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FOREWORD

This technical report is one of a series of reports based on the work carried out
during the course of the UNDP /SF Survey of Irrigation Possibilities in the Hari Rud and
Upper Kabul River Basins. The conclusions and recommendations given in the report are
those considered appropriate at the time the work was completed. They may have been

modified in the light of further knowledge gained at subsequent stages. The consolidated
conclusions and recommendations of FAO are given in the Final Report submitted to the
Government of Afghanistan in March 1970.
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INTRODUCTION

1. 3ACKG;OUND INFORMATION

It has been estimated that irrigation in Charikar- Hagram area (Parwán Province)

can be extended up to 36 900 ha net through a water supply from the Panjshir river -

18 400 ha net will be new non -irrigated soils and the rest is partially irrigated

because of water shortage in the area. The water supply from the Panjshir for

irrigation of this area would affect the work of Naglu power station and its power

output.

In all the water estimates of Naglu Project it has not been kept in mind as

for the development of irrigation in the area upstream from Naglu. All the

estimates on the run -off control at Naglu dam site have been based on the data of

hydrometric observations undertaken at the site, i.e. the present water intake for

irrigation was considered from the Kabul and its tributaries located upstream from

the dam.

From the preliminary estimates losses of power output in a year of 70 percent

probability because of the proposed irrigation development would be of the order of

35 million kWh or 9 percent of the designed output of the Naglu HPS.

It has been envisaged to increase generation of power at Sarobi by 30 million

kWh on account of regulating storage of Naglu reservoir in a low water year.

In case of irrigation development in the Upper Kabul Basin the increase of

power generation may fall down to 15 million kWh. This loss of energy could

evidently be overcome if a control storage of water (120 -200 million m3) would be

created in the Panjshir Valley.

2. GENERAL DATA OF THE HYDROPOWER STATION ON THE PANJSHIR RIVER

Location: Gulbahar, 80 km upstream from the mouth of the Panjshir,

Afghanistan.

Purpose of the Hydropower Station: Irrigation and power.
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I. Watercourse

No. Name Symbol 1 Unit QauntítY

1.

2.

3.

4.

5.

6.

Catchment area

Duration of hydrological sequence of
years in the area of the reservoir

Maximum summer flood discharges:
5 percent probability
1 percent probability

Reservoir

b

1normal water level
reservoir surface

c) prism of draw -off
(d) reservoir storage

(i) full

(ii) useful
(e) ratio of useful storage

to a mean long term runoff

Runoff control

Coefficient of the runoff control

(net) H

F

n

x

km2

year

m3/s
m3/s

m
km2
m

Vn million m3
million m3

0.186
Wo 1.97

(seasonal)

Rn 1.63
Wo 1.97

5 610

11

78o

1 000

1 748
5.8

53

236
186

0.095

0.83

H. Main Engineering Structures

Name Symbol 1 Unit QuantitY

Dam:

1. maximum head
2. minimum head
3. type

4. crest length
5, maximum construction height
6. foundation
7. type of gates
8. type.of gate lift
9. type of spillway

Power Station:
1. rated capacity
2. mean annual output
3. hours of work
4. number of units
5. type of turbine
6. capacity guaranteed at

95 percent probability
7. capital investments put

down to energetics
8. capital investments for

1 kWh of rated capacity of HPS

9. capital investments for 1 kWh of
mean long term output at the
HPS generators

Hmax m
Hmin m
concrete gravity
L m
H str. m

r o o k
flat, radial
h y d r o 1 i f t
d e e p

Nu
E
T
Z
radial,

143
95

312

167

kW 40000
million kith 212

hour 5 100
pos. 4

Francis water turbine

1 000 Afs.
1 000$ US
1 000 Afs.
1 000 $ US

1 000 Afs.
1 000 8 US

kW 21 000
1470000.0

21000.0
36.8

0.525

0.08
0.0011
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III. Construction Works and Equipment

No. Name

1.

2.

3.

4.

5.

Excavation: rock
earth

Embankment, rock fill

Weight of metal structures and electrical
and mechanical equipment

Concrete and reinforced concrete works

Grouting works

Unit I Quantity

1 000 m3 655.
1 000 m3 25

1 000 m3 29

ton 1 130

1 000 m3 1 100

1 000 linear m 7.0

IV. Construction Period

Estimated Costs

5 years

$ US 32 896 000
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1. THE PANJSHIR RIVER

1.1 GENERAL DATA

The Panjshir river is a left tributary of the Kabul and flows into the Kabul
near Naglu. The Panjshir sources from the southern slope of the Hindu Kush ridge
near the Anjuman pass. According to the available cartographic data the Panjshir
source is located at a height of about 4 000 m but evidently it is situated considerably
higher. New sources, nevertheless, feeding the Panjshir are situated at a height of
5 000 to 5 500 m M.S.L.

From the data of the German Hydrogeological Mission in Afghanistan the catchment
area of the Panjshir downstream to the hydrological gauge at Gulbahar is 5 610 km2.
The height levels in the area vary considerably. Thus, some peaks of the mountain
range which borders the basin from the east reach to a height of 5 500 m to 6 000 m
and the height of the proposed dam site and at the hydrological gauge is 1 800 to
1 900 m. An average height of the catchment area downstream to the river guage is
3 200 m.

In the area the river flows in a south -west direction. In the upstream part
the river valley is narrow and V- shaped, with steep rocky slopes frequently dipping
vertically to the river bed. Downstream where the valley becomes wide there are
some villages with cultivated plots of land. At the hydrological gauge and the
proposed dam site the valley becomes narrow and the width of the gorge at the river
level is 50 to 70 m. At higher levels and where the valley is V- shaped there are a
lot of rapids. In wider parts the river flows quietly. In low water season the
width of the river bed is 10 to 20 m and at the river gauge it is 30 m.

The Panjshir river, along with other rivers of Afghanistan, is being widely used
for irrigation.

1.2 CLIMATE

As for the climate at the dam site and in Gulbahar area there is a possibility
to use meteorological data of Karezimir station located outside the Panjshir basin,
60 to 70 km southward from the dam site. In Gulbahar there are some specific
peculiarities of climate but evidently they do not greatly affect the general course
of mean long term climate characteristics. Therefore, while compiling this report
the meteorological data from the Salang station have been used.

According to the data from Karezimir Station it might be supposed that an
average monthly air -temperature at Gulbahar for a long term period in January is 4 °C
below zero and the air -temperature in July is 21,5 °C above zero. In summer an
average daily temperature in this area is 20 0C above zero, in spring and autumn it
is 50 °C to 15 °C above zero and in winter the temperature is from 0 °C to 5 0C below
zero. In spring and autumn frequent night frosts occur and in winter the temperature
falls down below - 15 °C.
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On the basis of the meteorological data from Salang it may be asserted that as

average monthly temperature at a height of 3000 m is 5 °C to 10 °C LOWER THAN at

Oulbahar and an average annual temperature is 9 °C lower. To make up a more complete

judgement on the air -temperature at Oulbahar and at a height of 3 000 m of the Panjshir

river basin the data in Table No. 1 can be considered:

Table 1

MEAN MONTHLY AIR TEMPERATURE IN °C

Mean

Months: 1 2 3 4 5 6 T 8 9 10 11 12 annual

Oulbahar -4.0 -2 2 +5.7 11.3 15.1 19.1 21.5 20.9 15.8 9.8 4.4 -0.7 +9.7

3 000 m -8.4 -7.5 -4.1 +1.4 5.2 9.3 11.8 11.0 5.9 -.1 4.7 6.9 +1.0

Judging the data of Karezimir and Salang stations it appears that the precipitation

in the Panjshir river basin is rainfall and in the mountainous region is snow.

A judgement on the quantity of precipitation in Oulbahar area and in the mountainous

:egi.on of the basin may be made on the basis of the data from Salang and Karezimir

utations, which are as follows:

Table 2

MEAN MONTHLY PRECIPITATION (mm)

Moan

Months: 1 2 3 4 5 6 7 8 9 10 11 12 annual

Oulbahar 48 57 69 78.8 28 4.6 4.8 6.0 2.0 9.5 15 38.3 361.0

3 000 m 102 132 190 2801 53 8.0 9.0 11.0 4.0 17.0 27 77.0 910.0

It should be noted that the above data on precipitation in the mountainous parts

of the basin are rather approximate.

On account of the absence of data it is not possible to give actual evaporation

of water in the area near Oulbahar.

The following are the estimates in water losses from the proposed reservoir

surface due to evaporation based on the reports from Karezimir meteorological station

concerning air temperature and humidity.

Table 3

ESTIMATED MEAN MONTHLY EVAPORATION FROM WATER SURFACE IN mm

Months: 1 2 3 4 5 6 7 8 9 10 11 12 Annual

mm 60 70 120 140 160 200 220 190 150 120 80 60 1570
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1.3 HYDROLOGICAL CHARACTERISTICS

Estimates on the hydrological characteristics of the Panjshir at Gulbahar are

based on the observations undertaken in 1960 -62 at Gulbahar river gauge. As the

catchment area between the German gauge and the proposed dam site is not large all

the estimates are carried out according to the gauge readings assuming that the

difference in hydrological data at both the sites is not great. The more so with

the data available there could be greater errors in calculations in comparison to the

amendments on differences in the area on catchment. On this account it is assumed

in estimates.that the dam site and the river gauge are brought in line.

1.3.1 Average long -term runoff

On the basis of the observations at Gulbahar and at Naglu (the Kabul) undertaken

the series of observations for the Panjshir was extended to 11 years. The method of

extending the observations is cited in the general report on water resources of the

Kabul river (see 3.3). Taking into account the extended observations a mean long

term discharge has been estimated which is 62.5 m3 /s. A long term runoff with the

above discharge at the proposed dam site would be 1.97 km3 /year.

1.3.2 Fluctuation of annual runoff

The estimates of annual runoff fluctuations is based on the probability curve

having the following parameters: coefficient of variation - 0.35, coefficient of

asymmetry - 0.7, and a mean long term discharge is 62.5 m3 /s. Assuming the above

figures, a mean annual discharge for years of various probability was estimated as

follows:

m3/s

Table 4

ESTIMATED MEAN ANNUAL DISCHARGES IN m3 /s IN A YEAR OF PROBABILITY

1111M111110111M11111M. ',7,.-93::

124 109 102 92.0 80

95%

31.8

97%

28.0

99

23.1

1.3.3 Monthly distribution of runoff

A study of various data has shown that 1960 was a wet year, 1961 was near to an

average year and 1962 was a dry year.

Below there is a monthly distribution of runoff in percentage to an annual one

for an average lohg term runoff, for wet year and dry year.

Table 5

MONTHLY DISTRIBUTION OF RUNOFF IN PERCENT

Type of year

Months per annum

Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec mi /s

Mean long term 1.3 1.2 1.5 3.7 11.8 35.6` 25.9 8.5 4.1 2.6 2.2 1.6 62.5

Wet year 1960 1.0 1.0 1.5 3.7 11.8 31.6 30.6 9.6 3.5 2.1 1.7 1.3 80.6

Dry year 1962 1.4 1.3 1.4 3.9 9.3 38.3 24.6 7.8 4.7 3.0 2.5 1.0 51.7
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On the basis of the available data it is possible to point out from the aenve
years 2 main hydrological seasons, namely: a high water season and a low water
season.

Seasonal distribution of runoff in percentage to annual runoff is shown in
Table No. 6.

Table 6

SEASONAL DISTRIBUTION OF RUNOFF

'c pe of year
High water
Apr. -Sep.

Low water
Oct. -Mar.

Per annum
m3 /s

Mean long term 89.6 10.4 100 62.5
Wet year 1960. 91.2 8.8 100 80.6
Dry year 1962 88.6 11.4 100 51.7

It is seen from Table No. 5 and No. 6 that the distribution of runoff in wet
year, dry year and mean year vary a little. In low years the percentage of runoff
increases in low water season and decreases in high water season.

1.3.4 MAXIMUM DISCHARGES

Estimates on maximum discharge for a long period have been carried out with
the help of the probability curve which has the following parameters:- coefficient
of variation: 0.5, coefficient of asymmetry: 1.0 and a mean long term maximum
discharge is 400 m3 /s. The coefficient of variation is obtained bn the basis of
a study of maximum discharges for a 3 -year period at Gulbahar gauge and an 11 -year
period at Naglu. Assuming the above figures, maximum discharges for years of various
probability have been estimated which are as follows:

Table

ANNUAL MAXIMUM DISCHARGES (m3 /s) IN A YEAR OF PROBABILITY

Maximum discharge
Maximum discharge with
20% guarantee amendment

0.1% 1% 3% 5 10%

1,310 1,000 850 780 670

1,570 - - - -

1.3.5 MINIMUM DISCHARGES

To characterize minimum runoff mean monthly minimum discharges are taken out
from all the months. It can be said due to the available data that minimum runoff
at Gulbahar gauge is observed in January -February. In 1960 -1962 discharges of the
Panjshir were fron 8.0 to 10 m3 /seo.

Estimates on monthly minimum discharges for a long term period have been done
with the help of the probability curve which has the following parameters
coefficient of variation: 0.3, coefficient of asymmetry: 0.6 and an average



minimum monthly discharge for a long term period is 12.5 m3 /s. Assuming the
above figures, the monthly minimum discharges for years of various probability
have been computed.

Table 8

MONTHLY MINIMUM DISCHARGES (m3 /s) IN A YEAR OF PROBABILITY

1 96 3% 596 10% 20% 50% 75% 95% 97% 99%

22.8 20.5 19.3 17.5 15.5 . 12.2. 9.7 7.0 6.5 5.4

1.3.6 SEDIMENT DISCHARGE

Due to the available data on sediment discharge of the Kabul at Naglu a long
term sediment discharge at Gulbahar could be assumed as 2.0 kg /m3. With such a
sediment discharge and a mean long term water discharge as 62.5m3/2 a mean annual
suspended matter would be 3.94 million tons with an account to the driven sediment
which is 10% of suspended matter the sediment discharge would be 4.23 million tons.
With a density of 1.3 an average sediment discharge would be of 3.26 million tons,
i.e. 0.17% of water discharge.

Thus, withdrawal of sediment discharge in the Panjshir river basin, not taking
into account chemically dissolved matter, oould average 750 tons /km2.

It should be mentioned once again that due to lack of reliable data on the
sediment discharges of the Panjshir all the cited data are approximate and can be
used for preliminary conclusions only.
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2. ENGINEERING- TECHNICAL FEASIBILITY
OF THE RESERVOIR ON Tilt; PANJSHIR

2.1 INTRODUCTION

To start with making up the design of the hydropower station on the Panjshir it

should be kept in mind as for the enjoyers and water consumers existing at present
and would be in the nearest future. As it was mentioned in the introduction the
development of irrigation in the Upper Kabul Basin will affect the generation of

energy at Naglu to a decrease. The operation regime of the proposed reservoir
will therefore depend from the operation regime of the existing reservoir at Naglu.

2.2. OPERATIONAL REGIME

a) filling of the reservoir is from April to June; in June and July draw -off

of the excess water takes place;

b) from August to December useful storage is being spent on economical needs

(generation of power and for irrigation).' The capacity and the output of

Naglu with 3 units running in a year of 70% probability without - supply for .

irrigation at Charikar and Bagram is shown in Table 9.

Table 9

NAGLU POWER STATION: CAPACITY AND OUTPUT

Months 1 2 6 8 10 11 12 Total

Power 25 22 25.5

1000
KW

59 67.5 67.5 67.5 50 51.5 45.5 26.4 23.5

Energy
million 18.6 14.8 19

KWh

42.5 50.2 48.8 50.2 37 237.2 33.8 19.3 17.4 390

To compensate the output losses at Naglu some calculations have been done as

to provide for the determination of energy losses and the usable regulated

additional reservoir storage. The results are in Table 10.
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Table 10

NAOLU POWER STATION: FURTHER CONSIDERATIONS

Jan Feb March Apr May June July Aug Sept Oct Nov Dec Total

Daily capa-
city, 1000 25.0 22.0 25.5 59.0 67.5 67.5 67.5 32.0 41.5 42.5 22.0 19.6
KWh
Daily gene-
ration of
electricity,

600 530 610 1420 1620 1620 1620 770 1000 1020 530 470

1000 KWh
Monthly
generation
of electri-
city,

18.6 14.8 19.0 42.5 50.2 48.7 50.2 23.9 30.0 31.6 15.9 14.6 360

Million KWh
Capacity of
the reservoir
million m

- - - - 65.0 34.0 20.5 20.3 20.5 160.3

Analysing the above Table No. 9 and No. 10 it seems to be possible to make
up the following conclusions:

a) losses of energy at Naglu because of water consumption for irrigation in
Charikar and Bagram areas from August to December would be 30 million KWh
or 7.7% of the annual output.

b) it is seeù in the summary diagram of operation of Naglu, Mahipar and
Sarobi (without supply for irrigation) that during the above months a
downfall of energy production at Mahipar is felt which will be met by the
output of Naglu (See drawing No. 1). Losses of energy at Naglu would
affect the operation of the 3 power stations.
To compensate the losses of electricity output it will be neoeasary to
design a reservoir with a usable regulated capacity of 161.0 million m3.
To cover the needs of irrigation the additional 25.0 million ma of water
will be required, i.e. the summary usable oapacity of the reservoir should
be equal to 186,0 million m3 per year. Water economic calculations of
usable capacity of the reservoir are shown in Tables Nos:. 12, 13, 14, 15.

The proposed reservoir on the Panjahir river will provide for a seasonal
regulated run -off with an annual draw -off to the dead storage. The dead storage
will be equal to 50 million m3. Silting of the dead storage is assumed to take
100 years.



3. CHOICE OF DAM ALIGNMENT

341 GENERAI,

`1'o create an additional controlled storage of water of 186 million m3 a high
dam has to be designed. To a000modate such a volume of water 3 dam sites have
been investigated. For each site a storage curve is drawn' W = f (H) (see
diagram No. 2). All the sites are located on the Panjshir upstream from the
hydrological gauge 1.2 km.; 5 km. and 12.5 km respeotively.

From the graphs W f (H) we obtain that the maximum height of the dam at the
above sites is 150 to 160 m.1 110 to 120 m. and 90 to 95 m respeotively.

Investigations at the sites have shown that from the point of view of the
proposed storage preference should be given to the 3rd dam site as this site is
suitable for the construction of the temporary diversion structure waters location
of auxiliary structures, transfer of the existing road and the construction of
the dam.

Survey at the dam sites has however proved that the 3rd dam site from the
point of engineering geology is much worse than the two downstream sites as the
rooks on the right abutment and foundation rocks are greatly affected by teetonios.

While stripping the rooks were excavated by shovels Without pinks.

The results of oore drilling show that to a depth of 26 m the rooks are
orushed into small pebbles. There are a lot of sooree and joints in the oore.
Thickness of the alluvium deposits on the river terraces and in the river bed
varies from 12 to 35 m.

3.2 LAYOUT OF DAM SITE

Crushed nature of the rook on the right abutment and a great thickness of the
alluvium deposits have brought to a conclusion that the construction of the hydro-
power station at this site will require a great capital expenditure and will oost
more than each of the two downstream dams.

As regards the 2nd dam site it should be noted that according to the topo-
graphical conditions this site is not better than the first one.

The rooks (ortho and paragneiss) at the 2nd dam site are worse than at the
1st dam site. They are shattered and with many traces of tectonic activity.

Conditions of water diversion during the dam construction period and
conditions of transferring the esieting road to higher levels are alike
with the conditions of the 1st dam alignr,ent.

General layout of subsidiary structures is much better at the 1st dam site as
at the latter all the auxiliary structuras plants can be located 1.5 km downstream
from the 1st dam sites at the exit from the gorge.
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For all the above reaeone it seems to be expedient to adopt the 1st dam site
for s dan to be designed at.

As for the prejudioee from the reservoir flood they are alike for all the
dam alignments.
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GEOLOGICAL AND HYDROLOGICAL
CONDITIONS OF THE 1ST DAM SITE

4.1 GENERI.ï,

The first dam site is located in the narrow Panjshir gorge at a distance
of 1 km upstream from the hydrological gauge. The cross -section of the gorge at
the site is almost symmetrical with the banks dipping steeply at an angle of 45°
to 50° towards the river bed but there are cliffs dipping vertically. The width
of the river bed varies from 20 to 25 m in low water. Coarse -grained orthogneiss
of porphyroblastic structure predominates at the site. Petrographical tests
(study of thin sections) have proved the presence of leucocratio gneiss,
amphibolo- biotite ,biotite- emphibolic,granitic gneiss and, partially, amphibolite.
No tectonic structures are observed at the site. There are some shear zones 0.8
to 1.0 m in width. At low levels from the river bed the rocks on the abutments
(1680 to 1685 m.) are safe. At higher levels there are a lot of tectonic zones
and in some places - teotonio breccia. In some places the rock is more loose,
open -jointed and crushed into blocks of 0.3 to 0.35 m. in diameter.

Though the rocks on the left abutment are not conspicuously bedded than on
the right abutment there are however places where the beddings reach individually
up to 0.3 to 0.4 m. in thickness. The rock dips at an angle of 75° to 85° from
the horizontal in a direction of 330° to 340 °. In general the rook is very
fractured. A study of rock jointing was undertaken on both the abutments appr.
480 bedding planes were determined. It has been observed that there are 3 systems
of jointing which are as follow:

1st system dips at an angle of 50° to 90° in N.N.W. direction or 310° to
360 °. In this system predominate amount of joint dip at an
angle of 600 to 90° in a direction of 330° to 360 °.

2nd system predominantly dips at an angle of 20° to 40° from the horizontal
in S.S.E. direction or 140° to 170°.

3rd system is in S.W. direction from 240° to 270° but predominate jointe
are dipping at an angle of 20° to 40° in 230° to 260° direction.

In the majority tectonic joints are of close character but there are however
joints which are open -jointed to a width of 0.1 to 0.15 m with clay and metal
filling.

Estimates on cavernous efficiency of the rook was done, i.e. the ooefficient
of jointing, which is determined by ratio of volume of joints to the volume of
rock at a tested measured place. The cavernous efficiency is as follow: 0.75;
1.0; 1.2.

According to the classification used in the U.S.S.R. the rook at the dam site
is referred to as little jointed.

Analysing the conditions of jointing of the rock it might be possible to
draw the following conclusions:
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a) a predominate system of jointing is the last s which steeply dip in
a N.N.W. direction. Taking into account that the joints are dipping in
the upstream direction to the upstream heel of future engineering
structures it is likely that the joints of this system would not be
dangerous as for the slide of the proposed dam;

b) as far as the 2nd system of jointing is concerned they are gently
dipping in a downstream direction and will be dangerous for the dam
stability.
Consequently,, some of them greatly extended could be the planes of slide
for enginetoring structures.
Release fractures appearing from the decrease of internal tension of rock
whilst the river incises are appearing to be of the 2nd and 3rd systems of
jointing. The release fractures do not greatly extend along the river
and rapidly taper out into the abutments.

o) jointing at the site must be grouted in order the rock be rendered water
tight and monolithic.
It should be noted that the core output is 88% to 98 %. In prevalent
cases the core is presented by columns 20 to 30 cm. long.
Four shear zones of 1.2 to 1.6 m in width have been intersected in the
1st borehole, drilled to a depth of 44 m.

4.2 HYDROOEOLOOICAL CONDITIONS

The area of the proposed dam site is characterized by the presence of two
water- bearing stratae:

a) strata of water held within the joints;

b) strata of Quaternary or diluvium- alluvium deposits.

Both the water -bearing stratae are hydraulically connected and the upper
horizon of Quaternary deposits drains the water of lower water- bearing strata
(water of joints). At the dam site the Quaternary deposits are not greatly
developed and the ground water of this strata would not greatly affect the
construction of the power station. Though the ground water of the lower water -
bearing strata (water of joints) is more developed the quantity of water is not
much because of weak water permeability. When making excavations for the dam
foundation it will be easier to pump water cut through surface dewatering.

To determine the filtration ability of gneiss, test pourings have been done
into the borehole. The test was performed from the bottom to the top.

When drilling of the 1st borehole was finished a test pouring was done to
the whole depth of the hole (test No.1). After the first test the lowest part
of the hole (appr.5.7m) was cemented and a new pouring was performed (test No.2).
After the 2nd pouring a new section was cemented (appr. 9.7 m) and the test
continued (test No. 3). After a new pouring a new section was cemented
(appr. 9.2 m) and the test went on.

Specifio water absorption in every section was determined according to the
differences between the results of two pourings, for example, the difference
between the 1st and 2nd; the 2nd and the 3rd, etc.
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The results of the test are as follows:

a) specific water absorption W within 40.17 - 34.5 m. is 2.2 litre /min

b) specific water absorption W within 34.5 - 24.8 m. is 0.055 litre /min

o) specific water absorption W within 24.8 - 15.6 m. is 0.092 litre /min

d) specific water absorption W within 15.6 - 6.8 m. is 0.38 litre /min

According to Lejean's theory concerning high head dams by rocks of weak
filtration we mean the rocks where the specific water absorption (W) does not
exceed 0.01 to 0.03 litre /min. If W is higher than the rocks should be counter-
acted by grout programme.

The results of the tests show that the specific water absorption is higher
than the rated one. Consequently, it might be the subject of the uplift pressure
on the dam.

It should therefore be advisable to
minimum and probably to a depth of 0.45
a depth of 70 to 75 m. The final depth
after some more hydrological tests have

4.3 3EISMICITY

envisage grouting to a depth of 50 m.
- 0.5 of H (height of the dam), i.e. to
and the type of grouting can be determined
been performed.

Up to the present time no scientific study on seismicity of Afghanistan has
been done. The magnitude factor was determined according to the degree of
destruction of inhabited places affected by earthquakes. Yet, some data exists
which indicated the seismicity of Afghanistan.

In 1927 -1932 Dr. W. Yven and in 1934 -1936 Rev. E. Caspani collected some data
on the seismicity of Afghanistan, which are at Kabul University.

The data presented in this report ha-e been copied out from the report:
"Engineering- geological report on the conditions of construction of Naglu hydro-
power station on the Kabul river ", Technical Design, Tashkent, 1962.

These are enumerated below:

6.12.1505 Kabul was affected by an earthquake having a magnitude of 8 or 9 on
the 12- magnitude scale used in the U.S.S.R. At the Paghman foothill
splitting over large area occured.

Jan. 1832 Badakhshan was subject to an earthquake of a magnitude of 8 or 9.

19.3.1842 Djellalabad was affected. The epicenter was in Kabul Valley.

Aug. 1874 Almost the whole of Afghanistan was affected and the area extended
from Jabal -us -Siraj to Kandahar. Oulbahar was destroyed.
Magnitude was of 9.

From 1832 to 1944 there occured 6 earthquakes of a magnitude of 8 or 9 and
53 earthquakes of a magnitude of 5 to 7. The epicenters were in Paghman,
Badakhshan, the Hindu Kush, Kabul Province and on Djellalabad. 40 earthquakes of
the above had the epicenter in the Hindu Kush.
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A seismic map of Afghanistan was prepared by Dr. Stenzel (Kabul University)
where it is seen that the border of severe earthquakes goes from Nazar- i- Sharif
to Ghazni and along the southern frontier of Afghanistan east, from Kandahar.

Thus, the eastern, part' of Afghanistan including Kabul city is the area of'
major shocks.

As regards the magnitude or the seismic factor which must be included in the
design of engineering structures, we have asked one of the scientists on
seismioity from the U.S.S.R., Professor Gorshkov, from Moscow University, a
Member of Soviet on Seismioity of the Academy of Science of the U.S.S.R. He
answered: "the area 80 km. N.N.E. of Kabul is within a highly seismic zone ".
Further on he wrote: "according to Mr. Krishna (1959) the area is 'referred to as
a zone within which severe shocks might occur leading to devastation ".

As far as the factor of seismioity is concerned which is to be included in
the engineering design on the Panjshir, Professor Gorshkov recommended to assume
a magnitude of 9 on the 12- magnitude scale used in. the U.S.S.R.

4.4 CONCLUSIONS

Analyzing all the existing data on the engineering -geological conditions
and seismicity of the proposed dam site it seems to be possible to make up the
following conclusions:

According to the engineering -geological conditions the proposed dam site is
suitable for the construction of either a high concrete dam (not of arch type) or
a rock -fill dam. From all the 3 dam alignments the lowest one is a most
favourable for the construction.

On account that the rock on the abutments on high levels (1680 - 1685 m) is
weathered and there is a great manifestation of tectonic activity than at the
lower levels (1604 - 1680 m.) it is not advisable to design an arch dam as for
the latter more or less homogeneous -qualitative rocks are required to the whole
height of the dam.

According to the existing data and the recommendation of Professor Gorshkov
the seismic factor for designing should be 9.

On the experience of construction of high concrete dams in the U.S.S.R. and
in other countries with alike engineering -geological conditions and seismioity it
is expedient to assume the coefficient of inner friction (tg 4q to be equal to
0.7 and the coefficient of adhesion (C) to be equal to 3 kg /cm .

Test pourings into the borehole (to determine the specific water absorbtion
of gneiss) have proved high filtration of gneiss in comparison to standard rates.

Soviet Geologist Prochukhan published results of dependance of grouting depth
upon the dam height, which are being constructed on eruptive and metamorphic rocks
in different countries. The results provided by Mr. Prochukhan indicate that in
predominate cases the dependance of grouting depth is 0.45 to 0.5 of the height of
the Dam. In our case taking into account W factor the depth of grouting will be
70 to 75 m.
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5. UTILIZATION OF HYDROENERGY RESOURCES

5.1 OPERATIONAL REGIME

The proposed reservoir at the dam site No. 1 which is situated 1.5 km
upstream from the hydrological gauge on the Panjshir river, will operate according
to the regime of ¡Naglu Hydro Power Station i.e. the draw -off must take place
during the months -16:4T-there will be a shortage of water at Naglu caused by
consumption of water for irrigation. On the Drawing No. 1 (Summary diagram of
operation of Naglu, Mahipar and Sarobi Hydro power stations) it is seen that the
shortage will be felt in August, September, October, November and December.
Therefore, the regulation of useful capacity of the reservoir on the Panjshir
river will be in accordance to the above conditions. It is contemplated to design
a power station with a regulated run -off to the tail water.

Water economic estimates with a diagram of indraught, consumption and
operation of the reservoir are made up for:

a) a year of mean long -term run -off (to determine energy output) and for two

low water years;

b) a mean low water year of 75% probability of an annual run -off (to

determine estimated water supply);

c) a low water year of 95% probability of an annual run -off (to determine

guaranteed oapacity).

Water economic indices of the reservoir (water balances) are shown in
tables Nos. 13, 14, 15, 16.

Diagrams of the reservoir operation (Drawings Nos. 3, 4, 5, 6) are following

the above Tables.

As a base of calculation data, a low water year (1962) reduced to a year of
75% probability, has been adopted. The distribution of the run -off (in 3m /s) by

months is shown in Table 11.
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Table 11

PANJSHIR RIVER RUNOFF

Months,
type of year

Jan Feb March Apr May June July Aug Sep Oct Nov Dec Mean
annual

Mean long
term 50%
probability

High -water
year

Low -water
year ?5%

Low -water

year 95%

9.6

9.6

8.5

5.2

9.7

10.1

8.75

5.4

11.0

16.2

8.5

5.2

27.5

37.8

24.5

15.0

87.0

110

57

34.7

271

306

241

148

190

298

150

92

63

93.5

47.5

29.2

31.4

32.4

29.6

18.1

19.1

20.4

18.3

11.2

16.7

16.1

15.7

9.7

11.3

12.4

11.0

6.7

62.5

80.5

51.7

34.4

5.2 ALTERNATIVES FOR RESERVOIR OPERATION

On the base of water- economical estimates of a year of 75% probability two
alternatives of the reservoir operation have been considered. A feasible power
and an output of the Hydro station on a year of 75% probability for both
alternatives are given in Table 12.

Power of the hydro station has been estimated according to the formula
N - 9.81 Q H n

Where: _

Q - is a mean monthly discharge at the dam site in m3 /s

H - is the head (gross) with a constant level of water in the tail head
and which corresponds to an annual discharge at the station.

n - is a tentative efficiency of a turbine, equal to 87 %.

Table 12

FEASIBLE POWER AND OUTPUT OF HYDRO STATION IN A YEAR OF 70%

PROBABILITY

Months 1st alternative 2nd alternative

m s H, m. 1000KWh millionKWh m s H, m. 1000KWh million KWh

January 1.9 90.0 1.44 1.08 8.50 90.0 6.5 4.8

February 2.0 107.5 1.72 1.19 8.75 90.0 6.65 4.6

March 1.9 112.5 1.71 1.27 8.50 90.0 6.5 4.8

April 18.8 120.0 19.00 13.70 24.5 90.0 18.5 13.3

May 39.8 130.0 43.6 32.4 57.0 90.0 43.4 32.2

June 214.0 139.0 250.0 180.0 169.0 116.5 165.0 119.0

July 150.0 143.0 180.0 134.0 150.0 143.0 180.0 134.0

August 72.0 140.5 84.0 62.5 72.0 140.5 84.0 62.5

September 42.5 132.5 47.3 34.2 42.5 132.5 47.3 34.2

October 35.4 120.0 35.6 26.4 35.4 120.0 35.6 26.4

November 23.7 108.5 21.6 15.5 23.7 108.5 21.0 15.5

December 18.6 97.0 15.2 11.3 18.6 97.0 15.2 11.3

Total 513,54 462.3
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Analysing the results of the run -off control and the feasible capacity and
generation of eleotricity on the reservoir on the Panjshir river, it can be
stated as follow:

a) If there is a hydro power station along with the reservoir, the 1st
alternative is the best one as there are great heads and, consequently,
energy production increases;

b) according to the watercourse, maximum capacity the hydro power station
can develop is 250 000 KW (1st variant) and 180 000 KW (2nd variant);
minimum capacity is 1 400 KW and 6 500 KW respectively. Such a
difference between the maximum and minimum capacities is caused by the
regulating ability of the reservoir, operation regime of which depends
on the work of the Naglu HPS.

o) Construction of a power station to the maximum capacity estimated
according to the watercourse is not economically expedient as the power
station will be operated 1 to 2 months per year.

Henceforth, when designing the HPS the 2nd variant is taken as the basis of
the estimated data and with which the power could be used within the basic
section of the graph with a number of hours of use of the rated capacity as
5 100 hours.

Possible discharges through the hydro power station in a year of 50%, 75% and
95% probability are in Table 17.

Mean per 24 hours power and energy output are given in Drawing No. 7.

Table 13

USEFUL STORAGE OF THE RESERVOIR AT OULBAHAR UNDER MEAN
WATER YEAR OF 50% PROBABILITY IN MILLION m..1

Jan. Feb. Mar. Apr. May June July .Aug. Sept. Oct. Nov. Dec. Total
Natural inflow
into the
reservoir 25.8
(end of month)
Useful capacity
of the reservoir -
(beginning of .

month)
Draw -off from
the reservoir :for
irrigation -

for downstream
consumers 25.8
Total 25.8
Useful çapaoity
of the reservoir
(end of month) -
Out -flow -
Filling of the
reservoir ( +) -

23.4 29.5 71.8 233.0 700.0 510.0 169.0 81.4 51.2 43.4 30.2 1968.7

- - - - - 1.86.0 186.0 121 087.0 41.0 20.5

- - 43.6 99.0 95.0 119.0 104.0 70.0.74.0 39.0 - 643.6

23.4 29.5 28.2 134.0 419.0 391.0 130.0 45.4 23.2 24.9 50.7 1325.1
23.4 29.5 71.8 233.0 514.0 510.0 234.0 115.4 97.2 63.9 50.7 1968.7

- - - 186.0 186.0 121.0 87.0 41.0 20.5 -
_ _ - _ - - 65.0 34.0 46.0 20.5 20.5 186.0

- 186.0 - - - - 186.0
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Table 14

USEFUL STORAGE OF THE RESERVOIR AT OULBAHAR UNDER MEAN

LOW WATER YEAR OF 75% PROBABILITY IN MILLION m3

Natural inflow
into reservoir
(end of month
Useful storage
(beginning of
month)
Draw -off from
the reservoir
for irrigation
for downstream
oonsumers

Total

Reservoir
storage (end
of month)
0ut -flew
Filling ( +)

Jan. Feb. Mar. Apr. May June July Aug. Sep. Oot. Nov. Dec. Total

22.8 21.1 22.8 63.0 153.0 625.0 402.0 127.0 77.0 49.0 -40.0 29.5 1633.1

- - - - - 186.0 186.0 121.0 87.0 41.0 20.5

- - - 43.6 99.0 96.0 119.0 104.0 70.0 74.0 39.0 - 643.6

22.8 21.1 22.8 19.4 54.0 344.0 283.0 88.0 41.0 21.0 22.4 50.0 989.5

22.8 21.1 22.8 63.0 153.0 439.0 402.0 192.0 111.0 95.0 61.4 50.0 1633.1

- - - - - 186.0 186.0 121.0 87.0 41.0 20.5 -

- - - - - - - 65.0 34.0 46.0 20.5 20.5 186.0

- - - - - 186.0 - - - - - 186.0

Table 15

USEFUL STORAGE OF THE RESERVOIR AT GULBAHAR UNDER

MEAN LOW WATER YEAR OF 75% PROBABILITY IN MILLION m3

(alternative)

Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. Total

Natural inflow
into reservoir
(end of month) 22.8 21.1 22.8 63.0 153.0 625.0 402.0 127.0 77.0 49.0 40.9 29.5 1633.1

Useful storage
(beginning of
month)

- 17.8 33.9 51.7 66.1 115.1 186.0 186.0 121.0 87.0 41.0 20.5

Draw -off from
the reservoir
for irrigation
for downstream
consumers

-

5.0

-

5.0

- 43.6

5.0 5.0

99.0

5.0

95.0

459.1

119.0

283.0

104.0

88.0

70.0

41.0

74.0

21.0

39.0

22,.4

-

50.0

643.6

9E'9.5

Total 5.0 5.0 5.0 48.6 104.0 554.1 402.0 192.0 111.0 95.0 61.4 50.0 1633.1

Reservoir
storage `(end of

month)

17.8 33.9 51.7 66.1 115.1 186.0 186.0 121.0 87.0 41.0 20.5 -

Out -flow - - - - - - - 65.0 34.0 46.0 20.5 20.5 186.0

Filling ( +) 17.8 16.1 17.8 14.4 49.0 70.9 - - - - - - 186.0
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Table 16

USEFUL STORAGE OF THE RESERVOIR AT GULBAHAR UNDER LOW
WATER YEAR CONDITIONS OF 95% PROBABILITY IN MILLION m3

Natural inflow
into reservoir
(end of month)
Useful storage
(beginning of
month)
Draw -off from
reservoir:
for irrigation
for downstream
consumers

Total

Reservoir
storage (end
of month)
Out -flow
Filling ( +)

Jan Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Deo. Total

24.0 13.1 14.1 39.0 93.0 384.0 247.0 78.4 47.0 30.0 25.2 18.0 1002.7

- - - - - - 186.0 186.0 121.0 87.0 41.0 20.5

- - 39.0 89.0 85.5 107.0 94.0 63.0 66.5 35.0 - 579.0

14.0 13.1 14.0 4.0 112.5 140.0 49.4 18.0 9.5 10.7 38.5 423.7

14.0 13.1 14.0 39.0 93.0 198.0 247.0 143.4 81.0 76.0 45.7 38.5 1002.7

- - - 186.0 186.0 121.0 87.0 41.0 20.5 -

- - - - - 65.0 34.0 46.0 20.5 20.5 186.0
- - - - - 186.0 - - - - - 186.0

Note: While making up the water balance of low water year at 90 - 95% probability
in the U.S.S.R. reduotion of irrigation rates by 10% (K - 0.9) is assumed in
comparison to calculated water consuming defined for a year of 75% probability.
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Table Via

CAPACITY AND GENERATION OF ELECTRICITY UNDER PRESENT CONDITIONS
RATED CAPACITY - 40 000 KW

M
o
n
t

h

Dischar
ges for
HPS

m3 /s

head
gross

m.

HPS ca
pacity
.1000
KWh

energy
output
million

KWh

Dischar
ges for

HPS
m3 /s.

head
gross

m.

HPS ca
parity
1000KW

energy
output
million

KWh

Dischar
ges for

HPS
m3 /s.

head
gross

m.

HPS ca
parity
1000KW

energy
output
million
KWh

Mean longterm year of 50 prob. Mean low water year of 75% Low water year of 95% prob.

1 9.6 90.0 7.25 5.4 8.5 90.0 6.5 4.0 5.2 90.0 3.9 2.9

2 9.7 90.0 7.30 4.9 8.75 90.0 6.6 4.4 5.4 90.0 4.1 2.7

3 11.0 90.0 8.30 6.2 8.5 90.0 6.5 4.8 5.2 90.0 3.9 2.9

4 27.5 90.0 20.4 14.7 24.5 90.0 18.5 13.3 15.0 90.0 11.4 8.2

5 33.2 90.0 25.2 18.7 33.2 90.0 25.2 18.7 33.2 90.0 25.2 18.7

6 33.2 116.5 32.6 23.5 33.2 116.5 32.6 23.5 33.2 116.5 32.6 23.5

7 33.2 143.0 40.0 30.4 33.2 143.0 40.0 30.4 33.2 143.0 40.0 30.4

8 33.2 140.5 39.2 29.0 33.2 140.5 39.2 29.0 33.2 140.5 39.2 29.0

9 33.2 132.5 37.0 26.6 33.2 132.5 37.0 26.6 33.2 132.5 37.0 26.6

10 33.2 120.0 33.5 25.0 33.2 120.0 33.5 25.0 29.4 120.0 24.6 18.3

11 24.6 108.5 22.4 16.3 23.7 108.5 21.6 15.5 18.3 108.5 16.7 12.0

12 19.0 97.0 15.6 11.6 18.6 97.0 15.2 11.3 14.4 97.0 11.8 8.8

Total: 212.3 207.3 184.4

Note: Capacity of the HPS has been calculated on the formula: N - 9.81 Q H n,
where n - is a, tentative efficiency of a turbine, equal to 87%.
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6. GENERAL LAYOUT

6.1 MAIN CONSIDERATIONS

Topographical and geological oonditions on one hand and oatastrophio floods
during the dam construction period, on the other, greatly influence on. the location
of dam engineering structures. The floods are 1,310 m3 /s and 780 m3 /8 respectively.
By the adopted layout it is envisaged to pass the flood discharge of 1,310 m3 /s
during the maintenance in the following way:

through the power house - 30m3/s
through the shaft spillway - 150 m3 /s

through the conduits in the dam body - 1,130 m3 /8

The adopted scheme of spilling water during the construction stipulates a
possibility of overflow over the upstream coffer dam, when a discharge is over
500 m3 /s for which the diversion tunnel is designed. Henceforth, 3 dewatering
conduits incorporated in the dam body are to be constructed providing together
with the tunnel to spill water during the construction period, with a 5% proba-
bility equal to 780 m3 /s..

This general layout brings some inconveniencies but outs down the oost of
tunneling works.

6.2 ENGINEERING STRUCTURES OF THE HYDROELECTRIC STATION

Factor of seismicity is 9.

The hydroelectric scheme consists of the following:

a) a blank concrete gravity dam with a water intake;

b) a power house with a rated capacity of 40 000 s.KW;

c) a shaft spillway with a tunnel.

In the
outline of
The height

t dam =

where:

diagram the dam has a direct outline; in the cross section it has an
a triangle, the apex of which is at the normal pool level (1.748 m.M.S.L.)
of the dam crest is defined from the following:

h
h (1.5 + 2 + ßs 3.0

2 Z

t - freeboard over the maximum top water level in metres;
h - height of wave, defined by the formula:

h e 0.208 V 5/4 D 1/3

- wind speed for preliminary estimates is adopted to be 10 m/s
D - fetch equal to 3.0 km.
Z - wave length; Z 0.304 VD 1/2 = 5.2
A - reserve over the estimated wave height, equal to 1.5 m
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On the dam crest from the upstream side a reinforced concrete parapet is to be
erected to a height of 1.0 m.

The base width of the dam is determined by the formulas

b= H and assumed to be 110 m.

and verified by a static calculation on its slide along the foundation surface.

H - height of the theoretical profile; equal to 160 m.
11- volumetrical weight of concrete in the dam body; equal to 2.4 ton /m3
Y - volumetrical weight of water; equal to 1.0 ton /m3

For estimation the following conditions are adopted:

a) water level in the head water is at the normal pool level;

b) no water is present in the tail water;

c) specific adhesion of rock foundation is 3 kg /cm2.

Check -up of the dam stability to the displacement has been oarried out for
2 oases:

i) with no regard to seismic forces of inertias

Kos - f (P +woo) +b +o
Q

ii) with regard to the seismicity of the area:

Ka2 =[ P - (W oo - 51)1+ b x o

4-82

where:where:

f - coefficient of rock friction equal to 0.1
P = vertical forces (weight of the dam proper - 20 800 tons

Uplift pressure onto 1 linear metre of the dam with the presence of drainage
of upstream vertical face is determined according to:

W oo = 1/2 d, d," (ha + hb) - 200 tons

where:
d1 = coefficient of the head decrease due to the grouting curtain and

the cut -off is taken with a slight rook insufficiency to be equal
to 0.3;

d1 - coefficient of the transmission surface of pressure; equal to 0.5;
hb = distance from the dam base to the inspection gallery in metres.
ha = distance between the vertical drains and the vertical dam face
Q = a horizontal constituent of pressure from the head water, equal to

11250 tons.

Taking into account that the seismicity of the area is 9, the estimated value
of the seismic forces of inertia is defined by the formula:

Si - d Kc P = 2080 tons
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where:
Ko - seismic coefficient; equal to 0,1
d coefficient depending on the oharacter of seismic effect, equal

to 1

P . weight of the structure, equal to 20,800 tons.

Estimation is carried out assuming the static effect of conditioned seismic
foroes of inertia; their distribution is adopted in accordance to the distribution
of load. The seismio forces may have different directions of seismic foroes,
which could be dangerous for the structure.

In our case as a result of undertaken estimation the direction of the load
is from the bottom to the top.

The value of additional water pressure and its distribution along the dam
height due to seismic effect is determined by the formula:

g - 0.8 Koh 12 tons /m.

where:

- volumetrical weight of water; equal to 1.0 ton /m3
o coefficient of seismicity, equal to 0.1

h water depth in front of the dam, equal to 150 m.

Total pressure is as follows:

S2 - 12 x 150 - 1,800 tons.

Substituting the estimated figures into formulae we get as follows:

Kai 1.58 i 1.1
Ko2 - 1.17 > 1.1

Consequently, the width of the dam base (110 m.) got theoretically is oonfirmed
by the static estimation of the dam as for its displacement.

Maximum dam height from the foundation to the crest is 167 m.

Crest length is 312 m.

The width of the road is 7.0 m. which corresponds to the requirement of a
3rd category highway. The road is to be covered with a sand -gravel mix treated
with bitumen.

The dam is located in a V -form gorge with steep slopes, symmetrical in a cross
section, 1,5 km upstream from the gorge exit.

Taking into account the location of the dam in a narrow gorge, heterogeneous
foundation rook and a' high seismio factor, the dam body is cut into contraction -
slump sections, 15 m. wide each.

The power house is at the dam from the tail water. Intake of water and its
supply to turbines is being done through metal conduits 2,0 m. in diameter. In
the bell mouth of the conduits are located screen rakes, butterfly valves and
emergency gates.

There are 3 dewatering pipes incorporated in the dam body designed to fulfill
the following tasks:

a) to pass water for the downstream hydro- station at Naglu and to meet the
irrigation requirements;



- 27 -

b) to dewater the reservoir;

e) to wash out silting of the reservoir.

These pipes are 4 m. in diameter and with metal facing. At the entrance an
emergency gate is installed, at the exit - a radial gate. The gates are furnished
with hydrolifts. To catch and to outlet the water penetrating through the dam body
vertical drains are designed, with their exits to the longitudinal galleries.

To decrease the filtration losses through the dam foundation and at the
conjugations with the abutments and simultaneously to reduce the uplift pressure on
the bottom of the dam a cement curtain and vertical drains at the dam bottom are
made.

The presence of the watertight curtain would decrease the probability of
chemical and mechanical destruction of rocks by water penetrating. Besides, shallow
grouting of the dam foundation strengthening jointed or not sounded rock foundation
and creating better cohesiveness of concrete with the foundation rook. To make a
cement curtain at the dam base 2 or 3 rows of holes are drilled along the upstream
face. The boreholes are to be washed and after that a cement mix is supercharged
and fills in the joints and makes up a cement curtain. For preliminary estimates
the depth of the boreholes should be 0.4 of H (head).

To provide continuity of grouting the boreholes are to be located at a
distance of 2 to 5 m. in chess -board order.

Apart from the oounter- filtration curtain a drainage system is made to
decrease the uplift pressure on the dam. Drainage holes begin from the bottom of
the dam, approximately, at a half of the cement curtain, and join the inspection
gallery. To keep the infiltration of water through the dam body a concrete mix of
high watertightness (BOT- 200,V -8) is to be layed into the extrados by a 6 m. layer
from the dam face.

By experience of construction of high head dams in the U.S.S.R. a following
distribution of concrete mix grades can be recommended:

a) into the section next to the abutments to a height of 15 m from the bottom
and into the bottom to a height of 30 m. - 150 -V4 grade.

b) into the extradox and the downstream face 200-V-8 grade to a thickness of
6 m., into the downstream face and 4 m. into the extradox;

c) inside the dam body - 100 -V -2 grade;

d) around the turbines and water pipes - 200 -14 grade to a thickness of
2.5 to 3 m. from the opening contour.

At a distance of 8 m. from the upstream face vertical drains are designed
which join like the grout holes the inspection gallery.

Water from drains is collected in a side ditch of the inspection gallery and
passed through the cross collector to the tail water. The diameter of the cross
collector is 0.3 m.
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6.3 POWER HOUSE

The power house is located on rocks downstream next to dam. The turbine shop
is 32 m. long, its width is 15 m. The house frame is of reinforced concrete with
brick masonry and reinforced concrete roof. The distributing devices shop is
located at the same level as the turbines shop:

All the auxiliary apartments as control panel apartment, transformers, batte-
shop, oil shop are located on the head water side. Connection of the air -open
distributing devices with the sub -station is by air -open electricity line. All the
suction pipes while being installed and repaired are closed by slide gates. The
gates are lifted and lowered through geared pulley blocks. The rated capacity of
the power station is 40 000 KW. In the power house 4 vertical hydroagregates with
radial pivot turbines of hanger type are installed and they have the following
parameters:

a) Hydroturbines
radial -pivot Po 15 - BM - 140 Fresis type, diameter 1.40 m.
rated head H - 143 m
rated capacity - 10 thos. KW
rated speed - 500 r.p.m.
estimated discharge - 8.3 m3 /s.

b) Hydrogenerator
BB - 654 - 500 vertical hanger type
capacity - 16 500 KW
tension - 11.0 KV

Equipment is transported to the unloading site located in the side part of
the power house by a 50.10 ton overhead crane.

Installation of the turbines and their repair is carried out by the overhead
crane of the turbine shop. The load capacity of the crane is 100/20 ton.

Auxiliary equipment to provide the unit normally operating is as follows:

i) compressor unit with 2 high pressure air -cooled compressors to supply air
into the pressure oil feed boilers. These compressors feed with air the
devices of unit brakes system;

ii) low- pressure air -cooled compressor unit with receiver - for the main
feeding of unit brake system, for own service and in repair time - for
pneumatic devices.

The hydro -station is designed to be automatic with staff at the control panel.

6.4 TEMPORARY DIVERSION TUNNEL AND SHAFT SPILLWAY

The temporary diversion tunnel is to be driven in the left abutment. Its
length is 420 m. The tunnel is designed for a discharge of 500 m3 /s. The oross-
section is trough like with a semicircular arch of a maximum height of 6.7 m. and
a width of 6.0 m. Concrete facing is made of a thickness depending,on the soudness
of the rook to the full length of the tunnel. Both the inlet and the outlet are
done like a square -like pipe with two side abutments moved forward. The inlet is at
a height of 1603 m. M.S.L. and the outlet is at a level of 1598 m.
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After the construction of the dam the inlet is to be plugged by concrete.
The tunnel is joined with the reservoir by a vertical shaft, i.e. in the maintenance
the downstream end of the tunnel is used to pass water diverted throug4 the shaft
spillway. The spillway is designed to pass maximum discharge of 150 mi /s. The
water -spill funnel has a round outline made in symmetry to the cross -section of the
shaft spillway. The cross- section of the spillway bell mouth is designed with an
inside conic insert. At the crest of the spillway radial gates are installed to
close the span of a length of 7 m. Thickness of piers is 4 m. The spillway begins
with a horizontal sill and goes into a conic surface dipping at an angle of 7° from
the horizontal. The conic surface is followed by a smooth parabolic curve.

The outside diameter of the bell Mouth is defined according to the spilling
ability of the spillway Q = 150 m3 /s by the formula:

Q m R m 2 TVr2 q H 2/3

where:
R - 12.0 m.
m - 0.36
H - 1.5 m.

The cross- section of the shaft is round with a diameter of 6.0 m.

The sill of the spillway is made of concrete, the shaft and the tunnel have
concrete facing and are covered by a thin layer of gunite which is being smoothed.
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7. CONSTRUCTION WORK

7.1 DIVERSION OF WATER DURINO DAM CONSTRUCTION

It is envisaged by the design to divert water during the dam oonstruotion in
low water season through the temporary diversion tunnel with a cross- section of
6.0 s 6.7 m. designed for a discharge of 500 m3/s and a possibility of flooding of
the river channel with a discharge over 500 m3 s.

Designed discharges of the Panjshir in a year of 5% probability at the site
are in Table below:

Table 18

Months 2 3 4 5 6 7 8 9 10 11 12

Discharge
m3 /e 16.0 15.8 18.4 37.3 145 438 319 105 50.4 32.0 27.1 19.7

After the construction of the diversion tunnel which is timed to the low water
season, i.e. when the discharges are not high, the river current is being let
through the tunnel. The dam base area is blocked from the river by the upstream
and downstream coffer damp, but the upstream coffer dam is designed to pass over a
discharge exceeding 500 m /s.

The downstream coffer dam is being removed in the flood and newly erected in
low water season. Later, when the foundation of the dam is constructed to a height
of 1650 m. M.S.L. the flood discharges could be diverted through water conduits
incorporated in the dam body and through the temporary diversion tunnel. After the
construction of the dam the water conduits will be the diversion conduits. When the
construction of the dam is finished and the shaft spillway is constructed the
upstream coffer dam is removed and the divers :on tunnel is plugged by concrete.
After that the discharges are diverted through the bottom conduits, the shaft
spillway and the power house.

7.2 EXECUTION OF WORKS

Following are the main works that must be done to construct the dam structures:

1. preliminary works

2. earth -rook works

3. grouting works

4. concrete works

5. installation of equipment and devices



- 31 -

It is estimated that the construction of the hydropower station will 'ta,-

5 years.

During the first year the preliminary works are to be carried outs houses of

staff and labour, work plants and access roads are being constructed, transfer of

the existing road from the zone of the reservoir to new higher elevation. In the

following years main structures are being constructed.

At first the construction of the temporary diversion tunnel is to be

undertaken.I.ater on in low water season lasting for 5 -6 months when the discharge

is of order 100 m3 /s, the downstream and upstream coffer are erected. River

flow is outlet to the tail water through the diversion tunnel. For this purpose

the coffer dams are erected by way of pouring quarry into the river flow. After

dewatering the river bed between the coffer dams the earth -rock works are started.

7.3 EARTH -ROCK WORKS

Stripping on the abutments is performed by using explosives; loading is

carried out by loaders and excavators. Removal of rocks from the tunnel is being

done with electrical fed Decauville wagons. In the open excavations vehicles are

used. Vglume of excavation for the dam foundation will make up a figure of

50000 tvl of debris and 400 000 m3 of rock. Excavation in the river bed lower

1600m. is carried out by two excavators with bucket capacity of 1.0 m3.

7.4 CONCRETE WORKS

Before starting the concrete works all the preliminary works are to be

performed.

The base of the dam must be prepared, timber shuttering, reinforcement and

embedded parts are to be installed. The dam base should be of sound unweathered

rock. Before laying the concrete mix the surface of the basement should be

thoroughly washed and water after that must beremovea.

Concrete mix for the dam body is transported by the following devices:

1. Tower cranes, KBGS -101 m type

2. Caterpillar cranes, E -1252 and EKG -4 types

3. MAZ -205 and KRAZ -222 dump trucks.

The main devices used in concrete works are KBOS -101m tower cranes carrying

out vertical and horizontal transportation. Approximate requirement in devices

and equipment for the concrete works in dependance to their output and on the

experience of constructing such kind of power stations is in Table 19.

Laying of the concrete mix into the dam body is begun from the sections next

to the abutments, KBGS -101m tower cranes are installed on a pier bridge with a

height of clear spacing 1680m. M.S.L. The pier bridge is connected with the

concrete plant by a road. The concrete mix is supplied to the cranes by KRAZ -222

and MAZ -205 dump lorries in buckets of 3 m3 capacity, partially in 1.6 m3 buckets

and by dump lorries. The concrete mix istransferred to the abutments sections by

E -1252 caterpillar cranes in 1.6 m3 buckets. The concrete mix into the dam

foundation is laid directly from MAZ -205 and KRAZ -222 dump trucks. The concrete

mix laid into the dam sections is vibrated by I -50 and I -116 electric vibrators.
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Table 19

MAIN EQUIPMENT FOR CONSTRUCTION OF WORKS

No. Description Type Quantity

1. Tower crane KBOS -101m 4

2. Caterpillar crane E -1252 2

3. Caterpillar crane EKG-4 2

4. Dump lorries KRAZ -222 15

MAZ -205 10
5. Trucks ZIL -164 10
6. Vibrator, electrical fed S -489 -1 10
7. Immersion vibrator I -50 170
8. Vibrator, electrical fed with a

flexible shaft I -116 20
9. Vibrating tube T -165D 20
10. Bucket; 3 m3 capacity, The Kama type S -375 10

11. Bucket; 1.6 m3 capacity S -150 10

To keep the newlaid concrete mix from drying it is necessary to oover it by
mats, bast mats, straw mats, etc. To decrease the temperature tension inside
the dam body from the exothermic effects it is envisaged to do the followings
to divide the dam into sections and blocks, to lay into sections cooled
concrete mix.

Preparation of M- 100 -V -2 ooncrete mix to be laid into the inner part of the
dam is to be done with an air entrating agent of Winson type. Preparation of
other concrete mixes is to be done with an addition of spirit -sulphate grains
(distillery refuse). The concrete mix is to be prepared with Afghan cement.
At the Afghan cement factories it is envisaged to produce Portland cement.

7.5 GROUTING WORKS

For grouting works for the dam, pneumatic rigs of high capacity P -1(BA -100)
type are to be used to provide drilling to a depth of 50 m. With these rigs
deep and shallow grouting is to be performed. Air supply for the rigs is
provided from non -mobile compressor units. To perform works in quarries and
while driving tunnels DK -9 and KS -5 mobile compressors are to be used.
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Table 20

VOLUME OF MAIN WORKS

Water
Structures Measure Shaft Power spill during Roads Total

Kind of work
unit Dam spill- house

way
construction

tunnel coffer dam

1. Earth work
a. open excavation 1000 m3 450 25 - 180 655

b. underground
c. embankment

12 -
-

13 -
_ 9

-
20

25
29

2. Concrete works 1091 1 5 1 2 - 1100

3. Grouting and 1000
drilling works linear m 7

4. Metal
structures ton

5. Brick masonry at the m3
power house

7

900 30 200 - - - 1130

600 - - - 600

7.6 CONSTRUCTION PLANT

All the construction plants will be located on the right bank 1.5 km.
downstream from the dam site. Because of the diffioult topographical conditions
at the site much rock works would be required to locate the concrete plant and
other plants. Therefore, the concrete plant will be located 1.5 - 2 km downstream
from the dam site. All the subsidiary plants should be located at as temporary
and will be dismounted after the construction of the dam. The auxiliary plants
are enumerated in Table 21.
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Table 21

AUXILIARY CONSTRUCTION PLANT

No. Name Short reference

1. Two concrete plants with 2 concrete mixera Output - 25 000 m3 /month
each of 1200 ltr. eaoh.

2. Small concrete plant with 2 mixers of Output - 4 000 m3 /month
425 ltr. eaoh

3. Tower cement store Towers of 250 ton each; total
1 000 ton; to store 20% of
monthly requirement.

4. Cooling equipment Output - 2 212 000 large oalorie
per hour.

5. Crushing -gradating unit with a sand Open -air type to make 3 partioles
crusher of coarse aggregates and 2 of

sand
6. Capacities to cool concrete aggregates 6 storage bins; 30 m3 eaoh.

7. Reinforcement plant Output - 10 ton /shift

8. Vehicle garage. To service and maintain 160 units

9. Timber shop Saw -mill and wood -work shops

10. Work shop Repair works and assembling of
metal structures.

11. Filling tank With 2 pumps.

12. Compressor station 7 compressors; output 140 ltr /m.

13. Storehouse of material

14. Electric sub -station

15. Laboratory At the oonorete plant

16. Auger re- setting shop

17. Store house of explosives and detonators

18; Insulating work shop
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8. ESTIMATION OF COSTS

8.1 COST INDICES

While defining the index of cost of the dam construction difficulties arise
because of the lack of effective rates either for construction or for transport.
Cost of the hydro station in money expression is determined by a oonventional
method of reducing to concrete work, i.e. all kinds of construction works are
reduced to a single kind of work - concrete work. For this purpose from the
available data from different projects in Afghanistan there are coefficient of
reduction for every kind of work which shows mean relation of materiql and
labour expenditure for a unit of a definite kind of work and for 1 rP of
concrete adopted as a unit.

An average cost of 1 m3 of concrete from the available data for the
construction of a hydropower station in Afghanistan and from the Ministry of
Public Works in US $ 14.3.

As far as the topographical and geomorphological conditions at the proposed
dam site are alike with the conditions at Naglu, the cost of the access roads
and transfer of the existing road from the inundation area and hitherto the cost
of metal oonstruction are assumed to be equal to the cost estimates at Naglu.

8.2 ESTIMATES

The cost estimates of the hydropower station by engineering structures are
given in Tables 22 and 22 a.

8.3 ENLARGED INDICES OF COST ESTIMATES OF
STAFF AND LABOUR CAMP (SECTION "B ")

Approximate cost estimates on the construction of staff and labour camp
in percentage to cost estimates of main works in the mountainous regions of
the U.S.S.R. is adopted to be 20%.

In our case it is equal to US $ 5 483 000.

Grand total cost estimate of the hydropower station is equal to:

. CC = A + B or US $ 32 896 000

Note: Mechanical and hydropower equipment, embedded parts, gates, hydrolifts,
screen rakes, turbines and spill pipes, etc. are referred to metal
structures.
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Table 22

COST ESTIMATES FOR MAIN WORKS

Coefficient Volume
of of work Unit Total

No. Name Unit Quantity reduction reduced price 1000
to a con -- US i US $
crete unit

I. Dem

1. Earth works 1000 m3

a) gravel excavation " 50 0.06 3.0 0.86 43

b) rook excavation " 400 0.1 40.0 1.43 570

2. Concrete works -
laying of oonorete " 1091 1.0 1091 14.3 15600

into the dam body

3. Metal structures ton

4. Grouting 1000
linear m

I Power House

1. Earth works 1000 m3

excavation "

b) rook excavation .1

2. Concrete works -
laying of concrete 11

into the underwater
foundation

3. Brick masonry "

4. Metal structures ton

III Shaft spill /way and tunnel

1. Earth works; Under-
ground rock excavation 1 000 m3

2. Concrete works -
construction of bell
mouths facing of tunnel "

laying of concrete into
the inlet and the outlet

3. Metal structures ton

900

7 4 28

440

57

396

400

5 0.06 0.3 4.3
20 0.1. 2.0 43

:4.386

28.6

5 1.0 5.0 71.5

0.6 0.2 0.12 2.86 1.7

IV Coffer Dams

1. Rook fill 1000 a3

2. Concrete facing on_
the upstream and

if

downstream faces of
the upstream ooffer
dam

200 440 88

25 0.9 21.6 12.9 309

2 2 4 28.6 57

30 440 11

9 0.15 1.35 2.12 19.3

2 0.6 1.2 8.6 17.1

Total 17 616.5

Works not specified in detail;
14 of main works cost 2 642.5

Grand Total Main Works 20 259.0
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Table 22a

COST ESTIMATES FOR SUBSIDIARY WORKS

Chapter
No.

1.

3.

4.

5.

6.

7,

Name of structures and works Cost
US $
1000

Percentage of
main works cost

Preparation of the area 161 0.8

Auxiliary enterprises(permanent) 80 0.4

Energetic enterprises (without transmission lines) 202 1.0

Aocess roads 400 2.0

Water supply lines, sewerage system, ventilation 40 0.2

Amenities (lighting, planting of trees, pavements, etc.) 80 0.4

8. Temporary buildings and constructions required to carry
construction works with equipment

9. Extra cost due to mountainous conditions and additional
expenses on transport, rise in price of electrioity,eto.

10. Staff salary (oonstruotion and road control staff)

11. Training of maintenance staff

12. Survey - design works

13. Cost of farms, lands and road to be transferred from
the reservoir area

2 020 10

1 410 .10

141 0.7

20 0.1

1 000 6.5

1 600 9.0

Total 7 154

Total (Section "A ") 27 413

Note: Cost estimates are given in % to cost estimates of main works.
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9. TECHNICAL - ECONOMICAL FEASIBILITY OF THE HYDROPOWER STATION

The so- oalled period of justification of the expenses on the conatruntion of
the hydropower station is the criterion of the advantage of the hydropower
station.

The acceptable period of justification of expenses on the hydrotechnioal
constructions lies within the period of 10 to 15 years.

The cost of the hydropower station or exactly the prime cost expressed in
money, was mentioned in Chapter 8 "Estimation of Costs" and is equal to
US $ 32 896 000.

A possible profit of the hydropower station is being defined on account of
the energy output of the hydropower station and the compensation of energy
losses at Naglu.

In calculations to estimate the profit the present selling price of energy
(Afs. L per 1 KWh) is used.

Therefore the annual profit will be:

C = 214 000 000 x 1 + 30 000 000 x 1 = Afs. 244 000 000

When oonverting Afghanis into US Dollars, if US $ 1.0 is Afghanis 70, then
C = US $ 3 500 000.

Annual expenses on the construction cost consist of the following factors:

a) Depreciation Costs

They represent a quotient of dividing the cost of construction "K" by
the period of construction maintenance of "n" years. The period of
maintenance for a gravity concrete dam is equal to 100 years, then

Ua K = 32 896 000 = US $ 328 960
n 100

b) The mean annual expenses on capital repairs

They are defined by the formula:

Up = 0.01 x p x K
n

where:
B - a prime cost percentage of "K" for the dams is taken to be 10%.

Up = 0.01 x 10 x 32 896 000 ,. US $ 32 896
100
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o) The Annual Expenses on Current Repairs and Other Routine Needs.

They are defined by the percentage "m" from the cost "K

The "m" value for the dams and other hydrotechnical structures is taken
to be within 0.20 to 0.25.

The Ut value is defined by the formula:

Ut - 0.01 x m x K - 0.01 x 0.2 x 32,896,000 = US $ 6 592

Net profit will be equal to the difference between the annual profit and
the sum of the annual expenses (Ua + Up + Ut), i.e.

C1 sC- (Ua +Up +Ut) =ÚS$3131 500

The period of justification of the expenses is

r = K = 32 896 000 = 10.5 years.
c, 3 131 500
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10. CALCULATION OF COST OF FIXED KILOWATT AND ELECTRICITY
CHARGES PER ONE KILOWATTHOUR AT THE HPS GENERATORS

10.1 PRINCIPLES OF CALCULATION

Complete value of Hydro Power Station is 2 301 403 000 Afs. which represents
the equivalent US $ 32 896 000.

The established capacity is 40.000 kilowatt.

Average annual generation of electricity for the mean water year is
214 million kilowatthours.

The calculation is made in two variants.

In the first variant the determination of cost of one kilowatt and one
kilowatthour is made under condition, that all the expenditures for HPS fall
on energy.

In the second variant the value of HPS is divided in proportion to water
intake by consumers that are energy and irrigation.

According to the water -economic estimates given in Tables 12 and 17, 63% of
HPS's value (i.e. US $ 21 000 000 or Afs. 1 470 000 000) falls on energy.

10.2 COST OF ONE FIXED KILOWATT

Variant 1 1 kwt = 2 301 403 000 = 57 400 Afs. or US$ 820.
40 000

Variant 2 1 kwt = 1 470 000 000 = 36 800 Afs or US$ 525.
40 000

10.3 ELECTRICITY CHARGES PER ONE KILOWATTHOUR AT THE HPS GENERATORS

The electricity charges are determined as a quotient of annual expenditures
for structures and average annual generation of electricity for the mean water
year.

Annual expenses for structures have been determined in Chapter 10.

Variant 1 Annual expenses when exploiting the HPS are equal to:

EA = Ea + Et = US$ 368 500 or Afs. 25 795 000

1 kwthour = 25 795 000 = Afs. 0.12 or US $ 0.00172.
214 000 000
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Variant 2 Annual expenses are equal to:

EA = 0.63 (Ea + Ep + Et) = US $ 232 900 or Afs. 16 307 500

1 kwthour - 16 307 500 - Afs. 0.08 or US $ 0.0011
214 000 000

For comparison of the cost of one fixed kwt. for the Panjshir HPS obtained
oaloulation, the following are the data for other existing Hydro Power Stations
Afghanistan:

Table 23

DATA FOR EXISTING POWER STATIONS IN AFGHANISTAN

Nos. Hydro Power Stations
Capacity of
HPS in 1000
kilowatt

Total value of Cost of one fixed
HPS in million kwt. in 1000 Afs.

Afghanis

1 Djalalabad HPS 11.0 148.0 13.5

2 Naglu HPS 90.0 2 200.00 24.0
_ .

3 Kad jaki 33.0 1 080.0 33.0

4 Sarobi 22.0 1 300.0 59.0
2/

5 HPS on the Panjshir 40.0 2 300.0 57.4
river (design) 40.0 1 470.0 36.

1/ The cost of.the dam left out of account.

2/ The denominators are the oost which falls on energy.
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11. WATER INTAKE STRUCTURE ON THE PANJSHIR RIVER

11.1 PURPOSE OF THE WATER INTAKE CONSTRUCTION

To»ensure water intake to the main canal for irrigation of lands in the
Charikar and Bagram areas an FAO /SF team has drawn up a plan for an open water
intake structure of a dam type on the Panjshir river 1.2 km downstream of the
storage dam. The barrage brings the water level in the river up to 1590.0 m
(the low water level approximately equals 1588.0 m) and thus a normal regime of
the canal operation is ensured. The designed water intake structure meets the
following requirements:

1. Ensures a permanent water supply to the irrigation system in accordance
with the water consumption diagram, and the required commandment levels
for gravity -flow irrigation;

2. protection of canals from suspended and bed loads;

3. normal discharge of rapidly accumulating floods through the hydroteohnical
structure;

4. protection of banks and the areas of tail and head water from dangerous
scours and silting;

5. preservation of the hydrotechnical and bed regulation structures in
general.

11.2 LOCATION OF THE WATER INTAKE STRUCTURE

The selection of the place for water intake structures on rivers carrying
sediments, is a very important question. As a rule, the location of a water
intake structure is defined on the basis of laboratory investigations or by
analogy with -already constructed and adequately operating structures.

The main point which conditioned the location of,the water intake construction
in our plan was the insurance of the discharge of calculated flood waters and an
adequate outline that excludes meandering and wandering of the river bed in the
given area. Along with this, muoh attention was paid to the geological structure
of the foundation and the side joints of various erections of the water intake
construction to exclude the possibility of erosion.

The looation of the water intake construction for the main irrigation canal
was proposed at the exit of the Panjshir river from a canyon 1.2 km downstream
of the storage dam site (Dam site I), these being mainly orthogneiss. According
to its tectonioal conditions and the jointing degree of rooks the area nearly
does not differ from the above mentioned storage dam site. The only difference
is confined to the presence of much more thicker Quaternary and mainly alluvial
deposits that overlap rocks on either side of the river. The Quaternary deposits
are represented by sandy loams with a considerable amount of large boulders up to
70.$0 om in diameter. The prevailing diameter is considered to be 25 -30 cm.
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The thickness of the alluvial deposits on the right river bank along the dam
axis reaches 3 -3.5 m, and on the left river bank alluvial deposits are 1 -1.5 m
thick overlapped by diluvial deposits that have a thickness of 2 m.

During the construction of the left -bank irrigation canal it was found out
that the thickness of the alluvial deposits in the river bed reaches 4.5 m. The
rooks at the site of the proposed water intake structure are suitable for
construction.

11.3 GENERAL LAYOUT OF THE WATER INTAKE CONSTRUCTION

The layout of the hydrotechnical construction was mainly based on the
topographical and geological conditions of the area surveyed. The layout chosen
solves the problem of water supply to the left -bank and right -bank main canals.

11.3.1 Erection of the Hydrotechnical Construction

1. Barrage (spillweir dam) with flushing openings

2. Water receiver with galleries for interception of suspended loads.

3. Retaining walls.

11.3.2 Barrage with a Flushing Structure

Taking into account the experience with already constructed.water.intake
structures in the.U.S.S.R., at mountain and submountainous river stretohes with
rapidly accumulating floods preference should be given to spillweir dams, since
a gate dam is more costly and more complicated and dangerous in operation. It

presents difficulties for the discharge of instantly mounting floods. A gate dam
should be erected in lower courses of rivers with low banks, where a high wetter
level and accumulation of sediments in the head water cause great complications,
and also in narrow river beds where it is possible to effect maximum washing of
the head water.

As regards our plan, a water intake construction with a spillweir dam is
accepted.

The working width of the dam (the spillweir part plus the flushing structure)
is designed equal to the width of the head water stream bed.

Estimation of the spillweir dam is done on the basis of the maximum discharge
of 1 .percent probability with due regard for the accumulation capacity of the
reservoir located 1.2 km upstream of the water intake structure and water intake
to canals.

In view of the above, the designed discharge for the spillweir dam andthe
flushing structure is taken equal to 800 m.)/s.

The width of the overflowing stream without taking account of side oontraotion
was defined by the formula:

b ° Q
mHlrifr

70 m, where

m - coefficient for the spillweir of a practical section m 0.49.
- water head at the spillweir dam.
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The outline of the streamlined spillweir face is given in the attached
Drawing No. 9. The elevation of the dam crest is taken such as to ensure the
required water head for the water consuming structures and the operation of the
sediment intercepting galleries, as well as to eliminate the threat of blocking
up of the hydrotechnical construction with sediments in the tail water and
flooding of banks upstream of the dam.

The flushing openings of the dam are located at the water receiver. They
are designed for the discharge of catastrophic waters of more than 20 -30 year
frequency to wash the area upstream of the dam. The flushing openings are
blocked with double gates. The latter have a considerable advantage over single
gates:

1. they provide for overflowing of water and thus increase the accuracy
of regulating the head water level;

2. owing to the considerable height and large waterway of the gate the
raising effort is decreased, and therefore more simple lifting mechanisms
are used and improvement in gate operation is achieved;

3. there is no need for a great height of piers or special pillars to ensure
complete lifting of the gate by stationary mechanisms mounted on piers.

The total height of the double gates at the dewatering opening of the dam
comes to:

Hg= H + AH

where: H - water depth with the normal working water level;
UH - difference between the high water level and the normal working

water level.

Both parts of the gate can move independently along different rails. As
regards the structure of the gate, the latter represents a steel frame in the
form of beams partitioned with sheet steel plating.

11.4 WATER RECEIVER WITH SEDIMENT INTERCEPTING GALLERIES

The sill of the water receiver and the adjoining stream -guiding wall form
with the dam axis an angle of 115°.

The width of the water receiver is defined on the basis of the designed water
discharge Q = 30 m3 /s with the normal estimated water level.

The opening of the water intake structure is designed as the opening in the
inundated spillway with a wide sill by the formulas:

Q = 0h 1/2g(H0- h) and

1 - 1 = W2y2 - W1Y1 where
g `Bh W2

.9, discharge at the water intake structure in m3 /s = 30 m3 /s
J - velocity coefficient = 0.90,
B - total width of the opening in the water intake structure (m);
h - water depth at the sill;
Ho- head water head = 2.1 m;
W2- (m2)area of the canal waterway when filled to the depth of h2 whi

corresponds to the designed regime of the canal;
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Y2 - (mq submersion depth of the centre of gravity of the waterway area W2;
W - (m ) area of the canal waterway with the depth h i.e. when the canal

water level coincides with that at the sill;
Y1 - submersion depth of the centre of gravity of the waterway area W1, in m.

By solving the above equations one by one relatively to B and assuming various
values of h, the dependence curves B = f1(h) and B = f2(h) are graphs B = f1(h)
and B = f2(h) are given in the attached drawing. The intersection point of the
curves indicates the width of the opening in the water intake structure:
B= 6.0 m.

Two spans are planned with the width of b = 3.0 m. The thickness of each
pier is designed equal to 1.5 m. Gates are to be installed at the entrance to
the water receiver behind a rough removable trash rack. A flushing structure
is to be constructed at the front of the water intake to the main irrigation
canal and gates will be installed at the offtake to the said canal. The height
of the sill is defined in accordance with the location conditions of the under-
lying sediment intercepting galleries. The cross section of the above mentioned
galleries is to be of rectangular form with the same dimensions throughout the
entire length. These galleries are made of firm concrete with a reliable facing
to prevent grating. The bottom of the inlet openings of the sediment inter-
cepting galleries is constructed on the same level as the blanket part of the
hydrotechnical station. Gates and inspection wells are installed at the entrance
and the exit of the mentioned galleries. The outlet of these galleries to the
tail water is designed at an angle of 30 °.

In the spans of the water receiver which is located over the opening of the
sediment intercepting gallery, double gates are installed on the same plane.
In this case the lower gate blocks up the inlet opening of the mentioned gallery
and the upper gate blocks up the opening of the water receiver.

The structure of these gates provides for four possible cases of operations

a) the water receiver span and the sediment intercepting gallery are closed;
in this case both gates are dc n;

b) the water receiver span and the sediment intercepting gallery are open,
that is both gates are lifted;

c) the water receiver span is open while the sediment intercepting gallery
is closed; in this case the lower gate is down and the upper one is
lifted;

d) the water receiver span is closed while the sediment intercepting gallery
is open; in this case the lower gate blocks up the water receiver.

When the discharge of the river changes, the water supply to the main canals
is regulated by the gates on the main canals and not by preserving a constant
level of the head water. During floods the water level in the front pool is high,
the current velocity is reduced and large fractions of suspended matter start to
deposit. The front gate of the front pool together with the gates on the main
canal make it possible to wash rather effectively through the flushing opening
the front pool of the water receiver from deposited suspended matter without
bringing down the head water level. To transfer water to the left -bank main
canal a water -transfer syphon (gallery) is designed in the dam body. The syphon
is planned along the pressure side of the dam 40 cm below its crest. The
principle water- intake conditions for the right -bank main canal hold true for
the left -bank main canal as well.
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The stream -guiding retaining walls are designed to direct the flow to the
water intake and to fix the banks against erosion caused by mud -flows and floods.

11.5 VOLUME OF WORK, SPECIFICATION OF MAIN EQUIPMENT AND BUILDING MATERIALS.

At the construction of the hydrotechnical station it is necessary to carry out
the following main construction and assembly works:

1. Preparation work.

2. Rock and earth work.

3. Concrete work.

4. Assembling of mechanisms.

No special construction site for the erection of the water intake structure
is stipulated by the plan. Maintenance of the construction, preparation of
concrete, reinforcement, formwork, etc., will be effected from the construction
site of the Panjshir hydrotechnical station located within the construction area
of the water intake structure. A description of the construction plants, types
and a brief characteristic of auxiliary structures are given in the report on the
hydro /technical scheme on the Panjshir river (storage dam).

The delivery of concrete mix to the dam body, flushing structure, water
receiver, retaining walls, etc., is to be effected by Caterpillar Cranes E -1252
and EKG-4 and Dump Trucks MAZ -205 and KRAZ -222. Tentative requirements in
construction machines and equipment to be used at the construction are tabulated
below. (Table 24).

Table 24

CONSTRUCTION EQUIPMENT

No.
Type of construction machines and

equipment
Type of model Quantity, pos.

1. Caterpillar Crane E -1252 1

2. Caterpillar Crane EKG-4 1

3. Dump Truck KRAZ -222 2

4. Dump Truck MAZ -205 2

5. Lorry ZIL -164 2

6. Electric Vibrator S -489- L 5

7. Electric Mace I -50 20
8. Tub with 3 m3 qapacity (Kama type) S - 375 2

9. Tub with 1.6 mi capacity S - 150 2

For the erection of concrete structures at the hydroteohnical station-the
concrete mix M -50 -B -2 should be used with Afghan cement.

The requirement amount, of main building materials is estimated as follows:

cement - 2 000 tons
sand - 3 200 m3
gravel - 6 400 m3
timber - 35 m3
metal - 53 tons
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Table 25

TABLE OF VOLUME OF MAIN WORKS

Water re- Spillweir Stream -
Unit ceiver, left dam with guiding Upper

and right- flushing retaining structure
bank main structure walls,
canals clearing

of water
area

Total

1 Rock and earth
work

10Q0
m 9.2 2.5 32.0 )- 43.7

Exoa- Rocky
vat ion ground 8.0 2.5 25.0 -) 35.5

Loose
ground It 1.2 - 7.0 - 8.2

2 Concrete and rein-
forced concrete 0.6 4.2 2.2 0.05 7.05

3 Gates and imbedded
Parts ton 9.0 44.0 - - 53.0

11.6 ESTIMATION OF COSTS

The cost of the construction of the water intake structure in money
expression was determined by a oonventional method of reduoing to concrete work.
The essence of the method is described in the analogical chapter of the
explanatory report on the hydrotechnical scheme on the Panjshir river (storage
dam). The cost of the water intake construction is given in Table 26. The cost
of 1 m3 of concrete is estimated at 1,000 Afs. or US $ 14.3.
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Table 26

WATER INTAKE STRUCTURES COST ESTIMATES

Nos .Structures and Work
Volume Reducing Volume of Total

Unit of coefi'i- work re- Unit cost in
work giant duced to prioe US $

a concrete US $ 1 000
unit

Estimated cost of main works

Rook and earth work

Concrete Work - laying of
oonorete mix into the dam
body

0.1 0.25

Metal oonstruotions

Water Reoeiver

1 Earth work
a) open excavation of

gravelly ground

4.2

ton 44.0

1+4,3 3.6

4.2 14.3 60.0

440.0 19.4

1000 m3 8.0 0.06 0.48 0.86 6.9

1.2 0.1 0.t2 1.43 1.7

e 0.6 1.0 0.6 14.3 8.6

ton 9.0 - - 440.0 3.96

b) the same for rooky ground "

2 Concrete work

3 Hotal construction

'staining Walls

1 Earth work
a) open excavation of

gravelly ground 1000 m3 25.0 0.06 1.5 0.86 21.5

b) rook excavation " 7.0 0.1 0.7 1.43 10.0

2 Concrete work " 2.2 1.0 2.2 14.3 31.4

Wooer Struoiure,

1 Concreting of pillars and
installation of reinforced
morale panels upper
struotur n 0.05 1y2 Oa 17.3 1.9

167.06Total`

Unforeseen work at 10 from the total stated above 25.0

grand Total Main Works 183.06
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Table 26 (Cont'd)

Nos. of
Chapters

Structures and Work
Total cost

US $
1 000

II. Estimated cost of subsidiary works

1 Preparation of the territory

3 Subsidiary enterprises (permanent)

4 Power enterprises (without transmission line)

5 Construction of access routes

1.4

0.7

1.8

3.6

0.8

0.4

1.0

2.0

6 Water supply line, sewerage system, ventilation
(industrial) 0.36 0.2

7 Amenities of the Hydro Station area (light,
planting of trees, pavements, sculptures, etc.) 0.7 0.4

Temporaty buildings and structures with equipment
required to carry out construction work (dismountable) 18.0 10.0

9 Extra cost due to mountainous conditions and
additional expenses on transport, rise of power
cost, etc.

10 Salaries of management and technical inspection staff
(architectural- construction and road control)

11 Training of maintenance personnel

18.0 10.0

1.3

0.18

12 Designing and prospecting work 12.0

0.7

0.1

6.5

Total for Chapters 1 - 12 58.04

Grand Total Main Works 183.06

Total estimated cost of the Water Intake Structure 241.10

Note: Metal constructions comprise mechanical equipment, embedded parts,
gates, trash racks, etc.

JJ Percent of cost of main works.
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12. CONCLUSIONS AND RECOMMENDATIONS

12.1 HYDROTECHNICAL STATION ON THE PANJSHIR RIVER (STORAGE DAM).

The proposed hydrotechnical station on the Panjshir river solves the
following water - economic problems:

1) creates conditions for irrigation development in the upper part of the
Kabul river Basin;

2) equalizes the total power output of the three existing hydropower
stations (Naglu, Mahipar, Sarobi), located downstream of the proposed
Hydro- station;

3) produces power by discharging certain water portions to the tail water.

Analysis of different types of dam structures led to the oonolusions that
under the existing conditions a hydro -station with a concrete gravity dam is
most advisable.

Technical and economical expediency of the proposed hydro- station is
substantiated by the compensation period of the construction, proceeding from
the power utilization effectiveness for economic purposes. The above mentioned
oompensation period is within the acceptable limits for such hydro- station
types. (10 -15 years).

It should be pointed out that in future when a detailed designing (working

drawings) is undertaken, after a final decision to construct a dam on the
Panjshir river, it is advisable that tt:e dam should have a curve towards the

head water.

In a further designing (working drawings) the experience of the Naglu HPS
operation should be taken into account to define more precisely the operation
regime of the designed dam, as the project may face the problem of either
reducing the designed reservoir capacity or increasing the HPS output.

12.2 WATER INTAKE STRUCTURE

The purpose of the water intake structure is to ensure a permanent water

supply to the irrigation system. The above structure was designed with a view
to the future reservoir which is to be situated 1.2 km upstream of this plane.

The area of the water intake structure must be checked by laboratory investigation

methods in a more detailed designing in future.

It should be pointed out, if no decision is made on the construction of a
reservoir, the problem of flood discharge is to be solved on the basis of 20 -30%

probability and not at 1% probability (lowering of the construction cost).
Consequently, the structural elements of the water intake will be more simple,
the length of the streamlined spillweir face will be shorter than in present plan

and therefore the cost of the construction will be reduced.

In conclusion it should be noted that on the whole the proposed hydrotechnioal
structures satisfy the requirements and according to their engineering and
technical characteristics they are quite practicable for realization.
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