1,200 782,800 824,000
Radial gate hoists 8 ea 31 p 7S0 12,700 241.300 254,000
Powerline &electrical system LS 6,300 28,700 35,000
Diesel stand-by unit LS 1,250 23,750 25,000

TOTAL OIRECT COST 1,037.600 2,335,700 3,373,300

ENnINEEUING A~~ ADMINISTRATION AS,700 427,000 472,700
CCINTINGENCY 155,000 350,000 50~OOO-
rOT,'~, CONSTRUCTION COST 1,238,300 3,112,700 4,3Sl,OOO



TABU IV-2

SUMMARY OF COSTS AND BENEFITS
(U.S. $)

Costs Benefits

Item-
Flood Contro1*

C~~31s &Headings
Structures
Farmland Flooded
Reduced Crop Yield

Subtotal

Construction
Costs

Annual
Col:its

Construct.ion
Costs

Annual
Benefits
Ilo~ _.

25,000
9,700
6,900

!!4,OOO
86,000

,Improved IrrIgation Water Supply .to Present Famland*

Kajakai-Shamalan
Seraj
Garmsel

Subtotal
Clakhansur

Subtotal

15,200
75,800
62,000

213,000
1.55,000
368,000

Irrigation

~ajakai-Shama1an

.i:ieraj
Garmsel

Subtotal

Power

5,250,000
8;750,000
8,250,000

22,250,000

588,000
1,050,000

814,000
2,452,000

Hydro - 5th Unit 1,840,000 30,000
- 6th Unit 5,910,000 91,000
- 7th Unit 5,910,000 91,000

TIlermal - 1st Stage 3,050,000 183,500
- 2nd Sta,;e 3,050,000 183,500
- 3rd Stage 3,050,000 183,000

Subtotal 13,660,000 224,000 9,150,000 550,000

,. . ~ 1 Gates 4,351,OOJ 30,000~'i':. Ii.. way

*BI!nefits for these items should be reduced to 30%
when full demand at int~nlllediate level 15 reached.



f!JiOf. CmrrRli!. AND U1PROV'ED t,,'ATER SUPPTY ?E:';;:i~TTS

(All ~osts and Bane fits in U.S. Dollars)

Present Worth o;_Coses and Benefits

4% 6% 7'7, 8%_ 9% 11%

COSTS

S?illway G.ltl;;;'l 5,108,21)0 4,983,,200 ~,9t,.6,OOO t,.,921,400 t,.,90S,400 4,891,100

~ENEFITS

F1ded C011tr'O l 1,847,500 1,. 355, 500 1, 186,900 1,052,100 942,700 77',600

Improved Irrig. WBt~r Supply

" Without Chakhsnsur 4,575,.700 3,.357,300 2,939,600 2,605,700 2,J34,evO 1,925,900

Chakhansur Only 3, 329,. 700 2,.443, 100 2.• 139, 100 1,896,200 1,699,000 1,401,500

rcrrAL BENEFITS

- Without Chakhunsur 6,.423,200 4, 712, 800 4.126,500 3,657,800 3,277,500 2. 703,500

Including Chakhan~ur 9, 752, 900 7.• iSS,. 900 6,265,600 5,554,000 4,976,500 4, 105,.000

nl:NEFH / COST RATIO

- Without ChakhBnsur 1. 25 0.95 0.84 0.74 0.67 0.55

lndud i.ng Chakhansuf 1.90 1.44 1. 27 1.12 1.01 0.84



COSTS

Splllw8v Gates Hydro' Power Cost
Construction Ann\

Costs Cost·

8.250.000

5,250,000

Irrigation Projects
Kajakai

Seraj Shama1an Garmse1

8,750.000
---'"---.;....:....--------------'-'~---------

l
I

30.000

I
I

4. 35LOOO~~

16
17
18
19
20

11
12
13
14
15

1
'2
3
4
5
6
7
8
9
10

Construction Anima1
!!!! Costs Costs

21
22
23
24
25
26
27
28
29
30

--- ~-~--._--- -

1.. 840,000
30.'
30.

31
32
33
34
35
36
37
38
39
40

5,910,000

').910.000

30~

30.'
P7.'
127.;
1 ?7.'
127.
224.'

41
41
43
44
45
46

Tbe Co~str~ctio~ C03t 01 cne gates is i~creased by interest duri~g ~o~str~ction



86,000 213 .. 000 155. 000

Irrigation Project
Kajakai

Sera j ShamaIan Garmse 1

105,000
210, 000
315,000
420,000

Thermal
Construction

Costs

525,000
630,000
735,000
840,000
945,000

l 1, 050, 000 0
86.000 213.000 155,000 58,800
83.000 205" 5"00 149.600 117,600
80.000 198.100 144,200 176,400
77. 000 190 600 138.700 235.200
74.000 183.200 133.300 294.000 0
7LOOO 175.700 127 J 900 352,800 81,400
67.900 168.300 122.500 411,600 162,800
64;900 160.800 117.000 470,400 244, 200

____....:::6~1-=--.·~90~0~__'_~1:..=5c;3~.42:0~0~_~..:.1~1-'=-1-'-'.6"-'0""0'--- +-__~52=_=9:_z__=2-=-0~0------'3:::.;2"-='-.l5.600 "--_~ ~--

58~900 145,900 106.700 588,000 407,000
55.900 138.500 100:800 488,400° 52,900 131.000 95.300 569,800

)0 49,900 123. 500 89~ 900 651,200
)0 46 900 116.100 84.500 ---t-.•. -+ ---J.~2~~_~~~YJL _'__ ~0
)0 43.900 108.600 79.000 "... .... " 814,000 183,500
)0 40.900 101,200 73.600 i 183,500
)0 37,800 93.700 68.200 183,500
)0 34.800 86.300 62.800 3,050,000 183,500
)0 31.800 78.800 57.400 367.000
)0 28,800 71,400 5L900 367,000
)0 25.800 63.900 46,500 3,050,000 367,000

550,000

DO
25.800 46. 500

1
1. 050,000 588,000

3.050.000

81l;. 000 (- 5.286.000)



(All Costs and Benefits in U.S. Dollars)

Present Worth of Cos=s and Benefits

4"" 6% 7% 8% 9?.; 11%10

CQ§1§.

Spillway Gates 5,108,200 4,983,200 4,946,000 4.921,400 4,905.400 4.891,100

Irrigation Projects
Seraj 7,356,400 6,883.300 6.645.600 6,412.900 6,187,000 5.759,200
Kajakai ,Shamalan 2,810.100 2,236;.600 1.982.600 1,753.800 1. 549. 900 1,209.400
Garmse1 3,451. 400 2.547.600 2,169.200 1,841,300 1. 560. 200 1.118.000

Subtotal Irrigation Projects 13.617.900 11.667.500 10,797.400 10,008,000 9.297 100 8.086,600

Hydro Power 3,388,700 2,010.000 1,537,.600 1. 173. 700 895,100 520.800

BENEFill

Flood Control and Improved
Irrigation Water Supply
- Flood Control 1. 491, 400 1. 169. 900 1. 051. 000 951. 700 867.900 735 .• 000- Without Chakhansur 3.693.800 2.897.500 2.602.900 2.357.000 2.10+9.500 1,820,400
- Chakhansur Only 2,688.000 2.108.600 1.894,200 1.715,200 1.564.200 1.324,700

Subtotal Flood Control and
Improved Irrigation Water
Supply 7.873> 200 6,176,000 5)548)100 5,) 023,900 4J 581.. 600 3, 880} 100

Irrigation Projects
Seraj 14.506.000 9.252.200 7.528,200 6.193,.600 5.147.300 3.651,400
Kajakai Shama1an 4.816.800 2.658.200 2.002.900 1. 522,400 1.166,800 701,400
Garmsel 4.970.800 2.563,700 1.863.600 1,365,.100 1,007,300 559.900

Subtotal Trrigation Projects 24.293.600 14.474.100 11. 394. 700 9.081,100 7.321. 400 4.912.700

'l'hermal PO'(I1er Alternative 4,730,300 2.406.000 1,729,500 1.249.500 907.200 485,300

TOTA'L COSTS 22.114.800 18.660.700 17.281. 000 16.103,.100 15.097.600 13.498.500
;!
=
~

'r('j'l"A1, m"NEFITS 36.897.100 23.056.100 18,672.300 15,354,500 12.810.200 9~278~lOO !-"4
<•BENEFIT/COST RATIO 1. 67 1. 24 1.08 0.96 0.85 0.69 VI



(All Costs and ~en~f

COSTS

Spil1wav Gates
construction Annual

Costs Costs

Irrigation Projects
Kajakai

Seraj Shama1an Garmsel
Construction Ann~

Costs ~

1
1..
3
4,

S
6
7
8
9

10
II
12
13
14
15
16
17
IS
19
10
21
22
:!3
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
!.4

45
46
47
1.8
49
50

4.351,000'': 30,000

JO.OOO

8,150.000

5. 250. O~OO~__. . ~_~

1,840,000

5,910,000

8.250.000

5,910.000

)(
)(
J(

12
12
22:

(-1.750.00G) (-2.100.000) (-4.!25.000)

* The construction co~t of the gates is in~reased by interest during construction :0~ ?e~

~-~- -'-- ~~l".,,,,,... ,-,:>lues .at the end of the 50th year.



efitsin C.S. Dollars)

loual
Ists

Flood Control
& Improved
Irrig. \-3, S,

o
454.000

BENEFITS
Irrigation Projects

Kajakai
__~S~~~!.~ Shamalan Garmsel

Thermal Power
Construction Annual

Costs Costs

0
105.000
210,000
315,000
420.000
525.000
630,000
735,000
840,000
945.000

1 l. 050, 000 0
30,000 454,000 58,800
10.000 401,000 117.&00 3,050,000
JO.OOO 348,000 116,400 183,500
~7. 000 295.000 235.:!00 3.050.000 183.500
n,ooo 242,000 294,000 0 367,000
27,000 189,200 352,800 81,400 3,050,000 367,000
~4, 000 136.200 411,600 162.800 550,000

I 'I 470,400 2t.4,200

+
529.200 325.600,

I 588,000 407.000

I I 488,400

I
, 569.800

I ~5l,200 I•I
l

l 732.600 !

I 814.000

II 3,050,000
I

I 3,050.000

I 3.050,000
I
!
I

l I
I I!.
~ I

i, t , t t24.000 T ,
136.200 L 050. 000 .J,38.000 E:l!..OOO (-2.501, 000) 550.000



ECONOMIC ANALYSIS _. SCHEME II

(All Costs and Benefits in U.S. Dollars)

Present Worth of Costs and Benefits

4% 6% 7% 8% 9% 11%-

COSTS--
Spillway Gates 5,108.200 4,983,200 4,946,000 4,921,400 4,905,400 4,891,100

Irrigation Projects 10, 735,.900 8,518,900 7,566,800 6, 724, 700 5,985,400 4,774,200

Hydro Power 3.388,700 2,,010,000 1,537,600 1,173,700 895,100 520,800

BENEFITS

Flood Control and Improved
Irrigation Water Supply 8,183.400 6.374,200 5, 707,,400 5,152,400 4,685,600 3,948.800.

Irrigation Projects 18.431,500 10,255,200 7,782,900 5,971, 700 4,630,100 2,866 .. 400

Thermal Power Alternative 4.730,.300 2.406.000 1,729.500 1,249,500 907.200 485.300

TOTAL COST S 19.232.800 15.512.100 14.050,400 12,819.800 11. 785. 900 10,186.100

TOTAL BENEFITS 31.-345.200 19,035.400 15.219,800 12,373.600 10, 222} 900 7,300.500

BENEFIT/COST RATIO 1. 63 1. 23 1.08 0.96 0.87 0.72 ~:>
~
t:-
~

H
<,
'-I



ECONOM1C ANALYSIS -' SCHEME III

(All ('-osts and Be':1efits in U S Dol1ats)

Present Worth of Costs and Benefits

4% 6% 7% 8% 9% 11%

COSTS

Spillway Gates 5.108.200 4.. 983.200 4.946,000 4,921,400 4.905,400 4,891,100
,.

Ir~igation rTojects 13,,617.900 11.667,500 10,797,400 10,008,000 9,297,100 8.086.600

Hydro Power S.755,100 3,755 .. 600 3,025,100 2,436,000 1,962.400 1. 277, 800

BENEFITS

Flood Control and Improved
Irrigation Water Supply 7.357,200 5.858.600 5,297.. 800 4,825.800 4,424.200 3.779.. 800

Irrigation Projects 24)293,600 14.474.100 11.394.700 9.081\100 7,321,400 4.912.. 700

TI1~rmal Power Alternative 8.651,900 4.858,400 3,679,800 2,.805,800 2,15:3 .. 200 1.. 290.900

TOTAL COSTS 24.481. 200 20.406.300 18.768.500 17,365,400 16,164,900 14.255.500

TOTAL BENEFITS 40.302.700 25 191. 100 20.372,300 16,712, 700 13,898,800 9.983.400

BF:NEFIT/ COST PATIO 1. 65 123 1 08 0.96 0.86 O. 70
~
t:=
~
t-4

"f
CD



~CONOMIC ANALYSIS - SCHEME IV

(All Costs and Benefits in U.S. Dollars)

Present Worth of Costs and Benefits--
4% 6% 7% 8% 9% 11%.

COSTS

Spillway Gates 5,108,200 4,983,200 l., 946,000 4,921,400 4,905,400 4,891,100

Irrigation Projects
Seraj 5,901,400 5,084,,100 4,700,000 4,339,900 4,005,200 3,411,100
Kajakai Shama1an 2,196,,400 1,621,,200 1,380,400 1,171,700 992,800 711,400
Garmsel 2,638,. 100 1,.813,600 1,486,400 1,213,100 987,400 651, 700

Subtotal Irrigation Projects 10,735,900 8,518,900 7,566,800 6, 724, 700 5,985,400 4,774,200

Hydro Power 5,755,100 3, 755, 600 3,025,100 2,436,000 1,962,400 1,277,800

BENEFITS

Flood Control and Improved
Irrigation Water Supply 7.702,800 6,089,800 5,487,600 4,982,000 4,553.000 3,867,900

Irrigation Projects
Seraj 11,.265,100 6.673.700 5,221,300 4,125,800 3,290,400 2,145,900
Kajakai Shamalan 3,590,700 1,851. 900 1,346,200 986,100 727,600 404,500
Garmsel 3,575,. 700 1,729,600 1,215,400 859,800 612,100 316,000

Subtotal Irrigation Projects 18,431,500 10,255,200 7,782.900 5,971, 700 4,630,100 2,866,400

Thermal Power A1tenlative 8,651,900 4,858,400 3,679,800 2,805,800 2,153,200 1,290,900

TOTAL COSTS 21,599,200 17,257.700 15,537.900 14,082,100 12,853,200 10,943,100 S!=s
S;

TOTAL BENEFrr s 34,786,200 21.203,400 16,950,300 13,.759,500 11,336,300 8,025,200 l-l
1=
\C

nf.NEFIT/cOST RATIO 1. 66 1. 23 1.09 0.98 0.89 0.74



TABLE IV-IO

ALTERNATIVE ANALYSIS

SUMMARY OF COSTS AND BENEFITS
(U.S. $)

FARM INCOME BASED ON SOCIO-ECONOMIC PRICES

Item

Flood Control*

Costs

Construction
Costs

Annual
Costs

Construction
Costs

Benefits

Annual Benefits
Years 1-10 Years 11-50

~ana1s and Headings
Structures
rarm1and flooded
Reduced crop yield

Subtotal

~)roved Irrigation Water Supply to Present Farmland*

Kajakai-Shamalan
Seraj
Garmsel

Subtotal
Chakhansur

Subtotal

7,500
9,100
9,700

58,600
85,500

103,000
101,000
11,000

275,000
176,000
451,000

7,500
9,700
7,000

43,000
67,200

75,000
75,000
61,000

211,000
153,000
364,000

Irrig<:ltion

Kajakai-Shama1an
Seraj
Garmse1

Subtotal

Pm,yer

5,250,000
8,750,000
8,250,000

22,250', 000

1,613 ,000

1,613,000

574,000
1,025,000

737,000
~,336,000

Hydro - 5th unit 1,840,000 30,000
- 6th unit 5,910,000 97,000
- 7th unit 5,910,000 97,000

Thermal - 1st stage 3,050,000 183,500 183,500
- 2nd stage 3,050,000 183,500 iB3,500
- 3rd stage 3,050,000 183,500 183,500

Subtotal 13,660,000 240,000 9,150,000 550,000 550,000

~~~11w<!'y'-£ates 4,351,000 30,000

*Benefits for these items should be reduced to 30%
when full demand at intermediate level is reach~d.



AI.TER.~AT!VE ECONOHIC ANALYSIS

FLOOD CONTROL AND IMPROVED WATER SUPPLY BENEFITS ONLY

All costs and Benefits in U.S. Dollars

Farm Income Based on Socio-Econornic Prices

Present Worth of Costs and Benefits

COSTS

Spi llway Ga tes

4'70

5,108.200

6%

4,983,200

7%

4~946,000

8%

4,921,400

9%

4,905,400

11%

4,891,100

BENEFm.

Flood Control 1,592,000 1,193,900 1,055,900 944,900 854,100 715,400

Improved Irrig. Water Supply
(including Chakhansur) 8.525.2QQ 6.377.700 5.634 __ 500 5.036.800 4.548.400 3.803.500

Tota 1 Bcnefi ts 10,117,200 7,571,600 6,690,400 5,981,700 5,402,500 4,518,900

BENEFIT/COST RATIO 1. 98 1.52 1.35 1.22 1.10 0.92

Internal rate of return: 10.11.



BAseD O~~ $CCIO-r.:«

(All Costs and e~ncfi

COSTS

Spillway Gates
Construction Annual

~ Costs Costs

Irrigation Pro)ect~

Kajakai
Sera) Shamalan Garmsel

Construction Annual
Costs Costs

1
2
3
4
5

4,351,000* 30,000

8 750 000
6
7
8
9

10
11
12
13
14
15
16
17
18
19

---;:2o..;:0'-- -+- , ~8, 250J:..::O~O:..::O ,
21
22
23
24
25

----------it---

°30.000
30,.000

5,910,000

5,910,000

1,840,000

30,000
30,000

127,000
127,000

________________________________, --""127, OM-

121,000
224,000

26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48 1
49 1 ,

---'5=-=0c- ~3=__=O__=_,__=_O__=_O__=_O ___;;_-~=-_=c=7~=__==::__::O_=_:::-:----:-~-=-=-"_-~:O:_--~--- .::::2.::::2~!.. OIT,«)
51 (- 815.000)(-1,515,000) (-3.300.000) (-9,304.000)

'* The Construction Cost of the gates is increased by interest during construction for 1.,12 year.

~~TE: Values in parentheses are the salvage values at the end of th~ 50th year.



r£ ANAL\'SlS

rR£~,u ron. SCiU::~!£ 1

Eammuc PRlCES

fits in V.S. Dollars)

Flood Control &. Imuroved Irri g, :,:. S.
Flood Improved Irrig. ~.S.

Control Includi:1g Chakhansur

__.-Irrigati0n..?ro icc: , _
Kaja~"ai

Seraj 5ha~lan

Thermal
Construction

Costs
.-\nm.~al

CostS'

1'--'----'
67.200 364.0aC
64.850 351.250
62.500 338. 5~O

__ ~0'''''201..e.5,,""O__. :L2 5, 750

51,800 313.000
55.450 300.250
53,100 287.500
50. 750 27~. 750
l',S. !-·;::O "'6 "> • 000
46,050 249.~50

43.700 236.500
41.350 223. 750
39.000 211.000
36.650 198.250
]4.300 1S5.500
31.950 172.750
29.600 160.000
17,250 147.250
24,900 11.:'... 50Q..
21.550 121. 750
20.200 109.000

----------------------

85.500

1
85,500
67.200

1

!.5L 000

,
!. 5~,_,_OQ~t,

36/•• 000

o
161. ::.00
322.600
';'83.900
6!..S.200-..,,--- --_.._-----_..
511.500
6>1 'i.I{]IOO
717. 500
320. Oil)!)
92~ j,OQ =-_

1.0~5.000 0
57.:'00

11.4.800
171.200

__-",-2.=29,600
~87.000

]:!..:.. ':'00
':'01. 300
':'59.200
5]6.600
574.000

o
":'3. laO

1':"7.~OO

221. 100
29c:..30a

568.500
C;.4:2. :::00
515.900
589.600
663, 300
7)7.000

3.050.000

3.050.000

3.050.000

o
183.'eJ
183.500
183.500
183.500
367.000
361.000
367.000
550.000

. ~_----.--------- ---_. _.~_------_~ - - -----_._-_.--------_..----_.

._------- ------ --- -_._------------------ 3.050.000

1
,
~ ~ ....,



All Cests and Bene~its in U.S. Dollars
Far:l IncoI":f;;: Based on Socio-Eccr~on:r!.c 1::-i':e5

Present Worth of Costs and Ben~fits

1.67 1.25 1.10 0.98 0.88 0.72

22,114,800 18,660,700 17,281,000 16,103 p lOO 15,097,600 13,498,500

36,839,100 23,343,800 19,049,900 15,826,000 13,282,100 9,783,700

COSTS

Spillway Gates

Irrisation Projects
Seraj
Kajakai-Shamalan
Garmsel

Subtotal Irrigation Projects

Hydro Power

BENEFITS

Flood Control and Improved
Irrigation Water Supply

Flood Control
Improved Irrig. Water Sup­

ply, incl. Chakhansur
Subtotal

Irrigation Projects
Seraj
Raj akai-S:'lamalan
Gl1rmsel

Subtotal

TI'lermal Power Alternative

TOTAL COSTS

TOTAL l3ENEFITS

B~NEF!T-COST RATIO

4%

5,108,200

7,356,400
2,810,100
3,451,400

13,617,900

3,388,700

1,313,800

7,017 , 800
8,331,600

14,574,400
4,702,200
4.500,600

23,777,200

4,730,300

6%

4,983,200

6,883,300
2,236,600
2.-J..547 , 600

11,667,500

2,010,000

1,048,900

5,591, 800
E,640,700

9,381,000
2,594,900
2,3:.!1.200

14,297,100

2,406,000

7%

4,946,000

6,645,600
1,982,600
2,169,2QQ

19,797,400

1,537,600

949,800

5,059,100
6,008,900

7~669,000

1,955,200
. 1.687,300
11,311,500

1,729,500

8%

4,921,400

6,412,900
1,753,800
b841.300

10,009,000

1,173,700

866,500

4,647.~

5,513,700

6, 3~1, 200
1,486,200
1, 236 ,OQ.Q
9,063,400

1,249,,500

9%

4,905,400

6,187,000
1,549,900
1,560,200
9,297,100 .

89;;,100

795,500

4.231.5QQ
5,027,100

5,296,800
1,139,000

J!.12.000
7,347,800

907,200

11%

4,891,100

5,759,200
1,209,400
1,118,000
8,086,600

520,800

688,100

3,623,200
4,311,300

3,795,500
684,700

,506 a900
4,987,100

485,300

S!
==t"'"
~

<•­\oW

Internal rate of return: 7.85



SUMMARY OF INTERNAl. RA1"ES OF RETURN

FOR VARIOUS SCIIEMES

PROJECT COMPONENTS

flood Control & Improverl Irrigation
Water Supply Only

With No Reduction in Benefits:
- without Chakhansur
- includi.ng Chakhansur

Wi.th Reduced Betkfits due to
Other Projects:

- including Chakhansur

Irrigation of New k~p~~r

Schemes I & III~

- Seraj
- Kajakai-Shamalan
- Garmsel

Schemes II & IV:
- Seraj
- Kajakai-Shamalan
- Garmsel

Power**

5% Load Projection
~h Load Projection

~:Q!iBINEO PROJECTS

Scheme I
Scheme II
;;cheme III
··:hc.7'i~ IV

.._-.__•._-------

Internal Rates of Return

Socio·

Economic

I.ocal l-farket Prices Prices
_I

50-Year 75-Year 50-Year

Life Life Ufe

1974* 1979* 1974* 1974*

5.65 5.65 ~) .9
I' .15 9.15 9.3 10.1

8.25

/.78 - 8.0
1.07 - 7.6
6.04 - 6.8

1.67 - 8.0
6.84 - 7.5
5.80 - 6.8

9.29 - 10.5
lL28 - 11.7

I
7.60 1.60 1.9 1.85
7.62 - -
7.68 -

I
-

1.82 7.80 - _____-.-.1

¥ic~r jn which gates are installed
·'~~n,..:::: C,lIst of the spillway gates is not included in these items.



SCHEME I
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Power
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APPENDIX A
I{ E:SEH VOIl{ OPJW:HATION STUDIES

A.I PRIOR S'rUDU:S

l<ajakai Reservoir, as originally designed, was basically intended to
supply irrigation water. However_ power facilities were planned as part
of a future development. Flood control was r ')t originally a basic pur­
pose of the reservoir, although some reduction in the flood discharges
would result if there was storage on the main stem of the river. The
storage volume of the reservoir, however, is not capable of completely
controlling all or even most of the wet season inflows. This can be seen
by comparing the average monthly infiows for March, April and May ­
667,786, 1,274,083 and 1.,1.1. 9,182 ac-ft, respectively - with the gated
reservoir live storage of 1,739,000 ac-ft.

In designing the dam and reservoir, IEeO made several operation studies
under varying conditions of use, including the possibility of utilizing ad­
ditional upstream storage. These studies did not reserve a portion of
the reservoir exclusively for flood control. Limited hydrologic data were
available, although these included the year 1947--18, believed to be the
driest period within memory.

One of the alternative IEeD studies nlade in 1954, showed that about
292,000 acres could be ir rigatcd in Afghanistan, while making allowance
for releases to other dovffistrealu users and ha ving no gates on the reser­
voir. This would permit generation of 25 mW-years of prime power.
With the installation of gates, the area that could be irrigated in Mghan­
istan could be increased to 395,000 acres, while generating 25.5 m W­
years of prime power. This asslJJ.med an annu()l irngation requirement
of 5.25 ac-ft per acre, and accounted for the 1947-1948 dry period. Other
possibilities exist, depending on the manner of operation of the reservoir
concerning power, irrigation and dOVi'TIstream users. No account was
taken of flood controL Minimum pool elevation was set at EL 1008 and
minimum drawdown level before the dr}>r season at El. 1020 (approximate­
ly 820,000 ac-ft). Dam, outlet works and prop0sed power plant are shown
in Exhibit 6.

After construction, the reservoir, having no power installation, was oper­
ated only for irrigation. With son"lC reduction in flooding resulting, in­
creasing attention was devoted to operation of the reservoir for flood
control also and the reservoir was drawn down before the wet season
e- year. Inspection of the historical record shows that in five of the
] a 0 years 0960-1970} the reservoir reached levels between El. 996
<tnu 1005; in the remaining five years, including 1968, 69 and 70, it varied
hetween £1. 10 10 and ] 0 17 ~ In sorne Instances, releases made to achieve
these levels have resulted in high discharges in the ITlonths of January
a nd February when the water could not be used to its be st advantage
far irrigation.
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In 196"1, H.. W. Becl'. (Hefere1ICf: 'H conducted studies to detprminc the
capacity of the pow(' ~o installation to be made at Kajakai. The resulting
installation ...vas basl'~d on Un:- <lH:5umption that the pov..er demand should
be met in the 19,17-1 <HR dry season while alfio fully meeting an irrigation
demanci of 7.0ac-ftperacreprovidedl::0257,OOO acres of land. The min­
imum pool elevation reC'luired was El. 1012, which the Beck report iCC­

ommcnded as the futurt>: minimum operating pool <-~levatioll. T; i~ llue
has currently been adopted in dcsig,ning the turbines for the first-stage
instaBation, although ope~'ationdov.:r. to E1.100R ,,\'iU b<.> possible. Depen<.;
able capacity of the turbines W?tS therefoj"(~ ~ctas the output at El. i017
or 22 mW for the first two units to be installed.

The most recent reservoir operation stUcJl}'> for the ungatcd reservoir was
done by the USAID/USBH team and presented inlheir draft operation and
water management rnanual in 196R (Heference 9). In this stud:", the res­
ervoir was operated fo}' irrigation and fiood contr{)rLwith no power instal­
led. A tlood control rule curve v.'<J:~ proposed in which reservoir outlet
releases would be !naximized ".... henever· the reservoir storage exceeded
1,000,000 ac-ft in JUTW, JUly, August and ~eptemberand 300,000 ac-ft in
January, Febrlta lOY. M;; reb ;u,d ..!'~pril, with inte r mediate values in the
intervening mont h5. On the basis of the present reservoir capacity curve
shown in Exhibit 7. the 10'.'.1e1' volume 'Nou1d correspond to a reservoir
level at about E1. 1004.

None of the above studies aCC0~Ultsfor all the present operating require­
ments of irrigation, po\ver and Hood cc.ntroL These requirements indi­
cate that there willL be a conflict in meeting the demands of each of these
functions. Irrigation operation would call for maxim~um releases in the
peak sumITIcr season, minimal flows in the 'winter, and a large carryover
storage for dry years. Flood cm:trol operation ,,'!ould prefer mini!nizing
the carryover storage before the nond season, ("locating a danger that
irrigation rcquirt!nents could not b«: rnet st,ollld a dry y'cdr follow.

Power operation ,....ould require discharge all ;roC'a"', v:hich would determine
the v"inter discharges and could reduce the amount of 'welter available for
irrigation~ Fortunatel,t. the needs of each c;)n be met ir.. the near future
and with little conHict. Ho'\vever. as the need fOll" power and irrigation
water develops, an adequate solution ~,....ill be necessary. It is iInportant
that long-term data he obtained to better evaluate the effects of flood
control and to determin.-· the fun io-igation potcntial.; and a sch¥~dule be
developed vi s-a-vis po".;;::r USt>.

A.2 OFERATIO~ AT PH E.SENT LEVEL OJ;- DEVE:LOP1vfENT

The foUowir.g bases hol'.le 11'~(~L 'Used ~or th~ o'p~>clhon studies mad-= herein•
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A. Irrigation - The jrrigatio41 water will be supplied to the presently
irrigated land area of 258,000 acr(~s in Afghanistan, as shown in Table
A-I. This demand is hased on a gross annual requirement of 6.56 ac-ft
per acre, except for the Gamsel and Chakhansur areas where the require­
ment has been set at 7.38 ac-ft per acre. After due allowance for return
flows from the upstream areas, for losses due to non-beneficial vegeta­
tien. <=on] for provision for other dovmstream users, the total annual de­
mand was found to be 2,507,800 ac-ft. For details of the derivation of
this amount and its distribution by months see Table 0-1 in Appendix O.
The monthly distribution is also shown in Table A-I.

Frequency studies indicate that the 1947 dry season would have a return
period of at least one in 24 years. Since the April-May inflow is almost
60 percent of that for the corresponding period in the next driest year,
it is likely that the return period is longer than this. Qualitative studies
in the Delta Commission Report (Reference 13), however, also indicate
a dry season return period of about once in 25 years over the preceeding
70 years. Attempting to meet the full demand in the driest year would,
therefore, limit the extent of the economic developrnent of the area during
normal years. For the present study, it has been assumed that the irri­
gation release in the 1947-48 irrigation season could be reduced to 70
percent of the above demand or the minimum river flow, v,:hichever is
the les s, as shown in Table A-I.

B.. MinimuIYl River Flows - Observations made during fieli reconnais­
sance indicate the importance ofmaintaining a minimum flow in the river
to permit a high enough river stage sothat canals along the river length
can draw water~ Further study is required to define these minimum £lows
for the various Non- Project Areas. The normal year m.inimum flows
adopted for this report are soo'....n in Table A-I. For operation in the
driest year, these minimum £lows ,.vcre reduced as listed in Table A-I.

C. Power Requiretnents - Pm,ver requirements in the initial stage are
based on meeting the full power derrland in the 1947-48 dry period.. Under
the conditions assmned for dry season operation and shown in Table A-I,
the minirnmTI flow would be 2500 cfs for the ungated reservoir in January,
1948, and would correspond to a prime power output of about 29.0 mW­
years, when generated at near minimum pool elevation.

D. Flood Control_ - For flood control operation, it is desirable to draw
the reservoir dovm to the lowest level penni ssible before the April-May
flood season. This can be done only through the three existing hollow jet
valves, whose combined capacity ranges froITl about 6600 cfs at minimum
pool E1. 1012to7900 cf5atpresentspilhvay crest level. With the instal­
lation of turbines, additional capacity will be available; however. t he dis­
charge capability will be limited to the average povJer demand in t~e sys­
tem. which will be lo"\y initially (see Table B-IO in Appendix B).. The
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discharge capability of the initial two units is therefore taken to corres­
pond only to an average generation of 7.5 mW-years cr about 66,000,000
kWH for the initial period of reservoir operation. The outlet discharge
would therefore be increased by about 440 to 630 cfs, depending on res­
ervoir elevations, for a total outlet capacity varying from 7230 efs at
minimum pool to 8340 cfs at present spillway crest 1<~vel. Reference to
the historic inflow data shows that in 17 out of 26 years the March inflow
exceeds this outlet capacity (460,000 ac-ft per month). Hence, to maxi­
mize the flood control effect, the reservoir must be drawn down to the
minimum desired level by the end of February of each year. Since floods
are basically due to snowmelt on the higher upstream catchment area,
they occur predictably, peaking in April and Maywith carryover to June
in about one in three years.

The flood control rule curve is therefore aimed at emptying the reservoir
flood control space by the end of February; maintaining maximum pos­
sible releases in March, April May, and June when necessary; then, to
meet the next February level, emptying the reservoir in any reasonable
way consistent with the needs of irrigation, power and the outlet capacity.
Since there is a good correlation between the total inflow between April
and the followlng February and the sum of the April and May inflows,
determination of the subsequent levels could be made as soon as the res­
ervoir elevation at the end of May and the May-April inflow are known.

For the purpose of the present studies, a flood control rule curve was used
that would ensure that the reservoir would be lowered by the end of Feb­
ruary and that the discharges between June to February would follow the
irrigation pattern in practice. This curve can be va ded to suit inflow
conditions and the minimum river flow requirements as discussed abo\re.
The minimum reservoir storage for flood control was set at 670,000 ac-ft
to match the minimum drawdo\vn level for February. The operation in the
1947-48 dry year is shown in Table A-I and in Figure A-I. The minimum
flood control pool, which would be at EI. 1018.5, is sOlnewhat above the
levels used historically J see Section A.I. Therefore, the reservoir ope r­

ating agency must make a choice betvJeen increasing the flood control
space and the average controlled outflows on the one hand and dsking a
yet greater shortage in a repetition of the 1947-48 cycle on the other.
Table A-l compares the peak flows of the historic operation of til;:; res­
ervoir with the lmgated operation used herein" and shows only a small
improvement in flood peak for the lower historical reservoir levels. For
the purpose of these econornic studies, the minimum flood control pool
of 670,000 ac-ft was used for com.parison of the ungated and gated con-­
ditions. The flood control rule curves used for both gated and ungated
conditions at present demand levels are shown in Table A--I and in Fi:r;ure
A--l.

Operation of the reservoir 'Nith gates follows the same orocedun"s as
that without gates; ho,"vevcr J gate operation must be done C~ refuHy to
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~'ivcoid CX('l~:fjj:t!lhl(: snvBn~. W nh the prc:5ie-ntt ungalf:d r~"~'t~-V"\'oitr, UH' (-HlI"lft
0(' UllC '!lJU rc:ha rg(> slor,,'lne 'lulom"lHca U y h~01Id:5 to t~;;HJS(" U~(> Oil Ullow hll b«­
h"S9 than Hile irofUow. W ilh.1 gated glrwchlre, at fun po<nlU, raU n.l' Op(l" tr;,ltUOUiI

:oul<1 c.'lIlJlSe rl"h!a!H~g V<1~tly un If"XCe5g of thO:!:H~ e\'l~'r expell"iC'flced~ H a:;"
th(~refore of the gr,-.atesl importance that :r1 propel' oI!Jlf"trJlIHrur, M~h(:dulie b~·

developed as part of Uw final design of .1t11Y g<1ted :sllnu"hJltr('.

E. Operation of the l\c_:B.C'1I",!.o!!, -l"he mode of op(:raUnJ1) of Uw ;;-P ii,e tr \"(i),ij

in the cBriest period, n947-48, lis; :s;hC)NJU un Tahlle ,'\- n• This: tabRf" :<;;~~O""'::j:

the full irrigation demand .Hlld lhlf:" :sJ1JOrl;ilge demand, diisiCUU$sed pre vi O\l1,'!J; II ''/,
to be used in thiS! period. The rC'slUlllting opcr;'lUon u'(['Sl!Jlnts: in ,a ununimum
pool elevation of En. 10 D2, in F'ehJr'\IJJ.l ry, D94~.f ;,lnd comU-D'1Jer1!cC's at Uw end
of Septernber, 1'946. wiUu ,a reSlfrrvou II" :stor.lge of '1371.7100 ac-ft. no inflow
data being ava HabU(» b("(or0 th,at lime. H ere renee' to the ope rat ion :studies
carried <oul for UlIC Ir'(~un.aining YI{~"llrS :shows that this J~moul1lt of stou"age
was.av.aH~llbl(~in evi/.~Il"Y oUiI(-n· yc"U" (~x("cJPltthcdries;t 'Y"L"au·s, 1941 <1Jrlid B",nO.
\\'hich laU-c II" h,ad :) ~tl()Jr.l~,I(" of '1 U',7 , []I())(lJ) ac -no 'Thu S H1lode of ~)Plf.' r;)jUnJ1i m~1 r
be conside red saltu Sf:ll<clory for Quse ,~nd sets Ulle trn Uu1Jh1l1l~J1n'l ope r;()lh irUg nllll e
curve ,above \'JhUch.1Bn <fkwn',stn..'<llullllil.h·'m:illndswullU ij)((. huRRy met b)i' tr(~:fi~"Ii\"()iJr

releases.. No aOC(llllmt \V~l$ ttakl(,,1tll (()J( thi[" po:a;sullJh'uullf1!n\oVs from Hw ~hl:S~ll

Qala ,and A.ughandaij) dven"s; in the <eRltV pC'ruo~b, ,liS tlhes'e' are consUdere<loll
ncgHgibU.e Oil" lllttHizl(~<t~ forulT'1I"i~ ..)l1.i(»U1J ell~H~'v.rnueJre.

Operation for fUood <con!tJr'(lIll fonh»w;s tt'hc nlllle curves da::>clLl!ssedJ q~<lldier.

The discharge thrOllllig,h Hue v,alv(e:s; w(!)l1U1lld be' madq" ,Cli~ Q')il!) pell"cent of ttheir
maximum capacity t())~~I('IUuer 'with n~'ll«~:i3lscs tthtrouugh Hue h.llrbim~s so liong
a': the reservoir lUes .;1.bf(1lvC Hue lf1lo()wll ~:'<Olntttrnn Jrull0' CIIUJr\"(;'. The munimum
ope rating and flood C((1)Ulltlr'iC»n C'tUl rves :.11 rlC' sho\......ll1l in FiglLH'C A- n.

Operatiion of the riCsiC'nN»D r for b([»Ull g;.attiC'd ;and nUllg;ah~'d cOll1JdHiions "'....,1; q. <f]one
by electronic computer ['or th:e' re!l1lllJi.iill1liing period of 1f'([."cOJrd after n~4'1.
The results of these stttUldiic'5 .1l1l"«~ given nn Tables A-1 an(~ .'\-4. Fronl
these resuUs. it c.an be Sf"en that UiHe iirrugat:ii,o,n ,:lind powelf' denr'tz~nlflls on
the rescrvoir can bc funny met nil'll eveJr~~1 1i'ea1i cxc~:,pt Hile n9q1-4R ii rliii1~;:.hon
season discussed above and br ..""hich Huc rese1r\'!Oiili !"ii~~'lldl has been ,U.,teli­
mined.

As can be scen. the Jrese rVOll r sriUU s hu2l» OtUlt of 24 ~"eit liS nn the ::Jll'\lgatred

condition and 16 out of 24 in Uw ~.atted comJliition. T.1!M,[" A-"i Sh«YNS ,:]1 s'<JJm-.-,'

Jmary of the monthly aVler,age IUln«'f(1)n1tlro]h-d ifllows, which oC<Cl!Jlrs in 1l.1ht"
months of April, ~tav and Jun{"~ These rlf:sull.ts sho"... ttlh:.Jlt Hv: affect of
the additional gated storage ns to> rednuce the I(mHlloW5 nn Ow fii r s1t ,;,'\."«"fL

nlonUu, AprH. with smaHer or no changes <f)HCTtUlrimg ilfll If;.tar 2:.1l«!1 .)lnuw:.

Since th.eBe average !TIonttMy figun:"s g.ive 11110 clear indication oK nil'" Il"H«"lf':fL
on peak discharges, fllllli1tJll«~U' rOllll1tin~7" ..ven" iTlil"'ldle fOIi Un'!- ",,",d1t«'1r """'.JJl'",~ ir),\



eh.':lctronic (:ornputer to obtnin the p(mk <Ii sella rgc in each )"ear, starting
with th(~ end-of-month r(;servoir volumes given by the refH~rvoir opera­
tion studies. Tll(~ peak discharges {or gated and ungated conditions are
shown. in Table A-l along with the corresponding peak n~ttural innows
and peak outflows from the historical operation of the reservoir. The
effect of adding the g"lles ranges from complete ('ontrol in the years of
small runoff to litUe or no control in tho years of large runoff.

In operating the reservoir with gate,,:. for these l·cmtings .. it was assumed
that flood water would be stored 1.>(:l1in<l the gates up to El. IO,llO, using
only the valves and tu rbinos for discharge. At thi s level, flows were
passed under the gates, with th(~ total discharge: to the river increasing
linearly with r(~servoir leveR to a lInaximuo-a of 20»000 cfs at E1. ] 043 ..
23,000 cfs at EL 1044 and3R,OOO .efs at Ei. )(JH5. The spillway, even
with gates, win therefore op(;:rat,,~ in two out ofUure-c years and for per­
iods of several weeks.. Va rialions l1r1l this proc... tIl~H·e could probably make
small impro"cnlcnt~ in the peak dlschtioll"gcs. The above procedure is
consistent with the U'o~ltjjng of the spillway design flood, in which a sur­
charge of nppro}:jm~llh:~Ryo~ 9 meters "Jlas: a~ermjUed abc.pve E!. ] 04'5 before
operating the gates to gjjv~ a. maxhnu.arn .diisc.htlu·ge, and is done to avoid
excessively high spiUs wUu:n the rcservoirreaches the normal maximum
level.

Table A-2 also sho,,",o"s'a g(·nen·~ll, .hlldiicaUon o( 1the:r::lU1lge of flows experi­
enced and the raUo of the g:att:ed to ij]og.lItcd pi['alk~ A further tabulation
gives an evaluation of the imu)rovement inlflood cpnbrol for each year.
Tabl,e A-6 shows the peak dislic'ha rlfgc' for both f:ond ihons j listed in order
of magnitude" fol!" the years :U1I1l\\,hich ·routings "v(~re made. Tables A-7
and A-8 show the sng1l1liHc;fud; peaks; tlh:at occll.lllrn·ed :un do'!,....~nstream tribu­
taries. the Musa Qala :illJlI.d Arghandall> RivcJrs,bll cOJrupaJrison ,"vith the
flood peaks frmn the tt'f~seJrvoii1I" shownhu "Jr'abh:-A-.2.

\Vith. the addition of galtes • .am unC1l"<:ase of :R:19»OOO die-ft of storage is
potentiaHy possibll.e each year. 'TabUe 1\--'9' SHutCll'.VS the .addiltional yield ob­
tained! each }rear beh\'cen the end or June .:al11l\d th.e end of February .. accord­
in.g to the end-of-lI1Illoll1ilth storages j[on~ thesc~ mlfll]1)UllS as oota ined from the
reservoir operations in Tables A-:3 and A-4.

A .. 3 OPERATION AT FUTURE LEVELS OF DJF:VELOPMENT

A G nAn" .n ~ " * • f jf" •.. enerall - S l[uUS4'""unSSl(:'u /Cardell". opcrau..:onll <i)) \!.tt1le I't(~s:erVOlr to meet
its uBtiJnl1l.ate dcunand \vinn u"«"qjulire baliau-nce between. uJririgatiion, PO\'It~r.., and
mood control use.. Siincf(': UH." eHec1ts oiffi'o>od c'.1lJru1tlJlOili, flr'OnlKaja!~aiRcser­

voir alon(". r)jrimalr'll~'~r lH;'UlI(:Hts Ull(cNon-PJrOjf:C'. can:1d 5, lltt i:-;; p03silble that
the need! for Uuis f]LOOil;i 'C,(lilf1Jh"'!.D plr'o,1tecUu)u !1111J3I y Liiil1i<::' if 1lJu·s:e canals are
incorporated iin SO:.rn1H:~ flltttt:!tJI n:." <!Dt[:'veu\O,pnl1lcltll[ p:rogr"l:n1J. The 1P'lrobllenm wiH be



to set the Umits of irrigation development, rOfmulah~ HE: (~' ritr:rj;a for
satiufying detnand in the dry seasons" and d(~tcrmine the ft sul.tingpoWf!,r
installation. l°he Beck studies U~ercrcncc 4) indic'lh:: a futflJrt'! powcr po­
tential of 66.0 mW-years ofprinlc power, which would sUJ>port. a plant
installation of IZO mW of dependable capacity with an actual installation
of 150 mW; an irrigation demand based on providinR 5.(1 It of waler to
358,000 acres was incorporated in the 1946-48 dry period.

B. Operation for Intermcdi~t<»Lcvcl()fDema~d-l£thc crHeria illustra­
ted by the determination of capacity in Table A-I were lo be adopted, it
would not be possible to justify the above ultimate power installation. To
provide a basis for determining benefits herein, it has been assumed that
a power installation would be sized to provide for an intermediate level
of irrigation demand for aU potcnti.llly irrigable lands shown in Table
B-1 - ex.cluding the ncw lands in the! Chakhansur - that is, for an area
of 312,000 acres. 1'his intermediate demand as wen as the ulthnate de­
mand of aU potentially' il"rigablc Band ~lre shown in Table D-I in Appendix
D. The operation of the reservoi!l" fOllr this condition in the 1947-48 dry
season, foHowing the crite.riia used ;(or the present level of demand, is
5 hown in Table A-IO. The powe I" capability is shown to be 50 rn W- year:>
of prime powe.r and would require ,,'nll initial reservoir storage ..-olomc
of 1,365,000 ac-ft at the end of September, 19416.. Operation studies for
the intermediate h~veB, of dem:<ulIcD for the period] 9·11-10 indicate that this
sto:-age level could be achieved in ever)· year except 19.;17 and 1910, which
are the driest years and , .....cuDd have reached appro.xhnately this volume
in 1948,1.962 and 1966. Usc ofthiis storage vohunc 81S ol criterion would
be satisfactory assuming the 1941-48\ pc dod wa s noll prccecded by an ex­
ceptionally dry year.. The power instaHation corresponding to these con­
ditions is discussed in Section D.. b.G.

W'ith operation at the intermediate level, less flood control space is made
available before the wet season, see Table A-I O. 'This is only partially
compensated for by the additional turlbiine discharg>es. which would bring
the com.bined discharge capacity of the valve and turbines to 10.600 cfs
at all reservoir elev'ations. The average monthiiy uncontroUed discharges
for operation at the inlterm.ediate level of demand are shown in Talble A-5.
which indicates that the flood control effect of the gates hat S reverted
to a value between the gated and ungated conditions when they are oper­
ated at the present level of development. In the same way. the additional
yield available for maintaining river flows has been reduced as shown
in Table A- 9.,

C.. Operation for Ultimate Level (ilf Demand - Opclraltiion studies foJ!" th.e
ultimate condition were not formalized in this present study; h«:n.....evcr.
inc rcasing the irrigatjol1l aUocation COlt" the additi«:m.aH aCJr~age '~\'ollJlld re­
sult in a drop in the prime po\..."cr Ito about 30 Ito 35 m'\" -}"ears, [eHowing,
criteria similar to that used pllrevio1llsJL)" herein. No aCToun1t of this i.s
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t<tken in this study, since it has been assumed that no benefits would be
assumed for p,.,tontial d(!volopment of' new lanc1H in Uw GhakhantJur..Tlu"
balance between these uses will have to be rc(~()ncHcd lah-r when rnor(~

data on power economics and irrigation in the Chakhansur arn available.

D. Sedimentation of the Reservoir - The prescntand intermediate levels
of devel.opment described above have been studied using the active res­
ervoir volumes corrt~sponding to the curve on Exhibit 7.

In 1968 a study was made by the U.S. Geological Service for USAID on
the affects of sedimentation on the Kajakai Reservoir. The results pre­
sented in a report (Reference 7) dated December, 1968, indicated that
the annual rate of sedimentation was 7800 ac-·ft per year in the period
1953-68, and totalled 117,700 ac-ft below spillway elevation. The reser­
voir volumes follow this report (Exhibit 1) by extrapolation of data, a
further 191,000 ac-ft could be lost below present spillway level over 40
to 45 years, allowing for compaction of the scdimlent in this period and
for sim.ilar hydrologic conditions in the reservoir.. The effect of this is
assumed to be compensated for b}r forecasting procedures as discussed
hereunder.

E. Discharge Forecasting - Since the main innmutoKajakai Reservoir
comes from snow melt, it is possible, using snow survey techniques, to
closely predict the inflow for water supply for April through August.
However, this can only be done once the snowpack has formed in the per­
iod Decem!:>er through February. A firm forecast can therefore be made
only in early March. A reasonably good estimate could be made in early
FeLruary and only a rather unre.ll.iable one in earl}'" January. This limits
the usefulness of snow surveying for flood control. and, of course, for
maximizing releases to the river in the prior period of June through
Decemher.. In the early stages of operation, the reservoir pool must be
drawn down by the end of February because the l\1arch inflows. which
average 661,786 ac-ft, exceed the monthly valve discharge capacity of
about 420,000 ac-ft at low pool levels or of about 460,000 ac-ft if the
early turbine output is included. The operating agency must therefore
determine the pool level for flood control in early January and February
tc maximize the flood control. effect, or make an carlie.r decision to maxi­
m ize river regulation for irrigation benefits. The main benefit of snow
surveys would be to enable an early determination of poor sno\vpact: con­
ditions in order to minimize outflows in March, A.pril and. as far as pos­
sible, in February so that sh.ortages in the foHowing irrigation season
can be avoided.. The ability to predict a coming dry' season, nm''''cver,
would allow the reduction of carryover storage in ,uetter years and aUo\\F
the adoption of a lower level for the flood control pool, producing atten­
dant flood control improvement. As the turbine installation increases to
say 50 mW of prinle power, the combined reservoir discharge capacity
win rise to about hOO,OOO ac-ft per month. 'Vith the demand in l",Uarch.
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requiring about 2,36,000 ac-ft per month, a substantial volume (about
360,000 ac-ft) is left for operational flexibility. I:C the power system load
was to change so that the average tup:bine output could be incrcasc:·d, thi:r.
flexibility would be further improved.

It should therefore be possible to devi.se differing rule curves of :>pc,ra­
tion, depending on tha estimated snowpack at the beginning of Feoruary
and, more accurately, at the beginning of March.

With forecasting and gradual power load increases, it 5hould be possible
to improve the flood control effect, at least sufficiently to compensate
for the storage that would be lost to sediment aCC\lfltl1lJllation in the reser­
voir.

A-9



TABLE A-I

RESERVOIR OPEr~TION IN CRITICAL PERIOD -
PRESENT LEVEL OF DEVELOPMENT

(Units are ac-ft x 1,000 except as noted)

Irrigation Demand Minimum Flow Re~uirements _,.To tal Demand EOM
Reservoir Rule Curv~g

100% Months Montho of Storage EO:1 Storag,t'

Yiinr/ n11 of 30% 100% All Honths 30% Shorta..se With Reservoir in Minimum flood Control
Month ~ Shortage ill. 14 000 Ilf cf~'. IJOOO at lOO~~ ~hoX_~I!&.~_ _InitQ.w _KCL!l_~"rvoJ.!" Q.Q.(!ra..t! t~n Uni1:ated r-<.tpd

ll!:i
Sep 730.7 730 920 1.010
Oct 201.6 3,000 184.5 201.6 201.6 131. 7 660.8 660 850 870
Nov 107. 9 3,000 178.5 178.5 178.5 151.2 633.5 635 aoo 8AO
Dec 82.8 2,500 153.7 153.7 153.7 17L2 651.0 6.50 750 810

..!-947

Jan 87.4 2,500 153.7 153.7 153.1 18j.4 682.7 680 730 760
Fob 177.2 3,0"0 166.6 177 .2 177 .2 200.7 706.2 700 700 700
Mar 220.4 3,200 196.8 220.4 220.4 373.7 859.5 735* 880 880
Apr 228.5 3,200 190.4 228.5 228.5 461.9 1,092.9 1,015* 1.130 1.130

Nay 277.2 194 tl,OOO 246.0 3,400 209.1 277.2 209.1 305.0 1,188.8 1,190 1,350 2.140
.hm 302.3 212 5,000 297.5 3,500 208.3 302.3 212.0 158.8 l,H5.6 1,135 1,320 2,050
Ju1 321.7 225 5,000 307.4 3,500 215.2 321. 7 225.0 67.6 978.2 980 1.170 1.730
Aug 285.4 200 4,000 246.0 3,400 209.1 285.4 209.1 41. S 810.9 810 1.060 1,340

SCI' 215.4 151 3,500 208.3 3,200 190.4 215.4 190.4 50.9 671.4 610 920 1.070
Oct 201.6 141 3,000 184.5 3,000 184.5 201.6 184.5 84.0 570.9 570 8S0 870
Nov 107.9 76 :;,000 178.5 2,700 160.7 178.5 160.7 llLI 521. 3 520 800 840
Dec 82.8 58 2,500 153.7 2,500 153.7 153.7 153.7 132.6 500.2 500 750 810

1948

Jan 87.4 61 2,500 153.7 2,500 153.7 153.7 153.7 129.6 416.1 476 730 160
Feb 177.2 124 3,000 166.6 2,600 149.6 177.2 149.6 1A4.8 471. 3 471.3 700 700
Nllr 220.4 3,200 196.8 220.4 220.4 595.3 846.2 846
Apr 228.5 3,200 190.4 228.5 228.5 1,261. 2 1.878.9**

*Va1ucs adjusted to account for year 1963 operation

**Ungatad reset'\1olr wou1dsp1l1 above. 1,391.000 ae-ft



TABLE A-2

SUMMARY OF PEAK FLOOD DISCHARGES FROM KAJAKAI RESERVOIR (CFS)
PRESENT LEVEL OF DEMAND

_______ Peak ~aily Disr.:l1~;:.g_!L(cfsJ ________ -- ------_.__._".__._.-._- Comparison of Peak Discharges Improvement 1n
Ratio of Gated Perf~rmance

Historical Range of Flows Peak (see note)
Natural Flow Outflow Ungated Gated during Peak Period Discharge:;

~ .,AQril .~.-' April ~ AEril .1!!L ~ AEril _kt~y__ ..l'.l!.~ _.___tJl!&.?_~e.9.._._ Gated on 1 2 1 t. 5-
1947 1
1948 29,200 24,720 24,420 7,720 8,000 14,000-24,000 8,000 32 L

1949 45,000 39,600 33,790 24,000 20,000 30,000-32.000 20,000-24,000 60 1

1950 24,000 36,200 13,640 33,310 19,230 7,530 23,500 1f,,500 19,000-32,000 17,900-23,500 71 1

1951 34,200 47,500 30,450 40,140 26,070 7,780 32,000 23,000 26,000-38.000 23,000-32.000 80 1

1952 28,600 23,500 25,380 21,940 8,000 12,000 14,000-25,000 12,000 S5 1

1953 23,600 14,470 15,280 7,580 7,720 13,000-15.000 7.500 50 1

19.54 33,800 33,000 31,200 32,200 30,840 32,160 23,000 25,000 20,000-32.000 17,000-25,000 78 1

1955 - '22,740 9,300 - 11 ,450 - 7,580 10,000-11.000 7,500 67 1

1956 51,220 44,500 28,900 44,280 39,700 30,000-43.000 27.000-40,000 90 1

1957 50,770 46,600 59,e"~ 46,870 112,500 - No improvement - 91 1

1958 24,800 22,500 - 1

1959 - 22,000 16,900 - 1

1960 - 32,200 23,900 - 23,910 - 13,000 20,000-24,000 13,000 ,55 1

1961 35,000 31,600 21,300 32,150 27,850 31,000 10,000 21,000 18,000-30,000 18,000-22,000 68 1

1962 - - 1

1963 - 29,950 4,630 5,090 - 1

196 tf 37.,660 25,400 26,000 32,910 28,770 19,000 20,500 18,000-30,000 19,000-20,500 62 1

1965 37,220 38,050 40,270 40,980 37,690 37,210 25,010 34,000 35,000 25,300 25,000-36,000 25,000-35,000 93 ,.
1966 1

1967 83,100 54,700 51,240 59,370 49,880 14,670 25,000 30 ,OOO-t~5, ('1')0 25,000 42

1968 34,900 23,020 27,140 26,000 28,220 7,680 13,000 16,000-24,000 13,000 46 1

1969 67,230 34,710 43,079 26,133 45,880 27,950 28,000 23,000 26,000-40,000 23,000-28,000 61 1

.1970 16.000 1 .- "'.'"

Totals 4 4 5 6 ....

~ Improvement is listed in the following categories -

1- No prior flooding 4. Significant improvement IilPech .:ed contr\,r;)~

2. No improvement 5. Floods controlled completel)' by gates t\ajiOk.. t ('l'ut't;a~\ll

3. Little improv~w~~t 6. Ml\jor improvement Qala !nHow.



TABLE A-3
RESERVOIR OPERATION FROM 1941-iO WrTIIOUT CATES­

PRESENT LEVEL OF DEJofAND
Sheet 1. of 10

1. Basis - The headings used in this study are defined as follows:

Inflows - Net values after deducting evaporation and losses.

End-of-HOnthStorage - The reservoir is operated between storages given
in columns headed "min" and "max". These storages are the minimum opera­
ting and flood control rule curves determined in Tables A-I andA-IO. No
use ia made of the "Buffer" storage in this study. The values given under
the heading "Actual" are those obtained 'y ope~ating the reservoir to meet
the various criteria.

Release to River - The minimum permitted flows in the river (REQ); the
actual monthly discharge from the reservoir; any shortages in the prescribed
minimum flow (SHRTG); and the maximum permitted discharge, in this case,
unlimited.

Case - The indication of the governing condition for determining reser­
voir discharges:

I - Release restricted by outlet and turbine capacity
4 - Release to satisfy downstream irrigation water requirements
5 - Release to satisfy minimum flow requirements
6 - Release to satisfy power requirements
8 - Release to avoid overfilling reservoir (spill plus outlet)

10 - Release restricted by minimum operating level
11 - Release for flood control to meet flood rule curve

Power - The uinimum required monthly generation In 1,000 kWH; the
actual generation possible from tile discharges made; and any shortages
occuring. The actual generation is limiteJ by the turbine capacity,
assumed to average 81.0 mw without gates and 144 row with gates.

Flow at Downstream Control Point - Any local inflow below the dam;
water rights; the irrigation demand (ADD REQ) and the actual flow in the
river composed of reservoir discharges plus local inflow; any shortages
in irrigation demand; and the maximum permissible discharge (unlimited
in this case). Local inflow was assumed to be zero for the 1947-48 dry
season, and constant minimum values were used for all other }'ears based
on flows in 1962-63 for ~'i,:! 1·lusa Qala and Arghandab Rivers. The Irriga­
tion demand may be obtained from Table :0-1.

2. Results - The following averages are obtained from the study:



Average inflow (less evaporation and losses)
Averuge local inflow
Average irrigation demand
Average shortage in irrigation demand
Averag~ annual power required
Actual annual power generated

TABUt 1\-3
Sheet :2 of 10

6854 cfs
120 efs

3464 efa
23 cfa

254.3 stWIi
569.8 gWU
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e ",0900. 5~320. O. 769. O. 3d40. 41521. O. 9999911.., <'1600. 60204 • O. 14 • u. 450&. 4119l. II. 999999.
b ,,11900. 563",0. O. 10. O. 5060. 17286. O. 999999.
7 ;1600. 6il264. O. o. O. 5232. 1927. lo. 999999.
:; 21t10,; • 60264. D. 4. O. 4642. 1870. O. 1\/9999... ,,\l901l. 57/44. O• 5. O. 36~!l. 5381. II. 999999.

VI; 154300. 645005. O. ll6. ll. 3464. 12155. 0. 9999'19.

yt"'w 1"5i'

cr" I:'.!' Q' '<0""" STO",AGI: III AC-r T IIEUASf: ru klVell I'" crs
PEoI l"rLC~ '" Jr. "urrl:R ACIUAL ta:Ax IlE~ ACTUAL S.IIHG HAX CASE
1': 3'52. 5/00(HJ. 510000. S'>OIlOU. 850000. 3000. 41190. O. 9999'19. 11
11 '>661. 5l000". 5~;)\l00. 800000. 800000. 3000. Co507. O. 999999. 11
12 t,429. )01100". 500000. 75ClJOO. 7500GO. 2500. 1242. O. 999999. 11

1 ~!itll. 4160Cil. 4 7Cd100. 130000. 7JOOilO. 2500. b144. O. 999999. 11
2 /;991. 4113il!l. 47130'. '1"622 . 700000. 3000. lHO. II. 999999. 1
3 1<,980. 1.'SOH•• 1.55000. 1;)6.030. ilI>OOOO. 3200. 7286. ol. ~99999. 1
~ 212.,4. 11115001]. 101500il. lJIII0ilO. 1130000. 3200. 1'>73/. O. 999999. 8, 12198. t1vOOO~. H90ilOe. 1J91000. 1350000. 4000. 12796. O. 99999\/. 8
6 eo"Z.,. U"5011r. '-135000. 1331111. 1320000. 5000. 1921. O. 999999. 1
1 .H13. 9"01)09. 9aIlOGO • 111,)(100. 1110ilOO. .,000. 6549 • O. 999999. 11
<l 2506. S100nC. 11lGOOO. 1J4J<.'65. 10600JC. 4000. 4637. O. 999999. 4

J 28il3. ~1000C. 61!l000. 92ilOOO. 920000. 3500. 4t1es. O. 999999. 11

"" 1~50. 3494. 16'>0. O. 'i99999.

10~,) ,,~- ..R POwER rlO~ 1'. crs AT {)O"NST RE A01 COIwTROl POI"H
PER RE:'} AeTUA" SlolQT(i ~lOCA~ RiGHIS ADD REO ACTUAL SHrUG lUX

1" 21600. 52266. O. 2'>. O. 3219. 4915. O. 999999.
11 ;;>(.90&. 5..320. O. 36. li. 1813. 6543. O. 999999.
12 2160C. 60264. r. .!L. il . lj .. tI~ 1214 . G- 999999.

1 216r-O. 60264. O. 16. e. 1421. 611G. I). 999999.
2 19500. 54432. c. ;'.:l. ". J191. 1360. O. 9999~9.

3 21600. 6!l264. O. 524. O. J584. 1809. C. 1991199.
4 20900. 50320. O. 1119. O. 38411. 16526. II • 999999,
S 2H100. 60264. O. 14. e. 4508. 12811. [, . 999999.

" 2J900. 51>320. O. 10. O. 5080. 7931. "'. 'i99999.
7 2J6oo. 602~4. G. 6. D. 52J2. 655'). L 999999.
II ZHOO. 53350. 0. 4. O. ~b42. 464~. G. 999999.
9 2090". 52n:. o. S. 0. 3610. 4&&9. O. 999999.

'A 254300. 6811550. O. 126. O. J464. 1716. (} . 9119999.
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CfS
Pl;M IMlOlii
10 3298.
11 .H~6.
12 40tl~.

1 3660.
2 4~99.

3 161:148.
4 21~63.

5 12469.
6 ~126.

7 3211.
d 191~.
9 24Z6.

,"w 6989.

E:Ml OJ l4{lIjHl
"IN l.UU Ell

~70000. 5 7 0000.
:'20000. ~lOOOO.

~OOOOO. ~~OOOO.

476000. 476000.
4113110. 411300.
13~000. 7JSOOO.

1015000. 1015000.
11'10000. 1190000.
113~000. 1135000.
980000. 900000.
810000. 810000.
67000(1. 67001l0.

S.lOHAG~ II, AC-n
AC'OAl, MAX

850000. 850000.
60QOOO. 800000.
150000. 750000.
73~000. 130000.
100000. 100000.

1281810. 880000.
1391000. 1130000.
1391000. 1350000.
1320000. 1320000.
1110000. 1110000.
100616~. 1060000.
970000. 920000.

RfLE:AS[ '0 RiVER I~ crs
Al;O ACTUAL ~hRTG "AW

3000. 4431. O. 9999~~.

3000. 4~96. O. 99999'1.
2500. 4~98. O. 999999.
2500. 4185. O. 999999.
JOOo. 51J9. U. 999999.
3200. 7386. O. 999999.
3200. 19128. O. 999999.
4000. 12469. O. 999999.
5000. 6919. O. 999999.
5000. 5650. O. 999999.
4000. 4637. O. 999999.
3500. 3874. O. 999999.
3494. 6969. O. 999999.

Clost
11
11
11
11
11

1
8
8

11
11

4
11

10l!0 " .. -,,~
PER NE~ ACTUAL
10 21600. .'417.
11 20900. 4642Q.
12 71600. 50052.

1 i1600. 420d~.

2 19)O~. ~~112.

3 21600. 60264.
~ 209GO. ~b320.

5 21600. 60264.
6 20900. 58320.
1 21600. 60264.
8 21600. 5J117.
9 20900. 41145.

YR 254300. 673776.

nUl 1960

P<3Wl~

S"IlTCi
O.
O.
oJ.
tI.
(,I.
O.
O.
O.
O.
O.
C.
O.
O.

fLOW I~ CFS AT UOhN~TqEAM CO~THOL POI~T

OLOCAl RIGHTS A~~ Nt~ ACTUAL S~NT~ ~A~

2>. O. 3279. 4461. O. 999999.
36. O. 1813. 4633. O. 999999.
J2. O. 134l!. 49.'0. Ii. 999999.
26. O. 1421. 4211. O. 999999.
50. U. 3191. '18~. O. 999999.

524. O. 3564. 7909. O. 999999.
789. Q. 3640. 20511. O. 999999.
14. O. 4508. 12483. O. 999999.
1~. O. SOtiti. 6929. O. 999999.
6. O. !l23l. 5656. 0, 999999.
4. U. 4642. 4642. O. 999999.
5. O. 3620. 3879. O. 999999.

126. O. J46~. 7115. O. 999999.

eFS "t." or H(NTll SlOkAGI; It.- Ae-f 1 IlEL[AS~ hI NI9ER 1'< crs
PEl. It.-FLO'' "'IN tH,irr~il ACTUAL MAX 1iE,J ACTVAL S~"HG !Col) USE
10 Z5£3. )700i)C. 51\1000. 550000. 850000. 3000. 3682. O. 999999. 11
11 .H57. 52ilOlJ.l • 520000. 800000. 600(100. 3000. 4/91. O. 999999. 11
12 4129. 50000(:, 500l!<lO. 7541000. 750000. 2500. .142. O. 999999. 11

1 3350. 4160DO. .76000. 730000. 730flOO. 2'>00. 3615. G. 99999\1. 11
2 • 135. 411JOO • 411JOO. 100000. 100(1(10. JOOO. 4645. O. 999999. 11
J 6708. 13500(,. 1~50{jO. 'l80000. 8~noco. 3200. 3J81. G. 999999. 11
4 15648. IOI50i){'. 10150(0. 1375411~. lUOOOO. J20(). 7:>21. I). 999999. 1, 22242. 119000{) • 11900(;0. 1391(100. 1~50000. 41l00. 2191>9. O. 99,,999. 8

6 1829. llJ5000. 1~~5000. 138~551. lJ2nooo. 5000. Inl. O. 999999. 1
1 J~5·. ~8(jO()O. 950000. 1110000. Ul0ilOC. 51leO. 6b59. O. 999999. 11
0 <'JQ1. 61000:1. 81000e. 10~2215. 10(,0000. 4000. 4t>H. U. 999999. 4.. 2112. 610liOJ. 610000. 'i2ilOOO. 92G~!lO • 3500. 3999. O. 9999\19. 11

'"" 6511. J494. ~'11. O. 99999\/.

lUOO " .. -Mil PO"UI no" " crs AT t,)""SHiHlI CO·;f!l!lL POI'.'
PEl< "Ul ACTUAL S.;RTG UlOCAl lll{,'HS AIH' Rt(, ACT"AL S·dHG HAl
1G 216(iO. J9~.6. O. 25. O. len'. :HO(). J. 999999.
11 2(;900. 4.l4lJti. O. .Ill. O. 1613. 4~J4 • 0. 999999.
12 nt-(lO. 50498. O. ~l. O. 1~411. 4974. 0. 999999.

21MO. 36954. O. 26. o. 1·;n . J701. O. 999999.
2 1 J 500. H68~. 0. 50. O. 3191. 4695. O. 999999.
~ 211\00 • 31> 802. O. 524. !l. ~5li·. 4305. I). 999999.

• 20900. 5"~':0. O• 189. O. Jb4il. 6Jl0. O. 999999.
5 2leU:;. 6:'2b4. O. 14. D. 4)01:1. 22il03. O. 999999.
0 209 l)(). 56J20. D. li.>. ~. 5UtHl. 7931. O. 999~9~.

7 21bOO. 6(,264. C. 6. D. 5o!J2. 68~5. O. 999999.
6 216uO. ;.5279. O. 4. C. 4642. ·64>-. O. 999999.
9 20900. 42()lb. O. 5. ~ .5620. 4:104. C. 999999 •

Yll 254.500. 58J'I69. O. 126. D. J.e4. 6643. D. 999999.

YE&R 1961

crs t:"D Of MD~Tt4 srOll.Gt: I:. Je·r,. RElEI.Si: T(j RIIIER l!'o crs
PE'l :~rLC'" "'I'j YU··EQ AcrUAL !"It_ RE:l ACfUAl SHRTG !UJ CASE
lil 250~. HOO'lO. 5HIOOO. !l~O'lOO. 85000£. JOOO. J1l41. O. 999999. 11
11 2171. 52000 J. 520000. 6110000. 1I00ilO". JOOO. J817. II. 999999. 11
12 20U. 50ua~o. SODooa. 750000. 750000. 2510. 3651. O. 999999. 11

1 2600. 476000. 416iJllO. lJOOJO. 130000. 2500. 3125. O. 999999. 11
j 2912. 411JOO. 471.JOil. noooo. 1000(10. 3000. J512. O. 9999119. 11
3 7.530. 135,)(;3. 7.55000. d8JOOO. 660000. J200. • 411. G• 9911999. 11

• 25275. 10150;1<). 1U150UO. 1391000. llJOOOO. 3200. 1608& • O. 999999. e
5 23935. 119000". ll1JOO3. tHIDao. IJ500iJO. COOO. 2aYJ5. o. 99999\/. a
6 0900. llJ5OCO. l1~,DoO• 13~1l211. 132001;0. 5000. 1.;21. iI. 999999. 1
1 JIH. 980300. 90DOOO. 1~7"jO(j. 1110000. 5000. 5179. O. 999999. 11
0 224'<. 1I100l);;;. B13uJ):'. :'J2jl~~. 10600~O. • 00!l. 46J7. O. 999999 • £

} lUS. 61000\;. 610000. niH:iIO. 920000. J500. 3012. O. 999999. 11
y~ !>o·&7 • J.94. 68£7. O. 9999'#9.

l~Ot! ~",~"!l PC..;E.~ fLO- p .. is A1 nO~NsT'lE." COI1iP,k POI~T

r"i-'" >I,,') &{lJAI. S~~Tt. JlOtll ~iGw 5 £&1' ilt'j ACn;&l ~~r"t~ ~AX

l'G 2.~JJ. B'H;. \.I. 2;. j/1}. J061>. o. W99~Y9.

U 2uNO. Jb~?~. u_ \6 ~ l~iJ. J~">~. ~ . 'iI'19999.
12 ,,;l~!H~ .. J1.Pl. :!J ~ ~/. ~.H<l. J~f,9. O. 99,.·N9.

11 bJ!J ~ J14l1. c. leo 1·21- 31">il. &. 991999.
L :fj,I~nr .. .~1'1 'I. ll . ~. $l'il. 3;62. 01. 999"1'19.
.J 216'DC • 4:t.!,':Jc .. t. ?l4i . ,55d4. • .. ,5 •• 'J. ~7'lv9~ ..

£ 2~~0u .. 58.J2il. D. l-j-Y .. .504&. 174] ..' .. C .. 9YY~~~ •., l]!lC;J. t>Z,26 •• OJ. :~ .. 04::'08. 2fJQc~ .. .... 9'iU'n.

t .,,,-9J). ""~.?iJ. C. 1 t- • ;J~h.l. 19~1. c. 99g."j~ ..

1 2!"'!tC. ~~:i~.c. u. ~. 5;( 3l. 51f.,. "~ . 9'09 ..9.

" .r. it ~i; .. 'j3;(n • :; 4. £6£2. 46~2. 9999',9.

" 2j",)1l. • 1';('. {.. ~. •H,2\.: • 3,,16 • 9919;'#.
tot. .i';<:..llOiJ. ';0;'111-,. ... 126 • J~t4. !><;lJ • \...'. ;19999.
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CU
'EI/II II!li"UiII
10 4Jl.
U JUII.
n 19".

1 U".
3! JUO.
.1 ,ill,..
4 nU6.
~ .BU.
• 4684.
7 1910.
• 1'.10.
, 119t1.

tA 411l18.

''ttl
l'41,'"

~I"''''ilJ.
'tlillOOilJ.
,tllU~~.

416illOV.
41U'UO.
Il'H/<DOl •

lOUOOO.
11'0040.
UUOOtll.
9'0000.
"(lOOO,
tlOOiIJO.

"" "'U"'1fw
*1,1Ifffill

"ilIiIIOO.
'n~Joilill.

'Oillitli/JO.
U6illillO.
UI"ilJO.
IJ'OOO.

101~OOO.

U9GCOO.
IU~OOO.

'UOOO.
lIU/GO.,.
61000'11.

$'OMI~l .'" le.'1f
letl"L "'I.

'46Iil10. "011100.
"U96. 81lCillilO.
"O~OO. "0000.
'''O~CiO. IJOOOO.
'OOOO~. 100000.
51411'. .80000.

11"0000. 1110000.
1"'0000. 11'0000.
lJ20000. 1"200GO.
111919'. 11'0000.

9211110. 1060000.
~2i1146~. 9l00~O.

RELEISE TO ~I.i. I~ C',
.~O IC'UAL S"." ~Ir

JOCO. J2'.. O••, ••,t.
JOCO. JOO~. O. ""9t.
2'00. 19l1. O••••",.
2'00. )Jll. O. ""99.
1000. 19.0. O. ""99.
1200. 3200. O. "",t.
3200. 631'. O. 9••••9.
4000. 6290. ~. ""'9.
'000. '1". • ""'9.'eeo. ~12.. t. ".999.
4000, 4631. O. "'9".
3~'O. 361'. o. 9t'99t.
34'4. 4246. O. '9"99.

cJn•')
11
11
U,
11
11
U

4
4
4

100~ 1<l.·IlR POIl/HI H.Oll I~ crs AT ~O"~S'A~I" CONTROL P~I~;
PtA flE;O ICTUI" SloIlno liLac-.. IIIG""S IDD lli:O ICTUIL $1111(" lnl

Ul ZltlOO. 34016. ID. 2'. O. J21t. 327'. O. ""'99.
n 20.00. 29281. 10. 3C1. li. 1813. JU•• O. '''''f'.
12 21600. 29667. ? 12. o. Ule. 2970. o. "999'9.

1 216llll. 3.5294. O. 26. O. 1421. 3331. o. 'tf9.f••
2 19'00. n7U. iD. "0. O. 3191. 4OJIli. (J. 't"'99.
3 21600. .52442. O. ~24. CI. 3'81. 3124. ill. '~99999.

4 20.00. 'U2C1. 0. le9. o. JSUI. lUll. Iti. '~9999l'.

5 ZllbIlO. tI\l264. O. II. O. 4508. 6JilI4. ill. '~'99n.
6 20'iClO. "131~J. 10. 10. o. ~oao. '198. @. '~'9999.., 21600 • 60264. O. 6. O. ~232. 5232. O. t9l''''.
8 21601l. 5>1900. 0. 4. O. 1642. 1612. Ill • '~9999'.

9 20900. •H255. O. 5. O. .162(1. .16..0. 10. '~99999.

\'" 254300. '208(10. O. 126. ~. 3164. 1!12. ill. '~999~9.

crs
1,,,",'1.'310/
.liO'i.
2J16.
21C>1.
2~IO.

256 ...
421'9.
1916.

1St/59.
76';1l.
219".
I1U.
I1(J2.
46!l5.

l'hllJ
~I"

51()llllD.
5 ..11ll(Jll.
'OODllO.
4'6000.
"130(1.
''''>''OiD.

1(J1Stl'l)ll.
1l911llll~.

lU511fHJ.
;rtl'll11V{).
tll0<lll:O.
l>1i'10<l<J.

Of 'OI!I!olfjol
til:lrrll'il

~"(lOOll.

520ilJOIO.
5000011.
He.<O(lIO.
Hl!llll.
7,5)000.

lll1!>llOtl.
U'9t1lltlt/.
11,5)000.

'9!l00t/0.
6Uli(liOO.
6UJIlOD.

S'IlU('l: I.,. J(;.O
ICfillJl IMU

'56'!!. 6500iOll.
'111~$. ~100i(lOO.

1150S'. IS1111(l(l.
'll51~6. 1!01l1l1O.
6'~~!!. l11lli(l(lll.
7,5)I(JO. !l6i(1DllO.

101~JJI. 11,5ll11ll11.
1,5910110. 1350000.
1314611. 13..tlODD.
11'~~OO. 11101000.
994515. 10600v~.

66064J. 920~OD.

R~LEI$~ 10 Rlw~~ I~ crs
~E@ ACIUAL S~RI& HAX

311ll11. 3254. ~. 9~999Y.
!I'.ISIl. 30U>O. 01. 999999.
2500. 25tO. 01. 999999.
25001. 2500. 01. 999999.
lOCO. l141. O. 999~19.

l2CO. 3l~0. O. 999999.
J200. J200. O. 9.9999.
1000. 11965. ~. 999999.
5000. 1921. G. 99Y99~.

5000. 6122. O. 999999.
4000. 4631. O. 999999.
3500. J615. O. 999999.
3194. 4602. O. 99~999.

CAn
4
5
5
S
4
'5
5
e
1

11
4
4

111110 l\/ooI·l'Ill po~t>l rUll; I', US All IJ'D;,!,S lIRE li'" iCC!tIUJiOiiL. "(~II!tI'

fOUl ~EC ICTlill S... liJl:, ~LOCJoL fll;r;.,ws ;l1J1J ;lUi ICTIJIIIL S...il<Ui l1li1:1:
10 2l6tHJ. .u~l9. 10. 25. 10. ,521\1. 3219. 11. '~99'n9.

11 209011. 29148. il. J!>. v. libU. !UI!>. iLl. ~99~99.

II 21""D. 2Iib)0. c. J2. (I. U41!l. 2532. 10. '1199999.
1 21600. 214777 • o. 210. O. 1421. 2526. 10. '1199999.
;, :~'5tl{l. 27en. v. 50. IU. l191. J191. ::l. '1199"'99.
l cUIOD. l1625. 10. ~~... D. o35c4 • .nz4. o. 'H9"'99.
4 2090V. 0329;3. D. H19. O. o3!!"lI. 39i!l9. iO. '1191999., 2160<1. 6'~2t>4. V. 1<;. !U. 45'O'!l. 11979. .:J. 999999,
6 <'MilD. SU20. 0. lC. D. SOilQ. 11131. Ili. ';99999.
I 2iMil). 6'J2M. D. 4'>. o. !i2le. 6129. 10. '1199999.
13 2l60l). Sl045. I). 4. v. 46<12. 4642. ~' . "9'11'1199.
9 2"9M. 36ll24'>. ll. ,. 'l. ~1\2~. 36..0. ~. 'i99999.

Yil 2~4300. «H~n. D. 126. !D. .5464. 172a. 10. '.99999 •

yEA.;( 19j<,«

ers t.!tjU D~ "fo!C·."f"i( 5 Hll'alil ~"" u:-n AEt.USE J,) '"'I'IHI lit. ers
HI< lMlO" "1,1. i:lufflli at;J\j.\, ""!.l. !lEf;, ACJvJAIl. ~II+RHi HAil' CASE
1<) 2012. H:lilJil. 5ItDOO. 'i!(l79lf. 85(lDCll. lCCO. l2~4. O. 999991. 4

11 29Vl. ':>"Ol'l)l, • 52!U:lO.:l. suODel. eOOOOD. lO*10. ~O3°;. O. 99999". U
12 2Hl. '>DilUJV. 5:lill)(ll). 15llDell.'. lS0MD. 2'00 • .J~". O. 999999. 11

1 2f211. H6(l!lO. U6Dll'C. JJliVOli. IlO;lO(l. 2500. Jl5J. 0. 9999'1/9. U
'; 4248. <l7!.HI;'. 471JOO. lOl'iJllO. Ill0"OIl. .JDOO. 4786. O. 999999. U
~ 12862. 1~5(JGiO. n5111111. l(1Ufi29. aellllllt3. 3200. 1210. 0. 99.999. 1
4 211<10. 1!lI~DiJ'" l()150ll11. U9l001l. UJ[lIlCC. J200. 21.30'. O. 999999. S
5 159o",. l1<;IlOH:. 119!J(lOO. lJ~HIIlIl. U!>ilO(lll. 1000. 15901. O. 999999. 8
6 611~. l! o550iJt. 11J5lll)(I. 103/liliIlO. 1l2Cll"(I. 5€J00. 7J66. O. 999999. U

2iN]. 9>;:0(\(1(1. 9801"'O. nl000e. U7C(lliO. 500". 5337. O. 99999'1. 11
fj 19<'8. dlllOD •• SHltll)(j. 1(;l!H9~. Hl6llIHID. 4000. 46J'. Iii. 9997'19. 4
'i lIS!!. bl()(jDJ. 61DIHltl. !l94c6!. 'i20111O~. 3500. 31:>15. :>. 9999\19. I

Y.. c9~O. ,54\14. 6'131. O. 9999\19.

lCJO .1f("-lhI'R PiC-.ii:iR flO .. J"ti eli ., ;:O .."S"IE"" Cll"'kC1. FOI'"
Pt'li ill)) &£:!"&l s..... , .. ~lilt·l Plt""50 ;ltD ilHI .lCJti&L S"l/tG '''II'
Hi 21Mll. $&231. 0. ..~. o. !>av • 3279. tI. 99999...
11 21190(1. o3!l317. o. )6. o. unJ. 3011. c. '~99999.

12 216[9. JUU. ll. Je. lI. 1.341:1. .ISH•• ~. 919999.
1 2160!!. 051':19. O. 26. li. 1421. .3119. "'. ';911\199.

2 IIlS'H1. "~'9~4 .. tI. s... tl. Jilll. ·c~". 0. ~\l9999.

.3 21M1O. 6"'2!!>4 • IJ. "24. C. o55S<l. ""<;. OJ. 999999.
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1 3965. 416000. 476000. 130000. 730000. ~~'o. 429C. O. 999999. 11
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5. t. 36lU. 3620. U. 999999.

126. O. 3464. 5060. O. 999999.



TABLE A-4
RESERVOIR OPERATION FROM 1941-70 wrrH CATES ­

PRESENT LEVEL OF DFJaND
Shl]et 1 of 9

1. Basis - For explanation of headings see Table A-3.

2. Results - The following averages 8.re obtained from the study:

Average inflow
Average local inflow
Average irrigation demand
Average shortage in irrigation demand
Average annual power required
Actual annual power generated

6854 cfs
120 cfs

3463 cfs
23 cfs

254.3 GWH
839.9 GWH
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1 216tJil. 49CJ~. (). 26. ~. 1421. 4"04. ll. 999999... 19500. 4654" • \/. ~tJ. ". S191. ~200. t. 9999\/9.
J ..160t. .511il'c • (1. ,i4. t . J~/:I4. 4?tl/. o. 9'19999.
4 ,,0900. l!I4c6(l~. Il. lS9. li. ~84(1. 1'l;!1:). L. 999999.
5 lUG(J. ~44\>", O. 14. lJ. 4~OIl. 45!,1l. D. 999999.
6 '21'90('1. 59911. (J. 11'. c. 5illlO. 508G. 0. 999999.., 21600. 61154. 0. c. l.! • 5d2. '.1iU. II. 999""9.
f 21600. ')1.$'2 4 • 0. 4. c. 464i. 4642. 0. 999999.
9 1(90Ci. l61'\i1. O. '>. Ii. 3(,20. 3620. a. 999999.

n l'>'30'O. 11 1'>11. iU. 1t'6. G. 3464 • 55'S7. (I. 999999.



SUMMARY OF UNCONTROLLED FLOOD DISCHARGES
FROM KAJAKAI RESERVOIR

Average Monthly Discharge (cfs)**

Ungated

Present Level
April May June

Gated

Intermediate Level
April May JU~

G&ted

Present Leve1
April May June

1947
1948 12,437 13,163 * *
1949 23,366 16,397 20,241 16,397 9,716 16,397
1950 8,490 27,472 9,932 23,243 15,090 9,932
1951 14,442 32,253 12,535 12,086 32,253 25,622 12,535
1952 16,309 14,730 12,591 14,730 9,782
1953 9,436 11,670 - * *
1954 22,643 21,344 17,031 21,344 8,880 21,344

1955 9,047 - * *
1956 34,869 15,847 27,670 15,847 21,105 15,847
1957 40,738 41,178 17,276 32,433 41,178 27,352 41,178 17,276
1958 15,737 12,798 11,002 12,798 9,879
1959 19,728 12,469 11,312 12,469 10,641
1960 21,989 18,013 8,670
1961 16,688 20,935 12,456 20,935 16,433
1962

1963 13,163 * *
1964 21,305 15,092 16,888 15,902 15,748
1965 26,427 31,087 19,263 31,087 15,133 12,663 31,087 15,133
1966 - - - - ~1967 17,196 25,484 10,657 12,446 25,484 10,657 21,474 10,657 t"'I
1968 12,462 17,850 9,507 15,984 9,234 9,507 tI2

1969 28,950 20,154 11,729 20,097 20,154 11,729 15,636 20,154 11,729 ~
1970 - - - V'

* Flood controlled completely by gates

** Discharges are from operation studies



RATING OF PEAK nISCHARGRS FROM KAJAKAI RI~SERVOIR

OPERATION STUDIES

Ungated Gated

Outflow Outflow
Order Year (cfs) Year (cfs)

1 1967 59,370 1957 1.2,500

2 1957 46,870 1956 39,700

3 1969 45,880 1965 35,000

4 1956 44,280 1951 32,000

5 1951 40,140 1969 28,000

6 1949 39,600 1954 25,000

7 1965 37,690 1967 25,000

8 1950 33,310 1949 24,000

9 1964 32,910 1950 23,500

10 1954 32,160 1961 21,000

11 1961 31,000 1964 20,500

12 1968 28,220 1968 13,000

13 1952 25,380 1960 13,000

14 1948 2[,.720 1952 12")000

15 1960 23,910 1948 8,000

16 1953 15,280 19':» 7,720

17 1955 11,450 1955 7,580

NOTE

Values for years 1958 and 1959 and years

of low run-off were not obtained and are

not included in the above tabulation.

TABLE A-6



ANNUAL FLOOn£. PEAKS FROH MUSA QALA TRIBUTARY

TABLE A-1

Year Jan Feb Mar ~- Dec Remarks

1953 42,000 Reduces effect of control by
( 6,000) Kajakai

1954 7,,600 No improvement from
( 5,900) Kajakai was assumed

1955 38,000 16,200 Reduces effect of control by
( 6,000) ( 5,100) Kajakai

1956 14,000 No improvement from
\10,000) Kajakai was assumed

1957 71,000 No improvement from
(50,000) Kajakai was assumed

1959 22,000 Reduces effect of control by
( 3,500) Kaj1\kai

19~G 6,000 Not significant
( 4,500)

1964 22,000 Not significant; same magni-
( 3,500) tude as controlled flood

1968 12,000 Not significant
( 1,SOO)

NOTE

Values shown in parenthesis :-re mean daily
peak discbarges. Olher "alues are instan­
taneous pE'aks.



ANNUAL PEAK FLOODS AT DARWESHAN :cfs)

Year Fp },!' '..: ::..D;' !'1arch April _J'~Y Remarks

Improvement in
Gated Performance

(see n.ote)
1 2 3 4 5 6

1947
1948
1949
1950
1951
1952

65,000
133,000 Reduces effect of control by Kajakai

Reduces effect of control by Kajakai
86,000 Reduces effect of control by Kajakai

1
1

1
1
1

1

1953 13,000
1954
1955
1956
1957
1958

38,000

133,000

48,000

65,000

Minor effect
No improvement from Kajakai

No improvement from Kajakai
No improvement from Kajakai

1
1

1
1
1

1

48,000 No improvement from Kajakai
24,000 Not significant

123,000 No improvement at Darweshan

25,000 Not significant
Reduces effect o( control by Kajakai

75,000 No improvement from Kajakai
Not significant

50,000 Not significant due to reduced outflow
from Kajakai

40,000 Reduces effect of control by Kajakai
Records not available

,...

~=-~
:>
I=

1425

1
1

8

1

1
1

1
1

1

1

4

1

1

Totals

by gates

following categories ­

Significant improvement
Floods controlled completely
Major improvement

Improvement is listed in the

1. No p~ior flooding 4.
2. No improvement S.
3. Little improvement 6.

11,000

NOTE

1968
1969
1970

1959
1960
1961
1962
1963
1964 44,000

1965
1966
1967



INCREASE IN YIELD FROM KAJA~\I RESERVOIR
AFTER INSTALLATION OF GATES

Increased Yield
(ac-ft x 1,000)*

TABLE A-9

Year

At
Present

Level

At
Intermediate

Level

1947
191.8 0 385
1949 728 306
1950 745 230
1951 819 219
1952 819 319

1953 130 230
195/. 703 230
1955 788 176
1956 434 230
1957 730 230
1958 635 331

1959 889 219
1960 130 230
1961 788 165
1962 788 220
1963 80 191
1964 656 175

1965 755 230
1966 819 319
1967 142 251
1968 819 319
1969 792 265
1970 819 319

* The increased yield is the change in
the difference in storage volumes from
the end of June to the end of the sub­
sequent February after installation of
the gates.



TABLE A-10

RESERVOIR OPERATION IN CRITICAL PERIOD ­
FUTURE LEVEL OF DEVELOPMENT, IMMEDIATE DEMAND

(Units are ac-ft x 1,000 except as noted)

Minimum Flow

Yearl
Month

Irrigation Demand

1007. Honths
all of 30%

Months Shortage
100% All Nonths
sJ~ LOOO_ a(

M,mths of
30%_ Shorta~

cfl4 1,009_ llf

Total Irrigation
Dt'llIanC:

With
100% Short~e Inflow

Power
Demand
QO_~)

To tId
Demand

EOM
Storage

Minimum
Operation

Flood
Control

Rul'.'.'
Curve

1-946

Sep 1,365,8 1,365 1,550
Oct 240.3 3,000 184.S 240.3 240.3 131. 7 198 240.3 1,25;.2 1,260 1,400
Nov 123.6 3,000 178.5 178.5 17S.S IS1. 2 190 H)O 1.218.4 1,220 1,330
D{!c 90.5 2,500 153.7 153.7 153.7 171. 2 197 197 1,192.6 1,190 1,300

~

Jan 92.2 2,500 153.7 153. '7 153.7 185.11 197 197 1,181.0 1,180 1,250
Flilb 187.2 3,000 166.6 187.2 187.2 200.7 178 187.2 1,1911.5 1,195 1,200
Nar 236.2 3,200 196.8 236.2 236.2 373.7 236.3 1.331. 9 1,330* 1,600
Apr 261.3 3,200 190./. 261. 3 261. 3 461.9 261.3 1,532.5 1,245 2,000

~1ay 329.1 230 4.000 246.0 3,4CO 209.1 329.1 230 305.0 230 1,607.5 1,6111 2,1,"0
Jun 354.4 248 5,000 297.5 3,500 208.3 3511.4 248 158.8 248 1,518.3 1.520 2.050
Jul 379.4 266 5,000 307.4 3,500 2i5.2 379.4 266 67.6 266 1,319.9 1,320 1,900
Aug 339.9 238 /. ,000 246.0 3,400 209.1 339.9 238 111.8 238 1,123.7 1.125 1,750

SQP 257.5 180 3,500 208.3 3,200 190.4 257.5 190.4 50.9 190 190.4 984.2 984 1,550
Oct 240.3 168 3,000 184.5 3,000 184 ..5 240.3 1St.. 5 84.0 209 209 859.2 860 1,400
Nov 123.6 87 3,000 178.5 2,700 160.7 178.5 160.7 111.1 212 212 758.1 760 1.330
DtlC 90.5 63 2,5GJ 153.7 2.500 153.7 153.7 153.7 132.6 222 222 668.9 610 1,300

1948

.ran 92.2 64 2,500 153.7 2,500 153.7 153.7 153.7 129.6 240 240 558.5 558 1.250
r12b 187.2 131 3,000 166.6 2,600 149.6 187.2 149.6 l!.4.8 232 232 471. :3 411. 3 1.200
~lar 236.2 165 3,200 196.8 236.2 236.2 595.3 236.2 830.4 830
Apr 261. 3 3,200 190.4 261.3 261.3 1.261. 2 261.3 1.8:W.3

~MDdlfled for 1963 operation



I,
I
I

2400
I

2200 ~~~!.~~

,
I

._- -1-. 1-
I i

- 1-- I-~ -·d--4.-<'b~- I I I '"'

2000

800

1000

-

I I I r-1~1~--·1'/L I I II r----A>·/· Ii" ~_ J I

---r~ F~OOO CjONTR~L RU4E CU!fVE - GATED

~~ + -~. ~L~t TJ'"·----T=·~·.~- I I 4- .... ,

~l=J~J~.~j ~ l ~.i--__- I I I -T-

I
_ ..........--........- .. - _ ... _;-ooiioiioi-......... -........ .-.ool_ -':':-_-,:.-: .::r-..... --.-- - - :....... -i.. ·---....... -- -1-

R~t.E C~RVE-~ GATE

cr- I . • /~t~~:~~~~I~UsR~GiES ~-- __ I I ....'_.....--,- ~-~-:::-:'J- l'i' i ~~ i I . --::,'---to.
\
I

_l- I.. r·:·_I_·_~J(1~rn1r4e , Rmo-n -III~........-·l-r-··-'~-'+-.......L-J
OCT NOV: D~JAN. FEB, MAR. APR, MAY. JUNE. JULY, AUG. SEPT: OCT. NOV: DEC. IJAN. FEB. MAR.

(1946 ) I (!9 47 ) (1948 )

600

400

~ 1400

..,: 1800
u..
u
«
o 1600
o
o_.

llJ..
!:> 1200
...Jo
>
a:
5
:.>
a::
lbJ
IJ')
IJJ
rr:

CURVES USED FOR OPERATION OF KAJAKAI RESERVOIR

PRESENT LEVEL OF DEVELOPMENT
NOTE: FOR RESERVOIR VOLUMES SEE TABLE A-I



APPENDIX B

DERI" ATION OF B.ENEFITS



APPENDIX D
DERIVATION OF BENEFITS

D.l INTRODUCTION

The Kajakai Reservoir now has a total r<-servoir storage volume of
1,391,000 ac·-(t at spillway crest level and, with a miJ1l.imum pool I.evel a~

El. 101.2.0, an active volume of about 920,000 ac-ft. ''lith the installation
of gates on the spillway, the tot,al sb>rage volume would increase to
2,210,000 ac-ft and the active volume to 1,739,000 ac-ft. The benefits
that would result from installing th(~ gates are those that would be ob­
tained by' utilizing the additional 819,000 ac-ft of active storage, and
the increased average power head then made available.

This storage could potentially be utilized to provide flood control, irri­
gation water supply, and hydroelectric power; operation of the reservoir
to satisfy' these, at f:imcc>, conflicting functions is discussed in Appendix
A. The henefits are discussed hereunder in the foHowing categor~es:

• Flood control
• Improved supply of j rrigation water to present farm land
• Provision of irrigatior. water for new' farm land
e Power benefits

In considering flood control and irrigation water supply, the lands belo\\'
Kajakai (see Exhibit 2) may be divided into:

• Project Areas, whicl~ are sCJI"ved by irrigation water fronl the
canals and concrete diversion dams constructed by MKA a.nd con­
trolled by HAVA, and

• Non-Project Areas. "..-hich are comprised of tracts of land, each
served by its own canal, normally without permanent headworks,
and operated and controlled by the farmers s~rved by the canal..
This is the traditional method of irrigation and is described in
some detail in the McMahon Report (Reference 16). This catego­
ry may be furthcr subdivided into:

• An Upper Area cont.aining the Seraj antl Kaja!~ai-Shamalan

subdivisions,
• A Lower Area, containing the Garm selL and Chakhansur sub­

divisions, and
• Iranian Territory.

The present and potential irrigable areas, in the abov(" categories 'Of
Afghanistan, are listed in Table B-1. Little ben.~fit win accrue to Uu::
Project Areas. since their headworks and canals are so dc.sipne.J that
a satisfactor.y supply of water fro.m. the river is possible. and n~')JJif.ls <f'3f

the type normally experienced can occur ,"vitli little danllag.~*

B-1



Ta"H~ n.~llin flood contt,(",q "Had ird;!~~thm potential, Ull,}·~(~i·~.1:-tr~. t!'xisrs inthe
a:r~'~':~ "lith ind ivirh131 C,lna ns~ Unrot't,urli'J~el)'. tI\(:~,;.;n·~~a.f' dreg<:ne rally
()1\.illsi(h~ Hm coutro! of;. central ag~:n·Z}!fJ\H.':has HAV Aand .arealso1achio!~

indala that ·i,\tou,ld enable .a reasif)nJlhl'.,. precise study of irk' igation.1:nd
fl,)o'C! control {~f!~'~ds. Due to Uw ex.tcntof th<.> are;Cl involved:and tuthe
difficulty of aCt.:'ess to tJ\(~fJ~ ar,,·:as. it wa~ not possihiein the thne avaB­
::,bl<l~for the pr(~~ent 5t\.idy to !l..rHh~~ i'ake the deh. ilpd field work necessary
to'l}b'L:lin s\l1ch data", H()\\reVf~r, locbta irJl;. s much information as pozsible~

a survey was m~dc u·ling, teams frorn the Engineering and Agricultural
Depa ,·tmcnts of iliAV A" A 'C)uestionnai rr:twa 50 conlplpted .for the Upper
An::a, providing generalized infoJrm~it:ir,non ilood daJrl1'81geam:i agric·Jll.tural
yitf~i.d5 has,~d on inb.'rvicws \,.. ilh the l(!it~h-ridelr (mirab) cO:ltroUing the
cal-z !.s ('l ....vith n-u1,,:r rf»Jr,c,minent iir.dn Vii<t~uals in the ;:) n:i~",•

The quaUt}'r of lh(" IIf1!Jc>rm.ation 1r<C'ceiived is high! y v:ari3ble and subject te·
c<:>n".. ider.able latitude ;;)n1)Cf has been 50 interpreted in thesh.~]y. For this
TC'{)l son. \.a'lll' r.:~sults ,(1l re not reproduced in c"1tir<"ty herein, but are avail-­
;(vb[e in the HAV A fiDes. it WQuld be h]ghD~· ..;;-'::'5i rable for HAVA, or .cthers,
!to cont»nu~ this worik in :1' more d\(~taiU<C'd:tnd extensive fashion {or future
projects. In addition., snJr"!lchydrograph.ic mea:surem"-:nts ,,"",erc made in
,il few of the ":~lna'5 teu }~ive a sampling of the effects: c"f river flO'·/'S ir"the
canals. Field insp(u(d.ion Cpf mJ.ny '0li the principaU. canals and he:adworks
"uHil (ill' tht; fan.l ar<[~,B;"i; 'l.,r;"s m.id(~ by the lrECO fi~':]d ~:eaJr'n. 'which pr.')vided
a bdlSi:s. folf' evaJl.uatnn:[;: tail": {iata obt;,)nned..

\Vb-en the pro}ect It,c,JlrrH .."!:sil(:"ci Ha.,; .:ura"-:J1. t.T1)(~Jrivelr ...;as in ave~r10·..• stage
,,~s the ."('·st.:,[·voi!.· 's.asch·.;.»t.t.'B <{k~\.·.".n in f';-~dieranticinalion. of the Ct..m:e:truc­
tion of")(ll\~1e:r f3dhtic:s zHno beC.EH.1LSe Uwvear \>;a5 vell"\," ,::lTV'", The: effectJ • - - 6 ,

of L'),\.f.' river :sltalf;cs 'l.v:a;:s Unlls very appa n:;nt as mau)i' canals were "...ithoul
l· , 't·· .. n " .. ~ 'T U • " - • '11 't"" 1'-]"\\r';h.~~!r OH"Op!.~l"a HU6 ,;:hJI,,,,: '-dpatChY. .us \V,35 E)i3lftH:~HarJlYnC.IlceaiJ eo Hl

the Cha1duam.5U1r, :and it is <liP,pauC'n1t that HI(;: nllainh~nance affirm .flo,"vs
~_,JI" C'l!-'t"- 't'" " T" f u.•....O'Ulau a]enlf"h !ns ar:0.rl! more "nan t"Jie upper .ar(:dS~ n Jl1"..:re~orc,a.ny IlH:ne __

fiLii '.)1' iunpn'oved "',"31tte:r SU?pUy .,;:hovJLRd be cOJr.~i(h-~red as applying to the
( -- • l ' " ~ ~ ... " - . \
.nz~._:c!1l;llr'S!l~r "lrea;J!s "Hen a\5 .. g~(' ~JJ)P~~Jr ffM'("as~

i rlif(:q-li";rll-t;n t-iOlfU, n{ll !)(:-t~efi~t lia s t)f.~f5n .d tt,r ibu--lt~-'[B ll~ li)i

ritoJry·.. [rri.4 :21bJie -1~1-'1l(!.irl I;r-2Uili~ -_~_·.;:j\'i"~e,t,,tt~r--. :l!..1t;<Jrs ~::_S~

::-"" r .. ·. " .. . " . t CT' 'f' 'H~"i.JeiiU.,Jl·,,-~.."n1!ll1l DSS]OH ,1~PQJr' !..;"c crel'J( ("LiB

..... tt·1i... t"'" ," . . ~ n n- , -
,~ni ,HCOr1Jer- nal1!<fJ. Wti"Hli.e , 00«. d31ma.~1,f7 occur;; all the ·.va..... trom f~a iakai
do";n t,o the LO',v"erC hakha:nsu?r a:red. t,h.: effec,t 0,£ flo,ode~ntr,,Gtl frK, =, ;:"",-• ..... _ ~.:i:

creas'(3'd storage at K:;:J!.jahai is; taken t-r) extend tCijust bcJio',v Dat"'oVi":-han
since the !~ffe·ct of irutlCrmedia1te 'Stl'-2'am inflow belo".\;' l<adakai diMi!!is~lles

the effect of <::,nt;ro! at Ka.jakai, although nand V'olurnes .II; theChalkhansu.r
Ba~n't.:'n:s "... iB Jh,,-: re<:hH..:'<1."f{L

J-n -lill-'l:ft\ij~1-ic:)uta ~gf\.U'?'

~H1i(f"- -lillril'{U~.!> 1111























Power studies andsHdng of the powell" installation were made in the two
reports prepared by R.W. Beck and Associates (Refcrences4:and8).
l"'urther studies were made by IEGO in 1970, and details of the proposed
power plant are given in the IECO ra:port (Reference 10) ... Thereforc.it
is now planned to construct a power plant capable of housing three 16.5
roW units, only two of which will be installed initially. Theil. W. Beck
studies indicated that the capacity could be increased to 150 m \'1 as the
ultimate stage of development.

B. Power Load Projections - Power from the Kajakai pm.vcr planl"t..iU
be utilized only in the Helmand and Arghandab VaHeys. basically in the
Girishk and Kandahar electric system,s. Th{~ pm.vcr rC<Juircmcnts for
the valleys \Vere determined by R.W. Deck in 1964 and later by Thomas
MOl Hill (Reference 3) inl 966. ThcHiU load projection showed somewhat
greater increases than(.~dBeck's. In their 1967 report, H.. \'1. Beck rnodi ....
lied these studies and presented two possible load projections: onc based
on their earlier rate oi1oad increase, the other based on the BiB rate of
increase - eachprojectionstartihgfrom a commondc.n.and load of J4,400
k\V, which was assumed to begin on year after construction of the Kaja)"ai
power plant.

Pertinent studies were also made by USAID in their Capital Assistance
Paper of April, 1961 (Reference 0.. The Beck 1964 !lTojections were
decreased in this study. which included considerations of the individual
income required in Afghanistan to permit such a load growth..

Table B-14 shows the load projections derived by USAID and the two
R. \'1. Beck studies. The 196,,1 R. \'1.. Beck estimate is ShO\<"V"ll advanced
to 1967 and is modified in the latterthree years appan:ntly b~l deducting
an amount equal to the requirements for rural areas, dS was done in the
USAID study.. The estimates for load projection made in the past have
been based on the assumption that g rO'l.vthwould onlyoccftll!" after the pro­
vision of an adequate power source such as KajakaL. This is, in fact, the
case since the actual generation in Afghan yea If 134H(l969-701 was
J 1,442,000 k\VH(Rcfercnce 12). as sho,\'ll in TableB-14. The J9h4 Beck
and the USAID estimates. could therefore be adv"anced to start in 1910
rather than in 1967 as shownin. the table. .. '.

B-13



The Beck peak dmnand,b(~ing based on a COi'll;Hbiv~t ::lmnmU hl:"'Jren'H:,n1t,
shows:ln 411umal r;''lleo(increase declining fron\ ~" p~ .. tt·c'{·nl to;. rt't"J'(((!J1It

in the latter ymlrs, whHt.~ the USAlfJ estimate i~di(,,'tit'!·SJ It.1h: of hll.It::Jr'!i:-·~~l.e

of about 8pcrecntovc.· t'hC:1H: year5.F'oD" thi5 r!~pl(H·t, th(" U,ll<:HI !PU" Il1Jjif"{t
b~~yond the last: Beck valuC" in 19:rH has been t(~xh':nde({P, ;;;Jtt ii' : fHll¥pom~d lI".at~,

of 5 percent. The !"(~sulting loadcu rve/t sho"tJh ilt _:"ig,ulru 11- J. is; inlend­
(~d only as a basis for ('!valuating lb(·tt~*~fltsand n~lIt a,'S.) forecas1tofU.cfu­
lure load dcrnand.. FigurcB-Ials'O shows the ('m(~rgy 1I"C'(luirern(mt5in mW
years correspondinh. toth(~ 5 percent load demand C',U"VC estimated bf:.j"cmd
1984b}t an annual load factor varying linearly fU"om O.Al:· :141 1984 to O.5S
in the year 2,000 ontheba[)~s ofvaJ.ucs suggested by Bcck..Fol" compari­
son, Figure 6-1 shows the pea~.load d,,~mandpr"'jecUoJll (~s:ca!ated at an
annual compound rata of :R percent..

C.. Kajakai Power lnsta Uation- Prr:se.lflltpHrllHS C~1!n .f(!JJr Ulllr(~(; ~mH,g, e;-.ch
1b. 5 m \V. to comprise the first stage of d(:O'H:;UOpm(~l!ll \viith t",:o units insl.al­
led iuili.ally. Each unit v/iU have a dcrJit"ndablc Il":,apaclityof i 1.. 0 mW at
,minimum rcserv'oirelevation of UJlLJ. .. \Ol" As P:/I"Opos:(~\,H.iJll the Beck r.epe,.rt,
four additional units - each of l5.JJJ HlJVI - \'-'Quid cOknprise' the uUimatc
stage of devel.opment [ot" a total capaC'Uty of 1-19.:;' 011\': ..

In the operation studies described in J\pp'te1l1ldix u\.1iJu f " prcnent res~;rvoir

would support a minimunl gencrat.jj~n of 29.0 m\\?-1!'ea1l"s at aU: times ..
and at the present level. of irrigatiiot"l demand. .."\s:S:ltmr~eng only UllciinciUJi­
si,::>no! the Boghra units ,,'.·Uh ,2.4 un W of capacity ;;;u-::d 2 .. 0 nlW-yeall"s 01
enc!."gy. the prim,~ energy of the syst:ern ~vol\dd R)(~3D.0 ruW-years. The
dependable capacity of the systelJll w0ufid thl[~'I:l be 6 .. 20 m W" aifllei at Kajakai"
59.bmW·. assuming a system load facto lI"of 0 .. 50 at the- 1time the nC\'l ca­
pacity '-'Jould be required~ This ,\vDuRd penrnit the fir-st stage installation
of three 11. O-mW units and a second s;taglt:· ins!taH,;:llti.rm ('j,fup to l6.,(Ji 01 \'{

withoutthe need for ins1l::allling gates.

From the SpCTccnt load projectiioT1l cur,,'e shown on Figure B- ~ , ::l he'.'.."
power source would therefore not be Jrequ! red !LHllU~ Unif"re31:" l'iJlOl~;~"'~VitL

the R pc rcenlcurve, this plant ".vouki be re<Jluir,,~djn aO()Jut n997, 0»" se\"cr~

years carher. Thus, on the abo\'e assunrllptioiil5. the UJ!res/f.:nt t',-servolr
would be sufficient to I'neet p.rJl\,·,ler needs forab(j!lnlt 25 years or mor(~,

F·' th' '. th' 1t .n • • t' • t" n . "~ fi 11 """,ll> >ur ermore, . c ra ..e USi['ifJi Jin pll"OJlCC dUg .ne {H~fnaI!V'jl I\)tf~'yonzll 11 'Ii,i};"li iI){"-

conlCS of n,ore significanc~ than the differences in\"ilu-ious e"s~ inrll,;:Jt<i:~

Jnade at present.

~lI'h - . . > .... >.. ~ . I .. .• ,:n b' \\- . •
'iiYl en a ne,,·.1 PO~""er source 1I.S 1l"'eqUJ rea, 1l~ C01..!HJlD«C' Plr'OVL:!'''':''~ Ii 8 .vtt>y 1l'!1i"

stalling 3dditionalcapacityat Kaj:alkai that iE dep;i'l'fk~T;;tt' u.pon h,cl1"~J'~siHf.

the Teservoir voh,1Bne tnrQuq:h usc ofspiJi',y~,rtY .. .
plant. 'The p:JJwer benefit associated 1\\-iththe gatl{"

fore-the addituonalcnstof the aUern:Jltive the.·m;~n















FL.OOD DAJ-fu\Gl1:HU"ROVill·nmT
IN NON-PROJECT AREAS

Value.. of
Dal1l1.c'lge

(Af6haoi.!~1

\'al\!.J('!' (),r
lReduccdDaffl1lagt~

J!\fghan.1sl_-"

L.eft Bank (Canals Li-L25)
Right Bank (Cannls nU-R8)

Left Bank (Canals L26~L31)

Right Bank (Cam'lls lR9-R18)

Red lUI{: ti on in Dm;]ag~: [ac to rs

5", :lii ,,000
£.t ?1~O ,000

8~311J()JOO

1 ~818Jm];O

5 060 000.::..1..:_:::.1 _

~J ~ ¢)J8 ,000

1,591.000

.10 x ITll) = . 1.44

2.S90~Ot;O-.....--'--~~....::::,"::'"~~



COSTS OF Fl.OOD HAINTENA.~CE OIF PROJECT \lORKS
(AfghanIs)

TAPLR B-5

C()st Reduced Cost
Year Actual Escalated from Flood

Co!"!p 1iC ted. Cast _J:1%) Control__........_#1-1

1910 5,350,000 5,511,000 1,212,000

-Station 16

-Station 1..2

Subtotal

naZ<1r .Juft

1951-69

19'18-61

1961-69 1,892,000 -f~OO,OOO

23,100,000

-Headworks

f)arweshan Dike

1963

1.970

3,530,000 4,469,000 760,000

-Station 25 2,500,000

"[{'TAL Adjusted Cost of Maintenance Afghanis

Adjusted Annual Costs (10 year) Afghanis

2,575,000

35,655,000

3,566,000

438,000

7,492,000

749,000

Adjusted Annual ~osts (equivalent) u.s. $ ~2,800 9,000



CROP DA~~GE BY DIRECT FLOODING IN NON-PROJECT AREAS

INCOl-m HASED ON LOCAL MARKET PRICE

Damage as Value
Percentage of Weighted Value

Crops Reported of Average Average Yield of Damage
Damaged Yield U.S. $/Acre U.S. $/Acre

Wheat 35 19.68 6.89

Corn 30 4.59 1.38

Cotton 30 1.42 0.43

$8.70

TABLE B-6

Average Value per acre with
flood frequency of 1 in 5 years

Number of acres reported inundated

Annual Value of Damage

$1.74

l8~000

$3l~300

Value of annual reduction (22%) Equiv. U.s: $6,900



IN NON-PROJECT .lLllliAS (D, S, $)

INCI)HE BASED ON LOCAL ~lARK.r:T ?RTCES
-- . - --- Value of I::nprovement in

Weighted Reduct.i0n in Yiel~ fr2.!!L-_ _ Yield from gates by
% Land Averagl..: Gross Flood Effects Poor Water Sup. Flood Control River Reg.

f!.'.?E. 2-1!...fE.~. .:fie1d/ac Pri~££ Income/ac % Amount % Amount (x 22%) (x 75%)

Ka,iakai-Shamalan (36,000 acres)
Wheat 60 20 bu 1.64 19.68 10 70,900 10 70,900
Corn 27 17 bu 1.00 4,59 10 16,600 10 16~600

Cotton 4 500 Ib 0.071 1.42 10 5,000 15 7,600
Alfalfa 7 2.2 T 6.84 1.05 10 4,000 10 4,000
Mung Beans 10 300 1b 0.021 0.63 5 1,200 5 1,200

Total $97,700 $100,300 22,100 75,200

§~sai (35,000 acres)
\{heat 56 20 bu 1.64 18.37 10 64,400 10 64,400
Corn 35 17 bu 1.00 5.95 10 21:000 10 21,000
Cotton 5 500 1b 0.071 1:78 10 6,300 15 9,500
Alfalfa 9 2.2 T 6.84 1.35 10 4;900 10 4,900
Mung Beans 11 300 Ib 0.021 0.69 5 1,200 5 1,200

Total $97,800 $101,000 22,200 75,800

Garmsel (20,000 acres)
-- Wheat 85 13 bu 1.64 18.12 20 72,500

Corn 6 14 bu 1.00 0.84 20 3,300
Cotton 5 325 Ib 0.071 1.15 25 5,800
Alfalfa 1 1.5 T 6.84 0.10 20 400
Mung Beans 8 200 Ib 0.021 0.34 10 700

Total $82,700 62,000

Chakhansur (50,000 acres)
Wheat 85 13 bu 1.64 18.12 20 181,200
Corn 6 14 bu 1.00 0.84 20 8,400
Cotton 5 325 1b 0.071 1.15 25 14,400
Alfalfa 1 1.5 T 6.84 0.10 20 1,000
Mung 'Beans 8 2001b 0.021 0.34 10 _1~00

'l'oLdl $206,700 155,000

GR.t\.l~l) TOTAL 44,400 368.100



Ant.iclp4t~cl Conditions 25th Yl!Ar of Proj~ct Deveiopmeot, Shamal&n Un1t
Unlts 1~ &ngli~n Slstem and U.S. Dollaro

31.15 9'16,731 Y
0.82 <!S.609

=5.5'1 d02,98;
(22.50) (706.580)

0.0;) (96,1.D5)- 11
7.65 240,)06
2.14 67,051
~ 14~,e.'>6

72.51 2.270.,~48

7.65 240.360
a.85 278,00) y
1.07 )),61.1
J..92 60,18)

.....bll 102.298
20.l:I.. b54~l.8S

}/

~ 2dJ1.()))

0.19 5,982
(i.b.l. 19.964
0.46 14.507
O.()l 16)
).2) 100.982
2.24 70.196
6.).l. 199.763
1.7) 54.289
O.ll 3150~

1.l..9) "0'1,3.l.·
...l.:.i2 4"1,1#)

$109.60 $3•.lo47.')25 $l,Y)7.e9C &:. •;C'1,719
109.79 61.71 48.08

1ll,720).sa
l,621.iJ9

51.66

72.90
60.23
36.92
1'}.~6

;'Y.!J8

0.17

:!)9.11
68.')1

1)...8)

(.i1..61j

87.45
18.1<:

121. 76
(107.15)

l'r1ce/UIl1t. _ GrOllS !ncOClt'" t (;1"1)8.:0.:.. 1«:. l.'lC0Ill!
10 i'~_rJ~~t' .i'!!LC_I:\lt~OJ,-1!o.!LA_C~_lQt.jlJ, --"_ l.. _

O.3'/hel 0.19
2.89 bel 0.64
2.)1 hd 0 •.l.6
u.26 hd O.v1

10.72 he 3.2)
0.)(> l'oQ 2.2.l.
O.014/lb 6.).l.
O.Ol)/ogg 1.73
O.06!./lb O.ll

1.61.0 bU
1.000 bl.l
O.OC» lb
o.o:n lb
O.O)~ 10

1.640 bt.I
0.560 bl.l
O.l.I1l 1b

(U,178 Ib)
(li9.000 bd!!)
(0.013 lb)
6.81.Ci ton
0.012 lb
0.004 lb
0.011 1b

48.36$ bu
)36,968 b...

lC,58S.~20 lb
2, 89Q ,440 lb

797 .120 lb

Numk\@r---m l'oQ
6,908 l'oQ
6,280 l'oQ

62l:1 hei
9•.l.2O he!

194.98e hd
14.206.163 1b
4.176,067 0881

57,11.6 10

b:lg,288 bl.l
.l.S,.:216 bu

11''''7S.7'''U 11:1
O,9S6.I.OO lb)

(7,9131)&1e)
(7,319,3100 lb)

)),071..U ton
20,.361,)00 lb
:~,UJ..S10 lb
1.3, ..'09,460 ltl

No/Acl'll
0.03 l'oQ
0.22 hel
0.20 hel
0.02 hel
0.)0 hel
6.21 hcl

4S2 •.l.4 1b
1)).00 ogg.,

1.82 1b

,6 Ilu
)2 cu

1,710 lb
(600 1b)

(1.20 \',41e)
(l,l1Olb)

.l.. 1; Lon
2(),2bO JI:I
16,870 lb
12,)00 lb

.l.5 bu
7) 'ell!

11.620 lb
?JO lb
940 111

11,3'113
1,4.l)
0,,91,

7,190
l,oo,

7f'J
~
29,1;1.0

),297
1.,616

911
),108
~
(~)

)~:n~

;.. LII'~

36.)
.... ~

10.$
lJ..7
2.9
'M

(~:,)

~ ...
rOO':'O

2~.9

j.~

:l.1
-l:.!t

91..1.

$~~

AlfAHI. Ill)'
OI"~Mf'd

CANen
V~nl!Y11N

S~b~c~l, S~n~l~ Crop
Rrullh Croe

whNt.
Com
carrotll
!'lung BfJo\rou
::illlllll:G or :;\lllflt"tlir

Su~t.o~l, Oouble Crop
Cro~l Roll1e1ulI
1<1111 And ;'Al'IUtNlod

81l.bt.otlll, Crope
&1vf3toek and Prqdueto

Oxen
Ml1k Cow,
Ot.hllr c..~t.lll

Donkerll Ind Horoe"
Shellp lind. (iCllt.1
Chiek,ll.'I IUlC! Other Polllt,'"T
Kilk
EMe
H1e1u ..ncl SkiM

SWbt.otl1, Live,toek &nel Product.
!llt,l InCrt

101:.& .neC'M
'\YIII"81 per Acro

Cr&ling IneOlllll, Non&l'Clblo LAncl
c....1n8 IncOlllll, pel" ..cr. y

Orand Totl1 InclJIllI
Orand Tot.&l Incamo. Pel' ACnl

lAM UII'l 'fil!ld.,.. ._=_~,=__,_1 __ Aer!i!~ Un}.QA;r;;::=:: roii)
,c-.tl14!.le (;fW\

to/llto&t
!:lu1!!)'
Cett~nl &e~d ~otton

Unt

y TgW Product.iO!! Livutoclc .'039
WhMt. 6)8,288 bll. 2~.740 til.
All..lta 33.CI7I. ton 28,366 tOil
COl'll ;1)6.968 bl.l 56.268 bl.l

Cro~ Re"1~u§ Feel to Liv'ltoc~V hI" A(ire or Non&"ti.l.ftlA.f1Q ,.1;1;.229 Acrolll)

Surplus Over Livestock Fe.a
612,548 CU
Bal&MO 'l'urnlel Uncler
280,710 bu

• \DIo •

;;!
~

(;;

~OUL~e: Appendix A, Agricultural Economi~s, Table 19-B - Shamalan Draft
Feasibility R~port, tJSI~R. September, 1967
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INCOME AND DEVELOPMENT COSTS FOR ~~J ~~~S

rNCO~re BASED ON LOCAL ~~RKET PRICES

PreS(;lnt Future Alloc. lncreast Total Devel- Total
Net ~et O/M in Net Incl'e- opment Devel-

Area Income Income Costs Income mental Cost 0pQent
Ar(~\l Acres VA,::.;'_~ lLAcre, §/Acre $/Acr..'L. Income ~/Acr~. Costs

'~."=""""';OC - ---

~lj akai-ShamaLln 14 t OOO 5 SO 3 42 5588,000 375 55,250,000

S~rgj 25,000 5 50 :3 42 $1,050,000 350 $8.i50,OOO

Garms \,;! 1 22,000 5 45 , 37 $«'14,000 375 $8,250.000oJ

~
t""
~

~
I

'100



\~liEA'T

ALTERNATIVE ANALYSIS
SOCIO-ECONOMIC PRlCES f'OR WHEAT Ai~D COTTON

IN HEUIAND VALLEY

Valuc U.S • .,

55.44 1m. ton
15.38 "

(- 1. fi8) ..
1.83 "

70.97 II

21.60 II

From U.S.S.R.

Import price (c.Lf. Tennez)* Barter $84.-/I1ll.ton x 0.66**
Tl'ansportatlon to Kabul
Fann [0 market cost
ioter--mal'kct differential KaLul-Lashkargah

Prit:c at Lashkargah for "beat from Upper Areas
Additional transportation costs from Lower Areas

Price at Lashkargah for \"ilcat from Lower Areaa
(Carrosel and Chakhunsur)

From U.S.A.

49.37 "

L:1port price (c. L f. Karachi)*
Transportation to Lashkargah
ranD to market cost

Pri{:e at Lashkargah for wheat from Upper Areas
Additional transportation costs from Lower Areas

Price at Lashkargah for "ileat from Lower Areas
(Garmsel and Chakhansur)

Average price for wheat - Upper Area
- Lower Area

COTTON*

Expnrt: revenue for 0.187 metric tons of lint to
USSR at Barter $740 1m. ton x 0.66**

Export revenue for 0.043 metric tons of lint to
Western Europe at $515 /metrlc ton

Export revenue for 0.67 metric tons seed to
USSR at Barter $68.50 1m. ton x 0.66**

F.il\' i ng and ,g inn lng cos ts
~r~~3~0rtation costs

o-tl net revenue for seed cotton from l:pper Areas
,,: HI. 10nal transportatio:l costs from Lo'A'er Areas

_(o!l ;Iet revenue for seed cotton from Lm,:er Areas
(Garmsel and Chakhansur)

85.00 1m. ton
30.00 "

(- 1.68) "

113.32 "
21. 60 "

91. 7'l. "

92.15 1m. ton ($2.51/bushe1)
70.54 1m. ton ($1.92/bushel)

140.17

22.14

30.29
(- 15.10) 1m. ton
(- 29.93) ..

147.57 1m. ton ($0.067/10.)
21.60 ..

125.97 1m. ton ($C.057/1b.)

* Source - ADB Report Gawargan and Car-Darrah projects: adjusted for
Be1mand Valley Area. (Reference 19).

~~ Rarter dollar converted to U.S. dollar in ratie 55/83.5 = 0.66.



ALTERNATIVE ANAI..VSIS

CROP J)A.'1AGE IJV DIRECT FLOODING IN NON-PROJECT ARRAS

INCO}ffi BASED ON SOCIO-ECONOMIC PRICES

TARU~ n-ll

Crops Reported
Damaged

YEt\RS 1 TO 10

Wheat
Corn
Cotton

Damage as
Percentage
of Average

Yield

35
30
30

Value ',<
of Weighted

Average Yield
U.S. $/Acre

30.l2
1•• 59
1. 36

Value
of Damage

U.S. $/Acre

10.54
1.38
0.40

$12.32

Average value per acre wiJ:h flood
frequency in 1 in 5 years

Number of acres reported inundated

Annual value of damage

Value of annual reduction (22%)

YEARS 11 TO SO

I,.J ~ ODO

$44,300

Equiv. u.s. $9,700

Wheat
Corn
Cotton

35
30
30

19.68
4.59
1.34

6.89
1. 38
0.40

$8.67

Average value per acre with flood
frequency in 1 in 5 years

Number of eeres iLported inundated

Annual valup of damage

Value of anrual reduc t ion (22?)

Reh-r Table P;-12

$].73

18,00G

$31,100

Equiv. U.S. $ 7,000





ALTER.~ATIVr; .~~ALYS!S

INCOME AND DEV~tClPMEN'r co~n's rOR ·~EW· bANTJS

(lJ.S. S)

TNCOHE BASED ON SOCIO=ECON()MIC ?~JCES

Int~omt1 COgt~

,,,.,•• ,.,, ~.,",. ;;;:.c;::;'::;:...::.';;;c:=..c.;:.;:.".=='=,=.;,;;==,<:="=.;:.,,,,,,,",," -,.. .'~-- ,_...- ..._- ...:;'-- "_'''_''_'_'··0_,._ ... _,.. _ •." -~-,~-._"~,~==,=,~=.~",,,""',J;;.; -'.- '--=-_.=-=_. -=-",==--.-~, ....=;,;:,:,=.;,;="._,-",-,-_.

'::e.:ns 1 :;0 10*
."-~:.~..::::..,=::;~,.::===:::..=:;==:"=:::=:;;;

Arp;_l
1'2 't' ,;Hi? dl t

N(t ~ lfi(, (:!l'!i{'

S/l\c.re
='.~':';:;"'='~=o.=:.;::.::::.o::::,_'.~,:::,;;

Future Alloe.
N~t tncume aiM CObtG

s A~

lfiGfease in T~t~l

NiH income Incrcmt.H~fil

= ... 1U~!S~=,= ~=,l.~r~~~=

Dev~l(:'lpl'f.ent

Co~t

~/"i''''F,
==o;.~" !_.~==*:" 't;; '=':;o:.

!e.tal
Dt:\lt>lot'}rom~~

e{}S'- t.s

L;ijt'[lj

Yeurs 11 co 5a*~

':\ f"~(;I')
Il::..J t \, 0,,"\'" 5 11 2. 5 ",~ 64.5 L61J.O£Xl 3S0 S8) 750,OOl'1

Kitj"tka.i··ShI1mnlafi 14 t000

St:.rl'lj

Cari!\sH~l

25,(lOO

2:2 .lIO(l

,5 49 J 41 57'.000 3i J $S.'S().OO~;)

5 L~ 9 '3 ,~ 1 lt025.000 3S0 S8.1SC".{WO

5 l~ 1.5 :3 33.5 73i .000 315 S8.25G.OOO

*lroport Prict~ t(H W!HHlt:. I~XPQr-t p~ice felf C(HtOfl, and local market prlc('$ for other ite::1s •
• *Sxpart Price for cotton. and local market pric~s far other items.

10=>1
>"w
~

=•....
\oJ



TABLE.B-14

POWI'~R LOAD I'ROJECTIONS,
IIRU1AND-ARGHANDAIIJ VALI6EYS

___ Total Genera~ion (l,OOO

Ucck* AU) Beck"**,
EstImate Estimate Estl~~tc

1964 1967 1967

kwh'\'1 __-

Actual
Generation!

__,..!~I!LDemand (MH) __, _

Beck* AID Beck***
Estimate Estimate Estimate

1964 1967 1961

1':'61
1968
1969
1970
t911
1972

1'973
197!~

U97S
1976
1977
1978

1919
1980
1981
1982
1983
198J'~

l2,483
13,162
19,918
27,Ol.9
38,289
51.,763

6l,057'l\.:\'
61,361
12,133
78.311
83,31'3
88.824

11,981
12,$96
19,960
23,206
29,283
45,501

50,581
55~065

59,1.86
64,,422
69,432
14,186

54,2/fO
58,680
63,210
66,680

71 ,3~O

76.080
80,020
8lt,900
88,880
93,490

12,553
11,710
U ,442

If .2
'4.lf

6.3
8.('

13.2
15.1

16.')
18.,4
20.0
21.5
22.9
2/•• 3

11.6

12.8
1/•• 0
15.1
16.4
1107
19.0

20.6
22.3
24.1

14.4/1
15.4
16.4
11.3

18.3
19.3
LO.3
21. 3
22.3
23.2

*Beck estimate m(pved foward to 1961 from 1<J64.

"'*Aftcr 197('1 AID reduced neck cstilm.clltes by amount equal to the Projection
for Rural Areas .

... .,·j>·St.'Jlrting one year after Kajakal F'o:~erplant complete (add 1974).

;;1'~'{!ital of Boghra
iRe f eTen{'.{;' 12.

H)'drv to .md f:.-~ndahar Ujtdro and Diesel as given ir.
Values are actually for Afghan years IJ46~ }347 and 13&8,



TABLE B-15

UYDROELECTRIC ANI) TJIERHAL PLANT COSTS

Installation
Capacity

WJ

CQnstructi2n Cost

Amount
_._L__

Interim
Rep1<:u:e­
ments

Total
AL.~unt

'lth Jnlt
6th Unit
idl Unit

Total

l'henr.at

4.9
15.75
15.15

36.1.0

315
375
375

1,840,000
5,910,000
~10~OO

13,660,000

5,000
17,000
11,000

2,000
6,000
6,000

23,000
11. ,000
14,000

30,000
9'1,000
91,000

224,000

1st Stage
2r~J $t~1'l!e

3rd Stage

Total

"ot,a! Fuel Cost

12.133 250 3,050,000 36,500 1,500 15,000 59,000
12.133 250 3,050,000 36,.500 7,500 15,000 59,JGO
12.133 250 3,050,000 36,500 1,500 15,000 59 1 °00

36.40 9,150,000 171,000

13,700,000 Bu:h at 2.72C/b...·h -- $373,COO per year

r'uel Cost per Stage

Annual Thermal Costs pee £Lagc

124,300 per year

Total l\nnual Thermal Cost per Stage == $183,300 per year
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APPENDIX C
HYDHOLOGY

C.l HYDROLOGY H.ECORDS

A. £1imate and Runoff - 'l;~c. Ht~)milnd River VaHey has a very add
climate with low relative hum idity an-I long peri 'leIs of cloudlc5 s \VcaUwr.
The eparse rainfall occurs during the winter from December through.
March with the heaviest monthly precipitation n()rmaHy in January.

Observed average annual pre~ipitationvaries from 253 mm at Arghandab
Reservoir at the eastern edge of the irrigated area to 76 mm at Gala
Rang in the western part oCthe "Jatcrshed. Average annual pan evapora­
tion has been reported to be 17<)0 mm :at Arghandab He:servoir and 4316
mm at Qala Kang. This pan evaporation would indicilte potential evapo­
transpiration of 1250 mm and 3020 mm, respectively. Because of the
dryness, practically no vegetation can be supported on rainfall alone.
Land that is not irrigated, eitherfrmn canals or by sub-irrigation, as
along the rivers, is almost ba rc.

The ar(~a of most precipitation un the Hchnand Hiver Valley is at the high­
est elevation,··which !s in the northern and eastern parts of the valley.
During the winter months, precipitation accumulates th(~r~ as sno"..... (above
an elevation of about 2600 meters). This sno\v is 1the rnajor source of
discharge in the Helmand River during most of the yeaL

The usual spring runoff pattern of the Helmand River is a sustained high
flow from snO'l.rmelt the1t may last from onc to three months, depending on
the amount of snow and on the temperature. In rnany years there are no
high flood peaks above the sustained flow level. The yearly hydrographs
are similar in shap,e and once the peak no...., has been re8lched it is pos­
sible to forecast the flo....• for the l"cnllaill1der of the y<,<lr with fair accur­
acy by using reces:!J.ion curves developed from the }.. e3 d r hydrographs.

The highest annual Hoods that occur are due to rai'~l:;-~n during the sno'..,/
melt period. On rare occasions (three ti01CS since lH85), very he<:n.T)~

rains have occurred oven' large parts of the \<.a11ey durl1~b the early
months of the year ,vhen the snow pack was still nearly intact, causing
major floods. The most outstanding flood that has {Kc,jlrn:d in the VZJ Bey
was in April~ 1885. \vhich is estirnatr-:d to have n:ached f:,L,H.OOO cusecs at
Chahal.' Burjak.

The area to the south and v.-est of i<ajdkai Dam, ~.'.'iHCh ! es Belich 1)E

the irrigated 1"""1d in th~; vaHey. is very arid and so the ri "'f'; r in. t!lf; dry
seasen loses flow :~ ;~d~xllral causes as 'Nell as to irTug;lhon. This is il­
lustrated by Taible C -2. In the dry season, u ....:: trilbutari"-s rk:'-,-'nstn'<lr:

r ''\,. ....- - Jl



·Crom Kaja I(Jt 1c.:casc rt.owingorcontributeveryliUie j

ofwalc r alOllgthemain river is from Kajaka i .

. The. rcsidualwator ~lltheHeltnandF:ivcirat its downstn!am endftows Int.;;
marshy lakes or '11-lamuns" in the Chakhansur ar,e,ainA.fghanistanand
Iran: There is no,)Utlet to the sea frorn this area and 'water level in the
HamuIl.s is.mailltai11ed bycvaporaUon. The water balance is deHc2tc,
anda series of wet yearsor dryyears can change the level c<'Hlsiderabl/,
A singleHood, such as that of 18B5,can raise the gt;'ncral "vater
enough to inundate large areas of landfor anurnber of years.

A map showing the extent of the Helmand RiverSy"stemcc.ncerned with
this project and indicating the ulajor inflows and diversions is given in
Exhibit 2..

B. Hydrologic Records Available - The earliest know hydrologic records
in the Hebnand Valle)f\vere compiled in 1903-04, and are Sl)lnmarizedin
the Macl'vlahon Report (Reference 16) .. These records sho....v weather and
discharges in the downstream reaches of the river before the constructior
of Kajakai Daln. However, the estimate of the discharges of the flood of
IS85,'which is given in this report, appears valid and has been used as
a factor in the detern:1ination of the m;).ximum flood for the Kajakai 5pill­
",ray design.

1. Discharge Records - River and candl disc;-:argc:s have been
measured at many stations in the Helmand H iver VaHey during various
periods since 1946. Most of these stations and thf'ir periods of record
are given on the bar graph in Figure C-l. This bar graph shm,t/s the
stations in downstrearn order, and their relative location ,"vin.regard to
tributary inflovl and large diversions can be fonnd 0!1 Exhibit 2.

The earlier discharge records from 1946 to 196'la1'e COInI:dcte and appear
to be accurate. A.fter 1964, however. someof the rccordE are incOOlplete
and 50lne have been found to be in error.

Monthl}T and a'nnual inflows to Kajakai Reservoir, In acre-f(;ct dud cor­
rectedfor evaporation, are 5ho\'o"n Or) Table C ,-} for 1G47 to 1970.

The records used in the hydrologic comp'JtatioHs frorn tliis report for
the period up to September 1960 \ver-e ta!f.en hnnltthe t}.S, Genio;t,ical
Survey report "Compilation of Hydrologic Data, IIelm;:uld River VaHey ..
Afghanistan, through September 19601'. Rec.-.::,'ds dftf~r that timch.3V": not
been published and v:ere obtained from HAVA dnd frcm th.t~ Soils and
Water Division of the ?v1inistry of A.griculture s.

") l.f" 1 .., . I "',.".
~. :VJCl:eoro ogle _l~f::C{"~~( 5 ~ i".;;crc-:cJr{)!-'i_),glC:

made at :about lOsites in the Helrr,al...:j Valley f,::>rvarious p.:r



The olclestcontinuous record, which was started in 1940,
Observationstakeninclnde daily records of precipitation,
m.inirnulTI temperatures and pan evaporation.

The precipitation records available in the valley are not complete enough
topcfine rainfall fully onai'} areal basis, particularly at higher elevations
....."here the precipitation is the heaviest. In the irrigated areas at lower
elevations, precipitation is rr\latively unimportant, and the other records
obtained there are adequate to define general climaticconditions for ag­
r icultural planning~

3. Snow Surveys_ - Observations of water content of snow in Afghan­
istan were started in 1954 at four snow courses along the highway in the
vicinity of Ghazni, '.vhich is just east o£ the upper part of the Helmand
River watershed~ These courses were located so that they could be

. reached by automobile, and asa result all of them are below 2530 meters
elevatiml - belo\vthezon~ of accurn.ulation of the effective snow pack.
None of these courses ha s shown anynoticeable correlation with stream­
flow, and several other COUl'ses have been located nearby '!lith no better
results.

About 1965, t,-.\·o additional COUj'ses were located northwest of Kabul at
Shiburl:}ass and two at Salang Pass~ 90 kilometers north of Kabul. One
of these courses,Salang Pass South, located about 90 kilometers n01"th­
east of the Hel.m.and Valley at elevation 2740, shows a fairly good end­
of-season correlation \..,iU: now in the Helmand River at Kajakai. This
correlation is shown in Figure C-l.

Snow depths, without water content, have been observed since 1968 by the
Civil Air Authority~ One or their sites, Punjab, is located at the north
edge of the Heln~and River watershed. This course at elevation 2700
meters does not indicate rnnch sno,'" for reasons which are not known at
this time. Other deptr1 observations taken at Salang Pass at elevations
3122 and 3366 appear tocorrelatewithstrean1.flowin the HelmandRiver"
but records are too short to he reliable,.

1
~' . . 4- ,.....' ..• • , h· . - !l.t: h.nere appea~ LG De tnree prU1Clpal reasonsw Ly snow surveys In ~'"U.g an-

istanhave not given good results in forecasting streamflo·w: (1) most
ofthe sno\vcourses are located at low elevations where the snow pack is
not stable {2}obser\'atioHS have been luade on an erratic schedule, which
will give poor results, and {3} thereis little vegetation and some courses
were bare because of winds.



A; Prior Studies ~··\\ihen the spHlwaydesign fioodJor l{ajakai danl'was
estinl'ated09501.-litUehydrologic information was availablc... The Oood
wasd(.~rived {rorn il1dicesthatweD"e based on experience in the United
Statcs,andonestimates of discharge based on the great Helmand RIver
flood of April, 1885 --details of which ,v;.IS giv~n inthc;~!cl\'{ahonReport
(H cfel'cnce lor ~~ allJ on a flood tluat o,ccurcd in 1939.. The peak ofthe
1885 floodatChahar Burjak was estimated inthe }.;lc}\i{ahon Rcpo:ll"tto be
668,000 efs, and was dc·rivedfrom a drainage area of 63,GOOsquaremiles,
which may be con1par'~d with the drain-iige arcaof 16,300 square miles
at Kajakai. The corresponding peak at Kajalmi wasthencompuled to
have been 334,000 ers.. This Jigure was checked bi' envelope curves de­
veloped for lhcC-olorado Hi,,'"er basin and central plains streams in the
United States. The 1939 flood, reported to have been the largest of more
recent years, was t""siLimiJlted to ha;~e Cli peak discharge 0{]40,OOO cCs.

The criterion fihcvHy adoptc1d for spilho"a}" design ~'las .louse two hypo'­
tl1etical floo{~s ;lS ilc:il;r)\'l:i:

L A flood 'Niti; " [H~;d, inJlow n! JH~.OOOCIS t.c~ iDe routed thr'Jugh the
reservoir ,,"ithont encn'il::hrnent on nOjn~y;ll frw.;:boi:llrdt and

2.. A nood wit1-" ,a ['~--hour p~:,:]k inno'.'.' of 480,000 cfs to be routed
through thif' resex'vol:l" v:ithout o'",-crtopping, the da:n; this £lood .had a 9-day
vo!urne .";.1 about 4, 'fOlD ,,000 ,ac-ft.

The spiil>,V3}r presently il11 use \'las ,designed to accoO'liodate these hvo
floods.

S110~~~ic~I]3Cfr:' ~1\\;~,~1t5_ aS5uJi~T~_0{1 fror'!1 1rtlnc~ff I)r_-f.~ci?iltati~J,n

y>:: basin. snoY/r::<f:H ,,;;;rt~S rivet]1 fr-orn ternDlCraturew. - - -

a.r~:;,..} ~1tnder sno'}",r cover (Ref-

\' • • < < fU ' . • T' ... If ~ , TI_ ". f .... - 1.' cry Li rgclooL1S CGUH1 occur a !I. :'.aJa~,djJl danll JrOHl 't;H.ner optnl'1urn me t-'
ingconditions con a nna~dlnum sno~N2i,cum1!Jiation or Iron1l a probable Tn3X­
imun: precipitatil.w'l av(';t thr:- \vater:5h'"fl. }\ Strn;.1taneou5 occurrence of
~l • < t···· .' ,. "p <t"""", • "11tleS (',.'.70 t'>ve!~s 15 n~eti:CjtOJL;lgH:-';:dJirpOSSHhe ,a:t.~HS 511"eano"..·ou.JLO og-
·~·al'·· c·.. ·'·~; . ",. . -'~'" 1"'1\ ""If'1 . '",c, ". fl ..ell!l-It.... ..1..y "_dP.~-:;~:, i!_r~_c _n-;c_"'-A;(i~JJHjn1 j.JOS'S:i~)jl;o..:' _!L:,"O~":(~13_ Jt.-..}(" grjij~.t~.'~,f~i]F·· (JI["Slgl1 1. OOu Beas.
t!~(~refOl-e, b;~f~Tl 'C()~11 d'F thc::: -c.}rrlu~>.i~-tdltn.<)~'!! of :..;:n.(})\~,.;;:rrfelt.---a·n(fJ prec-jE)~ita_--

tion bas-.'d con tht~proc ;.-.:cs (,;f the U~S" '.'I (~ath.eli uUJ;,eau (Reference I])
, t-' .. . 1 C • . .,,- E ".. . q- 1 _.)ana ric -4...) ~.J~ •.:t."l~!nj~ {]il40_~)S (),~ - !11§! ine[.;:.:, s; l:-(_eicrence _':J Ii'
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Capital Assistance Paper, Proposal and Recommendations
fOI'Il<~view of the, Development Loan {P"uot IV)--l~oanCom­
mittee, l\.ajalt.ai Hydroelectric Power Plant, USAID, April,
1967w

2 Conlputer-Dctermined Unit Hydrograph from Floods--D.. W ..
Newton and J .. W.. Vinyard, ASGEJournal of Hydrological
Division J September, 1967..

3 Economic Appraisal Study and Power Hl~quirements Study
of Kandahar .-lnd Girishk .I'\:reas for USAJD--Thomas M .. Hill,
July, 1966•

.,. Electric PO\'JCll Survey' Report, Helmand and Arghandab
VaHcys--H .. V/ .. Beck and Associates, November, 1964..

F'inal Design Heport on Kajakai Dam, Arghandab Dam and
Borghra C,;,u1Jal Projects, Decemher. I 959--International
Enginecdng Compa.~~l1'1 Inc..

6 Helmand VaHey DevelopmentProgratn under Second EXj>ort­
Import Bank Loan; Estimate orCost (2vol}--:Morrison-Knud­
sen Afghanistan, Inc•• August, 19'53..

7 Hy'droiographic and Sedin1l.entation Survey of Kajakai Rescr­
voir--U ..5 .. Geological Survey for USAiD, December" 1968..

:8 Loan Study Heport" I{ajakai Project--LCW. Beck and Associ­
ates, January, 1961..

Operation and \'/ater ~!anagement Manual--USBR, 1968.
(Draft report, not published)..

10 Preliminary Plans, Kajakai Hydroelectric Power Plant-­
International Engineering Company, Inc.. , lvlay, 1970..

11 Probably ~daximU1ln Precipitation--Northwest States, U.S.
\Veather Bureau HydrometeorologicaL Ileport No. 0'13, Nov­
ember, L96(;1..



14 Report on Reclamation of Chakhansur
Engineering Company, Inc .. , December,

15 Runoff from Snowmelt--U .5. Corps of Engineers Manual
EM 1110..;2-1406, January, 1960.

16 Seistan. Irrigation Report of the Perso-AfghanArbitration
Commission, ]902-05 (2 vol).

Seistan. Revenue 1:< eport <'1nd Noh!s of thePcrso-Afghan Ar­
bitration Commission,! 902-05 (3 vol) ...

(The above are rr(~quently referroed to as the McMahon He­
port).

17 Shamalan Unit, Helmand Arghandab VaHey Developrnent
Project, Afghanistan. Feasibility Heport.,,;'.;ith Appendixes
A and B--by USBH for HAV A and USAID, St:ptember, 1968.

18 Soil and Watc r H. esourccs of Southwest J\fghanistan, 195R--­
International Engineering Company. Inc.

19 FeasibilityStudyof the Ga"Jargan and Cd: r- Darrah Projects-
ADB Report by International Land !levclnpment Consul~

tants, Arnhcm, The Netherlands (ILACOl. January 1971,
(2 vol).
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