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PREFACE

The study on the technical and economical feasibility
of installing spillway gates at the Kajakai reservoir,
comnissioned by the Asian Development Bank under its
technical assistance program for Afghanistan, has been
undertaken by International Engineering Company, Inc.
(IECO), the consultants contracted for this purpose.
The Consultants retain full responsibility for the
contents of this report and for the views expressed
therein, which do not necessarily coincide with those
of the Bank or of the Government of Afghanistan.

The projections of future production developments and
resulting benefits from the inscallation of the gates

and from anticipated irrigation investmenis are, of
necessity,based osn the knowledge and experience presently
available and using the assumptions indicated. However,
it is recognized that given charged circumstances,
development may proceed differently and, in particular,
that with concentrated efferts and under favourable
conditions, progress may be faster than has been
projected.
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CHAPTER |
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

i.1 GENERAL

International Engineering Compawy, Inc. (IECO) was retained by the
Asian Development Bank - preeently providiug technizal acsistance to
the Royal Government of Afghanistan - to evaluate the technical and
economic feasibility of installing spillway gates at the existing Kajakai
Reserveoir, Fisld support of the IECO sludy team was provided by the
Helmand Arghandab Valley Authority, Lashkar Gah, Afghanistan,

1.2 SUMMARY OF STUDIES
The report discusses the following subjects:

e Preparation of preliminary designs and pians for the required
spillway structure and pates in the existing ungated spillway
channel,

¢ Study of the construction requirements for the spillway structure
and of the agencies that might carry out the construction,

e Reservoir operation studies made to dete: mine the mode of op-
eration a=d the yield and characteristics of the reservoir, vith
and without gates arnd under present conditions. Strdies were
also made for anticijated future conditions.

¢ Evaluation of the benefits likely to result from the gate installa-
tion. These include eslimates of the effects of flocd control, im-
provement of the supply of irrigation water to present irrigated
farmlands; provision of a-dit.onrai water to permit the deveivp~-
ment of new irrigation projects- and installation of hydroelectric
power facilities at Kzjakai Reservoir.

¢ Stuay of hydrologic and agricultural information to provide data
for trs technical studies and economic evaluations describve-d
above.

¢ Study of the effects of improvements in agricultural practices
in the Helmand Valley and of possible improvements to traditional

irrigation systems,

¢ Study of the need and requirements for flood forecasting for the
Helmand River and Kajakai Reservoir.
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e Economic analyses of the costs and benefits associsted with con-
struction of the spillway gate structure and of the associated
irrigation and power developments,

1.3 CONCLUSIONS AND RECOMMENDATIONS

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

1. It is technically feasible to install spillway gates in the present un-
gated spillway channel at Kajakai Reservoir, The installation would con-
sist of eight power-operated radial gates, each i2.19 m wide by 12,0
m high, While some erosion of the terrace gravels in the middle reach
of the spillway channel nas taken place in the past and wall continue in
the future, it is not considered necessary or desirable to attempt to
protect this reach from further degradation. Only a short length of
protective apron downstream of the gate structure is proposed.

2. The capital cost of the spillway gates 1nd structure 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 Afs 108,100,000 inlocal currency. The exchange
rate used is 83,5 Afghanis equivalent to one U.S. dollar,

3. Operation studies show that, based on the hydrologic period 1947-
1970, the present reservoir without gates is capable of providing the
optimum theoretical water requirement for the Heimand Valley lands
presently under cultivationin Afghanistan except for acceptable shortages
in the 1947-48 critical dry period. The reservoir could simultaneously
supply 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, Uncontrolled flood discharges would,
however, occur from the reservoir inmostyears regardless of the mode
of operation adeopted.

4. Operation of the reservoir to meet increased irrigation demand in
the Seraj, Kajakai-Shamalan and Garmsel areas, and the need for addi-
tional power, would require the addition of gates on the spillway. The
need for the gates for this purpose wo dd depend on the timing of new
irrigation developments and on the power load growth in the Helmand-
Arghandab Valley. Planning studies are to be conducted for new irriga-
tion projects in the next 5-year developmentai plan of the valley. The
additional power which would result from the gate installation may not
be required for about 20 years,

5. The present addition of gates would provide an increase in flood
protection, principally to farmland and canals in the traditional {or
non-project) agricultural areas. The reservoir, however, even with
gates installed will still permit spills to occur in most of the wet seasons.
However, inoperation over the 24 years of the study period, spill would be



reduced from an occurrence of 20 times in 24 years to 16 in 24 years by
the addition of the gates. ¥lood discharge peaks from the reservoir
would be reduced every year in which spill took place by amounts rzaging
from 7 percen: to 58 percent.

6. The additioral flood protection, while economically significant, is
not considered co be sufficient to allow any marked change in the nature
or design of the traditional canals or headings except perhaps in
individual cases.

7. The controlled rclecase of the flood water stored behind the gates
will permit better application of water during the irrigation season to
farmland currentiy under cultivation in these traditional arecas and will
result in improved crop yields.

8. Following installation of gates in the spillway, benefits wouid be
realized from flood control and the improved supply of irrigation water
to the traditional farming areas. With agricultural produce valued on
the basis of local market prices, these benefits are estimated to produce
an internal rate of return of 9.15 percent when compared against the
costs of installing and maintaining the spillway gates. At interest
rates of 4 percent, 6 percent and 7 percent, the ratios of benefits to
costs would be 1.90, 1,44 and 1.27, respectively (sece Table IV-3),
With 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-11),

9. In satisfying the demand for new irrigation 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 would lie between 7.60 and 7.82 percent
depending on the schedule of development assumed, and using local mar-
ket prices to evaluate ag:icultural benefits. The corresponding ratios
of total benefits to total costs for the project development schedule
referred to herein as Scheme I (Figure IV-1) would be 1,67, 1.24 and
1.08, for interest rates of 4 percent, & percent and 7 percent, respect-
ively (sece Table IV-14 and 1V-5).

When the agricultural benefits are 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 lnocal market prices
for agricultural produce, or 10.1 percentbased onexport-import prices--
obtained by the provision of partial {lood protection and improved water
supply to present t{raditional farmland i1s considered adequate, the spill-
way gates should be built as soon as reasonably possible. If not, the
installation of gates should be postponed until they are required by the
aevelopment of new irrigation projects or additional stages of the



Kajakai power installation, Postpoming the installation of the gates
for a period such as five years, while assuming any of the project
development schedules atilized herein, does not improve the cconymics
of the project,

il. Assuming that approval of the project could be obtained by the end
of September, 1971 and that a construction contract were awarded by
June, 1972, installation of the spillway gates could be completed before
the flood seascn of 1974, If approval of the project is delayed by about
six months until March, 1§72, the pgates could not then be completed
until the flood season of 1975,

12, The planning for future developments should endeavor to set up
criteria to optimize multiple-purpose operation of the reservoir for
flood control, irrigation and power,

13, The need to improve agricultural and irrigation practices and the
technicalities involved are well understood by the agencies responsible
for development in the Helmand Valley, The main barriers to be over-
come are sociologic and economic, rather than technical, Additional
cffort, however, is required to obtain and maintain records and data
on flood damage, irrigation water use, and agricultural practices in the
traditional or Neon-Project Areas for use in future planning studies,

14, Construction of the spillway gates and structure 15 a major under-
taking requiring considerable skill and experience and shouldbe carried
out by an established experienced outside contracter or agency, It is,
however, desirable to utilize both the personnel and equipment of the
Helmand Arghandab Construction Unit to the greatest possible extent
either as a sub-contractor or joint venture partner, This, it is believed,
would minimize the mobilization period; facilitate use of local resources;
provide experience for local personnel; and minimize investment for
heavy equipment, which might not be economically utilized after con-
struction of the gate structure,
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CHAPTER [l
INTRODUCTION

2.1 PURPOSE

This report is prepared for the Asian Development Bank and concerns
a Technical Assistance Agreement between the Royal Government of
Afghanistan and the Bank for assistance in preparing certain technical
studies relating to the Helmand River, Afghanistan,

The report evaluates the cconomic feasibility of installing spillway gates
onthe spillway of Kajakai Reservoir. The project locationis showninEx-
hibits 1 and 2.

2.2 AUTHORITY

The engineering services were authorized under an agreement dated 15
October 1970, between the Asian Development Bank and International
Engineering Company, Inc,, San Francisco, California, U,S. A,

2.3 SCOPE

The scope of the enginecring services covered by this report is as out-
lined for Part Aofthe Projectinthe Terms of Reference of the contract,
In general, the services consist of the preparation of designs and esti-
mates for the spillway gates, quantification of flood damage and agricul-
tural and power benefits, preparaticn of first-stage reservoir operation
studies, and recommendations on related hvdroleogic and agricullural
features,

2.4 PRICR STUDIES

Engineering studics for provisiorn of spillwaygates onKajakai Reservoir
were made by IECO during the initial design and construction period of
the Kajakai Project {it<ference 5), No prior studics have been made on
the economic benefits of installing rates, but related reports dealing with
agricultural benefits in the areas downstream of Kajakai Reservoir have
been made by USAID-USHBR, Power studies for Kajakal Reservoir were

also made by RW,. Zeck, and benefits of the power instaliations were

evaluated, Several cperation studies have been made in the past by
IECO, #.W. Beck, and the USAID-USBR. These studies are discussed

hereunder in tne appropriate place,
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2.6 ADDENDUM

Al the time of completion of this report, additional stream flow data
for Kajakai reservoir became available., These data show that the
water year 1971 is likely to have less inflow than the year 1947 which
has wuntil now been considered as the driest year ot 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
A-7 in Appendix A,

It is no! possible to revise 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 is therefore considered that the economic analyses
made herein are still valid, however, some revision of the reservoir
operation criteria would be necessary in practice.
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CHAPTERIII
SP1LLWAY DESIGN AND CONSTRUCGCTION

3.1 INTRODUCTION

The spillway for Kajakai Reserveoir now consists basically of an unlined
channel in the right abutment. This channel, which was excavated through
rock, located about 700 meters distant from the dam, leads Lo a natural
depression that curves back to join the mainriver about 300 meters be-
low the toe of the dam., The overall length of the spillway channel is
about 1450 meters, Inthe upstream rock cut, the channel is 113.6 meters
wide at its invert and is controlled by a concrete slab with a sharp up-
stream crest located at E1, 1033.5. Details of the existing spillway are
shown on Exhibit 3,

When initially designed, the reservoir was intendedtobe 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 : ufficient to pass the discharge resulting from routing
the floods, described hereunder, through the reservoir, The larger of
these two floods would have an anticipated outflow of approximately
430,000 cfs with only a nominal freeboard. Dimensioning of the present
spill vay cut was thus affected by the needs of both present and future
cond .tions.

The arrangement of the dam outlet 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 spillway capacity both gated
and ungated was to pass the foliowing floods:

e a hypothetical flood with a peak inflow of 318,000 cfs without en-
croachment on normal freeboard, and

e a hypothetical flood with a peak inflow of 480,000 cfs to be routed
through the reservoir without overtopping the dam.

For the present study, the spillwaydesignfloodwas reviewed as discus-
sed in Appendix C and resulted in a peak inflow of 440,000 cfs. The
spillway was then sizcd to passthisfloodthrough the reservoir and pro-
ride a freeboard of about 1.0 meter, Under these criteria, the maximum
reservorr water surface would be E1. 1049,0, and the peak outflow would
he 408,000 cfs. The discharge rating curve for the spillway is shown

I -1



on Exhibit 4. At 430,000 cfs, the discharge previously designed for, the
freeboard would be reduced to about 0,50 meters, which is a small im-
provement on prescent conaitions,

Routing of the design flood was done so that the vutflow was less than
the inflow until the rescervoir was surcharged to El, 1045.9, at which
point the outflow was made cqual to "he uncontrolled 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 eight gates fully open with the reservoir at El.
1045 would be about 250,000 cfs.

35 SPILLWAY LAYOUT

A. Geoiogy - The main spillvay cut is located in a body of sound dol-
omitic limestone whose bedding planes are gently tilted in a downstream
direction, The spiliway cutatthe existingcrest is a2bout 50 meters high,
and the rock, after some twenty years of exposure, is still fresh and
sound, Marked joints are observed in directions transverse and paral-
lel to the spillway centerline. A distiact fault is observed runnirg the
length of the spillway and dipping towards the left abutment. Drill Hole
DH 101, see Exhibit 3, located near the crest structure, shows the fault
to exist at about 7.0 meters below the present channel level, and te be
2 meters in thickness 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,

Downstream of the present spillway cut the depression is overlain by
terrace gravels, which have been weakly cemented but become mere
strongly cemented with depth. Operation of the spillway has eroded much
of this material, leaving numerous large holes some 5 to 8 meters or
more in depth., The gravels are of variable thickness. Drill hole DH
104 was carried through 25 meters of this material without hitting bed-
rock., Operation of the spillwayeither under present or future conditions
will continue to erode this material some of which wiil be deposited, as
it has in the past, in the main river channel. The terrace gravels form
a part of a large deposit extending across the basin, which lies to the
north and northeast of the spillway channel. The deposit thins out, how-
ever, along the lower east! west portion of the spillway escape channel
and limestone is again scen on the invert about midway along this chan-
nel. Two other driil holes (DH 102 and DH 103) assist in defining the
terrace gravel and rock profiie near the end of the original spillway cut,

BB, Spillway Layouls - In determining the spillwaylayout, a basic factor

ie how the e¢rodibie terrace gravels shouid be dealt with. No special
trcatment shouid be given to these materials, since it would require a
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large expenditure Uy excavate this material, toformthe required channel
in roclk or terrace gravels, and to provide concrete lining. It is prefer-
able to continue to permil erosiontotake place and treat this as a main-
tenance measure as is now being done. The channel should eventually
tend to stablize itself because of its shape and the harder underlying
bedrock.

The crest structure should then be located inthe rock cut at a sufficient
distance upstream of the beginning of the erodibie material to avoid
undermining of the terminal structure. On the other hand, economic
studies indicate the desirability of locating the crest structure as far
downstream in the rock cut as possible to minimize excavation costs.
The location shown in Exhibit 4 was selected to optimize the above
factors.,

The new crest structure was therefore located just downstrearn of the
existing crest, and a short length of downstream apron was provided to
prolect the new crest structure. The apron ic provided with a mild flip
bucket and a cut-off excavated into the rock.

The crest structure was sized to use eight 40-ft wide gates due to the
constraint of the existing channel width., Economic studies were made
to optimize the costs of the gate heigh’ and the excavation required up-
stream and downstream of the crest. These studies resulted in the con-
figuration shown on Exhibits 4 and 5.

Due to the jointed nature of the rock, a grout curtain and drains will be
required under the crest structure and in the abutment walls., Rock ar-
chors will be utilized on the abutments at the crest structure and under
the slab and side walls of the downstream apron. Underdrains will be
provided and special treatment of the faulted zone will be required., This
zone will be excavated over the width of the crest to a depth of 20 to 30
meters, as found necessaryandbackfilled with concrete. The fault char-
nel can be used to carry the main drainage header., The downstrcam
apron and cut-off will also be reinforced and deepened where made nec-
essary by the fault,

Eight steel radial gates (2,19 m wide x 12,0 m high will be provided,
These will be operated by electricallydriven hoists. Power will be sup-~
plied by a 3-phase, 4-wire, 380/220-volt line from the proposed power-
house. The estimate includes a standby diesel unit in case of power
failure,

Access to the spillway will be by a roadway to the left side of the bridge
deck crossing the spillway, Since the reservoir will be drawn down be-
low crest leve” every vear, no provision is made for stop logs uap-
str~am »f the gates.
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Earlier reports have indicated that additional excavation of the spillway
channel at the c¢xit to the main river is needed to protect the power
plant, While this appcars to be desirable and necessary, no cost is
considered hercin for this feature as it is independent of the proposal
to install gates.

3.4 CQOSTS

The total construction cost of the spillway structure and gates is
$4,351,000, as discussed in Chapter IV, The capital cost, assuming
a compoesite interest rate of 6 percent for both foreign and local
currency, 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, dollar, this would be
equivalent to Afs 108,100,000,

3.5 PLAN OF IMPLEMENTATION

A. Schedule for Construction - Aprogram for installing the spillway
gates, assuming that such installationis to be made following completion
of this report, is shown in Figurelll - 1. A period of one year has been
allowed for administrative approval, final design, preparations of plans
and specifications and bidding. This would permit construction to
commence shortly after mid-1972. The main factor affecting construc-
tion is that the spillway normally operates for considerable periods in
the wet season of April through June (sec Table A-3). Construction
operations are therefore assumed to be virtually suspended in this wet
season. Preferably, the mid-1972 date should be met to allow time for
excavation of the spillviay 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
power plant, which would also be under construction, is completed.
If approval of the project is delayed by a further six months until
March 1972, the ecffect 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 major hy-
draulic structure some 20 meters in height that will be operated teo pass
discharges for considerable periods in about two out of every three
years, It is important that both the design and the construction be car-
ried out by organizations experienced in this type of work.

Construction wnll principally invslve hard rock excavation, rock drill-
iy and grouting, corcrete placement, and installation »of structural
stecl gates, The safest and the mostexpeditious method of construction
wouid be to employ, following normal bidding procedures, an established
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contracling firm who would be responsible for all facets of the construc-
tion, including the supply of labor and materiats, An exception would be
the supply of radial gaites and hoists, which would be handled by separate
contract,

There would, however, be advantages to some form of association be-
tween the main contractor and the Helmand Arghandab Construction
Unit (HACU) as discussed hcreunder. In this way, the main contractor
would provide the most economical use of heavy equipment available
in his own organization, and potential conflict with other HACU projects
- such as the Shamalan Unit, if constructed at the same time - would be
avoided. The period for which equipment will be used will be short;
suck equipment, if purchased especially for the project, would have to
be used in similar projects if it is to be used economically. Construc-
tion of the gates to follow the schedule in Figure Il - 1 would mecan that
construction was being done concurrently with work on the new power-
house. It would also reduce mobilization costs if the same contractor
were to carry out both operations,

3.6 HELMAND ARGHANDAB CONSTRUC TION UNIT (HACU)

The Helmand Arghandab Construction Unit has been in existence since
about 1955, it was originally set up as a part of Morrison-Knudsen
Afghanistan (MKA) at the request of the Afghanistan government, The
original intent was to trainand cquip the organization to be the construc-
tion division of the Helmand Valley Authority and, as such, tc handle
new construction as well as maintenance work for the Authority,

Upon completion of MKA operations in 1962, the equipment, shop facili-
ties, warehouses, spare parts and tools were turned over to HACU to
supplement what they had acquired during their organizational and train-
ing years, HACU set up their headquarters at Chah-i-Anjirs, which is
near the Helmand Valley Developrient works and only a few miles from
Lashkar Gah - the location of the Helmand Arghandab Valley Authority
headquarters,

HACU also acquired, and still has, a well-trainedlabor force consisting
of equipment operators, carpenters, masons, welders, steel workers,
drillers, hecavy and light duty mechanics, and warehousemen as well as
a considerable number of foremen, The organization has broadened its
scope in the past few yecars and now bids on a more or less competitive
basis fnr building and civil construction works,

At present, HACU 1s preparing to carry ocut the reconstruction works of
rart of the Shamalan Land Development Area. For this work, they have
p s }
secured an AID Loan, valued at about 51,900,000, for new construction
¥ » ) b
rquipment, spare parts and tecls, Of these, the following items could



be used for corstruction of the Kajakai spillway structure provided the
construction schedules of the two projects were compatible:

2 Tractor Shovels 2 cu yd
I Truck Tractor and Lo-Bed Trailer 75 tons
6 Dump Trucks (for Aggregate Hauling) 10 cu yd
2 Rubber-Tired Dozers

2 Welding Machines 300 amp

11 Pickups, 2/4 tons

2 6-in. Water Pumps

3 Flat-Bed Trucks

6 Pneumatic Vibrators

2 Truck Cranes 25-30 tons
!l Generator, Diesel-Driven 75 kW

2 Generators, Diesel-Driver 30 kw

1 Truck-Mounted Lubricator

! Fuel Truck Tanker 1,200 sal.

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 subsequent
to the completion of the Shamalan and this should then be sufficient to
serve through the gate construction period.

For the rock work, HACU has cight or nine w~ n drills, secured through
USAID several years ago, These are still cra and 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 HACU to dothe work entailed in this project
without outside assistance, assuming that equipment was available from
the Shamalan construction as described above, is estimated as follows:

Cost/U.S. §

Spare Parts (for Rehabilitation of Shamalanequipment) 45,000

3 Air Compressors - Rehabilitate 27,000
! Rock Shovel - Rehabilitate 17,500
1 80 D-Dragline - Rehabilitate 17,500
1 Screening Plant - Rehabilitate 10,000
1 Motor Patrol - Rehabilitat: 5,000
Grout Equipment 20,000
406G Amp Welders - New 7,500
End Dump-Rock Bed Trucks - New 153,020
Concrete Plant - New 35,000
Spare Farts (during Construction) 34,300

Subtotal 371,000

Contingency 55,000
TOCT AL Investment U.S. $ 427,000
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1T the spillway structure were *o be built at the same time as the Sham-
alan c¢.nstructicn .o that the Shamlan equipment would not be available,
the following investment would then be required:

Cost/U.S. $

3 Air Ccmpressors - Rehabilitate 27,000
I Rock Shovel - Rehabilitate 17,500
2 D-8 Dozers - Rehabilitate 20,0C0
! 80-D Dragi‘ue -~ Rehanilitate 17,500
I Screening Plant - Rehabilitate 10,000
! 2-cu yd Lioader - Rehabilitate 10,000
1 Motor Patrol - Rehabilitate 5,000
2 H~1n. Pumps - Rehabilitate 5,000
4 Welders, 400 Amp - Rehabilitate 4,000
Grout Equipment - New 20,009
4 Pictups (Transport) - New i16,0C0
3 15—<u yd End Dumps - New 153,000
I Service Truck -~ New 25,000
1 i00-kW MG Plant ~ New 10,000
1 15-xW Light Plant - New 3,000
i 300-Amp Welder - New 2,000
I Concrete Plant -~ New 35,000
I Flat Bed Truck - New 8,000
Spare Parts (during Construction) ~39,03¢C

Subtotal 427,000

Contingency _ 64,000
TOTAL Investment U.Ss. % 491,000

In selecting a constru lionorganizationfor the spillway zate construction,
there are apparent advantages to employing HACU, particularly if diffi-
culty shouldexist in osbtaining contractors willing to undertake the p1-b-
lems of mobilizing for a relatively small contract. Appareutly also re-
strictions in the terms of the financing for the spiliway and the power-
house construction would render it unlikely that foreign contractors other
than HACU could operate onboth projects, On the other hand, the magni-
tude and importance of the concrete work, the tolerances for assembly
and instaliing the gates, and the extent of the rock excavation are outside
the past _xperience of HACU and its supervisory personn=l,

The preferred method wouldtherefsre betoemploy HACU as a joint ven-
ture pariner or subcontractor, supnlving local labor and some equipment
1tems rather than as a sole or mam centractor, Alternatively, the use of
a constroclion management tearn to supplement HACU supervisory and
‘echnical staff coulst Lo considered provided such a team had sufficient
sathorit to implemenat any steps required for satisfactory prosecution of
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CHAPTER IV
ECONOMIC EVALUATION

1,1 COSTS

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

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

2. Contingency - An allowance to cover the cost of minor items
n estimated in detail, unforeseen conditions and other miscellaneous
expenditures not directly covered.

3. Engineering and administration - Costs for design engineering
(office and field), supervision 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 total construction cost plus the value
of interest charged on capital during the construction period,

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

B. Cost Estimates - Cost estimates for the gated spillway are shown
in Tabie IV-1 and are based on the layouts shown in Exhibits 3, 4, and
5 and described in Chapter IlI . Estimates of quantities are generally
based on takeoffs from these drawings. Unit costs are obtained by
breakdown of 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 items. Costs for engineering and administration are estimated to
be 14 percent of the total direct cost. The total construction cost of
the spillway structure, as shown in Table IV -1, 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, 1971. No allowance is
made for future escalation except that unit prices assume normal 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 during construction is based on the con-
struction schedule shown in Figure [11-1 atthe appropriate interest rate.
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D, Annual and Replacement Costs - Allowances for these costs are as
follows:

1. Interim replacement costs were assumed to be 1 percent of
their construction cost,

2. Insurance includes an allowance for damage, vandalism, prop-
erty damage and public liability. A rate of 0.1 percentof the construc-
tion cost of the gates and hoists was used as an estimate of these costs,

3. No allowance was made for taxes of any kind.

4, Operation and maintenance annual values were based on exper-
ience data for similar projects, Allowances 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 was found to be $30,000.

4.2 BENEFITS

A. General - The benefits which will accrue from installing spillway
gates comes from utilizing the additional £19,000 ac-ft of storage made
available in the reservoir. A detailed discussion of these benefits and
their derivations is contained in Appendix B, and the benefits have been
divided into the following categories:

e Flood control,
o Improved supply of irrigation water to present farmland,
e Provision of irrigation water for new farmland, and
e Power generation,
B. Flood Control Benefits - Flood control benefits are considered to

be applicable only to the Non-Project Areasint-2 Upper Area delineated
in Exhibit 2 and Appendix B, with the exception of minor amounts re-
sulting from improvements in maintenance costs of structures in the
Project Areas. Operation studies, whick are discussed in Appendix A,
show that the addition of spillway pgates will not completely control
flooding but will produce apartial improvementinthe effects of flooding.
This improvement, however, resulits in a reduction of about 17 to 22
percent in damage to the canals and headings and to flooded farmland,
and will increase the vicld from the farmland where it has been affected
by floods. The annual benefits attributable to the reduction in the above
dJamages are detailed in Appendix B and listed in Table IV-2, As oper-
ation of the reservoir changes from the present mode to meet future
requirements, it is assumed 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 shown in Table IV-2,
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C. Improved Supply of Irrigation Water -~ Animproved supply of irriga~
tion water topresentfarmlandis considered to be applicable to both the
Lower and Upper Areas defined in Exhibit 2 and Append.x B; however,
the Chakhansur subdivision of the Lower Area will be examined indepen-
dently in some of the following analyses.

The benefits attributable to improved supply of irrigation water stem
from the fact that the increcased volume of water stored every year in
the reservoir and released in the irrigation season will permit the ap-
plication of additional beneficial water to farmland served by individual
canals. This will result in an increased yield from the farmland, the
benefits of which are tabulated by arcas in Table 1V-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 possitle
by using the additional stored water since - if unacceptable shortages
are to be avoided in a critical dry period - the ungated reservoir would
only be able to mecet present irrigation, flood control, and first stage
power demand., With the addition of gates, more water is then made a-
vailable to develop new lands in the Upper Area (Kajakai-Shamalan and
Seraj) and the Garmsel subdivision of the Lower Arca, 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 Helmand Arghandab Valley
system, which is soon to be expanded by the power facilities at Kajakai
Reservoir, By installing gates, the increased yield will 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 have tobe metby the construction of other facilities,
The power benefits would, therefore, be the difference in costs between
the Kajakai facilities and the alternative facilities, whichare 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 summarized in Table IV-2, These benefits would begin to ac-
crue vhen new power capabilities are required and installed.

4.3 ECONOMIC ANALYSIS

A. General - A study of the potential benefits and the operation studies
shows that the benefits are in two categories: the first, which includes
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fleod conteol and an improved water supply to present land, has the
Lenefits bepanning with the installation of gates and entails no other de-
velopment costs; the second, which includes water supply to new farm-~
land and power, bas the benefits commencing only when these projects
are constructed, and expenditures are considerably in excess of those
required {or the spiliway, However, under the assumptions made in the
coperation study, the gates are necessary to permit these new projects
to be undertaken,

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

B. Schedule of Development - The analysis is made on the basis of a
50-year life for all the projects considered. The development schedule
for the irrigation projects is shown in Scheme I of FigureIV-1. The
development schedule of the new irrigation projects used herein is an
estimated one, as no firm prospects presently exist for these develop-
ments, However, items in the 5~year plan currently being prepared in-
clude provision for planning studies to develop the Seraj and Garmsel
areas. The adopted schedule calls for continuous development of the
areas, with the construction period for each spanning over five years.
A gap is provided belween the Serajand Kajakai-Shamalan developments
to permit possible development of land in the Darweshan areca (see
Table B-1) although no benefit is taken for the Darweshan development.
Construction expendifuces are assumed to occur atthe end of the second
year of construction. Benefits are assumedtobegin after the third year
of construction and io reach full development, in each case, after 10
years. While these prcjects are assumed to have the same life as the
spillway gates, only those portions of the benefits occurring within the
period assigned tc the gates (50 years) are included. To account for
the inclusion of all the construction costs of these projects, a salvage
valueis allowed for each prejectpy straight-line depreciation and occur-
ring at the end of the 50-vear gate life.

The power developments follow the schedule as shown in detail for the
5 percent projeclion ralte in Fipure B-1, and summarized it Scheme I
(Figure IV-1). Again, benefits are aggregated only in the pericd of the
gate life, with salvage values assigned to both hydro and thermal ceon-
struction costs on a siraivht-line basis, Replacement of the dicsel plants

5 i is, while the hydrc plant is assumed
sy the pates (50 years).

Benefits from ficad conirol and improved water supply to present land

are 1a;

; me coear iter completion of the gates and to continue
for tre life o7 the ontosg, Without the addition »f sther orojects, they
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would ccmtmuo atthe annual amounts shown in Table IV-Z Howevcr, V”th;’
,"fthe inclusion of the other projects, these benefits would accrues at these
- maximum rates until the bencfits from the Kajakai-Shamalan Develop~
~ment begin, reducing linearly thereafter until the last of the hydroelec- 7
‘tric installations is complete. From this point, these benefits would
- ¢ontinue at the reduced rate (30 percent) tothe end of the period 3tudied.

- The schedule for this is shown in Scheme I {Figurce IV -1), ‘

The above schedule is based onthe construction schedule in Figure III-1,
showing completion of the gates in 1974. The analysis is assumed to
~-ran from January, 1974, and interest during construction is allowed on
the gate construction cost from mid-1973, ' '

C. Summation of Costs and Benefits - If no other developmental 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 benefil. included and 5.6 percent, excluded. As discussed in Ap-
- pendix B, the Chakhansur benefits for improvedirrigation water supply

should, however, be included, and further discussion will be restricted
to this criterion. Hence, withno other development projects considered,
the internal rate of return would be 9.15 percent and the benefit-cost
ratios would vary from 1.90 to 1.01 for interest rates at 4 percent to
9 percent (sce Table IV -3},

When the other developmental projects for newirrigationlands 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-1 schedule of devel-
opment, The present worths of this time series for various interest
~rates are shownin Table IV-5, which also shows the benefit-cost ratios.
Table IV-14 shows the internal rates of return for the various compon-
eats 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 effect of the individual projects on these rates should be reviewed,
- When the flood control and improved irrigation water supply benefits
are reduced to account for the influence ofthe other projects, the inter-
nal rate of return for thess reduced benefits compared alone against the
gate costs {alls to 8.25 percent from 9.15 percent cbtained 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 improved irrigation water supply represent 33 percent of the
benefits, vsing an interest rate of 8 percent which approximates the in-
'-ernﬂ rate of return, '
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The internal rates of return for the irrigation projects on new land are
shown in Table IV-14to vary from 6.04 percent to 7.78 p:rcent for the
Scheme I schedule, These rates, however, which do not ir.clude any al-
location of gate cost, serve to depress the average rate of return. At
an 8 percent interest rate, these figures representapproximately 62 per-
cent worth of the costs and 59 percent of the benefits,

The power benefits have an internal rate of return of 9.29 percent, ex-
cluding any allocation of gate cost, Power may therefore been seen as
improving the average rate of return, and, atan 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 percentages 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 installation, respsctively, 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 ofthe new irrigation projects.
It was not considered realistic at this juncture, to attempt to evaluate
the effect of modifying or eliminating the irrigation projects in favor of
other project functions,

D. Effect of Variations in the Period of Analysis - As discussed ear-
lier, orly a portion of the costs ancd benefits of the new irrigation and
power developments is included in the analysis under a 50-year gate
life because these developments are required much later than the date
assumed for construction of the gates. Tocheck 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 as 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 7.7 percent. All additional analyses were therefore
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 was studied by assuming that each
one was delayed by five years as illustrated in Schemes II and IV of
Figure IV-1., The schedule shown for these projects in Scheme III is the
same as for Scheme 1.

The effect of variation of the power development was considered to be
best incorporated by advancing the development tc meet the 8 percent
load projection shown in Figure B-1. This development schedule is
summarized in Schemes IIl and IV of ¥igure IV-1, The power schedule
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in Scheme IT 's the same as that in Scheme I, Accelerating the power
development has the effect of increasing the internal rate of return of this
feature alone from 9.29 percent to 11,28 percent.

Table IV-6 shows a cost-benefit stream for Scheme IV that follows the
pattern in Table IV-4 for Scheme I. Permutation of the values in Table
IV-4 and V-6 will give the costs and benefits for Schemes 1l and Iil,
with some modification of the flood control and unproved water supply
benefits.

Present worths, benefit-cost ratios and internal rates of return were
then obtained for these schemes, the results being shown in Tables 1V-7
through IV-14,

As might be anticipated {rom studying FigurelV -1, these variations made
little difference to the overall economic picture, and Scheme 1 may
therefore be taken as representative for the economic amalysis.

F., Effect of Postponing the Gate Construction - The effect of postponing
the gate construction by five years was considered by making an analysis
for schedules similar toSchemes I and 1V but with the gates constructed
by 1979, instead of 1974, The basic effect of this is to reduce the flood
control and improved water supply benefits by five years, initially, while
accumulating additional discounted benefits at the end of the 50-year
period. The overall effect of thisis insignificant as scen by the internal
rates of return obtained for these conditions shown in Table IV-14,

Since the flood controlandimproved water 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 improved water supply functions immediately or to
postpone construction until it is required by the develcpment of new
projects,

4.4 ALTERNATIVE ECONOMIC 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 socin-economic prices, in which the value of farm products is based
on their export or import prices. The main effect of this approach is
a change in the prices applying to wheat and cotton. In addition the
opportunity cost of labor has been assumed to be zero in relation to
agricultural incoma, which results in a reduction in the value of flocd
damages to the extent of the cost of labor in this item. A more detailed
discussion of the derivation of prices for wheat and cotton may be {ound
in Appendix B, Paragraph B.5.
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Wheai is conmdc red to be 1mportul at prevaﬂmg pmces and in equal e
- quantities Irom USSR and USA, and transported to a common point at -
~ Laashkargah, This price is taken as applying for a period of ten years

after installing the gates. After this period Afghanistan is considered
as having become self-sufficient in wheat production, and local market

prices are again assumed to apply. : : '

Cotton is conmderrd to be exported [)rcdommantly to the USSR and
price has been derived for this commodity which is considered appll-
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 1V-2 from which it differs only to the
extent of the value of agricultural benefits, 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
“early years of the project.

An economic analysis was made using these alternative benefits in the
same way as that discussed earlier in Paragraph4.3. However, in view
of the conclusions reached therein, the alternative analysis was made
only for Scheme I of FigurelIV-1. Table IV-11 shows the present worths
of costs and benefits if no developmental projects, other than the gate
installation, are constructed, The benefit-cost ratios for this condition
are found to be 1,98, 1,52, and [.22 for interest rates of 4%, 6% and 8%,
respectively, and the internal rate of return is found to be 10,1%, in-
cluding the Chakhansur benefits.

When the other development projects for new lands and power are 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 are shown on Table IV-13 for various
_interest rates, The resulting benefit to costratios are found to be 1,67,
1.25 and 0.98 for 4%, 6%, and 8%, respectively, and the internal rate of
return is 7.85%, with the projects thus combined. The above rates of
return are listed on Table II-14 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 amalysis, 10.1% compared with 9.15% without additional ir-
rigation developments, and 7.85% versus 7.60% including the new irriga-
tion developments, Postponement of the gate installation would tend to
~reduce these differences since the principal increase comes frﬂm the

. hlumr cost of wheat in the initial ten YEArs.,

4.5 INVEQTJ.;: ENT

The total construction cost of the spillway structure is U.5, 34,351,000,
of which U.5. $3,i12,700 is in foreign carrevcy, The balance of »quive

SIvV-8



alent U.S, $1,23R8,300, which is in local currency, would sorrespond to
Afs 103,378,000 at an exchange rate of 83.5 Afghanis to one U,S. dollar,
These valaes should be incrcased for interest during construction, ac-
cording to the loan lerms applicable, Using an interest rate of 6 per-
cent as an index, the addition of interest during construction would in-
crease the above values to give a total capital cost of U.S. $4,575,000 of
which U.S, $3,280,000 would be in Joreign currency and equivalent to
U.S. $1,295,000 in local currency. The latter amount would correspond
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. Ofthis amount, U.S, $15,300 would be in foreign
currency, and U,S, $14,700 or Afs 1,227,450 in local currency.

The benefits that would result would come from improvements in the
agricultural sector and from power, The flood control and improved
irrigation water supply benefits would come from incremental improve-
ments whose value would be difficult to assess to indivicduals, Repay-
ment for such benefits would have to come either from government con-
tributions or general levies on the affected land. Such revenues could
begin as soon as construction of the gates was complete. Repayment of
benefits to both irrigation and power preojects would be dependent on the
implementation schedules and details for these projects. Revenues from
these would not be forthcoming for about 10 years for irrigation projects
and for 25 years for power. Inview of the uncertainties involved, no ai-
tempt has been madc to determine a repayment schedule or to allecate
repayment among the functions,
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Item

Excavation, rock, access road
Excavation, rock, spillway
Line drilling

Excavation, fault zone

Drill grout holes

Drill drain holes

Drill anchor holes

Grout foundation & abutments
Conerete, plers & abutments
Concrete, crest structure & apron
Concrete, channel walls

Concrete, bridge deck

Conerete, backfill
Reinforcement steel

Anchor bars, supply & grout
Drains

Waterstop

Structural steel bridge

Miscellaneous metal
Miscellaneous

Radial gates

Radial gate hoists

Powerline & electrical system
Diesel stand-by unit

TOTAL DIRECT COST

ENGINEERING AND ADMINISTRATION
CONTINGENCY

TOTAL CONSTRUCTION COST

COST ESTIMATE FOR SPILLWAY STRUCTURE

Unit
Cost
Quantity Unit Us §
2,410 cu m 3.90
165,000 cum 3.90
1,350 im 2.00
2,000 cum 20.00
1,380 im 4.00
1,400 im 4.00
10,710 im 4.00
LS
6,00 cum 60.00
11,410 cum 50.00
150 cu m 75.00
140 80.00
2,000 cu m 37.00
422,000 kg €.50
LS
LS
LS
81,000 kg 0.60
LS
LS
8 ea 103,000
8 ea 31,750
LS
LS

Costs in US $§ & Equivalent US $

Local Foreign Total
Equiv. $ us $ Equiv. $
1,722 7,678 9,400
115,800 527,700 643,500
810 1,890 2,700
36,000 4,000 40,000
1,656 3,864 5,520
1,680 3,920 5,600
12,852 29,988 42,840
6,278 2,322 8,600
237,900 128,100 366,000
376,530 193,970 570,500
6,525 4,725 11,250
6,075 5,175 11,250
51,800 22,200 74,000
40,090 170,910 211,000
63,600 42,400 106,000
1,389 12,501 13,890
2,400 2,400 4,800
6,552 48,048 54,600
6,360 46,640 53,000
131 719 850
41,200 782,800 824,000
12,700 241,300 254,000
6,300 28,700 35,000
1,250 23,759 25,000
1,037,600 2,335,700 3,373,300
45,700 427,000 472,700
155,Q00C 350,000 505,000
1,238,300 3,112,700 4,351,000



TABLE 1IV-2

SUMMARY OF COSTS AND BENEFITS

(v.s. %)
Costs Benefits
Construction Annual Construction Annual

Ttem Costs Costs Costs Benefits
Flood Control®
Conals & Headings 25,000
Structures 9,700
¥Farmland Flooded 6,900
Reduced Crop Yield 44,000

Subtotal 86,000

Improved Irrigation Water Supply to Present Farmland#®

Kajakai-Shamalan 75,200
Seraj 75,800
Garmsel 62,000
Subtotal 213,000
Chakhansur 155,000
Subtotal 368,000

Irrigation

Kajakai—-Shamalan 5,250,000 588,000
seraj 8,759,000 1,050,000
Garmsel 8,250,000 814,000
Subtotal z2,250,000 2,452,000
Power
Hydro - 5th Unit 1,840,000 30,000
- 6th Unit 5,910,060 97,000
- 7th Unit 5,910,000 97,000
Thermal - lst Stage 3,050,000 183,500
- 2nd Stage 3,050,000 183,500
- 3rd Stage 3,050,000 183,000
Subtotal 13,660,000 224,000 9,150,000 550,000
Spillway Gates 4,351,000 39,000

*Bonefits for these items should be reduced to 30%
when full demand at intermediate level 1s reached.



COSTS

Spillway Gates

BENEFITS
Flood Contre.

Improved Irrig., Watuer
Without Chakhansur
- Chakhansur Omnly

TOTAL BENEFITS

- Without Chakhansur

w1300 CONTROL AND IMPROVED WATER SUPPTY RENEFITS DNLY

Supply

- Ineluding Chakhansur

SENEFIT/COST RATIO

=  Without Chakhansur

= Tncluding Chakhansur

(All tosts and Benefits in U.S.

ellars)

Present Worth of Costs and Benefits

4%, 6% 7% 89, 9% 11%
5,108,200 4,983,200 4,946,000 4,921,400 4,905,400 4,891,100
1,847,500 1,355,500 1,186,900 1,052,100 842, 700 777,600
4,575,700 3,357,300 2,939,606 2,605,700 2,334,800 1,925,900
,329,700 2,443,100 2,139,100 1,896,200 1,699,000 1,401,500
6,423,200 4,712,800 4,126,500 3,657,800 3,277,500 2,703,500
9,752,900 7,155,900 6,265,600 5,554,000 4,976,500 4,105,000

1.25 0.95 0.84 0.74 0.67 0.55

1.90 1.44 1.27 1.12 1.01 0.8



Spillwav Gates

Construction
- {osts

Annual

" Year

4,351,000

- Costs

30.000

Irrigatton Projects

Sera i

Kajakai

~ Shamalan Garﬁsel

8, 750. 000

Hydro Power

Cost

" Construction

Costs

Anm
Cost

TR [V, R W R

5,250,060

8.250, 000

1, 840, 000

5,910, 000

5.910,.000 -
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' STREAM FOR SCHEME T

zﬁéfitg'in U.S.iDollafs)f' 7

2D UL LY T

Flood. Control ‘& Improved Irrig. W.S.

BENEFITS

Irrigation Project

_Thermal Power =

~“Flood - Tmp. W.S5. Imp. W.S. to , Kajakai Construction = Annual’
o Control ~Chakhansur Chakhansur Seraj- Shamalan Garmsel Costs ‘Costs: <
86, 000 213, 000 155, 000
0
105, 000
210, 000
315, 000
: 420,000
525, 000
: | 630, 000
I 735, 000
= 840, 000
| 945, 000
] [ 1 1,050, 600 0
86,000 213.000 155, 000 58,800
83.000 205, 500 149. 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
71.000 175. 700 127,900 352,800 81,400
67.900 168.300 122. 500 411, 600 162,800
64,900 160, 800 117.000 470,400 244,200
 61.900 153.400 111,600 529,200 325,600
58. 900 145, 900 106, 700 588, 000 407,000
55. 900 138. 500 100. 800 488,400
0 52, 900 131. 000 95. 300 569, 800
)0 49, 900 123. 500 89. 900 651, 200
)0 46 900 116.100 84, 500 732,600 3,050,000 , 0
30 43.900 108. 600 79000 814,000 ' 183, 500
)0 40.900 101,200 73, 600 183,500
)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 51.900 , 367,000
)0 ©25.800 - 63. 900 46,500 3,050, 000 367,000
- 550, 000
3,050,000
bo 7 . ‘ , 1 RE Y i V 37050.000 , ‘
' © 25,800 46,500 1,050.000 588,000 814.000  (-5.286.000) 550,000

63,900



COSTS

Spillway Gates
Irrigation Projects
Seraj

Ka jakai .Shamalan
Garmsel

Subtotal Irrigation Projects

Hydro Power
BENEFITS

Flood Control and Improved
Irrigation Water Supply
- Flood Control
- Without Chakhansur
-~ Chakhansur Only

Subtdtal Flood Control and
Improved Irrigation Water
Supply

Irrigation Projects
Sera ]
Kajakai Shamalan
Garmsel

Subtotal Trrigation Projects

Thermal Power Alternative
TOTAL COSTS
TOTAL BFNEFITS

BENEFIT/COST RATIO

(A1l Costs and Benefits in U.S. Dollars)

Present Worth of Cos:s and Benefits

4% 6% 7% 8% 9%, 11%
5,108, 200 4,983,200 4,946, 000 4,921,400 4, 905.400 4, 891,100
7,356,400 6, 883.300 6.645.600 6,412,900 6,187,000 5.759,200
2,810,100 2,236,600 1.982.600 1, 753.800 1. 549. 900 1,209.400
3,451,400 2,547.600 2,169.200 1,841, 360 1.560. 200 1.118.000

13.617.900 11,667.500 10,797.400 10,008,000 9.297 100 8.086.600
3,388,700 2,010.000 1,537,600 1,173,700 895, 100 520. 800
1.491.400 1.169.900 1.051.000 951.700 867.900 735.000
3.693. 800 2.897.500 2.602.900 2.357.000 2.149.500 1. 820, 400
2,688.000 2.108.600 1. 894,200 1.715.200 1, 564. 200 1, 324,700
7,873,200 6,176,000 5,548,100 5,023,900 &, 581,600 3,880,100

14.506. 000 9.252.200 7.528, 200 6.193, 600 5.147. 300 3.651,400
4,816,800 2.658,200 2.002.900 1.522,400 1.166, 800 701, 400
4.970.800 2,563,700 1,863,600 1,365,100 1,007. 300 559.900

24,293,600 14,474,100 11.394.700 9.081,100 7.321.400 4,912,700
4,730,300 2,406,000 1,729.500 1,249.500 907.200 485,302

22,114,800 18.660.700 17,281,000 16.103.100 15.097.600 13.498,500

- 36,897,100 23,056.100 18,672,300 15,354,500 12.810.200 9,278,100
1.67 1.24 1.08 0.96 0.85 0.69
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Year

COSTS
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(511 Costs and Beme? -

Spillway Gates

Counstruction
Costs

Annual
Costs

Irrigation Projects

Hudro Power

Kajakai

Serali

Shamalan

Garmsel

Construction Anm
costs Cos!

4,351,000

30,000
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8, 750,000

5,250,000
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5,910,000

[R o
P (2

e ke b E
G =l N

Wl ke
(D O

30,509

The constructicn ot ol

the

e alpes a2t the end of

(-1.

750. 006

ates is increased DY

{-2,100,.000)

interest during

Ene

(-5,125.000) i-7.

et et AT COr T e
\_O:;Serv\.~‘ﬂ}u R G L AL ]

50ch vear.



EAM FOR SCHEME IV

efits in U,S. Dollars)

ARl s A

-

BENEFITS B
Flood Control Irviegation Projects Thermal Power
mual & Improved Kajakai Construction Annual
1Sts Irrig. W.S. Sera i Shamalan Garmsel Costs Costs
it
454,000
0
105, 000
210, 000
315,000
420,000
525, 000
630, 000
735,000
840, 000
945,000
| 1,050, C0C 0
10, 000 454,000 58, 800
10, 000 401,000 117,690 3,050,000
10, 000 348,000 176,400 183, 500
17,000 295,000 235,200 3,050.000 183,500
27,000 242,000 294,000 0 367,000
17,000 189, 200 352, 800 81,400 3, 050, 000 367, 000
4,000 136, 200 411,600 162, 800 550, 000
470,400 244,200
529. 200 325,600
588, 600 %07, 000
l 488.400
E 569, 800
5 *51, 200
i 732,600
§ 814,000
i
; 3,050, 000
i
i 3.050, 000
3,050,000
|
! ‘ ]
24,000 i 1 1
136, 200 1,0350. 000 535,000 £i%.000 {-2,350L, 000} 350, 000



COSTS§
Spillway Gates
Irrigation Projects

Rydro Power

BENETITS

Flood Control and Improved
Irrigation Water Supply

Irrigation Projects

Thermal Power Alternative

TOTAL COSTS

TOTAL BENEFITS

BENEFIT/COST RATIO

ECONOMIC ANALYSTS — SCHEME II

(A1l Costs and Benefits in U.S. Doilers)

Present Worth of Costs and Benefits

49, 6% 7% 8% 9% 11%
5,108,200 4,983,200 4,946,000 4,921,400 4,905,400 4,891,100
10,735,900 8,518,900 7,566,800 6,724,700 5,985,400 4,774,200
3,388,700 2,010,000 1,537,600 1,173,700 895, 100 520, 800
8,183.400 6,374,200 5,707,400 5,152,400 4,685,600 3,948,800
18.431,500 10,255,200 7,782,900 5,971,700 4,630,100 2,866,400
4,730,300 2,406,000  1,729.500 1,249,500 907. 200 485. 300
19.232.800 15.512,100 14.050,400 12,819.800 11.785.900 10,186.100
31.-345.200 19.035.400 15,219,800 12,373.600 10,222,900 7, 300. 500

1.63 1.23 1.08 0.96 0.87 0.72
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COSTS
Spillway Gates
Irrigation Projects

Hydro Power

BENEFITS

Flood Control and Improved
Irrigation Water Supply

Irrigation Projects

Thermal Power Alternative

TOTAL COSTS

TOTAL BENEFITS

BENEFIT/COST RATIO

ECONOMIC ANALYSIS -~ SCHEME ITII

(All fosts and Benefits in U &

Doilars)

Present Worth of Costs and Bemnefits

4% 6% 7% 8% 9% 11%
5.108,200 4,983,200  4.946,000 4,921,400 4,905,400 4,891,100
13,617.900 11,667,500 10,797,400 10,008,000 9,297,100  8.086.600
5,755,100 3,755,600 3,025,100 2,436,000 1,962,400  1.277,800
7.357,200  5.858,600 5,297,800 4,825,800 4,424,200  3.779,800
24,293,600 14,474,100 11,394,700  9.081,100 7,321,400 4,912,700
8.651,900 4,858,400 3,679,800 2,805,800 2,153,200  1,290.900
24,481,200 20,406,300 18,768,500 17,365,400 16,164,900  14.255.500
40,302,700 25 191,100 20.372,300 16,712,700 13,898,800  9.983.400

1.65 1.23 1 08 C.96 0.86 0.70
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COSTS

Spillway Gates

Irrigation Projects
Seraj
Kajakali Shamalan
Garmsel

Subtotal Irrigation Projects

Hydro Power

BENEFITS

Flood Control and Improved
Irrigation Water Supply

Irrigation Projects
Seraj

Kajakai Shamalan
Garmsel

Subtotal Trrigation Projects

Thermal Power Altermative

TOTAL COSTS

TOTAL BENEFTIS

BENETIT/COST RATIO

LCONOMIC ANALYSIS - SCHEME IV

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

Present Worth of Costs and Benefits

49, 6%, 7% 8%, 9% 11%
5,108,200 4,983,200 4,946,000 4,921,400 4,905,400 4,891,100
5,901,400 5,084,100 4,700,000  4,339,90¢ 4,005,200 3,411,100
2,196,400 1,621,200 1,380,400 1,171,700 992, 800 711, 400
2,638,100 1,813,600 1,486,400 1,213,100 987, 400 651, 700

10,735,900 8,518,900 7,566,800 6,724,700 5,985,406 4,774,200
5,755,100 3,755,600 3,025,100 2,436,000 1,962,400 1,277,800
7,702,800 6,089,800 5,487,600 4,982,000 4,553,000 3,867,900

11,265,100  6.673.700 5,221,300 4,125,800 3,290,400 2,145,900
3,590,700  1,851.900 1,346,200 986, 100 727, 600 404, 500
3,575,700 1,729,600 1,215,400 859, 800 612,100 316, 000

18,431,500 10,255,200  7,782.900 5,971,700 4,630,100 2,866,400
8,651,900 4 858,400 3,679,800 2,805,800 2,153,200 1,290,900

21,599,200 17,257,700 15.537.900 14,082,100 12,853,200 10, 943,100

34,786,200 21,203,400 16,950,300 13,759,500 11,336,300 8,025,200

1.66 1.23 1.09 0.98 0.89 0.74
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Item

Flood Control*

Canals and Headings

Structures

Farmland flooded

Reduced crop yield
Subtotal

ALTERNATIVE ANALYSIS

SUMMARY OF COSTS AND BENEFITS
w.s. %)

FARM INCOME BASED ON SOCIO-ECONOMIC PRICES

TABLE IV-10

Costs Benefits
Construction Annual Construction Annual Benefits
Costs Costs Costs Years 1-10 Years 11-50

Kajakai-Shamalan
Seraj
Garmsel
Subtotal
Chakhansur
Subtotal

Irrigation
Kajakai-Shamalan

Seraj
Garmsel
Subtotal
Power
Hydro - 5th unit
- 6th unit
— 7th unit
Thermal - lst stage
~ 2nd stage
- 3rd stage
Subtotal

7,500 7,500

9,700 9,700

9,700 7,000

58,600 43,000

85,500 67,200

Improved Irrigation Water Supply to Present Farmland*

103,000 75,000

101,000 75,000

71,000 61,000

275,000 211,000

176,000 153,000

451,000 364,000

5,250,000 - 574,000

8,750,000 1,613,000 1,025,000

8,250,000 - 737,000

22,250,000 1,613,000 2,336,000
1,840,000 30,000
5,910,000 97,000
5,910,000 97,000

3,050,000 133,500 183,500

3,050,000 183,500 183,500

3,050,000 183,500 183,500

13,660,000 240,000 9,150,000 550,000 550,000
4,351,000 30,000

Sp’:lway Gates

*Benefits for these items should be reduced to 30%

when full demand at intermediate level is reached.



COSTS

Spillway Gates

BENEFITS
Flood Control

Improved Irrig., Water Supply
(including Chakhansur)

Total Benefits

BENEFIT/COST RATIO

ALTERNATIVE ECONOMIC ANALYSIS

FLOOD CONTROL AND IMPROVED WATER SUPPLY BENEFITS ONLY

All costs and Benefits in U.S, Dollars

Farm Income Based on Socio-Economic Prices

Present Worth of Costs and Benefits

49, 6% 7% 8% 9% 117
5,108.200 4,983,200 4,946,000 4,921,400 4,905,400 4,891,100
1,592,000 1,193,900 1,055,900 944,900 854,100 715,400
8,525,200 6,377,700 5,634,500 5,036,800 4,548,400 3,803,500
10,117,200 7,571,600 6,690,400 5,981,700 5,402,500 4,518,900
1.98 1.52 1.35 1.22 1.10 0.92

Internal rate of return:

10.1%



COSTS

BASED ON SOCIO-EC
(411 Costs and Benef

Spillway Cates Irrigation Prolects
Construction Annual Ka jakai
Year Costs Costs Serai Shamalan Garmsel

ilvdro Power Costs

Construction Annual
Costs Costs

4,351,000 30, 000

8,750,000

OO~

15 5,250,000

20 | 8, 250, 000

1, 840, 000 0
30, 000
30, 600

30, 600
5,910, 000 10, 000
127,000

127, 000

127,000

5,910, 000 127,000
224, 000

|

22%, 000

51 (- &75,000)(-1,575,000) (-3.300,000)

(-9, 30%. 000)

* The Construction Cost of the gates is increased by interest during construction for 172 year.

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



E_ANALYSIS

TREAM FOR SCHEME 1
ECONOMIC PRICES

flts {n U.S. Lollars)

RENEFLTS

TABLE 1V-i2

Flood Control & Improved Irric. W.

Irrigacion Prot

el T

Thermal Power

¥lood Improved Irrig. w.S. Kajaxai Conscruction  Annual
Control Including Chakhansur Serai Shamalan carmsel Costs Cogts
85. 500 431,000
0
161,200
322,600
{ 1 183,900
85,500 431,000 5.5, 200
67,200 364, 000 312,300
! 615,000
717,300
820, 000
B ) 922, 500
1 1 1.075.000 )
67,200 364, 00C ' 37,400
64,850 351,250 114, 800
62, 500 338. 500 172,209
60,150 325,750 229,800
57. 800 313,000 287,050 0
55,450 300. 250 34, 200 T3.7060
53, 100 287.3500 %01, 300 147.%00
50. 750 27%, 750 459, 200 221.1090
L8, 20 262, 000 516, 609 1oL 300
46,050 249, 250 574,000 365, 300
43, 700 236, 500 ' 442,200
41, 350 223,750 513.900
39, 000 211,000 539.5600
36. 650 198, 250G 663, 300 3.050, 900 0
32, 300 135,390 717.000 183,501
31,950 172,750 : 131, 500
29,600 160, 000 183,500
27,250 147,250 1.050.600 183.500
24,900 132,500 N 367, 000
22.530 121.73D 367. 000
20. 200 109.000 3.050.000 367.000
' 550. 000
o B 3.050.000
3. 030,000
1 1 f Y ' 3.030.0 ‘_
20,200 A 1,025,300 oL.080 C1P.a00 6-3.136.000) 330,040



COSTS

Spiliway Gates

Irrigation Projects
Sera}
Kajakai-Shamalan
Garmsel
Subtotal Irrigation Projects

Hydro Power

BENEFITS

Flood Contrcl and Improved
Irrigation Water Supply
Flood Control
Improved Irrig. Water Sup~
ply, incl. Chakhansur
Subtotal

Irrigation Projects
Seraj
Kajakai-Shamalan
Garmsel
Subtotal
Thermal Power Alternative
TOTAL COSTS
TOTAL BENEFITS

RENEZIT-COST RATIO

All Cests and Benefits in U.S. Oollars
Farm Incore Based on Soclo~Eccnomic Frizes

Present Worth of Costs and Benefits

4% 6% 7% 8% 9% 11%
5,108,200 4,983,200 4,946,000 4,921,400 4,905,400 4,891,100
7,356,400 6,883,300 6,645,600 6,412,900 6,187,000 5,759,200
2,810,100 2,236,600 1,982,600 1,753,800 1,545,500 1,209,400
3,451,400 2,547,600 2,169,200 1,841,300 1,560,200 _1,118,000

13,617,900 11,667,500 19,797,400 10,009,000 9,297,100 - 8,086,600
3,388,700 2,010,000 1,537,600 1,173,700 593,100 520,800
1,313,800 1,048,900 949,800 866,500 795,500 688, 100

7,017,800 _5,591,800 _5,059,100 4,647,200 _4,231,500 _3,623,200
8,331,600 €,640,700 6,008,900 5,513,700 5,027,100 4,311,300

14,574,400 9,381,000 7,669,000 6,341,200 5,296,800 3,795,500
4,702,200 2,594,900 1,955,200 1,486,200 1,139,000 684,700
4,500,600 2,321,200 1,687,300 _1,236,000 912,000 506,900

23,777,200 14,297,100 11,311,500 9,063,400 7,347,800 4,987,100
4,730,300 2,406,000 1,729,500 1,249,500 907,200 485,300

22,114,800 18,660,760 17,281,000 16,103,100 15,097,600 13,498,500

36,839,100 23,343,800 19,049,900 15,826,500 13,282,100 9,783,700

1.67 1.25 1.10 0.98 0.88 0.72

Internal rate of return:

7.85

£1~-A1 AUVL



SUMMARY OF INTERNAIL RATES OF RETURN
FOR VARIOUS SCHEMES

Internal Rates of Return

Socio-
Economic
Local Market Prices Prices
50-Year 75-Year 50-Year
Life Life Life
Tten 1974% | 1979* | 1974% 1974%
PROJECT COMPONENTS
Flood Control & Improved Irrigation
Water Supply Only
With No Reduction in Benefits:
- without Chakhansur 5.65 5.65 5.9
~ including Chakhansur c. 15 19.15 .3 10,1
With Reduced Beu -fits due to
Other Projects:
- including Chakhansur 8.25
Irrigation of New Lap-i¥
Schemes I & 111
- Seraj 7.78 - 8.0
- Kajakai-Shamalan 7.07 - 7.6
- Garmsel 6.04 - 6.8
Schemes 11 & 1V:
- Seraj 7.67 - 8.0
- Kajakai-Shamalan 6.84 - 7.5
- Garmsel 5.80 - 6.8
Power®¥
5% load Projection 9.29 - 10.5
87 Load Projection Fl.ZB - 1.7
COMBINED PROJECTS
Scheme 1 7.60 7.60 7.9 7.85
Scheme 1IX 7.62 - -
Scheme TIX 7.68 - -
Sehrme IV 7.82 7.80 -

%yenr jn which gates are installed
“nThz cost of the spillway gates is not included in these items.
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APPENDIX A
RESERVOIIL OPERATION STUDIES

A.l1 PRIOR STUDIES

Kajakai 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 1 ot originally a basic pur-
pose of the rescrvoir, 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 scason inflows. This can be seen
by comparing the average monthly inflows for March, April and May -
667,786, 1,274,083 and 1,119,182 ac-ft, respectively - with the gated
reservoir live storage of 1,739,000 ac-f{t.

In designing the dam and reservoir, IECO 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 IECO studies made in 1954, showed that about
292,000 acres could be irrigated in Afghanistan, while making allowance
for releases toother dovnstreamusers and having no gates on the reser-
voir. This would permit generation of 25 mW-yecars of prime power.
With the installation of gates, the areathatcould be irrigated in Afghan-
istan could be increased to 395,000 acres, while generating 25.5 mW-~
years of prime power. This assumed an annual irrigation requirement
of 5.25 ac-ftper 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 downstream uscrs., No account was
taken of flood control. Minimum pocl clevation was set at E1. 1008 and
minimum drawdown level before the dry seasonat E1. 1020 (approximate-
ly 820,000 ac-ft). Dam, outliet works and proposed power plant are shown
in Exhibit 6,

After construction, the reservoir, having no power installation, was oper-
ated only for irrigation. With somec reduction in flooding resulting, in-
creasing attention was devoted te operation of the reservoir for flood
control also and the reservoir was drawn down before the wet season
e- year. Inspection of the histerical record shows that in five of the
la ¢ vears (1960-1970) the reservoir reached levels between El. 996
anu 1085; in the remaining five years, including 1268, 69 and 70, it varied
between EL, 1010 and 1017, Insome 1nstances, releases made to achieve
these levels have resulted in high discharges in the months of January
and February when the water could not be used to its best advantage
for irrigation.

A-1



In 1964, R, W, Beck (Reference 4) conducted studies to determine the
capacity of the powcr installation to be made at Kajakai. The resulting
installation was based on the assumption that the power demand should
be met in the 1947-1948 dry season while also fully meeting an irrigation
demand of 7.0 ac-{t per acre provided to 257,000 acres of land. The min-
imum pool elevation required was El, 1012, which the Beck report rec-
ommended as the future minimum operating pooi elevation. Tiis 1lue
has currently been adopted in designing the turbines for the first-stage
installation, although ope ration dows to Ei. 1008 will be possible. Depenc:
able capacity of the turbines was therefore setas the output at El. i012,
or 22 mW for the first fwo units to be installed.

The most recent reservoir operation stuay for the ungated reservoir was
done by the USAIDL /USBK team and presented intheir draft operaticn and
water management manual in 1968 {(Keference 9). In this study, the res-
ervoir was operated forirrigation and flood control with no power instal-
led. A flood control rule curve was proposed in which reservoir outlet
releases would be manimized whenever the reservoir storage exceeded
1,000,000 ac~ft in June, Juiy, August and September and 300,000 ac-ft in
January, February, March and April, wilh intermediate values in the
intervening monihs., Onthebasis ofthe present reservoir capacity curve
shown in Exhibit 7, the lower volume would correspond to 2 reservoir
level at about El, 1004,

None of the above studics accounts for ali the present operating require-
ments of irrigation, power and flood ccutrol. These requirements indi-
cate that there will be a conflictinrneceting the demands of cach of these
functions, Irrigation operafion would call for maximum releases in the
peak summer season, minimal flows inthe winter, and a large carryover
storage for dry yzars. Flood controloperationwould prefer minimizing
the carryover storage before the flond season, creating a danger that
irrigation requiremenis could not be met should a dry year follow.

Power operation would requiredischarge all year, which would determine
the winter discharges and could r !ure the amount of water available for
irrigation. Fortunately, the needs of each can be met in the near future
and with littie conflict. However, as tha need for power and irrigation
water develops, an adeguate solution will be necessary, 1t is important
that long-term data be obiained to better cvaiuate the effects of flood
control and tc determine the full irrvigation poteniial, and a schedule be
developed vis-a-vis powor use,

A.2 OPERATION AT PHESENT LEVEL C¥Y DEVELCPMENT

)
\’“

The following bazses have beenusedfiorthe oprration studies mads herein,



A. Irrigation - The ijrrigatioa water will be supplied to the presently
irrigated land area of 258,000 acres in Afghanistan, as shown in Table
A-1. This demand is based on a gross annual requirement of 6,56 ac-ft
per acre, except for the Gamseland 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 arcas, for losses dueto non-beneficial vegeta-
ticn, =nd for provision for other downstream 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 D-1 in Appendix D,
The monthly distribution is also shown in Table A-1.

Frequency studies indicate that the 1947 dry scason 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 periodislonger than this. Qualitative studies
in the Delta Commission Report (Reference 13), however, also indicate
a dry season return period of aboutoncein 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 development of the area during
normal years, For the present study,ithas 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, whichever is
the less, as shown in Table A-1.

B. Minimum River Flows - Observations made during fiel1reconnais-
sance indicate the importance of maintaining a minimum flow in the river
to permit a high enough river stage sothat canals along the river length
can draw water. Further studyis requiredto define these minimum flows
for the various Non-Project Areas. The normal year minimum flows
adopted for this report are shown in Table A-1., For operation in the
driest year, these minimum flows were reduced as listed in Table A-1,

C. Power Requirements - Power requirements in the initial stage are
based on mceting the full power demand inthe 1947-48 dry period. Under
the conditions assumed for dry season operationand shown in Table A-1,
the minimurn 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 down to the lowest level permissible before the April-May
flood season. This can be done onlythrough the three existing hollow jet
valves, whose combined capacity ranges from about 6600 cfs at minimum
pool E1, 1012 to 7900 cfsatpresent spillway crest level. With the instal-
lation of turbines, additional capacity will be available; however, lhe dis-
charge capability will be limitedtotheaverage power demand in the sys-
tem, which will be low initially (sece Table B-10 in Appendix B). The




discharge capabilitly 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 opecration. 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 cfs at
minimum pool to 8340 cfs at present spillway crest level. Reference to
the historic inflow data shows thatin 17 out of 26 years the March inflow
exceeds this outlet capacity (460,000 ac-ft per month). Hencc, 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 dve to snowmelt on the higher upstream catchment area,
they occur predictably, peaking in April and May with 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 following 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 belowered 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 varied to suit inflow
conditions and the minimum river flow requirements as discussed above.
The minimum reservoir storage for flood control was set at 670,000 ac-ft
to matchthe minimum drawdownlevel for February. The operation in the
1947-48 dry year is shownin Table A-1 and in Figure A-l., The minimum
flood control pool, which would be at El, 1018.5, is somewhat above the
levels used historically, seeSection A.l. Therefore, the reservoir oper-
ating agency must make a choice between increasing the flood control
space and the average controlled cutflows on the one hand and risking a
yet greater shortage in a repetition of the 1947-48 cycle on the other.
Table A-2 compares the peak flows of the historic operation of the res-
ervoir with the ungated operation used herein, and shows only a small
improvement in flood peakfor thelower historical rescrvoir levels. For
the purpose of these economic studies, the minimum flood control pool
of 670,000 ac-ft was used for comparisonof the ungated and gated con-
ditions. The flood control rule curves used for both gated and ungated
conditions at present demand levels are shownin Table A-1 and in Figure
A--1.

Operation of the reservoir with gates follows the same procedures as
that without gates; however, gate operation must be done carefully to



avoid excessive spills,  With the present ungated resiervoir, the effect
of the surcharpge storage automatically tends to cause the ovtflow to ke
less than the inflow, Witha gated structure, at full pool, faults operation
~ould cause recleases vastly in excess of those ever experienced. It is
therefore of the greatest importance that a proper operating schedule be
developed as part of the final design of any gated structure.

E. Operation of the Reservoir - The mode of operation of the reserveoir
in the driest period, 1947-48, is shown in Table A-1. This table shews
the full irrigation demand and the shortage demand, discussed previously,
to be used in this period. The resulting operation results in a minimum
pool elevation of EL. 1012 in February, 1948, and commences at the end
of September, 1946, with a reservoir storage of 737,700 ac-ft, no inflow
data being available before that time, Reference to the operation studies
carried out for the remaining years shows that this amount of storage
was available in every other year exceptthe driest years, 1247 and 1970,
whichlatter had 3 storage of 717,000 ac-ft, This mode of operation may
be considered satisfactory for use and sets the minimum operating rule
curve above whichall downstream demands will be fully met by reserverr
releases, No account was taken of the possible inflows from the Musa
Qala and Arghandab rivers in the dry period, as these are considered
negligible or wtilized for irrigation elsewhere,

Operation for flood control follows the rule curves discussed earlier,
The discharge through the valves would be made at 9% percent of their
maximum capacity together with releases through the turbines so long
as the reservoir lies above the flood control rule curve, The minimum
operating and flood control curves are shown in Figure A-1,

Operation of the rescervoir for both gated and ungated conditions was done
by electronic computer for the remaining period of record after 1947,
The results of these studies are given in Tables A-3 and A-4, From
these results, it can be scen that the irrigation and power demands on
the reservoir canbe fully metinevery year except the 1947-48 irrigation
season discussed above and by whichthe reservoir yield has been deter-
mined,

As can be seen, the reservoir spills in 20 out »f 24 vears in the ungated
condition and 16 out of 24 inthe pated condition. Table A-5 shows a sum-
mary of the monthly average uncontrolled flows, which occurs in the
months of April, May and June, These results show that the affect of
the additional pated storapge is to reduce the outflows in the first wel
month, April, with smaller or no changes occuring in May and June.

Since these average monthly figpures give noclear indication of the effect
on peak discharges, further routings were made for the wetter yvears b



electronic computer to oblain the peak discharge in each year, starting
with the end-of-month reservoir volumes given by the reservoir opera-
tion studies. The peak discharges for gated and ungated conditions are
shown in Table A-2 along with the corresponding peak natural inflows
and peak outflows from the historical operation of the reservoir. The
effect of adding the gates ranges from complete control in the years of
small runoff to little or no control in the vears of large runoff.

In operating the reservoir with gates for these routings, it was assumed
that flood water would be stored behind the gates up to El. 1040, using
only the valves and turbines for discharge. At this level, flows were
passed under the gates, with the total discharge to the river increasing
linearly with reservoir level to a maximum of 20,000 cis at El. 1043,
23,000 cfs at El. 1044 and 38,000 cfs at El, 1045, The spillway, even
with gates, will therefore operate in two out of three years and for per-
iods of several weeks, Variations inthis procedure could probably make
small improvements in the peak discharges. The above procedure is
consistent with the routing of the spiliway desipn flood, in which a sur-
charge of approximately 0.9 meters was permitted above EL 1045 before
operating the gates to give a maximum discharge, and is done to avoid
excessively high spills when the reservoir reaches the normal maximum
level.

Table A-2 also shows a general indication of the range of flows experi-
enced and the ratio of the pated to ungated peak. A further tabulation
gives an evaluation of the improvement in flood control for each year.
Table A-6 shows the peak discharge for both conditions, listed in order
of magnitude, for the years in which routings were made. Tables A-7
and A-8 show the significant peaks that occurred in downstream tribu-
taries, the Musa Qala and Arghandab Rivers, in comparison with the
flood peaks from the reservoir shown in Table A-2,

With the addition of gates, an increase of 819,000 ac-ft of storage is
potentially possible cach year. Table A-?shows the additional yield ob-
tained cach year betweenthe end of June and the end of February, accord-
ing to the end-of-month storages for these months as obtained from the
reservoir operations in Tables A-3 and A-4,

A.3 OPERATION AT FUTURE LEVELS OF DEVELOPMENT

A, General - As discussed eariier, operation of the reservoir to meet
its ultimate demand will require balance between irrigation, power, and
flood control use., Since the effects of flood control, from Kajakai Reser-
voir alone, primarily bencfits the Non-Project canals,itis possible that
the need for this flood contral protectionmay deciine if these canals are
incorporated in somo future development program. The problem will be

A~



to. set the limits of irrigation development, formulate the criteria for
satisfying demand in the dry scasons, and determine the rosulting power
installation, The Beck studies (Reference 4) indicate a future power po-
tential of 66,0 mW-years of prime power, which would support a plant
installation of 120 mW of dependable capacity with an actval installation
of 150 mW; an irrigation demand based on providing 5.0 ft of water to
358,000 acres was incorporated in the 1946-48 dry period,

B. Operation for Intermediate Level of Demand - If the criteria illestra-
ted by the determination of capacity in Table A-1 were to be adopted, it
would not be possible to justify the above ultimate power installation. To
provide a basis for determining benefits herein, it has beer assumed that
a power installation would be sized to provide for an intermediate level
of irrigation demand for all potentially irrigable lands shown in Table
B-1 - excluding the new lands in the Chakhansur - that is, for an area
of 312,000 acres. This intermediate demand as well as the ultimate de-
mand of all potentially irrigable land are shown in Table D-1 in Appendix
D. The operation of the reservoir for this condition in the 1947-48 dry
scason, following the criteria used for the present level of demand, is
shown in Table A-10. The power capability is shown to be 50 mW-years
of prime power and would require an initial reservoir storage volume
of 1,365,000 ac-ft at the end of September, 1946, Operation studies for
the intermediate level of demand for the period 1947-70 indicate that this
storage level could be achieved inevery year except 1947 and 1970, which
are the driest years and weuld have reached approximately this volume
in 1948, 1962 and 1966, Use ofthis storage voluime as a criterion would
be satisfactory assuming the 1947-48 period was not preceeded by an ex-
ceptionally dry year, The power installation corresponding to these con-
ditions is discusse: in Section B.6.C,

With operation at the intermediate level, less flood control space is made
available before the wet season, see Table A-10, This is only partially
compensated for by the additional turbine discharges, which would bring
the combined discharge capacity of the valve and turbines to 10,600 cfs
at all reservoir elevations. The average monthiy uncontrolled discharges
for operation at the intermediate level of demand are shown in Table A-5,
which indicates that the floed control effect of the gates has 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 additionai
yield available for maintaining river flows has been reduced as shown
in Table A-9,

C. Operation for Ultimate Level of Demand - Operation studies for the
ultimate condition werce not formalized in this present study; however,
increasing the irrigation allocation for the additional acreage would re-
sult in a drop in the prime power to about 30 to 35 mW-years, following
criteria similar to that used previously hercin. No account of this is
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taken in this study, since it has been assumed that no benefils wonld be
assumed for potential development of new lands inthe Chakhansur, The
balance between thesce uses will have to be reconciled later when more
data on power economics and irrigation inthe Chakhansur are available,

D. Sedimentation of the Reservoir - The present and intermediate levels
of development described above have been studied using the active res-~
ervoir volumes corresponding 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 7) 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 sediment in this period and
for similar hydrologic conditions in the reservoir. The effect of this is
assumed to be compensated for by forecasting procedures as discussed
hereunder,

E. Discharge Foreccasting ~ Since the main inflowtoKajakai 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 December through February. Afirm forecastcan therefore be made
only in early March, Areasonablygood estimate could be made in early
Felruary and only a rather unreliable onecinearly 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
December. In the early stages of operation, the reservoir pool must be
drawn down by the end of February because the March inflows, which
average 667,786 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
te maximize the flood control effect, or make an earlier decision to maxi-
mize river regulation for irrigation benefits. The main benefit of snow
surveys would be to enable ancarly determination of poor sncwpack con-
ditions in order to minimize outflows in March, April and, as far as pos~-
sible, in February so that shortages in the following irrigation season
can be avoided. The ability to predict a coming dry season, however,
would allow the reduction of carryover storage in wetter years and allow
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 prime power, the combined reservoir discharge capacity
wil! rise to about 600,000 ac-ft per month., With the demand in March,




requiring about 236,000 ac-ft per month, a substantial volume (about
360,000 ac-ft) is left for operational flexibility. If the power system load
was to change so that the average turbine output could be increcased, thig

flexibility would be further improved. '

It should therefore be possible to devise differing rule curves of spera-
tion, depending on thz estimated snowpack at the beginning of Feoruary
and, more accurately, at the beginning of March,

With forecasting and gradual power load increases, it should be possible
to improve the flood control cffect, at least sufficiently to compensate
for the storage that would be lost to sediment accumulation in the reser-
voir,



Irrigation Demand

100% Months
Year/ all of 30%
Month Months Shortage
1946
Sep
Oct 201.6
Nov 107.9
Dec 82.8
1947
Jan 87.4
Feb 177.2
Mar 220.4
Apr 228.5
May 277.2 194
Jun 302.3 212
Jul 321.7 225
Aug 285.4 200
Sep 215.4 151
Oct 201.6 141
Nov 107.9 76
Dee 82.8 58
1948
Jan 87.4 61
Fob 177.2 124
Mar 220.4
Apr 228.5

Minimum Flow Requirements

TABLE A-l

Total Demand

1
of

2,500
3,0r0
3,200
3,200

4,000
5,000
5,000
4,000

3,500
3,000
2,000
2,500

2,500
3,000
3,200
3,200

*Values adjusted to account for year 1963 operation
**Ungated reservolr would spill above 1,391,000 ac-ft

007 All Months
5 1,000 af

184.5
178.5
153.7

153.7
166.6
196.8
190.4

246.0
287.5
307.4
246.0

208.3
184.5
178.5
153.7

153.7
166.6
196.8
190.4

RESERVOIR OPEPATION IN CRITICAL PERIOD = -
PRESENT LEVEL OF DEVELOPMENT

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

Reservoir Rule Curves

EOM 5
Months of Storage Eod Scorage ‘
__30% Shortage With Reservoir in Minimum Flood Control
efy 1,000 af 100% Shortage Inflow Reservoir Operation Ungated Gated
730.7 730 620 1,070
201.6 201.6 131.7 660.8 660 850 876
178.5 178.5 151.2 633.5 635 800 840
153.7 153.7 171.2 651.0 650 750 810
153.7 153.7 185.4 682.7 680 730 760
177.2 177.2 200.7 706.2 700 100 700
220.4 220.4 373.7 859.5 735% 880 880
228.5 228.5 461.9 1,092.9 1,015% 1,130 1,130
3,400 209.1 277.2 209.1 305.0 1,188.8 1,190 1,350 2,140
3,500 208.3 302.3 212.0 158.8 1,135.6 1,135 1,320 2,050
3,500 215.2 321.7 225.0 67.6 978.2 980 1,170 1,730
3,400 209.1 285.4 209.1 41.8 810.9 810 1,060 1,340
3,200 190.4 215.4 190.4 50.9 671.4 670 920 1,070
3,000 184.5 201.6 184.5 84.0 570.9 570 850 870
2,700 160.7 178.5 160.7 111.1 521.3 520 800 840
2,500 153.7 153.7 153.7 132.6 500.2 500 750 810
2,500 153.7 153.7 153.7 129.6 476.1 476 730 760
2,600 149.6 177.2 149.6 144.8 471.3 471.3 700 700
220.4 220.4 595.3 846.2 846
228.5 228.5 1,261.2 1,878.9%%



TABLE A-~2

SUMMARY OF PEAK FLOOD DISCHARGES FROM KAJAKAI RESERVOIR (CFS)

Peak Daily Discharge (cfs)

PRESENT LEVEL OF DEMAND

Comparison of Peak Discharges

1.

2.
3.

No prior flooding

No improvement
Little improvamuii 6.

b

5‘\

Significant improvement
Flecods controlled completely by gates

Major improvement

Ratio of
Historical Range of Flows Peak
Natural Flow Qutflow Ungated Gated during Peak Period Discharges

Year April May April May April May June April May June Ungated Cated (%)
1947
1948 29,200 24,720 24,420 7,720 8,000 14,0006-24,000 8,000 32
1949 45,000 39,600 33,790 24,000 20,000 30,000-32,000  20,000-24,000 60
1950 24,000~ 36,200 13,640 33,310 19,230 7,530 23,500 19,500 19,000-32,000 17,900-23,500 71
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
1952 28,600 23,500 25,380 21,940 8,000 12,000 14,000-25,000 12,000 55
1953 23,600 14,470 - 15,280 7,580 7,720 13,000-15,000 7,500 50
1954 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

. 1953 - 22,740 9,300 - 11,450 - 7,580 10,000-11,000 7,500 67
1936 51,220 44,500 28,900 44,280 39,700 30,000-43,000  27,000-40,000 90
1957 50,770 46,600 59,27 46,870 42,500 ~ No improvement = 91
1958 24,800 22,500 -
1959 - 22,000 16,900 -
1960 - 32,200 23,900 - 23,910 - 13,000 20,000-24,000 13,000 55
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
1962 - -
1963 - 29,950 - 4,630 5,090 -

1964 37,660 25,400 26,000 32,910 28,770 19,000 20,500 18,001~30,000 19,000-~20,500 62
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 ‘
1967 83,100 54,700 - 51,240 59,370 - 49,880 14,670 25,000 30,000-45,000 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
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

1970 16,000

RN Totals
NOTE ~ Improvement 1s listed in the following categories -

improvement in
CGated Performance
(see note)

‘3\3;—4

12 3 & 5

1 :
1
1 :
1
1
1
1
1
1
1
1
1
1
i
1
1
1
1
1
45 6 &

*Red zed contral b
Kajaral eue o Mu
Qala inflow. -



TABLE A-3

RESERVOIR OPERATION FROM 1947-70 WITHOUT CATES -~
PRESENT LEVEL OF DEMAND

Sheet 1 of 10

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

Inflows - Net values after deduciing evaporation and losses.

End-of-Month Storage - 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-1 and A-10. No
use is made of the "Buffer" storage in this study. The values given under
the heading "Actual" are those obtalned “y operating 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
ninimum flow (SHRTG); and the maximum permitted discharge, in this case,
unlimited.

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

1 - 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 avold overfilling reservoir (spill plus outlet)
10 - Release restricted by minimum operating level

11 - Release for flood control to meet flood rule curve

Power - The ninimum required monthly generation in 1,000 kWH; the
actual generatior: possible from the discharges made; and any shortages
occuring. The actual generation is limited by the turbine capacity,
assumed to average 81.0 mw without gates and 144 mw 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 reservolr 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 drv
season, and constant minimum values were used for all other years based
on flows in 1962-63 for t.2 Musa Qala and Arghandab Rivers. The irriga-
tion demand may be obtained from Table D-1.

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



TABLE A-)
Sheet 2 of 10

Average inflow (less evaporation and losses) 6854 cfs
Average local inflow 120 cfs
Average irrigation demand 3464 cfs
Average shortage in irrigation demand 23 cfs
Average annual power required 254.3 gWli

Actual annual power generated 569.8 gWi



Yi AL (W

(iR} END OF mONTN STORAGL K ACel Y RELEASE TU Wivew §s (FS
Pil AL OW MiN e hE R ACTual rAX REQU  ACTyaL  SpATG wAX CASE
19 2142, 70000, %I0000. &e0FUC. #3000 . 3006, 3279, 0, 99099y, 4
11 <340, 20000, %20000, 63343%, HO000O. Jooo, 3000, U, 999999, 5
12 2783, 00000, S0UOLD. 650984. 750000, 2500, 2500, g, gvesey, 5
3 3016, 426000, 470000, 6BZOBS., 730000, as5¢o, 25060, 6, 999999, 5
73813, 421300, 471300, 700000, 700000, 3000, 3301. 0, 999999. 11
3 6077, 735600, 735000, 893260, ©50000. 3200, 3384, 0. 999999, 4
4 7763, 1015000, 101%000, 1686700, 1130000, 3200, 3640, ¢, 979999, 4
Y 4901, §190000, 1190000, $190U00. 13%C000. 4000, 3281. 719, 9I999¥, 16
& 20668, 113%0600, 2335500, 113%000. 1320000, 50350, 3592, 1408, 999999, 10
7 3100. 980000, 950000, 9€0000, 1170000, $000., 3621, 1379, 999999, 10
8 880. W10000, &10000. 810000. 1080000, 4000, J445, 8%, 99999, 10
9 456, 670000, &70000. 670000, 920000, 3500, 3208, 292, 99999%. 10
YR 3177, 3494, 3261, 65, 299999,
1000 XawHR PONER FLOW [N CFS AT DO>NSTREAM CONTHOL FPOINT
PER REQ  ACTUAL SHATG OLOCAL RIGHTS ADD REQG ACTUAL  SHRIG wax
10 21606. 32265, 0. G. 0. 3279, 3279, 0. 999999,
11 20900, 27879, 0. 0. 0. 1813. 3000. 0. 999999,
12 21800, 23942, 0. 0. 0., 3344, 2500, . 999999,
1 23600,  29c%2. 0. 'Y 0. 1421, 2500, 9. 999999,
¢ 19500, 29278, 0. 0. 9. 3191, 3301, Je 999999,
3 21600. Jee51. 0. 0. : 3584, 3584. 9. 999599,
4 20900. 40090, 0. 0. G. 3940, 3840, v 999999,
S 21600. 38029, 0. 0. 0.  450¢,  3281.  1227. 999999,
& 20900, 40509, 0. 0. 0. 5080, JI592. 1489. 999999,
Y 21800.  41180. 0. 0. 0, 5232, 3621. 1611. 999999,
8 21800, 36937, g. 0. 8. 4042, 3445, 1196, 299999,
9 20%900. 31222. 0. 0. d.  3820. 2208, 411, 999999,
YR 254300, 403030, 0. 0. 0. S464,  32e1. 49y, 999999,
YEAA 1948
CFS EnD OF mONTw STORAGE IN AC-FTY RELEASE TO AJvgR N CFS
PER IAFLOM niw BUFFEx ACTyaL MAX REY ACTuAL SHRT1G mMax Cast
10 1306. SI0000., S7Du00. SIUP00. 850000, 3000, 2992. 8, 99999, 10
11 1687, 220000. 9202000, 20000, BOUNOY. 3Jooe. 2707, 293. 999999y, 10
12 2157, 903330, %03000. »uvudd. 750900, 2500,  24b2. 18, 9999v9., 10
1 2108. 475000, 4£75000. 476000. 730000. 2500, 2498, 2. 999999, 10
2 2607. 471300, 4731300 471300, 700000. 3608. 2692. 358, 999999, 15
3 9681. YI5000. 7YIS000. ©6YBI?. 880000. 3200. 3260, 0, 999959, 5
4 21195. 1915000, §101%000. 13916060, 1130000. 3200, 12437, 0, 999599, 8
5 13163, 1190000, 1190000, 1391000, 1359000, 4060, 13143, 0, 99999v. 8
5 3781. 1135009, 1135008. 13514290, 1320000, 3900. 5970, 0, 959999, 4
? 1942, 983000, 980000. 1112375. 1170500. 5000, 5226, 9, 999999, 4
& 1164, 810900, S10000. o968840. 1060000. 4008. 4637, ¢, S999v9, 4
9 1371, 870000, &I0000. 765506. 920000, 3500, 3615, G, 999999. 4
YR 520%. 3494, 5370, 50, 999999y,
1000 aWeNR PONER FLOW IN CFS AT DDWASTREAM CONIRGL PRINTY
PER REC  ACTus{ SWRYG DLOCAL RIGWNYS ADD REQ ACTUAL  SWRTG naX
10 216008. 23307, 0. Q. 0. 3z279. 2%%c. 285, 999999,
11 23908, 23727, 9. 0. 0. 1813, 2707, 8. 999999,
12 21800, 231943, 0. 0. 0. 1348. 2482. ¢. 999999,
1 21800, 21743, 0. 0. 0. 1421. 2498, 0. 999999,
2 19500. 20945, 0. 0. 9.  3191. 2&92. 499, 999999,
3 21800.  331iii. S. 524, 0. 3584, 3124, . 999999,
4 2u900. 53320. 0. 789. 9. 3840, 13225. . 999999,
5 J1800. 6024, 0. 14. 0. 4508, 13177, 0. 99999,
& 2uv906. 58320. a. 10. 0. 5080. 5080. 0., §99999,
7 218:C. 60264, 0. 6. 8. 5232. 5232. 9. 959995,
5  21680.  S1#03. o. 4. 0. 4042, 4e42. 0. 999999,
9 20900. 3662:%. 0, 5. 0. 3620, 3e20. 0. 99999,
YR 254300, 4731860, 0. 113, 0. 3454, 5182, &3. $99999,
Pl
YEAR 1549 F
CFS END OF ~ONTH SYGRAGE IN AC-FT RELEASE TU Plyvc& I% CFS
PER 1%FiOwW »iv GLFFER LUYUAL HAX REQ ACTTUAL SH3T1G MAx CASE
10 1878, 570000, 570000. o80723. 850000. 3000, 5254, G. 999999, 4
11 2383, 20000, S20000. 642508, B0O0GOC. 3009. 3536, ¥, 999999, 5
12 2508. 5020508, S00000. 643237. 750000. 2560. 2560. 0. 999999, 5
1 2529. &Je0GC. 47600V, 64%366. 730600. 2500. 2500, G. 999999, 5
2 3997, 471330, 47130C. 692628.  7)0000. 3000,  J1481. U, 99999y, 4
3 11%88. 78530y, 73%¢00. 957169. B8BOOIG. 3260. 7261, v, 99999%, 1
4 Ipobe. 1015305, 101500C. 1391000, 1130000, 3260. 23365, 0. 99999v. &
5 163¥7. 3119000v. 1190000. 13891000. 1350000. 4000. 363%7. 6. 95999¥. &
o ©913. 113500C. 113%000, 1320000. 1352600C. 5000. 7266, G, 9999yv. 11
7 2914. 9o0d0U, 9BIVOD. 1179U6C. 11760900, 5600. 5334, 6. 999999, 11t
o 19931. bI000C¢. BIlUOD. 1507265. 1060000, 4000, 4637. 0, 99995v., 4
¢ 1&m9. 670000, &7000). 904%33. 92000C. 3500.  Seis. 0. 99999y, &
YR 7049, 3494, 6556, 0., 999999,
J1UDD WwehR PukiR ELOW 1N CFS AT BURNSTRERY CONTHOL POINT
PER HE¢ ACTgLL SHNIG  OLOCSL RISWTS ADL Ked  ACIUAL  SHRYIG HAX
16 21600,  3ze58. 0. 25. 0. 3219, 32719. v. 9999¢9,
11 22900.  2809%. ¢. 3s. a. 1818, S03s, C. 999999,
12 21800.  239%3. 5. Sz. a. 1348, 7532 3. 799999,
1 21483, ?33sb. u. 2s. 8. 1421,  2526. G. 799999,
2 19580, 27389, O. S3. 0. Siv1. 3191. 3. PIVIGY,
3 z150G.  522ed. 0. Sea. 0.  3554. 7784. L. 999999,
4 23990. 53320. 3. 789. 0. 3R4u, 24154, L. 999999,
5 71809 suaes, 9. 14, G. 4504,  1s431C. G. 979799,
o £IV0W 55320, 3. 1v. €. 2TsL. 7216, 2. 999999,
7 238986 [XPILH 5. [ G 5232. 5380, 3. 999999,
& 21809 S3124. a, 4. 0. ard2. 4542, . 999999,
§  2I9CD.  3#293. C. 5. C. 3823, 3620. 6. 999999,
YR 294300 524455, 8. 126, 9. Idua, 6983. 0. 999999,



YEAR 195D
CFS END OF WONTW
PER N LOW L L] WUFrEY
10 2462, 9X0000., SYO000.
11 94, 2000D., 29000,
12 02%. 500300, 500000,
1 JeQ4., «7e000. 42400y,
@ 4049, 47§30, 473300,
3 7792, 7s%000. 73%00u,
4 47078, 1015000, 1049004,
S 27472, 1190000, 1190004,
& 9932, 1133200, 3135000,
7 sed2. 980000, 980003,
o 1833, s10000., w1009,
¥ 1860, STUQU0. &0,
i 713%,
100D wbienN PUME 4
PLH REQ ACTYAL SHw
30 21800, 3589,
11 29900, 37933,
i 214900, 9214,
1 23600, 39510,
2 19500, 4182,
3 21600, S0022.
4 20900, %8320,
b 21600, slese.,
® 20900, $8320,
7 21000, [T 1]
4 21600, 54064,
9 20900, 38139,
YR 254300, 571935,
YERR 1951
ors EWD OF HIONTH
PER (NP Ow LA LY BYTFER
10 23931. 91DOdY.  H739300.
11 28647, 329000, S20300.
12 o584, 500000, 500000,
1 27%5., 478000, 475000,
¢ 3160, 473300, 47313900,
3 10887, 715000, 735000,
4 22336, 31015030, 1015000,
9 3J22%3. 1193DCD. 1190900,
& 12%3%. 11350010, 148%000,
7 &394, 980000, 98D00D.
8 2303, 810400, 810000,
v 2160, 870000, &79000.
YR 8399,
1007 «w=HR FOWEH
FeR REQ ACTUAL SHA
11 21600, 34538,
11 20900, 33459,
12 214993, 35429,
1 21600, 30973,
F4 1950C. 33203,
3 21606, U264,
4 2096D. 58320,
S 21600, 602648,
& Z20900. S&320.
7 21590, 60254,
8 21600, 53294,
$ 20500, 13089,
Yh  294300. S63415.
YRR 199%2
CFS Wl OF MOWTw
FER INVLO# ~IN HUTFER
10 2472, SFG000., S70003.
11 2968. S200T3. 920800,
12 3Dds., 9530500, 5IT30390.
1 3133. 478000, 476300,
2 S3382. 4r1320, 421309,
3 12380. 2353uL., 73L000.
4 22382, 1231530y, 1015009.
Y 14730, 1190D4wO. 1193005,
& 9974, 113%00v, 11859000.
7 2607, 9$eTITL., F8IDLD.
© iep2. H100IL. B13TIO.
9 1vs1. eV0QUD. 47005C.
Y& 0543,
1000 MaenH POnER
PEK G ATYyRL S
1w 216073, 3887,
31 2095¢L. 18468
12 231600, Ipese.
1 21620, IS2T4.
4 1953590, $313n
3 21535, a4 2
& 20925, Solel
b 23485, ERre ]
& 2TIDL. 38329
b4 21800, EI2Hs
] 218609, SEBTY .
9 23900, 17899,
Y4 258300, SIJUEI.

KivER
SHETS

IN CFS

HAX
999999,
999999,
999999,
99969y,
999999y,
99999,
999999,
999999,
999999.
999999,
999999,
JoP9v¥Y.,

Je9IIY.

RIvER I8N CFS

SHRIG

MAX
999999,
9999¢9.
999997,
$99999.,
999999,
999999,
99999y,
999%99.
999997,
959999,
999999,
999999,
FIVSYY.

“leem In CFS

snkiG
[
'8
o.
Q.
u.
g.
a.
']
U
9
G,
G

HAX
IIIIVI.
999997,
IIPIVY.
99997 .
FI9PYY.
99999y.
9999¢,
F999yy .
VI,
FIVIVY.
FIIPYI.
CIFIYY,

STORAGE N AC=FY RELEASE 1Y
ACTUML LT%7 REQ  ACTuaL
$50000, 450000, 30090, $349,
8p0900., $90090. 3900, 3756,
TS0000.,  TS0U000. 2500, Y038,
150000, 730600, 2530, 3929,
700000, 790000, 306¢C. 4599,
98000U0. &80000. 3206, 4384.
1391000, 1130000, 3200. 8496,
1391000, 1350000, 400., 27472,
1393000, 1320000, 5000, 9932.
1170000, 1170499, 3039, 6994,
Y9796y, 1080005, 4300. 4537,
#9313%, 920000, 3%00. 3645,
J494. 7158.
PLOW T CFS AT GOWNSTHEAM CONTROL POINT
T4 ULGUAL  WIGHTS aDD Kew  ACTusL SnRTG MAX
M % 0. 3279, 3374, O, VY9I999,
Y. 36, 0. 1613, Jre2. J. 999999,
0. 32. [’ 13e4, 387¢. C. 999999,
. 6. 0. 1428, 395%. v, 999959,
0. “0. 0. 33191, 4439, 0. 999999,
0. Sed. 0. I5ad, 5388, 0. v999%9,
o. Tu9. 0. 3849, 9279. 0. 999999,
Yo 1%, 0. 4508, 27485, 0. 999999,
0. 10. 0. 5040, 9942, Y. 999999,
0, [N Ge $232. 7108, W VIVIIT.
0. 4. . W2, 542, Ge 999999,
0. . o. 3620, 3620, G 999999,
0. 128, 0. S4g4, 1277, 3. 999997,
STOnAGE I AC-FY RELEASE TQ
LCTUsL AN ALY ACTuay
B40U48. 850000, 3000. 3254.
o00990. 800000, 3060, 3326,
739000, TS0000. 2500. 3467,
r3000%. 730000, 2500, J080.
FOUV00, 700000, 30¢e. 37900.
9214179, 830000, 3200, 270,
13893000, 1130000, 3200, 14442,
1391000, 13950000, 4000. 32253,
1391000, 1320004, 5000. 12535,
1174180, 1170000, 5000. 71923,
1030625, 1080000, 4000, 4537,
920000. 920000, 3500, w39,
3494q, 6362.
FLOK I™ CFS AT DUANSTREAM CTNTROL POINT
TG QLOCAL RIGHTS aAbD KEW ACTURL  SwiTG X
0. 5. 0. 3279, 3275, L. $99999,
U. L. {. -1 P 3350, 0. $999%97.
0. 3. 0. 1348, 3459, C. 999999,
0. 25. G 1421, 3396, U 999999,
0. TN 9. 3191, 3750. Ye 999V,
¢. 924. 0. 3544, 17194, ©. 999999,
0. 189. D. 3860. 19231. T. 9TINET.
0. 14, 0. 4508, 32267. Y. 999999,
5. 10. 0. S0BV. 12545, C. 999999,
0. b. 0. $23¢. 1927, G. 999999,
9. 4. 0. 4842, a642. V. 999999,
0. Y. U. 3620, 043, 3. W9599.
0. 125. 0. J4gea, LYET-H 0. 999999,
STBKAGE I% KC-FY AELEASE Tu
LCTYRL ~ax REG ACTuaL
#5008, 8%0000. 3000, 3513,
308049808, 800000, 3066, 3003,
FN0G08.  750000. 2504, 3359,
730003,  730800. 2503, 3563.
145000, 700000. 3603, 5922.
1022279. #80000. 3200. 127¢.
15910800, 1130000, 3230. 16309.
1393660, 1350999, ac30., 14733,
182utdu. 1320000, 5690, 5787,
11549%%. 1176C90. 9362, 5c2e,
ITe9T. 106GTID. 4950. £n37.
#7edio.  $20090. 35035, Jeisv.
34%¢, 86665,
FLSw I% $FS AT DOanSTREL® [ONTHLL POINT
1% GLOTAL FIGHTS ALL kkw RCYuRL  SkRTG Ay
G 5. 0. 3279, 3835, 0. 99359,
B 36. 0. 1813, 3544, Y. 999939,
9. 32. T 1345, 38y1. U. THYIVF.
D 28, <. 1421. 3534, . ¥EIIPI.
0. it 5. 3191, 5972, L. 999999,
T. 524, T. 3Sne, 1217 G. FIIIWI.
C. 78%. 1. 21143, 17096, L. PIINEY.
0. 14, i. &503, 14743, v. ¥IV997.
C. 1w i S140. 6777, L. FIIRIS,
o, 5. (. 5232. L2352, v YIVYFS,
0. 4, |4 [TLV-R 1542, v PIIVYY.
<. 5. T 1628, 382G, O, 999959,
G. 126. T. 3454, 6228, L. 999959,

v. 9999y,
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YEAR 1998
(421 0l OF #ONTw
?iﬁ INFLOw wiv gfi R
2%22. 700D, HTULOO,
ll 918, Pd00L, DAY,
12 &v24., SUd090. SIound.
1 @9%¥, ereuly, Y l0U.
& 4806,  4Y38T0,  4YI80D,
Y 17582, TI%ule. TR 00U.
4 15000, LU0, 1015000,
S 11670, 1190900, 13190002,
o 6452, 113%900, 31135000,
7 23¥7. 98000, 9IUUD0.
& 1713, 610000, H109LG.
7 4944, HT0DD0. 470000,
YH 5877,
LUVY waeHR POWLN
PEN /LS ACTUL SnR
10 21600, yel842,
11 3900, Hivd,
1« 1600, 38187,
i 21890, 23003,
é 19500, 45175,
8 21503, [ ST
4 209990, 583290,
> 21509, 60254,
© 2490Ud. LA 820,
7 218956, Hiesd,
4 cisln, W2V,
v 390y, $7709.
¥ 4300, Hr4584,
Yiak 1vod
[ Ll {F e0n Ty
Fin 1%L 0w “in PR L
1 2%3e%.  3T000L. 972000,
11 2683, 920007, 9000,
12 292%. S00DwS.  HD0009,
i 388, 4YA0DD, 475300,
2 &D18., 474300, 473303,
S 14319, 735000, 73000,
& 27282, 015000, 10319200,
S 21544, 1190002, 1490000,
& THEB. 2185000, 4135000,
TooMES. 990000, 9860003
& 2¥%%, ©10204u. #10300D.
S 2227 7990V, 70020,
ECER LR 3. W8
D0 wvend PDhgw
rrw [ TORRTT §8 G
} 38 XdLn?,
1 2w¥31.
12 LR L PN
1 17744,
2 Hed43r.,
3 £5204,
< LHedid.
5 231405, 2O2Y4,
Y 0030, $4320.
7 €00, &52%4%.
8 21680, S8yt
v 23972, 45139,
e pHe%0),  9E4TIZ.
yEaw 19%9
Es ) LF eIt
Pea %L Dw Syt FER
15 <%25. %7000-.. S50y,
i Begsn, 923 eLldiY,
e fiis 5059 40007,
1 225, 474 47+ GO0
2 3227, &Y133L., 47130
X 102595, 7¥5ILd.  7EuIno,
4 3hmry. 1039300 103158
S 13282, 319O0IL. 3190000,
& pE%B, 118%00T. 13139000,
7 233%, VEIIDOL. 9E0L00.
¢  ie32. BCOTL. H3IUDD.
v tAE2.  &IDLTI, 870000,
R 9235,
AN Maewh Pk
e~ L ] [SaRgtiry S
i S1%0T. Ao LW
3| PET M w309,
12 JLBTT., £3589,
M ZI5TD. L5 LT AN
P 1Sl 3G
k] 7 [ S-S N
- z LR
b o L3
k4 b
7 38
™
J

W e

STOHAGE IN A{eFY

ATTURL
835933
$OOUOT .
I%90v0.
T360B0.
Jabauy,
1Ly,
1391900,
1393000,
1320000,
1142385,

T62950,

851318,

FL
15 QLU
El 2%
9. st
3 37
T 2%,
0. 59,
S24.,
78v.
O. 14,
10,
o, v,
o &
O V.
n, V1t

[ EIET S T |
[X R ¥R
dyrHs .,
745838,
750900,
T3NL00.
750000,
1114977,
1391300,
1391000,
13748173,
4370000,
1078 88%,
220000,

L
Th L0
W -
J. st
Ja 3¢
Ja L.
0. S
2. S,
rav.

[

(SR IR E N N o

s e

SIgHRAGE
5€'T‘L
ﬂng
qu
!“LJJu.
F¥ri .
Faledb.
EERTR AR
1385009,
1AIVISLT.
132435

MAX
ey 000,
€006950.
50000,
136004,
195000,
tuhlov.

1130000,

1356000,

3320000,

1170000,

1500000,
Y205000.

Or i
L3 PSS
(n

Woaled 1
Lt 3 3
255000,
850009,
%0007,
780000,
TI00LL.
- BANEON
13800350,
13%500%
13200600,
31170093,
1290220,
920009,

T 2
W fame

N OLL-FT
(34
#9035,
bEJT@(.

204 LY TOWNSTHEAM CONYROL &slut

L REG ACTURL SHNTG
279, 312719, [ 9?9999.
1713, I31v. Je V999Y9.
FRL T 3oy, Je IVVIII.
1401 30y, J. 99T,
3193, 5196, Ve 999999,
AL TY9d. 0. 999999,
3340, 1062295, C. 999999,
A5U8. 13044, $. 999999,
S04t Te%%. PI-1 10 4 19
S78. 332, Y. 99VICY.
L5487 QLde. Je VIVEIT,
Seou. 2l £, 99WIFD,
ALY N 5427, Y. IV,
AT LOARSTREAY TD%WTely PLIWTY
LT Hr w BLTOBL e I, “ay
IV, 3275, Ve VIYEIT.
oy s, 3038, L. IS,
1 36r. 3833, L. FEVIIS.
PETS I 3779. Yo FFIVV?,
2191, 607, . IISEY.
Ao, 7194, T. 997959,
Syad.  238437. T, 99977,
€500, 23358, S, 999999,
5087, 793, Z. 399999,
S282. 4350, . Y9IVYP.
o2t47. Ande. Gn 99997,
1620, 4954, Ha FR999,
344, 8017, G PIVIIS.
1 ICaNSTFEEM CONIRuL POIWY
o By BRIV STy “ax
Je%. I398e. J. 9IVYIV.
1Tl ‘i" Ge FIFITI.
1325, V99, G, FIIIVY.
il 1595, . IRIFYY,
2391, RES T Z. 99999¢.
IEmE. 7 ER T S A
LET TN 7<% 3. oL WwEEP .
LUk, ¥o61. ve F¥IVCI.
e Tur3. . IRV,
S2ile et Y. V99V,
tudy. LLE P Te SEIVET.
M AN 3420, <. V9TIIV.
ters, LY PR e TIIFIO,

wELEASE 1O RIVER In CFS

REQ
3080.
3000,
250C.
2500,
3060,
3200,
3206,
4090,
3600,
5500,
4000,
3540,
3424,

WE BBk T nfvrh [T

REZ
3630.
3658,
2503,
2560,
3000,
3289,
3200.
4C33.
5000,
5839,
4030,
3503.
Jagg,

ACTyAL
3254,
3483,
3782,
282,
o146,
127¢,
G43s,

11676,
1645,
522%.
483?,
3615,
5108,

[ A £97 1%
254,
3a¢ge.
3461,
3754,
8958,
1¢7%.

2enay,

21344,
7921.
6524,
4¢37.
4 49,
Tu9z.

SHRTG

SHRYS

SHRTG
0.
g,
U
G.
€.
3.
6.

[~

G.
G.
3.

HaAX
$999v9.
$99999.
99999y,
PIYT .
99999,
Y9999y,
996599,
99699,
995999,
V99999,
IV,
999999,
999999,

CFS

MAa X
9PNIY .
9IFIIN .
999999,
999999,
999997,
99999,
999999,
999999,
II9N99.
99999¢%.
399999,
LI9997.
FI9999.

L REiveR IN CFS

MAX
$II9YY,
FIYIIY.
FEIYIS .
FFIFIVG .
“IIIVY .
$IIIYY .
$CIT Y.
$9999%.

. 999999,

G99999.
Y999v7.
999999 .
GIGTIVY.

S EREF 22N X
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CASE
4

11
91
11
11

1

N R

~ASE
11
11
i1
11
i
i
it
-]
11
13
L
4
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HELEASE TU RIVER IN CFS

SHKTG

KAX
99999y,
999999,
999999,
99999y,
999999,
99IVY,
9999vy,
99v99y,
99999y,
y9399y,
99999y,
99999v.
99999y,

nlveR I (FS

SHRTS
g,
0,
0.

MAX
999999,
999999.
999999,
939999,
999999,
999999,
99999y,
999999,
999999.
999999,
999999,
99999y,
99999y,

RELEASE TU KlveR [N CFS

TLAR 1v%
ors Wi OF HONTw STuddGe IN ACer T
PER INVLGw NN BUFFER ACTUAL HAX REQ ACTuAL
10 2181, %70090, HIU000., A017485. A50000, 3000, 3254,
11 2971, 20005, 920000, 27¢233. 800000, 3000. 3600,
1@ 3669, S00030, 5000006. 750000. 7%0000, 2500, 4096,
1 3389, A740ud. 426000, 730000. 730000, 2500, 3715,
¢ 4145, 471309, 473300, 200000. 700000, 5000, 4685,
3 195670, 735000, 735000. 1209360. 8680009, 3200, 1386,
4 37921, 1015009, 101%000. 1591000, 31130000, J200. 54869.
S 15847, 11VC000, 1190003, $391000. 13%0000, 4000, 15947,
6 9371, 1135000, 1135000, 132v000. 1320000. 5000, 65064,
7 8523, 9006009, 980000, 1237840, 1170000, 5000, 7882,
¢ 2319, BHI00QO0. 8B1u000, 106UU00. 3060000, 4000, 9209,
9 2338, 679000, 670009, 920000. 9206000, 3500. 4690,
YR 5490, 3494, 8420,
1100 dahk PORLER FLOKW In CFS AT DOWNSTREAM CONTHOL POINT
PER QEQ ACTUAL SHRYIG ULUCAL RIGWTS 40D REY  ACTUAL SHRTG HAX
10 21600, 343106 . 25. 0. 3279, 3279. 0., 999999,
12 20990, 2984¢. 0. 38, [ 1813, 3036. G, 999999,
12 21600, 415836, 0. 32. 0. 13438, 4327. 0. 999999,
1 <1600, 37351, Q. 26. 0. 1421, 3740, 0. 999999,
2 195090, 42639, a. 50. 0. 3191, 4735, U. 999999,
3 21600. 60204, 0. HZ4. 0. 3584. 7909. 0. 99999¢,
4 20900, s832u, a. 789, U, 3340. 356548, 0. 999999,
b3 21800, 60204, 0. 14. 0. 4908, 15861, G. 999999,
[ 209008, 58320, U, 10. J. $0860. 6574, C. 999999,
? 21600, 40264, Q. 6. 0. $232. 7868, v. 999999,
8 216800, 80204, d. 4. 0. 4642, 5213. 0. 999999,
9 29900, %0269. 0. 5. J. Jo20. 44695, 0. 999999,
YR 25%4300, 592939, 9. 126. 0. 3464, 8546. 0. 999999,
YA~ 1957
Fs WD OF MONTe STORAGE In AC-F1 RELEASE Tu
PER IANFLOM “IN bi TER ACTUAL maAx REQ  ACTuaL
10 SCay. 57000C, 5S70000. 85L000. &50000. 3000, 4199,
11 3104, 520000. 520060, B00UCD. 800000. 3000, 3944,
1¢ 2981, 500000, 500000, 750000. 750000, 2¢00. 3794,
1 S881. 476000. 476000. 73w000. 730000. 25600. 6206,
2 &568. 471300, 471300, 700000. 700000. 3000, 5106.
3 13989. 7355000, 735000. 1391000. 850000, J200. 7751.
4 44738, 31015000, 1015000. 1391000, 1136300, 3200, 40738,
5 41176, 1190000, 1190002, 13910U00. 1350000. 4000, 41176,
& 1727¢. 1135900, 11355000, 1391udd. 1220009. 5006. 17276.
7 6637, 9800GL., 9B0UD0. 1324360. 1170000, 5000, 7921.
8 3791. 810000, B106000. 1078616, 1066000C. 40¢0. 7866,
9 2791. 670000, 670000, 920u00. 920060. 3500. 5376.
YR 1269, 3494, 12628,
1000 #w=HKR POAER FLOW TN CFS AT DOWNSYREAM CONTHOL POINT
PEH /EQ  ACTUAL SHRYG  GLOCAL RIGWTS ADD RESG  ACTUAL  SHRTG HAX
U 21539, 44329, G, 25. G. 3279, 4224. u. 999999,
11 FA 2N 39B3e, c. 6. 0. 1313. 3980. 9. 999999,
12 21sd0. 38769. 9. 32. G. 1348, 3826. G. 999999,
1 215690, 60264, 0. 26. [ 1421. 6232. G. 999999,
2 16500. $5319. U. U, o. $191. 5156. 0. 999999.
3 21605, 60264, U. 924, 0. 3984, 8275, v. 999999,
N £0900. 54320, 0. 769. 0. 3440, 41527. G. 999999,
S 21600, 60204, 0. 14. v. 4508, 41192, v. 999999,
® «0900. 56340, 0. 10. e. 5080. 17286. C. 999999,
H 21600, 00264, G. 6. 0. 5232, 7927. 0. 999999,
] 2146046, 60264, 2. 4, Q. 642, 7870. 0. 799999,
v 29900, 57744, C. 5. 9. 3629, 5381. v. 999999,
YR 254300, 643005, 0. 126. 8. 3464, 12755. 0. 999999,
YEaw 1958
CFs £ OF “ONTH STONAGE IN aAC-F TV
PER INFLCH M sufFFER ACTuAL MAX REQ ACTuAL
1¢ 37%2. S/0000. 570000. 8§%0000. 850000, 3000. 4896.
11 5687, S52009G. 520000, B80900C. 800000. 3000. ©507.
12 £429. 00000, 5000800. 75G000. 7500G0. 2500, 7242.
1 5519, 47606L3. 4&76D0G. 750U00. 730000, 2500, 0144,
2 £997. Ar1300. 4731307, 712622. 700006, 3000. 7510,
3 12980. 73500G0. 735000, 1362738. 88009, 3200, 7286.
4 212%4. 101590%. 1015009, 13919000. 1130000. 3200. 19737.
> 12798. 1190034, 1190300. 1391006. 13590690, 4000. 12798,
& 6v29. 1105%00C, 1135000, 1351771. 1320090, 5000, 7921.
7 3913, 9YN00CO, 98R063. 117J500. 11709090, 5000, 6549,
8 25B6. 810006, B836000. 1743865. 106003C. 4000, 4637,
J 2833, 570633C. 675000, 920000. 923000. 3500. 4885,
vi 1850, 3494, 7650,
1079 La=-«R PORER FLGa I% CFS AT DOWANSTREA™ CONTROL POINT
PER RED ATTuAL SHRTG  JL0CaL  RIGHTS ATD REQ ACTUAL SHRTG MAX
19 21600. 52266. 0. 25. 9. 3279. 4915. 0. 999999,
1 2090¢. 58320. 0. 36, G. 1813. 6543 . 0. 999999,
12 216°9C, £0264. e. 3z. a. 1348, 1274, G. 999999,
1 21670, £0264. 0. 26. 0. 1421. 617G. C. 999999,
2 19500. 54432, c, 5. G. 3191. 7360. 0. 999999,
3 21600, 45264, 0. 524, 9. 3584, 7809. C. 299999,
& 20900, 58320, G. 789. 0. JE4U, 16526, 0. 999999,
5 21500, 80284, 6. 14, e. 4508, 12811. G. 999999,
& 23990, 56325, Q. 10. 0. 5980, 7931, 6. ¥99999,
7 21600, 60264, G. 5. 0. 5232. 6555 . G. §99999.
& 21400, 53350, G. 4, J. 4642, 4642, G. 999999,
1] 2890y, %222, 3. 5. (18 3062C. 4889. 0. 999999,
YR 254300, 688550, 0. 126. 2. J4se. 7776. 0. 999999,

SHRTG
0.
0.
[
0.

HAX
999999,
999999,
999999.
999999,
999999,
999999,
999999,
999999,
999999,
999999,
999999,
999999,
$99999.

CASE
4
H

11
13
i1
1
8
)
11
1
11
11

CASE
11
11
11
i1
11

[l NN - - )

CASE
11
11



ABLE A-3

YEAR 1959 Sheet 7 of 10
rs END OF MONYH STONAGE 10 ACeFY AELEASE 10 RIVER IN CFS
PER IAFLOW MIN  GUTFER  ACTuaL MAX REQ ACTUAL  SHRIG MAX  CASE
10 J298. 570000, 570000, 850000. 850000, 30o0n, 4437, 0., 9999vy., 11
11 37%6. 920000, 520000. 609000, 800000, 3000, 4996, 0, v9999vy, 11§
12 A08S. %00000, %90006. 750000. 750000, 2500, 4098, 0, 999999, 11
1 J660. 4746000, 476000, 730000. 730000, 2500, 4185, 9, 999999, 11
2 4%99. &J1300. 471300, 00000. 700000, 32006, 5139, v, 9999v9. 11
3 16848, 735000, 735000, 12818310. 880000, d200, 7386, 0, 99999v. 1
4 21563. 1015000, 1015000, 1391000. 1130000. 3200. 19728, 0. 999999, 8
5 12469, 1190900, 1190000, 1391900. 1350000, 4000. 12469, 0., 999999, 8
& 5726. 1135000, 1135000, 1320000, 1320000, 5000, 6919. 0. 29999v. 11
7 32311, 980000, 980000. 1170000. 1170000, 5600, 5650, 0, 99999y. 11
d 192}, 810000, 810000, 1006185. 1060000. 4000, 4637. 0. 999999, 4
9 242¢. ©70000, 670000, 920000. 920000, 35900, 3674, 0, 999999, 1%
YR 8VH9. 3494, 6969. G. 99999V,
1000 AmeHR POWER FLOW I CFS AT UOWNSTREAM CONTHOL POINT
PER RE ACTUAL SHRTG QLOCAL RIGHTS ALL Wby ACTulL SHRTG KAX
10 21800, ayay7. 0. 25. 0. 3279. 4461, U. 999999,
11 20900, 45420, 0. 36. 0. 1813, 45633, G, 999999,
12 21600, $03%2, V. 32. 0, 1348, 4930, G, 999999,
1 21600, 42004, 0. 26, 0. 1421, 4211. 0, 999999,
e 19994, 40112, 0. %0. G 191, 518Y. 0, 999999,
3 21600, 60264, 0. 924. 0. 3bu4e, 7909. 0. 999999,
4 209C0. 56320. 0. 789. . 3640, 20517, 0. 999999,
F) 21600. 60264, 0. 14, v. 4508, 12483, 0. 959999,
[ 20900. 56820, 0. 1€, 0. 5080, 6929, C. 999999,
7 21600, 6l2064, 0. 6. 0. 9232, 5656. 0. 999999,
8 21600, 535117, C. 4. 0. 4642, 4642, G. 999999,
9 20900, 41145, 3. S. 0. 3620, 3879. 0. 999999, ‘
YR 254300, 623778. o, 126, Q. J4s4, 7115. 0. 999999,
YEAR 1960
cFS chy OF MUNTH STOKAGE IA AC-FY RELEASE TU RIVER IN CFS
PER INFLOW "IN SUFFER ACTUAL MAX REQ ACTyAL SHRIG MAx  CASE
10 2%¢3%, 570008, $70000. 850008. 850000, 3000, 3s82. g, 99999%9. 11
11 3457, 5200Cs. 520000, 800u00. &900060. 3090, 4297. 0, 999999. 11
12 43129. 500000. 5%00040. 750u00. 750000, 2500, 4242, 0, 99999%. 11
1 3350, 476800. 426000, 730008. 7300CD. 2500. 3675, G, 99999y. 11t
2 4135. 4r130C. 4731300, 700005. 700000, 3066, 45645, 0, 999999. 11
3 6708, 78%00C, 73%000. 8606000. 820200, 3206, 3781, 0., 999999. 13
4 156848, 1015000, 3015000, 13754co. 1130000. 320¢. 7521, J. 999999, 1
> 22242, 1190600, 1190000, 13910040, 1350000, 4000. 21959. 6. 99v999. 3
& 7329, 1135000. 1:35000. 1385551. 1320000. 5000. 1921, 0. 999999, i
7 3354, 9800GD., 950003, 11700C0. 117080C. 5000, 6659, G. 999999, i3
o 2397, 8106037, 81000C. 10832275. 10¢6000, 4000, 4637. G, 999999, )
¥ 2112. 670653, &67G000. 923000. 9205000, 3soe, 3999. 6. 9999%9. 1}
YR 6517, J49¢, 6317. 6. 999999,
LUBG Sw-nR POWER FLOW It CFS AT LOWASTHEAM CONURGL PONT
PER L1 37] ACTuag SHRTG  ULOCAL RIGHTIS AGD Re  ACTuAL SHRIG HAX
16 z23180D. 39348, g. 2%. a. AYRA M 3765, 3. 999999,
11 26960, 4360G. 0. 3o. 2. 1813, 4334, 9. 999999,
12 21600, 504986, Q. 3. 0. 1348, 4374, 4. 999999,
H 2163%¢C. 38954, 9. 26. 9. 1421. 3701. U. 959999,
2 19500, 41683, 0. 5J. 2. 3191, 4595, 0. 999399,
3 21400, 36802, 0. 524. 9, 3564, 24395, 6. 999999,
4 26900, 58320, U. 189, G. 3640, 5310. 0. 999999,
S 21603, shavs, 5. 14. 3. 2968, 22003, 6. 999939,
[ 20000, 56320. 2. 1v. G. 5083, 7931. 0, 95999%.
7 21690, 6U264 . c. .8 a. s232. 6855. 0. 999999,
8 21480, 5327%. 0. 4. C. 4642, 4542, 0. 999999,
9 2060¢C. 12678, 0. 5. S. 3820. 4504. 0. 999999,
YR 254300, 533389. 0. 126. o, 34c4. 6643, 9. 999999,
YELR 1981
cFS END OF MONTH STORAGE IN ACeFTY RELERSE TG RJVER In CFS
PER INFLOW i yyre R ACTuay A x REJ ACTuAL SHRIG MAX  CASE
13  2583. 357003y, 5S70000. H50900. 85000C. 3090, 3041, 2, 999999. 11t
11 2977, 520002, S20000. &896G00. 800004. 3080. 3817. 9, 999999, 11
12 2844, 506700, 500608, 750000. 750000, 25493, 3657, 0, 999999, 13
1 2893, 476000. 476300. 730030. 7300900. 2500, 3125. 8. $99999. 13
2 2972. 471390, 471309. 7500C0. 700000. 3000, 3s12. 0. 999999. 11
3 7338, 735063, 735900, 383000. 68000C. 3200, 4411, 6. 999999. 11t
4 25275, 1015003. 1015000, 1391000. 1130000. 3200, 1&586. 9, 999999. 8
5 23935. 1190005, 1193099, 1321000. 1359094, 2000, 29935. 0. 999999y. 3
& 5902, 1135080, 1135099, 1339271. 13200490, 5200, 1921. 0. 999999, 1
7 3173. 9BOSUG, 9a9000. 1:752306. 1170599. 5000. 5779. 0. 999999. 11
o 224v. 810000, 813655, 132314%. 1860600, 4000, 4537, 6. 999999, &
3 2138. 620005. 670000, 925U00. 920000, 35060, 3872, 0, 999999, 11
v+ %347, 3494, 68¢7. 8. 9999¥v.
1000 < d=HR PLLER Foeow % (S AT DO~NSTREsM TONTSGL POINT
PES RED sLTyaL $HRATL 2 OLLL RIGHTS ADD Reu  ACTLAL SHr 15 SAX
15 21539, 33715, B 25. <. 3279. AN o. 99999%,
H 26230, 35555, N (TP 9. FEFR 38%54. V. F99999,
12 1893, 3T8TL. . 32. ¢, 1344, 3569. 0. 999739,
pd 218635, 33421, o, 2¢. o, 1421. J15¢. 6. 999999,
¢ 1950C, 31914, 3. S - G. $1v1. 35862, 9. 999999,
3 218Ut 2858, [ Se4. 2. 1584, 4534, . FIIVSD,
< 239%v. 5832J. J. 739, 3. 3540, 174272, G, WVYEIY,
5 21863, 63264, °. 4. D 4508,  Zu9&E. G. 99IIVY,
[ 23932, 53325, o. 1t €. PRETUR 7931. . 999999,
7 ZIM0E, LPrZEN G. L G 923, STED, . WYIVYY.
e 2355, 53222, G, 4. [ &632. a542. .. 999IET,
Fl 23930, 4132, G, . u. Seav. 3n7e. se 99999,
Y& 243CT, 5547175, [ 126, g. ELTA M 5%73. L. 99999,
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AW §999
crs EN0 QF MUNTH STONAUE IN AC<FY RELEASE YO QjvEN IN CFS
PER INFL O Min O WUFTER ACTUAL "AX REeS  ACTyAL  SwinTg LIV} cusi
1% 438, STVO, FILUBD, T4S4TD. BI0UBT. 3909, 3254, 0. $99G9V,
11 JUOM, 000U, BFL0LD, 24869s, HDUOVD. 3900, Jooy, 6. 96999v, h
12 2989, S000VY. HDYO0E,  P190ulo. 730000, 2500, 2938, G, 99999v, 11
L 2988, 47a00D., 476000, YSOU0O. 730000. 2506, 311, G, 999999, 1
¥ Je40, 473800, A¥ 300, 700000, 200000, 3008, V8P, Gy 999999, 11
3 098,  7INDG. 239000, Epe1d). 880020, 3200. 3200, O, 999999, 3
4 11626, 1015000, $045000., 1130000, 1130000, 3200, 6318, 0. 999999, 1%
Y 98e8., 1190090, 1190000, 1350000, 13300600, 4600, 6290, G, 999099, 1t
& 484, 31133000, 113%000. 1320000. 1320000, 080, 5188. ¢ 999999, 1y
Y A970. e0000, 9ED00D, 5119795, 1170900, 5600, 5226, S, 999999, 4
8 1%30. 810000, 3000, W28740, 1060000, 4099, 4637, G, 99999V, 4
9 §796. SI00U0., &70009. M20458, 920000, 3540, 3619, 0., 999999. 4
YR 4108, 3494, 4248, Yo 999999,
1000 XwenR POWER FLOK I% CFS Y LOwNSIREAN C@M'WOL PRINT
PER REQ ACTUAY SHATG  QLOCAL RIGHTS aDD Red ACTuaL HRYG 12 1
10 21600, 34028, G, 5. 0. 3279, 3299, Oy 999999,
11 20900, 2ve87. 0. Jé&. [‘] 18313, h-A T Q. V99999,
12 21600, 290687, % 32, 'Y 1348, 2970, Q. 99999,
1 21600, 33294, 0. 26. 0. 1423, 3337, 0. 9999,
2 19%00. Ivr12. 0. 50, 0. 3191, 4030, 0. D99999,
3 21600, 32442, 0. 24, 0. 3584, Ir24, . 999999,
& 20900, 58320, 0. J89. [ 3540, 7307, G. ¥99999,
5 21600, 802564, 0. 14, 0. 4508, 6304, G, VIVRID,
6 20%00. %83eD, 0. 310, 0. S080. S1vd. Ue V99999,
7 21600, 40284, 0. 6. 0. L2232, %232, 0. ¥99999,
] 21800, 54900, 0. L 0. 4542, 4eag, Y. 999999,
9 20900. 37259, 0. b, 0. 3520, 3820, 0. 999999,
YR 254300, 329800, 0. 126, 0. 34p4, AW2, C. 9SV999,
YEAR 1968
(429 END OF wMONTH STORALE [N AC-FT RELEASE 7O RIVER IN CFS
PER INFLDM MiN HUFFER ACTUAL LT REQ ACTTumy SHR TG Wax  CASE
10 &209. SIOD0D., SY00D0. 7S8233. 830000, 3000, 3254, G. 999999, 4
11 2346, 20000, S20000., r3729¥8. BUOODO. 3960. 3905, 0. 999999, 5
12 2404, 300000, S00000. 71%057. 7%0000. 2500, 2568, 0., 999999. 5
1 2340, 478000, 478000, TYUSE9E. 730000, 2500, 2500. Q. 929999. 5
2 2%62. 71300, 4731300. &YSYNI. 700000, 3900, 348, 9, 999999. 4
3 4249. J35000. 735000, 735700. BBOJ00. 3200, 3200, U, 959999, 5
4 r93é, 1015900, 30445000, 10ies84. 13130000, 3200, 3200. . $99999. %
5 180%9., 1490000, 13190000, 1391000, 31350000, 4990, 11985. G. 999999. 8
¢ 7650, 118%000, 3135000, 1374871, 31320000, 5000. 7928, G, 999999, 1
7 279D. 98500, 9800D0. L170GU0. 1170000. 5000, 4322, 0. 999999, 11
8 1783, BI0JTD, H1000D, 94515, 10560009, 4996, 4537, 0, 99999y, 4
¢ §Y02. &IN0S0. 670000, H80645. 920000, 3500, 3615, o, 999999, 4
YR 485, 3494, 4602. U. 999999,
1000 wa~NR POwLR FLONW In CFS A1 UOWNSTREAM COMTRIL POINT
PER REC  ACTuAY SHRTG  LLOTM.  RIGHTS ALY AEG ACTuwRL  SRIG LTV
10 21600. 33839, 0. 5. o. 3279, 3279, . 999999,
11 20900, 29148, 0, 3, G 1613, 303s. b 9999,
12 23800, 24650, 8. 32. 0. 1348, 2932. 0. 99999,
1 21600, 24777, 0. 2%. 0. 1621, 2926, Ve F99999.
2 199090, 27827, 9. SD. G. 33191, S191. 9. PE9VID,
3 218006, 31825, 2. 508, U.  Aee, 3724, Du FIFPEI,
& 20900, 32991, 9. JRP. 0. 3840, 3989 . 0. 99999,
5 21600, 60204, 0. 18, U 4508, 11979, Je VI9IED,
& 20900. 58320. 0. 1C. 0. 5030, 7931. Ue 999999,
7 214600, 622864, 0. [ 0. %e3E.  6329. C. 999999,
8 21800. S30s%. 0. 4, 0. 4542, awaz. V. F99V99.
9 20900,  3802s. 0. 5. 9. 3520,  3820. Ve 9OS999.
YR 2%4300. 44577, 9. 126. 0. 34564, 4728. 0. %9999,
YE&S 194&
CFs £8D OF mDNTH STORAGL "N AC-FY AELEASE To RIVER In CFS
PEN INVLOm LS HuF FER AT Tuay, HAK REG ACTuAL SHRIG WAX CASE
16 2072, S7I3038. 9S700DD. HO7P4F. 850003, 3co0. 3254. 0. 999997. 4
11 2%UI. 920004, %200D3. 30000). B80000C. 3090.  323<, . 99999y. 11
12 2733, S08Csu. $29B0D.  7SB0CL. 750005. 2500.  354e, 0. 999999. 11
1 2828, 4e76000. &76D00, 73U0U08. 730300, 2500, 3153. S, 95999y, 11
2 4248. 473300, 473308, 70¢0006. 700000, 3006, 4788. 0. 999999. 131
3 12862. 7350(0, 73%003. 1043829, BBI009. 3200, 7270, S, 999999, 1
4 27140, 1231500¢., 1015007, 1391000. 313130900, 3200. 21305, 2. S999v9. 8
% 15902. J19000T. 13197000, 1393006. 1350000. 4906. 15902. G, 9999%9. 8
& 6173, 1335080, 113%300. 31320%00. 1320020. 5800, 7366, S, 9999v9. 11
7 2897, 9%90600, ¥800I0. 1170008, 11786G0. 5683, 5337, g, 999999y, 11
8 1%e8. oB10003. 8310000. 1003395. 1650000, 4900, 4637. 6. 99999y, 4
9 1788, 6IU0LD. 673000, 894863, $23003. 1500, 3615. 3. 999999. ]
YR 8950. 3494, 6931, 0. 999999,
1000 Mim=HR FOWER FLO0, I% CF3 a7 ZOLNSTRELS CCNTRCL POINT
PER RED AlTuay SweTl  JLOTAL  RIGHTS ALD REQ  ACTuRe  ShRYG iy
16 21829, 58233, 9. 2¢5. 8. 3y, 3279, G. 999999,
11 29900. 30377, a. 3. 9. 1813, 3671, C. P9V,
12 21809, 3e211. [ 2. 0. 1548, ss576. c. $EPI9.
1 21500, 31739, 8. 5. [ j421. 3579. Ge V9999,
2 19999, 954, o. 5%, 0. 3191, 4335, 8. 999999,
3 21620. sUse. 2. 524. 0. 3584, Tive. 2. ¥99999.
4 23%00. 58323, 5. T8y, 3. 2340, 22094. Q. 9IIIP.
> 21633, L7204, [+ ]8 14, " 450 . 15915, . PYIVEY.
5  20%00. 53320, 2. 10. 3. 5080, 7878, . 999979,
r 21800, 80284, 3. &. c. 5232, 5343, ve T999V9,
¥ 21803. 53103, 9. ., 9. at4e. 4642, . 99959,
9 20909. 33193, a. 5. 2. 3526, 34620, 9. 993939,
v 258300, SRA4PLI9. 2. 126, C. J4sk. 7057. G. 99999%,
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23800,
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PR NI
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78000,
0090,
$30000,
28090,
411300,
r¥3009,
10858090,
1590009,
1135000,
WW0ATY,
#10900.
70300,

€Nl OF miNTw
MIN B TER
0009,
$20000.,
00000,
476000,
4731300,
73%000,
104%000.
1190090,
1335000,
Y000y,
#4000,
LINCDY.

VYD Kmen¥
ACTYUNL
4802,
3437y,
Y9350,
40500,
44 54,
bogod,
$0820.
60284,
53320,
0004,
[ XTI
56329,

515283,

LB L

(AT

w1
LRGN
920004,
60009,
474000,
4731300,
185090,
$1S5D0.,
$%000L.
13%30¢C,
FEDDIT,
€3109%2.
273000,

OF MONTS
BUFFER
73300,
$29000,
500100,
476000,
474200,
785090,
1015000,
1390000,
113%603,
8000,
8310000,
&70000.

JTD rwenR
ATTUAL
49370,
45279,
42227,
39238,
2607,
32803,
58320.
BUZHE,
58320 .
[SFZL
Sttt .,
27477,

976u28.

POWER
SHR

Wl OF MONTH

ot £
5730490,
Seinud.
500084,
47504%,
aryyis,
735000,
815960,
1v808Cy,
13%Ddw.
SA0BuL .
EI0ODID,
LILOSL.

FUFFESR
SITLLY.
20300,
S2L0CTO.
$76000,
471300,
735000 .

1515063,

LESLOLL.

133sTen.
YHLTLD.
#10T00.
LA ST

Powt R
i

[
Lo TLaL
X320,
FEL )14
22102.

Lig

STORAGE 1N ACefY
ACTYAY WAY

RELEASE TU

REG  ACYuaL
#47718. 850000, 3000, 254,
#0000,  H0IDOT, 3590, 35048,
150800,  TS0000. 2560, Jas2.
YIu009,  Y30000, 29906, 4008,
J00000. 790000, 3200, 5429,
1207290,  S¥DOVG, 3200, 7360,
1393008, 1330000. 32006, 26427,
1391000, 1350000, 4000, 31947,
1392000, 1320000, 3008, 15133,
179/070. 1970000, 5660, 7928 .
1069000, 1080000, 4000, 7643,
920008, 92UN00. 3500. 5864,
3494, 19111,
FLOR IV CFS Y 00«wSTAEAM TUNTWOL POINT
16 OLOTAL RIGHTS ADD WEw ACTUNL SHRTG MAY
0. 2y, [ 329, 32719, L. V99999,
0. 3%. 0. 1818, 3639, Je 999999,
‘M 3z, [ 1348, 3454, U, 999599,
0, o6, 0. 142, 4233, e 999999,
Q. 0. 0. 1oL, Se¢23. 0. 999999,
[ $249. O LT LM 790y, 0, V99999,
0. 789. G, 3843, 27218, G V9P990.
2. 18, 9. 4504, 31101, O, 999999,
. 10. G S080, 191438, v, 999399,
0. b, [ Y232, i%e7. 0, V99999,
L 4, 3. 4542, 1653, We 999999,
Qo 5. 0 352w, S48, Y. V99999,
U, 126, 0. sS40, 102357, do 999999,
STOHAGE [N aC+r? HELEASE 1D
AL TYRL Y QL3 ACTYAL
Y9000, 50000, Jego, 4619.
80Yu09. 800000, 35049, 4483,
¥53000. 73000, 2508, 4133,
7300080, 730000, 2500, 3961.
700090,  TINODY. 3060, 6748,
809087, HaIL00. 3200, 3280,
131803000, 1139009, 320G, 5468,
1350060. 13%3009. 4300, 6538,
1320000. 31320090, 5000, 5339.
133037%. 1170000, 5006, 526,
987020, 1050000, 4400, 4637,
837228, 92T000. 3sce. 3615,
3494, 4749,
$L0m IN C8% 4. DOWNSTRESM CONTAGL PUINT
T% CLOC#. RIGHTS ALY REL ACTUAL Swa & bl 3 4
0. 9. D. K279, L5444 . C. 999399,
o. 3¢. . Y3, 4520, D 99999F,
0. 32. 0. T 348, 4304, D. 999999,
D. 2e. Q. 471, 3927. 0. 990999,
3. S0, . sivl. 4798, G VSRS,
0. YL O. 2554, 3724, 0. 999599,
2. 749. . 3a4¢, 71257, ., GePEPT,
0. 14, 0. +507 . 65%2. . 999999,
D. <. T SQEU. 349, G. 999999,
D. [ 38 G. %234, 2232. U, 99999¢,
. L T. L4842, s647. 0. 999999,
. . b 1820, 31820, . FIIIVY
'M 1¢0. T, rapa, L366. T PIVSPT.
STOweGe IN AT T RELERSE 1D
ATTURL LS REG ACYuht
778867, B52000. 3205, 3254,
763432, 8LUCGO. 3800. 3c6e.
73098y, T7STIO0. 250¢%. 2506,
713940, 735090, 2506, 259¢.
THET00. 700000, 3500, 3878,
ARLOYD. HEIOID. 3260. 4729,
13910006, 11360C5. 32006, 3173195,
139300L. 1350600, 4600. 25484,
13931C60. 1320000, 5362, 1U6572,
13192¢%0. 1370023, 509860. 792%.
1066000, 1067000, 4239, 5269.
Yuife. 925879, 1500. 25994,
3494, Te31.
FLCw 17 TFS 27 IB«NSTREA= {OWIRSL FOINT
T TAilAL HIGRTS A00 Rt ATTuRL SwATG AX
o, 5. 5. 375, 3279. G, VP9IV,
o. 3. 3. TR N 303, 999997,
2. 3e. [ 12&4d. 2532. 999599,
T 26. [ 1427, 2528, 99939,
J. {. [ Sivi. 3927. 99996,
3. ¥ T $53%. 2252. 99999,
e Tov. 3. sHab. 1798>. I, 999999,
J. 1<. Lo 4%3z. 2Heve. L. WYIVVY,
a. (S8 e Yl 1Gse?. w. 999990,
5. . . 52380 1327, ve FIVYIV,
L. 4. [ L1-X PN 274, 2. VY9IV,
9. 5. 3. 2805, 5961 . L. 599999,
Yo 176, T 38as, 17156, Ve 999999,

s WRFAFRE &5 =
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RIVER IN CFS
SHRTG LT
Q, V999V,
999999,
999999,
999999,
999999,
999999,
Y999V,
999999,
. 999999,
999999,
$9999y,
99999,
999399,

RIVER IN CFS
SHRTSG MAY
0. 999999,
299999,
FI999v.
99999,
999999,
99999 .
999999,
999999,
$99999.
999999,
999999 .
FI0999.
999999,

RivER Ine CFS
SHRTG MAX
G. 999999,
e, 999995,
2, 999999.
6. 999999,
C. 995999,
6. 99999v.
8. 999¢9Y.
€., 9999%v.
0, S99999.
d, 99959,
U, 999999,
6. 999999.
3. 9999v9.

CASE
4

case
11
11
11
11
11
5
11
31
11
4
4
4

CASE
4
5
b
S
11
11



aneec 1Ly or Ly

TEAK 1908
s END OF MONTW STORAGE [N ACeFY RELEASE Ty RIVEN N CFS
PER IANFLOW WIN  BUFFER  ACTUAL HAY REQ ACTUAL  SHRTG WAX CASE
1C 3179, S70C00, 970000. ®&30000. 850000, Jooo, 4318, ¢, 999999, 1%
11 ¥523. %20000, S2000u, 8OULOOC. A0Y000. 3000. 4363, 0, 999999, 11
12 2941, 300000, 500000, 750000, 750000, 2500, 3754, 0, 959999, 11
1 2886, 476000, 476000, 730U00. 730000, 2500, Ja11. 0, 999999, 13
2 3717, 4r1300, 471300, 700000, 700000. hig: M 4257, 0, 999999, 11
3 322%6, 733000, 73%000. 1006%69. 885000, 3200, 7276, 0, 999999, 1
4 18921, 31019000, 1015000, 1394V0). 11¥0000, 3200, 12462, 0, 999999, &
S 17850, 1190000, 1190000, 1391000, 1350000, 4000, 178590, 0, 999999, @
& 9307, 1135000, 31135000. 1391G06, 1320000, 3060, 9507. 9. 999999, 8
7 3879. 960000, 9B80000. 33700¢0. 3170004, 5000, 7278, 0, 999999, 13
§ 2207. 010000, 810000, 1022945, 1080007, 4000, 4637, G, 999999, 4
9 2500. €20000., 470000, 9200J0, 920000, 3500, 4190, (., 999999, 11
YR 69y, 3494, 6939, G, 999999,
1000 KuwHR POWER FLOW IN CFS AT GOWNSYREAKW CONTROL POINT
PER REQ  aCYua, SHRTG OLOCAL RIGHTS ADD REQ ACYUAL  SHRTG HAX
10 21600, 48140, 0. 2%. 0. 3279, 4342, 0. 9999990,
11 20900, 44009, 0, 38, 0. 1813, 4400, U. 999999,
12 21900, 3635%8, 0. J2. 0. 1348, 3786, 0. 999999,
1 21600, 32290, 3. 26. 0, 1421, 3237, G, $99999,
2 19500, 38198, 0. 59, . J191. 4307, V. 999999,
3 21600, 80284, 0. S24, 0. 3584, 7794, 0. 999999,
4 20000, 58320, 0. 789, 0. 3840, 13231, 0. 999999,
§ 21600, 60264, 0. 14, 0. 4508, 17864, 0. 999999,
) 20900. 58320, 0, 10. 0. 5080, 9517, 0. 999999,
Y 21600, 480264, 0. 6. 0. 5232, 72719, 9. 999999,
[} 21600, 53200, Q. 4, 0. 4642, 4642, ¢ 999999,
9 20900, 44819, G. 5. 0. 3620, 4194, 0. 999999,
YR 254300, 594319, 9. 126, C. 3464, 7065, U. 999999,
YEAR 1969
CFS END OF MONTH STORAGE IW ACeFTY RELEASE T0 R:VER IN CFS
PER INFLOW “IN  BYFFER ACTuay MAX REQ ACTuAL SHRTG HAX CASE
10 2779, 570000, 570000, 850000. 850000, 3000, 3917, 0, 999999. 11
11 3204, 520000, 520000, 800900. 800000, 3000, 4104, 0. 999999, 11
12 2232. 300000, 500000, 750300. 750009, 2500,  3045. 0, 999999, 1%
1 €132, 476000, 4706000, 730009. 7362400, 2500, 1457, 0. 999999, 11
2 &961. 471300, 473300, 710612. 720900, 3000, 7310. 9, 999999,
3 17868. 735000, 735000, 1354642. 830000, 3200, 7394, 0, 999999, 1
4 29561. 1015000, $1015000. 1391000, 71300030, 3200, 28950. 0, 99999y, 3
5 20154. 1190000, 1190000, 13910080. 1350000, 4000, 20154, 0. 999999, 8
& 11729. 1133000, 1135250, 31391000. 1320060, 5000, 11729, 0, 9999vy9, 8
T 5242, 980000, 980000, 1226300. 1170000. 5900, 7921, 0, 999999, 1
8 J013. 810050, 810000. 1060000. 1060000, 4000, 5717, 0. 999999, 11
9 2738, A70000. 670000. 920000. 920000, 3500, 5341, 0., 999999, 11
YR 9132. 3494, 9132, 0, 999999,
1000 XueHR POQER FLOs IN CFS AT DOUNSTREAM CONYROL POINT
PER REQ ATTYRL SHRYG QLOCAL RIGHTS ADD REU ACTUAL SHRTG MAX
10 216090. 41869, Go 25. a. 3279, 394z, 0. 999999,
11 20900, 414847, 0. 36, 0. 1813, 4140, 0. 999999,
12 216050, 31113, 0. 32. 0. 1348, 3077, 0. 999999,
1 21690, 44820, 9. 26, €. 1421, 4483, 0. 999999,
2 19%00. 54432, 0. 50. 0. 3191. 7360, 3. 999999,
3 21600, 60284, 2. 524, 0. 3584, 7917, C. 999999,
4 20900. 58320, 0. 789. 0. 3840, 29738. 0. 999999,
5 21600, 60264, 0. 14, 0. 4508. 20167, 0. 999999,
& 20903. 58320, 0. 10. 0. 5080. 11739. 0. 999999,
T 21600, 80264, g. 6. 0. S232, 7927. 0. 999999,
8 21600, 60264, 2. 4, 8. 4642, 5722, €. 999999,
9 20900, 550894, 2. 5. 8.  3620. 5145. 0. 999999,
YR 254300. 625470, 0. 126, 6. 3464, 9256. 2. 999599,
YEAR 197¢
CFS END OF MONTH STORAGE IN AC-FY ) RELEASE TO RJVER IN CFS
PER IAFLON MIN  GUFFER  ACTUAL MAX REQ ACTYAL  SHRTG MAX CASE
190 39078. 570008, 570000, 859000. 8%0000. 3000. 4217. 0. 999999, 11
11 5280. 520000, 520000, 8P0000. 800000. 3000, 6120. 0, 99999Y. 1%
12 3858. 3500060, 500000. 750000. 7%0000. 2500, 4672, 0. 999999. 11
1 3965. 476000, 478000, 7?730000. 730090, 2330, 4296, 0. 999999, 1ig
2 4070, 471300, 471360, 700005. 700009, 3000, 4610. 0. 99999¥9. 1%
3 6011, 735000. 73500C. §80000. 880000. 3200, 3683, 0. 999999, 31
4 13384, 1015000, 1035000. 1228906. 1136000, 3200, 7521, 0. 999999, 1
5 7587, 1190000, 11¢0000. 1350000. 1350000, 4090. 5596. 9., 999999, 11
6 2885, 1135000, $11350C0. 1219940. 1320000. 5000, S07¢. 0. $99999. 4
7 1760. v80650, 980000. 3006E35. 1170000, 5000. 5226, 0. 999999, 4
8 1818, 810000, B10000, B833480. 1060000, 4000. 4637, 0. 999999. 4
9 166B. 676000, ¢€79000. 7317598. 920000. 3500. 3615. 6. 9999%9, 4
YR 4654, 3494, 4934, 0, 999999,
1000 Raeklt PONER FLOK IN CFS AT LOwNSYREAM CONTROL PCINT
PER REQ  ACTUAL SHRTG  GLOCAL RIGHTS ADD REQ ACTUAL SHRTG HAX
19 21600, 45005, 0. 25. c. 3279,  4241. G. 999999,
11 20900, 58320, (8 36. 0. 1813. 6156, L. 999999,
12 216066. 47734, 0. 32. 0. 1348.  4703. 6. 999999,
1 21600, 4314, 0. 26. 0. 1471.  4316. G. 999999,
2 19500, 41365, 0. 5C. G. 3191. 4659, 0. 999999,
3 216060, 37€7Hm, 0. 524. 0. 35eé.  €207. . 999999,
4 20900. 56323. 0. 789, 0. 3640. 8310. 0. 999999,
5 21600, &G2e4. o. 14, 0. 4508.  5531. 0. 999999,
& 20900, 58323. 0. 10, 0. 3080. 5680, G. 99999¢,
7 21600, 40215, 9. [ 0. %232. 5232. U. 999999,
8 21600. 501(8. 0. 4. o. 4542, 4642, 0. 999999,
¥ 20%00. 352%6. 0. 5. C. Jeu.  3626. . 999999,
R 254300. 596452, 0. 126. 0. 3434, 5060. ¢, 999999,



TABLE A-4

RESERVOIR OPERATION FROM 1947--70 WITH GATES -
PRESENT LEVEL OF DEMAND
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1. Basis - For explanation of headings see Table A-3.

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

Average inflow 6854 cfs
Average local inflow 120 cfs
Average irrigation demand 3463 cfs
Average shortage in irrigation demand 23 cfs
Average annual power required 254.3 GWH

Actual annual power generated 839.9 GWH



RELEASE YO RIVER Un CFS

SIS

WrEES.

Sl & R S

nAR  CASE
09909, 4
2599, 3
Iy, 9
o999, s
99999, 1y
999959, 4
9999, 4
999999, 30
19699, 34
999899, 19
99959y, 10
RN 9, 8
998999,

RIVER [N CFS

SHRTG
.'
293.
18,

nAX CASE

9099V,
999999,
399993,
999999,
99999,
99999,
999999,
999997,
999999,
99999,
999999,
999999.
999999,

RELEASE 1O RIVER N CFS

YEAR 1942
(421 END CF wONTH STONAGE IN ACeSTY
PEI INFLOW WIN  QUFFER  aACTUNL NAX REG  ACtual
142, 970000, 9%70000. 660290, 820000, 3090, 3279,
ll 2540, 920000, 5Z0000. 633438, 840080, 3000, 3o,
12 2743, 500030, 900000. 650984, 8310000. 2500, 2500,
1 3018, 428000, 474000. 632883, 280000, 25900, 300,
2 3613, 471300, 471300, 7Y00000. 700000, 3000, 3301,
§ 607, 735000, 735000, 6535260 886000, 3200. 3584,
4 7763, 1013000, 310350c, 1006700, 1130000, J200. 3840,
S 4961, 1190000, 1190000. V190000, 2120000. 4000, 2081
6 2668, 1133000, 1139000, 1135000, 26%0000. 3800. 3392,
T 3100. 930000, 980000, 9E0000. 173000O. 5038, dé2i1.
& 680, 810000. 810000, 510000, 1340000. 1009, 443,
9 3%, 80000, 470005, 670000. 1070000 ISe0, 320&.
YR 172, 3494, 3263 .
1000 kR POWER FLOW IN CFS AT DOUNSTREA® CONTROL POINT
PER REQ  aACTUNL SHRTG OQLOCAL PIGHTS ADD REG ACTUAL  SWHTE uAY
14 21600, 32265, 0. Q. 0. 3279, 329, 0. 999999,
11 20900, 27079, 0. 0. [ 1813, 3000, On 999999,
12 21600, 23942, 0. 0. 0. 1348, 500, ©n 999999,
1 21800, 24252, 0. 0. [’ 1421, 2500, 0. 999999,
2 19500, 29278, 0. Ue [ JivL. 3308, ¢. 999999,
3 21600, 36431, 0. Q. Q. 3584, 3584, Qo 999099,
4 20000. 40890, 0. 0. 0, Jue0.  3Be0, 0. 999999,
5 28600, 38025, 0. . C. 4508, 3281. 1227. 999999,
[ 20900, 40509, 0. D, c. 5080, 3592, 1488, 99900,
? 21600, 43180, 0. ] 0. Sz32, 3821. 1611, 999999,
8 21600, 36937, T, 0, Do 4842,  J445. 1198, 999999.
9 20900, 31222, 0. 0. 9. J620. 3208, 411, 999999,
YR 254300, 403030, 0. 9. O 3454, 3261, 499, 999999,
YEAR 1948
CFS END OF WONTH STGAMGE IN ACeFY RELEASE TO
PER INFLOW MiN  BUFFER  ACTUML AKX REQ  ACTyAL
10 13e8. 570000, Sr0000. SI0000. 8YOD0D. 3090, 2992,
i1 1867. 220000. 320000, S2U000. 84CO0T. 3009, 2707.
12 2157, 9500000, 500000, 9%00000. 8©10000. 2500,  2482.
1 2106, &76000, 476000, 476000. 740000, 2500, 2498,
2 2607. 471300, 471300, 471309. 200000. 3000. 2¢92.
3 98b1. 735000. 735000, ¢€o9837. 680000 3200, 3200,
4 21195, 1015000, 1015000, 388%¢25. 13130000, 3209.  748%.
5 13183, 11¥0300. 1190000, 214G000. 2140000, 4080. SI73.
6 3781. 1135000, 1135022, 2050000. 2050000. 5000. 5294,
7 1942, 900000, 980000. 1730000. 1730000. 5000. 714s.
5 116¢, B810000. &10000. 1340000, 1340000. 4000, 1507,
9 1378, 670000, 670000, 1070000. 1070000. 35060, 5909.
Y& 5201. 3494,  dg49,
1000 KwenR POWER FLOW IN IFS 4T LOWWSTREAM CONTROL POINT
PER REQ  ACYYAL SHRTG OLOCRL RIGHTS ADD ALQ ACTURL  SHRIG WA
10 21806, 28307, 0. 0. D, 3279, 2992. 288, 999999,
11 20900, 23727, 0. 0. 0. 1813. 2707, 0, 999999,
12 21800. 21943, 0. 0. 0. §348. 24p2. . 929399,
1 21802, 21743, 0. 0. O. 147%1. 2498, 0. STV,
2 19%00. 2094¢5. o. 0. 0. 3191. 2&92. 499. 999999,
3 21890, 31101, C. 524. 0. 3584, 322e. 0. 99999,
4 20900, Bs8%2. 0. 789. 0. 3Be0. 8277, 3. 399999,
S 21600. 78864, 0. 14, 0. 4508, 5784, 0. 999999,
6 20900.  72049. 0. 10. 0. 5080, 9530s. 0. 999999,
7 23800. 9727%. ¢. & 0. %232. 7152. . 999999,
8 216800, 95345. 0. 4. 0. 4862, 733%. 0. 999999,
9 20900, &7329. 0. 5. 0.  3620. 5%13. 0. 995969,
YR 254300, 645817, 0. 13, D. 3€s4. 4781, &3. 959999,
YEAR 1049
CFs END OF MONTH STORAGE [N AC-FTY
PER INFLOW "IN BUFFER  ACTUAL MLX REQ ACTUAL
10 1878. S70000. $70D00., 8Y0000. &70000. 3000. Si3t.
11 2363. 520000, 520000. &#32085. 340000, 3000.  3090.
12 2508. 500000, 520000. 81000C. 830000. 2500, 22e7.
1 2529. 478000. 424000, 780069. 760000. 2500. 3342,
2 3997, 471300, 4731300, 700000. 70G000. 3080. 5078,
3 11583. 735000. 735000. 963979. E30000. 3200. 2270.
4 30856. 1015000, 3015000. 2210000. 13130000. 3209. 9715
S 16397. 1190000. 1290000, 2210000. 2140000, 4000. 16397,
& &£013. 1153000. 1135000. 2064983. 2050000, 5000. 3450,
7 2914, 980000, 9A0000. 2730335. 1730070, 5000, 8357.
8 1991, 510000, 810000. 1352127 1320000, 4000. B1e2.
¢ 1889. 470000, &70000. 1070000. 1070400, 3500, 6830,
YR 7049, 349¢. 7049.
1000 Kie4R POMER FLOW I% CFS Y DOMNSTREAM CONTRDL POIMT
VER REQ  aCTyuy SWRTG CQLOCAL RIGHTS ADD &0 ACTUAL SHRTG MAX
10 21600. Seasy, o. 25. 0. 327V. 51%6. 0. 999999,
11 20008.  3082«. 0. 38, 3. 1883, 3d3e. 0. 99959,
12 21400, 29%7(. 0. s2. 3. 1344, 2899, U. 999999,
3 21800, 34293, o. 5. 1. 1421, 3368, 0. 999999,
2 19300. 5294, 0. 0. @.  3193. %127, 0. 999999,
3 23300. 74092, 0. see. n., 3584, TIR&, 0. 999999,
4 20900, 103580, 0. 739. v. 3840, 10%05. 0. 999989,
S  21800. 107§3s. 0. 14, L. 4508, 16430, 0. $99999,
& 20900, 103580. 0. 10. 0. 5080, &es0. 0. 999999,
T 21400, 10713 0. ®. T,  S232, 4383, 0. 999999,
#  21800. 403872, 0. 4, 0. 4842, 8g4p, J. 999999,
9 20900, 75858, 0. 5. 0. 3820, 8635, 3. F9999C.
¥R 23400, $I4394, 0. 126, 0. 3884, 1175, U. 999999,

SHRTG

19
1
10
10
10

5

1
11
11
11
11
11

MAX  CASE
999959, 11
99999, 5
F99999. 11
999999, 13
9999%9. 11
999999, b
FIFISY, L)
F999FY. 8
999699, 3
999999 . 1
FIFISY . 1
SIIIIT. i
FIIIIY.



yEAN 1930

CFY END OF mOWTH STORAGE W aCeTY QELEASE Y& miwER M C¥9
PER WV LOwW Min  BUFFER  ACYURL WX REQ  ACTUNL  BwNTG way
{0 6L, SY0O0L., Y0000, HYOLIO. #ID000. 3069 . 9715, O, 9IFHV.
i3 2948, SRODVD. S20000., SAUOU0. BaUOU. P60, 420, Yo F999%9.
12 302%. 300000, 0000, 81YU0GO. 10000, 2506. 3513, O, 9999,
1 3404, 474000, 473000, 740000, 80000. 2300, 4“y?r. Q. $95959.
2 4049, 473300, er3300. r00000. 200000. 009, 9130, O, 399909,
3 7792, 735000, 735000, w8000, 0000, 3200, ags4, D, NBIY,
4 17078, 3015000, 4043000, 14488686, 13130000, 3200, 7544, @, € .,9999,
S 27472, 1190000, 1190000, 2210000, 2140000, 4000, 15093, O, 99999,
& 9932, 1135000, 1435000, 22310000, 2050000, 5009, 9932, 9. 99999,
¥ 3402, SebODL, 9H0C00. 1699822, 1730000, 5000, 43¢, ¢, 999999,
6 1833, 810000, ©10000. 130501%. 1340000, 4000, 82350, D, 999999,
9 5880, &H70000, 470030, 113B780. 1070000, 3509, 8915, O, 299999,
YR Y135, 494, 1040, P, YIIIEP,
1000 AweMR POKER FLOW Iw CFS AT SOmwSYREAM TONIRCL, POINY
PER RED  ACTUA SHRTIG GQLOCIL RIGHIS ADD REQ ACTURL  $wHRTIG way
10 21800, 42843, 9. . e 3279, 5240, s 999999,
11 20900, 3498, 0. 3%, 3. 1813, pELI M J. 990999,
12 21300. 35880, 0. $2. O. 1348, 3545, P 999999,
1 21800. 43328, 0. 26, §. 1424, 4443, Q. 999909,
2 19500, 45360, 0. 50. [\ 3198, 5479, 0, ¥V9999,
3 21800, 50022. 0. S24. Q. 3584, S3E8. G $VIVIL,
4 20990, 84849, Q. 789, [0 3840, [-A3 1 P 999999,
9 21600, 3073136, 0. 14, -] 4508, 15104, Go 999999,
& 20900, 103680, D, 10. G. 080 L A2 ©u PPIIIG,
? 23600, 107138, ¢. &, [N LT 456, Do VEISIT,
[ ] 21600, 107338, 0. 4. ' 4542, Bisy. Do GIVIIT,
9 20900, 4012, 0. S D 3520, 5020, e 999999,
YA 2%4300. &8lLY2. 0. 128, [ 3484, Tigs. o 999889,
YEAR 199)
(<27 END CF #OWTW SYOHAGE (N 2LeFT RELEASE YO RIweR In CFS
PER INFLOm L L] BUFFER ATyl X REQ  ACTuAL SHRTG Ld 3]
10 2391, 375000, SYOC00. BVOCULD. 870DDO. 3000. LYLT R Q. S99997.
11 2847, %20000, 520000. 840000, 640000, 3000 . 3353, @, 999699,
12 246%4, 500000. SDOYDO. 10900, $310000. 2300, 33142, Q. VIV,
1 2735, 4&Fspl0., #424000, F8TO0D. 780000. 2500, 3588, B, $99999.
< 318D, 474300, 423300, FOOUOD. YOO000. 3000, 4240, 0, VIFRVG.
3 10847, 735000, 785000, 921479, 8300¢%. 3200, 122710, U, 999499,
4 22338, 1015000, 1035000, 1602233. 1130079, 3200. 75338 . B, VISFHT,
5 322538, 1190000, 13193000, 22310009, 2340700, 4000, 235422, O, ¥E9F99.
& 1253%. 115%000. 1135000, 2210000. 2055000. 5000. 12%3u. 11111
T A%e, SBD000., 980000, 3980822, 17350000. 2000, -2 1 0. F9995%.
8 2353, SB310000., B10000, 3592303. 1340000, 4000. &30, [P 11111
9 218D, 670000, SH70000. 1242800. LDI0DO0D, 3500, 8357, 0. 995999,
YR 8IS, 3494, 325%. Cu 999959,
1000 Km=MR PONER FLOM O CFS AT DOSASTREL® COWTROL POINT
PER REG  alTuUsL SHRTG  D,0CHL RIGHTS 40D REQ ACTWAL SHRING WA
10 2:%00. 15215. 0. 25%. Q. 3279. 8786, 0. 999999,
11 20920, 32217, o 38, 0. 1833, 387, O, 999999,
12 23400, 32794, D. 32. 0. 1348, 3174, 0. 999999,
1 21600, J861%, 0. 26. e 1428, JI594. Qs F99P99F.
2 19500, 3827, e %2. D. 3198, 4290, Qs FEFFIV.
3 216900. I5418. 0. S524. D. 3584, 7794, Q. FFVIFF.
& 20%00. avLre. 0. 789. v. 38640, 8320, D. VISP,
5 21800, 1074138, [ 1d. 0. 4508, 25835, Q. SPIIIT,
[ 20900, 103680, 9. 10. 0. 5080, L12545. Q. SFPPIPP,
¥ 21600. 107138, 0. &, 0. 5232, B4%58. U. 999999,
3 21800, 107138, 0. 4, D. 4842, H2%4. 0. FPRPPP.
? 20900, o878, 0. 3. Q. 3620, H40sy. C. 959999,
YR 2%4300. %01%20. 0. 120. . Ses6. 83IB1. 0. 939G,
vern 1952
(43 END OF MONTH STYORAGE [N aCeF Y RELELSE TO RIYER IN CFS
PER IFLOW LI BUFFER aCTual LTV REG ACTLRYL SmRIG LT'Y S
10 2472, 270000. 70005, 91%%9%. 870002, 3580, 1793 5. SISTIV.
11 2988, 520000, %S20000, S40000. 840000, 3000. 423%. 3. §999%9.
12 3046, S00000. 00000, A10000. S1000D. 2500, 3534, 2. S9GFFY.
1 3183, 476000, 470000, 76000D. 740000. 2500. 3956, G 995599,
2 S3B2. 471300, 473300, 7YOO000. 700000. 3080. 6482, 0. F9599%.
3 12188, TIS500C, 735000, 3100227%. 880000. 3200. 7279. 0. 39999,
4 22842, 1015000, 1015000. 1905753, 113000C. 3203. 1659 . C. 999999,
S 34730, 1190000, 11%90000. 22310000. 2140000. 4000, 982, 0. F99959.
& 5974, 113%000. 313185000, 20%000u. 20%0000. 5089, 8263. . 99999Y.
7 2407. %BOOIN. 9HLODD. $73I000L. 1730000. 5000, 131%. 0. FIFISY.
8 1é82. #1D000. BIDOOT., 1540U00. 3349000, 4000, ad2&. 0, F99F99.
@ 1983, &700690, &70000. 3070COC. rO7DOCD. 35¢0. 4499, J. 99%9%9.
YR 4543, Jipa, 6783, 0. ¥95955.
1000 AmewR POHKER FLGW % CFS AT DOMNSTREAW CONTROL POINT
PER REL  ALTway SWRATG  GLOCAL RISHTS ADD wEQ ACTUaL SRS Wax
10 21400, AF9U8 Y. D. 2%. G. 3279, THLS. L. 959399,
11 23J¥00., 43724, D 3. ?. 18138, 4274, J. PFIORP.
12 21400, 333, [ 32. 9. 3544, 3586, J. FIPIPY,
Y 23450, €100« . D 5. o, 1924, 2022. [-T-1- 111N
2 19%30. 5840, G. 5. 3. 3193, 6512, 3. 999939,
3 21800. THH8, @ Y24, 0. 353¢, 7794, 9. 27999,
4  20%00. P9 . o. 89, d. 3340, 6447, 2. $E9FIT,
$ 21400, 39713t 0. 14, a. 4508, V795, 15111
& 20500, 10388, 0. 10. G 5080, 8273. Q. 9IPIST.
b4 21400, 108334, 0. &, J. 3234, TEL7. 9. VIFEIP.
& 21630, 3102234, D 4., . L 11 PN 8029, S. VIPSID.
] 2090 P L T . D Jagd. 6503, J. VP9,
v 254300, »oudiH, . 128, B, Jag, 4904, 3. PIVEIe.

case

[ 132

i1
3]
12
b3
11
1
1
]
&
1
3
3

[of 3.1'3
1
13
11
“
i.
1
1
-]
31
131
i1
11



YEAR 1993

L L

]

YEA

PEN
10
1
12

BE B e P oim e

*

PEM

i
Ll =3

Bl =
e F G bt et Ay

YEa

FEwN
1C
11
12
1

L 6B <E Wa ary

£

(431
[ES F
¢veR.
Ve,
4934,
9%2,
4308,

14%42,
12800,
11670,
4452,
2387,
1718,
1914,
S8,

20000,
b Y LTV
WHHLD
474000,
474300,

200D,
1I90000,
1433000,
$29000,
$30000,
87009,

LT L EAYE ]
LI LT UTLERY]
370000,
$30000,
SUOVY.,
75409,
473300,
733030,
1049000,
1190000,
14 35000,
$4000,
810900,
$70000,

73%900,

LO00 Ruswn® PHwER

RED
31400,
20900,
21800,
21800,
19500,
21800,
20900,
21600,
20909,
21600,
24800,
20900,

254301,

W 1954

(4.2
U%FLOm
PALL
2043,
28y,
3428,
038,

14019,

27282, %

364, 3y
Jo3B. 4
Jees.,
233%.
ee27.
MA AN

{

b &
15T,
29900,
S18DD.
21600,
19500,
23607,
ZL900.
21600,
20900,
214630,
21600,
2U%00.
254304,

LA % 1.

iFs
INTLOw
28¢5,
3249,
s114,
424%,
2227,
10254 .
1THIY. 1
13292, 3
Hebh., 1
25384,
112,
itbe.

Se8L.

LTIt SHl
53%4%,
4348,
85408,
Sudne,
$199%.
F2028.
sul30,
9389,
&783%.,
98388,
102824,
73505,
184v80,

END QF wONTH

i HUFFEN
YIOO0C,  HT0000,
20000, 20000,
S00000.  SU0009,
56000, #74000.
ATII00.,  #7y800.,
23%000, 73%000.
035000, 31019000,
190000, $490009.
13%000, 4339000,
80000, 980000,
10080, 810309,
$20000., 70000,

DOG Awemf POMWES
2LTys TR
1847,
32182,
3578,

“ 8924,
AL Ha,
7He 88,
103880,
107138,
103060,
19 130,
107238,
P423% .,
L2223

%D G mMONYH

Hlw Butf R
DIOVTI. BI0IODD.
VLG, S2000D.
00005, S0UDDD.
Ipwly,  47BLLOD.
475300, 4731800,
1385000, 735009,
J1%LUC. 1hyvLlo,
VoD, 31w0000.
18005, 113500y,
vubluL .,  PEUL0C,
210000, B3p00Y.
4520300 S£72:000,

J0I0 *wemB & W R

ey
Q670
eLFlw,
FIETI.

J44DU.
19501,
é

?w@@m:

au@ﬁ&
FYHILY,

BLTURL Gohe
Bagy,
3oL HL .
3V%va,
dir3d,
IUNED
vakiy.
AT
Sabis.,
&85,
BN .,
Fakay,
2084

S R LN

STOWAGL In ACe¥ Y
Al Twny LT Y
W00 Br0LOY,
QYUY S40ULO.,
LRI T T T
L& 14T FYTETR
YLOV0.,  2HIBDO.
1024379, B80000,
14994%8. 1130040,
1042498, 2140000,
c0e2683, 2090800,
1730000, 1730000,
1349000, 1340000,
LIr0000. 4075000,

FLOL IW CFS BT Dumngagam CONTASE POYNT

16 CLOLML wiswis
do 2%, 9.
0. 3. 0.
a. 84 U,
0. b 9.
[+ $0. 0.
0. $24%, 0.
[ T4y, B
9. 14 Do
. 10, ['®
9. 60 0.
0. 0.
Q. 5. 0.
[ 12¢. Yo

STEHAGL IN CeF 7
ACTYA "ax
870000. B20000,
H40U00., B&OOC.
830090, $10000,
6049, FOBUGY.
FOLUOPL., 000G,
1114979, HB00LOC,
2210000, 313130000,
210000, 2180000
QLB1683. 20%0009.
1850815, 1730000,
1204405, 1340000,
1159987, 1070000 .

ADY ALQ
279,
1813,
1348,
1421,
319t
e,
3840,
508,
5080,
LI4TH
542,
3524,
Saes,

ACTpa
Y300,
3454,
444,
3195,
57348,
7794,
403,
4308,
S089.
7108,
3099,
H458.
S803.

SHRTG
e
[P
-1
0.
B
[/
@y
dy
[
[\
Yo
.
e

L ES 4
99999,
99999,
99999,
999999,
$999959,
9999¢9.,
99999,
¥P989%,
FEIFIY,
GIVIVY,
FEIIFY .
$99999,
FIIIEY,

FLOW B% CFS AT DUmNSTRESS COMIRIL POUNT

16 QLULay

0. 3 9.
D. 3o, B
0. 2. 0.
0. 2. 0.
a. Su. 0.
D. 324, 0.
D. THo. 0.
0. 14. 8.
a, 19, 8.
L. &. D
D 4. 0.
0. . 0.
D. 128. 0.

STUHAGE It ACeT Y
ACTT AL oy
#70000. BPDHDY.
B840000. BA0000.
813900. 310030,
IH00D0.  TSLOLG.
Yy 400 . INUHID.,
BHILIV. ABDODD,
1139000, 31130000,
LHTUPR2. £L18D0HD.,
17543132, 2USTLORY,
1637037, 1730000,
1360000, 134000
107000¢C. 107D0DY.

Bl Gw I Cw

LE R TR Yol YRR E L 5 Y
D &Y. .
o L1 3.
k' 2. Y.
W LT W
. RN [
[ g U
Eom bis ., o
D 14, L.
. 31O Gu
Y .4 0.,
P A W
o 3. [
T 108, G

hoaY

RIGTHTS ALD REQ

32Mv.
143 3
1348,
1421,
319z,
3584,
RE-T TN
4504,
3049,
2232.
anay.,
3420,
404,

ATL Rew
&7V,
e d,
18488,
1423,
1wy
B4,
Ay,

AT Ty
S5¢42.
Jine,
3345,
4267.
7147,
1794,
}/.T1-%

21356.
BAsT.
8425,
B234.,
BOIP.
7975.

LR T 2o

LIALRI R
1%95m,
MG
M2 T N
SiEY,
LR 24N
[T
7433,
4958
SOHL
$e3P.
P62,
6pae.,
Seag,

SHRNG
b,
9.
[
D
D
Q.
.
[
D
[
Q.
Ve
0.

ST,
W
W

o

i
Ya

<o
Gu
[

LIS
PERIIY,
PRIVET,
FIIRID.
PRIV,
FIPVIT.
PIPPEW,
YIPIPY.
VIVIIY.
995999,
FIIFFV.
Y99I,
PRIV .
FIIRIV.

THNTATL PHUNT

WELEASE 1O Wivem In CFS

REG
Joa,
3000,
300,
30y,
3000,
00,
3200,
050,
3000,
s¢0e.
4007,
3300,
3494,

ACTyaL
3708,

RELEASE PO

#FQ
060,
3009,
2500,
2300,
3D0%.
3200,
3200,
4000,
5000.
5000.
4000,
3500.
3494,

ATTya,
%17,
Jpeg,
33313,
424y,
Fow.,
1ERG.
LT

FIRIEM
ga5¢,
BALG .
6229,
80315,
1849,

RELEASE TG

REG
2000,
Joou.
2500,
2500,
3000,
3200.
3200.
4060.
3000.
S0¢0.
4000.
3593,
3494,

bl ¥ 4

PRIVIP.
PIVIDY.

VIRREC,

VDY,
IEPVP,
VISP,

PUWERD,

. VIIIVE,

PIRVI,
VIvERT,
FEIT I,
YIP IV,
SYIIHD,

ACTsy
7541,
3744,
J&cz.
AP35,
4307,
1270,
5085,
4434,
SQ2G.
5224,
5952,
2320
5354,

Skt
wl

RIvER v CFS

SHENG

RIveR [0 CFS

SHENG
wll
G
Q.
2.
W
G
G,

Sheet & of 9

MAY  Ce4l
yIFIY. oy
$oP9ew, 33
VIR, 13
$e¥eeY. g1
%8y, 43
$Ievey, [
FEIVIV . 1
99999, ]
F$EOGeY, 4
GV, 31
PHFIVIW.  §y
FIVGIF. 91
FIRTII,

“ax Cast
9ISV, 311
IS, 1t
FIPIFY. 13
58999, 13
ISFFYE. 38
SIIFIY. 1
FIVEIG, &
9999, &
FISIVD. b
9Py, )
VEFIIY. b}
VISIFY, 1
F9999v.

mAX  CASE
FEISEY. %
FIFI9P, 31
FIFIYY. It
FIIPST. 31
999999, 13
SIEIYI. b1
FIFFVY. 12
WISV . 4
FITIFY. [
PEET TR <
FIRFWE. 11
$ITEIV. 1y
FIFIVY .



YEak 1933
(451 L) CF WONTH STURRLE TN ACe¥Y RELEASE 10 WYVER U CFS
PER T (0w Fow QUIFER  ACTLRY iy REQG  ACTLAL  SHRIG TV AN LT 4
10 2884, $2000v, Y000, SYOLOE. 70300, 3008, 5434, Yo 999999, 1%
1L %74, 20000, SVYTY.  HLODO, HEO000. 3600, J619. O, g¥¥IVE, 3y
12 S8R, SO00TD. SUOOUE, SIUIOD. 100DV, 2500, “15¥, G VIV, g1
1 3389, 476000, 426000, 260000,  FEPOLY, ¢500, 4202, Gy 999999, 5§
2 4348, W74300., €7y300. IOLOLD. YUVOOY, 3000, Y225, G, $9999%. 81
3 19070, 735000,  TIS000. LFOVIEL. SWDOLG, 3200, AT O, 99994, H
4 S7923, 1015000, 1045000, P2I0000. 330000, 2200, 21103, G, 99999, &
9 19847, LIP0000. 3490000, 2280003, 2140000, 4000, %342, Vo VFIIH &
& B3Ny, $RI5000, RLIS000. 20506000, 2080000, 5000, B Ue 999998, 11
74523, YRODUD, CHBDOVY, 193I784E. 17300, 5006, d3ar, Y, $9999%. i
@ 2319, 10000, BLO0VD, 1SY1029, 1IE0U00. L1D1 1% [ 224 Qy 9HFIGW, 3
9 238, L0000, &FOODO. 12321863, 1070000, I500. [ 2 ¥ 0. 99999%. 1
YR 3490, $494,  d2as. G SIS,
L1UUO ®mehR POWER FLOM U5 CFS AT LOsSSTRESN CONTROL POINT
PER REQ YA {EYY SHATG  GLODAL  HIGWTS ADD ®EQG  ACTOAL LeRIG WAy
W 21800, 49872, [*] 7%, o, 299, L339, Gu GIIWEY.
131 20900, Jg443, G, 36, '] TR M 3942, by 999999,
12 21620, 43382, U, 2. 0. 1344, L3 M G, %9999,
1 21600, 43123, O F{M 0. L ¥4 4228, Yo 999999,
2 19500, 47829, O s, ['M 3191 Y%, Y. S99999,
3 21800, 80798, [ “24, M J584, 193%, Vo VEPIIY,
4 0960, 103880, (M 789, [ J40.,  FUEIE, Y. FEIIIE.
% 21600, 407138, 9. 14, [/] 4408, IVEHVY. by 999999,
& 20900, 103240, Q. W, 0. SusY. BO79. V. 999699,
7 23800, 307330, 9. 8. ("M 232, $3%3. Yo $EVHIY,
8 41600, 10743y, [V 4, Q. o482, 279, Yo FEIIIY,
9 20900, PoYAL ., 0, 5. [/ Szl TR Yo $9V99IY,
YR 284300, IDRLY. o, 17, 0., S444, LA Yo 999999,
YR 1992
Fs END GF MOWTH STOHAGE Bm AC-¥T RELEASE TO WIVER In CFS
PER INFLOM MIN ELTFER ACTYRL LS REQ ACTWAL  SwATG wax  CASE
10 30e1. 570000, S70000. walesl.  &70000, 3000, 7085, b 999999, $
31 308, BP0000. S20000. S4UOVL.  SLODOY. KON RIS )y FFIRFY, 1D
12 298%. SUQ0Q0, %0000, &LOVOB. BLODOD. 2500, 3459, O, 99359%, 8t
1 S881. 47000, #Y000. To0009. Te0DOD. 2300, ceva, Ou F9999%. g1
2 4%sb,  A74300, 44300,  YOUUD0.  POONOG. 3030, Sud47, G, 99%%u%. 2%
3 18989, /85000, Z3S5000. 1A13450. WHOUYL. 00, P26 G, 98F¥9w. 3
4 40736, 1015000, 1015000, 2230000. $LS0CCO. Y@, PRISP. G, S99F9%., &
S 41178, YUWDOOD, 1390000, 2210000, 2y400DE. APOG., KLy RE. C. 999999, &
6 17276, 1055000, 3935000, 2290300, 20%000. 5000, 1¥¥r6. O, IS99, -]
7 e837. 980000, FHO000. 2102, 1YIVLOY. SYGT. He50, O, FIIIIV, 1
8 379(. #40000. H10000. 182826%. 340000, 4300, B3Ge., G. F99999%, t
9 2791, &£70000. &7000D. 1508398, 10 IUODO. 8A0. w05, . GISFVY. [l
YR 312628, Java.  122%0. G, S9RIIY
100D XweHH POWER FuQw It CFS AT DOmnSTRE 2R CONINGL POUNT
PER RED LTy SHRTG  QLOCYE. RICWHTS 2D RED 4TTway  $waNG max
10 21400, §9154. U P [+ Y279, 7819 . Gy FIVIGT.
11 20900, 498z, 0. $1- [ 1HLS, LLET- D. FEFIFIP,
12 21800. 38202. 0. 2. 0. 1348, 3501, [-17-1- 12
1 24600, &8990, 0. 2. o. 1424, GI2G. O, FIFIIP.
2 19530. $1037. 0. S0 Do 33984 YV . G IWSIFP .
Y 21400, BYwaa, G S8, T LLTEM 1909, U $99999.
4 20900, 103280, Da TER . (48 840 20140, By IVIVIV,
5 23400, 10733%. 0., 14, ©Qu %08, 4292 Do FHIVIV.
& 20900. 403880, 0., 18. D 5080, 1/28%. Go FIPWHP,
7 21600, 1D7u3s., Do ®. 0. 5232, BESE., 0. FIVEIY,
8 21400, 19713, D 4. D G642 BIRL. D. FFISIP,
9 2090. 103s8D. 5. b, [« 362w, #20%9. U, PFIVIP,
Y 254300, 1014374, 0. 1286. [V g4, 12376, G, SPVIIV,
YELR 1958
cFs END TF MONTH STONAGE It ACF T RELERSE TQ RIVER In CFS
PEH INTLOM MIN  BUTFER  ACTwAl K REG &8Twil  SHRTG wax Casg
10 3752, 570000, SYO00D., 1248ve1.  &I0O00. 3050, Buge. U S9999w. T
13 3%07. S20000. S$20000. 11173¢4, H40000, 3000, 1194, G, 9939wy, )3
12 £&29. 500000, S00000. 103Ved2. BLOOIP. 2509. TAeY. . FEIRUG. 1
1 5B19. #78000, 476000, $2/227. TH0000. 2500. Toay. C. PIFIWY. t
2 &997. 73300, 473300, &9LePL. 7O00ID. moc. 25%4 , Cv F9%GYY. H
¥ 12980, /35000, 73%000. 1231:87. B8000%. 32¢0. 7533, Q. FEIIOY, 1
4 212%4, 17159070, 10315000. 2030v1s. 1930006, 3200. 827 . Do FIVIIY. 3
S 12798, 1190000, 13190900, 2210000. 23140000, 4300, PeTP. Co FIGWIE, &
& 6925, 1135000, 1135000, 21419245. 2950009, 3060, 8450, O, F9IIYW, t
7 ¥i8. 9o000D, SBHTDD. jE4eIFL. 1730700. 5908. #3192, . FIIIFY. 1
3 2%84. ou00DD. &30 0D, 149BLTH. 1340009, 4008, B21%. L. Y9999, t
¢ 2803, 670000, &7D 0D, 11sH263. 107000, 3500, B30, Gu F¥IFWY. t
YR 7450, J49s. [ 212 C. F¥FIIF.
00D KeemR FIMER FLda % CFS AT COwMNSTREAW CONTSCL FPOINT
PEm REQ ACT L SHETG  GLOSRL RYIGHIS aly RED  ACTway SHRTE LT}
13 23s00. V587 ., 3. 25. D 327%. Adel. d. 999999,
1t 20900. #33%_ . 3. 3. T. 1533, E3L. D. 999IVY.
12 21820. HIERL 3. $2. D 1848, 7733, 3. 999999,
1 231600, Beanl, <. Ze. i, 1423, Tese. 0. 49999,
2 19500, 73530, Y. S, Yo 3191. TeD4. G. PIRIIP,
3 21600,  #53¢1. Y. 524, . 1584, 8057, 5. 997979,
4 20900. YBING, Do 289, T 3540, Be10. Je P99999,
5  eR6IY.  ABTLIL. [ 14, U 4508, F392. G 999999,
& 23300, 1DILEO. 0. 13, Y S080. Be0Q. Y. PPIEID,
7 23400, yorpds, NS ®. e $232. B398, ve PIPVIV,
B8 21600, 10V, ¢, 4. < 4042, B219. “. FEPPRY.
$ 20900, PAEZY, 0. b w. 3020, Bug 4. U, WIIIDT.
wH o gudlY., 133076, W 1éo. C. Jape, 8235. o 99959,

Log

N r B o WA

4
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vEAR 1939
crs ENU OF mINTH STORAGEL IN ACerY WELEASE YO Wive® Iw CFS
PR W LOw wiN GNP L14 [TITS LIy MG ACYUAL  gumTy WA CASE
30 3200, Y0000, SFQUDY. WIESYE.  BIOUTV. 3990, 17192, P PO999Y, 1
11 37%6. 20000, S2UL00. SAVLLD. BAVGOY. 3000, S0de . G, $VIIR¥., g1
12 A08Y%. SOUVU0.  SU0UDY. sIWOLD. SI0L00. 500, 4373, b, $9999%, 1)
1 080, #YeDUY., 426000, rEUVO0. 8BU00. 2%¢¢. 4473, $, $99999, 13
2 4599, 47300, 473300, UOUCO. 700000, 3o, 9879, G, 999999, 13
3 LSBAB,  FSSLU0,  TIVV00., 1281810. HEO0OU. 3209, 7388, G, 999999, 3
4 23583, 1015900, 1039000, 2092604, 31330000, 3260, 7853, 0. 999999, 1
S 12489, 1190000, 1190000, 2230000, 2330000, 4009, 10848, . 999999, ]
& SI28., 1335000, 188%000. 2050000. 2050000, SY00. [ 23 G, 909999, 11
73281, 9E0000, GB00DY, 1734388. 173%000. 5000, 9347, G, Y9999, 1
@ 1973, BL0000. #0000, 3IS4702. 1340000, 4000, bLa4, U 999099, 1
9§ 4Pe, 000D, S700D0. SO7000D. 109000V, 350, 2211, O, 99099V, 13
R eviy. 3494, 1152, 0. 999999,
1000 wmewi POWER FLOW IN CFS AT DOenSIhgam C@N!ﬁﬁt POINT
PER REQ  aCTusy SRAYG  WLOCEL  HIOHIS AOD WED  ATYyudy SHRIG sy
10 giedo. #7934, O % 0. 329, 1857, Y. 999999,
11 20900 . $103s, [ 3., . 143y, -1/ ¥ 2% U 999999,
12 21400, ey, [ 2. ['M 1348, 449%., Qo 992999,
1 21ed0. 479%3., 0. s, KN L4y, LTI Y. 999999,
2 19%00. %3832, B, U, Y. 3491, $Ve9. Ve 99999,
3 21800, Bieye, O 524, (/8 3s8e, 09, Yu $69999,
4 20900, 9888, (/M 789, 0. S840,  sea2, Yo $99999,
5 21800, 310713, 0. 14, '8 4508, 10899, U 999999,
L) 20900. 103680, [ 10, Yo 506y, [ 2F U $99999,
7 25800, 107438, 0. &, 0o %232, 8333, Ve 999999,
8 24600, 30397z, [N 4, [N 4642,  Bl48, Ve 999E9V,
9 2090¢. 82308, /] S, v Se20, 741%. Vo 959999,
YR 254300, 972516, [ 128, . 2404, 1279, Ve 99999V,
YEAR 194D
Fs ENU OF MONTH STORAGE W XCeFf 1 RELEASE YO #IvER [N CFS
PEH INFLOw MIN BUFFER  ACTUAL "AK REQ ACTusy SHATG max CASE
2543, 70000, SI0000. EY0000. 80000, 3000, 5194, Q. $PIPIY. 12
11 3457, 20000, S20000, &4DOT. S&0000. 3008,  3vet. G. 999999, 1t
12 4ie9, SU0000, STV00D. SLUDUO. 810000. 2500 . 4817, @, 999999, 11
1 3350, AYeDuD. 476000, 260000. 7e000Q. 2%500. e, 0. 999999, 13
2 4L0%. 474800, AYLS00D. FO0000. P0D009. 3009. S1e8. 9. 999%99. 1%
3 sr08, 135000. 285000, #BOYOD. BE00DL. 3200, 32y, ¥. 999999, 13
4 19848, 1045000, 2015000, 3375488, 1330000. 3200. 1521, . 999999V, 3
% 22242. 1IVO000. 93190000, 2230000. 2340000. 000, 8870, 0, 999999, &
o 7829. 11385000, 1135200, 2178082, 20%0000. =000, 8450, 6. 999999, i
T 3354, 0000, 9A0VOD, 1HELISS. 1PIV0DO. 5000, 3426, G, 99999, 1
8 2397, 10000, 330000, 3302279, p340000. 4000, §226. 0. 999959, 3
9 2112. &70000. &70T00. 3151884, 1070000. 3500, &014. 0. 999999, 1
¥R 6317, 3454, §404, 9. 999999,
LWOO AwerA PORER FLOM I% CFY% AT COSNSTYRESN CONTHGE POIMYT
PER RFQ  alTusy SHATG GLOCAL RIGHTS &DD RED ACTUAL  SHRTG I3
10 21600, 843774, [ 5. . 3279, 5821, - 13 111
11 20900, 40500, 0. 5. 0. 1833, 3997, 0. SF99SP,
12 21690, 48181, (% 32. 0. 1348, 4648, 0. 999999,
1 21890, @ns, 0. 2. 0. 1421. 4149, 0. FIDESP.
2 19509, 44871, [ 58 . T 3191. 5235. Qv PRVIIT.
3 21800, 38382, 0. 224, 0. %84, 4305. 0. 999999,
a4 20905, sayAQ. [ P89, [ S540,  82310. 0. Y9999V,
5 21690. 10713s, 0. 14, D a5P8, 853, 0. #99999,
&  20900. 103880, 0. 10. 0. SOBD.  S%e0. ®. 389999,
? 21600, 10713s, 0. 6. 0. 5232, 2433, 0. 929999,
8 21600, 10713s. 0. 4, O. 4642, 8230. 0. 999999,
¥ 20900. 94310, 0. Y. 0. 36e0. U8, 0. 999%99.
YR 254300, 886254, 0. 126. T. 3464, 6331, 0. 999999,
YEAR 1¥s1
[¢.2- END ©F WONTH STORAGE Ih ACFT RELEASE 1O RIveR Yy CFS
PER INTLD L L BUFFER ACTUAL X REQ ACTyAL SHATS MAX CASE
10 2503, 570000, $70000. S70000. S20000. 3600. 72083, 9, 999999, 13
11 2977, S2000u, S20000. B40000., S4U000. 3000. 3481, 3. 999999, 11
12 2%44. S00000. SO00000. &ICUOD. S10000. 2590, 3332, 2, 999999, i3
$ 2800, 474000, 474000, P4000G. ¥000(. 2500, 3s13. 0. 999999, 1t
@ 2972, 474300. 471300, 700000. FO000Q. 3390, £052. 9. 999995, 11
3 7338, T73S0%0U. 7I5000, &BOGOD. BBTO00. 3200. 4433. B. 999999. 1t
4 25275. 1015000, 1015000, 31933:69. 1130000, 3260, 7576 . 0. 999999, 1
3 2093%. 1190000. 1190000, 2250000, 23140000. 4009, 16433. 0. 99599%. 8
& &900. 13135000, $135000. 2132783, 20%50000. 5000. 5450, 8, 999999, 1
7 3173, 980000. 980000. 1796931. §1730000. 50C0. 83%1. 0. $59999, 1
8 2249, 810%00, 810000, 1431983, 1340000, 4000. 318¢. 0. 999999, 1
9 2138. 470003, &70000. 1085833, 1070000. 3500, 1955, 0. 99995V, 1
YR s847, 3494, &937. 0. 999959,
1000 #Kmesh POWER FLOMW [N CFS AT DOmASTRERW CONTROL POINT
YER REQ  AlTysl SHRIG WLOCHL. RIGHYS ADD W@ ACTydL  SHRIG wAx
10 21600, 28547, 0. 3. 0. 32729, ri08, 0. 999999,
i1 20900.  35595. 0. Lt 2. 1813. 1518, 0. 999599,
12 21800, 34775, 0. 32. 9. 13e8, RATY W C. PP¥999.
1 23400, 37072, [ 2s. T. 1421, 3538, 0. FIITRD,
2  193500.  3es2s, [ 0. o. 3191. 4302, G. 999999,
3 21400. €53%8., T, 524, 0. 3554, 493¢. C. 9¥9999,
4 20900, 073, 0. 789, 0. 3540, 6385, 0. 99959,
5 21800, 307336, C. 14, O. 4508, o447, G. G999,
& 090D, L0340, o. 10. o. S080. B48C, G. 999959,
7 238609, 30713s. 0. &, 0. 5232. #3977, 0. 999999,
& 21600, 105991. C. LM 0. TIPS 4389, G. 999999,
9 20900, 874 0. S [ 3420, 7959. 0. 999999,
R 254300, 8rasy. 0. 128, o, 3404, 084, 0. 999999,



YEAR 1902
CFS END OF mONTH SYORALL N AC-F 1 RELEMSE YO
PER INF LGN miIN  GUIFER  ATTUAL aX REG  ASTyay
10 431, S70000. SI0000. EPCUGU.  @NI00GD, 3000, 948,
11 3008, 20006, 20000, weUOBO. ©40000, 3069, 3%3¢.
12 2989, 00000, S00000, wiW00D, 810000, 2590, 3477,
1 2984, 476000, «78000. 60000, 7ELOOU, Fa11°8 3799,
2 3480, Ary300, 473300, 200000 700000, 3589, 4520,
3 30USe, 735000. 235000, ®1apd4r. BEOOOO, 3200. SETY .
4 311626, 1015000, 3045000, 2130000, 3130006, 3200 . 23T M
S 9868, 1190000, 13190000, 1460892, 2140000, LI T L1128
& 4eb4, 115%000, 1335000, 1437402, 20%0009. S0, 5000,
Y 1970, 98000V, VBO0DOO, 1237197, 173000w. $OLP, %228,
& 31530. €10000., 10000, 1040142, 31340000, 4000, “wsy.
P 1796, &YY0U0, &I000D, 937870, L0Y0YDY. 3548, 3819,
YR 4108, AT LNy,
LOUD muaMB POWER FLUM IN CFS AT GOWNSTREAN CONTROL POUINT
PER RECQ  alYusy SWRIG GLOCaL RICHIS MDD REY  ACTwaL MAY
10 21620, 43485, g. 3. Y. 3219, Iysn., YIVIVY,
11 209¢0. ISVLS. D 3. [ 1813, $54%., YIVIRY.
12 21800, o284, [ 32, [ 1348, 3508, GIVIVY,
1 216700, 34083, 0. 26. e 1423, Iues., FIeVeV.,
2 19500, 408%¢, Q. $0. (<9 3194, 4420, S99y,
3 23800, Sc442, 0. 424, 9 3584, 3z4. 1217110
4 20900, 61328, 9. 789, 0. 3840, repr. FIVISY,
b 21600, 54122, 0. i4. [/ 4558, 4508, oY,
¢ 20900, 1294, [ 10. 9. 3089, SO&0. Y99V,
7 23600, o35e9, [P O U 9232, 5232 IV,
& 21500, 53780, B &, U CHEZ, A7, 99599,
14 20900, I8, o, 5. N I8¢, 3620, FIOIEV,
YR 254300, 558823, 0. 126, L S484, LY 510 YISV,
TEAR §983
CFs END OF HINTW STDHAGE IN 4CeFY RELEISE 10
PER JRFLONM min WUFFER ATTYRY X REQ ACTyay
10 2209. 570000, %70000. 8Y0000. #0090, 0w, A3t
11 2348, 220000, 20000, &3 08%. SB40000. 00, $Qo.
12 248¢., S00000, 500000, SLU000. HL0009. 2300, P{-IML %
1 2340, 470000, 426000, 7Y&00U0L. 7L0000. 500, 33193,
2 2552, 471300, 421300, YOULOD. FDOOOD, Joee, 3542,
3 4249, TIVDO0., 735000, 142807, BEDOUD). 3290. 3200,
4 7934, 1015000, 301%000, 10438307, 113000, 3200, 3206,
5 180%9. 1190000, 2190000, 18Y7343. 2160003, 4300, 494,
& 7050, 1155000, 1135000, 2030838, 2050000, 3089, 50315,
T 2790, 9BODOD, @SUCGDD., 1230000. LTILCOY. $9¢0. 2888,
® 1783, 10000, &10000, 3340000. 1340009. 4040, #8128,
¥ 1702. &7000D, &2O0DO. 1G7UL0D. $0700DY. 338%. 623%.
YR 4e8%, AN 4302,
1000 #m=HR POWER FLOW Ih CFS &7 DOMKSTREAR COnThdy POINT
PER REG  ACTuURL SKAYG LLOCAL W{GCH'S ADD REQ  2Clusy Hay
10 24600, ¥5820, Q. 25. Tu 3279. 3335, FIRIOP,
11 20%00. 30058, 0. iy, B 1813, 038, 9939,
12 21400, evzs0. 0. 32. 9. 1348, 2838, 99599,
1 24600, 32352. 0. 2¢. 0. 1421, 3178, FEFIST.
e 19500, 32920. 0. %D. Da 3198, I 299999,
3 218600, 32043, 2. 524, 0. 1584, 3124, SI¥VIV,
4 20900, 33284, Q. 78%. 0. 3840, IVEV. 139999
S 21800, 30293, D. 14, <N 4508, 4508. S99999,
[ 209090, 87538, 0. 10. 9. 5083, 3080, 99999,
7 21600, 104435, 0. . De 232, 7¢8% . IRV,
1) 21400, 103%29. 0. 4. 9. 4552, ®130. 93999,
¥ 20900, 71084, . S, T. 3520. &244, 995999,
YR 794300, &£28929. 0. 128, b MTI W 4628 . 599593,
YEAR 1v8¢
cFS END TF MONTR STOHAGE IN aCeFF RELEASE o
PER INFLOM sIN  EUFFEP ACTURL AN RET aCTyag
10 2072. 520000, S70000. BILU0U. &IDU0D. 3060. 5324,
11 2905. 520000, %S20000. H40TUCO. 8H400¢7. 3600, 3425,
12 2?3y, SODUCLD, S00000., B8310029. 830007, 2500, 3219.
1 2828, 4AT6000, 426000, 780000. 760003, 2506, 3541,
€ 4248, 41130C, 473300, FOGODO. 7D000%. 3069, $32&.
3 12862. 735000, 7TX%50D0. 10&3829. 88I0DD. 3200. 121¢,
4 27340, 1015000, 1015000, 22005%6. 1139009, 3270, 71260,
S 15902. 1190200, 1190000. 22310000, 21eL07L, 4088, 15748,
& 5173, 113500C. 13135003, 2074513, 20%D309. $90¢, ©v453.
7 220y, 98000, SoD000. 17IEeSL. 17300703, 5626, 8383,
B 1928. B10LI0, 830097, 1358046. 1340097. 4000, 2347,
¥ 1763. 672000, &73C00. 31079L0C. 3D7LOON. 3565, £595.
YR &%S0, leve. 955,
1000 dawemi POWER FLOw WETHI AW CONTROL FGInT
PER w2 eCTUS L SHRTS LGl LTSN ¥y A X
1 21693, FELTT) 9. . $8¢7 . ¥. §99995,
(%} 20900, Jes3e Y., 34 3541, wu ¥P¥TIV.
i2  2160C. 14590 2. 1< 12%i. G. 995999,
1 21630. 373s¢ 3. P 3te 7, Y. 999999,
2 1vs09. FEIYS ) B S SY53, . 9I9999,
3 231630, 77328 e, FE . 777, i. 99999,
& 20990, F1Y113 3 . . LTS L. 99399,
Y 21603, 10U731ds. o IR g 4508, 1%7%¢. T. YP9VFT.
[ 209009, 103680 O. 19 [ $ig . [ LX) S IVIEIY.
? 218630, 107338 e L2 .. $43¢. 3%, J. FOURSY.
3] 216936, 1040e7 T L . 4442, #i1%%. V. 9YIVIT.
] 20900, 15¢9% d. . [ 3620, e6u0. 0. 999999,
Ve 294300, &83p1s 9, 126, Y. J4ee, 2018, L. §FPVIY,

REvER N (FS

LT 33
O, 99999V,
. 999999,
G, ¥O9999.
Y 999999,
0o 999999,
b, 999999,
O 999999,
0. 999999,
G S99999,
0. 999999,
¢, 999999,
0. 9995999,
0. 999999,

AIvER IN CFS
SHRTG (73]
0. FIP99.
U, 99999v.
¢. 999999,
0. 995959,
Q. JI9999.
Q. FIVIGY,
G, 999999,
G, $99999.
¢. 9399%9,
Q. FIIGT,
G, 999999,
C. 999999,
0. 9999%9.

RIVER N CFS
SeRIG HAX
2. 999999,
e, 9IPYVY.
$. ¥99IIY,
3. $99999.
0. 999999,
O, 999999.
. 992999,
. FFFIVI.
. 999999,
. FEVEYY,
. 999999,
. FIVIYY.
. FOIPVY.
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iven
(42 Lo OF WOVTH STOMNGE §n WCe¥ Y
Pati W8y O WIN st R ACTYRL mEy
10 &%y, 20000, YUODY. SPUUDD.  SI0000.
1 2004, YRODOU,  B2UUDD., HAOODO., w4HDOY.
12 S, S00000, BVV000. SIOOCD. ELOUD0.
1 3882, 476000, 4Fed09. TebUBY. 780000,
¢ B0, 473300, 42930H.  PUQLIV.  FOUDOD.
3 %086, 3000, 7IS000, 12072%0. WEUDOU.
4 29314, 1035000, 1035000, 223000U. 1130000,
Y J1087, 4190000, 90000, 223000V, 2140500,
& 31953133, 1835000, 1139000, 2290000. 20%0000.
7 w393, V0000, 9ROV, 2083%32. 1YNL000,
& YRS, B10000. Byu000. 1n0194, 1340000,
9 S111. SYO0DU. SXCDDO, LHOUDWS. 100000,
vi 10348,
1UTD EW=HR PLWER FLOM I CFS KT GOWNSTRES™ COMTRD, POINT
FER RED ACTYNL SKRYIG GLOCAL RIGHTS ALD WEG  aCTusL E5 (A way
10 21600, 43194, 0. 2%. O, 3279, L2419 Do S99999,
11 20900, 33794, U, MM L' 1813, 338z, We 999999,
12 231800, 30808, 0. Sé. [ 1348, IS5V, b Y9IVVP,
H 21600, 45432, B b, (‘M 1423, 4529 . G, 999999,
2 19500, s3572., 0. 0. 0. 191, 010, G 999999,
3 241800, 807¢0. Vs 28, 9. T84, T90¥v., B 999999,
4 20900, 103880, [ 789, o J849, 13452, G, v99999,
5 21600, 102138, [} 14, 9. 4508, 81191 Dy 999999,
® 20900, 108840, 0. 1. 0. 089, 25143, Ve 999999,
7 21600, 30783¥s. [ &, Do 3282, [T 3718 O 992999,
$ 21600, 107338, Q. 4, 0. “wey, $373, Y. 999999,
@ 20900, {03328, 0. S O, 320, By92. wo 9999,
YROH43D0. Pebrt., o 120, [/ San4, Fard. D, VEFII9,
YEAR 1008
tF$S END OF wONTH STORAGE In 2CaFY
PEH INE LD LR HyF P ER BLTYURY LFY
10 34831, 70000, BT000D. pe21936. SIVO0G.
11 3643, 520000, %2000, VIS0, S4000Y.
12 3319, V000U, S0P0UI. EIULO0Y. BID00D.
1 357s., 47e00D. 47000, JOULOL. TeTUDY.
2 &Z08, Sry300. 471300, APUO0O. 700ULYO,
3 897X, 739000, TRO00V. HOVDSY. Be0d00.
4 31382, §055000, 1915000, 113UDOU. 3380000,
5 10136, L490DUD., 3UP0000. 3875042, 2340000,
© 4835, 1135000, 1185000, 1461652, 2050003,
7 2138, 98UDUD., 98LUDD. 1271827, 17¥0ODG.
a8 16%9. B10000, 830000, 10888672, 134000,
Y 1770, 620003, S70000, @IEBBO. 1070000,
YR 482%5,
1000 KmenmR PONER FLlm I {F 3 AT DOwnSTIRES" (ONTHOL POINT
FER RED ACTUAL SHATE  WLOCHL  HIGWTS a0D KEC ACTUAL SHATG AY
10 23600, FEVIY. 0. 2%, G $2v. B8o3e, U, 999999,
11 25900, Boa2d, 0. $v. L ibys. 7414, G, 999999,
12 1420, L4404, 0. e. H 1848, &I43, da 9HISVY,
1 214635, 5041, 0. 8. U 3421, 4415, D, ISV,
2 19%00. 47802, U Y. . $19¥1. 5338, ¢, 999979,
3 21400, 32498, . S04 D 3584, 3724, Go VPDSVT.
4 20909. 58844, Q. Tu¥. . 1349, 7257 . Yo FIPVIP,
5 218309, 54223, 0. 14. Ja 4504, 4504, 3. 9999,
] 20%09, 61380, 9. 10. D S080. 2089, G, VIPIVY,
7 21609, [ 250 2 0. o. . $23¢. 5232, @, PIRGVY.
8 21600, S42%8. D. . 2. 4642, 4342, L. IVEIVY.
9 20900, 39340, D. . T. 3827, 3s20. T. VYVITP.
YR 234300, Tu1é3%58, g, 1286, D a4, 5472, C. 959999,
YEAR 1987
o 2.1 END OF WOWYTH STORAGE IN ACw# 1
PER InF Gw wiwn Syt FER ATTusy [l ¥
19 22317. 93%7900%.. SY0000. A70900. SYO0LL.
11 2489, 520000. S20TOD., B39565. BePIDO.
12 230&. SC00I0. SOLOCO. B1DudD. BI0I0L.
{1 2223, 4r6UDu,  SYHDYU.  TeUwlL.  TeDDIS.
& 2. ATY¥D,  L£7180D.  2UDOLO.  PLLOLG.
3 Feve.  TESDIL.,  73HCeL.  HEuLOC. E30D0T.
4 2578¢, 1015000, 102%000. 1963449, 113000C.
S 25¢ke, 1190000, 13195000, 27301090, 23140500.
¢ 1uot7, 1185000, 1135000, 230003, 20%000L.
TOAI3T, VALY,  You0D0. 1%E171s. 1I2000D.
3 STID. 23400y, B1ODDC. 145wyii. 1XeIUDT.
9 2t43. o700Ce. &70LUDT. 133%&3ip. 10700:L.
LETE A X T
1T mmerh F lapA FLGa 1w 175 271 [ TendTatas TONTHIL FOINT
[ L] wEZ aLlYoey SHRThE JLLTAL “{Gil 10 mzd 80Tt LRt “ax
v Z3637. L340 U 5. T v, iz, J. IVIIYY.,
11 E9vT. 3UnIT b. 1. . 1338, 333e. T. VIIVVT,
12 21%3¢. 2958 2. 3c. o 1345, 2317. 3. 399999,
1 21800, 33198, J. 2% . 1421, 1982, 2. VISIYD.
4 19507, 6259484, 0. 51 3. 191, 4757, T. 99GPY9.,
K] 21400, LELY v kP L. 964, 52%2. . 999999,
o 20%30. YLlub, G. Tav D 3345, 0345 . 5. F9VING.
b 21597, 41713, 2. 1%, 2. 45u6 z.484, G. IIVSVY.
® 299D,  10seEU. 3. 14 o STce3. 10ks7. 9. 999999,
7 Ziefd. 310738, 9. 8. 5. Yeldl. eS8, 2. 999999,
3 214070 10TL80. T. .. G- §342. BILS. C. 299999,
L] 20900, FET M T. 5. a. So¢0. 2133, d. 999999,
v Y4300, B4led]. L. 12¢ U S45%, 1329, 3., 999969,

RELEASL YO WUvER Jn €FY

WEQ  aCTumy
3000, 343,
000, I8¢y,
2500, 3527,
500, 4498,
3060,  S9s0.
32006, 384,
3200, 1288,
4000. s1cer.
5000, 15138,
5000, 4450,
4900,  ole¥.
3599,  erew.
J494, 552

RELEASE YO

REQ  ACTuAY
0G0,  swlag.
lage. 1173,
300, 6011,
2500. $389.
3090. 5¢89.
3200. 3200,
3206,  sdod.
LoD, | €494,
5063, 5020,
5800, 5226.
4000, 4637,
3500.  3s15.
3494, 5345,

&ET  ACTuayL
1069, 3933,
J6co,. 3400,
25GL.  2785.
256%, 3uls.
3693, 47072,
326¢. %227,
32¢3. 7576,
4066. 21474,
5083. 18857,
5033.  8458.
4062,  wsos.
3500.  aJ9s.
3494, 7253.

SnRYG

JIEEL

WAy CASHE
P¥¥G9Y. 11
FRIVIV. 1y
99999, 13
9IVIIV. 31
999Idv., 13
999999, t
9999w, L]
FIGISE, &
FEIINY, &
FA T T ]
IGIIGY, }
SYIEIV ., 1
P22 114N

RIWVER In CFS

SHETG

was  CASE
$99999. 1
FIIVIY. 1
999999, 11
999999, 3t
999999. 1g
99999, 5
99999%. 1t
95999, 4
SPIPIY . [
IIIIVY. 4
99959, 4
$99999. L
399999,

Hax  CASE
99999y, 11
999999, s
9I999Y,. 13
2999%v. 1t
99999%. 11t
9599y, 11
999959, b1
$IVGYY. <1
995959, &
995999, 1
9VIGIYY, 1
995997, 1
§95959.

o Ui

7



RELEASE YO RIVER In CFS

vigak JR4P
En HN$'$ EWD ©F wMOWIW STORAGE Un ACeFY
& LOw mMIN  QUFFER  aCYUAL wAX L} [ 1437
30 23, H7QO00. SI0000. 1048/21. BYOOTO. Soos? wagsf
11 3523, 20000, 20000, Se0UOY. B40000Q. 3566, 6997,
12 4. SOOUUY.  HO0000. #0000, 830000, 2500, 3429,
1 886, 1000, A76000. TeBU0O. V63000, 2300, 3699,
@ I7YY,  Ary300.  «4r4300, 200CUT. TOUOCE, 3600, 4797,
3 $2258.  PIS0L0, 735000, 1006389, W8O00D. 3200, 7270,
4 18928, 1015000, 01000, 1400220, 1130500, 32089, Yeoa.
9 17850, 1190000, 1390000, 2210000, 2340000, 4600, $234.,
& 9507, 11I%000, 2395000, 2210000, 20800B0. 5000, 9507,
7 3e2%. VED000, VL0000, 1¥ieni2. 1730000. 50006, 8450,
8 2207, SL0QUO, SLO00D. 154€313. 1340900, 4000, &z291.
9 2500, er0000, ¢70000. 1214149, 1070000, 3509, aU4s,
Y 8939, Ji94, 7106,
L1000 Hah® POWER FLOW IN CFS AT UGWWSTYREAW CONTROL POINT
PiR RED  ACTUAL SHATG QLOTAL RICHTS ADD REUW ACTURL  SWRTG WA
10 21800, 92380, o, 5. 0. 3299, r89%. J. 999999,
1 20900, Y384, 0. 35, [ 18313, Y034, 0. 999999,
1 21600, 35743, [ 32, 0. 1348,  Jesy, 0. 999999,
4 21600, 31958, 0. 26, 4. 1424, 3125, 0. 999999,
2 19%00. 43380, 0. SU, 0. 9L,  age7. . 999999,
3 21400, 167%%, 0. S24. 0. 3%84, 1794, Q. 999999,
4  20900. BVeLY. 0. 69, e 3840, 8391, Y. 999999,
3 23490, 107839, o, 1¢. 0. 4508, Pze8. O« 999999,
& 20900, 103980, -] 19. 0. 5080, 9517, Cu 999999,
¥ 23600, 307313, 9. 'Y Jo 5232 8453, G. 999999,
8 21409, 107138, 0. ., b,  as42, 8280, ¢, 999999,
9 209390, 95895, 0. 9. 9. J&20. BO%52. T 999999,
YR 2%4300, 970405, 0. 126. 0., Javs. r232. 0. 959999,
YEAR 1959
{Fs EWD OF MONTH STORAGE [N AC-FY RELELSE 10
PER INTLOW ad £ SUFFER WAy HAY REG ACTyayg
10 2719, SrU0900. SP0000. 9973185. 820000, Jooo,. 1122,
11 3264, 520000, S20000., 8EQUUO. 840000, 3090, €393,
12 2232. 00000, 500000. S1vevs. BLOVLO. 2509, 2720,
3 4132, 476000, 476000. TH0VOY. T7e0000. 2500, 4949,
@ 6981, 473500, 473300, 7Y8wsel. 700009. 3060. 7345,
3 17868, 735000. 735000, 1381398, 4B00I0. 3200, 7435,
4 29951, 1035000, 16315000, 221ud00. 313180000, 3200, 15636,
S 203154, 1190000, 1190000, 22100w0. 2149000, 4000, 20154,
& 11728, 11385000, 31135000, 2210000. &050030. 5800. 11729,
T 5242, vys0DQ0., 980000. 2012782. 1730000. 50060, 8450,
8 S013. B1300¢, 610000, 18506742, 1340000. 40536, 5323,
9 2788, &YU000., ©7000D. 136%S53. 1370000, 3500, 8113.
YR 9132 3494, 8918,
1800 su~HF POMER FLOW % C4/5 AT DOanSTHERW CONTROL POINT
PER RED  ACTuaL SHRTG QLOTAL RIGHTS Aph REC ACTUAL  SnRTE MAX
10 21600,  884vY, 0. 25. 0. 3279. 1797, Oe 999999,
11 20900, 45248, 0. 35, o. 1813, 4429, 0. 999999,
12 23600, 26383, 0. 32. G 1348, 2758, 0. 999999,
1 21800, 50749, 0. 26, 0. 1421, 4971, 0. 939999,
2  19%060. 67010, 9. 50. 9. 3191, 7395, 0. 999999,
3 21600, 8487V, 0. 524, B, 3584, 7933, G 999999,
4 20900. 103880, 0. 187, 0. 3640, 15424, C. $99999,
S  21600. 10713%. 0. 14. 0. 4508. 20167. 0. 999999,
& 20900, 103880, U. 1C. 0. 5080. 11739, 0. 999999,
7 £1600. 107138, 0. o. v. 5232. B458. V. 999999,
& 21400. 187136, 0. 4, 8. 4042, 3327, 0. 999999,
9  20%80. 99872, 0. >. 0. 3623, @118, U, 999999,
YR 254300, 992860. 2. 126. D. 3464, 9048, d. 999999,
YEAR 1970
CFS END CF MONTH STQRAUE 1% AC=FT RELEASE TQ
PER INFLOM LIEY BUFFER ATTYAL HAX REQG ACTuUAL
10 3073, S70000. S?7GU00. 1072067, B/0000, 3000, 7903,
11 %236, 520000. %20000. 93G712. J340000. 3000. 70eb.
12 898, S0000u. S00%08., 813,08, B8100C0. 2500, 5822,
1 3985, 47¢000. 476000, 760003. 769000. 2500. 4/78.
2 40670. 479300. 471208, 700UCGC. 2708000. 3000, 5150,
3 6611. 735000. 2735600, ®AVUGI. B80060. 3200,  S063.
&4 13384, 1015000, 1415000, 1228908, 1130000. 3200. 1521,
5 7567, 1190005. 1150000, 1417828. 21400600. 4630, 4494,
& 2885. 1135000, 1135000, 1287768. ¢050000. 5000, Su70,
7 1763, BODUO. 9o0000. 1074683, 1730000. 5006, 5226,
B 1818. S#10000. 810003, 901cE8. 1340000. 4000, 4537,
9 1568, &70000. &7000U. 78%€26. 1070000. 3506, 1615,
YR 4854, 3494, S4b1.
1000 KkeNR PONEN FLOw 1% CFS AT [JaMSTFRE LM CONTROL POINT
PEW RE2 ALTLAL SHRTG LLOCAL RIGATS ATL Hew  aCTuaL SHRTG HAX
10 21400. 93422, 0. 5. c. 3z7v. 792s. L. $999v9,
11 29900. 8zes s, 0. 36 . 0. 1813. 1762, G. 999999,
12 21808.  £lEb4, [ Sz o. 1348. 5858. 0. 999999,
1 21809, 49C3s. [ 26 0. 1421. £n04. U. 999999,
2 19500. 46543, 0. 50. v. 3191. 5200, C. 999999,
3 7180C. 37874, 0. 24, C. 3584, 42617, 6. 999999,
% (0900. BZBES. 0. 789. v. Izat.  B31H. L. 999999,
5 21600, 58492, 0. 14, V. 4508, 4578. J. 999999,
o z0900. 59911, G. 1o, C. S080.  5080. G. 999999,
7 21600, 611%4, . o. G. S5¢dz. H2d¢. V. 999999,
& 21600, 51374, G. 4. G dpeg. 4642, C. 999999,
¥ (900, 3142, g. 5. v, 3¢620. 3620, 3. 999999,
Y4 254300, 7379577, U. 1et. G. LITY 8587, U. 999599,

RIVER
SHRTG

RIVER
ShRTG

HaR
999999,
8999999,
999999,
999999,
999999,
999999,
999999,

. 999999,

V99999,
999999,
999999,
999999,
999999,

In CFS

HaX
999999,
999999,
999999,
995999,
999995,
999999,
999999,
999999,
99999y,
999997,
F99999.
9999%9.
999999,

iN CFS

MAX
999999,
29999%.
99999y,
999999.
99999%.
9299vy,
999999,
99999y,
999599,
999999,
99999y,
VY999VS.

FI959Y.
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1947
1948
1949
1950
1951
1922
1953
1954

1955
1956
1957
1958
1959
1960
1961
1962

1963
1964
19645
1966
1967
1968
1969
1970

SUMMARY OF UNCONTROLLED FLOOD DISCHARGES

FROM KAJAKAI RESERVOIR

Average Monthly Discharge (cfs)**

Gated

Ungated Gated
Present Level Intermediate Level
April May June April May June
12,437 13,163 *
23,366 16,397 20,241 16,397
8,490 27,472 9,932 23,243
14,442 32,253 12,535 12,086 32,253
16,309 14,730 12,591 14,730
9,436 11,670 - *
22,643 21,344 17,031 21,344
9,047 - *
34,869 15,847 27,670 15,847
40,738 41,178 17,276 32,433 41,178
15,737 12,798 11,002 12,798
19,728 12,469 11,312 12,469
21,989 18,013
16,688 20,935 12,456 20,935
13,163 *
21,305 15,092 16,888 15,902
26,427 31,087 19, 263 31,087 15,133
17,196 25,484 10,657 12,446 25,484 10,657
12,462 17,850 9,507 15,984
28,950 20,154 11,729 20,097 20,154 11,729
* Flood controlled completely by gates
*k

Discharges are from operation studies

April

Present Level

May

June

9,716

8,880

21,105
27,352

12,663

15,636

16,397
15,090
25,622
9,782
*

21,344

15,847
41,178
9,879
10,641
8,670
16,433

15,748
31,087

21,474
9,234
20,154

9,932
12,535

17,276

15,133

10,657
9,507
11,729

S~V A'T4VL



RATING OF PEAK DISCHARGES FROM KAJAKALI RESERVOIR

Order

O 0 N NS WwN e

T T T o B e T S Sy
~N WL s W N e O

OPERATION STUDIES

Ungated

Outflow
Year (cfs)
1967 59,370
1957 46,870
1969 45,880
1956 44,280
1951 40,140
1949 39,600
1965 37,690
1950 33,310
1964 32,910
1954 32,160
1961 31,000
1968 28,220
1952 25,380
1948 24,720
1960 23,910
1953 15,280
1955 11,456

NOTE

Values for

Gated

Outflow
Year (cfs)
1957 42,500
1956 39,700
1965 35,000
1951 32,000
1969 28,000
1954 25,000
1967 25,000
1949 24,000
1950 23,500
1961 21,000
1964 20,500
1968 13,000
1960 13,000
1952 12,000
1948 8,000
1553 7,720
1955 7,580

years 1958 and 1959 and vyears

of low run-off were not obtained and are

not included in the above tabulation.

TABLE A-6



TABLE A-7

ANNUAL FLOODS PEAKS FROM MUSA QALA TRIBUTARY

Year Jan Feb Mar Apr 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
( 6,600) ( 5,100) Kajakai
1956 14,000 No improvement from
{10,000) Kajakai was assumed
1957 71,000 Ne improvement from
(50,000) Ka jakai was assumed
1959 22,000 Reduces effect of control by
( 3,500) Ka jnkai
1945 6,000 Not significant
( 4,500)
1964 22,000 Not significant; same magni-
( 3,500) tude as controlled flood
1968 12,000 Not significant
( 1,500)
NOTE

Values shown in parenthesis r~re mean daily
peak discharges. Other values are instan-

taneous peaks.



ANNUAL PEAK FLOODS AT DARWESHAN ‘c¢fs)

Improvement in
Cated Performance

(see note)
Year Fehruzyy  March Apri Hay Remarks 12 3 4 508
1947 1
1948 1
1949 133,000 Reduces effect of control by Kajakai 1
1950 65,000 Reduces effect of control by Kajakai 1
1951 86,000 Reduces effect of control by Kajakai 1
1952 1
1953 13,000 Minor effect 1
1954 48,000 No improvement from Kajakai 1
1955 38,000 1
1956 65,000 No improvement from Kajakai 1
1957 133,000 No improvement from Kajakai 1
1958 1
1959 48,000 No improvement from Kajakai 1
1960 24,000 Not significant 1
1961 123,000 No improvement at Darweshan 1
1962 1
1963 25,000 Not significant 1
1964 44,000 Reduces effect o control by Kajakai 1
1965 75,000 No improvement from Kajakai 1
1966 11,000 Not significant 1
1967 50,000 Not significant due to reduced outflow
from Kajakai 1
1968 40,000 Reduces effect of control by Kajakai 1
1969 Records not available 1
1970 i _ _ _ _ _
NOTE  Improvement is listed in the following categories - Totals 4 8 5 2 4 1

1. No p.sior flooding
2. No improvement
3. Little improvement

4. Significant improvement
3. Floods coutrolled completely by gates
6. Major improvement

8-V d'14av..



TABLE A-9

INCREASE IN YIELD FROM KAJAKAI RESERVOGIR
AFTER INSTALLATION OF GATES

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

At At
Present Intermediate

Year Level Level
1947 - -
1948 0 385
1949 728 306
1950 745 230
1951 819 279
1952 819 319
1953 730 230
1954 703 230
1955 788 176
1956 434 230
1957 730 230
1958 635 331
1959 889 219
1960 730 230
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.



Irrigation Demand

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

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

Minimum Flow

1007 Months
Year/ all of 30%
Month Months Shortage
1946
Sep
Oct 240.3
Nov 123.6
Dec 90.5
1947
Jan 82.2
Feb 187.2
Mar 236.2
Apr 261.3
May 329.1 230
Jun 3584.4 248
Jul 379.4 266
Aug 339.9 238
Sep 257.% 180
Oct 240,3 168
Nov 123.6 87
Due 90.5 63
1948
Jan 92.2 64
Feb 187.2 131
Mar 236.2 165
Apr 261.3

TABLE A-10

Total Irrigation

> Flood
Months of Demanc Power Control
100% All Months 30% Shortages With Demand Total EOM Minimum Rule
cfs 1,000 af efs 1,000 af 100%  Shortage 1Inflow (50 MW)  Demand Storage Operation Curve
1,365.8 1,365 1,550
3,000 184.5 240.3 240.3 131.7 198 240.3  1,2587.2 1,260 1,406
3,000 178.5 178.5 178,5 151.2 190 r1eg 1,218.4 1,220 1,3%
2,500 153.7 153.7 153.7 171.2 197 197 1,192.6 1,190 1,300
2,500 153.7 153.7 153.7 185.4 197 197 1,181.0 1,180 1,250
3,000 166.6 187.2 187.2 200.7 178 187.2 1,194.5 1,195 1,200
3,200 196.8 236.2 236.2 373.7 236.3 1,331.9 1,330% 1,600
3,200 190.4 261.3 261.3 461.9 261.3  1,53Z2.5 1,245 2,000
4,000 246.0 3,400 209.1 329.1 230 305.0 230 1,607.5 1,610 2,140
5,000 297.5 3,500 208.3 354.4 248 158.8 248 1,518.3 1,520 2.050
5,000 307.4 3,500 215.2 379.4 266 67.6 266 1,319.9 1,320 1,900
4,000 246.0 3,400 209.1 339.9 238 41.8 238 1,123.7 1,125 1,750
3,500 208.3 3,200 190.4 257.5 190.4 50.¢9 190 190.4 984.2 984 1,550
3,000 184.5 3,000 184.5 240.3 184.5 84.0 209 209 859.2 860 1,400
3,000 178.5 2,700 160.7 178.5 160.7 111.1 212 212 758.3 760 1,330
2,560 153.7 2,500 153.7 153.7 153.7 132.6 222 222 668.9 670 1,300
2,500 153.7 2,500 153.7 153.7 183.7 129.6 240 240 558.5 558 1,250
3,000 166.6 2,600 149.6 187.2 149.6 144.8 232 232 471.3 471.3 1,200
3,200 196.8 236.2 236.2 395.3 236.2 830.4 830
3,200 190.4 261.3 261.3  1,261.2 261.3  1,830.3

*Modified for 1963 operation
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APPENDIX B
DERIVATION OF BENEFITS

B.1 INTRODUCTION

The Kajakai Reservoir now has a total reservoir storage volume of
1,391,000 ac-(t at spillway crest level and, witha mirimum pool level at
El1,1012,0, an active volume of about 920,000 ac-ft. With the installation
of gates on the spillway, the total stnrage 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 the 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; operationofthe reservoir
to satisfy these, at limes, conflicting functions is discussed in Appendix
A. The benefits are discussed hereunder in the following categories:

e Flood control

o Improved supply of irrigation water to present farm land
e Provision of irrigatior water for new farm land

e Power benefits

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

e Project Areas, which are served by irrigation water from the
canals and concrete diversion dams constructed by MKA and con-
trolled by HAV A, and

® Non-Project Areas, which are comprised of tracts of land, each
served by its own canal, normally without permanent headworks,
and operated and controlled by the farmers szrved 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 further subdivided into:

¢ An Upper Area containing the Seraj and Kajakai-Shamalan
subdivisions,

e A Lower Area, containing the Garmse:and Chakhansur sub-
divisions, and

¢ Iranian Territory.

The present and potential irrigable areas, in the above categories of
Afghanistan, are listed in Table B-1, Little benefit will accrue to the
Project Areas, since their headworks and canals are so designed that
a satisfactory supply of water from the river is possible, and floads of
the type normally experienced can occur with little damag.:.

B-1



CThie fo! “’“’«i"‘if e ﬂ%slﬁwn fsf im‘*' valur of {mnvﬁi’ém bascd or Ui use of

o dmTas market 5;1'42 e {or farm produce, ;‘xﬁaheﬁmlww basie for deriving

e g ﬁwmtﬂ'ah 8ty wse wociv-economic prices in which recognition is
Cmade of the export=ingport value of these e:rfws t~ the nation, An altur»x .
native «azmﬂ;g;u% on thie bagis i« discussced an Section B.5,

CThe main flood control and %frégatﬁmr potential, tnmﬂv STPA LI 2 xists in th(* 7
areas wiln individaal canals, Unfortunaiely, thes: areas are gjc,ﬁ(*raﬂy, 5
outside the coutrol of a contral agency suchas HAVA and are also lacking
in data that would enable a reasonably precise study of ircigation and
flsod control effects,  Due to the extent of the area involved and to the
s:ﬂiiasmﬂ&y,@f access Lo there arcas, it was not possible in the timme avail-

Cable for the present study to wndes vake the detailed ficld work: necessary

to obtain such data. However,toobtainas much information as possible,

‘a survey was m~de using teams from the Engineering and Agricultural
Departments of HAVA, A questionnaire was completed for the Upper

- Area, providing gencralized informaticon onilood damag eas“dagric@tural,
yields bacad on interviews with the ditch-rider (mirab) (:fmtrnlhng ?he
carz'ls oi with »*her prominent ind: vnm‘ua"s in the arca,

The quality of the information received is highly variable and subject te
considerable latitude and has been so interpreted in the study., For this
reason, e resulls are not reproduced in eatirety herein, but are avail-
able in the HAV A files, It woueld be highly Josirable for HAV A, or cthers,
to continue this work in 2 more detailed and extensive Easmsn for future
projects,  In addition, some hydrographic measuremants were made in
a few of the cana’s Lo pive a \amphm_ﬂ of the effects of river flo vs i the
canals,  Field inspection of many of the principal canals and headworks
and of the farin areas was made by the TECO ficld team, which provided
a basis for evaluating the data obtained.

When the gw@j«ecﬁ: tearn visitedihe area,the river was in a ve-y le'w stage
25 the reservolr was drawn down inearlier anticiration of the cunstruc-
tion of power facilities and because the year was very dry. The effect
of low river stapes was thus very apparentas many canals were without
walter or operating at Yow capacily., This was particularly neticeable in
the Chakhansur, and it is apparent that the maintenance of firm flows
would benefit this area morethanthe unper areas. Therefore, any bene~
fits of improved wate r supply shosld be con.ide r"zﬁ as appl vxngﬂ fo the
Chakhansur arca as well as the Upper Areas,

On the other hand, wnile flood damage occurs all the way
Cdon to the Lower Chakhansur ar :a ;Bn-x. effect of flood cant
creased storage at Kajak 1 to extend o just b
since the ~ffect of inte nﬁ(”gahd ﬂruam inflow below Fai i
the effect of control at Kajakai, although finod volumes in: the Chakhansur
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¢, even with tie provision of gatcs, is not sufficient to cgmpﬂete!vf? :
ch‘ntraﬂ all or even the majorily. of floods that have histarically oecuryed
’l&m addatmn rzl’ *—fﬁwmge a‘ag:mcsty ta the reservmr t"’Eﬂ, tiseﬁ'eigr f:ml{'e

o rr’l he area hem v!’\ajak:au ke&m‘vmr is iargely undm duum exm:v)t I«)r a fe\- g3
- farms or villages., Therefore, damage from flooding mamly affects the
, jvmpmﬂ farmland o irrigation facilities, Damage occursto irri igation
- canals and h@ddmgzs to crops by ﬂ@acimg, and to project structures or .
"":;'ri‘surudnnggww erc m :a.{smy r(»duclmn in ywld of farm Crops. duﬁ ﬁu ﬂ@@ds. S

Sy Imprnvem@n& in Hmﬂ " ont r@ﬂ'* Tan*el*ec@@l’r(wervmr ngeratxsm in
’ pﬁ'ﬂ‘;’ﬂdlaﬂg fﬂ@@d ey g\\‘\tz'a’p& 5 d!wf"uh&f BTN .'ir“ciﬂlﬂ!ﬁ A, ﬂ o evalvate th@’ Q‘TQ)C'(,”,
o of fuiood control downstreans, the operytion studies were utilized and,in =~
 years of significant fioed, routings were made by electronic computer to
Cdietermine the Mﬂk«hwﬂmwww that would have prevailed for both the .
“gated and @mzmﬁ@ﬂ conditions under similar modes of operation, The re-
- sults are shown in T wles A-2 and 5, assuming operation at the pres-
: Pnl E«‘VM @ﬁ' 13 W»Kvupnwn& : e e

T ﬂw mmnﬁhﬂ % \iHJ scha ryes in ﬁaflﬁ 4-5 show that with the mode of operation - -
. assumed, the uagated reservoir would spill in 20 of the 24 years of re-=
cord, whercas with pates it would spili in 16 out of 24 years ;"Spi{is” K
e v@uniﬂ have been @‘lummawd therefore,in anaddntmmaﬂ four of the 24 years, .
o oalt m:xfgh thie spills in som @ of these four years wonld not have been g,;r@at’ :
in the unpated condition, Mﬂ e other years, the effect of the gates wasto
Creduce the sverage monthly spills and the peak daily flows as shown in e
Tables A-2 and A-5, Also shown in Table A-2 isa columnlisting the ratios
o of the gated peak outflows tothe ungated peak outflows. Also, in the col-
qumnﬁ he aduﬁ Range of I lows'" arethe flows e pﬁrmnged before as‘d after
S ihe peal demonst rmgn;g in a general way a roductum, in mos? f‘a@&s Csf,'; S e
ﬂm v@mm@ amﬂ mtmw-u 7 of m@ @utﬂn“ s . T

'T;hb,«f;@‘xlriamnn?aﬁtihﬁ ee:zra«'c‘ T ‘“*hll@ A2 SH@'WS b yﬂars a queﬂuaﬂ ive eva m~ -
ation of the improy ;:m@nﬁ in ﬂ@mﬂ con. raﬁ M‘nectoa a)}' ine ggdﬂ SRR
l;daﬁa ar:@ Muﬁ'ﬁmarmuﬂ nm Table i3~ ARt '

5 ih iﬂpr@%é:mém: thatoccurred ﬁn“@'dm‘ romﬁr@si, R

ries listed, The perf‘enid«w improvement m%
fa:«m:rws has been arrived at as a matter of
, @a‘"‘aﬁmn, Jnscussmn and -study of the «
nf‘@ﬁfrnmu\nawm The numhrf;r e’)il yhars M‘f
auﬂ'f‘ A2, )

e E’ﬂw B2 'zn"’g'@ gs‘&nm ate
l:}f&f‘@’»fﬂ"ﬁﬁ to the siv o3
',,lud Mn o cach




1% 08 i’r@m Td.i:u ﬁw’l Hmrv are: sagmhcmni ﬂi)’}t’!bj
""iéx'f{;-r hm!'f annot be ermatri sihed by[ tajakai. | These ﬂc;mi.s are
o 7 short duration s can be seen from the comparison.o
-,,m*;tan&aneaus,and daily average flows (the years 19%6 and 1957 being
',pxcc-‘-ptm'*gs), . ”l he fii, 3:5 Hu;i rsfihx mﬂcv.- wa therwﬁm [ ti:ﬂ& E«:} §:sg mor
i ion, gfs)'i
iaf CQﬂ&sldi}i‘a l“f iq“vse %cwvrtty H&eﬁ*y norma}ly Qccur E‘; l(r"'(f thﬁ Kajakai .
,ff;bpnl!s ln oniy throe years (1 95" 3, 1955, 1959) is there a "inodm;ﬁ «:Iifizcg,",;
. from this river that wmﬁd r@dumv the value of the control exercised at
ig;"'r;"hagakm., ‘In other FOATS, mtnm‘ no control is po%s&fm@ or: 1ssumc-d at
“ Kajakai or the flood effect is not of s:gniiicanu-'when compared with
"Li;fﬁ@@d s occuring from Kajakai. Teo account for the lack or recorded data
from 1947-52 and 1969-70, an additional two years are aszmmed to have
o prnﬁlurvﬂ flood effects, The total of five years is includzd in Table B-2
under the hﬂadmg.; of "Musa Qala inﬂ@w“and is accounted for as a reduc«-{'*"
”;f,&mn in “he ﬂm@d rmﬂrﬁ% offect !mm Kagarzan R( ‘SCTVoir, on e

L \washe;mmn @f tmv num&mr fr»i years in cac h. ﬁ*steg;@ry to the percentage im—:f‘,[,;f :
Cprovement assigned to each rﬂl@rgmury results in a weighted improvement
“of 22 percentper anmumasa. flood contro! eﬂcct of the gates on the arecas
751&&1}%11»13 abs@w; the: ’k*;,‘h mdt}ﬂb £ an‘?"Ir', : TR e

Sigﬁiﬁcant ﬂnmis' at ‘D*ur*wé shan, hehﬂu the fsrgi quhb River, are shown .
~in Table A-8, C ‘onsideration of the cifect of tributary flows E}eﬂﬁ@\v Ka‘gakax;:g -
. at this location led to less “mgvr@v@m@m in the gated parformance com-
~ puted in Table A-2. Recomputation in gated performance for thw;reacn '
of the river is shown in Table A-5, which, with modification, was applied
]tdﬁ;he years §94%, 1950, 1951, 11‘{9((.»-, 1964, 1968, and l%%‘ Aw 1gz‘1tedlf
o dmprovemen® of 17 percent per annum was then obtained {or tne reach
~ below the Arghavdab River in the same MANNCT as fm tmw rg:ich abcpve"?f'
i&.rgi aud.ah Ef;’ i’vézr;aam as indicated in Table B-2. -

",C - Flood Darn:m( to Canals and Headings - Flood damage occurs to the
",'rn'mgaltmm canals and headings of the individual canals in the Non-Project
~Arcas.  Some repair or protective work has been necessary at project .

fﬁ:strurm"ea and is digcussed in Section D below, Ina mx:‘vw* made by

CMKA somn years ngo, an inventory of some 80 or more canals w jq"médf‘ g

in the river between Em{xmaaawﬁ Cnahar Buriak. In the survey made: fet:f",f S

tiu regz@z;fi,i some 4% canals were i *&nfmd and are ,hbtm% in Taaﬁe B 3

Ccoverin f; Hn area belween i"{ajﬂza \ﬂaia?(h"xn

L

racity over a Eﬂng gse:%,ri;i;«;
nn’ﬁ n«)rmaﬁ h." ' s

SSTLINE: ost
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However, a co dam' rn g:‘g *




The: dnm sare made oflm:al matvnaks - I)rush ‘wood, |
v ';“he brush matemal is sametxmes ca rr:ed for consxde rable
.mtan‘gq as any. such material is scarce, A fr&quent arrangcment mi,
. canal t'c **mer t]m rlvcr bmow an 1sland and to utul:ze ﬁm‘* crf th]

7%’1‘1‘(3 upgwr r.nd Q{thr- canals Ir(,qumntly follow the river bank for consxdc.r
“able distances with ﬂnly‘ a small embankment : (*paralmg the canal Ergm,
g,t!wrnvcr course. The tenacity and industriousncss of the farmera inde-
~ vising and maintaining these canals (known locally as "juis'’) is an indi-
oreation ol thmr ampmrtance in provxdm!, watc.r for 1rr1g,atmn and damcstm'
"?"purpgscs ' ~ , , : S e

!‘he brub‘h dams and the upper rwauhes ofthe canals are. extrcrmely sus-
*[ceptlbﬁc to flood damage. Damage to lower areas of the canals is a!.erx:;,
- possible since the discharge capacity of the canalsis pbsentlally rncon-
e {jtrmuez ‘and highriver levels cancause over-topping and wa ashouts aiong;} ST
~ the canal system, A further and serious problera results. fram the =
- changes that take place in the river locationdue to floods, which leave
©the intakes isolated, and necessitate construction of a new stretch of canaif_'r ot
"~ to rejoin the main river with the possible result of changes in the dis-
'f;chargr“ capacity of the canal. Degradation of the river bed also reduces”
- tne canal capacity and requires considerable effort to deepen. l‘ha canal
' or extend the canal headwaters upstream, though the topography in: eqmn,—j, e
_instances prevents this, This degradatmn process is partwularly notxcc-— T
" —'fa,ble in Eth(, Chakhancur area, - : ' :

Data ilmt would pi‘rmlt the cvaluatnom of the problom are not ava:lable : .
S f'an:d, long period of time would be required to accumulate this 1nforma~,:f{_"7"' &
" tion. Table B-3 shows 1n€ormatmm extracted from the field survey made.
. by the teams from the Engineering and Agricultural Departments 'of‘ M
~ HAVA. The table shows the canals investigated together with rough es- .
_timates of the annual costs involved in repairing the canals and head- =~
vaysnfr Repcrtmg of this ‘data would naturally be affected by rece&ti‘i;f.

;, x,ven&s, h@vﬁver, the survey was assxsted by the fact that the last year
~{1970) was a dry year in which no spill occurred whxle the prevxous
'*we‘ar had one @f thn hnghest ﬂgod mschargcs.; ' ' i e

"""Tabka B 3 @h@ws the castfs attmbuted to repalr Qf ﬂood damage. W’herf Y
o thea mmwis rep@ri@u fsu‘m«*d excessive they were reduced to give a cos!f,",fﬁ
el d«sﬁ“&ﬂsﬂf‘ of 200 MQhanw per acre apphed to the au'c:a reported Jf@:ﬁ' f“aci*'
“canal. The costs of damagere ganradapted for use herein are also s%awmr
:y’fxﬁ Tahﬁ@ B-3, and m«:ﬂucate a tutal value of Afs. 15,248,700 per annum fo
f:ﬂfﬁmﬁg“‘ to (ranais and hea dmg:s. The rcductmn in damagé due to mstanf
lation of ﬂf;»i;ﬁs at h:«zﬁkan is L@mputed inTable B-4, In ti 1S cwmpu’tahorﬂy
tm;_ r ﬁduw‘?n{m 1n fiiamam"- ns ohhmed E»y apghcahc»rn @f a wmghb,d {admr




,ﬁ!.l ptm 1h t ,3:0 percent cf tne damage c sts

, rush dams and 70 percent to repair canals an

7 an{m ;of headmgm” i1 "fzmgyrawxmgnt in ddmagé to brush dambf'
as‘sumui to occur in an average of three out gi 24 years. above the 4

:gnanrhb vaer 'xml um ou& of 24 years bmow Improvement of damarg

r;f;, a ““umcd ta c:vccur acccmrdmg to the perc: nt

in Tabic B ,l}w tutaﬁ reduvtmn in damagv m)e:t is thms fmmd ’m be Afsq.
2, 590,000 or U.5. $31,000. This value is further reduced by 20 percent
to aum\: for gw,m,rai inaccuracies “inherent in the survey prodecures.
gwmg a net reduc tion. in tne cm:at aﬁ'damagc f*om ﬂaoas gf Afs.,Z 070 000':';;— :
'2"" *DOQ‘ per annum, SHEE : S R L

gfﬁl Damag@ t@ 333-1)5(,@, W@a ks and S&Tm:mrz,a -—E»mi:*g rnnst; uctmﬂ of thc;:;
: ‘;ergmal projectcanals anddams, HAVAhas u, wdertaken maintenance. work

- as a result of or to avoid flood damage to the project works. Detalls of
' the works carried out and the costs aﬂ»@@cnat@d with them were promdc,d;

by HAVA, aﬁa’% are list

"'*:"be ng re*z«rﬁfwiﬂn&a!ﬂ”«” of t
4

e d in Table B-5. The various projects completed
_are indicative of the maintenance needs of the area, and are takenas
gm’mmﬁm;@ cost of such maintenance, The

total cost of these works, escalated to present-day costs, is Afs, -
35, 6,3 000. %ssurwam that the c@% could be allotted to a 10-year penod S
 the arnnual r@bi of such maintenance i takenas Afs, 3, 566,000, “The re-
. duction in cos! due to provision of gates is obtained by using the fac.torq;‘
. '}’fvnn Tab e E 2 zmd mm‘i; Afs, 'H‘Q 000 or U,b $,,0(§G per annum. S

Thc bdd 5u:*wey mmn«mmd Hm&‘ dumﬂ.gﬂ occurred ?cx over 2&5 hmldmgs;}i‘ff;—:5

' in the area surveyed at a total cost of Afs. 2,950,000, Allocating this

‘costtoa l0-vear ggwm:rm:wum mm nmgmmvgmfﬂ* fdﬂt@r of 20 g)ﬂ'cent to av-

feragq» the values in Table B-2 gives an annual rc,duchmn in cast of dam—? LRy

g,ras to :!mﬂﬂmﬂs @ﬁ' 5‘9 @’@}O .‘xﬂ'g_,nams or LJ,S .;:‘?@@

0 ﬁa«,: ricul &umm Emnd ¥ &ﬁ@!ﬂeu ~ In the fuid ﬁua'vwv, uha ared ﬂf agrlﬁui-}}
' mura‘i Qanm aumﬂﬂ,y Nlooded was esﬁnmahd for the va"mus areas and found

 totoial 18,000 acres. Since the frequency of occur rence of thxs repa;‘tcd:{

,';‘ln Ylbid due to h@@f‘éua‘& Yield losses were estimated from the 1ﬂf0rma—~,,

o : orted in the questionnaire. The uota'ﬁ arnual loss is shown tu be
¢ij'j—:'—,U S, 531 ,300. ‘5 ie reduce @57,’.3‘,05%'@%@;;' to mstaﬂaugm of the gvaitef; is P‘Stl-
;fmaifﬂfdi to be U. 5. $t:,200 perannum, us ing the zmprwvemen& Iactgr sxmwn

5:‘1;71 Tahu‘: B- Zl‘n"ﬁim* *"Zm arc ',;ahq:»vrﬁ tﬂﬁ? m @hand&h Rﬂ'@r,

“flooding was ’hngn, a-5-year irﬁqummy should be assigned to this type of = -
flood @Eamag ble B-6t shows the derivation of the agricultural 1055};"



maged system and from t
rm. paarwor&ata time when labor is urgently need
ed fo ,ttendmg io crapsatm ganerallym in short Supply, ‘The ficld su

ey'indxrates that shortages of irrigation water are rapgrted to occur
from June through August in almostallof the canals, whe»reaﬁ qmly,a bout
25 p(*rreni 'cf thf' quastmnn‘urvs mdvcated shortages as occurrmg fron

“abl 'thv ﬂorl\mtmn nf R:&w prc&em gross} income from crﬁps is
thswn for the various quhdwnsmn ‘of the Non-Project Areas. Due to thc
r,iﬂnod rhff(*cts df»scn&nd abnvcs, the ostnmated yiclds have been dnmnushﬁd

by the am(;unts shnwn (amn«xmmate ly 10 percent) This reductxon,,ﬁis
:based on the field survey, on. comparisons with the yxelcis on Dro‘]ect'
Areas and. p@rtmns of the Non-Project Areas ‘where flood. effects are
“‘minimal, and on expsxrwnr‘a in other areas ofthe world, A further zheck;i‘“
ficf this reduction was made, using theoretical estimates of the effect of
vatrvr shartages on ymwm The benefitfrom mbtaﬂmg the smliway pgates
s ‘then computed in Table B-7 by applying the per’centage 1mprovement
S (:f flood. control from ”ﬁ“ﬁhﬂc B-2 to the mductmn on gross income from

© crops due to flood damage, . No further allowance is made for additional -
~farm costs Nmuwc»d to obtain this mz‘r@mentaﬂ income as they are. bemgf

e _’f”mcluded in the cstimated percentage reduction in yield from flood dam-_
“age. The: tntal annual value of mcr«‘ase in crop yield due: to flood con-
 trol from installation of gates is’ ﬁ.h(ﬂ(?}f@rf‘ estimated to be U.S, $44,400
- for the Ka_nakm«Shamaéian amﬁ Ser a;g areas, the @nhr areas fcr wh:ch tms?’i T
beneht is taken. : : : , : e

G ;Eﬂ'ec!t:; @f Chang@s m wa@r&f@nr Gperatmn in zhe Future - As ther' iy
m@d\, of operation of the reservoir changes to meet the requirements
. at the intermediate level of demamﬂ the flood cqntrol effect will be re-
. duced as discussed in ﬁo.g,:pa‘md; A (see Table A-5). While floods have
11;,!)9.@33 cortr@illmi campldoﬂ} in four out @f the 24 years, the dnschargesf;",
© ' in other years have becn increased.  The benefits from the ﬂood control
- effect is thc—ref@rﬁ assumied to be rauwcwﬁ to 30 percent of the values de-
~rived above when (Lh«ﬂ ‘?uht daamand is_ mﬁ’t at thc inter: -mdlate levex."'glﬁ_?'

B 's EmPRGVED SUP JLY’}Q»F IRRIGATION WATER TO PRESENT

?;A Prcsent Levpl u:»f if‘r;,mm 1 7— Lands in ‘the hmn-ljro_gect Areas
: ;}'prrs nﬂy @:{pprmnﬂfg Jhrwtagms of water even when releases from the
_reservoir are. adequate to %u,,.gﬂy ‘the theoretical amounts necessary. f{rr?

'e*%fnuent arrah'ﬁmn., In Prﬂjf*f 4 ?’&3‘"‘*‘&::, ddequate water is SIOVI&?‘{! by th
diversion dams and raain faguu ﬁe:»;wwd for this. purgmﬂ(,* : Eﬂmﬂnvm
di ﬁlmﬁautum of this 1“’2}5\:(‘21" to the fa rms even in ‘the Project Areas is Ir'
i ‘ in ,ﬂa«,ﬁ« =nt du{»” to nmuroper use @f tne mat«r»r' 'if"In the Shama‘ian




upphmi ﬁéﬁviv r,f;, oM
s‘régc&nﬂy plamm i tcs &pand mfer 2&!0 OGL UG

;’nn rﬁw ’,f*mme gamﬂs bvbmg lzfit \mth m&w L
"*}ﬂkhiﬂsur arca, one left bank canal was being dv@gnned bv; abaut 1, D,
'wh'r or more and eﬁtsﬁndcd several hundred feet by a force of sevcrai
d men, Although part of this work is due to river <E&grad3tu}n from
,_nm ﬁmg,, Tow water Magﬂs acerbam the situation. The report of R.H,
§3rﬂgg§mm of the HAVA Hydrology Unit in October, 1962 (sce Appen&m C ’ i
rable C=2) illustrates ths pr@bléms, ‘Since the upper wngatmn areas -
; 1er;m the Helmand: River can more readily utilize discharges from the Tes- o
ervoir, it is apparent that any significant increase in flows will benefit
- the Lower Area (Garmsel and Chakhaesur) to a mach Eargev degree than
 the Upper Arca, and should reasonably be included irn any benefit deter-
- mination of this factor. In December, 1970, 2} river flows were in-: "
~creased and again the effect of the improved flow was, marked ¥ armlard
~in the. %LT&J} area, for example, WA, observed ’t') n Ve been put undm
":»i'{cuiwaimn even thf»‘uﬂh :Ul was Bate in tthe SQHSQH. ~ S

_}As mgntmnmﬂ ﬂarﬂwr in ‘wctmn C the farms’frs rﬁgmr& sﬁmrtages mosd"r i)

T in the months of } nipgh M"II‘»}L,&%H’»"II demand IOH@\N’EH}Y o the flood season, - Fhls i

~is attributed both to flood damage and also to inadequacies of the non-
. project canal systems. In addition, the yields reported at the lower. (,ndsr:::iff’»
fnf &vae rana’ﬂs are :@m:udnrabay !b)@llma Unose at t%e ugmer entis.,, NS e

5 ~Wnth the ex gh-ﬁm of the %«ﬁrafﬁmmﬂ, uuﬂe nnf@rmau@n is a“dlﬁ.@bl@" abouf;
o the dn,scharg&; capacitics of these canals or about their (ustmhn?wn Sys-.
~tems. Records of waterdiversionsatthe Seraj intake show that an ave.
age ofabout 5.2 feet of water annually are diverted based on the F—‘:Sﬁ.i!y‘{‘i»ariédg ;
35,000 acres under xrngatwn, This N;pressc;nt‘: about 75 per \;mz_ﬁ,ﬂﬁfthéz
,,'eshmatﬁd optimum requircments, As a sample, some field gaging TS weT
i im,‘a'dp of a few of the non-project canals and apnroximate Cbtln‘ﬁﬁués wer@ il
o made. oftheir dmchaa*gr capacitics, Studies onthe Seraj, Deh Adam Khan,
;i:ffSarwan\ Qah,r and Qala Bist Canals show that they would !;se: capahie of
' r'!‘ym;:: ﬁ’h?’ dnsdmn‘gm— :“L'ffff**Sﬁ?- ry —?Lu n&eet mm &:w(wr*an(aﬁ *m:{)mum dc




a ml;i{!, "

,lows in :rthﬁ, rwer i‘z mn ;m o anfva%cd r(‘-sc:rvmr st dlﬁ m?ap: 1rrig’?tzsﬂr
"{{runx 1500 to 6500 cfs.. By addi g
vailable for (ilccharge in the river,
Uiy ‘muld r‘tm-r wise ha re m;m; part of the uncontrolled .;plll m';
pr 13 ami \aﬁav' After the flood scason in May, the additional stor:,d water
could un'rrﬂl&aqed in any l‘(’j*ﬁ'ﬂ‘h:blc pattern. Table AJ} shows the in-
lg.ro:‘ase in yield from June fo Fcl bruary each year due to the addition of .
ﬂh%‘um-d hy' comparison of the two Oﬁf""atlﬁn qtudws contauxcd in
'Ap’mndix A. This table shows that in 16 of the 24 years "tudlul the in-
~creased 3'1(:&{1 isaboul 730, u:ma ac-it or more, if this 730,000 ac- —ft is dis-
,,f;trzbute(a over & six nonth period, it would vesnlt in an average of apprmc—»‘-:*
~imately 2000 ¢ I> per month. avasmm ‘toincrease the river ﬂows., For:

- flows in the 4500 to M)ﬁgu ff, -ange, this would correspond td'an:increase'g,,—.;
, fi',m‘ 30 to 45 percent and its n‘ﬁfm% wo ould be to increase the flows in the
"?":*gmﬂ ;,J)rnfé:pmidm;zij,, l\ cfercnce lo "mt* rhscharrfe capqcl‘hv of the

~ canals studied and probable hmnat;gﬁs onithe upper physical limit of ’the%rv——r
”anais, indicates that a 20 percent increase inthe rc,néa! fhgcharge ccuﬂd?{

ﬂijbe annmpatﬁd from these iﬁhrf‘iﬁéd river ﬂa“ﬁ:

':'Ap'piiﬁéaticé of 20 nr-rcmat 1y amwx water permits hi’? increase in ¢ ?Gp 1eld"f,

~ of the Upper Area by the perc ﬂnm"pfs (ag ximately 10 percent) shown

in Table B-7. For i*ac- L wier o Ar ca, thp improved effect of addlhonal;:—»r g

‘ ;\V‘ltC‘l‘ will be ampl ified since about JG to: 769’) ofs would normaily be
“odiverted into tnn; f; - canals. For fuahtlr perc#—ntarfesfj

o (apprg.«:ﬁmatm? 20 “have b : Arr‘aa,, It 15{"5‘i |

"hlgjhly '3)3'0{)3{)1& %::a of

‘a ddi ti ﬂna’i iand ;)

;’";marc ,t»mn ;,Euq fa_c,tgr,

z:rr"ase ufi' yield 'i'?:sif; é)ﬁi

'w’ years fr'om 434 ;000G t()

P for ﬂ*e- f{)ur (‘rv'yparq g
: ; 100 percentt
: ”égr;‘ ovemi;nt 0,;




i btaliahf)n Qf aaies w111 prgvndo addltmnal watcr fgr develepmen_
@?ﬁe‘?%%? ad - those presentlyand pntenhally xrmgable are llsted in 'lablg,r ,

"\ﬂ b-am zt is taken for the addnt:mmi ar&a lrmgablo in Darwcshan om(‘(:f:
it is aqbumed that this arca could be wﬁg,atnd without gates. The most -
recﬂnt n»g)o vt, which was w*‘xtlcn in 1955 (& oferenc:; < }), on the C‘iakhan
sur Area doubts the cconomic value of development in that area and sug-
gud:. that land in other areas be developed first, Further studies may«‘_f e
~reach. elher caqciusaons, howcvcr, for this preaent study, no benefit is
5 at?rabuted to  deve lop:mi,nts in the Ch:lkhansur, althoughthls rcpresents?'jj Sl
‘33 ppr(ﬁn’ of rhcr 1and now aansulcréd patenhaily n'ngable, e

Bnnefais.' hereforae, are mﬂy consxdev-ed as at! ﬂ)uta,ﬂe to new landﬁ mrf—,fi’?
th(- I*\.agmtax Shamalan, S(.rag andGarmsel Arcas, tgtalhng 61, 900 acres, .
Cand ae;)resnntlng an increase a! ".5 6 p?rc nt @ntrm 238 000 acrcs prps—
entiy ma{iwr lrrlgaLLL;n. e : T ' i
"To. rievzﬂ op bén efits frmn l:;w% hraugjnt Hﬁ'{) use because gf 1ncredsoq.f{"ff" b
storagg at I‘\a]df(a; Reservoir reference is made toa detailed feasibility G
study - Derarefi in September, !@LH' by a U.u, Bureau of E\eclamatwﬁf,f
- Team for the Shamalan Urit (Reference ! :}. _ This report reprcesents.
‘the most %‘P‘,ent detailed -‘;tudy of the area and proposes the construction S
f)i an impro ovedirrigation system, drau‘ug‘., land iev(,lhng, roads, Jﬁmesﬁ T
tic water systemq and resettlement. This work. \vould supplement the = =
wnrk pre vxcaasl‘,," one in: ’);O\’ldln“ main canals and a partial Errsgatm :
ahd drainage systeﬂn{ fu—id surveys: of prpaent agrlcaltural conditions
‘ é mafie fﬂr tns re ;)m't ,d under ﬁpigmum (:'m{htl{ms of n'rmdhon,z;
i e for i‘h{: Shaﬁ‘vaidn area would b{j ‘:51 Dh pcr acxc,,,}

as wcnic‘ i)rodu:, ("'LOlld lmﬂm
armsel area, agr _uﬂ:\;' 1
s —,ud» less favera%!
' i'tEﬁcLloﬁ af sne "«:uues" ’?inus‘?




: ] ‘SQR stamwb and an @arlwr stndy madff hy MKA (E(‘*ﬁ“l‘“ :
fnr t‘?evc,lnpmcnt of ihd&, Serajarer. The MKA estimate: pr@vnfim! 81
*z-m:h@n of an’ additional mt’:nke, main canal and Ia%orals—, and was up-~

.*!vmg pa eaent qlayprmvs hJ th(”' quanh:ms uscsd in the _;gmai—,

' ';g‘.‘(%iw‘i Shamalan eshmatv was tlwn usul to (]t‘t‘!Vé“ a ﬁ)st i'm"sub-lat
Ernnag , land dev elopmvnt roads, domestic waters, soil amendﬂ
- ments, and re:seulvmvnw. The cost of these featurcs, ‘which was found
,;m be $250 per acre, was ther adduﬂ to the ‘canal aystem cost to arrive
t a development cost of $350 pe T oacre, ‘applicable to the Seraj area.
T “ms vahm was - mcrcasmi to QSBJ% per acre for Kajakai, Shamaﬁar am.
: :,;f;(x rmsei areas since theSerajcosts for main canals and headwater madr

iﬂ;s:lrhal use of existing ‘facilities.  The capital costs for the*se areas
: ased on the«:e umt casts p(»r acre. arﬁ shu\wn in l“ablc, B- 9

'ii.‘éi'"'*ALTERNA"mVF BASIS FOR DE RIVATIO?\ ()1« AGRICULTURAL
| DENEFITS CrE e e

LA (,:enerai ’Hw fﬁl‘f“gi)ln dnscussmn has been Emse«l on the use of e
Local markd prweq to evaluate agmcullural benefits.  An alternative
“basis is to use socio-economic prices to pbtainthe value of agncul&uraif':'t";,_;z',—-é
5 ,”;prnduce “The value of the farm producf'" “is then determined from 1ts, 2
- relation’ to the national economy by using export or import prices, as= -
Jf,‘.,a'pp?rgpriéte.— The cr@pz which are affected basncahy are wheat: an(” L
cotton,  Im Mus analysis, the values Of the r?malnmg creps conhnue tﬂ
*i”be based on. t%xe;r J.*)"ai marﬁct prma,s : S L

_ B V"n@-at Pru:es = The value Igr wheat is dctcrmuwd frﬂm 1ts 1mpar£f—f—f"
S i'prxccs ‘since Afghanistan has been importing this commodity in recent

. years i'r-)m the USSR ‘and USA.. Data on this suchrt may be found in the

- ILACO Report (I eference 19).  In that repm'i ‘the price of wheat was
&ieu,rmn’wd tg be 84,0 bar;ei d*:)Uars per metric ton 1mp0rted from the
"C&-R ., f iermez, and U.S. $85.00 per ‘metric ton imported from

' y Achl ’ia.ﬂe B-10 shows the derlvahf)v of f-w'prlcg'- fﬂ?
' fer and Ungser ﬁreas, bas sed mn 1mp§3rtm xf!")

ashka rgah.; ¥ rqm, ;
er and L swer A




’l*? ﬁfﬂ;’k

o (abe The valu we af cmttmn ,@s;'a;acun'mnwd from its ¢
. price since %.ﬂ';fhmnamr has bern exportling cotton, pmnmp:&lhf
USSR, Data ablained from the 1LACO Report (Reference 19). lmhcatv _
Cthat the u'm.pﬂrt prices for lint are barter dollars 740 fo.b. Ee‘}rmf‘z per -
‘meoetric ton for sales to the LS:}R market, and L,‘:i 3515 ﬂer metne’: M}ﬁf'
oo sig!grzs Lo US;\, ~The price for cotlon sced sold to USSR is Ef;mf_ S
dollars 68.50 per metric ton, o.b, Termez. - Table B-10 shows tae.
derivation of the averago prm:‘m for ef“mﬁqn frwm «m’th ’ﬁ.Ew ‘Liower and
"ﬂgiiﬁpcr Areas bascd on ‘w“ﬂ,f of the lint being « expericd to USSK and 13%
o to USA, while fs%iii seed is assunited exported to USSR, v”he r,c&uﬁtmgi_;ﬁf
,,;f,‘;prnccﬁs for i:@th)‘? are, therefore, U.S, $0.067 and U.S, $0.057 per pound
~for the Upper and Lower Arcas resper tu v’ch,’., These rates are assumed -~
f‘h:; Bm app‘is{:’ﬂﬂc over Mw nwx& hf{tv VOear S s LN o

'{g, »:).7

: :f’D Mu:x mﬂ ﬁgricu‘lﬁzué’ai ‘Ecﬂwfnt 5 = The al Iove S’DLE‘{)—QCJH‘)mIC svnt:f*ﬁ
%{'f»;;r' wheat and colton arce then vsed to ﬂsﬂ)ﬁ«ill‘ alternative values for the
;‘jraéritu“u rai benefits attributable to th wstallation of thgl‘:;gqe@ﬁﬁ i enﬁ}ff P
same manner As f - the local market g,mmf:-s.{ Table B-1t shows the
;ﬂen atarm f:a»f Mm value of rr’sé‘* dam age by direct Eh”"l"diﬂ" in two pe 359"15 h
ol to 10 11 %:3 50 years) m»ﬂrﬁctmg‘ the vama*n(m inwheat -
- prices in K-,mso; ﬁf? mﬁ} Tatle B-12 shows far the same periods, the
“value of Jﬁru.uﬁur.ui hfrw{ats due to flood o= sntrol and. river a-i,,fuiaslf'}“{
o J.fhﬁ.ef Table B-13 shows ,*ne rmfv ixcl E:Cn@fﬁﬁ,:’:» dpgﬂwaéﬂe *Eof m :
,,_raf new lanxm." !\S can RW’ goen ﬁ RE’&”E }“ “R only th@ Sﬂrn ﬂﬁve‘k‘r 7
5 iriaH mn«am the 1 n 1D year wwd

5 %’«TE an;?’
yonent: a’:nfﬁ

costs are

e



| g,,ge@, POWER BENEI‘I’]S

S A Background - There is prescznﬁy no power nm&ahahm) at Ka_gakm,

= Prov:s:on was made for such an installation during the initial construc-

L tion, and it is now planned to completo- the first stage mswn&llﬁn b? el

: 1974

Pawer siudiés and sizing of the powe'r installation were made in the two
- reports prepared by R.W, Beck and Associates (References 4 and,B)r. 3
- Further studies were made by IECO in 1970, and details of the proposed -

. power plant are given in the IECO report (Reference 10). Therefore, it
.- is now planned to construct a power plant capable of housing three 1655 o
mW units, only two of which will be installed initially, The R,W. Beck

 studies indicated that the capacity could be increased to 150 mW as the
: ultxmate stage of development, :

B. Power Load Projections - Power Irom the Kajakm power plant wnn 7
‘be utilized only in the Helmand and Arghandab Valleys, basically in the
'Girishk and Kandahar electric systems, The power requirements for
‘the valleys were determined by R.W. Beck in 1964 and later by Thomas
M, Hill (Reference 3) in 1966, The Hill load projection showed somewhat
greater increcasesthanaid Beck's. Intheir 1967 report, R.W, Beck modi-
- fied these studics and presented two possible load projections: one based
on their earlier rate of load increase, the other based on the Hill rate of
“increase - eachprojection starting from a commondemand load of 14,400
kW, which was assumedto beglnsm year after construction of the Ka;a}\al '
power plant

'Pertlnent studies were also made by USAID in their Capﬂal Assistance
Paper of April, 1967 (Reference 1), The Beck 1964 projections 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 pro‘)cctnons derlved l)v USAID and the two

" R.W. Beck studies. The 1964 R.W. Beck estimate is shown advanced

‘to 1967 and is modified in the latter three years apparently by deductmg
an amount equal to the requ1rcments for ruralareas, as was done in the
‘USAID study. The estimates for lead projection made in the past have
been based on the assumptionthat growth would only occnr afier the pro-~
~vision of an adequate power source suchas Kajakai. This is, in fact, the
- case since the actual generation in Afghan year 1348 (1969-70) was
11,442,000 kXWH (Reference 12), as shown in Table B-14, The 1944 Beck
“and the USAID estimates could therefore be ad\'amcod to start in 1‘37“
rathur than in 1967 as shown in the table.
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1“%! “ﬂl“lﬁ ) “ﬂ“y'ﬂﬂﬂnﬂhj" a U?W‘HD!! Lion of &sug <o boyy freveer “g‘,gmu fgu s %\‘& Bmm Bk

mid= l““ and a- %Vh!i‘n‘d foad rwqulrmm“nt =Oeeur wnsﬁz one yoar bate o ?”g
;5! ZI g,WH and a 1.4 mW demand (ﬁa!)h" I3~ li), '

"’I‘he: ;Bizck p«:@ak «:lf:vmami, ‘being baged on a cmmﬁ,’mﬁ annual increment,
~shows an annual rate of increase declining from & percent to 4 percent
in the latter years, while the USAID estimate indicates 3 rate of infrf‘"‘“
of about 8 percent over thesc years. For this report, the Yoad project
beyond the last Beck value in 1984 has been oxte wﬁml’ at & ompound rmsy
“of 5 percent., The resulting load curve, showrn in Jigure B-1, is intend-
ed only as a basis for evaluating benafits and nat as a forecast of the fu-
ture load demand, Figure B-1alss shows the energy requirements in mW
years corresponding tothe 5 percentload demand curve estimated beyond
1984 by an annual load factor varying linearly from 0.46 ia 1984 to 0.55%
in the year 2000 onthe bas’s of values suggested by Beck., For compari-
son, Figure B-1 shows the peak load deraand prejection escalated at an.
:ammal r@mpnund rate of 8 percent,

C. Kajakai Power Installation - Present plans call for three unils, each
16.5 mW, to comprise the first stage of development with two units instal-
led initially. Each unit wili have a dependable capacity of 11,0 mW at
‘minimum reservoir elevation of 1012,0. As proposed in the Beck report,
four additional units - ecach of 25.0 mW - would comprise thﬁ ultimate
stage of development for a total capacity of 149.5 mW.,

In the opcratmn studies described in Appendix A, Fhye- present m»swrvmr
would support a minimum generation of 29.0 mW-years at all times
and at the present level of irrigation demand. Assuming only E,bw inciu-
sion of the Boghra units with 2.4 mW of capacity and 2,0 mW-vears of
“energy, the primes encrgy of the system would be 31.0 mW——y«ears. The
d2pendable capacily of the system wouldthen be 6,20 mW, and at Kajakai,
59.6 mW, assuming a system load factor of 0,50 at the time the new ca-
pacity would be required. This would permit the first stage installation
of three 11.0-mW units and a second stage installation of up to 26.6 mW
without the need for installing gates. .

From the 5 percent load projection curve siiown on Figure B-1, 4 new
power source would therefore not be required until the yvear 2004,  With
the 8 percent curve, this plant would be reguired in about 1997, or sever
vears ecarlier, Thus, on the above assumptions, the present reservoir
would be sufficient to meel power necds for abeut 25 years or more..
Furthermore, the rate used in projecting the desmand beyond B**‘su}k-
comes of more significance than the differences in various estimates '
‘made at present,

.
e

: ‘Wht’-n a new power Source is
' tdlhﬁw additional capacity at
~the Teservoir volume throuszh
- plant.  The pawer benefit asso
i’-rw-'» the addltmnaﬁ cost of the
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VALUL OF FLOOD ﬁAhACL 1 PROVEMENT TO Cﬁhﬂh
IN NON-PROJECT AREAS o

Value of Value of
Damage Reduced Damage
(Afghanis) (Afghanis)
‘Above Arghandab
Left Bank (Canals LI1-L.25) 5,371,000
Right Bank (Canals RI-R8) 2,940,000
' 8,311,000
Reduction in Damage: factors '
an o 3 , ST L
30 w4 W70 x 227) = L191Y
y S 24
L1915 x 8,311,000 = 1,591,000
Belou Arghandab
Left Bank (Canals L26-131) : 1,878,000
Right Bank (Canals RY-R18) - 5,060,000
' | ' 5,938,000
Reduc tion in Danage: factors
- 7 7 ,
( J@ ;Z‘* L0 x 177 = L 144 - 999,000
 TOTALS G , , - 15,249,000 2,590, juw




COSTS OF FLOOD MAINTENANCE OF PROJECT WORKS

Feature

Soghra Diversion Dam

shamalan Dike
~Station 16
~-Station 22

-Sration 31

Subtotal

flazar Juft

{(Afghanis)
Year Actual
Completed Coat
1970 5,356,400

1957-69 11,730,400
1958-67 4,304,000

1961-69 1,892,000

-Headworks 1963 3,530,000
Darweshan Dike 1970

~Station 253 2,500,000
TOTAL Adjusted Cost of Maintenance Afghanis

Adjusted Annual Costs (10 year) Afghanis

Adjusted Annual Tosts (equivalent)  U.S.

TARLE B-5

Cost Reduced Cost
Escalated from Flood
(3%) Control
5,511,000 1,212,000
14,600,000
5,900,000
_2,600,000
23,100,000 5,082,000
4,469,000 760,000
2,575,000 438,000
35,655,000 7,492,000
3,566,000 749,000
$ 42,800 9,000

-r_—é::m




TABLE B-6

CROP DAMAGE BY DIRECT FLOODING IN NON-PROJECT AREAS

INCOME BASED 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
Average Value per acre with
flood frequency of 1 in 5 years $1.74
Number of acres reported inundated 18,009
Annual Value of Damage $31,300

Vaiue of annual reduction (22%) Equiv. U.S: $6,900



IN NON-PROJECT AREAS (U.S. $)

INCOME BASED ON LOCAL MARKIT PRICES

Value of Iaprovement in

Weighted Reduction in Yield from Yield from gates by
% Land Average Gross Flood Effects Poor Water Sup. Filood Control  River Reg.
Crop in Crop Yield/ac Price Income/ac A Amount % Amount (x 227%) (x 75%)
Kajakai-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 1b 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
Seraj (35,000 acres)
Wheat 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 1b 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 1b 0.071 1.15 25 5,800
Alfalfa 1 1.5T 6.84 0.10 20 400
Mung Beans 8 200 1b 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
Muug Beans 8 200 1b 0.021 0.34 10 1,700
Toial $206,700 155,000
GRAND TOTAL 44,400 368,100
PronesvS "N ]



anticipatsd Conditions 25th Year of Project Deveiopment, Shamalan Unit
Units 1o English System and U.S, bollars

land Upa Yield Price/Unit Gross Incooe Cross Costs Set Income
Agros Unit/Aers Tetal $ Per &_.ce Per Cocposite Acre Total 3 3
dingls Ceep
whedt 363 11,398 56 bu 638,288 bu 1,640 by 8745 2.7 996,731 1/
Harley LS Ll 32 by 45,216 bu 0,560 Su i8.12 0.82 25,609
Cotton: Seed Cotton W 6,594 1,710 b 11,275,740 1b 0.u71 ib 121.76 25.57 802,985
Lint {600 1b) 3,956,400 1b) {v.178 1b) (107.19) (22.50)  (706,580)
(1.20 bale) {7,913 vale} {89.000 bale)
Zond (1,110 1b) (7,319,240 1b) (0.013 iv) (i4ebl; {3.07) (96,405}
Alfalfs, Hay 2249 7,850 Lot ton 33,074L.0 ten €.840 ton -
{irenard 3.2 1,008 20,260 1b 20,361,300 b 0.012 1b 239.11 7.6% 240,306
Garden '_:.l o‘ﬁé,’s 16,870 1ib '.s.w..sto b go({li ib 68,91 2.1: 67,832
Vineysrd .4 1,067 12,380 1b 13,209,460 1b 011l 1b 13u.83 L hes8 163,85
ls“m@“l' Single Crop Yhode 29,640 72.51 2,376, 54
Cpuble Crop
whoat 10.5 3,27 45 bu 8,365 bu 1.640 By 72.90 7.65 240,360
Corn 1L.7 L6186 73 bu 336,968 bu 1,000 tu 60.23 2.85 278,003 l/
Carrota 2.9 911 11,620 1b 10,585,820 1b 0.003 1p 36,92 1.07 33,4Ll
Mung Hesng 9.9 3,108 930 1b 2,890,440 1b 0.021 b 19,2 .92 &G, 183
Seeare or sunflewer 2. A8 40 b 797,120 1b 0.052 b 49,88 1,35 2,258
Subtotal, Double Crop zw.;) (12.7% 20,84 654,485
Crgp Residue 0.7 - i
Idle and Farmstend 5,4 1
Subtotal, Crope 100,Q 3;,%99 93.35 2,931,033
Liveatock and Products No/Aere Number
Oxen 0.03 hd 9L2 hd 6.35/ha 0.19 0.19 5,982
Milk Cowa 0,22 hd 6,908 hd 2,89 ha Q.64 2.64 19,964
Othar Cattle 0,20 hd 6,280 hd 2.3l ha 0.46 Q.46 14,507
Donkevy and Horsen 0.02 hd 628 hd U.26 hd 0.l 0.01 163
Sheep ond Goste 0.30 hd 9,420 hd 10.72 ha 3,23 3.23 100,982
Chickens and Other Poultry 6.21 hd 194,988 hd 0.36 hd 2.2 2.2 70,196
MLk L5Q.04 b 14,206,163 b 0.014 6.34 634 199,763
Eggrs 133.00 ega« 4,176,067 eges C.013/ege 1.73 1.73 54,289
Hidws and Skins 1.82 1 57,146 1o 0.064/18 c.1l 0.11 2,205
Subtotal, Livestock and Products 4,95 b9, 346
Fuel Inc 1,50 67,43
Toug §nccm $109.80  $3,447,525 $1,737,6% £,%9,719
Average per Acre 109.79 de T3 48

Crszing Income, Nonareble land
Grasing Income, per acre 2/

Grand Total Income 3,621,439
Grend Total Income, per Acre 51.66
v Toird Production Livestock Fead _Lrg_\_xggplqr_l.iveucoek Foed - -
Wheat 638,288 bu 25,7450 btu lZ,Sb
Amm 33,076 ten 28,366 tou Balance Turned Under =]
C 8 336,98 bu 36,268 bu 280,710 bu L]
)74 Pagofcr:“?“ﬁ iy !gfnx'h &"?EE,ZZ9 Acrag) E
=
)
(e -]

Soucce: Appendix A, Agricultural Economics, Table 19-B - Shamalan Draft

Feagibility Raport,

USER.

September, 1967



Ares

Rajakai=Shamalan

Seraj

Garmsel

INCOME AND DEVELOPMENT COSTS FCR NEW LANDS

INCOME BASED ON LOCAL MARKET PRICES

Present Future Alloc. Increasc

Net Net o/M in Net
Area Income Income Costs Income
Acres $/Acre $/Acre $/Acre $/Acre
14,000 5 50 3 42
25,000 5 50 3 42
22,000 5 45 2 37

Total Devel=~

Incre~ opnent
mental Cast

Income S/Acre
$588%,000 375
§1,050,000 35C
§814,000 375

Tecal
Devel-
opzent
Costs

$5,250,000

$8,750,000

$8,250,000

6-9 AUV



ALTERNATLVE ANALYSIS

SOCLO-ECONOMIC PRICES FOR WHEAT AND COTTON
IN HELMAND VALLEY

WHEAT Value U.S, 3
From U.S.S.R.
lopovt price (c.i.f. Termez)* Barter $84.-/m.ton x 0.66** 55.44 /m.ton
Transportation to Kabul 15.38 "
Yarm to market cost (- 1.68) "
inter-market differential Kabul-Lashkargah 1.83 "
Price at Lashkargah for vheat from Upper Areas 70.97 "
Additional transportation costs from Lower Areas 21.60 "
Price at Lashkargah for vheat from Lower Areas 49.37 "

(Carmsel and Chakhansur)

From U.S5.A.

faport price (c.i.f. Karachi)#* 85.00 /m.ton
Transportation to Lashkargah 30.00 "
Yarm to market cost (- 1.68) "
Price at Lashkargah for wheat from Upper Areas 113.32 "
Additional transportation costs from Lower Areas 21.60 "
Price at Lashkargah for vheat from Lower Areas 91.72 "

(Garmsel and Chakhansur)

Average price for wheat - Upper Area 92.15 /m.ton ($2.51/bushel)
- Lower Area 70.54 /m.ton ($1.92/bushel)

COTTON%

Uxport revenue for 0.287 metric tons of lint to

USSR at Barter $740 /m.ton x 0.66%* 140.17
Export revenuz for 0.043 metric tons of iimt to
Western Europe at $515 /metric ton 22.14
Export revenue for 0.67 metric tons sced to
USSR at Barter $68.50 /m.ton x C.66%* 30.29
Farving and ginning costs (- 15.10) /m.ton
Trapaportation costs (- 29.93) "
.2t net revenue for seed cetton from Upper Areas 147.57 /m.ton (506.067/1b.)
. :i1:rional transportation costs from Lower Areas 21.60 "
"1zt net revenue for seed cotton from Lower Areas 125.97 /m.ton ($0.057/1b.)

{Garmsel and Chakhansur)

* Source - ALB Report Gawargan and Car-Darrah projects: adjusted for
Helmand Vallev Area. (Reference 19).

*# Rarter dollar converted to U.S. dollar 1in ratic 55/83.5 = 0.66.



ALTERNATIVE ANALYSIS

CROYP DAMAGE BY DIRECT FLOODING IN NON-PROJECT AREAS

INCOME BASED ON SOCLO-ECONOMIC PRICES

YEARS 1 TO 10

YEARS 11

Damage as Value
Percentage of Heighted Value
Crops Reported of Average Average Yield of Damage
Damaged __Yield U.S. $/Acre U.S. §/Acre
Wheat 35 30.12 10.54
Corn 30 4.59 1.38
Cotton 30 1.34 _06.40
$12.32
Average value per acre with flood
frequency in 1 in 5 years $2.46
Number of acres reported inundated 15,000
Annual value of damage $44,300
Value of annual reduction (22%) Fquiv. U.S. $9,700
TO 50
Wheat 35 19.68 6.89
Corn 3 4,59 1.38
Cotton 30 1.34 0.40
$8.67
Average value per acre with flood
frequency in 1 in 5 years $1.73
Number of zcres reported inundated 18,000
Annual value of damage $31,100
Value of anrual reduction (227} Equiv. U.S. § 7,000

Aoafer Table B-12

TABLE B-11
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ALTERNATIVE ANALYSIS

INCOME AND DEVELOPMENT COSTS ¥FOR NEW LaNDS
(u.s. 8

THCOME BASED ON SOCIO=ECCNOMIC PRICE

{747

inconme Costs

Preeent Future Allee. increase in Toral Pevelopment Total
Area  Het Income Net Income O/ Corts Net Inceme Incremeatal Cosat Developmant
Acres _ §/Aere  §/Aere  Slaere  _ §/acre incone §licre ~ Costs

Years 1 o 10%

&
[
e}
G
Bz
38 ]
[
-
W
s
b
2
L9
93
e
L=
.
H\‘T‘
et
*
-
5
bnﬁ
Lap
2
L
L,
Lud
m
Lo

$8,750,000

Rajakai=Shamalan 14,000 5 49 3 41 574,000 33 §5,250,000

Seral 25,000 5 49 3

o
it

1,025,200 50 $8,750,200

sarasel 22 000 5 1.5 3 33.5 737,000 375 $8,256¢,000

*Import Price fur wheat, export price for cotton, and local market prices for other lreas.
wrpxport Price for cotton, and local market prices for other items.

C1-1 4T9YL



TABLE B-l4

POWER LOAD PROJECTIONS,
HELMAND -ARGHANDAB VALLEYS

Total Generation (1,000 kwh) Peak Demand (M)
Beck* ALD Back#x Beck® AID Beck®**

Estimate Estimate Estimate Actual Estimate Estimate Estimate
Year 1964 1967 1967 Generation’ 1964 1967 1967
1967 12,483 11,987 12,553 4.2
1968 13,162 12,596 11,710 bk
196% 19,918 19,960 11,442 6.3
1970 27,049 23,206 g.n
1971 38,289 29,283 13.2
1972 34,763 45,501 15.1 11.6
1973 61,657,, 50,581 16.5 12.8
1974 67,307 55,065 18.4 14.9 Y
1975 72,733 59,486 54,240 20.0 15.1 14.4
1976 78,311 64 422 58,680 21.3 10.4 15.4
1977 £3,373 09,432 63,210 22.9 17.7 16.4
1978 88,824 74,786 66,680 24.3 19.0 17.3
1879 71,340 20.6 18.3
1980 76,080 22.3 19.3
1981 80,020 24,1 20.3
1982 84,900 21.3
1983 88,880 22.3
1984 93,490 23.2

#Bork estimate moved foward to 1967 from 1964.

**After 1974 AID reduced Beck estimates by amount equal to the Projection
for Rural Areas.

**23tarting one vear after Xajakal Powerplant complete {(iid 1974).

YYotal of Boghra dydre, and Fandahar Hydro and Diesel as given in
Reference 12, Valwes are actaally for Afghan vears 31346, 2347 and 1343,

P

£#Vnlues assumed o occur at mid-vyear.



HYDROELECTRIC AND THERMAL PLANT COSTS

Construction Cost

Capacity Amount
Installation MY $/kW 9
flydro-Electric
5th Junic 4.9 375 1,840,000
feh Unit 15.75 375 5,910,000
7t Unit 15.75 375 5,910,000
Total 36.40 13,660,000
thecmat
lsy Stape 12.133 250 3,050,000
ind Stage 12.133 250 3,050,000
3rd Stage 12.133 250 3,050,0GG
Total 36.40 9,150,000
Total Fuel Cost

Fuel Cost per Stage

TABLE B-15

Annual Costs ($)

Interim

Replace- Total

O/ Insurance ments = Awmount
5,000 2,000 23,000 30,600
17,000 6,000 74,000 97,000
17,0060 6,000 74,000 97,000
224,000

36,500 7,500 15,000 59,000
36,500 7,500 15,000 59,000
36,500 7,500 15,000 59,000
177,000

13,700,000 kwh at 2.72¢/kwh = $373,C000 per year

Annual Thermal Costs per Siage

124,300 per year

_59,000 per year

Total Annual Thermal Cost per Stage = $183,300 per vear
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APPENDIX C
HYDROLOGY

C.1 HYDROLOGY RECORDS

A, Climate and Runoff - 'iiie Helmand River Vailey has a very arid
climate with low relative humidity and long perinds of cloudless weatnaer,
The e¢parse rainfall occurs during the winter from December through
March with the hcaviest monthly precipitation normally in January.

Observed average annual precipitation varies from 253mmat Arghandab
Reservoir at the castern edge of the irrigated area to 76 mm at Qala
Kang in the western part of the watershed. Average annual pan evapora-
tion has been reported to be 1790 mm at Arghandab Reservoir and 4316
mm at Qala Kang. This pan evaporation would indicate 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, ecither from canals or by sub-irrigation, as
along the rivers, is almost bare.

The area of most precipitation inthe Helmand River Valley is at the high-
est elevation, which is in the northern and castern paris of the valley.
During the winter months, precipitationaccumulates thereas snow {above
an elevation of about 2600 meters). This snow is the major source of
discharge in the Helmand River during most of the year.

The usual spring runoff pattern of the Helmand River is a sustained high
fiow from snowmelt thatmay last from one to three months, depending on
the amount of snow and on the temperature. In many years there are no
high flood peaks above the sustained flowlevei. The vearly hydrographs
are similar in shape and once the peak flow has been reached it is pos-
sible to forecast the flow for the remainder of the yvear with fair accur-
acy by using recession curves developed from the yearly hydrcgraphs.
The highest annual floods that occur are due to raiesill during the snow
melt period. On rare occasions (three times since i885), very heavy
rains have occurred over large parts of the valley during the sarly
months of the year when the snow pack was still nearly intact, causing
major floods. The most sutstanding floodthat has oceurrad in the valley

Chahar Burjak.

The area to the south and west of Kajokal Dam, which inciudes
\ i P

the irrigated lamnd in the valley, is very arid and so the river i

srascn loses flow o naiaral caeses as well as o irri ’

lustrated by Table (-2, In the dry season, the fribu

™)

-~
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§
war



_ from Kajakaicease flowing or contribute very little, vnd the only source. =

- of water along the main river is from Kajakai,

"~ The residual water inthe Helmand Fiver atits downstream end fiows into
marshy lakes or "Hamuns' in the Chakhansur arca in Adghanistan and

Iran. There is no outlet to the sea from this area and water level in the
" Hamuns is maintained by evaporation. The water balance is delicate .
“and a series of wetyearsordryyears can change the level considerabiy.
‘A single flood, such as that of 1885, can raise the general water ieve!l

enough to inundate large areas of land for 2 number of vears.

A 'm'aprrshowing the extent of the Helmand River System cencerned with-
this project and indicating the major inflows and diversions is given in
Exhibit z, e R

B, Hydrologic Records Available - The earliest know hydrologic records

in the Helmand Valley were compiledin 1903-04, and are summarized 11

the MacMahon Report (Reference 16). These records show vreather and .
~discharges inthe downstream reaches ofthe river before the constructior.

£

of Kajakai Dam. However, the estimate ofthe discharges of the flood ot

1885, which is given in this report, appears valid and has beenused as

a factor in the determination of the maximum flocd for the Kajakai spill-
way design, ' '

l.  Discharge Records - River and canal discharges have been
‘measured at many stations in the Helmand River Valley during various
 periods since 1946, Most of these stations and their periods of record
are given on the bar graph in Figure C-1, This bar graph shows the
stations in downstream order, and their relative location with regard o
“tributary inflow and large diversions canbe found on Exhibit 2,

The earlier discharge records from 194610 1961 are complete and appear
to be accurate, After 1964, however, some of the records are Incom
and some have been found to be in errer.

T

Monthly and annual inflows to Kajakai Reservoir, i r
‘rected for evaporation, are shown on Table C-1 for 1947 to 1970,

el
I
92}

" The records used in the hydrologic computzations from tt
the period up to Scptember 1960 were taken from the U,
Survey report ""Compilation of Hydrologic Data, He
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~The factors observed have included precipitation, temperature, panevap--
" oration, relative humidity and wind velocity. ' ' e : -

The oldest c¢ontinuous record, which was started in 1940, is at Kandahar.
 Observations taken include daily records of precipitation, maximumand -
. minimum temperatures and pan evaporation, ' : :

 The precipitation records available inthe valley are not complete enough
to define rainfail fully onanareal basis, particularly at higher elevations
- where the precipitation is the heaviest, In the irrigated areas at lower
~ clevations, precipitation is relatively unimportant, and the other records
~ obtained there are adequate to define general climatic conditions for ag-
, i”'riculturaiipiannin&' ' i : : :

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, which is just east of the upper part of the Helmand
River watershed. These courses were located so that they could be
‘reached by automobile, and as a resultail of them are below 2530 meters
elevation - below the zone of accumulation of the effective snow pack.
None of these courses has shownanynoticeable correlation with stream-
flow, and several other courses have been located nearby with no better
resuits, :

About 1955, two additional courses were located northwest of Kabul at
Shibur Pass and two at Salang Pass, 20 kilometers north of Kabul. One
of these courses, Salang Pass South, located about 90 kilometers north-
cast of the Helmand Valiey at elevation 2740, shows a fairly good end-
‘of-season correlation witi: flow in the Helmand River at Kajakai, This

correlation is shown in Figure C-2,

Snow depths, without water content, have beenobser ved since 1968 by the
Civil Air Authority. One of their sites, Punjab, is located at the north
edge of the Helmand River watershed. This course at elevation 2700
meters does not indicate much snow for reasons which are not known at
this tirme., Other dept ;
3122 and
but records are too short to be reliable,
There appea> to be three principal reasons why snow surveys in Afghan-

istan ‘have not given poocd results in forecasting stireamflow: (1} most

not stable (2j observations nave beenmade on an erratic schedule, which
will giv

“were bare because of winds

of the snow courses are
'S

ocated atlow elevations where the snow pack is




C.2 SPILLWAY DESIGN FLOOD

A, Prior Studies - When the spillwa v design flood for Kajakai dam was

~ estimated (1950), little hydrologic information was available, The flood
was derived from indices that were based on experience in the United
. States, and on estimates of discharge based on the great Helmand River
~ flood of April, 1885 - details of which was given in the McMahon Report
{Reference 16) - and on a flood that occured in 1939, The peak of the -
1885 flood at Chahar Burjak was estimated in the McMahon Report to be
668,000 cfs, and was derived from a drainage area of 63,600 square miles,
which may be compared with the drainage arca of 16,300 square miles
at Kajakai., The corresponding peak at Kajakai was then computed to
have been 334,000 cfs, This figure was checked by envelope curves de-
veloped for the Colorado River basin and central plains streams in the
United States, The 1929 flood, reported to have been the largest of more
~recent years, was estimated to have a peak discharge of 140,000 cfs.

The criterion finally adopted for spillway design was to use two hypo-
thetical floods as foils ' '

1. A flood with = peakinflow of 318,000 ¢fs to be routed through the
reservoir without encroexchment on norrmal frechboard, and

2. A ficod with a Z24-hour peak inflow of 480,000 cfs to be routed
‘through the reservoir without overtopping the dam; this flood had a 9-day
volume ~f about 4,200,000 ac-~it.

The spiilway presently in use was designed to accomodate these two

} Thie ign herein, a review was made
flond, using the hydrologic records collected since
car

B. Reviscd Design
of the spillway
1950 and the theor
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m ing. easonal 'ﬂow by snow burvcys' depends ‘on the
ati shu b(?t\‘i(‘f‘n water in storage onthe groundas ‘snow and the yu:}d
from that snow that will appear as streamﬂo\m Curves of thls rekatwn—
fshlp mustirbe madt. for each month that requxres a forecast ;

In addttmn; irthe obc;ervatmns c;f snow dcpths ami wattr content, precxp»

itation and tempera;ure records are also taken in cc»n_gun(,txon with snow
' isurveys, Prcc;pltatmxﬁ re cards areuscfulin determining anterﬁfient soil
;mou-;ture cond:.!;wns, \"thh are a factor in water yield, 'Ihcy are alsa,
;useful ‘as a 'supplem?ntary record of the tot‘al moisture that mlght
favaﬂable"‘”ﬂ’l emperaturc observations are a measure of the amount of
melting and aiso of how much ofthe stored mmstur(_ wm be hjst m evap——i;

,._ﬁorahom

,,{’;Other factor such as at)u mmsmrﬁ, wmd rclatwr* ha'mdu« ﬂtcn aref
,,Vi'rr_;sometlmi*s taken in snow survey programs. However, these observations =
. are not recommended for the Helmand Valley system at thn:; time as the
- extra expense and trouble of obtaining them- would not be orth the httle' :
& addltmnai accuracy that they mxght add to tm, foreca gts. '

C. Accuracy mf FOK’(‘Cdﬁtlﬂg Tho accuracy of forec “asts of strean rzﬁmt.?; S
"~ from snow survey data depends on anumber of factors, Onec of the most
g:l;f)mportanf oftheseis the amount o{pre\,lpltat*or that occurs as the seasoni;;:f;f
_“progresses. The first seasmml forecast could be made on January Lirne
~the Helmand Valley , but it might be re!atvrely inaccurate DQLQQSQ in o
> some years, th-‘paih)rn of the coming year's snow accumuiation has not
" been fully established by that time, Each aucce(,dmﬂ months f@rccastf,
o wouid be rn(,) e aq.,curate : : - S

';G@od 'th*' &urvev data are of prlme 1*nportance n ;Ol"ﬁca sh 1g.. The ac-

. curacy. of the field: data ~depends on proper location of the snow survey

" courses, the adhe: ‘ance Yo a strict monthly time schedul € and proper.
. methods in makmg water cantcnt ohservatmn : e e

331 a h(i“ r‘il’jf E)QEJE’% 2 aft*‘ E
"1nczna ily to E}Ggg L
es {}f E}se_, ation’ e

. The 'sm;%w survm s that have beer. madu in Afgﬁl ni
 icularly succes Sf {5 :ctmn,C~1) This has Qiané&
~location of the courses:and to the lacg of C()I!Sib

a-f‘aca year

¢‘Y‘

i%
e ®

BN e

t-'P

It 'is" 7'111;\.;915'5:’5‘4&19@3 BOSSi ic t(:s aqake accurdh,fﬁrecasts ﬁf)f the seasonal
“flow in the Helmand River. This ca*zbe dernon::araiﬁ(é by usc of data CC}L‘,‘V':';”

: 7'7,'718(‘te€] ai‘ ‘Saldvﬂ Pass, oneofthe survey sites in present ase. Water co .,.n— T

~ tent for the end of ¥ chruary, o%)::aerv(,d atSalang Pass for the :~:—39

~to 1969, are plotted on I'Lgaf;c C-~2 against the seuscr}al flow of the
omand, 53,13'&;; 71 io Kajakai ’Qr_, e amc,ye,aa‘s, ' o o




' 7}?555 snow. fg efvw‘

':i*iﬁ “in zid,

,mﬂnw to KaJakm Rc\aerv‘mr usmg baﬁang !‘au": s’ﬁm"
V,‘v(,y Vd;aln wculd b m‘dy fair for dates earlicr than March I, However
very. good | results might be- expentvd fram cour wﬁprﬂpe ﬂy Lug ﬁ&s*eﬁ wﬁha,
in t‘im Heimand Valir‘y,i ol e S R T e T B : S

frD Sngw Survcy "a*f;gram Ic;r thc Helmam! ‘é’mﬁe; j@g*e*}“ I ,u:rknmm%; =
fV*nll ey is quite large and precipitation (and snow gésmnnu}atum) varie
:?from heaviest in the northeast to lightestin the southwest, To cove: :
~area thoroughly \Vguid reqmre observ‘atmns in t‘n‘e«* or E-:mr genm-auzed,
'areﬂs,'-, il , S L : SEH e

: Ideanly, sno\\(survvy courses should be well dy; hubuﬁ:e’:rs over the snow ac=
~ cumulation area, which is ‘above about 2600 meters elevation. Inad-
”_‘fdx,tlon, t’he cour%es qhﬂuui cgvvr the- range m r»lm:ahon up ta ‘_mmz; 45“@ e
lamcters‘ L S : = ot g

S The ’L'amc of wcads in M e ﬂdmand Valiey mdkgﬁ this ideal situation im-' =
‘-j:"practucai and some Qmpromm«»'ns necessary. Realistically, locat orvofl
5 ;
[ A

: , ¢
' courses wi (1l be limited to the northern and ﬁ‘mtcr*& edges of the water- . - ¢
: -'}'shed I”Orumatrﬁy this is the area of heaviest precipitation and the one
f—;that is the mgsi T poriant in detgrmnnmg flow in the river, e

In ﬂstabhshmg a snow surve yam&wnrk itis necessary in start wi%ﬁm@f: o
ri 7',7,,coursrs than will be needed. Some of the sate.;& s«d{:éi:e‘feii will not COrré-
i late well with str (ﬁamﬂ@ : because of wind effect or poor cxp {}’%Bif@, and
‘. some may turn out to be too difficult to gpcratfv beraass of pm"‘lwz_ .
reasons. As bonnawa course is recognized as unsuitable, 11: an Eﬁ@ (%z @p "
o ped frnm the program. The rest of ‘imc COUrsEs
»,‘abeut five ‘,rsaﬂ's before Lgrrehﬂ.mns with :
. If after five years i%\ﬂrv are insufficient g
L fereca#ta, it will take an additional Eww' eat
'f_;rgasgn, it is necessary fo start with suf
~of a snow survey program tn ensure ti ata
'*,WIM ev mwtua%‘v m:- ;nﬂ'ﬂud’»d

,,"'Sn W SLa'vey Laursrzﬁ can be inrated and visited in three or

- .areas. in the Upper He‘lman{ﬁ River waterqued Two or three
f;.eurses should be éstablished if p:zssnbi@ in each of

-at various elevations above 2600 me!@rs Thisw

;','ften cou rses t@ be 'nuﬂau; ed ‘at ‘fﬂ‘?: st ar ﬁf the prog

"ijn@w aadrvvya Y .Lst e mafk ca

San ahm:a i wree days of o sel reg

fségmﬁs ﬁﬁ"?*)ﬁbu}'




]\ mg eqm 'ment wﬂl be 'ncudczd o met,t such? schedulcf \ﬂth mght
'to 10 cou ses m threv gencral locatmns ’to be measurcd ?

. Location of Snow Survey C ourses - ‘I‘o locate snow smrvey "cou'rses e
‘access in the winter time might be possmle along the road running we:st

from Kabul to Panjao and also along the road that gocs west [rom Ghazni
to Dashtx-Nawar It is unlikely that any 5atxsfactor7 courses can be Ioj
ated at the edges of these roads where cars can go, and some tra \'el n:m
snow shoes wnll probably be neeessar*y to reach a hkely sste i ,

'Suggested areas for i.mas:deratmn and Ior possxble recmmdxssance zn'o kf:;
ngen m Tablc C 4 in thn approxxmate order of thelr 1mportance, e

5 l‘hese general areas are gwen for prohmmary consmcratmn. chr-r 10-
 cations may be selected elsewhere in the generalarea because of casier
access. Snow courses can be located close enough to the roads so that
~ they can be visited and. measured within a day by car. ~In some of the
_areas, where automobile traffic is difficult, it may be }@*‘;sﬂﬂe to ohtam
 monthly measurements by hiring an educated local official, such as a
-~ school teacher or someone in amilitary post, to ma!“e the readm\gs_ If it
. takes: morc than a day toreachand measure any course it will be m&ces-’,r L
. .sary. to prcvnde suitable shelter for an overmvht stay; therefcre, hghu« Py
- \velght campmg equapment \"xﬂ alsn be n(.ﬂded EE :

s F Equnpmuﬂ - The Sﬂle(‘*t«cd Snow courses mus‘! have permaﬂeqt vnark—- :

~ ers that are tall en@ugn toextend above any possible snow., These mavk-'}
© . ers.are necessary as each nhne:-vah(mpmnt mustbe meas sured at 3xacth"”
the same place every m@nl iamﬂ evcry year to be con sus’tent :

'A manual precnpﬁahnn énai"ﬁ sh@uu be setup in each ﬁf the %er‘erai snow T
" survey areas <hosen. This gage will be obsorved by a local man, o
o ~should be located -as close as is practical to the most important snmv‘ﬁ
. course in the area &)ut wﬂﬁ usuaﬂy bc at a h:m'cr eztmatm:m than thc snow

:i?course.

- If therc is no local observer avaﬂmﬂe, it w 139 ”w necessary to mshn an-

- accumuiation precthatmﬂ Gaﬂgmﬁumh is a ‘i’)t"ruﬁaﬁﬁ'ﬁ“ﬁtﬂ» anchored Suand--- .
v “pipe that can store a full months pr«:rnpltatmﬁ in ﬂ:’hr, f@ m of srm&: aﬁd
{fwhmh can be read rn(mth,iy by Urne measuvlnﬂ c*rmv : ' :

f}";‘If tma-re is; anv possn%)nht*i hdt a «:nmw sur"ey crew may ha% ?@ 5pems a
nlgh* near the course j:i cmsed s%w‘ﬁé T must be pravmed :
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HFIW\NHVJH‘Y!(‘M FLmﬁ

Helmand R. mear Dehraout o o
©Tirin R. at Dehraout A T A U 82ﬁf ¢{$‘
. Helmand R. below Kajakal- Rebervulr ",, L '~f5”f v, l 890_ﬂgéf§5
 Kelmand R, at Lashkar Gah . : S e 653 eas
“ Arghandab R. above Arghandab ReSLrvoir e LR ,,*,,;1176f3}¢£s;
77hrghandab R. bLlOW Arphandab Rcservoir B ' gﬁf;;1ff6O75;‘é£s¥

,,jfﬂrghﬂ%tah R near Kaadahai S ;{_” oIl L REEHR I no flowf?;
-1~ Arghandab R. at Qala Bist . e e T ,_% no flow;
-1 Helmard R. at Darweshan (recorder rccord and 2 m;asurenents) ffr“7ﬂ@ cfs
"rthdhnr Burgak Canal - - e A8 efs
;},th Dost Moh'd Camal -~ = s Tpo flow]
) Helmand R. at Chahar Burjak ST . ,:,,*,""'fsf458 efs o
~Qala ‘Fateh Canal = - D L e 22 efs
“Khoabgah Canal Sl : TP O 8.3 cfs
'];Var—1+Shaheé Canal oo LR : e 2T 6 cfs
" Helmand R. at Khoabgah . o oo 411 efs
- Gul Meer Canal (per TIrap ‘men at canal) B ST vpo flow
‘Sekh Sar Canal - - : , : SRR R LS Bty OO LT T
" Helmand R. at. bhe!a Charkh o SRR L 129 s efs e s

~ Note: rthe,tabulationrabbve is in downstream order.

i jDur;ng thc tlmo that the abcve discharge measurament were made,'thére was’
©..7 " no change in-the reqerv01r releaoes or:in thb majar dlverslonq to thc cen~'ﬁ~
LT tral prcject areas. T - ,

7 ,._It will be observcd tnat betwcen Darweshan and Chahar Burjak Canal Dlver—”,75«7;
- sion; about 125 miles river distance, about 154. cfs had been lost to. valley =
;,"1rr1gaL19n and evaporation. From Chzhar Burjak to Khoabgah the three ca- ' =
- .- nals, Qala Fateh, Khoabgah and Nar—i--Shahee; ‘account for (58 cfs) slightly = =
© more than the¢ difference in flow at the two main stem points (47 cfs). . The
,,f{diFfchnce (11 cfs) is within the aucuracy of the main stem measurements it
-and particularly ‘that at Khoabgah as: that discharge measurement had a mean
:,aVElGCLty ‘of only 0.51 feet per second. ‘Assuming from. the above that the
“flow at Kho cabgah was 400 cfs, ‘then the dlver51on co lran thtough the: SblS’fi ”
 ;fEtuﬁ Diversion Canal is about 264 cfs. As the flow rPachlng the Chahar - -
jQBurJak Canal leCfblﬂﬁ peint is 506 cfs, “the data indicates that about 52/
,Tof flaw at. thlS pOJnL geeo to Iran and 48] ta Afghan1stan.“ U :

g Durlﬂg these c:,trem»: lcw flowg thL avallab1e ‘water }fer 1rr19;’1t1f-n in the
Chakhansur is.so low that but very 11tt1e wbeat can hc plantpd dﬁd thls As
thL hpg1nn1ﬂg o{ th&lr normal planalng seasoq.»ra:, S sl Mee it

Re rintéd from a rEport by R h.,Bxlgh;m
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 Nearest oo Possible Range
-~ _Town f"fLatitude””;'f,LQngigude,j';~r3 in Elevation

. Panjao 330" e1°0" 2600 to 3800 moters
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. Rahkol  34°20' 67°51" 2500 to 3700 meters

4 Gommao 328" 65°55' 2900 to 3300 meters
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. snow cover in the Arghandab River Hater:shed as- well as in the upper }lelmand,j}ii;*a;'~
River watershed. L : : : : : Fo
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s rersonnel (inuluding diLﬂwaﬂng) ! R AT R e e
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]jiPer Dlem and Overﬁime J T L e e D D 1,20 0600
. ' " T PR : T 'f?Af§'200;290£
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;jVCentingency Fund L -
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