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Chapter - A1

CATCHMENT CHARACTERISTICS

1.1 Satluj Basin

The geographical limits of the Satiuj basin upto Bhakra Dam lie between latitude
30°N to 33°N and longitude 76°E to 83°E. |t covers its area in Nari Khorsam
province of Tibet (China) and in Himachal Pradesh State of india. The
catchment area at Bhakra dam is about 56875 sq. km out of which about 36900
Sq. km falls in Tibet and 19975 Sq. km in India.

The basin represents some remarkable physical features. Below it stretch the
loftiest mountain ranges of the world radiating from the Pamir Knof. The most
southerly of these is the Himalayan range which is the loftiest and longest range
in the world. The Himalayas which run first south-east-wards from the Pamir
Knof and later in an easterly direction, constitute a massive mountain wall
exte nding over 2500 km with a varying width of 250 to 300 km.

Topographically and climatically the catchment has been divided into four
categories as below :

| i) Tibetan Plateau

River Satiuj rises in Tibetan Plateau in the region of the Mansarovar lake
situated at an elevation of about 4570m above mean sea level. The
river passes through the “Tibetan province of Nari Khorsam'. The best
known portion of Nari Khorsam is the plateau situated between Zanskar
and Ladakh ranges. This plateau has been formed by successive
deposits of boulders, gravel, clay and mud in the trough between two
ranges. The deposits lie in parallel and nearly horizontal beds. River
Satluj has been able to cut a channel about 915 m deep through the
Plateau with the water received from glaciers. The vertical banks
stand-un-eroded as there is no local rainfall. River Satlyj in Nari

Khorsam region is joined by several tributaries, the beds of which lie
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about 305 m or more below surface of the plain and their over hanging cliffs
similar o those of Satluj have been spared from destruction by rain. The flat
portiois of the Plateau now remain standing between profound gorges. There
is absoiutely no vegetation in this region. When the snow meits deep channels
are formed on the surface. The river Satluj enters india near Shipkila after
traversing & length of about 320 kms, in the Tibetan province of Nari Khorsam.

i)

i)

sarehamichapal. ol

Spiti Valley

Spiti river is the biggest tributary of the river Satluj and joins river Satluj
at Namgia, 14 kms upstream of Pooh. The characteristics of this
catchment area are identical to that of the Tibetan Plateau. Rainfall in
this area is scarce. Height of the catchment area drained by river Spiti is
between 3048m and 4570m. In this area, there is absolutely no
vegetation. The melting snow forms deep flow channels.

Namgia to Karcham Dam Site

This catchment is bounded by moderately high hills (1525m to 3048m)
and has fittle rainfall but heavy snow. The snow fine in this regionis at &
3048m. The flows in the river are mainly due to snow melting which
follows more or less a regular pattern. Due to the absence of rain, arid
conditions prevail and the good forests seen below Wangtoo are not
existing in this area. The well formed pine forests near Wangtoo give way
to “Chilgoza' plantations at the higher elevation. The area has steep
slopes with little earth cover and very little rain.

When snow falls, water enters into the rock crevices where its freezing
during winter causes cracks and crushes the rocks. The subsequent
loads of show accelerate this phenomenon. When the snow melis, the
disintegrated debris slides with the water into the river. This cycle repeats
year after year.
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iv) Karcham Dam site to Bhakra Dam

The catchment has high surrounding hills like Narkanda, Shimia
(3050m) etc, but is flanked by foot hills of Shiwaliks near Bhakra Dam
(915m). Rainfall in this area is moderata to heavy. The rocks are well
formed and have a good earth cover,

The relief map of Himalayas, Tibet and adjoining areas is indicated in
Fig A-1. South-North and West-East section of the Plateau and
adjoining areas are shown in Fig. A-2.

1.2 The River Profile

River Satluj rises near Rakas-Tal lake which is fed by lake Mansarovar at
about 4570 m, above mean sea level. Between Rakas-Tal and Shipkila, near
the Indian border, the Satiyj river takes a North-Westerly course for a length
of about 320 km, in the Tibetan province of Nari-Khorsam. The Satlyj is joined
by several tributaries in Nari-Khorsam such as Zhangchu, Drama Yankti,
Chonak, Manglan Transuo, Sumna, Trape etc. immediately after entering the
indian territory near Shipkila the river takes a south-westerly direction on its
way to Bhakra gorge which is about 320 km away. After crossing this gorge,
it emerges onto the plains of the Punjab. The Satluj crosses the Great
Himalaya at a point where the range bifurcates. At Rampur, it crosses the
Dhauladhar range through a series of successive Shiwalik ranges. The Naina
Devi range, where the Bhakra Dam is situated, is the last of the- series.
Between Suni and Dehar the river takes a somewhat north-westerly direction.
At Dehar, the river turns in a south-westerly direction to reach the foot of Naina
Devi range. The Naina Devi range deflects the river again in a north-westerly
direction when it flows paraliei to the range for about 32 km before cutting
through at Bhakra gorge.

The principal tributaries of the Satluj below Shipkila are the Spiti, Kashming,
Baspa, Bhaba, Nogli, Korpan, Nauti, Sholding, Seer, Bharari, Ali and Ghamber

Khad.
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Numerous giaciers large and. smali, drain into the Satiyj at various points on
its course. [East of Mansarovar and feeding its principal source are the
glaciers of the Ganglung Gaungni. The Southern glaciers of Kailash flow into
the Satlyj through the lake of Rakas-Tal. The northern glaciers of psak kamer
also contribute to the stream. The glaciers of peak Riwa Phargul which stands
in the Satluj catchment also flow into it. There are many Himaiayan glaciers
draining into its tributary, the Baspa, and many more from the direction of the
Bara-Lacha pass from the water sheds of the Chenab and Beas.

The fall of Satluj from its source to the piains of india is very uniform. The
height of the bed is about 4570 m near Rakas-Tal, 2530 m near Shipkila,
915m at Rampur, 460m at Bilaspur and 350 m at the Bhakra Dam site.

The total catchment area of the Satluj above the Bhakra Dam site is about
56875 Sq. km and above the Karcham Diversiondam site is about 48755 Sq.
Km. From Bhakra to Wangtoo (155 km on a straight line and 180 km by river)
the drainage area is comparatively narrow with an average width of about 35
km. This part of the catchment has an area 8120 Sq. km. Above Wangtao
the catchment is considerably wider than below it. The river Satiuj drains an
area of about 49750 Sq. Km. at Warigtoo discharge site.

A gross fall of 2180m, is available in the river bed from Shipkila to Bhakra in
a length of about 320 km and about 660 m from Shipkila to the Karcham Dam
site. The valley is narrow in the portion from Shipkila to Pooh and from
Thopan to Rampur. In the portion between Pooh to Thopan and between
Rampur to Bhakra the valley is comparatively wide. It is widest in the portion
immediately upstream of Bhakra. The bed slope of the river is flat from
Shipkila to Jhangi for a distance of about 42 km which is of the order of 1 in
175. It becomes steep between Jhangi dam site and Rampur, the slope being
1 in 87 and is again flatter from Rampur to Kol dam site with a slope of 1 in
300. In the Bhakra reservoir area, which is downstream of the Kol dam site,
the bed slope is 1 in 500.

Catchment area of river Satlyj is indicated in Fig. A-3 and its L-section from
Rakas-Tal to Wangtoo discharge site is shown in Fig. A-4.
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2.1

Chapter - A2

METEOROLOGICAL DATA
Meteorological Systems

As indicated in Fig. A-5 (diagrammatic representation of four climatic zones),
most of the upper catchment, i.e. in Tibet and of Spiti Valley, falis in Zone-li|
and the lower catchment from Wangtoo to Bhakra Dam in Zone-.
Meterological systems in two parts of the catchment are different.

Zone-l comprising North India, adjoining parts of Pakistan, Nepal, Bhutan,
Sikkim, Bangladesh and North Burma, generally enjoys an annual rainfall in
excess of 1000mm and most of the rainfall occurs in summer months from
June to October. Tropical storms and depressions affect the weather over the
zone in these months. The north western parts receive winter precipitation
from western disturbances. Day temperatures in the summer months exceed
40°C over the western half of the zone. The climate of this zone may be called
as "Tropical monsoon climate”.

in Zone-lil comprising plateaus of Chamdo, Chinghai and Tibet, southern
positions of Sinkiang, topography plays a vital role in the weather and the
climate. The influence of physical features on climate is effected by the
Tibetan plateau and the Himalayas which shield the plains of North India from
the cold continental air moving outward from the Siberian anticyclone in the
winter months. Also the moist bearing winds are forced up the mountains to
deposit their moisture and precipitate in the windward slope. The terrain over
the greater part of the zone has an elevation of 4000m to 5000m with
mountains and peaks raising to higher elevations. The summer monsoon
current penetrates into the south eastern parts of this zone through the deeply
trenched valleys of the upper course of Brahmaputra, Salsson, Mekong and
Yang-tse and precipitates over these areas. The direction of movement of
winds {(monsoon currents) and Mean Isobars for the month of January and July
are shown in Fig. A-6. The precipitation decreases rapidly towards the interior
of the plateau. The central part of the region is extremely dry and arid. The
climate of this zone can be defined as "mountain climate".
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The mean annual rainfall of Zone-l and 1l are indicated in Fig. A-7.

Hydrometeoriogical Network

' The catchment in Tibet receives practically no rainfall and is mostly contrisuted

by snow. No metecrological data for this catchment is available for the present
study. No precipitation observations are recorded in Spiti Valley. Observations
at four precipitation stations i.e. Purbani, Kalpa, Kilba and Sangla are being
carried out in the catchment upto Karcham site. These observations (rainfall -
since long and snowfall introduced only recently) are being conducted in a
conventional manner. There is no self recording rain-gauge/snow gauge in the
catchment upto Karcham site. There are in all twenty rain-gauge stations in the
catchment upto Bhakra dam as indicated in the catchment area plan in Fig.
A-8. '

Precipitation
General

The project catchment receives precipitation due to the south-west monsoon
as well as due to the westerly disturbances that pass over the north-west part
of the country during winter. On the basis of information gathered from
different sources, it may be said that the south-west monsaon generally lasts
from June to September but may occasionally extend upto early October.
Pret:ipitatian during this season which falls as rain, is generally not heavy but
at times may contribute significantly toward flood runoff. The winter
precipitation falls either as rain or snow depending on the altitude and other
meteorological conditions and may be very heavy on occasions but it may not
contribute directly to river discharge significantly and mostly goes to feed the

‘snow/glacier bound areas of the catchment. The number and distribution of

rainfsnow gauges is too small and scattered to give any quantitative
information regarding rain or sriow that occurs over different parts of the year
over the catchment. The normal rainfali (water equivalent) pattern in the
catchment is indicated in Fig. A-8.
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2.3.2 Records of Precipitation

There are at present four rain gauge stations in the catchment, upto Karchham
dam site at which long term records are available and whose records are being
regularly published by the Indian Meteorological Depaﬂment. The relevant

details of these stations are given in the following table.

Name of Station |  District Altitude in Year of
metres Commencement
~ Purbani Kinnaur 2285 1951
Kalpa Kinnaur 2530 1863 (at Chini from
1951 to 1962)
Sangla Kinnaur 2590 1951
Kilba Kinnaur 2200 1901 (1882)

There is no regular and systematic record of snowfall at any station in the
catchment although snow observations have been recently started at some

stations i.e. Purbani, Kalpa, Sangla and Kilba from 1984,

On the basis of observed data, the monthly and annual rainfall normals at
above said stations are brought out in Table 2.1.

2.3.3 Storm rainfall

To have an idea of the magnitude of rainfall thét may contribute toward the
formation of maximum discharges, maximum 1 day and 2 day rainfall recorded
over the area represented by the above stations have been computed in case

of all important storms as below by arithmetic average.

sikarchamichap-32.v03
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Station wise break-up in respect of storms during October, 1956 and January,
1959 is given as per under :

Station Rainfall In in mm

9.10.56 10.10.56 11.10.56 12.10.56

Kilba 0.00 4851 62.48 18.05 Average

Sangla 3.81 7112 50.80 31.24 1-day 2-day
Purbani 229 38.86 56.64 13.72 11.10.56  10-11.10.56
Chini T7.72 279 ' 52.32 62.23 55.56mm 47 .94mm
Station Rainfali in mm

26.1.59 27.1.59 28.1.59 29.1.59

Kitba 7.1 0 ‘1‘94.1 0 Average
Sangla 50.8 0 . 304.8 254
Purbani 38.1 0 254.0 127
Chini 25 3.8 0 22.3 151 164
Maximum  1-day Maximum  2-day
Date Amount (in mm) Date Amount {in mm)
Sept. 27.1.1954 37 Sept. 26-27, 1954 69
Sept. 23, 1955 - 44 Sept. 23-24, 1955 - 88
Sept. 24, 19565 42 Oct, 3-4, 1955 102
Qct, 3, 1955 57 Oct. 10-11, 1956 145
Oct. 10, 1958 86 Jan. 27-28, 1959 164
Jan. 28, 1859 151 Sept. 22-23, 1962 68
Sept. 22, 1962 50
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2.4

Temperature

Measurement of maximum and minimum daily temperatures are being made

by different agencies at following sites in the Satiuj Valley from the years
shown against each.

Station Altitude Year of
{(in metres) Commencement
Bhakra 480 1946
Bilaspur o 580 1956
Rampur 930 1967
Wangtoo 15256 1971
Powari 1890 1971
Sandu 3245 1973

Temperature observations have been recently started at Kalpa and Jeori from
1884,

Thus long term data, is available at Bhakra, Bilaspur and Rampur. The data
collected at other stations, besides being too short, do not come upto the
standards laid down by the India Meteorological Department for such
measurements. In order to establish a correlation between the accumulated
degree days and the snow melt runoff it is necessary to estimate the
temperatures over the mountains areas covered with snow. It is not possible
to do this at present since the coverage of stations over high mountainous
areas is not sufficient even to compute a reiiable lapse rate.

Temperature observations are, however, have been carried out at Shimla
(2202m altitude) on the periphery of the catchment on its Western side from

1931
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The range of temperature record is generdlly in the order given below -

Station Maximnum Minimum Period
Temperature °C ~ Temiperature °C

Shimia 30 72 1956-70
Bilaspur 45.4 - 2.0 1956-70
Kalpa 27 -95 1984-85
Jeori 40 -3 1984-85

The existing network néeds to be strengthened both in respect of establishing
additional rain-gauges and snow gauges besides climatic cbservatories. The
present network density comes out to one rain gauge for every 2584 sq.km for
the catchment from Shipkila to Karcham dam site and 470 sq.km for the
catchment from Karcham dam sité to Bhakra dam. The WMO has
recommended one rain gauge for every 500 sq.km in plain aréas and 150-250
sq.kms in hilly area. The inadequacy of Meizorological record and Network
render the use of rational methods for working out flood discharges, for eg. by
unit hydrograph approach, baseless in the present study.

As terrain in the upper part of the catchment in India is difficult and
inaccessible, establishing a network of automatic weather stations and climatic
observatories with radio link / remote controlled laboratories / remote sensing
techniques to a central data processing station would need to be considered.
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3.1

3.2

3.2.1

Chapter - A3

HYDROLOGICAL DATA

Availabiilty of Data

There are river gauging stations in Satiuj basin at Karcham, Wangtoo, Nathpa, Rampur,
Kasol, Bhakra and severai of the tributaries of river Satluj namely Spiti, Baspa, Bhaba,
Sholding, Ganvi, Sir, Sukar etc. Central Water Commission has also set up one station
upstream of Karcham at Shongtong. Discharge observations have been started at
Jhakri also since 1977. The longest length of record is available at Bhakra (Olinda) from
1909 (continucus since 1926). At Rampur and Wangtoo the observations are available
since 1963 and 1966 respectively. The Karcham gauge site has been collecting gauge
discharge readings since 1985.

For present study the data of Karcham, Wangtooe and Nathpa have been obtained and
checked for consistency. From power generation and design flood point of view, the
data of Shongtong, Jhakri, Rampur and Bhakra have not been considered for either
being far away downstream or due to unsatisfactory fength of record.

Correlation
Wangtoo vis Karcham

The available discharges at Karcham have been checked for correlation with Wangtoo
discharges. The compiete serigs of Karcham was not available due to many reasons
and data of some months were missing. The correlation computations were carried out
by omitting the corresponding discﬁarges from Wangtoo series (not by filling of data
blanks) so that secondary error due to data reconstruction are not introduced into the
analysis. Monthly run-off values of each series, as listed in Table 3.1 for non-monsoon
and Table 3.2 for monsoon have heen analysed and the correlation coefficients were
obtained as 80.8% for non-monsoon and 80.8% for monsoon. As far as acceptability
of the Karcham data on criterion of correlation test alone is concerned, it can be
adopted as such. But the Karcham discharges being as low as about 60-70% of
Wangtoo discharges with wide variations raise a doubt about the consistency from the
angle of magnitude of discharges oniy. According to one study conducted out to
ascertain a factor between Wangtoo and Karcham discharges, the Karcham and
Wangtoo discharge series are not consistent as the factor is close to 90%. This study

is presented in para 3.3

A3-1
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3.22

323

3.24

Wangtoo bridge data is consistent with Nathpa data as described in subsequent
paragraphs.

Wangtoo v/s Nathpa : Monthly Correlation

The proposed Nathpa dam site is about 4 km downstream of Wangtoo. In the
intermediate reach, their is no significant contribution to the Satluj waters except for
some small streams. Nathpa Jhakri Power Corporation Ltd. (NJPC) has constructed a
discharge series at Nathpa using Rampur and Bhakra data. This constructed series
which has been used by NJPC for design purposes has been used to check the
Whangtoo data using regression methods. The results have been presented in Tables
3.3 and 3.4 for non-monsoon and monsoon months respectively. It gives a non-
monsoon correlation coefficient of 91% and a monsoon correlation coefficient of 94%.

Wangtoo v/s Nathpa : Mass Curve Correlation

Separate analysis for each calender month was carried out. The values were added and
commutative values of monthiy run-off in chronological order were correlated. The
results, as presented herewith in Table 3.5, show a coefficient of more than 99% for all

12 months of the year.
Wangtoo v/s Nathpa : Quantitative Comparison

in Table 3.6, non-monsoon and monsoon run-off volumes for Wangtoo and Nathpa are
given for the period from 1968-69 to 1983-84. From this comparison it is abserved that
generally run-off volumes of Nathpa and Wangtoo are in order, though some values can
be objected because Wangtoo run-off can not exceed that at Nathpa, the difference is
only 2% in non-monsaon (average) and 18% in non-monsoon (average). The attention
can alse be drawn towards Modified Project Report, April 1986 by HPSEB on Nathpa-
Jhakri Hydro Electric Project in which it has been indicated that monsoon flows at
Wangtoo may be higher and uncertain. But Karcham-Wangtoo Project being a run-of-
the-river scheme, the accuracy of monsoon flow data will not depict in any observahle
difference in power ocutput.

Considering these points it has been decided to use the discharge data available at
Wangtoo {from 1966 to 1994) for the project study with a catchment area correlation

factor.

A3-2
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3.3

Catchment Area Correction Factor

To ascertain catchment area correction factor by actual discharge observations, a study
was cared out from 21-4-85 o 5-5-85 {non-monsgon period). A comection factor
obtained by actual measurement was found necessary as compared to that arrived at
by an empirical relationship such as Dickens's, as the later method was not verified by
observations. So an inductive approach has been used to compute the correction factor.
The stream travel time from Karcham to Wangtoo is about 1.5 hour, The discharges at
Karcham were recorded three times a day at 9 AM., 10.30 AM and 12 noon. The
discharges at Wangtoo were also recorded using same method and instrument after a
period of 1.5 hour i.e. at 10.30 AM, 12 noon and 1.30 PM.

The observations and results are presented in Table 3.7. The coefficients are in the
range of 0.85 to 0.93 with an overall average of 0.903.

A correction factor of 0.90 based cn these observations has been adopted o constitute
the discharge series at Karcham using Wangtoo gauge site data.

The constituted series at Karcham frorm 1967-68 to 1999-2000 has been presented in
Table 3.8.
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Table 3.1
REGRESSION ANALYSIS FOR NON-MONSOON MONTHS

KARCHAM V/S WANGTOO

KARCHAM WANGTOO KARCHAM ERROR
(m¥s}) (miis) (estimated) %
(mls)
154.750 176.370 112.053 -27.591
221.490 237.030 143.047 -35.416
566.340 752.470 406.406 -28.240
101.140 147.500 | 97.302 -3.795
94.770 140.590 93.772 -1.054
87.150 128.600 87.645 0.568
70.650 83.630 64.668 -8.467
73.100 86.990 66.385 -9.186
72.300 92.430 69.165 -4.337
82.350 111.250 78.781 -4.334
147.670 151.170 - 99.177 -32.839
185.040 227.280 138.065 -25.386
266.200 319.030 184.944 -30.525
423.750 557.010 306.537 -27.661
206.300 259.730 154.645 -25.039
88.670 78.520 62.057 -30.013
71.840 86.190 65.976 -8.162
66.090 69.910 57.658 -12.758
66.410 96.350 71.168 7.164
63.190 94.510 70.227 11.137
64.400 86.180 65.971 2.440
230.630 394.620 223.566 -3.063
200.960 309.780 180.217 -10.322
195.640 351.690 201.631 3.062
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KARCHAM WANGTOO KARCHAM ERROR

(m¥s) (m®ls} (estimated) %
(m¥fs)
197.640 289.780 169.999 -13.986
155.520 281.810 165.926 6.691
131.890 359.340 205.540 55.842
122.910 289.800 170.009 38.320
112.590 298.390 174.398 54.896
100.070  264.670 157.169 57.059
93.760 235.330 142.178 51.640
69.560 169.000 108.287 55.675
83.140 128.330 87.507 5.253
63.300 118.800 82.638 30.550
80.200 112.580 79.460 -0.923
76.700 116.570 81.499 6.257
74.170 115.670 81.039 9.261
72.640 119.900 83.200 14.538
71.150 116.860 81.647 14.753
77.280 132.320 89.546 15.872
81.870 132.090 89.429 9.232
96.560 145.630  96.347 -0.221
116.160 142.380 94.686 -18.486
182.550 180.220 114.020 -37.540
219.520 171.750 109.692 -50.031
188.940 628.390 343.008 81.543
166.890 386.970 219.657 31.618
142.370 314.170 /182,461 28.159
124.400 315.920 183.355 47.391
113.130 309.220 179.931 50.048
106.650 292.090 171.179 60.505
103.430 270.210 160.000 54.694
98.470 251.060 150.215 52.549
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KARCHAM
(m'ls)

95.230
91.730
90.810
92.150
89.060
90.510
90.270

93.990 -

118.380
139.620

- 125.640
117.200
102.290
95.530
147.180
A=21.938

o iprarastkarenarig ey BDIORCadaTE wae

WANGTOO
(m¥/s)

235.970
216.390
178.600
136.920
114710
112.050
122,570
122.910
127.180
201.860
184.250
171.970
134.920
157.100
170.810
B =0.511

A3-6

KARCHAM
{estimated)
(m'ls)

142.505
132.501
113.192
91.385
80.548
79.189
84.564
84.738
86.920
125.077
116.079
109.805
90.874
102.207
109.212
R=10.808

ERROR
Yo

49.643
44 447
24.647
-0.830
-9.557
-12.508
-6.321
-9.843
-26.576
-10.416
-7.610
-6.310
~-11.160
6.990
-25.797



Table 3.2

REGRESSION ANALYSIS FOR MONSOON MONTHS

KARCHAM VIS WANGTOO
KARCHAM WANGTOO Karcham Error
(ms) (mls) (estimated) %
(m?s)
999.840 1246.180 922.695 -7.716
1677.620 1839.700 1446.621 -13.769
1280.610 1367.850 1030.099 -19.562
1487.270 1541.830 1183.678 -20.413
1681.120 1670.120 1296.925 .22.853
1168.410 1408.280 1065.788 -8.783
850.910 1221.960 901.315 5.924
638.040 862.280 583.810 -8.499
502.840 704.290 444.346 11.633
269.650 226.460 22.545 -91.639
686.430 909.550 625.538 -8.871
1129.300 1423.240 1141.527 1.083
1040.670 1520.820 1078.994 3.683
1105.180  1543.950 1165.132 5.425
1183.790 1453.150 1185.550 0.149
1056.100 1274.470 1105.397 4.668
863.820 957.400 947.668 9.707
614.060 706.410 667.777 8.748
461.600 523.810 446.217 -3.333
378.180 520.240 285.028 24632
373.730 1134.870 281.877 24 577
716.560 1242.730 . 824.437 15.055
644.450 983.550 919.650 42.703
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KARCHAM WANGTOO Karcham Error

(mfs) (mls) {estimated) %
(mi®ls)

580.290 783.450 690.861 19.054

311.950 735.410 514.224 64.842

236.030 766.750 471.817 99.897

409.130 588.120 499.482 22.084

409.610 574.650 341.798 -16.555

239,550 1936.800 329.907 37.719
1912.690 1986.380 1532.335 -19.886
1625.980 1695.040 1576.102 -3.068
1113.780 1921.000 1318.923 18.419
1264.190 1791.640 1518.388 20.108
- 857.270 ‘ 1404.196 63.799

A =-177.361 B = 0.883 R = 0.908 '
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Table 3.3

RKEGRESSION ANALYSIS FOR HON-HONSOOH MUORTHS

HATEPA V/S WANGTOO

Date NATHPA WANGTOO NATHEA ERROR

Ms;{iﬁﬁ;_of ' sum of {estimated) %

3 10-daily 3 10-daily m*/s)

discharge digcharge

{m*/s) {m*/s)
10.66 6951.81 4885.00 6013.12 -23.09
11.66 4793.73 3490.00 4586.79 -31.43
12.66 3871.16 2545.00 3977.05 ~56.27
01.67 3622.46 2455.00 3812.67 .~ -55.30
02.67 2546.31 2308.00 3101.42 -34.38
03.67 2707.24 2915.090 3207.78 -10.04
04.67 3289.68 3770.00 3592.73 4.70
05.67 5623,15 5695.00 5134.98 5.83
10.67 6018.12 5072.00 5396.02 -6.39
11.67 3965.89 3700.00 4039.866 -9.18
12.67 : 31082.03 3176.00 3455.49 -8.80
0i.68 2886, 90 2753 .00 3326.33 -20.83
02.68 2621.25 2376.00 3159.95 -32.62
03.68 3032.75 3425.00 3422.92 .08
04.68 4183.13 4950.00 4183.23 15.49
05.68 311730.21 9990.00 22389.76 -124.12
10.68 31833.77 4984.00 3952.33 20.70
11.68 2030.64 30%0.00 2760.690 10.66
12.68 1773.22 2443.00 2550.47 -6.04
01.6% 1596.90 2058.00 2473.93 -20.21
02.69 2064.66 2184.00 2783.09 -27.43
03.69 3585.14 3221.00 3788.01 -17.60
04.69 4511.60 4750.00 4400.33 7.38
05.69 12501.21 12553.060 9680.85 25.26
10.69 585848 6365.00 £290.51 16.88
11.69 3668.04 31780.00 3842.80 -1.66
12.69 3216.75 2894.00 3544.53 -22.48
01.70 2823.93 2399.00 3284.91 -36.93
02.70 2503.41 2242.00 3073.07 «37.07
03.70 2613.58 2591.00 3145.88 -21.42
04.70 5228.54 £800.00 4874.17 -1.55
05.70 12901.49 9634.90 9945 .41 -3,23
10.70 5294.00 £352.00 4917.44 22.58
11.70 3197.21 1940.00 3531.62 14.37
A3-9
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12.70 2550.65 2836.400 3104.29 -5.95

1.71 2306.70 2643.00 2943,086 -11.35
02.71 2023.56 2238.00. 2755.92 ~23.14
03.71 2578.73 '2717.00 3122.85 -14.94
04.71 4168.22 4320.00 4173.38 3,39
05.71 6591.30 6479.00 5774 .85 10.87
10.71 4789.57 6189.00 . 4584 .04 25.93
11.71 3269.53 3519.00 3579 .41 -1.98
12.71 2507.38 2859.00 2075.69 _7.58
01.72 2236.97 2405.00 2896.97 -20.46
02.72 1780.04 2116.00 2594 .97 _22.64
03.72 2601.72 2828.00 3138.04 -10.96
04.72 31843.71 3740.00 3958.90 -5.85
05.72 13840.22 10247.00 10565. 84 -3.11
10.72 5637.50 5447.00 5144 .46 5.55
11.72 3330.14 1560.00 . 3619.47 -1.67
12.72 2878.94 1016.00 3321.26 -10.12
01.73 2427.31 2769.00 3022.77 ~9.16
02.73 2217.61 2458.00 2884.18 -17.34
03.73 2B40.45 31399.00 3295.83 3.04
04.73 132008.43 10140.00 10016.09 1.22
05.73 30424.27 26637.00 21526.63 19.19
10.73 7267 .44 6504.00 6221.73 4.34
11.73 - 2144.53 4250.00 4157.72 2.17
12.73 3043.92 3074.00 3430.30 -11.5%
01.74 2490.99 2689.00 3064.86 -13.98
02.74 2120.70 2438.00 2820.13 _15.67
03.74 3009.80 3355.00 3407.75 -1.57
04.74 4071.97 5150.00 4109.77 20.20
05.74  7803.33 8197.00 §575.91 19.78
10.74 4067.14 4944.00 4106.57 . 16.94
11.74 © 2637.13 31320.00 3161.45 4.78
12.74 2502.10 2766.00 1072.20 -11.07
01.75 2745.65 2644 .00 3233.17 -22.28
02.75 3108.99 2996.00 3473.31 -15.93
03.75 4075.70 4080.00 4112.23 -.79
04.75 8114.63 6550.00 6781.66 -3.54
05.75 19701.94  13953.090 14439.99 -3.49
10.75 6766.29 6806.00 5890.51 13.45
11.75 3683.13 4800.00 3852.77 19.73
12.75 2851.16 3361.00 3302.90 1.73
01.76 2558.58 2973.00 3109.53 -4.59
02.75 2369.17 2654.00 2984.34 -10.78
03.76 1044.61 3473.00 3430.76 1.22
04.76 §783.02 6070.00 5901.56 2.77
05.76 16646.68 12118.00 12420.69 -2.50
10.76 §216.05 5830.00 6848.69 S17.47
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11.78 4403.84 3%30.00 432%.11 -10.16

12 .76 3457.50 3031.00 376G3.65 ~22.1%
01,77 2687.34 2738.00 3194 .63 ~16.68
01.77 2296.77 2319800 2936.49% w2246
03.77 2827.24 2B870.00 3287.098 ~-14.53
04.77 3068.31 3380.00 3448 .42 -2 .88
08 .7 4892.34 5018.00 4651.87 7.29
1077 4659.94 5934.00 4524 .81 23.75
11.77 3436.35 4250.00 3689.67 13.18
12 .77 2851.41 3453.00 3303.07 4,34
01.78 2494.28 2706.00 3067.03 -13.34
02.78 2121.82 2400.00 2820.87 ~17.54
03.78 2558.32 3100.00 3109.38 -.30
04.78 3696.65 5110.08 igel.71 24 .43
a5.78 17828.39 15574 .00 13201.71 15.23
10.78 S546.80 7274.00 5084.52 30.10
11.78 4359.48 4750.00 4299.7% G.48
12.78 3838.09 31782.00 3955.19 -4.30
01.79 3536.63 3078.00 3755.9% -22.03
02.79 31187.20 2596.00 3525.00 -315.79
03.79 3681.09 3590.00 3851.42 .7.28
04.79 7774.99 7600.00 §557.18 13.72
© 85.79 12237.95 11877.00 9506.86 19.96
10.79 : 5415.67 5383.00 4997.85 7.1%
11.79 3768.27 3970.00 3909.04 1.54
12.7%9 2863.49 3362.00 3311.05 1.52
01.80 2546.29 2728.00 3101.41 -13.69
02 .80 2085.36 2526.00 2756.77 -10.72
03.80 2617.59 2910.00 3148.53 -8.2¢
04.80 4702.83 4940.00 4526.72 8.37
05.80 12779.00 © 10984.00 9864.45 10.19
10.80 5796.65 5625.00 5249.65 §.67
11.80 3808.88 3500.00 3935.88 -12.45
12.80 2982.73 2954.00 3376.64 -14.31
01.81 2617.30 2505.00 3148.34 -25.68
02 .81 2399.086 . 2006.00 3004.10 -49.76
93.81 3020.09 . 2806.00 31414.55 -21.69
04 .81 5253.77 5400.0¢C 4B90.85 g.43
65.81 15081.54 14634.00 113886.25 22.19
10.81 4103.45 5278.00 4130.57 21.74
11.81 3242.71 3580.00 3561.69 .79
12.81 2732.73 2671.00 3224.63 -20.73
01.82 2493.59 2416.00 31066.58 -26.93
02.82 2341.11 2082.00 2965.80 -42.45
03.82 2931.83 274%.00 3355.22 -22.09
04.82 5069.27 5850.00 4768.91 18.48
05 .82 10051.46 10558.00 8088.19 23.39
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i6.82 6116.08 5560.00 5456.80 1.8¢6

11.82 381%.85 379G.00 3943.00 - 04
12.82 2859.28 2888.00 3374.36 ~-16.84
01.83 2802.01 2656 .00 3072.14 -15.87
Gz2.83 2220.23 2408.00C 2885.91 -1%.85
03.83 2742.15 2941.60 3230.88 -5, 88
04.83 4486 .55 4730.00 4383.77 7.32
G5.83 16809.97 14758.00 12528.62 15.11
COEFFICIENT OF REGRESSIONw .5086

13

rR{(2) 1418.50 + .66x R(1}
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Table 3.4

AECGREESTION ANALYSIS POR MONSOON HONTHS

NATHPA V/S§ WANGTOO

Date HATHPA WANGTOO NATHPA ERROR
sum of Sum of (estimated) %
3-10 daily i-10 daily (m*/a)
discharge discharge
(w’/s) (=?/s)
06.67 32763.63 20500.00 26587.45 ~29.65
07.67 45197.81 30656.00 315503.65 -15.81
08.67 35118.29 27170.00 28275.91 -4.07.
09.67 13048.98 10180.00 12450.63 -22.30
06.68 40685.13 25310.00 32267.73 -27.49
07.68 32120.65 - 24723,00 26126.39 -5.68
08.68 28269.64 20458.00 23364.94 -14.21
09.68 8477.08 8550.00 $172.25 -2.48
06.69 38776.03 32680.00 30898.77 5.45
07.69 - 43583.05 35920.00 34345.75 4.38
08.69 33668.94 30528.00 27236.62 10.78
09.869 13755.09 12870.00 12956.96 -.68
06.70 9394.66 13650.00 5830.22 27.98
07.70 19111.02 20292.00 16797.55 17.22
08.70 15349.94 21435.00 16968.87 20.84
02.70 12838.47 13190.00 12259.68 5.75
06.71 22673 .42 19810.00 19352.04 2.31
07.71 23940.77 20928.00 20260.82 3.19
08.71 24891.14 22415.00 20942.31 6.57
09.71 9192.42 898G.00 9685.20 -7.85
06.72 23818.79 17100.00 20173.36 -17.97
07.72 27072.52 23575.00 22506.51 4.53
08.72 24835,87 22080.00 20902.68 5.33
09.72 12739. 88 10860.00 12228.98 ~12.61
06.73 52064.72 41760.00 40427.71 3.19
07.73 45841.99 32879.00 35965.57 -9.39
08.73 11686.07 24629.00 25814.76 -4,81
09.73 20797.39 15950.00 18006.79 -12.82
0€. 74 12910.14 11340.00 12351.07 -8.92
07.74 26932.76 22809.00 22406.20 1.77
08.74 26097.75 21570.00 21807.53 .74
09.74 9815.55 83970.00 10134.90 -12.99
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06.75 37388 .08 28460.00 28810.87 -1.53

07,758 37306.40%5 31899, 400 29844 .59 4,03
08.75 17867 .60 345%76.00 30032.24 12.14
0%.78% 14564 .78 12080 .00 13537.57 -13.87
Q6.76 25463 .35 1T#010.00 231352.62 -25.53
07.7¢ 36738.19 30675.00 2594377 .48 4.03
08.78 25564 .58 18430.00 21425.21 -16.25
0%.76 13991.892 9480.00 13126.76 ~38.47
06.77 17677.66 11540.00 15769.72 ~36.65
c7.77 43941.26 33611.00 34602.81 ~2.85
08.77 29896.33 25732.00 24531.38% &,67
c9.77 13926.21 1267¢.00 13079.67 -8.37
0&6.78 30117.10 22000.00 24685.70 -12.23
Q07.78 3I5705.23 31310.00 28€96.75 §.38
a8.78 - 33141.42 30666.00 26858.35 ) 12.42
09.78 12754 .99 16300.00 12268.50 24.73
06.79 34539.7% 26110.00 27861.08 -6.71
07.79 37423 .84 34169.00 299289.18 12.41
.08'79 26646.18 285287.00 22200.80 12.24
09.79 11088.68%9 11080.00 11044.96 L 32
0€.80 24720.086 23110.00 20819.862 g.91
07.80 30830.75 29950.00 258201.44 15.97
08.890 . 23125.83 23479.00 19€76 .48 16.20
05.80 103458.71 10230.00 10515.06 ~2.79
6.8 18240.69 15840.00 16173.46 -2.11
07.81 28763 .87 27755.00 23719.33 14.55
08.81 26915.02 28024.00 22393.57 20.09
09,81 10187.73 8550.00 10388.583% -8.43
06.82 27236.31 24730.00 22623.96 8.52
07.82 42875 .71 35125.00 33838.54 31.66
08.82 32183 .47 24412.00 26171.43 ~7.21
09.82 1225%2.04 10280.00 11879.17 ~15.56
0&6.83 28336.11 20086.560C 23412.60 -16.60
07.83 34318.17 25716.00 270217 ~7.72
08.83 38%61.50 29364 .00¢ 31631.77 -5.68
05.83 15802 .81 16090.00 172%3.61 -7.48B
COEFFICIENT OF REGRESSION= .9428
R(2]} = 3063.857 + .72x R(1}
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Table 3.5

REGRESSION ANALYSIS FOR MASS VOLUMES FOR TWELVE HONTHS

HATHPA V/8 WANGITOO

JANTUARY

L9808
-1228.34 + L1.04x R{1l}

1

COEFFICIENT OF REGRESSION

R{2) =
Date NATHPA WANGTCO NATHPA ERROR
sunm of sum of {estimated) %
3 10-daily 3 10-daily (m*/s)
discharges discharges :
{m*/s) (m*/s)
1967 3g22.4¢ 2485.00 2521.29 ~2.70
1968 6509.36 5208.00 5505.54 -5.78
1969 8106.26 7266.00 7162.5¢ 1.42
1870 - 10530.19 9665.00 10085.87 -4.35
13271 13236.89 12308.00 12473.25 -1.34
1972 15473.886 14713.060 14788.78 -.51
1973 17901.17 17482.00 17301.27 1.03
1974 20392.16 201731.00 12879.71 1.44
1975 23137.81 22815.00 22721.75 41
1978 25696.39 25788.00 25370.18 1.62
1977 28383.73 28526.40¢C 28151.83 1.31
1978 30878.01 31232.00 30733.68 1.860
1979 344114.684 3431¢.00 34394.47 ~-. 258
1980 36960.93 37038.00 37030.14 .02
1981 39878.23 39543.00 38739.33 -.50
1982 42071.82 41959.00 42320.48 -.86
1983 44573 .83 44615.00 24910.30 - .66
(7

5

&£

77
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FEBRUARY

COEFFICIENT OF REGRESSION » (.39896

B2} = -4565.16 + L1.03x R{1)

Date HATHEPA WANGTOO NATHPA ERROR

sum of sum of {estimated} %

3 10-daily 3 10-daily {m'/s)

discharge discharge

{m*/s) (m'/s)
1967 2546.21 2308.00 2166.04 6.15
1968 5167.5¢& 4684.00 4874.67 -4.07
1969 7232.22 B8E8.00 7008.16 -2.04
1970 9735.63 9110.00 8595.03 -5.32
1871 11759.19 11348.00 11686.05 ~2.98B
1972 135839.23 13464.00 13525.43 .46
1973 15756.84 15522.00 15816.97 .66
1974 17877.54 1B8360.00 18008.36 1;92
1975 20986.53 21356.00 21221.00 .83
1876 . 23385.70 24050.60 23669.158 1.58
1877 25652.47 26448.00 26042.49 1.52
1978 27774.29 28848.00 2B235.04 2.12
1979 30861.49 31444.00 31528.50 -.27
1380 33046.85 33870.00 313683.38 .84
1981 35445.91 35976.00 36162.41 -.52
1982 37787.02 38058.00 38581.57 -1.38
1983 40007.25 40465.00 - 40875.82 -1.01
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HARCH

COEFFICIENT OF REGRESSION

rR{2;

¢.9938

it

H

-101.24 +« 1.08x R{1}

sum of

3 10-daily

discharge
(r/s)

WANGTOC

sum of

3 10-daily

discharge
(m*/5)

NATHPA
{estimated)
{m'/s)

2707.24
5739.99
9325.13
11838.71
143517.44
17119.16
19952.861
22969.41
27045.11
30089.72
32816.9¢6
35475.28
39156.37
41773.96
44794 .05
47725.88
50468.02

2915.00
6340.00
9561.00
12152.00
148689.00
17697.00
210596.00
24451.00
28531.00
32004.00
34874 .00
37974.00
41564 .00
44474 .00
47280.0¢0
5002%8.00
829870.00

2765.79
5577.54
9774 .28
12542.13
15273.08
18028.24
21036.45
24223.89
2B540.15
31764.47
34758.58
37467.90
41366.26
44138.35
47336.69
50441.57
53345.56

5
5

-3.
-2.
-1.

12

.72
.23
21
72
87
.28
.93
.03
.75
L33
.33
.48
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APRIL
COEFFICIENT OF REGRESSION = 0.3591

R{2} = BE7.72 +  .97x R{1)
Date HATHPA WANGTOQ NATHPA ERRQOR
gum of sum of {estimated) %
3 10-daily 3 10-daily (m*/s)
discharge discharge
(m*/s} {m'/a)
1887 3289 .68 3770.00 4060.37 ~7.76
1968 7472 .81 8720.00 8126.11 &6.88
1869 11984 .41 13470.00 12458.63 7.21
1870 ’ 17212.38 18270.00 17572.95 3.82
1871 21381.17 22590.00 21618.23 4.30
1972 25224 .88 26330.00 25348.58 3.73
1973 38233.31 36470.00 37973.29 -4.,12
1874 42305.28 41620.00 41925.16 -.73
1878 50419.91 48170.00 49800.44 -3.38
1978 57202.53 54240.00 56383.38 -3.95
1877 - 60271.23 57580.00 59361.18 -3.08
1878 63967.88 62700.00 62948.79 ~.40
1979 71742.88 70300.00 70494, 46 -.28
1980 76445.70 75240.00 75058.57 .24
1981 © 81699.48 80640.00 80157.38 .60
1982 86768.75 86490.00 85077.13 1.632
1983 91255.30 91228.00 89431.34 1.96
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HMAY

COBFFICIENT OF REGRESSICH = (.5%78

rRizZ} = -11731.27 + .B3x R(1L}
19867 5623.15 5695.00 -7045.72 223.72
1968 37383.36 156B5.00 18393.80 -23.65
15869 49854 .57 28638.00 29810.56 -4.03
1970 62756 .06 38272.00 40560.86 ~-5.98
1971 69347 .38 44751,00 46053 .13 -2.5%1
1972 83187.58 54998.00 57585.63 -4.70
1573 113611.80 8163%.00 82936.,22 ~-1.89
1974 121415.20 895832.00 89439.19 .44
1975 141117.10 103785.00 105856 .00 -2.00
1876 157763 .80 115903.00 119727.00 -3.30
1877 162656.10 lz20821.00 123803.60 -2.38
1978 180484 .50 1364%5.00 1386585.30 -1.589
197% 192722.50 148372.00 148856.70 -,33
1980 205501.50 159356.00 159505.00 -.0%
1581 220583.00 173850.00 172071.80 1.10
1882 230674 .50 184548.00 180480.60 2.20
1983 247484 .40 198306.00 194487.60 2.42"

o prEeds” rgecramicpRastin B
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COBRFRFICIENT OF REGRESSION = 0.99%8&
R{(Z} w -6152 .60 + L79% R{1Y
Date NATHPA WANGTOO NATHPA ERROR
sum of sum of {estimated) %
3 1t-daily 3 1o-daily (m*/s)
discharge discharge
(m/s) (m*/s)
1967 32763.863 20500.00 19786.45 3.48
1968 73448.76 45810.00 51696.97 -13.51
1869 112224.80 784920.00 826%6.086 5,36
1870 121615.50 92140.00 90133.58 2;18
1972 1442%82.5¢ 111850.00 168084.5¢C 3.45
1872 168111.70 129050.00 126941.90 1.63
1873 220176.40 17081¢.0¢C 1leB8l&l.60 1.55
1574 23308¢6.5¢0 182180¢.00 178382.50 2.07
187% 270484 .60 211614.¢0 2079940 .80 1.7L
1976 295947.90Q 228620.00 228150.10 .21
1977 213625.60 240160.00 242145.60 -.B3
1278 343742.70 262160.00 265889 .40 -1.46
1979 378282.40 288270.00 293334.60 -1.76
1980 403002.50 311380.60 312805.50 -.49
1981 421243 .20 327220.00 327346.80 -.04
1982 448479.50 351950.00 348909.80 86
1983 476815.60 372030.00 371343 .80 i8
A3-20
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JULY

COEFFICIENT OF RECGRESSION = G.9558
r{2} = ~5287.92 «+ LB4x RIL}
Date NATHPA WANGTOO NATHPA ERROR
sum of sum of (estimated) %
3 10-daily 3 10-daily (m*/s)
discharge discharge
{m*/s) {m*/s)
1867 451%7.81 30856.00 28885.22 5.78
1968 77318.46 55379.00 560613.66 -1.15
1968 120501.50 81299.00 92822.99 -1.87
1870 146012.50 111591.00 108963.80 2.35
1971 163953.30 132515.00 129183.60 2.52
1972 1$1025.80 156094.00 152048.590 2.59
1873 236867 .80 1889873.00 150765.70 -.85
1974 263800.60 211782.00 213512.60 -.82
1975 301106.60 242881.00 245020.5¢ -.88
1976 . 337B44.8¢0 273556.00 276048.80 -.91
1977 381786.10 307167.00 113160.70 -1.88
1878 417491.30 338477.0¢C 343316.60 -1.43
1979 454915.10 372646.60 374824.00 -.61
1980 485745.50 402636.00 400963.00 L42
1881 5314509.80 430395.00 425256.40 1.1%
1982 557385.40 465520.00 461468.30 .B7
1983 581703.60 491236.00 490452,80 .15
A3-21
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AOEUBT

COEFFICIENT OF REGRESSION

R{2)

aum of

3 10-daily

discharge
{m'/s)

3B118.29

£3387.893

97656.88
116406.80
141298.00
166133.80
157819.90
223917.70
261485.30
287049.80
316946.20
350087.60
376733 .80
389859.7¢
426774.70
458958.20
497919.70

o grarzslEREichIamTE a0 B

0.5997
~-B385

i

i

WANGTOO
sum of
3 10-daily
discharge
(m*/s)

27170.Q0

47628.00

78156.00

99591.00
122006.00
144086.00
168715.00
1920685.00
225261.00
243631.00
269423.00
3Q0089.00
325386.00
348865.00
376889.00
401301.00
430665.00

A3-22

05 =+ L 88x

NATHPA
{estimated)
(m*/s}

25544 .08

50449.52

BO111.77

97158. 98
119088.00
140968, 30
168883.70
191875.80
224972.70
247494, 90
'273833.60
303031.00
326506.30
346880.10
370592.10
398945.70
433270.70

5.98
-5.92
~2.50

2.44

2.39

2.186

.13
-1.56
~1.64



SEPIEMBER

COEFFICIENT OF REGRESSICOH = 0.95%3
rR{Z2} w ~7TF. 83 L30x R{1}
Date NATHPA WANGTOO NATHPA ERROR
sum of sum of {estimated) %
3 10-daily 3 10-daily (mi/s)
discharge discharge
(m/s) (m?/s)

1987 13048.98 10180.00 11650.16 ~14.44
Y988 21526.06 161306.00 19269.68 -.73
1569 35281.15 32000.00 318631.65 1.15
1370 48119.62 48190.00 43170.49 4.47
1971 57312.04 54170.060 51432.33 5.05
1972 70051.92 £5030.00 62882.51 3.30
1573 90849.31 80950.00 81574.52 -.72
1974 100668.50 85960.00 50400.03 -.49
1975 115233.60 102050.00 103490.30 ~1.41
1976 128225.50 111530.00 116065.80 ~&,07
1977 143181.80 123600.00 128582.30 -4.03
1978 155846.70 139900.00 14008%1.90 -.13
187% 167035.40 150980.00 150048.00 62
1980 177385.10 161210.00 159350.400 15
1981 187872.580 17080C0.00 168506.50 .34
1982 195824.50 181080.00 175518.20 .B6
1983 219627 .7C 18717G.00 197316.30 -~ Q7

A3-23
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OQCTOBER

COEFFICIENT CF REGRESSION 0.2585

R{2} = -2108.%4 + 1.08x R{1}

Date HATHDA WANGTQO NATHPA ERROR

sum of sum of {estimated) %

3 10-daily 3 l¢-daily {m*/s}

discharge dizcharge

(m*/5) (m*/s)
1966 6951.81 4885.00 5156 .60 -5.5¢6
1967 12969.93 9957.00 11446.83 ~-14.5%6
1968 16803.70 14941.00 15453.94 ~3.423
19695 22662.18 21306.00 21877.31 -1.27
1970 27556.18 27658.400 27110.67 1.98
1971 32745.75 33847.00 32116.80 5.12
1972 38383.25 39294.00 38009.20 3.27
1973 45650.69 45758.00 45605.24 .42
1974 49717.83 50742.400 49856.27 1.75
1975 . 56484.12 57548.06 56928.50 1.08
1976 64700.17 63378.00 65516.03 -3.37
1977 69400.11 69312.00 70428.48 -1.861
1978 74946.91 76586, 00 76226.07 .47
1879 80362.58 819689.00 81886.61 .10
1980 86159.22 87594.00 87945 .35 -.40
1981 90262.68 $2872.400 92234 .34 .69
1982 a8372.7¢ 98432 .08 98620 .68 -.18
A3-24
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HOVEHBER

COEFFICIENT OF REGRESBICN = 0.359%7

R(2} = ~1626.76 + 1.1l0x R{1}

Date NATHPA WANGTOO NATHPA ERROR

sum of sum of {estimated} %

3 10-daily 3 10-daily {m'/s)

discharge discharge

(m*/s) (m'/s)
1866 4793.73 3490.00 3e3sg.zv -4.25
1967 8759.62 7190.00 7994.07 -11.18
1968 ' 16750.26 10280.00 ‘ 10224.36 .54
1869 14458.30 14060.00 14253.03 ~-1.37
1970 17655.51 18000.00 17764 .57 1.31
1971 20925.04 21510.060 21355.55 .72
1972 24255.18 25070.0¢0 . 25013.10 .23
1973 283985.71 28320.00 29565.10 -.84
1974 31036.84 32640.00 32461.50 .55
19758 . 34719.97 37440.00 36506.74 2.49
1876 393123.81 41370.00 41343.55 .06
1877 42560.1¢ 45620.00 45117.75 1.10
1978 46919.64 50370.00 49905 .84. .92
1978 50687.91 54340.00 54044 .59 .54
198¢ 54496.79 57840.00 58227.94 -.67
1981 57739.50 £31430.00 61789.46 -.59
1982 61589.15 65220.0C0C 65984 .64 -1.17
A3-25
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DECEMBER

2.998%

~ COEFFICLENT OF REGRESSION

rR{Z) = «1361.20 + 1.08x R{1)
Date NATHPA WANGTOO NATHPA ERROR
sum of sum of {estimated) %
3 io-daily 3 10-daily {m*/s}
discharge discharge
{m*/s) (m*/s)
1966 3871.18 2545.00 2745.74 ~7.8%9
1567 £953.19 5721.00 6025.49 -5.18
1968 8726.41 8164.00 7856.71 3.27
1969 11943.1¢ 11058.00 11308.38 ~2.27
1970 14493.81 13988.00 14015.38 -.20
1871 . 17001.19 16847.00 166875.48 1.02
1872 19880.13 198632.00 18728.77 .67
1973 22824.05 22937.00 2295%8.08 -.10
1974 25426.15 25703.00 25613.57 .35
1975 28277.31 29064 .00 2B638.39 1.46
1876 . 31734.81 320985.00 32306.47 -.66
1877 34586 .22 35548.00 35331.55 .61
1978 38424 .31 319340.00 39403.41 -.16
1979 41287.80 42702.00 42441.30 . .61
1580 44250.53 45656.00 45584 .48 .18
1981 46983.26 48327.00C 48483.686 -, 32
1882 £5242.54 51215.00 51623.18 - .80
A3-26

o ‘prakashuprchannorakashi 6.8



Table 3.6

Annexure l}

ANNUAL RUN-OFF AT WANGTOO BRIDGE SITE AND NATHPA DAM SITE

Runoff at Nathpa Mm*

Year Runoff at Wangtoo Mm®
Non- Monsoon Non- Monsoon
monsoon monsoon
1968-69 2756 11213 3083 9677
1969-70 3353 5244 2999 5924
1970-71 2481 6972 2732 6232
1971-72 3013 7644 2928 6360
1972-73 . 5423 12994 4962 9356
1973-74 2834 6546 3081 5624
1974-75 4057 10959 3564 0264
1975-76 3862 8792 3654 6531
1976-77 2752 8110 2520 7167
1977-78 3429 9656 3674 8664
1978-79 3816 9478 3850 8351
1979-80 3178 7692 3180 7500
1980-81 35637 7267 3407 - 7016
1681-82 2852 9897 3041 8169
1982-83 3589 10491 3433 7884
1983-84 4006 8024 3668 6067
Average 3441 8874 3361 7524

Non-Monsoon = QOctober to May

Monsoon = June to September

= gk ashikarchamtgendydralogaat-0aid
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Tahla 2.

8

TEN-DAILY DISCHARGE AND RUNOFF VOLUMES

AR RERE R TR R Rk kR Rk kR Eh Sk a ek hkn s

R RRER - CERIT IR EFR R ARR E AT R A kR e R

i966-87

DISCHARGE
{CTIMEC)

RUNOFF
{COMBC-DAY)

EE X R E L E R RN EEE S E S R RS AR R R SR EE LR S R R EE N

cCT

NOV

DEC

JAN

FEB

APR

AUG

SEP

I.

IIL:

I.
II.

ITI.

II.

IIT.

IT.

III.

I1.

III.

IT.

IIT.

II.

IIT.

II.

IIT.

I.
IT.

IiT.

II.

IrT.

TY.

ITr.

239.45
195 .59
173.30
136.79
151.19
143 .48
123,23
109.39
105.26
103.52
168.48
103.65
97.59
72.68
73.62
75 .86
78.13
81.51
82.17
97.95
115.95
144.92
167. 54
176.02
580.67
1162 .27
1205.79
1332.40
1312.77
1293.30
1095, 92
1012.94
956.17
513.72
392,62
268.07

6256.63

4314.36

3484.05

i2e60.22

2291.68

2436.51

2260.71

5060.83

29487.27

40678.03

3leGe .46

11744.08

NON-MON= 38064.%8 MON-

113515 .80 TOT=

143580.806
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TEN-DAILY DISCHARGE ARD RUNOFF VOLUMES

HEEERA KA TRATEFR TR A A A2 X2 d ko vk hdhdhith

khhkEhhkbAhE kbbb hkRddhhhhkhhkRRkRR IR R R A E®

Ll967~-68

DISCHAKRGE
{CUMEC)

RUNOFF
{CUMEC-DAY}

HFERREFE - R RR A AT A RN ERA DT LR AR R R R A AR R

oCT

Hov

DEC

JAN

FEB

APR

AUG

SEP

I.

III.

Ir.

IIT.

II.

III.

I.
II.

IIT.

2.1.24
162.47
152.02
138.82
122.57
25.54
92 .54
859.34
86.83
85.32
§3.45
82.77
83.89
84.20
84.77
85,35
87.80
890.73
85.93
92.14
198.41
623.21
876.80
1232 .46
962.71
1305.28
1393.67
1096.32
1015.28
T08.44
954.39
940.40
580.44
294 .38
240.27
228.28

5416.31

31569.390

2773.83

2558,21

2359.12

2729 .47

1764 .82

28557.19%

36616.62

28308.58

25442 .68

7629.37

MON= 98557.23 TQT= 150365.50

NCN-MON= 51768.26

& iprakuskar Shthata wod
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TEN-DALILY DISCHARGE AND RUHQFF VOLUMES

A s SRR SRR AL ETIELEEE S S EEESEERASR R L EEE EE

LR R RS E S SR AR R EEEE LS RS EEEEEEESELEERESEE]

1568-89 DISCHARGE RUNOFF
(COMEC) (CUMEC-DAY)
FEE R EEEEEEEEEEEEE TR R LS TR R R R R R 3
ocT I. 136.15
II. 117.44
111. 831.14 3450.40
NOV  I. 65.80
II. 64.22
III. 52.74 1827.58
DEC 1I. 53.99
IT. 51.24 .
III. 45.41 1595.90
JAN I. 47.72
II. 45.30
ITI. 46.09 1437.21
FEB I. 47.21
II. 60.64
III. 97.46 1858.20
MAR I. $8.60
IT. 109.88
III. 103.80 3226.63
APR I. 97.09
II. 156,28
III. 152.87 4060.44
MAY I. 219.62
II. 332.17
I1I. 521.20 11251.09
JUN I. 1158.52
II. - 1204.02
III. 1127.30 34898.43
JUL I. 1220.64
II. 1329.34
III. 1247.72 ) 319224.74
AUG I. 1263.87
II. 1070.74
ITI. 632.36 30302.05
SEP I. 544.05
II. 421.862
III. 277 .29 12379.58

NON-MON= 28707.44 MON= 116804.80 TOT= 145512.2¢

A3-31
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TEN-DAILY DISCHARGE AND RUNOFF VOLUMES

EEEEER L L EEEEEESEEEET AL EEE SRR L ERE SRR LR

[T EEEE RS LA S SRR LR EEESERESEE RS SRS S

1865-70 DISCHARGE , RUNOFF
{CUMEC} {CUMEC-DAY}

ke H I REEIEA A AT AT AR TR TR EdA I Fh ATt h o
oor I 130.28

II. 174.84

IIT. 147,40 5272.63
NGV T. 122.04

1L, 106.10

III. 101.99 330%.24
DEC I. 101.92

II. 92.49

IZI. 85.486 2895.08
JAN  I. 82.09

II. 80.96

IIT. 82.82 2541.53
FEE I. 82.98 '

II. 80.6%

ITI. 77.18 2253.07
MAR I. 67.93

IzI. 76.862

IIT. 87.88 2352.22
APR I, 103.08

II. 151.33

I1I1. 216.17 4705.89
MAY I. 201.38

IT. 341.13

III. 562.38 11611.34
JUN I 194.37

Ir. 307.13

ITT. 344.02 8455.19
JUL I. 614.19

II. 556.34

ITI. 499.51 17199.92
AUG I. 562.22

IT. 546.83

III. 574.95 17414.95
SEP I. 492.18

1i. 401.45

ITI. 261.83 11554 .62

NON-MON= 34%32.7% MON= 54624.69 TOT= 85557.48

A3-32
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TEN-DAILY DISCEARGE AND RUNOFEF VOLUMES

R EREEREEERERRALTRR LR SRR R R AT AR A R b A AR

kA hhkRkh bR hkrh vk r kb rdkhh e dbrhbEr R b rhrrbraeh

187073 DISCHARGE RUROEF
{CUMEC) {CUMEC-DAY)
FEEXET S F S F EESLEEIETEELEEESESEEEELEES S S EEEEE
ocr I 189.16
1. 153.08
TII. 122,04 4764.60
NOV  I. 108.78
II. 94.29
IIT. 84.68 2877.49
DEC I. 76.82
IT. 74.98
III. 70.69 2295.58
JAN I. 68.82
II. §7.00
III. 65.25 20676.03
FEB I. 64.12
II. 65.92
III. 65.10 1821.20
MAR I. 63.46
II. §7.57
III. 91.87 2320.85
APR I. 119.02
1I. 121.76
1I1. 134.38 3751.40
MAY I.  185.56
II. 180.71
III. 224.50 5932.17
JUN I. £27.06
II. 667.59
11I. 745.96 20406.08
JUL  I. 645.91
1I. 615.28
III. 808.62 21546.69
AUG I. 342.41
II. 667.76
III. 572.76 22402.02
SEP I. 417.55
II. 228.57
III. 181.16 8273.18

NON-MON= 2583%.34 MON= 72627.9%8 TOT= 28467.31

A3-33
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TEN-DALILY DISCHARGE AND RUNOFF VOLUMES

PR E P L E R SR R R EEE LR LR EETEIESEEE SRS K

IR R EREE SRS SRS LA LR R EE LSS AL E R R R AL S SR EEEE]

1371-72

DISCHARGE
(CUMEC)

RUNOFF
(CUMBEC-DAY}

kA A AR A A A RE A S AARAERR BRI R FR TR R AD R AL L T h S

< OCT

NQV

DEC

JAN

FEB

APR

AUG

SEP

I.
II.
IxrrI.
I.
Il.
IIL.

II.
IIT.

Ix.
ITI.

I11.
IZIE.
I.
IX.
IT%.

II.
ITT.

IT.
iIT.

IXII.

154,64
145.92
118.63
102.34
97.75%
g4 .36
79.68
70.38
68.73
64 .36
64 .06
65.46
55.18
55.54
61.86
67.14
72.41
86.00
102.72
111.80
131.431
176.32
315.81
681.36
505.65
T98.26
838.78
740 .87
774 .94
837.02
801.45
758.65
€13.75%
585.20
328.61
222.77

4310.82

2942 .88

2256.64

2013.27

1602.04

2341.55

3459.34

1245€.20

21436.%1

24365.27

22382.29

11465.89

313B2.

23 MON= 79620.34 TOT= 111002.60

& SEERN SRR BT SO OGS a- Bl wik
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TEHN-DAILY DISCHARGE AND RUNOFF VOLUMES

R E R T E E R EEEEE R Rk kb

EEE AT S EE RS SRR E R E RS ERELEE LSS RS EESE RS L

1572-73 DISCHARGE RUNGFF
{CTUMEC) (COMEC-DAY)}
BEEEE R TR T RA LR A AR IR E IR TSI A AR T R e ek R hy
oCcT I, 205.72
II. 159.27
III. 129.44 5073.73
Nov I. 109.27
II. 96.69
IIT. 93.76 2997.13
DEC I. 93,57
II. 83.79
III. 74.32 2591.04
JAN I. 74.20
IT. 70.66
III. 66.91 2184.58
FEB I. 73.25
II. 70.45
III. 69.85 1995 .85
MAR I. €8.05
II. 71.31
III. 105.67 2556.41
APR I. 142.12
II. 225,87
III. 802.77 11707.59
MAY I. 1307.04
II. 566.47
III. 786.07 27381.84
JUN I. 1258.37
7. 1870.48
III. 1556.98 46858.25
JUL I. 1334.60
IT. 1411.75
I, 1254.03 41257.7%
AUG I. 888.39
II. 893.16
IIT. §72.91 28517.46
SEP 1. 863.76
i1. 661.73
III. 400.27 18717.65

NON-MON= 56488.17 MON= 135351.20 TOT= 181835.30

A3-35
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TEN-DAILY DIBCHARGE AND RUNOFF VOLUMES

Y  E E FE R RS R Y P LR EE SR EL S L R R

R AR AT R AT R I EATRRAAFTRARE LR TR A SRR A A rodh e et

1573-74 DISCHARGE RUNOFF
{CUMEC) (CUMEC-DAY)
dhhkA T h A d kI RhFA AL AT EF R A A AFRA AT R R Aok an
orr I 267.71
Tr. 208.52
TII. 161.68 £540.70
NOV  T. 137.40
II. 123.94
III. 111.66 3730.08
DEC 1I. 95.98
II. 87.71
ITT. §2.06 4 2739.53
GAN I 76.57
©OIr. £5.35
ITT. 71.15% 2241.89%
FEB I. 67.18
II. 68.56
III. 68.90 . 1908.63
MAR I. 73.16
II. 79.60
TII. 107.39 27908.82
APR T. 102.79
II. 116.27
ITI. 147.42 3664.77
MAY I. 262.82
IT. 228.36
TIIT. 191.93 ’ 7022.99
JUN I. 284.89
II. 454 .87
TIT. 422.1% 11619.13
JunL 1. 505.60
II. 962.68
ITI. B68.79 24239.49
AUG I. 851.40
II. 804.59
I1I. 593.46 23487.97
SEP TI. 402.59
S II. 271.61
TTI. 209.55 8837.59

NON-MON= 20557.42 MON= £8184.17 TOT= $8741.5%9

A3-38
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TEH-DAILY DISCHARSE AND RUROFF VOLUUES

hhkhhrhhkbdrd b rhaedt b bt rRe it hdrh R e a FE R A E R

LR E RS E RS SR EEE LSRR R EEE R RS S S L EES]

1974-75 DISCHARGE RUNOCFF
{CUMEC) {COMEC-DAY)

EER SR ES S EESSEEREEEEEREEEEESESEEERSEEESEEEESE ]
oCcT  I. 133.29

IT. 119.18

IIT. 103.25 3660.42
NoV  I. 88.68

II. 77.81

ITI. 76.85 2373 .42
DEC I. §5.22

II. 76.27

IIT. 76.10 22531 .89
JAN I. 74.89

IT. 73.66

I1T. 89.60 2471.08
FEB I. 101.39

II. 99.49

III. 98.66 2798.09
MAR I. 102.50

II. . 123.75

IIX. 127.79 3668.13
APR I. 193.00

Ir. 209.65

IIT. 327.87 7303.17
MAY I. 400.18

IT. §78.15

I17. 631.68 17731.74
JUN 1. 835.08

II. 14032.98

IIT. 1127.77 33658.25
JuL  I. 8B5.52

IT. 1289.11 )

III. 1075.37 33575.45
AUG I, 1192.10

IT. 1338.27

TII. 773.38 33810.84
SEP I. 590.22

iT. 425.16

I1T. 295 .45 13168.31

NON-MON= 422%7.93 MON= 114152.90 TOT= 15641¢%.8¢0

A3-37
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TEN-DALLY DIBCHARGE AND RURNOFF VOLUMES

LA RS S S R RS RS R ST EEE R EE LR LR R R RN

hEHAAA R R L RAR L R R AR RN T AR F R RAATT AR R AR AR T RER

1975-76 DISCHARGE RUNOFF
{COMEC) (CUMEC-DAY)

EE S AR E RS R ELESEEEEEEESEREE S AR A S EEEEEEEE LS ]
ocT I. 236.81

II. 210.09

ITI. 147.33 6089.66
Nov I. 128.96

ir. 108.95

IIT. 93.57 3312.82
DEC I. 87.66

II. 81.78 .

I1I. 79.24 ' 2566.04
JAN  I. 77.65 '

II. 72.91

III. 72.47 2302.72
FEB I. 75.90

II. 78.87

ITI. 73.07 2132.25
MAR TI. 82.83

IT. 80.93

IIT. 100.24 2740.15
APR I. 114.67

II. 145.49

ITI. 3150.30 £104.72
MAY T. 330.08

IT. 474.04

IIT. £30.98 14982.01
JuN 1. 1078.85

1l. 647 .52

II1. 565.34 22917.02
JuL I. 877.89

iT. 1092.25 .

III. 1214.81 33064.37
AUG I. 904.72

IT. 751.54

III. 585.96 23008.12
SEP I. 557.57

IT. 376.96

1II. 324.74 12592.70

NON-MON= 40232.38 MON= 21582.22 7T0T= 131814.60

A3-38
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TEX-DALLY DISCHARGE AND RUNOFF VOLUHES

R R RS AR L ERL S PREEEEE LA LEEEEE AR R LSS

ARkthhhkdhbhdhdthhrdhddhRiddddbdohkd b bhddbr s

DISCBEARGE

1976-77

QCT

NOV

LDEC

JAN

FEB

APR

MAY

JUK

JUL

AUG

SEP

I.
II.
I1x.
I.
IT.
III.

II.
I1II.
I.
II.
TII.

IT.
III.

II.
III.

I1.
III.
I.
IT.
IIE.

i
ITI.

II.
ITI.

II.
III.

{CUHEC)

HEARAERER R LR R AR REDFA R AR IR R AT Ak AR kAR Ak h K

276,
234.
206,
151.
123,
116.
114.

97
20

az2.
76.
75.

74
73

73.

74

78.

a2
163
82

$7
94
85
i4
Q06
i5
10
.78
.26
8s
27
22
.42
.82
46
.50
12
<21
.80
.B7

RUNOFF
{CTMEC -DAY}

7354 .44
31963.46
.3111.75
2418.61
2067.09
2544 .51
2761.48
4403.11
15909, 89
39547.13
26906.70

12533.59

24027 .21 TOT= 123561.80

NCN-MON=

286584 .45 MON=

4513 wod

3 iprakash
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NOH-MON-

TEN-DAILY DIBCHARGE AND RUNOFF VOLUMEE

EZET IR T TR ELEEEEEE AR LA A E LSS EE LS LR AR X

R E PR IS A A EEE LR R E RS SR SRS S AR RS E AR R LR R

1277-78

DISCHARGE
{CUMBC)

RUNOFF
(CUMEC-DAY)}

EE RS L EESEEEEEEEEEEEEERIE S SR Lk

ocT

NOV

DEC

JAN

FEB

APR

MAY

AUG

SEP

I.
II.
ITI.
I.
II.
IIT.

1.
IIT.

II.
I1%.

II.
III.

II1.
III.

IT.
III.

I1.
III.

IT.
III.

II.
TIT.

35710.45 MON-

158.80
133.46
118.86
108.23
103.32
97.72
87.34
82.73
78.69
75.09
72.16
70.21
68.55
§8.13
67.85
69.05
72.73
§0.43
85.00
121.39
136.31
273.56
612.43
653.24
882.57
687.07
1140.90
1124.69
1013.75
977.29
1114.73
1021.52
769.52
544.31
370.26

4229.95

3022.71

2566.27

2244.85

1209.64

2302.49

3326.98

16045.58

27105.39

32134.7%

29827.28

11515.4%

100582.30 TOT= 136301.30

2 prakpsbakarchamig Ershyorolbgicshgala wog
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TEN-DALLY DISCHARGE ANHD RUHOFF VOLUMES

EEE LTI R EESEELEESEER LR EREE S EEE RS

GERR KRR AT RE TR AR TR R R R AR AT T T AT AT AR T AL R

1978-789 DISCHARGE RUNOFF
{CUMEC} {(CUMEC-DAY)

I E R R R e &AL EEEEEE R SR g R SR A
oCT I 179.23

I1. 158.22

III. 147.06 4992 .12
NOV L. 141.51

I71. 129.23

IIT. 121.61 3923.53
DEC I. 115.67

II. 111.33

III. 107.66 3454.28
JAN I. 103.08

II. 101.80

III. 103.10 3182.97
FEB 1. 103.67

II. 103.23

III. $9.93 2868 .48
MAR I. 99.22

II. 107.385

III. 112.84 3312.98
APR I. 164.50

IT. 206.4%9 _

III. 328.76 6997.49
MAY I. 388.04

II. 176.56

IIT. 306.20 11014 .16
JUN I 388.19

II. 862.64

IIr. 1857.75 31085.81
JUL  I. 1073.32

Ir. 1215.03

ITI. 981.63 33681.46
AUG I. §23.56

II. 836.56

IIT. 580.03 23981.56
SEP I. 488.51

II. 300.50

III. 208.98 9979.82

NON-MON= 39746.01 MON= $8728.66 TOT= 138472.70

A3-41
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TEN-DAILY DISCHARGE AND RUNHOFF VOLUMES

L T E R RS E RS EEEEEE S LRl R

L P P T FEEE T SRR R TSRS EE LS AN A

19735-80 DISCEARGE RUNOFF
(CTMEC) (CTUMEC-DAY)
IR R R R T L PR L R E TR RSN EEE R RS R
ocr 1. 176.89
1T, 161.31
TIT. 135.65 ' 4874 .10 -
NOV I. 123.01
1. 114.62
II1. 101.51 3391.44
DEC I. 91.32
II. 82.81
TII. 75.98  2577.14
JAN I. 73.44
1I. 72.80
ITI. 75.39 2291.66
FEB I. 68.57
1. 64.27
III. §8.55 1876.82
MAR I. 70.82
II. 73.25
TII. 83.20 2355.83
APR I. 96,28
II. 129.44
III. 197.54 4232.55
MAY I. 320.44
II. 365.11
111, 218.68 11501.10
JUN 1. 605.02
II. 693.62
III. 926.16 22248.05
JUL I. B44.28
1. 977.02
TIT. 866.79 27747.67
AUG I. 913.24
II. 556.40
ITI. 556.08 20813.25
SEP 1. 392.31
II. 313.74
IIT. 225.42 $314.74

NON-MOMN= 33100.86 MON= 80123.70 TOT= 113224.40

A3-42
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TEH-DAILY DISCHARGE AND RUNOFF VOLUMES

Gk k kR E bk Ek kv A Ak kbR A sk kR Ak

ER S RS E RS R EE LS TE LS FEEEEREE S S E RN EEEEEEEES]

1980-81 DISCHARGE RUNOFF
(CUMEC) {CUMEC-DAY)
PR R T R T R R A R i B R S e R R R R T
oCcT I. 203 .14
II. 160.60
ITI. 143.60 5216.99
NOV I. 123 .98
II. 116.63
III. 102.21 3427.99
DEC I. 91.73
1. 84.24
III. 82.43 2666.45
JAN I. 80.24
II. 73.31
I1I. 74 .85 2355.57
FEB I. 74.85
II. 77.76
1I1. 79.13 2159.16
MAR 1. 80.55
1I. 84.46
TII. 96.72 2718.08
APR I. 103.72
IT. 157.56
III. 211.56 4728.39
MAY I. 389,43
II. 407 .27
III. 509.66 13573.35
JUN I 193 .04
I 410.05
I1I. 838.58 16416.52
JUL I 633.99
IT 841.36
1II. 1012.18 25887.48
AUG I. 999 .85
11 810.76
III. 556.13 24223.51
SEP I. 425 .46
T 281.30
11T, 206.14 5168.96

NON-MON= 36846.02 MON~ 7569A.58 TOT= 112542.80

A3-43

[t Es ik Wi o enihy Amin gl B3 win)



TEN-DAILY DISCHARGE AND RUNOFF VOLUMES

wehkk kA kkhkkhkdkhkh kb bk hhdh ks hhbbhhbddh

dhkEkEhkhhk kA kb khhhbhbhhk bk hkdkddbhhkdrbhthbdhihi

198182 DISCHARGE RUNOFF
{CTUMEC) (CUMEC-DAY}

FEEEER TR S EEE FESERELRESESE SRS RS R
GCT 1. 147.35

1T, 112,19

ITI. 99,87 3693.10
Nov I. 102.94

II. 98.74

ITI. 90.17 2918.44
DEC I. 83,70

1T, 80.45

IIT. 74.36 2459.45
JAN I. C 72.81 '

I1. 71.72

III. 72.81 2244.23
FEE I. , 76.71

II. 73.85

III. 75.18 2107.00
MAR I. 80.35

1I. 82.90

I137. 91.47 2638.65
APR I. 125.21

II. 131.68

III. 199.34 4582.34
MAY I. 312.91

II. 231.57

IIT. 330.68 9082.31
JUN I. 580.54

II. 1040.64

IIT. 830.08° 24512.68
JuL I. 1170.53

LI 1240.11

I1I. 1316.43 38588.14
AUG 1. 1139.88

i1. 1044 .29

IIZ. 647.59 28965.13
SEP I. 467.48

II. 380.15

IIT. 255.06 11026.84

NON-MON= 29705.54 MON= 103092.80 TOT= 132798.30

A3-44
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TEN-DATLY DISCHARGE AND RUNOFF VOLUMES

wEERREREER R LR LSRRI R AL AR AN A R S

Hh Ak E AT AR A AL F AR AR LR R AR LI T T RS AT I AR TR T AR b A%

1882-83

QCT

ROV

BEC

JAN

FEB

APR

AUG

SEP

i.
II.

I1I.

I.
IT.

IIT.

I.
IT.

IIT.

IT.

IXI.

II.

IIT.

II.

IIT.

II.

IIT.

I.
iT.

ITIL.

II.

IIT.

IT.

III.

DISCEARGE
{CUMEC)

EhEhERREN R R PR ERAE R R E R R bR R R Rk R A Rk ke ®

200.
177.
157.
127.
1L4.
101.

83

85.
79.

76

71.
69.
70.
7i.

72
73

10
11
oo
80
20
76
.79
56
o]:1
.88
87
76
01
54
.84
.74
.45
W27
.09
.25
.45
N
.43
.63
.11
.96
.18
- 17
.20
.16
.97
.12
.43
.15
.68
. B4

RUNOFF
{CUMBC-DAY)

54399.067

3437 .68

2663 .35

225% .81

1988.21

2467.93

4037.90

153128.97

25502.350

30886.35

35065.35

17822.53

NON-MON=

37484 .92 MON=

109276.70 TOT=

148761.70

o aR Bk KRR GEN ydrOgL IR 3
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TEN-UDAILY DISCHARGE AND RUNOFF VOLUMES

GHERBF AR RRFEIRE ARG RN R E R AR A A A Ak E ok ok

AEREXEARFA I AT b b kT Ik rdhdbddr e b rhbhdi

1583-84 DISCBARGE RUNOFF
{CTMEC) {CUMEC-DAY)
A A AT AT A AR AR AT AF AT A kb r AT A oo b o ddhy
ocT I 291.60
TI. 242.04
III. 207.94 7623 .83
NOV 1. 173.48
II. 132.49
III. 107.37 4133.448
DEC I. 100.07
II. 95.08
III. B1.5E ‘ 2799.03
JAN  I. 79.39
II. 78.00
IIZ. 76.40 2414.32
FEB I. 75.68
IT. 71.0%
III. 75.20 20692.00
MAR I. 86.84
IT. 97.34
ITI. 115.1% 3108.85
APR I. 111.80
iI. 136.8%
III. 199.81 4480.99
MAY I. 300.30
IIL. 443.10
III. 697.15 15102.64
JUN L. 961.67
II. 790.23
III. 791.51 25435.21
JUL I 787.31
II. 590.97
ITT. 783.19 22497.91
AUG I. 752.24
II. 811.81
IIT. 778.69 24206.10
SEP I. 617.65
II. 335.11
111 191.91 11448.77

RHON-MON= 41732.10 MON= 83585.%8 TOT= 125318.10

A3-46
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TEN-DAILY DISCHARGE AND RUNOFF VOLUMES

X S S A A X T EEFEEEEEE FEEESERESE SRS SR SRS

AR EFERERE R AR TR A AT b AR T A AR ARk d Rk A bk Tk hdek

1584-85 DISCHARGE RUNOFF
(COMEC) { CUMEC-DAY)
FhEHEEREREETREAFI R ERE A TR b b bt rh bbb edwd
ocT I. 157.83
1I. 114.70
III. 109.21 3926.60
NOV 1. 94.95
II. 86 .26
III. 77.50 2587.13
DEC L. TF.17
1. 73.05
III. 70.89 2281.93
JAN I. 66.92
II. 72.55
IIT. 77.32 2245.23
FEB I. 78.70
I1. 78.82
II1. 77.87 2198.13
MAR I. g81.32
IT. 85.55
IIT. 89.02 2647.85
APR I. 89.00
II. 96.24
III. 120.53 3057.72
MAY I. 158.73
II. 213.32
III. 677.23 11170.04
JUN  I. 900.00
1. 851 .43
I1I. 881.51 26329.35
JUL I 240.14
I1. $07.20
I11. 996.04 29429.83
aUG I 805.25
II. 959.60
III. 830. 90 26788. 30
SEP I. 646.48
II. 348.24
1II. 226.75 12214.71

NCN-MON= 30114.63 MON= 94762.18 TO?= 124876.80

A3-47
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TEW-DALLY DISCHARGE AND RUNOFF VOLUMES

EEEFERR AR AR A AR T AR AR AT R A AR TR R A A A A R

kR bk kR rr kA hkardkhkrhkdrrhdrdh o rh b rhobbd b

1985-86 DISCHARGE RUNOFF
(CUMEC) (CUMEC-DAY)
FEE LIS E R E L E LR S LR EE SR LR S EEEEEEE RS L RN K LR XL XN
oeT  I. 170.89
II. 176.54
IZII. 143.21 4989.56
NOV T. 132.75
1I. 126.53
EIT. 115.74 1750.25
DEC I. 108.50
II. 100.39
III. 84.48 3018.09
JAN I. 70.19
11. 73.17
III. 74.11 2248.76
FEB I. 75.09
1I. 73.02
III. 73.10 2065.88
MAR I. 75.27
II. 78.30
IIT. 83.19 2450.70
APR I. 100.12
I. 136.05
III. 204.55 4407.20
MAY I. 287.13
II. 501.31
TII. 233.75 10455.68
JUN I 335.37
II. 1121.56
IIT. 1655.73 31126.62
JuL 1. 1231.06
IT. 1387.64
I1%. 1503.54 42726.01
AUG I 1267 .46
IT. 1099.76
III. 775.59 32208.08
SEP I. 633.86
II. 203.82
1II. 108.98 9466.57

NOM-MON= 33388.13 MON= 115827.3¢ TCT= 1483913.40

A3-48
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TEN-DATILY DISCHARGE AND RUNOFF VOLUHMES

HEFREFEFEARRAFRE R AR AL RN R R A FT R R T h

HHEEEEERTA TS RER AR Rk T h ke ok wrdekhw ok

198687

DISCHARGE
{CUMEBC)

+

RUNCGFF
{CUMEC-DAY)

FERFITERETA TR AR AT ER TR RS A e bbbk hdad

ocT

NOV

DEC

JAN

FEB

APR

ALG

SER

I.
II.
Iz,
I.
I%.
1T,
I.
Iir.
LIT.
I.
ir.
III.

II.
III.

Ix.
III.

IT.
IIT.

II.
IIT.

If.
III.

IT.
111,

Ir.
ITT.

$8.77
75.27
75.12
70.67
77.87
62.92
73.04
79.09
79.19
74 .60
87.90
95.82
86.71
85.06
77.56
.84.35
124.02
125.05
130.8%
121.62
216.12
213.19
180.76
401.22
1074 .45
B73.28
1017.68
1496 .28
1192.76
1445.82
§68.20
832.786
778.22

2566.63

2131%1.862

2392 .32

2679.08%

2338.24

3459.1%

4685.85

8352.5%

29654.10

42794 .43

26570.08

13839.42

NON-MON=

28585.92 MON=

112558.00 TOT=

141143.20

1 Lk gsT1 K FENEMIGERDYETIRRIC 4313 wod
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TEN-DAILY DIBCHARGE AND RURCOFF VOLUMES

R s R RS IR R LA R e R R LA

ER NS AR R PRI SRS EE LA R EEEEEEELE

1987-88 DISCHARGE RUNOFF
(CUMEC) (CUMEC-DAY)
IR X TR EEEEELEEEE SR L EE A E L EREEEE SRR R EEEEEEESES
oer I. 240.47
II. 190.48
ITI. 177.35 6260.18
NOV  I. 131.21
IT. 53 .74
1II. 117.37 3623.22
DEC I. 115.93
II. 110.99
TII. 166.40 4099.58
JAN I. 89.97
IT. 91.93
TII. 79.71 2695.92
FEB I. 77.25
1. 74.72
IIT.  80.37 2162.61
MAR I. 81.95
IT. 87.00
III. 96.34 2749.27
APR I. 113.97
II. 295.55
III. 417.02 8265.42
MAY I. 510.14
iI. 696.82
IIT. 758.21 20409.98
JUN 1. 717.66
iI. 818.59
III. 1344.67 28809.27
JUL I. 1280.92-
1I. 1368.74
III. 13B9.55 41781.64
AUG I. 1307.83
II. 1147.02
II1. 861.66 34026.84
SEP I. 635.77
11. 471.43
III. 168.22 15754 .14

NON-MON= 50266.18 MON= 120371.20 TOT= 170638.10

A3-50
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TEN-DALILY DISCHRRGE AND RUNOFYF VOILIMES

L S R R A LR S I E LR RS AR R E NSRS

LRSS R A RS A SR E RS R LS R ERELEREEEESERE SR EESEE]

1988-89 DISCHARGE . RUNOFF
{CUMEC) {CUMEC~DAY}

B FEAEEIRE T SEE R R R IEAAFTREERETAET RS TR R R R kR S
0CT I 355.16

II. 278.80

III. 245.50 9040.12
Nov I. 277.70

II. 274.82

TII. 237.87 7902 .00
DEC I. 201.91

II. 193.28

ITI. 183.30 5968.32
JAN I. 168.58

II. 161.27

I1I. 136.20 4796.67
FEB I. 115.31

II. 110.51

III. 109.38 3133.21
MAR I. 112.70

II. 106.81

III. 110.60 3411.71
APR I. 116.28

II. 128.01

III. 136.41 3807.00
MAY I. 143.70

II. 208.27

III. 350.84 7378.94
JuN I. 651.01

II. 456,24

ITI. - 521.59 16288.38
JUL  I. 525.27

II. 861.43

TII. 962 .24 24451.61
AUG I. 383.15

1. 383.45

III. 470.50 12841.54
SEP 1. 235.47

II. 192.10

III. 176.07 5976.45

NON-MON= 45437.96 MON= 59557.98 TOT= 1043995.850

A3-51
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TEN-DAILY DISCHARGE AWD RUNOFF VOLUMES

EEEFE L E R ERE P ESETEEE EE L P EEEEFEEEIEEE LI ESEE]

S S XS A AR SR L R EE RS ELEE L RS LA ]

1989-80 DISCHARGE ROUNOFF
(CUMEC) (CUMEC-DAY)
X EE L EFE R RS ELELES B ESEFESEREE LML MER 8RS EN]
ocT I. 158.69
I1. 148.68
III. 135.18 2560.66
NOV I. 136.40
1. 126.61 _
II1I. 113.47 31764.88
DEC I. 103.458
TI. 96.78
ITI. 91.7% ~3012.02
JAR 1. 84.28
IT. 76.87
111, 68.34 2383.14
FEB 1I. 72.28
II. 76.71 _
ITI. 75.11 2090.77
MAR I. 76.67
IT. ~%4.10
IIX. 106.42 2878.42
APR I. 112.68
11, 140.83
III. 219.17 4726.80
MAY I. 385.51
Ir. 1117.87
III. 854.29 24431.05
JUN I. B49.23
II. 775.43
IIT. 1538.16 11628.25
JUL I. 1287.87
II. 1136.52-
III. 1015.71 35416.77
AUG I. 1000.04
II. 737.49
III. 760 .64 25742.39
SEP I. 569.87
IT. 433.59
III. 314.19 13176.54

NON-MON= 47847.75 MON= 105244.00 TOT= 153811.70
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TEN-RAILY DISCHARGE AND RUNOFF VOLUMES

RS EEE E LR EEEE SRS EESEE RS L bt a byl
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1%80-81

ocr I,

HoV

DEC

- JAN

FEB

APR

AUG

SEP

Iir.
IrI.
I.
Ir.
III.
I.
Ix.
ITII.

iI.
III.

IT.
III.

II.
ITI.

II.
III.

Iz.
IIT.

II.
IIT.

TI.
IIT.

IT.
IIz.

DISCHARGE
(CUMBC)

RS R L EREREEEEREER NS LEEESERERERE S SRS

252

221.

152
173
163

l44.

141
124
114
1¢2

89.
80.
8O.
7L,

.32
24
.23
.20
L43
57
.43
.78
. Q8
.35
03
41
05
78
.29
.21
.62
.13
.04
.83

RUNOFF
{CUMEC-DAY}

6850.07

£812.03

39%7.12

2788.23

2200.55

3515.72

5449.41

16822.38

35237.25

37032.98

22125.4¢6

14872.02

NON-MON=

46365.459 MON=

109274.70 TOT=

155640.20

S ARrAKASIRICHAFRGENRYEQID It G35 wix]
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TEN-DAILY DLECHARGE AND RUNQEFF VOLUMES

IS IR EEEE S ELEEEELEEELEEEEEESEEE S XAk
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199L-92 DISCHARGE RUNOFF
{COMEC) {CTIMEC - DAY}
PR R R R e R E L R R R R EE R SR X R EEE L L LR e L,
oct  I. 316.70
II. 260.80
IIT. 253.863 8564 .93
Nov I. 323.41
IT. 260.82
I11I. 268.55 §527.77
DEC I. 238.20
II. 211.80
III. 152.10 6173.190
JAN I. 115.41
IT. 106.92
III. 101.32 3337.81
FEB 1I. 105.03
II. 104.10
IIT. 107.91 2954.51
MAR I. - 105.17
ii. 112.0%
III. 118.88 3550.31
APR TI. 131.07
II. 128.14
I1I. 162.20 4214.07
MAY I. 154 .57
iT. 159.70
III. 229.93 5671.96
JUN I. 258.94
II. 384.00
TrI. 385.01 10279.53
JUL I 472.41
II. 778 .44
III. 950.95 22968.91
AUG I. 604 .63
II. 1021.28
ITI. 1118.45 28563 .15
SEP TI. 885.19
II. 705.10
III. 661.87 22521.69%

NON-MON= 425%4.58 MON= 84333.27 TOT= 127327.%0

A3-54
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TEN-DALLY DISCHARGE AND RUNOFF VOLUMESR
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1992-93 DISCHARGE RUNOFF
(COMEC) {CUMEC -DAY)
EEREREERAT AR R TR A A RS R SRR R R P e e e Rk
oCcT I. 565.55
1. 348.27
ITI. 282.75 12248.52
NOV I. 284.33
1. 278.30
III. 262.88 8255.07
DEC I. 243.19
1. 225.95
III. 212.37 7027.53
JAN 1. 194.75
I7. 160.74
III. 122.33 4900.52
FEB I. 103.24
II. 100.85
IIT. 110.31 2923.34
MAR I. 111.95
II. 115.80
i1, 112.62 3516.33
APR I. 110.62
II. 114.46
IIT. 117.12 3421.98
MAY 1. 112.49
1. 121.78
III. 210.38 4655.82
JUN I. 367.85
II. 214.24
III. 432.61 10147.05
JUL I. 460.35
IT. 717.8%
III. 614.11 18537.25
AUG I. 747.33
II. 927.92
III. 599.44 23345.30
SEP I. 590.08
II. 529.31
III. 517.18 17365.68

NON-MON= 46%50.12 MON= 658396.25% TOT= 116346.40

A3-55
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TEN-DAILY DIZCHARGE AWD RUNOFFP VOLUMES
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159394 DISCHARGE RUNOFF
{CUMEC) (CUMEC-DAY)
EFE T TR EEEETEELEFERFEELAE AR EE RS L LA X EEER 2R
oCcT I. 417.13
1. 347.80
III. 222,83 10100.42
NOV I. 181.67
II. 165.82
IIl. 154.77 5022.72
DEC I. 145.80
11. 146.76
III.  143.35 4542.58
JAN I. 140.98
iz. 135.51
ITI. 131.60 4212.56
FEB I. 124 .63
IT. 117.32
TIT. 116.38 3350.5%
MAR I. 125.57
II. 127.02
ITI. 113.46 3773.94
APR I. 121.43
IT. 141.39
TII. 153.73 4165 .47
MAY I. 154 .98
TI. 151.78
IIT. 177.64 5021.62
JUN I. 303.29
II. 372.00
II1. 806.44 14817.24
JUL  I. 1046.82
II. - 924.80
ITI. 1743.12 318890.44
AUG  I. 1787.74
iI. 1525.54
IT1. 1728.90 52150.68
SEP I. 1616.98
1. 1122.76
III. 1229.83 39695.67

NON-MON= 40189.86 MON= 145554.00 TOT= 185743.80C

A3-56

o 252k DT RO CNR e p Ao 1 | o TALE winet



TEN-DAILY DISCHARGE AND RUNOFF VOLUMES

EREHS R BB RE

-

AL E 51 8]

1994-05

Discharge
{Cumec)

Bun-off
{Cumec-Day}

HENRRREE AT TR AR ERRARRE AT AR BERE RS d Rk R oA T

acTt

NOV

DEC

JAN

FEB

MAR

APR

MAY

JUNE

JULY

AUG

SEPT

Non-Monscon
Monsoon

4 makdthi ey ok M naT-dachigae ki

it

I

If
it

i
m

I
]|

222.04
187.18
170.19

154.70
139.82
125.30

112.48
102.88
S4.41

84.94
79.93
75.10

75.57
75.34
76.47

77.08
80.89
108.93

97.08
111.68
159.88

241.96
740.82
407.75

818.34
1125.35
£04.98

988.15
1029.43
1006.74

$50.96
868.66
743.83
589.60
414,18
298.52
TOTAL

38727.38
96327.56

A3-57

5864.35

4198.21

3191.85

2474.78

2120.91

2777.95

3686.40

14312.95

25486.49

31249.79

26468.33

13122.95

135054.94
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TEM-DAILY DISCHARGE AND RUNOFF VOLUMES

B e e

LT Fat # s e

1995-96 Discharge Run-off
{Cumec} {Cumec-Day)
OCcT f 255.74
il 232.84 7237.35
Jil 213.78

MOV I 197.03
H 187.11 5568.63

i 172.73

DEC i 167.41
] 164.48 5019.56

tHi 154.63

JAN ! 150.70
it 145.84 4583.67

Hil 147.83

FEB I 110.60
i 11002 3201.39

l 110.58

MAR J 114.14
H 118.84 3680.64

HI 123.71

APR [ 133.78
it 284.82 8681.23

HH 449.51

MAY i 435.14
It 418.36 15424.78

il 626.35

JUNE ! 634.92
I 1108.18 31833.30

I 1438.21

JULY ! _ 764.15
] 933.40 27258.74

i ’ 934.84

AUG ] 859.60
N 1017.46 25813.24

i 603.88

SEPT i 0.00
i C.00 0.00

i 0.00

TOTAL 138322.54

Non-Maonsoon = 53417.26
Monsoon = 84805.28

A3-58
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TEN-DAILY DISCHARGE AND RUNCEF VOLUMES

EEEE 2]

HREEY Cel) i
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1996-597 Discharge Run«off
{Cumec) {Cumec-Day}

hEhE

81041 | 22493
i 190.26 5012.04

il 169.11

NOV | 167.20
Il 146.32 4401.90

IH 136.67

DEC | 120.61
f 113.23 3538.25

m 109.08

JAN ! 100.42
i . 98.30 2080.19

i 92.09

FEB ! B4.74
It 72.43 2313.91

I g2.78

MAR | 100.81
H 105.56 3222.37

HE 105.33

APR | 105.38
i 119.28 3955.47

]| 170.87

MAY ! 214.44
It 147.51 6294.55

] 243.18

JUNE l 359.66
il 536.056 15462.73

i 850.56

JUuLy 1 678.67
il 798.41 23658.58

i - 807.98

AUG i 659,30
i 572.12 17617.56

Hi 482.12

SEPT I 414.48
i 356.85 10271.53

I 285.85

TOTAL 99729.07

32718.67
67010.40

Non-Monsoon
Monsoon

A3-58
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TEN-DAILY DISCHARGE AND RUNOFF VOLUMES

S et s &

1997.58

LELE 2 L

Discharge
{Cumec}

ocT

NOV

DEC

JAN

FEB

MAR

APR

MAY

JUNE

JULY

AUG

SEPT

Non-Monsoon
Monsoon

et R R AR ais

Hl

Hi

Hl

H
Hi

i
HI

189.75
168171
148.65

134.73
124,37
116.74

111.47
107.86
89.46

85.27
86.14
87.86

86.13
86.31
79.79

89.04
94.45
103.43

184.78
207.02
304.33

401.21
464 .61
810.03

770.41
699.57
1370.88

1507.11
 1442.68
112432

1058.69
980.89
784.08
667.70
543.72
513.74

TOTAL

44631.09
117446.54

A3-60

Run-off
{CGumec-Day}

ARNAFRERBEENTORBHEAE A A A RTIRRRFRRRI R RS HE RS b h s

514972

3758.37

3M77.32

2680.63

2362.69

2972.56

6961.27

17568.53

28408.70

4276549

28020.68

17251.67

162077.63



TEM-DAILY DISCHARGE AND RUNOFF YOLUMES
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18%8-99

Discharge
{Curnec)

ocT

NOV

DEC

JAN

FEB

MAR

APR

MAY

JUNE

JULY

AUG

SEPT

Non-Monsoon
Monsoon

B DIk EEIR s st VRBICNDm i iR vl

IH

1t

H

349.71
332.00
283.34

2397
213.78
178.68

155.03
155.03
155.03

133.36
133.36
133.36

122.32
122.32
122.32

132.24
132.34
132.34

388.10
388.10
388.10

533.92
669,18
691.11

447.03
8565.62
961.25

1130.74
1021.35
1018.82

1446.01
925.78
832.08
652.61
538.54
453.34

TOTAL

£3999.41
104682.74

A3-81

Run-off
{Cumec-Day)}

EHREHE TR THT A A

9833.87

6321.70

4805.83

4134.16

3424.96

4102.54

11643.00

19633.24

22639.03

32727.92

32870.88

16444.90

168682.14



TEN-DALY DISCHARGE AND RUNOFF VOLUMES

GHEHEEE

e

1988-2000

Bischarge
{Cumec}

Rur-off
{Cumec-Day)}

e R EA R G TR RGAE RS TR R EF Y G RSB AN OGP ERRNSE NN odr

ocT
NOV
DEC
JAN
FEB
MAR
APR
MAY
JUNE

JULY

Non-Monsoon
Monsoon

£ CPa¥aSRRLNAM Ay Hiagy R Af CRAT-gesCharge 2k

i

Hl

28277
210.51
188.28

176.93
159.69
147.76

136.90
123.67
113.87

107.93
110.64
108.90

106.91
107.28
107.42

107.42
108.35
120.08

174.61
208.50
233.71

326.68
657.98
656.81

603.75
§901.29
923.75
922.75
1028.24
1276.21
TOTAL

49135.89
57845.91

A3-62

7213.84

4843.75

3858.17

3383.60

3108.64

3478.53

6178.05

17071.41

24287.85

33558.06

106981.89



4.1

4.2

4.3

4.4

Chapter - A4

WATER AVAILABILITY

General

Ten daily discharges at Karcham dam site are available for a period of 34 hydrological
years i.e. from 1966-67 to 1998-2000 as shown in table 3.8 of Chapter A-3. The ten
daily hydrograph at dam site have been drawn and is given in Fig. A-8. The
hydrographs show significant difference in non-monsoon and monsoon flows.

Computation of Dependability

For computation of 90% and 50% dependable discharges, the full year run-off volumes
of the hydrological years have been arranged in descending order of magnitude and

exceedance frequericy computed using Weibull's plotiing position formula ( T )
) no+1

as given in table 4.1.
90% Dependable and 50% Dependable Year

From Table 4.1, it is observed that year 1973-74 with an exceedance frequency of
91.43% can be used as 90% dependable year on a safer side. Similarly, 1994-95 with
a frequency of 51.43% has been taken as 50% dependable year.

A bar chart is also presented (Fig. A-10) which shows the relative magnitude of run-off
in 90% and 50% dependable year with respect to other years.

Flow Duration Curve

Flow duration curve for Karcham dam site has been established using 10 daily average
discharges at Karcham. From this curve the discharge prevalent and exceeding 90%
of the time has been computed as 87.03 cumec while the discharge prevalent and
exceeding 50% of the time has been computed as 197.95 cumec. This curve has been
shown in Fig. A-11. It has been observed from this that the frequency corresponding to
design discharge of 417 cumec comes out to be 33.53%.

Ad-1
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Table 4.1

FULL YEAR RUNOFF AT KARCHAM AND EXCEEDANCE PROBABILITY

SL Year Runoff Cumec-~ Run-off Probabitity
No. day HA-M Yo
M/(N+1)x100
1 1972-73 191839.3 1657491.562 2.86
2 1993-94 185743.9 1604827.296 5.71
3 1987-88 170638.1 1474313.184 8.57
4 1998-99 168682.14 1457413.69 11.43
5 1897-98 162077.63 1400350.723 14.29
B 1974-75 156410.8 1351389.312 17.14
7 1990-91 155640.2 1344731.328 20.00
8 1989-80 153811.7 1328933.088 22.86
9 1967-68 150365.5 1299157.92 25.71
10 1985-86 148913.4 1286611.776 28.57
11 1982-83 146761.7 _ 1268021.088 3143
12 1968-69 146512.2 1257225.408 34.29
13 1966-67 143580.8 1240538.112 37.14
14 1986-87 141143.9 1219483,296 40.00
15 1978-79 138474.7 1196421.408 42.86
16 1995-96 138322.54 1195106.746 45.71
17 1977-78 136301.3 1177643.232 48.57
18 1994-95 135054.94 1166874.682 51.43
19 1981-82 132798.3 1147377.312 54.29
20 1975-76 131814.6 1138878.144 57.14
21 1991-92 127327.9 1100113.056 60.00
22 1983-84 125318.1 1082748.384 62.86
23 1984-85 124876.8 1078935.552 65.71
24 1976-77 123561.8 1067573.9582 68.57
25 1992-93 116346.4 1005232.896 71.43
26 1979-80 113224.4 978258.816 44.29

A4-2




8L Year Runoff Cumsc- Run-off Frobability
No. day HA-M Yo
MIAN+1 D100

27 1980-81 1125426 §72368.064 77.14
28 1971-72 111002.6 959062.464 80.00
29 1999-2000 106981.89 924323.5296 82.86
30 1988-89 104995.9 907164.576 85.71

31 1996-97 99728.07 861659.1648 88.57
32 1973-74 98741.59 853127.3376 91.43
33 1970-71 98467.31 850757.5584 94.29
34 1 969-70 89557.48 773776.6272 97.14

@ kARSI ST -3V AR Ry
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Chapter - A5

DESIGN FLOOD

5.1 General

The catchment area of river Satluj at Karcham is about 48755 km? including a
snowbound catchment of 38760 km? as shown in Fig. A-3. The maximum flows occur
during June-August resulting due to combined contribution of rainfall and snow melt.
A significant portion (about 3/4) of the catchment are lies in Tibet territory of Republic
of China. For this area no record of rainfall/runoff is available with Indian

Meteorological Department (IMD).

For Indian part of Satluj basin following rain gauge stations are available in the
catchment area upto Karcham dam site.

Name of Station District - Altitude Year of
Commencement
Purbani Kinnaur 2285 1951
ChinifKalpa Kinnaur 2530 ' 1951
Sangla Kinnaur 2590 1957
Kitha Kinnaur 2200 1901

It was proposed to use the data of these stations to obtain 1-day, 2-day Probable
Maximum Precipitation and apply it to the rainfed catchment to determine the
amplitude of flood above the river base flow. Indian Meteorological Department (IMD)
was contacted and requested to work out a design PMP based on hydro-
meteorological approach. After a preliminary study, IMD has concluded that record
of rainfall available for the catchment area is insufficient as these stations are
situated at much lower elevations as compared to the major part of the catchment.
With such a large sized catchment where appreciable area is in under snow cover
and most of the catchment ungauged, using nydro meteorological or rational
approach becomes impractical. For these reasons, it was considered more
reasonable to use the observed discharge data of river in the vicinity of project site
and adopt statistical methods of frequency distribution.

A5-1
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5.2

5.3

5.3.1

5.3.2

River Data of Satluj

As earlier pointed out in Chapter A-3 flow data at Wangtoo bridge gauge site is
available for 28 years of continuous period (years 1866-67 to 1993-94). Discharge
data is also available at Karcham for the year 1994-95 onwards. As per the
correlation studies Wangtoo data has been found to be consistent. Wangtoo data
and Karcham data has therefore been used for flood frequency analysis.

Fiood Estimation Computations

Design flood estimation has been carried out using following methods :

1. Gumbel's Method
2. Gumbel's method‘with confidence limit
3. - Chow's Meathod

Annual peaks observed at Karcham are given in Table 5.1. The proposed dam shall
be operative after construction as a diversion dam hence a return period of 100 year
has been selected for computation of design fiood.

Nathpa Jhakri Power Corporation (NJPC) has estimated design flood at Nathpa dam
site using Regional Flood Frequency Analysis. The resuits are also applicable to the
present study with suitable correction factor for the slight difference in the catchment

area.
Gumbel's Method

Gumbet's method uses extreme value distribution to the cbserved peaks to construct
frequency curve. The computation of the frequency curve is given in Table 5.2, The
fiood for 100 year interval is 6097 whereas the same for 1000 year interval is 8260.
Confidence flimits for 95% confidence have been worked out in Table 5.3.

It gives a higher side limit of 7676 cumec to 100 year flood at 95% reliability.

Chow's Method

in Table 5.4, Chow's method has been used to compute the flood discharges for
various return periods. ft gives a hundred year flood of 55660 cumec and a 1000year

flood of 7472 cumec.

AB-2
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5.4

Design Flood

Flood discharges for river Satluj at Karcham have been worked out using several
methaods in preceding paragraphs. A comparison of the flood magnitudes by different
methods has been presented in Tabie 5.5. The resuits by all three methods adopted
are comparabie. The higher limit of confidence band for 95% reliability in Gumbel's
method gives a figure of 76786, which is highest for 100 year flood.

On 1.8.2000 a flash flood of abut 6500 cumec was recorded at Jhakri Power House
site. As no record of this flood of Karcham is available a peak flood of 6500 cumec
has been adopted at Karcham Dam site which is on conservative side.

It will be read from Table 5.5 that for a return period of 1 in 100 year magnitude of
flood will be of the order of 6097 cumec while for 1 in 1000 retum period the flood wilf
be of the order of 8260 cumec. Since about 80% catchment area of Satluj is in China
for which hydrological data is not available; it is proposed to use design flood of 8260
cumec for design of spillway at Karcham Dam.

Non-Monsoon Flood

To provide protection during construction of the diversion dam, a river diversion work
for Non-monsoon duration has to be carried out. The magnitude of the ﬂood to be
diverted depends upon the number of month in the year for which protection is
desired. After a comparison of several alternatives it has been decided to design a
flood protection work for a working season of 8 months (from 16th September to 15th

May).

In Table 5.6 the computation of Non-Monsoon flood by Gumbel's method has been
carried out using yearly maximum values. A 25 year flood of 1312 cumec has been

selected for design of diversion works.

-
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Table 5.1

PEAK DAILY OBSERVED FLOODS AT KARCHAM

Z =log log (T/T-1)

Date Flood Peaks T, Year z Xz 22
X
1/8/2000* 6500.000 36 1.912 |  -12430.700 3.657
10/6/1968 2823 631 18 | 4605  -4532.310 2576
26/6/1966 2721.674 12 1.423 |  -3871.961 2.024
13/6/1973 2663.546 9 1201 |  -3438.902 1,667
29/6/1979 2580.397 7.2 1187 | -3064.176 1.410
1/8/1994 2551.064 6 1.101|  -2809.685 1.213
19/6/1975 2484.823 5.143 1.027 |  -2552.692 1.055
23/6/1986 2479 4.5 0962 | -2384.794 0.925
11/7/1969 2119.631 4 -0.903 |  -1914.669 0.816
13/7/1977 1972.709 3.6 -0.850 |  -1676.345 0.722
8/7/1987 1951.206 3.273 -0.800 |  -1561.643 0.641
10/8/1982 1908.114 3 0754 |  -1430.218 0.569
10/6/1991 1900.085 2769 0.711|  -1350.796 0.505
117/1967 1811.574 2.571 -0.670 | -1213.447 0.449
1/7/1983 1810:298 2.4 -0.631 |  -1141.628 0.3¢
4711998 1808.16 2.25 -0.593 |  -1072.232 0.352
20/7/1988 1779 2118 .0.557 -990.299 0.310
20/7/1976 1774156 2| -0.521 -925.028 0.272
221711992 1761 1.804 0.487 857567 0.237
25/6/1990 1721.702 1.8 -0.453 -780.331 0.205
27/6/1996 1687.71 1.714 -0.420 -708.796 0.176
3/8/1971 1597.021 1.636 -0.387 -618.007 0.150
2711978 1545.305 1.565 -0.354 -547.386 0.125
20/7/1989 1513.645 1.5 -0.321 -486.442 0.103
5/8/1999 1485.87 1.44 -0.288 -428.330 0.083

o prakashikarghariChapASaaned
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Date Flood Peaks T, Year Z XZ i
)4
9/8/1981 1387 1.385 -0.255 -353.254 0.065
13/8/1974 1350.411 1.333 -0.220 -297.577 0.049
12/7/1980 1342 1.286 -{.185 -248.197 0.034
1 1/6/95 1284.9 1.241 -0.148 ~190.172 0.022
18/7/1985 1234 1.2 -0.109 -134.427 0.012
12/7/1993 1223 1.161 -0.067 -8§1.758 0.004
5/6/1984 1159 1.125 -0.020 -23.576 0.000
417/1972 1138.922 1.091 0.033 37.602 0.001
16/7/1997 944.66 1.059 0.099 93.274 0.010
11/8/1970 820.454 1.029 0.192 157.604 0.037
25 5 66835.668 -20.891  -53837.955 20.876
' say -53838
X  =1909.59 = 940.23
say 1910 say 941
A=019.36 B =-1658.51
say 920 say - 1659

A flood of 6500 cumec was recorded on 1.8.2000 at Jhakri Power House site of Nathpa
Jhakri H.E. Project. Since no record of this flood is available at Karcham Dam site, same

value has been adopted, which is on the conservative side.

daprakashs archamh(ihapAS.wpd
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FLOOD FREQUENCY ANALYSIS BY GUMBEL'S METHOD

Table 8.2

Return - 8. K K.S G = X+KS Peak
Period X (cumec) 1.15Q
(cumecs)

5 1910 941 0.852 801.732 2711.732 3118.4918
10 1910 941 1.518 1428.438 3338.438 3839.2037
20 1910 941 2.157 2029.737 3939.737 | 4530.69755
50 41910 941 2.985 2808.885 4718.885 | 54286.71775
100 1910 a41 3.604 3391.364 5301.364 6096.5686 |

200 1910 941 3.826 3600.266 5510.266 6336.8059
500 1910 941 4.492 4226.972 6136.972 7057.5178
1000 1910 941 5.602 5271.482 7181.482 8258.7043

d,\prakashikarchamsChaphbawpd
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Table 5.3

CALCULATION OF CONFIDENCE LIMITS FOR VARIOUS RETURN PERIOD FLOODS
BY GUMBEL'S METHOD

S = 041
N =35
S - 159.086
/¥
t = 1.96 for 95% confidence
Return Est. Constant s toH Limits
Period | Flood . gH= — x 1
T X ‘/}E Lower Upper
1.15(X - toH) | 1.15(X + toH)
10 | 3338.438 | 2205 350.723 687.417 3048.674 4629.733
20 | 3939.737 2.929 465.881 913.127 3480.602 5580.793
50 4718.885 3.768 599,3307 1174.688 4075.826 B8777.609
100 | 5301.364 | _4.404 700.4916 1372063 |  4517.661 7675.477

drigrakashkachamChapas wpd
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Table 8.4

FLOOD FREQUENCY ANALYSIS BY CHOW'S METHOD

Return Period r A =920 - 16594 Peak discharge

T 2= iogiﬁg( "““:“') 1.15%

5 -1.014 2601.61217 2991.854

10 : -1.340 3142.25686 3613.641

20 -1.652 3660.83344 4210.073

50 -2.057 4332.24779 4882.085

100 ~2.360 4835.30636 5560.602

200 -2.662 5336.52344 6137.002

500 -3.061 5997.78425 - 6897.452

1000 -3.362 6497.558 7472.192

AS-8

@ prRkashkarehamORapas. wisd




Tabile 5.5

COMPARISON OF FLOOD DISCHARGES OBTAINED BY DIFFERENT METHODS

Sk Method Discharge in cumec for different return periods
Nao. Return Period (year)
5 20 50 100 1000
1. Gumbel's 3119 4531 5427 6097 8260
Method
55681 6778 7676

2. Gumbeli’s
method with
95% confidence

band (upper |
limit)
3. Chow's Method 2992 4210 4982 5560 7472

A58
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Tabie 5.8

MON-MONSOON FLOOD ESTIMATION BY GUMBEL'S METHOD

Date Observed Flood T
{Cumec) {Years)
7/5/73 1849.01 36
1/5/68 1035.53 18
16/5/95 950.63 12
23/9/88 943.54 9
26/5/98 914.13 7.2
15/5/75 873 6
21/5/99 865.62 5.14
28/5/96 794.69 4.5
15/6/2000 723.66 4
10/6/90 665.26 3.6
15/586 660.73 3.27
16/9/83 659.87 3
15/5/78 659.76 2.77
13/5/70 656.22 2.57
15/5/91 619.97 2.4
14/5/76 617.08 _2.25
6/5/81 541.4 2.12
1445184 526.01 2
17/5/66 518.37 1.89
11/669 517.24 1.8
2/5/79 508.89 1.71
16/9/94 506.86 1.64
15/5/92 478.36 1.57
17/9/87 472.88 1.5
16/9/67 443.74 1.44
8/5/93 440.21 1.38
15/5/80 434.47 1.33

AS-10
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Diate Observed Flood T
{Cumec) {Years)
10/5/82 41542 1.28
18/9/77 412.87 1.24
16/9/72 366.15 1.2
9/5/74 362.72 1.16
18/9/97 351.99 1.125
16/9/85 343.92 1.09
16/9/71 247 1.06
15/5/89 238.15 1.03
% =617.58 S =283.07 N =35
Say 618 Say 294

T prae st kamnannnanhh v
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T - 5 K wxsS Flood
{Year) X {cumec)
5 618 294 0.852 250.488 868.488
10 618 294 1.518 446,292 1064.292
20 618 294 2.157 634.158 1252.158
25 618 294 2.36 693.84 1311.84
50 618 294 2.985 877.59 | 1495.59
75 618 204 3.347 984.018 1602.018
100 618 294 3.604 1059.576 1677.576
1000 618 294 5.602 1646.088 | 2264.988

Design flood for 25 years interval at Karcham= 1311.84 cumec
Say 1312 Cumec

o pakash karharm Chansd oo
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6.1

6.2

6.3

Chapter - A6
RESERVOIR CAPACITY AND RESERVOIR SEDIMENTATION

Genersl

Power siation of Karcham-Wangtoo Hydroelectric Project will basic ally operate
as a peaking station. During monsoon period when sufficient water 's available
the power station will operate at full capacity. During lean flow period {Oct-
May) the power station will operate as a peaking station for about 4 hours
daily, and will generate additional power during rest of the period depending
upon the availability of water.

it is therefore necessary to provide diumal storage in the reservoir to obtain
full peaking advantage even during the leanest flow period.

Diurnal Storage

The minimum 90% availability discharge is 80.82 cumec as against
requirement of 417 cumec to generate 1000 MW which is the installed
capacity. Diurnal storage of 4.841 million cum (484.10 Ha-m) is therefore
required to provide 4 hour peaking round the year.

Reservoir Capacity

The maximum pond level for the reservoir has been kept at E! 1810 which is
the tailwater level of Baspa Hydroelectric Project Stage il

Fig. A-13 gives the area capacity curve far the reservoir at Karcham dam. It
will be seen that gross capacity at E|l 1810 is 858.29 Ha-m. Ailowing for loss
of storage due to sedimentation the maximum pond level has been fixed at E/
1799. This gives reservoir capacity of 544.97 Ha-m between maximum and
minimum pond levels.

eikarchamichap-af.ved Ae"' 1



5.4

Reservolr Ssdimentation

The crest level of undersluice spillway at the Karcham dam has been kept at
El 1782. the undersluices have been provided with radial gates which can be
operated under partial opening (undershot condition} to fiush out the silt
depuosited in the reservoir. This operation will be carried out at regular intervals
during monsoons.

However, the effect of flushing will not go upto end of reservoir. Therefore after
siltation of the reservoir upto the crest elevation (Ei 1782) the river bed will
take new slope along Satlyj river and along Baspa river as shown in Fig. A-14
and Fig. A-15 respectively. Thus some capacity between El 1810 and EI 1799

- (Maximum and minimum pond levels) will be lost due to siltation. As shown in

Figs. A-14 and A-15 thus loss of capacity will be 51.53 Ha-m along Satluj river
and 2.31 Ha-m along Baspa river. ‘

After accounting for this loss the net capacity available between maximum and
minimum pond levels will be 481.13 Ha-m, which is more than the capacity
(484.10 Ha-m) required for 4 hour period through out the year.

charchamichap-atvod AB-2
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FIGURE A-3

3N \\\ RSy = .
ﬁ%e, v y— 7" 80 g ot
® NJKARCHAM scALe
CATCHMENT AREAMN KM® DAM SITE SCALE
NET 10N] RAINFED | RANFED RSO P
lenoneotd ATIONAL  BOUNTKRY
CHINA 7620 16900 T THE tr s s et | CATCHME NT BOUNDARY
NDIA | 2375 1OIHSS weemn o] RAINFED CATCHMENT BOUNDARY
TOAL | 9 | 4IRS CATCHMENT AREA PLAN OF RIVER SUTLEJ) AT KARCHAM

AB-5

elkerohgmishap-36.v03



341S f¥Q NOISY3ATO VJHEVH 01 TYLSVAVY WOWJ ROILJ3S-T H3AIY PAOLYS

ST XY
TRYADY CIOYRS

oezrformy
[ eosafernd]
oz-eed]

aFaTored]

T esend

WAL INOLIIO "LINTR HIM
EIEE & HERE AV I3S JORRIVANVID SEERME
0L TOE RIS (A QAR SO DN BORLIGS-T

- JOH

FANLED CIONIT

1 1

_“. A QTR
TR RV
oo
e
el d
3 § 3 LN
; ] ; R

AB-6

sikErehmichas-atvol



SYZYY ONINIOrQY ONV 13811 *SYAVIVAIH NI S3NOZ JTIVIVITD ¥N03 0 NOLIVINISSH4TY DLAVWAVHIVIO

AB-7

ssarchamichap-28.va3



DG I =S TINN

NOTOTH NVIO0 J1312¥d ONY NVID0 NYIOND *VISV NI SONIR ONV SHVEOST NV

Adnre ASVYIINYT
SONIM (Y SHYBO0ST NVIN mnzi ONY SYVEOSI NV3N
ROV TR i i Ci
e S — 1 WHW%
T Vi F,\\Ax 1 o e N N "
1 dep Y T - o N s g
LS T Lo SNSaA
iSansan ==V IS SABENN
- su'\l..lnl..l/f..ll ™~ s $ \ ﬂif\“ﬂw}:!
/ \?\%\MWV/U\ uﬂwl....... l\l.wv@« .\!%\U{i\li%«
T q s "1 <= N
,\,Uv i _ w ﬁ)hm\\\ ) g =N i5-S=N) Q
\\W&M\%ﬂu\\\\\ \m! kv\\ \ p “\ w\ \ \O/IVJIC = ﬁue.
SZLG RN AR SN ZZ2Z2
® 2N S=:2Z 1027
p/fé L T H“H%\ %\\\Nm
) ANV
R R R R L R N R R A

AB-8

eikarchamichepa8.vol



RAINFALL {mm)

40"

40

™
< ] e _ R
) /
L
]
°
-]
N
=]
o
i
=
=
21, .
g gt b=
.
- g
[~
«w
~
I [ ]
il E
H
7
L) it t——
L -
ot N~ .o
. g S @

ANNUAL HORMAL RAINFALL IN HIMALAYAS TIBET AND ADJOINING ARFA

csrhmchap-af.val

AG-8




RV o oy,

VUXYHE O1dN NISVE FITILVS NI TIVANIYY TYHHON IYaNNy

TIWANYY WHHON

-

PWORDE Of DOOT  BA-INOZ
PANGODT 0L DOST  iA-IN0T
WANOM O 00DE A-3NOZ
RGHN oL 00F A-THOT
s 01 00F N-FOL
wwaot of 00% B-JH0Z
“AA0Z Q) OO 0T
WAGOL QL 09 3T

o{‘?

-
Ab

AB-10

eparchamichap-#8.ve3



Do-aede HBEROGE

as-2881

vr oA LTt R L L T LI TE 2 W AR LR

(3deg-120) 12a, jeoi1BojoipAy

£6-9803 2455041 S-roat o-Loal 81681 61851 (311 04568 ©9-§951 BmLa51

£8-9801

kclelii

e BT

y-LREL

_.71...

/ [t

[1X )

0

el
[
o

gy

Gust

DUt

biigsii LHLESL

Hi-065)

{'1dog-100) Jea ) (e0iBoj0IpAY

[i:3 75 1) L-T5:7 60 GLLIBY Li-948% Rl Skl rpidl c2LifE Ll FLilY

[F5 7113

QLG
L]

B9-4961

851961

459354

~

M~

Wit

iz

||

00¢

- 0or

aca

008

GGoL

cozL

a0yt

GoglL

{L-Aay) 8-y "By

Q081

a0z

afiieynsig afiesaay Apeq us]

{aawng) sfieyssia abesaay Ajjeqa ua),



Fig. A-10 (Rev. 1)
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Chapter - B1

DIVERSION DAW
1.1 Stability Analysis at the Foundation Level
aj For Non-Overfiow Section :
(Ref: 15:6512-1984, 1S:1893-1984, Report on earthquake engineering for
Karcham-Wangtoo Project)

Data Available

FRL =+ 1810.000m

Top of Dam =+ 1813.000m

Crest L evel =+ 1782.000m

Deepest Foundation Level =+ 1731.000m

for Non-overflow Section
a, =023 ) As per earthquake engineering studies
a, = —§—x{).23=0.154 J

Load combinations D & G of 1S;:6512-1984 have been considered for analysis.

l.oad Combination "D’

a) When EQ is acting upwards :

Name of the force | Designation Magnitude of force (kN) Lever Moments about "§'
Amm Clockwise {+jve
Vertical (+)ve Horizontal {-ve {m} Anticiockwise {-ve
Weight of Non- W, (+) Bx82x 1224 61.6 - 9698304
averflow Section =+ 15744
W, {+) Yax72x57.6x1 38.4 - 1911029.76
= + 497664 .
W, (+) ¥ax16.05x33x1x24 70.85 - 532933.83
=+ 75114
IV, = + 73022.0 ZM, = - 3413794.0
Vertical EQ Forces iV, =+ a2V, IM, =+ aiM,
=+ 0, 154x73022 = -0.154x23413784
=+ 11246.0 = « 5257250}
Horizontal EQ P =+a,W, 41 - 148468.2
forces =+ 0.23x15744
=+ 36212
Horizontal EQ Pr 2+ g, W, 24 - 2747112
forces = + 0.23x49766.4
- 1114463
P =+ a,W, 13 - 224588
2+ 0,23x7511.4 .
+ 17272.8
IH = + 187950 M. = - 4456400

B1-1
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SV = 3V, + IV, = 84268.0 kN
SH = 16795.0 kN

SM = IM, + SM, + M, = - 4385150.0 kNm

Check against sliding

2V tang , cA

Fo Fo
o
Xy
Where tan ¢ = Coeff. of internal friction =tan 50°
c = Cohesion of material = 0.025 N/mm? = 25kN/m?

Fp =12&Fc=24

84268 x tanb0°® . 25 x {81.65 x 1.0}
1.2 2.4

16785.0

=5.03>1.0

Check for Stresses

' b 438
b4 = _g:_m._.wzsz.o4m

Yv 84268

BL.65
2

- 52.04) = -~ 11.22 m

81.65
6

= 13.61 m> 11.22 m

No tension develops anywhere at the base.

e Foin = EZ {1 + L2
' B B
k]
. B4268 | 6 x13.22
81.65 81.65

= 1032.1 x [1.£ 0.825]

o fpge = 1884.0 KN/M? = 1.9 N/fmm?

f.. = 181.0 KN/m? = 0.18 N/mm?

T EATCAFMOME-uD S Chated1 o



b} When EG is acting downwards
VM =RV, -2V,
= {73022 - 11246) = 61776.0 kN
2H = 16795.0 kN
=M =M, +3iM, + ZM,
= (- 3413794 - 445640 + 525725) kNm
= - 3333709.0 kNm

Check against sliding
61776 x tans0° , 25 x (B1.65 x 1.0}

1.2 2.4

16785.0

=3.7>1.0

Check for Stresses
M 3333709

x = == =2222""7 -54.0m
v 61778
e = 81'65~54.0 = - 13.18 m
2
B - BLl-8% i 61 m> e-13.18 m
6

No tension develops anywhere at the base.

: Yv 6
£l Foin = = [1 + _ﬂ

61776 [, 6 x13.18
81,65 B 81.65

= 756.6 x [1 + 0.97]

o f, = 1491.0 KN/m? = 1.5 N/mm? -
f . =227 kN/m? = 0.023 N/mm?

@ *karcnamigidhva 3 chat-ot ok



Load Combination &

Caiculation of Hydrodynamic Forces & Moments

p =C.a,wh
C,=C,=0735
a, =0.23

w = 10 kN/m®
h =79.0m

p=0.735x0.23x10x 79 = 133.6 kN/m?

P, = 0.726 p.h.

M, =0.299 x p x h®

=0.299 x 133.6 x 79°
= 249305.6 kNm

=(0.726 x 133.6 x 79 = 7662.5 kN

Name of the force Desgn. Magnitude of Force (kN) Lever Moments about ¢
Army Clotkomise (Wve
Vertical Forces Harizontal Foreces (m) Anticlockwise (-)ve
Downwards = (+)ve Towards dis = {+)ve
Upwards = {-} ve Towards uls = {-ve

Weight of Dam W, {+) Bx82x1x24 61.6 - 969830.4

a2 15744

W, {+) Va7 2x57.6x1 384 -1911028.8
= 49766.4
Wy {+) ¥x16.05x33x1x24 70.95 | -532033.83

=7511.4

2V, = 73022.0 EM, = - 3413794.0
Weight of Non- (+) 16.05x40x1x 10 7383 - 472704 6
overflow Section .= 8420.0
Supported on w/s (+} ¥5x16.05x39x1x10 7095 | - 222055.80
siope = 3128.8
Suppoerted on dfs {+} Vax31.2x39x1x10 20.80 | -126547.2¢
slope = §084.0

2V, = 15634.0 M, = - 821308.0
Weight of silt (+}16.05x12x1x8.25 7363 | - 1311755

= 1781.8
Suppoened on ufs {+) ¥ex16.05x39x 1x9.25 7095 | -205401.70
siope = 2895.02
Supported on d/s {+) ¥ex31.2x39x1x9.25 20.80 - 117086.20
slope = 5627.7

2V, = 103050

2M. = - 453634 0

2 RANCRArMOT Yo Rehan- T vl

B1-5




Hame of the force Desan, Magnitude of Foree (ki) Lever Moments aboul §
Arem Clockwise {+ive
Vertical Forces Horizontal Forces fm} Anticlockwise {-ve
Downwards = (#jve Towards dis = (+ve
Upwards = {-} ve Towards u/s = (v
iIplift Force () Yax700x81.65x1 54.44 + 17557488.¢
8] = . 32251.8
IV, = . 322520 M, = + 175508.0
Lipward Vertical EQ =.q, X2V, -, X ZM,
Forces =- 1119871 = + 523448 4
3V, ~ - 11187.0 EM. = + 523449.0
Horizontal PW, (+) Vix3.6x51% 113 26.34 | +821939.7
Hydrostatic Forces =+ 1560.6
on u/s side PW, {~) Vax390x39x1 13.0 - 98865.0
= - 7605
on d/s side SH, = + 23600.0 M, = + 723075.0
Horizonta! Silt PS, (+) Vax3.6x51%% 17.0 | +26530.2
Pressure =+ 1560.6
on U's side PS, {-) ¥ex3.6x39% 13.0 - 11863.8
=.912.6
pn dfs side TH, = + 648.0 1 ZM; = + 14667.0
Hydrodynamic Py Calculated separately Calculated separately
Forces =+ 7662.5 = + 249305.6
IH, = + 7663.0 Mg = + 249306.0
Horizontal Inertia Pes (+) 0.23x15744 41 + 148469.2
Faorces due to EQ =+ 3621.2
P {+) 0.23x49786.4 24 + 274711.2
=+ 114463
Pra {(+10.23x7511.4 13 + 324588
=+ 1727.6
$H, = + 16795.0 IM. = + 445640.0
3V .= +55512.0 . IH = + 49706.0 .-ZM = - 976800.0

Check against sliding

55512 x tan50°

+'25 x (81.65 x 1.0)

L O 1.2
F - 1.0
: 18706.0
=1.39>1.0

Check for Stresses

M 976800
X = =0 s S~ = 17.8 m

v 55512
e = (-ﬁiéii - 17.6) = -~ 23,23 m

3 karcham oitoes? shan-f ved
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B Bl.65

& &

= 13.81 m < 23.223 m

No {ension develops near the heel

55512 1 % 6 x 23.23
81.65 81.65

/f =

i

f,

iy

=679.9x (12 1.71]

- f = + 1843 kN/m® = 1.84 N/mm?®

mgx

i = - 483 KN/m? ~ -0.48 N/mm?
(Maximum Permissible Tension = 0.04 x 15 = 0.6 N/mm?)

b) For Sluice Section :

Data Available

FRL =+ 1810.000m

Top of Dam =+ 1813.000m

Crest Level = + 1782.000m

Deepest Foundation Level =+ 1715.000m
a,=0.23 ) As per earthquake engineering studies
a,=0.154

Calculation of Self Wt. of Sluice Section
C/s area of the profile = 4020 m?

o Wt = (4020 x 1) x 24 = 96480.0 kN

C/s area of pier profile = 536.0 m?

Width of pier = 7.0m

- Wi, of each pier = (536x7.0) x 24
= 90048.0 kN
- Wt. of pier per metre = 9010: 8 . 6432.0 kN

B81-7
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/s of Breast wall

.. Wt. of Breast Wall per metre

Wit. of Radial Gate

- Total Wi

= 4188.0 m°

= (186x1) x 24

= 4464.0 kN

= 100.0 T = 1000.0 kN (assumed)

= (96480 + 6432 + 4464 + 1000) kN
=10837.0 kN

Load Combination "G*

Calculation of Hydrodynamic Forces & Momements

IDHd
M,

=11076.6 kN )
=433375.1 kNm

Refer Page B1-4
Here h = 95.0m

on dfs side

4 e EhIMQIG T SNas- Bt ¥03

=-15125.0

Name of the force Desgn. Magnitude of Force (kN} Lever | Moments about 0"
; Arm Clockwise (+)ve
Vertical Forces Horizontal Forces (m) | Anticlockwise {-ve
Downwards = {+}ve Towards dis = (+)ve
Upwards = (-} ve Towards u/s = {-ve
Weight of Sluice +108376.0
i W
Section TV, = + 108376.0
Weight of water (+) 22.7%40x1x10
= + 8800.0
Supported on w/s {+) Vex22.7x55x 1210
slope =+ 5242.5
2N, = +15043.0
Weight of silt {+) 22.7x12x1x9.25
= + 2518.7
Supported on ufs {+) ¥ax22.7x55x1x9.25
slope =+ 5774.3
IV, = 8284.0
Uplift Foree {-} ¥ax950x76x1
. u = - 36100.0
IV, = « 36100.0
Upward Vertical =g %IV,
EQ Forees = - (,154x108376
= . 16588.80
V. = - 16690.0
Hydrostatic Forces | PW. (+} V2x850x95x1
on u/s side = +45125.0 _
Hydrostatic Forces | PW, (-} ¥ax550x55x1
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Mame of the force Desgn. Magnitode of Foree (ki) tever | Moments about 0
Arm Clockwise (+ve
Yertical Forces Horizontal Forces {rm} Anticlockwise (-ve
Downwards = (+jve Towards dis = {+jve
Upwards = {.} ve Towards u/s = {-lve
ZH, = + 30000.0
Horizontal Silt Pg, (+} ¥x3.6x67%04
Pressure on u/s = + 2683.4
side
Horizontal Silt PS, {-) ¥x3.6x85% s
Pressure on dfs =- 18150
side
M, =+ 3790
Horizontal Hydro Pug + 11076.6
Dynamic Forces
ZH, =+ 11077.0
Horizontal inertia P (+}q, x IV,
Forces due to EQ = (+} 0.23x108376
= + 24920.5
ZH, =+ 249270

~ ZV = + 78823.0 ZH. = + B6883.0

Check Against Sliding

it

78923 x tans0°®

25 x (76 x 1.0}

1.

o 1.2

1.43>1.0

66883

l.oad Combination "D"

a) When EQ is acting upwards

X

=5V, + 3V,

H

(108376 + 16690) kN -

= 125066.0 kN

2H = 2H, = 24927.0 kN

Check against sliding

i

3 ¥groham msovniehap-nl 43

125066 x tan50°

25 x (76 x 1.90)

1.2

2.4

502>1.0

24927



b} When EQ is acting downwards

SV =3V, -5V,
= 91686.0 kN

SH  =3H, = 24927.0 kN

Check against sliding

91686 x tan50° 25 x (76 x 1.0)

-

1.2 2.4
24627

= 3.68 > 1.0
c} For Aux'iliary Spillway Section :

Data Available

FRL =+ 1810.000m

Top of Dam =+ 1813.000m

Crest Level = + 1803.000m

Deepest Foundation Level =+ 1719.000m
a, =0.23 ) As per earthquake engineering studies
a,=0.154 )

Calculation of Self Wt. of Auxiliary Spillway Section
C/s area of the profile = 3110.0m?

~ Wt =(3110 x 1) x 24 = 74640.0 kN

C/s area of pier profile = 256.0m?

Width of pier = 5.0m

- Wi. of each pier = (256x5.0) x 24
= 30720.0 kN
.. Wit. of pier per metre = 3017320 =2363.0 kN

B1-10
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Wi. of Radial Gate

- Total Wi,

= (74640 + 2363 + 300) kN

= 30.0 T = 300.0 kN (assumed}

= 77303.0 kN

Load Combination "G

Calculation of Hydrodynamic Forces & Momements

Py, =10163.3KkN ) Refer page B1-4
M, = 380800.0 KNm | Here h = 91.0m
Name of the foree Desgn. Magnitude of Force (kN) Lever | Moments about "0
Arm Clockwise (+)ve
Vertical Forces Horizontal Forges (m) Anticlockwise (-Jve
Downwards = (+jve Towards dis = {+jve :
Upwards = {-} ve Towards ufs = (-jve
Weight of Auxiliary + 77303.0
ikl Seclion W
Spillway Sectio . 3V, = + 77303.0
Weight of waler {+) 21x40x1x10
=+ 8400.0
Supported on uw/s (+) ¥x21x51x1%10
slope = + 5355.0
2V, = + 13785.0
Weight of silt (+) 21x12x1x2.25
=+ 2331.0
Supported on u/s (+) Yex21x51x1x9.25
slope = +4953.4
IV, = 7285.0
Uplift Force (-} ¥x950x62.45x1
U =-28414.8
ZV, = - 28415.0
Upward Vertical =-q,x £V,
EQ Forces = . (.154x77303
‘=2 119047
IV, = - 11905.0
Mydrostatic Forces | PW, {+) Yax810x81x1
an ufs side = + 41405.0
Hydrostatic Forces | PW, {-} Jax510%x51x1
on dfs side =- 130050
SH. = + 28400.0
Horizontat Silf PS, {+) ¥ax3.6x63%x14

Pressure on u/s
side

£ FARCDAm - 0 T Chao-bt vol

=+ 2381.4
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Nume of the force Desgn. Magnitude of Force (k) Lever | Moments about OF
Arrn Clockwise (+ive
Vertical Forces Haorizontal Forces (m} | Anticlockwise (-jve
Downwards = {(+ive Towards dis = (+ve
Upwards = (-} ve Towards uls = {-jve
Horizontat Sit Ps, {-) Vex3.6x5 170
Prassure on o/s = . 1560.8
side
IH, = +821.0
Horizontal Hydro P +10163.3
Dynamic Forces
ZH., = + 101640
Horizontal inertia P {(+ya, x 2V,
Forces due 1o EQ = {+) 0.23x77303
=+ 17779.7
3H, =+ 177800
= 2V = + 58023.0 iH =+ 57165.0

Check Against Sliding

[}

58023 x tan50°

25 x

(62.45 x 1.0}

1.0

1.2

1.23>1.0

Load Combination "D’

a)

z

ZH =Z%H, =17780.0 kN

=3V, + 5V,

57165

When EQ is acting upwards

= (77303+11905) kN

= 189208.0 kN

Check against sliding

i

& karenamadend gras e’ vl

29208 x tans50°®

25 x {62.45 x 1.0}

kd

1.2

2.4

502>10

17780
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b When EQ is acting downwards
V. =RV, -3V,
= 65398.0 kN

SH  =3H,=17780.0 kN

Check against sliding

653398 x tan50° . 25 x (62.45 x 1.0}

1.2 2.4

177840

= 3.68>1.0
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1.2

1.2.1

1.2.2

HYDRAULIC DESIGN OF SLUICE SPILLWAY

Introduction

" In order to utiiise the potential of river Satiuj between tailwater of Baspa Project and

head water of Nathpa-Jhakri Project, it is proposed to construct a 98m high gravity
dam across the river near village Karcham in district Doda of Kinnaur District. The
waters of the river will be diverted to an underground power house of 4x250 MW
capacity through a 17.2 km long and 10.48m dia circular section tunnel. The water
conductor systern will be located on the right side of the river short circuiting the loop

of the river,

The 100 year return period flood of the river at Dam site is 7676 cumec. The 1000
year period floed is 8260cumec. The spillway has been designed for 1 in 1000 year
flood. The tunnel will carry a maximum discharge of 417.0 cumec at a velocity of 4.83
m/s. The FRL at EL. 1810.0 m and MDDL at El. 1799.0 m have been fixed on the basis
of availability and optimurn utilisation of water.

Keeping the above point in view, the spillway crest has to be kept 7-8 m below the sill
of intake. The latter is to be fixed in such a way that vortex does not form even at the

lowest operating level.

The Spillway

The spillway will be housed in the body of the dam. its crest will have to be kept low
enough to flush the deposited sediment of the reservoir. The crest has been kept at
El. 1782.0 m. which is below the intake sill, If open spillway is designed with this crest,
it will necessitate very high gates of the order of 28 m. To reduce gate height, sluice
spillway with provision of top sealing radial gates has been proposed.

The following data has been used for the design of siuice spillway :—

Q = 7700 cumec
HFL = EL18080m
TWL. = EL1783.8 m (maximumy}

B1-14
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1.2.3

Section of Sluices

The section of large size sluices is generally kept rectangular for facililating the
provision of gates. In the present case, the slulces will be uliised for passing the
floods. These will, therefore, be of large size and be of rectangular section. The
section has been decided as per 1.8. Code 11485-188%.

Hy = Total head available
H = Total loss
H, = Velocity head at sluice exit
My = Height of sluice (say 9 m)
He= 1808 - (1782 + 4.5} = 21.5 m {(Assuming invert of sluices at El. 1782.0 m)
Ho= (K + K+ Kyvi2g
H,=  v¥2g
where, v =  velocily in sluice
K. = entry loss coefficient = 0.2
K, = Coefficient accounting for gate groove, unsymmetry in entry

fransition, shape factor, deviation from assumed values of
coefficients etc. = Q.1
K = friction loss coefficient such that h, = k; (v¥/2g)
Taking a length of 10 m of the sluice, friction loss is found as follows = —

h o= vin? 1 - v? |n? 1 29
' 43 2g | g3
Forasectionof3mx=x9m
a 9
R = 2 = _3x9 = 295
D 2(9+9})
hoo= +2 9i0.012% x 10 x 19.6.
g 2.25 %3
2
= 2. [0.91
2qg

B1-15
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K, = 001

He = Ho+H,

4 2
w

Hy = 0.240.1+0.01) — o = 1.31~

2g Z2g Z

= 18.0 m/s

\] 21.5x15.862
or v = e

1.31
Discharge through each sluice = 18x9x9 = 1458
Taking 6 sluices for escaping the design flood,
Discharge through six sluices = 6x1458 = 8748 cumec

The discharge taken by sluice spillway without avertopping the Dam (HPL at EL
1813.0m) wili be 8720 cumec.

1.2.4. Entry Transitions

Top Contraction Curve
{Reference : 15:11485 - 1985, Cl1 3.3.2 for 3-way flare)

The egn. of the curve is

2 Yz
=1

— o c——— =

p?*  (0.67D)7?
Where D = Verlical height of sluice D/S of the entrance transition

0 =90m
- 0.0123x*+ 0.0275y*=1

B1-18
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Values of x &y

X y
0.0 6.03
0.5 6.02
1.0 5.99
15 5.94
2.0 5.88
25 5.79
3.0 . 5869
35 5.56
4.0 5.40
45 5.22
5.0 5.01
5.5 4.77
6.0 4.49
6.5 417
7.0 379
7.5 3.33
8.0 2.76
8.5 1.98
9.0 0.00

‘ )

(Reference ; 15:11485-1985), Cl. 33.1 (for 3-way flare)

The eqn. of the curve is

2 2
X
_.._._..........X.......................:l

—
2

D (0.330)2
Where D = horizontal width of the sluice D/S of entrance curve

D=90m

8117
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Valuesofx &y

x Y
0.0 2,97
0.5 2.97
1.0 . 2.95
1.5 2.93
2.0 2.90
2.5 2.85
3.0 2.80
3.5 2.74
4.0 2.66
45 2.57
5.0 2.47
5.5 2,35
6.0 2.21
6.5 2.05
7.0 1.87
7.5 1.64
8.0 1.36
8.5 0,98
9.0 0.0
Profile of . ¢ Radial G

(Reference : [S:11485-1985, Cl. 2.1.2.1})

The eqn. of the curve is
X* = kHy

Where K=4
H = Head at the centre line of gate opening = 21.5m
x,y = Coordinates of any point on the profile

81-18
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- xE=4x215xy

- X* =8By

Making the slope paraliel with Non-overflow section

d

_‘Y = 0.8 = i.%..
dx X

= X =53.75m

Values of x & y

X y
0.0 0.0
4.64 0.25
6.56 0.50
8.03 0.75
9.27 1.0
13.11 2.0
14.66 25
16.06 3.0
17.35 35
18.55 4.0
19.67 45
20.74 5.0
21.75 55
22.72 6.0

1.2.5 [esign of Flip Bucket {Trajectory Type Bucket)

(Reference : 1S:7365-1985, Cl. 6.2.3, 5.2.4, 5.2.5, Fig. 1 and Fig. 7}
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Design Data

Crest Elevation = 1782.0m

River Bed Level = 1770.0m

TWL (Max.) = 1783.8m

Discharge of thro' each sluice = 1458 m¥/sec

Radius of Bucket
R= 0. 31/1{ x Hyg

H = (1808.0 - 1782.0} = 26.0m
H, = (1808.0 - 1783.8) = 24.2m

H, = (1808.0 - 1770.0) = 38.0m -- Ref. Fig. 1 of IS:7365-1985

~R= 0.8By26 x 38 = 25.15m
R = 25.0m (adopted)
For H=26.0m&H,=24.2m
vV, /V, = 0.98
Where V, = Actual velocity of flow entering bucket

V, = Theoretical velocity of flow entering bucket

= \/2 X 9.8 x 24,2 =21.79 m/sec

V,=0.98 x 21.79 = 21.35 m/sec

2
v 2
Vel. Head in Bucket = H, = 2. = 22235 _ 53 23 4
2g  2x9.81

Sekgranamioklvol.ohan-i ! vol



Lip Angle
Lip angle = 30° {adopted)

Trajectory Length

— = 5ind2@ v 2CO80 sinzm + Y/Hv
H
14

Where ¢ = Lip Angie
H, = Velocity Head

X = Horizontal throw distance
Y = Diff. between the lip level and tail water level

H, = 23.23m
@ =30°

Lip Level = 1778.0m
y = (1783.8 - 1778.0) = - 5.8m

{(-}ve sign taken, because lip level is below tail water level

X= 23.23 x |sin (2x307) + 2 cOsao\!sinzso" +{ 3-8 ”
24.49

= 20.12m
X = 22.0m (adopted)
1.3 Hydraulic Design of Auxiliary Spillway

Design Data

HFL = 1808.0m

Crest Elevation = 1803.0m

No. of Bays = 1

Size of bay = 8.0m x 5.0m

81-21
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{Reference | 156934197

Q= CL H®
H = (1808.0 - 1803.0) = 5.0m
C,=22
L =8.0m
2 Q=22x8x5%

= 197 m*/sec

197
V, = 2. = 4,%3m/sec
A

e (8x5)

a8

. Velocity Head = h, =

4,932
= 7T =1.24m

2x9.81
~ Design Head = H, = (5.0 + 1.24) = 6.24m
- Design Discharge = Q, = 2.2 (2x8.0) x 6.24%*

= 275.0 m¥sec

Ogee Profiles

Upstream Profile

Coordinates of points along U/S profile

X/H, Y/H, X

0.0 0.0 0.0

B1-22
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- 0.02 (0.0004 - 0,125 0.0025

-0.12 0.0158 -(.748 0.098

-0.18 (0.0437 - 1.186 0.273

- 0.245 0.0836 - 1.529 0.522

- 0.27 0.126 - 1.685 (.786
Downstream Profile

x"% = 2.0 Hd*®.y

y_. X‘E.BS . X1.85
2.0x{6.24),%8 9.5
d XD.BS
&Y - - x1.85 x x%% -
dx 9. 5.14

=X = 8,92m

Correspondingy = " = 6.03m

Coordinates of points along B/S Profile

X Y
0.0 0.0
1.097 0.125
1.587 0.25
2.323 0.50
3.38 1.0
4.21 1.5
4,92 2.0

B1-23
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X Y .
5.55 25
6.125 3.0
6.657 3.5
7.156 4.0
7.627 4.5
8.074 5.0
8.501 55 |
8.92 6.03
n of Fiip Bucket (Traj

(R.ef: 18:7365-1985, CL. 5.2;3, 5.24,525, Fig. 1 & ?ig, 7
Crest Elevation = 1803.0m

River Bed Level = 1770.0m

TWL (Max.) = 1783.8m

HFL = 1808.0m

Lip Level = 1778.8m

Radius éf Bucket

R= 0.8,/H x H

H = (1808.0 - 1803.0) = 5.0m .
H, = (1808.0 - 1783.8) = 24.2m ’ Ref, Fig. 1 of IS:7365-1985

H, = (1808.0 - 1770.0) = 38.0m

~R= 0.8y5 x 38 = 11.C3nm

R = 11.0m (adopted)

Velocity of jet entering bucket = V, = ng Hy =2 x 9.81 x 24.2

=V, = 21.79 misec

B1-24

o katcramveil-ugBchag ot w3



For H = 5.0m & M, = 24.2m
VNV, = 0.92

= V. =0.82x21.79 = 20.05 m/sec

Vel. Head in Bucket = H, = =

Lip Angle
Lip angle = 30° {adopted)

Trajectory i.ength

X
— % Sin2@ + 2Cos50Q Jsinch + Y/H,
H

Depth of submergence = Y = (1778.8 - 1783.8) = - 5.0m

= X= 20.5 x|sin t2x30°>+2cOsso°\JSin239°+[ -5.0)]
20.5

= 17.8m

X = 22.0m (adopted)

Coordinates for Upper Nappe Profile

{Ref.; Open Channel Flow - Ven Tee Chow, Page 370)

Hy=6.24m, For H/Hy; = 1.0

XIH, Y/H, X Y
-1.0 - 0941 -6.24 - 5.842
-0.8 -0.932 -4.992 -5.316
0.6 -0.913 -3.744 - 5.967
- 0.4 - 0.890 - 2.496 - 5,554
-0.2 - 0.855 - 1,248 - 5.335

B1.25
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XIH, YIH, X y
0.0 - 0.805 0.0 - 5.023
0.2 - 0.735 1.248 - 4.586
0.4 - 0.647 2.496 - 4.037
0.6 - 0.539 3.744 - 3.363
0.8 -0.389 4,992 - 2.427
1.0 - 0.202 6.24 - 1.260
1.2 0.015 7.488 0.094
1.4 0.266 8.736 1.66
1.6 0.521 9.984 3.251
1.8 0.860 11.232 5.366

B AAMY v LnIp-BT vel
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Chapter - B2

INTAKE AND SEDIMENTATION CHAMBER

2.1  Hydraulic Design of intake

Parameters
Tunnei Discharge : 417.00 cumec
Intake Discharge : §21.25 cumec
No. of intake Bays : 4
Discharge per Intake Bay : 130.31 cumec
Width of each Intake Bay : 16m
Waterway at Intake : 64m

Velocity through Trashracks
Area of Trashracks, normal to the flow of water
= 7.820 Cos 20° x 64 = 470.3 m*°

521.25

Velocity through Trashracks = o

= 1.11 m/sec

Velocity at Gate Location
After inlet transition, the throat of each intake bay is 6m(W) x Sm(H)

=> Area at throat = 6x5 = 30m?
521.25

Hence, velocity at throat = g 4344 m/s
Head Loss at Intake
i) Normal Condition :

Head Loss for 80% opening area = 0.5 %’l;

- 0.5 x (1.11/0.8)2

= 0.05 m
2x9.81
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Haead Loss at Inlet E 0,7 e
2g
= 0.2x(1.11)% _ o 45,
2x9.81
Head Loss at Throat = 0.1 .%’_;
= 0.1 x (1.22)2 _
5%5 . 81 0.006 m
= Total Head Loss = {J.069 m
i1} 50% choking of Trashracks
Head loss for 40% opening area= 0.5 %‘;
o . 0.5 (1.11/0.4)% _
T 0.196 m
Head Loss at Inlet =0.013 m
Head Loss at Throat = 0.006 m
= Total Head Loss = (0215 m

Head Loss in Intake Tunnels
Area of Intake Tunnels = n/4 x (6)° = 28.275 m?

Perimeter of Intake Tunnels = 77 X 6 = 18.85m

5 Hydraulic mean radius R = A _ 28B.275
p 18.85

For concrete lined Intake Tunnels, n = 0.013

= 1.5m

&velocity of flow V= 2 = .521.25 _, ¢y
ty 2 iS855S m/s

intake Tunnel  Length of Intake

No. Tunnel (i) Head Loss P{ = X_ZE‘EJ
: £ R4S
1 119.73m 0.250m
2 152.516m 0.319m
3 - 194.648m 0.407m
4 236.985m 0.496m
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2.2  Hydraulic Design of Sedimentation Chamber

Parameters

No. of sedimentation chambers =4

Discharge through each Intake Bay = 130.31 cumes
Discharge through each Link Tunnel . = 104.25 cumec

Discharge through respective flushing duct = 26.06 cumec
Particle size to be removed = + 0.2mm particle
Section of Chamber -
Flow through velocity in chamber =V, = 44V/d
where, d = dia of particle size to be excluded = 0.2mm
=V, = 44/d

= 44/0.2

= 18.68 cmisec

= (.2 m/sec (say)

Emil Mosonyi suggests a velocity of 04 to 0.6 mfsec in sedimentation
chambers.

On economic grounds, flow through velocity of 0.3 m/sec has been adopted.

Sectional Area of chamber required = 1:30:;{3}1 =434.4 m*

Section, as shown below has been adopted.

Area of adopted section, as shown ébove = 416.7 m*

Wetted Perimeter - p =78.12m

Hydraulic meanradius-R = A/p = 5.33m

Velocity at inlet of chamber = % = 0.313 m/s
Veloclty at outlet of chamber = _10146"275 =0.25 m/s
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Length of Chamber

Fa W y1/6
Vn@
where, W = Fall velocity of 0.2mm particle at 10°C
= 2.0 cm/sec = 0.020 m/s
Y = Depth of chamber = 2065 m

V = Flow through velocity in chamber = 0.313 m/sec

n = Manning's coefficient =(0.014
E = 0.020 x (29.65)¢
0.313 x 0.014 x y/9.81
= 2.6 '

From Camps curve {(on pp 813, Engineering Hydraulics by Hunter Rouse) -
For F = 2.6, WL/VY = 1.07 (for 95% efficiency)

WLVY = 1.07

1.07 x vy

=L = 7

- 1.07 x0.31 x29.65
0,02

Length adopted is 505 m.

= 491.78 m

In all, 64 no. of hoppers have been provided in the sedimentation chambers.
Distance between openings has been kept 6m c/c in the beginning, which
gradually increases to 10.25m c¢/c at the end of chambers.

Size of first opening has been kept 1m x 1m

Discharge in the first opening = 10% of total flushing discharge

= 2.6 cumec
Velocity through the first opening = %;g =2.6m/f s

in the remaining 63 openings, equal discharge has been assumed to be
passing through,

26 - 2.8
63

= (.37 cumec

i.e., discharge in each opening =
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2.3

Dia of different openings have been calculated by computer analysis by
equalising the head losses arising by flow through the duct and that through
the opening. The dia of openings varies from 6.27m (2nd opening) to 0.15m
{64th opening)

Head loss in chamber - h,, =

a %
= (0.31)2 x (0.013)% x 500 _ 4 4005 p
{5.33)%3

The loss below each hopper has been calculated on computer and the results
are given in the table. It is seen, that, total loss in the last opening will be
11.16m. Velocity in the flushing duct has been assumed to be gradually
varying from 3.5 m/s in the beginning to 4.3 m/s in the end.

Hydraulic Design of Flushing Conduits

Since, the velocity in the duct below the last hopper i.e. 64" hopper is 4.3
m/sec, the velocity in the conduits will also be kept as 4.3 m/s.

26.06
i3

This area will be provided in the form of a circular shape conduit, of 2.76m dia,
as shown below:

Area of the conduit = = 6.06 m?

Area = m/4 x (2.76)° = 5.983 m?

p=mx276=867m

= = 5.983 _
R=Alp e 0.69m
: = 26.06 _
Velocity (v) 553 4.35 m/=
Friction loss in the conduits per 100m length
f= VIDPL

=~ (4.35)? x (0.014)? x 100
{(0.69)%73

= f= 0.61m per 100m length

Though the flushing conduits ére to be steel lined, yet, the same value of ‘n’
as that for concrete lined surface has been adopted, due to the anticipated
abrasion resulting from higher concentration of sediment.
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Outfall Structure

Dust  Length Head Loss  Total Head Calculated Adopted Slope of
No. {m} {hp Loss Sill Levet Sill Level Duct
{m) {m) (m} {m) {m)
1 300 1.83 12.89 1786.01 1785.80 128
2 330 2.01 13.17 1785.83 1785.80 1:10.44
3 370 2.26 13.42 1785.58 1785.80 1:11.82
4 408 247 13.63 178837 . 178550 1:12.94

Sili Level of Outfall Structure
Max. tail water level at dam axis = 1783.80m

Correspondingly, with river bed siope of 1:300, at 900m d/s of dam axis i.e. at
the location of outfall structure for flushing conduit :

S00

Max. Flood Level = 1783.80 - 2 --
300

= 1780.80 m
This level is much below the adopted sill levels for the outfall structures.
Energy Dissipation at Qutfall Structure
For energy dissipation of escaping discharge, from flushing conduits, ski jump
bucket at El 1775.00 shall be provided, which will throw the trajectory about

20m away from the end of the bucket. At this level, the bucket will be partially
submerged in the floods. having frequency of once in 5 years.
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Chapter - B3

HEAD RACE TUNNEL

31 Economic Diameter

Parameters
a) Discharge = 417 cumec
b} Length = 17198 m
c) Maximum pond level = 1810m
d) Minimum pond level = 1789 m
e) Coefficient of friction = 0.013
f) Minimum down surge level = 1718873 m
g) Centre line of tunnel at inlet = 178585m
end ,
h)  Centre line of tunnel at junction =  1671.195m
with surge shaft
Economic Diameter of tunnel
Quantity of excavation/metre length
= 1(D+0.1D)%4 = (.95 D?

Cost of excavation (by conventional method) = Rs. 1500 per cum

Cost of excavation per metre length = Rs. 1425 D?
Area of lining = 1 (D+0.05D) 0.05D =0.185 D?
Cast of lining = Rs. 2500/cum
Cost of lining per metre length | = Rs. 412.5 D?
Total Cost = Rs. 1837.5 D?

Total cost taking 10% overhead charges =Rs. 2021.25 D%

Annual expenditure @ 22.50% of Civil Works

= 202125 D2 x 0.225 = 455 D?
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Annual foss of revenue

8.93 x 10° x 0° x N* x g x C,

D."n~.'33

i

where () = equivalent discharge = 0.511 x 417 =213.087
N = Coeff. of friction = 0.013
q = overall efficiency = 0.89

C, = settling rate of energy = Rs. 2.00 per kWh -

8.93 x 10° x (213.087)> x (0.013)? x 0.89 x 2.00
35.33

R.=

Il

R, =2.6x10° %% 9

Total annual loss of revenue plus recurring expenses
=26 x 10° D*® + 455 D?

for minimum losses dT/dD should be =0
dT/dD = . 5.33x2.6x10° D% + 2x455 D=0

5.33x2.6x10°D%*¥ =910D

5.33 x 2.6 x 10°
910

D?.33

D = 9.55m :
&
As per Chapter [V of Volume |, diameter of HRT adopted = 10.48m finished circular
tunnel.

3.2 Support System

The rock mass classification (Q-system) studies carried out along the tunnel
alignment have given the following values :

B3-2
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THE LITHOLOGICAL ZONES ALONG THE TUNNEL ALIGNMENT
AND THEIR RANGE OF Q' VALUES

81 | Length Q Value Structural and Lithological Description
Mo | along and Rock
HRT Class
(m) _
1. 1) Shear zones 3-5m thick with ground
water flow, oriented N-S, N20°W-
0.01-0.1 S20°E, and N20°E-S20°W ie.
1150 Extremely running across the tunnel alignment
poor occurring at 75-100m interval; 1133m
assumed aggregate length
2) Choling khad fault with ground water 17m
Total 1150m
2. 1} Foliation shear zones, mica schist, 600m
0.11 biotite schist zones etc.
850 Very poor 2) Very poor rock reaches in Zone Il 250m
Total 850m
3. 13198 1-4 3 to 3+ random joint sets, closely spaced, average
Poor rock | RQD ranging from 50-80% forming wedges in the
crown having gravity fall conditions as well as sliding
conditions in gneissic rock
4. | 2000 4-10 | Massive Wangtoo gneiss, normally two to 2+
' Fair to random sets of joints and widely spaced. RQD - 70-
good rock | 100% -

Based on the Q' values, the following”support system is proposed

(Recommended supports based on NGI tunnelling quality index Q)

SUPPORT SYSTEM GUIDE

Tunnelling Rock Mature of Support
Quality Quality
Index
Q'
Above 40 Very Good | 50mm to 100mm of shotcrete in crown portion, if
required.
40-10 Good Tensloned and grouted expansion shell type spot
: rockbolts - 25 dia, 3500 long and 50mm shotcrete in
arch portion only as required.

Emeshamichoy b vold
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Tunneliing Rock Mature of Support
Quality Quality
Index
o

10-4 Fair Tensioned and grouted expansion shell type rockbolts
- 25 dia, 3500 long @ 1500 C/C staggered both ways
and 50mm shotcrete in arch portion only.

4-19 Poor Tensioned and grouted expansion shell type rockbolts
- 25 dia, 3500 long @ 1250 C/C staggered both ways
and 100mm fibre reinforced shotcrete in arch portion
and extended to sides, if required.

1-04 Very poor | Tensioned and grouted expansion sheli type spot
rockbolts - 25 dia, 3500 long @ 1250 C/C staggered
both ways and 150mm fibre reinforced shotcrete in
arch portion and extended to sides, if required.

0.4-0.1 Very poor | ISHB 150 @ 34.6 kg/m @ 750 C/C and 150mm fibre
reinforced shotcrete between the ribs.

0.1-0.01 Extremely | ISHB 150 @ 34.6 kg/m @ 500 C/C and 150mm fibre

poor reinforced shoicrete between the ribs.
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4.1

Chapter - B4

SURGE BHAFT

HYDRAULIC DESIGN

1. Hydraulic Parameters

10.
11.
12.
13.
14. .
15.

Length of Headrace Tunnel

Dia of Headrace Tunnel
(circular)

Design Discharge
Cross-sectional Area of HRT
Cross-sectional Area of Penstocks
Length of Penstocks

Net head on turbine

installed Capacity

Maximum Reservoir Level
Minimum Reservoir Level
Maximum Tailwater Level
Normal Tailwater Level
Minimum Tailwater Level
Area of Orifice

Diameter of Surge Shaft

2. Area of Surge Shaft

Area of Surge Shaft according to Thoma's Criteria

Where

gakarchamniveTenap-bd-0F

L x4,
A, 2 e
28(H - BV?)
A, = Area of Surge Shaft
L = Length of HRT =
A, = Area of HRT =
Velocity in HRT Vo =
Dia of HRT =
B84-1

= 17198 m
= 10.48 m
= 417.00 cumec
= 86.2606 m?
= 17.720 m?
= 290.50 m
= 273.70 m
= 4x250 Mw
= 1810.0 m
= 17990 m
= 1519.5 m
= 1509.5 m
= 1506.5 m
= 19.0 m?
= 27.0 m
171898 m
86.2606 m?
_Azo 4.83 misec
86.2606

10.48 m (circular)



Hydraulic Radius R = Di4
=2.575m
Velocity in HRT atany instant V. = 1/n R¥*5*2
h, = Head loss in HRT corresponding to velocity V,

Considering Head loss due to friction only and neglecting other losses.

2;,2
hf - n L
R4f3
n, =0014
Amin =0.012
Ny =0.013
ho, = (0014128, 52 = 09572
3.52
e = (001212852 = 0.703V2
352
Ny = ©0.013)x 2128, 2 = g go5V?
3.52
. h
Coefficient of head loss  B,,, = ——"“;" = 0.957
v
h_.
Brn = —= =0.703
VZ
h
Bavg = LB 0.825

A = 17198 x 86.2606 . 386.08

S
2x0.703 x 981 x {205 - 0.703%4.83%

While deciding the area of surge shaft, power house has been taken to be
operating in isolation. The area of the surge shaft as per Thoma's Criteria works
out to be 386.08 sgm. Taking a safety factor of 1.6 as suggested by Charies
Jaeger, the area works out to 617.2 sq.m. The diameter of surge shaft works out
1o 27.0 m corresponding to the above area.

B4-2
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Area of Orifice

Calme & Garden suggest the following criterion for the resistance 'h,' offered by
the orifice.

2
z By,

< h -;3-5 v,

z
o I
2 4 TR 4

L4
Where Z = V| = x —
g 4,
= Max. surge height neglecting all losses and
B = average loss coefficient
such that
h, = BV92
V, = 417 4.83 m/sec
86.2606
7 = ag3x \] 17198 _ 86.2606
9.81 573
=78.466
and h, =BV
ﬁ = ..;:-f..
Vz
. 18912 oo
(4.83)
Assume the area of orifice =19 m?
4
Ry : = ——;%’2——— (As per IS:7396 Pt [ - 1985)
Co A4, 2g
- 417?
0.6 x 192 x 2 x 9.81
=68.197 m?
V 2
Z P¥, <hw<£- —3-[31/02
2. 4 2o o4

Substituting the values
60.25 < 68.197 < 68.706

B4-3
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The total area of orifice is 15.0 m?. Area required 1o accommodate the grooves
of 4 gates is 12.9 m*

Remaining area of port = (19-12.9)m*
=6.1m?

Dia of port = 2.786 m
Adopted dia of port = 2.8m
42 SURGE ANALYSIS

The surge analysis has been carried out for the following conditions by using a

computer program
1. Maximurn upsurge for total load rejection (100% - 0%)
2. Maximum upsurge for 50% load acceptance followed by full load rejection

(50% - 100% - 0%)

3. Minimum downsurge for 50% load rejection followed by 50% load
acceptance (100% - 50% - 100%)

4, Minimum downsurge for 50% load rejection followed by instantaneous
50% load acceptance (50% - 0% - 50%).

5. Minimum downsurge for full load rejection followed by 50% load
acceptance (100% - 0% - 50%)

For upsurge calculations friction factor has been taken as minimum t.e. 0.012
and reservoir ievel has been taken at maximum i.e. at EL 1810 while the friction
factor has been taken as maximum i.e. 0.014 and reservoir level at EL 1789.0
(Minimum reservoir level) for down surge calculations in accordance with
1S:1736 (Part-1) -1985. For the transients of combination of load change, the
second change was effected at the maximum/minimum velocity in the tunnel.
The Governor closing time has been taken as 15 second.

SL Load change Losses Steady state Maximum /

No. in MW head in Minimum surge
surge shaft level

1. 1000-0 Min 1810 1848.680

2. 500-1000-0 Min 1810 1848.484

3.} 1000-500-1000 Max 1810 1717.103

4. 500-0-500 Max 1810 1739.209

5. 1000-0-500 Max 1810 1735.168

B4-4
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Since the load acceptance can be controlled with the help of load limilers the
condition of 50% load switch on has been taken the governing condition for
fixing the centre line of tunnel below the surge shaft.

A free board of 3.32 m above the peak surge has been provided for fixing the top
level of surge shafl,

Abstract of calculations for surge levels for both upstream and downstream
surge chamber are given in Annexure B4.1.

43 STRUCTURAL DESIGN

1. Designloads
Internal water pressure at El 1848.680
External Water Pressure
a) Maximum water pressure corresponding to static level at El 1810.0m

b) Grout Pressure same as external water pressure subjected to a minimum
of 2.5 kg/fcm? and maximum of 7.0 kg/cm?.

c) Temperature variation = £ 156°C
2. Allowable Stresses

a} Cement Concrete Grade M25
Permissible Compressive Strength o, = 85 kg/em?
Permissible Tensile Strength ¢, = 32 kg/cm?

b) Reinforcement Bars Fe 415/ Fe 500
Permissible Tensile Stress Fe 415 = 2300 kg/em?
Permissible Tensile Stress Fe 500 = 2750 kgloem®

3. Other Data

internal Diameter of Riser = 16.0m
Internal Diameter of Surge Shaft =27.0m
Poissons Ratio of Rock (u,) =0.24
Poissons Ratio of Concrete (y,) =0.15
Modulus ratio for M25 (m) = 10.98

B4-5
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Modulus of deformation of Rock (E,) = 75000 kglem?”
Modulus of elasticity of concrete(E ) = 285000 kg/iem?

4, Design Calculations for RCC Lining at 1677.845m (Riser portion}

Lining thickness =150 cm
Inner radius of surge tank (a) = 800 cm
QOuter radius of surge tank (b) =950 cm
‘ _ (1+p) - (1-p) E, /E,
(1+p) + (1-p) E, /E,
= (1.24) - (0.85) 75000/285§00
(1.24) + (0.85) 75000/285000
=0.694
Maximum Design Head = Maximum Surge - Bottomn of Riser

= 1848.680 - 1677.846
= 170.835 M
Maximum Design Pressure (P) = 17.083 kg/cm?

Load shearing by rock corresponding to maximum design pressure

P,. = p a 2(1 "k)
" - a%)
P, =7.299 kg/em?
i) Hoop reinforcement for maximum design head considering supporting
action of Rock
(P, -P)a

Agy =
g

=t

(17.0835 - 7.299) x 800
2750

= 2 8464 cm?cm

= 285 cm?/m

B4.5
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i)

i)

gnkarchymivo Tichag- b 05

Hoop reinforcement for maximum design head neglecting supporting

action of rock with higher stresses in steel.
F.xa

133 o,

A =

5E

17.0835 x 800
1.33 x 2750

= 3.737 cm¥cm

= 373.7 cm?m
Minimum Reinforcement (0.3%) 03 x 150
160
= 0.45 cm?cm
= 45 cm?/m

Concrete lining thickness required to resist the external pressure

External Water Head = 1810.0 - 1677.845 = 132.155m
Externat Water Pressure (P) = 13.2155 kg/cm?
P o= %0'-ah
(% + 800%)
2 2
13.2155 = 85 (b 8009
(% + 8009
b =935.76 cm
Hence lining thickness required to resist external pressure
=335.76- 800
=135.76 cm

provided thickness = 150 cm

Reinforcement Provided

Hoop reinforcement - 12mm thick sandwitched steel liner and 32 ¢ Bars

@ 180 cfc in six rows.

Longitudinal reinforcement required {0.12%)

0.12 x 130
100

259 @ 275mmclc

= 0.180 cm¥lem = 18 cm ¥m
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5. Design Calculation for RCC Lining at 1702.845m

Lining thickness =125 cm
Maximum Design Head = 1848.680 - 1702.845
=145.835m

Maximum Design Pressure (P) = 14.5835 kg/em?

Load sharing by rock corresponding to maximum design pressure

2 -
P, - P:a {1 - b
®? - a%p
P, = 6.941 kglem?
i) Hoop reinforcement for maximum design head considering supporting
action of rock.
@, - Pla
Ast = ......i_.cm__._.
E:4
(14.5835 - 6.941) 800
2750
= 2.223 cm¥cm
= 225 cmi/m
i) Hoop reinforcement for maximum design head neglecting supporting
action of rock with higher stress in steel.
A, - P xa
133 o,

14,5835 x 800
1.33 x 2750

= 3.190 cm¥cm

= 319 em’m
iii) Minimum Reinforcement (0.3%) mgﬁ
10
= 0.36 cm¥/cm
= 36 om?/m

B4-8
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vy Conerete lining thickness required 1o resist the external pressure

External Water Head = 1810.0 - 1702.845 = 107.155m
External Water Pressure (P) = 10.7155 kg/em?®
(B* + a®)
. 2
10.7155 = 85 (b 800%)
(62 + 800%
b = 908.09 cm

Hence thickness required to resist external pressure
= 908.09 - 800
= 108.09 cm
provided thickness = 125 ecm
Hence OK.

V) Reinforcement Provided

Hoop reinforcement - 12mm thick sandwitched steel liner and 32 ¢ Bars

@ 225 clc in six rows.

Longitudinal Reinforcement (0.12%)

0.12 x 125
100

= 0.150 cm%cm = 15 cm¥m

229 @275 ¢lc

8. Design Calculation for RCC Lining at 1727.845m

Lining thickness =100 cm

Maximum Design Head = 1848.680 - 1727.845
= 120.835m

Maximum Design Pressure (P) = 12.0835 kg/em?®
B4-9
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Load shearing by rock corresponding o maximum design pressure

P = p 20 -H
v i
B* - a%)

P =6.468 kg/cm®

i) Hoop reinforcement for maximi;m design head considering supporting
action of rock.
(#, -~ P )a
Ast = St . v
o]

st

{12.0835 - 6.468) 800
2750

= 1.634 cm¥cm

= 165 cm%m

i) Hoop reinforcement for maximum design head neglecting supporting
action of rock with higher stress in steel.

Ay =

P, xa

133 o,

12.0835 x 800

1.33 x 2750
= 2.643 cm?cm
i)  Minimum Reinforcement (0.3%) 0.3 x 1 1’; 0100.
= (.30 cm*cm
= 30 cm%¥m

iv) Concrete lining thickness required to resist the external pressure

External Water Head = 1810.0 - 1727.845 = 82.155m
External Water Pressure (P) = 8.2155 kg/cm®
b _ 0, @ -a)
b% +a?
2 _ z
89155 85 (b 800}
(b2 + 800%)
b = 881.45cm
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Hence thickness required to resist external pressure
= 881.45 - 800
=§1.45cm

provided thickness = 100 cm

Hence OK.

Reinforcement Provided

Hoop reinforcement - 12mm thick sandwitched steel liner and 32 ¢ Bars
@ 200 c/c in four rows. :

Longitudinal Reinforcement (0.12%)

= M = 0.120 em¥em = 12 em *m

" 100
20 ¢ @ 275 clc

7. Design Calculation for RCC Lining at 1755.0 m

a)

b)

Cement Concrete Grade M25
Permissible Compressive Strength o, = 85 kg/em?
Permissible Tensile Strength o, = 32 kg/lcm?

Reinforcement Bar Fe 415

Permissible Tensile Stress " = 2300 kglem®
Other Data

Internal Diameter of Surge Shaft - = 27.0m
Modulus ratio for M25 (m) = 10.98

Above El 1755.0 rock shearing has not been considered due to inadequate rock

cover .

internal radius of surge shaft (2) = 1350cm

Concrete lining thickness = 100cm

Outer radius of surge shaft (b) = 1450 cm

Maximum Design Head = 1848.680 - 1755.0
=983.68 m

ARt N chap-De-00
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Maximum Design Pressure (P)) = 0.368 kglcm? §

Steel of Fe-415 grade has been provided from EL. 1755.0 m

i) Hoop reinforcement for maxitnum design head considering supporting
action of Rock

(P, - P )a

G

Xt

Ag

(9.368 - 0.0) x 1350

2360
= 5498 cmcm
=550 cm?/m
i) Minimum Reinforcement (0.3%) = 22% 100
160

= 0.3 cm’/cm
= 30 cm?’/m
iii)  Concrete lining thickness required to resist the external pressure
External Water Head = 1810.0 - 1755.0 = 55.0m

External Water Pressure (P) = 5.5 kg/cm®

P - g, @* - a% -
(5% + 800
2 2
55 = 85( 1350%)
2% + 13509
b = 1440.37 cm

Hence thickness required to resist external pressure
= 1440.37 - 1350
=90.37 cm

provided thickness = 100 cm

Hence OK. _ é
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iv) Reinforcement Provided

Heop reinforcement - 12mm thick sandwitched steel liner and 40 ¢ Bars
@ 110 c/c in four rows.
Longitudinal Reinforcement (0.12%)

0.12 x 100
100

200 @ 275 clc

= 6.12 em*lem = 12 cm¥m

8. Design Calculation for RCC Lining at 1780.0 m

Concrete lining thickness =75¢cm
Maximum Design Head = 1848.68 - 1780
=68.68 m

Maximum Design Pressure (p) = 6.868 kg/cm,

i) Hoop reinforcement for maximum design head considering supporting
action of rock.

F ~Pla

Gﬂ

Aq

(6.868 - 0.0) 1350
2300

=4.031 cm?lcm

=405 cm¥m

0.3 x 73
160

= (0.225 cm*cm

i) Minimum Reinforcement (0.3%) =

= 22.5 cm?/m
iii) Concrete lining thickness required to resist the external pressure
External Water Head =1810.0 - 1780.0 = 30.0m
External Water Pressure (P) = 3.0 kg/cm?
o, (b* - abH

P
(3% + ah

B4-13
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9.

Farhamve Tohate 800

85 (% - 1350%
(6% + 1350%)
13988.52 cm

3.0

H

b
Hence thickness required to resist external pressure
= 1398.52 - 1350
= 48.52 cm
provided thickness =75 cm
Hence OK.
iv) Reinforcement Provided

Hoop reinforcement - 12mm thick sandwitched steel liner and 40 ¢ Bars
@ 165 cfcin four rows.
Longitudinal Reinforcement (0.12%)

0.12 x 75
100

20 ¢ @ 450 clc

= 0.09 em3fem = 9 em3m

Design Galculation for RCC Lining at 1805.0 m
Concrete lining thickness =50 cm
Maximum Design Head = 1848.68 - 1805.0
= 43.68m
Maximum Design Pressure (P,) = 4.368 kg/cm,

iy  Hoop reinforcement for maximum design head .

P - P
A, & -Pa
a

3

{4.368 - 0.0) 1350
2300

2.564 cm¥cm

=260 cm/m
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0.3 x 30
160

i} Maximum Reinforcement (0.3%) =

= 0.15 cm¥em
=15 cm¥m
i} Concrete lining thickness required to resist the external pressure
External Water Head =1810-1805=5m

External Water Pressure (P} = 0.5 kglem?

p - o, (bz - az)
3* + a?
2 _ 2
05 = 350 1350%)
(% + 1350%
b = 1357.96 cm

Hence thickness required to resist external pressure

= 1357.96 - 1350
=7.96cm

provided thickness =50 ¢cm
Hence safe.
iv) Reinforcement Provided

Hoop reinforcement - 12mm thick sandwitched steel liner and 32 ¢ Bars
@ 110 c/c in two rows.
Longitudinal Reinforcement (0.12%)

0.12 x 50
100

16 ¢ @ 450 clc

= 0.06 cm3em = 6 cmiim

10. Typical Design Calculation for RCC Lining at 1830.0 m
Concrete lining thickness = 50 cm

As sufficient rock support is not available above the elevation 1830.0m the shaft
above this elevation has also been checked as a cantilever.,

B4-15
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Assuming the surge shaft to be fixed at 1830.0m and the cantilevering above it
Cantilever moment shall be determined with 15% horizontal seismic force when @
shaft is empty.

Load of surge shaft/m =14 (28.0° - 274 x 2.4
= 103.673 tm

therefore, maximum B.M. at El 1830 due to 15% Seismic Force
= 0.15 x 103.673 x (1852 - 1830)°

= 7526.66 tm.

Maximum tensile stress in concrete
7526.66 x 10° x 1400 x 2
T x 2700 x 50 x 13507
= 2,73 kg/cm?

Direct compressive strength due to self load
'=22x24
= 52.8 fm?
= 6.28 kgfcm?

Since compressive stress is more than tensile stress, Hence no additional
reinforcement is required.

Maximum Design Head = 1848.68 - 1830.0
| = 18.68m o

P,  =1.868 kg/cm®

i) Hoop reinforcement for maximum design head neglecting supporting
action of rock with higher stress is steel

P'.xa

133 o,

Ag =

1.868 x 1350
1.33 x 2750

0.689 cm®/cm
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i)

d atenzmitinap- b -00

0.3 x 50

Maximum Reinforcement (0.3%} = -
100

=0.15 em¥om
=15 ecm®/m
Reinforcement Frovided

Hoop reinforcement - 12mm thick sandwitched steel liner upto 1848.0m
and 16 @ Bars @ 300 ¢/c in two rows.
Longitudinal Reinforcement (0.12%)

0.12 x 50
100

16 ¢ @ 450 c/c

= 06 emilem = 6 cmm
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Annexure B4.1

¢

MAXHVUM/MINIMUM SURGE LEVELS FOR UPSTREAM SURGE TANK
BY ARITHMETIC INTEGRATION

MAXIMUM RESERVGIR LEVEL = 1810.000n
MINIMUM POND LEVEL = 1799.000n
DESIGN DISCHARGE IN HRT = 417 CUMEC
DIA. GF HEAD RACE TUNNEL = 10.48m {Circular)
LENGTH OF HEAD RACE TUNNEL = 17198m
 DIA. OF UPSTREAM SURGE SHAFT = 27m
DiA. OF RISER = 16m
TOP OF UPSTREAM SURGE TANK = 1852m
TOP OF RISER = 1755m
BOTTOM OF RISER = 1676.345
AREA OF ORIFICE = 17.00 sgm
8i Operating Reservoir Losses Maximum/Minimum Surge
No Condition Level in (m) Max/Min Governor cloéing time = 15 sec
1. | 100-0 1810 Min. 1848.680
2. | 50-100-0 1810 Min. 1848.484
3. | 100-50-100 1799 Max. 1717.103
4. | 50-0-50 1799 Max. 1739.209
5. | 100-0-50 1799 Max. 1735.168

¢ RATTRF T Ba- - 00
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MAXIMUM/MINIMUM SURGE LEVELS FOR DOWNSTREAM SURGE CHAMBER
BY ARITHMETIC INTEGRATION

LENGTH OF DOWNSTREAM BURGE TANK = 220 m
WIDTH OF DOWNSTREAM SURGE TANK = 16 m
HEIGHT OF DOWNSTREAM SURGE TANK = 41m
DIA OF TAIL RACE TUNNEL = 10.48m (Circular)
LENGTH OF TAIL RACE TUNNEL = 809 m
MAXIMUM TAIL WATER LEVEL = 1516.25m
NORMAL TAIL WATER LEVEL = 1508.00 m
MINIMUM TAIL WATER LEVEL = 1505.80 m
Sk Operating Tail Water Losses Maximum/Minimum
No. Condition Level (m}) Max/Min Surge
1. 100-0 1505.8 Max, 1498.605
2. 50-100-0 1505.8 Max. 1497.812
3. 100-50-100 1516.25 Min, 1521.223
4, 50-0-50 1516.25 Min. 1520.052
5. 100-0-50 1516.25 Min. 1523.065

B4-19
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2. Design of Penstock at El 1498.0m
Maxirnum water hammer slevation = 1868.000
Design Pressure = 37.0 kg/em?®

Since the rock is competent, part of internal water pressure will be shared by
the rock also as adequate rock cover is available.

The following formula in 1S-11639 (Part-2) are used to work out the rock

sharing .
- Yﬂt ‘Es
P, = Fxl-uf
Moo= 1. E @€ -RrR) da-C?
2(1 +p) | E, RC Cxd
1
P = P + {(P-P i
s s + (P-Fy) TS
.
E M (1 +p )
P R
fst = P
R
= (P -P Y.
f, ( ‘)d
Where

M = Dimensionless parameter

P = Total internal pressure = 37.0 kg/em?

P, = Pressure shared by steel lining in kg/em?

P, = Pressure required io close the gap Y, between liner and concrete/rock

Y, = Initial gap between liner and cor;crete caused by shrinkage creep of
concrete and temperature effect = 0.0004 x R

R = Internal radius of Penstock = 237.5 cm

C = Outside radius of Concrete lining = 287.5 cm
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Liner Thickness =

Thickness of plate provided including corrosion allowance 25mm thick plate

Radius to end of radial fissure in rock or where the insitu compressive
strengith in rock just exceeds the tensile stress caused by infernal

pressure and is taken = bR

Thickness of steel liner = 2,2cm (2.5cm thick liner plate)
Modulus of elasticity of steel = 2.11 x 16° kg/em®
Moduius of deformation of rock mass = 7.5 x 10* kg/cm?
Modulus of elasticity of concrete = 0.16 x 10° kg/cm?®
Poisson's ratio of steel = 0.3

Poisson’s ratio of rockmass = 0.23

Poisson's ratio of concrete = 0.20

- 287.5°

1
C A0+02% | 016 7 10° | 2875 x 3375
1 + 0.4065[0.1802 + 3.888] = 2.6539
0.0004 x 237.5 x 2.20 x 2.11 x 10
2375 % 2375 % (1 - 037 )
8.591 kg/cm?

1 I: 7.5 x 104 {287.52 - 237.52] . [ 1187.5%

8.591 + (37 - 8.591) !

1187.5 x 287.5

1 +

7.5 x 10° x 237.5 X (1 - 032 )}

211 x 10° x 2.654 (1 + 0.23)

8.501 + 8.472 = 17.063 kg/cm?

17.063 x 237.5
0.95 x» 2100

= 2.03cm

Stress in steel without rock shearing

37x 2375 _ 351 5kglem?
53

> 60% of yield stress

The load shared by rock for different sections is given in Table 5.2.1
The Plate thickness adopted for different sections is given in Table 5.2.2

sihenskanioling bEveR
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e} Power Loss

Vin?
Head loss due to friction h; =
R 473
R = Hydraulic Radius = Df4
R‘ﬂa - D £33
6.35
h _ V2x635
t pis
v = Ox4
’RDZ .
v: o= 1621x Q?
D4
h _ 10293 x Q% x n?
! FoEEE
Substituting for h,

10.293 x 02 x n?

D 533

Power Loss = 98 x O x 0.89 x

Where

g = efficiency = 0.89

Q = equivalent discharge
= 0.550 x 104.25
= §7.34 cumecs

n = coefficient of fri_ction;# Q.O‘tz‘

9.8 x 0.89 x 10.293 x (57.34)* x (0.012)* x 8760
D5.33

_ Power Loss (Unit peryear) =
= 21347200 D*%

Power Loss = 21347200 D% x 2.75
(Rs. per year)

= 58704800 D53
f) Total Cost (T) = 2142 D? + 58704800 D5
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)

dT/dD = 2 x 2142 D - 5.33 % 58704800 D*¥ =

D?.33 o

5.33 x 58704800

Economic Diamster

D = 4.608m

Diameter adopted = 4.750m
52 Design of Penstock Liners

1. General Layout of Penstocks

2 x 2142

for Econoric Diametre dT/dD = 0

= 73038

The position of liners have been marked in following orders {exhibit

5.01)
Location CiL Water Length Slope with
Elevation Hammer horizontal
Elevation
A (C/L of surge 1673.100 1848.640 66.79 0°
shatft) .
B (Start of vertical 1673.100 1853.038 37.31 g0°
bond of 90°)
C (end of vertical 1649.350 18556.485 50.00 aQ° -
bend of 90°) '
D (end of vertical 1599.350 1858.651 2760 age
bend of 80°)
E (at level of 1571.750 1860.444 50.00 aQ°
1599.350)
F (at level of 1521.750 1863.693 37.31 ape
1571.750)
G (start of lower 1498.000 1866.117 25.0 aqe°
vertical bend of
a0°)
H (end of vertical 1488.000 1868.000 a0°

bend of 90°)

sikamhemichep bl vy
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i)

iv)

shikEheatehup-bS vl

USBE Formula

D= /1273 OV
V= 0125 y2gH

= 9.160m

D = 3.806m

Donald’s Formula

D =0.176 (P/H)**
{.466
0.176338394) ™
2737y
D  =485m

Empirical Formula

p= |1 g 5,04
51077 " %~ H

Where

K, = Annual cost of maintenance of penstock per kg
. = 18% of Rs. 75.00 = 13.50 per kg

o, = Stress is steel = 2100 kg/em?

k, = Cost per kWh at generator terminal = 2.50

f = friction factor .=.0.0085

t = Annual duration of op'eratéon

. =365 x 0.502 x 24

= 4398 hrs

910.77 13.50 273.7
D =4.882m

3 17
D = [ ! x (0.0085) (2100) 230 , 10425 . 4398]
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vi) Rational Method

a)

b)

d)

soikarchamiehap-bs vod

Cost of excavation

Area of excavation/m length = % (O + _.% x 2y = 1,13 D?

Rate of excavation = Rs. 1650 per cumec
Cost of excavation/m length = Rs. 1865 D?
Cost of lining

Area offining= = {D+2] L2 - 0346 D2
10| To

Cost of concrete/cum = Rs. 3100 per cum .
Cost of lining/m length = 1072.6 D? = 1073 D?

Cost of Steel lining
PD

GSI

Average steel lining thickness =

Where P = Average pressure including water hammer = 25.54
o, = Allowable stress in steel = 2650 kg/cm?
Average steel lining thickness = 0.0048188 D
Weight of the liner/m length = (D + 0.0048188) x 0.0048188 x
e = 0.1194 D?
Cost of liner/m length = 0.1194 D? x 66000 = 7880 D2
Annual expenses
Total Cost
= 1865 D? + 1073 D? + 7880 D?
= 10818
Total cost taking 10% overhead charges

= 11900 D?

Annual expenses @ 18% = 2142 D?
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Chapter - B5

PRESSURE SHAFTS AND PENSTOCKS
5.1 Ecqnomic Diameter

Design parameters

l.ength of Penstocks = 1 &4 of 294.002 and 3 & 4 of 277.776m
Gross Head = 295m
Design Net Head = 273.7m -

0.89
104.25 cumecs

1

Efficiency of Turbine

i

Design Discharge Q
Rated H.P. of turbine P

[T

1000 x 104.25 x 273.7 x 0.89

75
338594.27 H.P.
Pond Level = 1810.0m
Center Line of Runner = 1509.5m
Maximum surge elevation = 1848.68m ~ 1849.0m
Temperature variation = + 15% |

7.5 x 10* kg/em?

i}

Modulus of deformation of
rack (&)

Poissan’s Ratio for rock (ur)

0.23
19.36m

i}

Maximum pressure due to
water hammer

Concrete

Moduius of elasticity of concrete = 0.16 x 10° kg/cm?®

Poisson's Ratio for concrete = 0.20
Thickness of concrete around liner = 50cm
Steel
Grade of steel to be used = ASTM A-517 Grade-i
Modulus of elasticity of steel (E,) ~ = 2.11 x 10° kg/fem®

£okarEnatiehapbS vod 85-1



Poissorn’'s Batio for steel = (.30

Coefficient of liner expansion = 1.1 x 10° per°C
Minimum vyield stress of gteel = 880 MPa
Allowable stress = 2100 kglem?
~ Joint efficiency = 0.95
Corrosion allowance = 1.6mm
Size of stiffeners = 16mm thick x 150mm wide
Normal spacing = one on every ferrule

Economic Diameter of Penstock

)  G.S. Sarkaria’s Formula

" a) D= 0.62

D = Diameter of penstock in metres
P = Rated horse power of turbine

H = Rated head of turbine in metres

D= 0623385944
' (273.7)°65
D=3854m

b) D= 3.55[Q%(2gH)]"

D=4234m
Average diameter D = 3.854 + 4.234 _ 4.044 m
i) Fahlbusch Formula
D = 0.52 H™" (P/H)*
37
= 052 x 273.7)- v x [ 338594
273.7
= 4.933m
{
B5-2
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6.1

Chapter - B6

POWER HOUSE COMPLEX
Finite Element Analysis of Cavities
introduction

The underground power station of Karcham - Wangtoo Hydroelectric Project
is located on the right bank of river Satluj about 100m upstream of its junction
with Bhaba Khad. The size of the Power House cavity is 143m long x 21m
wide x 49m high, which will house 4 units of 250 MW each. A second cavern,
143m long x 15.5m wide x 25m high, will house the unit transformers and GIS
switchgears and the third cavern, 88m long x 12.5m wide x 30.5m high has

been provided for Downstream Surge Chamber. Second cavity is aligned

parallel to the power house cavity at a distance of 21m in the downstream
direction and the third cavity is aligned parallel to the Transformer Hall Cavity
at a distance of 21.25m in the downstream direction. The layout of power
house ,transformer hall and Downstream Surge Chamber Cavities and their
approach adits are described in Chapter 14 of Volume | of the Project Report.

The Power House, Transformer Hall and Downstream Surge Chamber cavities
will be located in gneiss with quartzite bands, with a rock cover of about 180m.
The geology of power house area alongwith the design of supporting
arrangement for power house and transformer hal cavities are discussed in
Chapters 6 & 14 of Volume | of the Project Report.

. FEM analysis of these cavities have been carried out by using software

‘PHASES'. For the linear analysis, the finite element model is formulated as
two dirmensional, plane strain problem since all the cavities are long compared
to their other two dimensions.
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2. Objective

The finite element analysis is carried out tor the determination of the state of
siress around these cavities considering rock bolts participaticn with e
foliowing objectives -

a)

b)

d)

e)

To determine the distribution and magnitude of critical stresses around
the cavities.

To locate the tension zones around the cavities for the design of
supports for roof arch and side walls of cavities.

To plot the major and minor principal stresses to understand the overall
behaviour of the rock mass under given in-situ stress condition.

To plot contours of the safety factors around the cavities. The safety
factor is calculated by dividing the rock strength by the included stress
at every point in the mesh,

To check the deformation pattern around cavities by plotting
displacement contours.

3. Assumptions

i)

CrRBNETRTEN TR Ol

Only elastic analysis has been carried out, the load deformation
relationship is assumed to be linear and the parameters viz. modulus
of elasticity, shear modulus and Poisson’s ratio remain constant.

The effects of consolidation of the rocks due to pore water effects or
creep which would cause visco-elastic deformations are not considered.

In computer analysis only one stage of excavation is considered from

the roof to the floor of both the caverns, although the excavation
actually takes place in stages.
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In-situ Stress and Material Properties of Hock

To determine the in-situ field stress at site, the hydro-fracturing tests at two
locations inside the drift leading to Power House Cavity were carried out by
National Institute of Rock Mechanics, Kolar. The results of hydro-fracturing test
taken from final report on "THE IN-SITU STRESS MEASUREMENT BY

HYDROFRACTURING METHOD" are reproduced below :

. Site Location Gver- Vertical Maximum tainimum Ratio Direction
burden Stress Horizontal Horizontal of
(m) z, Stress . Strass k= 0Un
(MPa} g, - Ae) g, Tn
: . {MPa} - (MPa)
Site-t  {RD 188) 269 7.58 379 1.89 0.501 NS E
She 1t (RDA25) 289 7.5% 3.56 178 0470 NiD* B

Based on laboratory tests carried out at site following properties of rock have
been considered for FEM analysis

a)  density of overburden = 2.86 tm® = 0.0286 MPa
b) poisson’s ratio (i) = 0.25
c) Uniaxial compressive strength of rock (o) = 120 MPa

The modulus deformation of rock has been taken as 1,72,670 kgicm? (17,267
MPa) which is based on the Plate Jacking Test carried out in the drift.
However, any increase or decrease in the value of the modulus of deformation
will not affect the stresses but deformations will change.

§d_ealisation of Structure

All the cavities are long compared to their other two dimensions. Hence, a two
dimensional analysis of a body of rock with its plane perpendicular to the main
axis of cavities is considered as representative of important stress and
deformation pafttern to be examined. For the above purpose finite element
maodel was prepared.
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MODEL

The rock immediately surrounding the excavation is modelled using 3-noded
triangutar elements which allow complex material behaviour to be analysed.
The finite element discretization adopted is shown in Figure-1. The total
number of finite elements is 1727 while number of boundary elements are 150.

The finite element mesh for MODEL has been generated keeping a fair
balance between economy and accuracy. For this purpose, 3 noded triangular,
2D-solid iso-parameitric elements are chosen for idealisation of MODEL. Care
is taken to have small dimensions elements near the cavities of machine and
transformers hall where stress concentration is expected. The rock-bolts have
been provided on the side walls and roof of the cavities with following detaiis:

Type of bolts : - End anchored and grouted
Diameter - 25mm / 36mm / 50mm
In-plane and out of plane spacing - 1.5 mclc
l.ength of bolts - in roof - varies from 5m
to 6m
- in side walls - varies from 9m
to 11m
Capacity of one bolt - 112kN / 253kN / 500kN

6. Computer Program and Analysis Philosophy

The computer program, called "PHASES" uééd for the analysis is a standard
1h.;vo-dirn_erisicmal finite-element/boundary element program for calculating
stresses and estimating support around underground excavations. it uses the
three-noded / six-noded triangular-plain strain element in two dimensions. It
has been used for the analysis of several underground caverns and gave
reasonable results.

The main feature of this software is that, it performs hybrid finite analysis in
which the outer boundary of the finite element mesh becomes coupled to a
geometrically coincident boundary element mesh. The purpose of this coupling
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is to model the infinite extents of typical geotechnical problems properly.

The computer analysis considers one stage of excavation from the roof to the
floor of both the caverns, although.program has a option of carrying out
analysis in stages.

The in-situ stress, vertical (7.56 MPa) and average Horizontal (3.67 MPa) are
'applied as input loads to the finite element MODEL. The failure criterion is
consi_ciered as per Hoek-Brown material to estimate strength factors etc. Hoek-
Brown theory involves strength factors ‘m’ {rock mass frictional parameter) and
‘s’ (rock mass inherent strength parameter). The values of ‘m’ and ‘s’ are
considered as '8.58' and ‘0.015 (corresponding to NGI rating of 10)
respectively for metamorphic rocks consist of Quartzite/Quartz Mica Schist or
Mica Quartz Schist. : '

The tensile strength of rock is calculated by the program using formula $;°

(= 0.21 MPa) where o, is the unconfined compressive strength of rock.

In Model, the parameters involved in bolt definition are type of bolt (end
anchared or frictional), diameter of bolt, peak capacity, in-plane and out of
plane spacing of boits. The stiffness of the bolts are calculated by formula -

rd?E

k= —%

where k - stiffness of bolt

- d - dia of bolt
E - elastic modulus of bolt material
L - length of bolt '

The 2~dimensioné!,compqter analysis for the finite element mode! has been

carried out as a plane strain problem. The unit thickness of the rock mass is
considered along the main axis of power house cavity.
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The computer output gives major and minor principal stresses, safety factors
and deflections at every point of the finite element mesh.

7. Results and Discussions

Stresses

The major and minor principal stresses obtained from FEM analysis of Model
are graphically represented in Figs. 2 and 3 respectively. The major and minor
principal stresses at critical points around the cavities are also given in Table-1.

Major Principal Stresses (Figure 2)

The maximum compressive stresses (13.36 to 14.9 MPa) are observed near
the roof of the cavities, however, side walls are subjected to comparatively low
compressive stresses ranging from 8.64 MPa to 9.75 MPa (Refer Fig. 2). The
maximum compressive stress of 14.9 MPa is observed near the roof of the
Power House cavity.

Minor Principal Stresses (Figure 3)

From fig. 3, it can be observed that small tension of the order of 0.071 MPa
oceurs near the bottom of left side wall of the Power House Cavity, however,
no tension develops on the roof of the Power House and Transformer Hall
cavities. The whole roof is under compression.

‘Since the tension developed near the bottom of the left side wall of the Power
House Cavity is very low in magnitude and well below the tensile strength of
rock (0.21 MPa), possibility of any extra support requirement is ruled out.

From Fig. 3 it can also be observed that as we go away from side walls of the
Power House and the Transformer hall cavities the stresses becomes
compressive in nature and keeps increziging in magnitude also. 20 to 30m
away from cavities, the stresses becomes equal to the applied in-situ stresses
(Refer Fig. 3).
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Strength Factors {Figure 4}

The strength factors are lowest (ranging from 1 to 2) near the cavities of the
Power House and the Transformer Hall. The strength factors keep on
increasing as we move away from cavities. The zones of safety factors are
shown in Fig. 4.

Displacements (Figure 5)

The maximum displacements are observed on side walls of the Power House
Cavity, which is in the range of around 1.0cm. However, deflections on roof
varies from 0.8cm to 0.9cm. The: deflections around the Transformer Hall
Cavity are less compared to Power House cavity. '

‘Conclusions

The maximum compressive stress {14.9 MPa) near the reof and maximum
tensile stress (0.071 MPa) near the bottom of the left side wall of Power House
cavity are well below the crushing strength of rock (120 MPa) and tensile
strength of rock (0.21 MPa) respectively. The above results shows that the
systeni itself is capable of sustaining the induced stresses around the cavities,
which eliminates the requirement of providing any steel ribs or cast-in-situ
cement concrete. ' S
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Major & Minor Principal Stresses, Strength Factors and Displacements at salient

points of the cavities:

Table |

Salient Major Principal Minor Principal Strength Max,
Points Stress Stress Factor Displacement
(Nlﬁm‘) {Nf;;;n’) {m)

1 14.120 1.258 1.227 0.006
2 7.022 1015 1.372 0.008
3 14.900 1.297 1.183 0.008
4 8.638 0.047 1.046 0.007
5 11.382 5.026 2.425 0.005
3] 10.120 2.695 1.843 0.007
7 1.132 ~0.071 1.360 0.009
8 12.726 2.829 1.858 0.007
g 8.890 0.055 1.048 0.008
10 13.440 0.817 1.195 0.005
! 4,343 0.620 1.464 0.008
12 13.103 1.848 1.277 0.005
13 11.718 0.148 1.062 0.603
14 14.232 2183 1.417 0.004
18 1.140 -1.271 -0.194 0.008
16 14.408 1.764 1.298 0.004
17 12.384 0.182 1.040 0.003
18 13.367 2.064 1.361 | 0.002
19 5.780 0.620 1.372 0.006
20 13.750 2.187 1.431 0.004
21 8.928 0.104 1.060 0.008
22 13.080 3.379 1.808 0.004
23 12.180 3.457 1.989 0.004
24 9.750 0.110 1.036 0.002

(-} = Tension

(+) = Compression
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8.2 Roof and Wall Support System for P.H, Transformer Hall and VS Surge

Cham

. spn
ey Cogvities:

1. Egtirnation of Bock Pressure

a)

b)

iksrehanmiehap-bi vad

Terzaghi's Approach

The rock mass in the power house cavity has been classifiex under the
category 4 of Terzaghi's table i.e. moderately blocky and seamy vock.
Hence the height of locosened mass can be taken equal i .25 8 to
0.35 (B+H,). The term H, can be ignored as under no circumsiances the
height of unsupported cavity would be more than the width as the cavity
will be excavated in stages. The estimated pressure thus works out
between 1.23 kgfem? to 1.73 kgfem®.

The support pressure criteria developed by Terzaghi were based on
experiences in tunnels supported by steel ribs with wooden bilocking.

This criteria tends to be over-conserveative in the better qualities of rock,
if shotcreting and/or bolting is used as immediate support.

Based on rock mass quality ‘Q’
i} Roof support press{,{re

An empirical equation relating permanent support pressure and
rock mass quality has been given as below :-

i T

Genefally three joint sets are met which are rough and planner.
These two inpuis give the value of Jn = 9 and Jr = 1.5.

For Qu3, P, = 0.68 kgfcm?
For Q=4, P, = 0.62 kg/cm?
For Q=8, P = 0.49 kg/lem®
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i} Wall support pressure

it has been recommended that for intermediate G values (0.1 <
Q < 10) a value of 2.5Q can be used in the equation given
above. The wall support pressure will be as below for varicus Q
values: .

For Q=3, P, ; = 0.92 kg/em?
For Q=4, P, = 0.83 kg/cm?
For Q=8, P, = 0.66 kg/cm®

2. Rock Support interaction Analysis

a)

b)

& Matuienmol g b8, vl

Rock Support System :

Rock bolts and shotcrete will be provided mainly for following purposes:
a) To support maximum estimated roof support pressure

b) To support maximum estimated wall support pressure

¢) .To prevent failures of wedges which may be formed due to
geological discontinuities. '

Maximum support pressures for rock-bolts and shoftcrete lining :
It is proposed to provide 100 mm thick shotcrete and 36 mm dia rock
bolts/rock anchors on the roof arch and the side walls except in the
poor rock zone as stated above. Thé specifications of shotcrete and

rock bolts will be as below:

* Fibre reinforced shotcrete on roof of P/H and Transformer Hall
Cavities

Thickness t, = 10 cm
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Allowable compressive stress o, = 25 MPa

Fibre reirforcad shotcrete on side walls of P/H and Transformer
Hall Cavities

Thickness t, = 12.5 cm
Allowable compressive stress o, = 25 MPa

Fibre reinforced shotcrete on roof and walls of Downstream
Surge Chamber

Thickness t. = 10 cm

Allowable compressive stress o, = 25 MPa

Rock Bolts: Dia = 36mm for Power House and Transformer Hall

Type = Mechanically anchored and grouted rock bolts
Circumferential bolt spacing (S} = 1.5m

Longitudinal bolt spacing (8) = 1.5m

Yield 'stress of bars = 415 N/mm?

Yield load of bolt = 422 kN = 42200 kg

Ultimate failure load (T} = 25320 kg

Rock bolts: Dia = 26mm for Downstream Surge Chamber

Type = Mechanically anchored and grouted rock holts

Circumferential bolt spacing (S = 1.5m
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Longitudinal bolt spacing (8) = 1.5m

Yield stress of bars = 415 N/mm?®

Yield load of bolt = 204 kN = 20470 kg

Ulimate failure load T,; = 12240 kg

Maximum support pressure provided by shofcrete lining will be as

below:

-

(ri - tc )2

2
r;

where r, = radius of tunnel or cavity

While the maximum support pressure provided by grouted rock bolts /

rock anchors will be as helow :

The total support pressures which can be iaken up by the proposed

T.bf

|

support system are given in Table H.

TABLE If
Cavity of Location L, Pocmax P, omax F emax
{em) | (kglem®) | (kglem®) | P =
Pmm
(xg/em?)
Power House Roof 1050 0.237 1.125 1.362
Power House Walis 1050 0.296 1.125 1.421%
Transformer Halt Roof 775 0.32 1.125 1.445
Transformer Hall | Walls 775 0.4 1.125 1.525
DIS Surge Roof and 800 0.331 0.544 0.875
Chamber Walis ’
B6-17




Since the fotal rock pressure supported by shoterete lining and rock-
boits as tabulated above are more than the maximum estimated rock
pressure of 0.66 kg/cm?, it can be concluded that proposed supporting
arrangement is sufficient in resisting deformations induced by the dead
weight of loosened rock as well as those induced by a readjustment of
stress field in the rock surrounding the excavation.

3. Proposed Support System for the Roof and Side Walls of the Machine
Hall and Transformer Hall Cavities

a)

- b)

esdarehamichap-b. el

General

The principal objective in the design of support systemn is to help the
rock mass to support itself. The design of support system should
therefore take into account the interactive nature of the load
deformation characteristics of both rock mass and support system.

The support must be designed to resist deformations induced by the
dead weight of the loosened rock as well as those induced by
readjustment of stress field in the rock surrcunding the excavation.

To achieve these objectives it is proposed to use rock bolts/anchors
alongwith shotcrete .

Apart from being economical and time saving the main advantage of
this system is its adaptability to any changed conditions encountered
during the underground excavation.

Roof Support System

As described earlier use of rock mass classification has been used for -
estimating support requirements. The support system has also been
provided to support potentially unstable wedges or blocks which are free
to fall or slide under their own weight. Based on the rock loads
estimated earlier, the following support system is proposed to be
adopted,
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Power House Cavity

Roof

Side Walls

Fibre reinforced shotcrete 7
Rock bolts (36mm dia) Grid spacing
Length

Fibre reinforced shotcrete
Rock boits (36mm dia) Grid spacing
Length

40 em
1.5m clc
5/6m

12.5 cm
1.5m
9111m

The rock bolts will be ténsioned and grouted. The design load for each
bolt will be 30.5 tonnes using reformed bars having yield strength of
500 N/mm? (Grade Fe-500 of 1S-1786-1985)

One layer of shoterete and rock bolts will be provided immediately after
excavation. The roof profile of the central adit in the machine hail
matches with the final profile of the roof arch. The widening of central
adit on both the sides to complete the roof arch will only be taken up
after providing one layer of shotcrete and rock bolts in the full length.

The second layer of shotcrete reinforced With steel fibres will be
provided after excavation of complete roof arch.

Transformer Hall Cavity

Roof

Side Walls

Fibre reinforced shotcrete
Rock boits (36mm dia) Grid spacing
Length

Fibre reinforced shotcrete
Rock bolts (36mm dia) Grid spacing
Length

10 cm
1.5m clfe
5/em

12.5 cm
1.5m
8/7m

In reaches where the shear zohe crosses this cavity extra rock bolts will
be provided as required.
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Downstream Surge Chamber

Roof Fibre reinforced shoterete
Rock bolts (25mm dia) Grid spacing
Length

Side Walls Fibre reinforced shotcrete

Rock bolts (25mm dia) Grid spacing
Length

B6-20

10 cm
1.5m clc
4/5m

10 cm
1.5m
6/7m2



Chapter - B7

KARCHAM-WANGTOO HYDRO-ELECTRIC PROJECT
HEAD LOSS IN WATER CONDUCTOR SYSTEM

INLET:
Trash Rack Area | 1117.360 m*
Entry losses = 0.5 v?/2g 0.031m
INTAKE:
Velocity through Intake 0.888 m/sec
F lLosses at Intake and Losses due to ' '
S Change in Shape = 0.2v%2g + 0.1 v¥/2g 0.012 m
INTAKE TUNNEL.:
Area of Intake Tunne! V 29.280 m?
Length of Intake Tunnel : 261.000 m
Perimeter of Intake Tunnel 19.280 m
Head Loss due to friction = vn2/R*? 0501 m
SEDIMENTATION CHAMBER:
Length of Sedimentation Chamber 425.000 m
#\  Area of Sedimentation Chamber 204.230 m?
’ Perimeter of Sedimentation Chamber 598.600 m
Hydraulic Radius 3.427 m
Head Loss = v¥na/R*? : . 0.006m
LINK TUNNELS:
(a) Length of Link Tunnels 74.820 m
Area of Link Tunnels 33.180m
R = A/P 1.625 m
Velocity 3.142 m/sec

Head Loss = vind/RY? 0.065m

@uhemiv Rehapbl 00 B7-1



(b}

Length of Link Tunnels
Area of Link Tunnels
R=AP

Velocity

Head Loss = v2n?l/R*?

" HEAD RACE TUNNEL:

Length of HRT
Area of HRT
R=A/P
Velocity

Entry Losses =

Frictional Head Loss = v?n#l/R?

0.1 v¥2g

Bend Losses for 7 no. Bends
=7 x 0.0375 v¥/2g

PRESSURE SHAFT:
Dia of Pressure Shafis

Velocity through Pressure Shafts

Contraction Losses = (v12v2?3)/2g

Bend [.osses for 2 no. Bends

=2 x0.1v¥2q

Frictional Head

Loss = v2nAl/R*

TAIL RACE TUNNEL

Length of TRT
Area of TRT
R= AP
Velocity

Frictional Head

kel b7 00

Loss

=
RYr. 2.4u1e94s

0.0\ %

B7-2

113.910m
50.265 m?
2.000 m
4.148 misec

0131 m

17198.000 m
86.26 m?
262m
4.834 misec

0.119m

18.804 m

0312 m

4.750 m
5.883 m/sec

0.057 m

0.353 m

0.872 m

909m
86.293
2.607
4832

V2n2| lef3

1.000m




Bend losses

Enfrance Losses at Downstream Surge Chamber and
Losses due to entrance contraction and turbulence caused
in downstream surge chamber cum collection gallery

TOTAL HEAD LOSS
Say

Maximum Pond Level
Minimum Pond Level
Weighted Average Pond Level
Normal Tail Water Level
Gross Head

Head Loss

Net Head

B7-3
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0.2 x vi2g

0.238m

0.25 x v¥/2g

0.288m

22.79%m
22.8m

1810m
1789m
1806.73
1508m
298.73m
22.8m
275.93m




ABSTRACT OF COSTS
PART | - CIVIL WORKS

Annexure C-1.1 (B

St Description Amount Annexure Mo,
{in Lacs}
{At Dec. B9
Ba. Price level}
! DIRECT CHARGES: |'Works
1. |A- Preliminary 1,532.00 C-2.1(R)
2. |B-iand 1.483.51 C.2.2(R)
3. [C-Works
3.1iRiver Divefsion Works C-2.3 (R
- Diversion Tunne! 357534
- Cotfer Dams 2,805.67
3.2{Diversion Dam 31,935.53 C-2.4(R)
4, |} - Power plant civil works
4. 1lintake, Sedimentaticn Chambers and Flushing Conduits 38,696.22 C-25 M
4.2|Head Race Tunnel and Construction Adits 82,975.51 C-2.6(R)
4.3]Surge Shaft 7.085.13 C.2.7 (R)
4.4 Pressu.re Shafis and Penstocks 6,088.4] C-2.8(R)
4.5 Power House Complex 15,325.41 C28(R)
4.6|Downstream Surge Chamber, Tail Race and Qutfall Works 9,531.16 C-2.10(R)
4.7|Pothead Yard 170.02 C-2.11 (R)
5. |- Buildings 5,309.75 C-2.12 (R
6. M- Plantation 198.00 €213
7. 10 - Miscelianeous 737920 C-2.14 (R}
8. |P-Maintenance 2,143.60 C-2.15(R)
2. |Q-Spl. T &P (vehicles) 521.00 c.2.16
16. R - Communications 8,718.72 C-217(R)
il X . Environment & Ecology 3,438.83 C-2.18(R)
12. |Losses on Stock @ 0.25% 531.90 C.21% (R
[(1 Warks) - (A Preliminary + B Land + O Misc.
M plantation + @ Spl T& P + X Environment &
& Ecotogy = P-Maintenance)]
| Total of -Warks 229,451.92

Zowigt RARCHAN
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Tivig-

5L Description Amaunt Anngxure No.
B, {Rs. Lacs)
13, |Establishurent ncluding design wing and cost 25,078.52
control cell @ 119 of 'Works less B-Land
14, [T&P (@ 19 of I-Warks) 2,294 52
15, (Receipts and rectveries on capital account {686 643 G220 (R
Total of Direct Charges 256,136.33
Ho [INDIRECT CHARGES
16. (Capitalised vaiue of abatement of land revenue 1.14
(@ 5% of cost of culturable land)
17. {Audit and accounts {@ 1% of I-Works) 2,294 52
' Total of indirect Charges 2,295.66
Totat of Direct and Indirect Charges ~ 258,431.99
Say Rs. 2,584.00 Crores
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Annexure C-1.2 (B}

ABSTRALT QF COSTS
PART I - Generating Plant and Equipment
(P - PRODUCTION)
ShL DESCRIPTION Amount Annexure
Mo, {Rs.in.Lacs) No.
1. |Design, Consultancy Charges 1,000.00
2. |Generating Plant Equipment {(imported):
(a8} Generating plant and accessories 50,885.00 1 C-3.-R1
(i} Custom Duly @22.38% 11,390.30
{ii) Clearing and forwarding chatges @ 1% 508.95
Sub total [A} item 2 62,794.25
3 j(a)Electrical Auxiliary Equipment for Power Station 205460 ¢32.R0} 7
{b)Mechanical Auxiliary Equipment for Power Station. 1.81800 | €-3.3-R1
{c} Excise Duty @16% on3(a} & 3(b} 619.52
{d)Central 5.T. @ 4% on 3(z), ) & @ : 179.66
Sub total [B]item3 4,671.18
41{a) Inland Transportation @ 5% on 2{a), 3(a) + 3(b) 2,738.35
(b) Insurance charges @ 1% on 2(a) , 3(z) + 3(b} B47.67
{c) Erection & Commissioning charges
@ 10% on 2(a), 3{a)+ 3(b) 5,476.70
Sub - Totat [C] tem 4 8,762.72
Sub - Total [D] item 2,3 &4 76,228.15

5 |Sub-station Equipment:

A -Indigeneous

{iy Gen-Transformers, L.As, PLCC & Allied Egpt. 2,820.00 | C-3.4-R1
(i} Excise duty @16% on S(A)}i) 452.64
(i) CST @ 4% on itern 5A{i) & (i) 131.27
. (iv) inland Transportation @ 5% on 5A (i} 141.45
[ (v) Insurance @ 1% on 5A (i) 28.29
{iv} Erection & Commissioning charges @ 10% an 5A (i) 282.50
Sub - Total [E]tem 5 A 3,865.55
B - Imported
(i) 400 kV SF6 Switchgear, SF6 Busducts
& Accessories 16,530.00 | C-3.4-Rt
{ii} Custom Duty @22.38% 3,699.41
{ili)Clearing forwarding charges @ 1% 165.30
{iv} tntand Transportation @ 2% on 58 {i} 330.60
{v} insurance charges @ 1% on 58() 165,30
(v} Erection & Commissioning @ 5% on 58 {i) 826.50
Sub - Total [F]ltem 5B 21,717.11
25,582.66

Bub-Tolal [G] Hem5A & 58
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Annmurs C-1.2 (R}

LR DESCRIPTION Amount Annexure
Mo, {Rs.inLacg} Mo,
§{Plant Handling Equipment
{i} Plant handling equipment 665.00 1 C-3.5-R1
{ii} Excise duty @16% on 6(i) 106.40
{il} CST @ 4% on item 6(1) & (i} _ 30.86
(v} Insurance @ 1% on 6 (i) 6.65
Sub - Total [H] item 6 go8.91 |-
Sub - Tatal {i] item [D]+[G] +[H] 102,619.72
7{Other ltems
{i} Losses on stock @ 0.25% of Sub Total [i] 256.55
(i} Maintenance during construction @ 1% of Sub Total {i} 1.026.20
(i} Third party inspection of equipment charges @ 1% of ;

Sub-Total {I] excluding erection & commissioning

{i.e. 102619.72-5476.7-282.9-826.5= 96033.62} 960.34

{iv} Contingencies for unforseen items @ 3% of Sub Total [f} 3,078.59

(v} T & P charges @ 1% of Sub Totat [} 1,026.20

Sub-Total ltem 7 6,347.87

Sub- Total [J] of iterns 1,2,34,56 &7 . 109,967.59

{vi) Establishment @ 8.0% of J} 8,797.41

Total Direct Charges [J] + {vi) 118,765.00

6. Audit & Accounts charges @ 1% of Tolal Direct Charges 1,187.65
GRAND TOTAL 119,952.65 }

Foreign Component: 155. MUSD 6,742.50

(@ 1 USD =43.50Rs.)

Rupee Component: 5253 MINR 5,252.76
I TOTAL COST in MILLION INR 11,995.26
TOTAL COST OF E&M WORKS 155. MUSD + 5253 MINR Le. Rs. Crores  1,200.00
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Annexure 02,1 (R)

5i. Mo, Hem of Work Gty HAT Rate Amount
{in Rs.} finy Lacs)
(At Des, 89
Price level)
1. |Control survey by Survey of india LS 3G
2. {Purchase of maps from Survey of india LS 3.00
and satellite imaginaries from NRSA,
3. |Detailed topographical surveys for 3¢ Sq.km. 250,000 7500
Diam and reservaoir area, intake and
sedimentation chambsr area, along
tunnet alignment including intermediate
adits, P.H. area and outiet area.
4. |Surveys for quarry sites and borrow 3 Sa.km. 200,006 6.00
areas.
5. |Coltection of Hydro-meteoroiogical _ LS 40.00
Ldatrincluding automatic gauge
recorders and self-recording rain
LT geuges / snow gauges
A b
5. iCollection of silt data and carrying LS 40.00
out tests on sediment and water and
setting silt laboratory at dem site
7.|Purchase of equipment for hydrological, LS 25.00
metegrological and siit observations
8.1Seismotogical observations and LS 25.00
collection of data for seismic designs
9_|Environmental and ecolegical surveys LS 75.00
10.|Geological investigations
{a) Surtace geological surveys LS 50.00
{b) Drilling 3500 m 4,000 140.00
Dam site 1000m ‘
Intake and sedimentation 500m
charmber area
L () Tunnel alignment 1000m
(i) P.H. Complex 500m
(i) Cutlet works 500m
{c} Drifting 750 m 12.000 30.CC
(i) Darn and Intake area 250m
(ify P.H. Complex 500m
599.00

TOTAL {(C/0)
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Annezure C-2 1 (8} {contd)

5i. Mo, fterm of Téork 3y tnit Rate Amount
{ip Ra.} {in Lacs}
{At Uec. 89
Price level)
11 Geophysical Surveys
{&) Dam site LS 500
(i} Along tunnel alignment LS 25.00
12 Construction material surveys including LS 30.00
setting a concrete/soii aboratory at site
13. Rydraulic model studies
(a) Spilling and energy dissipation works LS 30.00
{b) Intake, sedimentation chamber and LS 20.00
flushing conduits
{c) Surge shaft orifice slab LS 20.00
{d) Outiet works LS 20.00
14, Insitu tests on rocks
(a) Tests for determination of modulus LS 30.00
of deformation at various focations
(b) Tests for determination of insitu LS 3C.
stresses at various underground locations
(c) Block shear tests at Dam site LS 10.00
15. Laboratory tests on rock, soil and LS 30.00
constructIun TAHELET A
16. Surveying, drawing and mathematical LS 60.00
' instruments (including distormat and
1 sec theodolites
17, Equipment and vehicles for field LS 60.00
investigations
18. Consultant fees for services to be LS 60.00
rendered by G.S.4
19 Training of engineers LS £0.00
2Q. Preparation and printing of reports and LS 50.00
bulletins
21. Consultants fees for preparation of LS 400, '
project report and other reports
TOTAL 940.00
GRAND TOTAL 1.539.00
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Annexure 0-2.2 (R}

8- land
31, Mo. tem of Work Gty Linit Rats Aemount
{in Rs.} {in Lacs}
{At Bec. 99
Price level)
1. iCompensation for land for permanent works
a) Govt./Forest Land (7 years)
(i} Reservoir submergence 57.08 Ha 121,982 8963
(i) Realignment of NH22 10.00 Ha 43867 4 40
(il Realignment of HPPWD roads 4.88 Ha 205,506 10.02
(iv) Approach road ta BASPA power house 1.88 Ha 204,960 3.85
(v) Read to surge shaft 6.05 Ha 994,595 60.17
(vi) Surge shaft arca 1.00 Ha 315,000 3.15
(vii) Permanent camp at Sholtu 9.60 Ha 251,080 24.10
(viii) Power house area 2.66 Ha 315,595 8.39
Gix) TRT Quifall structure 1.04 Ha 316,190 3.29
(x) Portal of adit to sedimentation chamber Q.46 Ha 18,738 0.09
(xiy Outfall structure of fiushing conduits 0.95 Ha 18,900 0.18
95.60 187.27
{b) Private Land
(i) Reservoir submergence 0.57 Ha 2.348.265 13.39
(i) Permanent camp at Shoftu 09z Ha 315,100 2.80
(iil) For dumping area 2,30 a 283520 .52
: 3.79 22.8]
2 |Lease rent of land for temporary works
(far 7 years period;
¢} Adit to middie of sedimentation chamber 0.78 Ha 18,900 0.14
(i) Inlet adit to HRT 0.52 Ha 18,824 c.10
(i) intermediate adit tc HRT No.l 0.28 Ha 18,630 0.05
{iv) Interrnediate adit te HRT No.2 035 Ha 46,589 0.16
(v} Intermediate adit to HRT Na.3 .54 Ha 47,031 0.25
(vi) Intérmediate adit to HRT No.4 1.80 Ha 315,000 5.67
(vii) Intermediate adit to HRT No.5 0.33 Ha 315,000 1.04
(viii) Aggregate processing plant at Jangi 3.50 Ha 82,152 0.41
(ix) Aggregate processing plant at Tapri 1.4 Ha 315,000 6.11
(x} Quarry site at jangi 3.99 Ha 82,111 328
(xi) Quarry site at Morang 2.36 Ha 82,316 1.4
(xii) Quarry site at Wangtoo 2.38 Ha 315,000 7.50
(xiii} Quarry site at Choling 6.10 Ha 18.208 1.15
(xiv) Surge shaft camp area 3.73 Ha 2,597,887 111.82
{xv) Dumping area (GoviLand} 38.84 Ha 594,650 230.96
64.41 370.59
3. iCompensstion for trees 153.67
{details as per Annexure £.2.2.1)
4. |Cornpensation for Buildings
(a) Government Buildings 400.06
{details as per Annexure C-2.2.2)
(b) Private Bulldings 209.76
(details as per Annexure C-2.2.3
609.82
5. iDemarcation charges @ 1% of items 1&2 581
&. llnterest charges on the amount of award 36.59
for the period between taking over
possession of land and date of award
@ 12% p.a for 2 years an 25% of total compensation
7. |Legal Charges (@ 1% of total compensation) 6.10
8 |Land acquisition charges @ 8.25% 34.01
of items 1 to 4
5. {Solatium charges @ 30% of 6.84
iterns 1 {b)
TOTAL 1.483.51
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Compensation for Trees

Anmexure O-2.2.1

shho. Hame of Tree Ho, of Amount
Troes {in Lacs)
{At Dec, 99
Price javel)
1. |Deodar 139 5,272.691.00
2. |Neoza 274 2,813,596.00
3. |Bray i47 244.885.00
4. jAsh 213 1,310,075.00
5. iBemi & 684.00
6.  {Kunesh & 2,502.00
7. |Vee 128 82,426.00
8. |Robinia 401 41,499.00
2. [|Alunthus a5 4,639.00
10, [Dresk 6 2,148.00
1i. |Popular 23 4,208.00
i2. |[Cheel 81 70,787.00
13. [Eucalyptus 41 135.702.00
14, lAfricot & 7.844.00
15, |Khanor 22 41,346.00
16. |Chuli 81 41,870.00
17. |Fedo 25 4,825,000
TOTAL 1694 10,081,744.00
SALES TAX @ 30% 3,024.523.20
13,106,267.20
ADD INCOME TAX @ 15% 1,965,940.08
15,072,207.28
294,891.01

159, SURCHARGE ON INCOME TAX

TOTAL

15,367.098.29

NOTE: Rates are applicable in H.P.Forest department from the period from April 1999 to March 2000
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Annezure C-2.2.2

{ompensation for Government Buildings

Si. No. Mame of Government Building Plinth Area Rate Amount
in sgm {in Rs.} {inBs)
(At Dec, 99
Price ievel)
1 (HPPWD -Residentiai Building 2045.86 4200000 8592612.00
2 {HPPW[-Non-Residential Building 81449 3800000 3.095.062.00
3 |Anirmnat Husbandry-Residential Building 2886.783 4200001 3.724.476.00
4 NTBP-Residential Building 1036.80 4200.00! 4,354,560.00
5 {HPSEB-Non Residential Building 156.80 3800.00 535,840.00
& iPuolice Deptt. Non-Residential Building 187.70 3800.00 713.260.00
7 [Termporary Shed(PWD) 7893 231400 182,644 .02
8 |Temporary Shed(iTBP) 63.94 231400 158.527.16
9 |Forest Deptt.-Residential Building 557.17 4200.00; 2,340,114.0C
10 |Revenue Deptl.-Residential Building 207.25 4200.00 870,450.00
11 iHerticulture Deptt.-Residential Building 109,28 4200.00 . 458.850.00
12  iPglice Deptt.-Non Residential Building 35.00 3300.00 133,000.00
i Total . 618497 . 25,220,395.18
i Add. 12.5% for internal Electrical Installation 3,152,549.40
Add. 12.5% for water suppy,
& Sanitary fitlings 3,152,549.40
Add. 10% for External services and site
development 2,522,039.52
Total 34,047,533.49
Add. 17.5% deptt. Charges for construction of new
huildings 5,958,318.36
Grand Total . 40,005,851.85
Note:

Based on H.P.P.W.B. Rates as applicable from July,98.
No revision thereafter.
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Ananexure C-2.2.3

Compensation for Private Buildings

Si. Mo. MName of Private Building Plinth Area Rate per Amount
in Sgm Sgm {in Hs.}
{Af bec. 89
Price level)
Residential Building Z488.59 4200001 10452078.00
2 |Mon-Residential Building 1187.74 2314001 2771.570.36
Total 3686.33 13,223,648.36
Add, 12.5% for Internal Electrica! Installation 1,652,956.05
Add. 12.5% for water suppy, ‘
& Sanitary fittings 1.652,958.05
Add. 10% for External services and Site )
development 1,322 364,84
Total 17,851,925.29
Add. 17.5% deptt, Charges for construction of new
buildings 3,124,086.93
Grand Total 20,876,012.21
MNote:

Based on H.P.P.W.D. Rates as applicable from July,38.
Mo revision thereafter.
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RIVER DIVERSION WORKS

Annexure 02,3 (H)

Srass AKRLHAMCREIY DEROL 007 NNE

i, itern of Work Qty, Linit Rate Amount
Mo, {in Rs.} {in Lacs)
(At Dec. 2
Price level)
{AY Diversion Tunnel
1. |Open excavation
a) in soil 26,000 cum 103.00 98.88
by in rock 3,600 cum 370.00 13.32
2, |Underground excavation
a) Upto payling 49,040 cum 1,682.00 824.85
b} Beyond payline 1,960 cum 1.121.60 21.87
Total 51,600 CUIM
3. |Untensioned rock bolts/anchors (25mrem 780 m 514.00 4.79
dia) inctuding drilling and grouting
4. |Tensioned rock bolts/anchors (25rmm 4,725 m 574.0C 31.85
dia) including drilling and grouting
5. |Drilling 45mm dia holes for grouting 6,050 m 403.00 24.38
(contact and consolidation)
6. 1Grouting (contact and consolidation} 605 tonne 13,117.00 79.36
7. |Shotcreting 120 cum 11,386.00 13.68
8. |Mesh reinforced in shotcrete 2,950 kg 71.00 2.09
9. |Shotcreting with steel fibers 880 =g 17,876.00 151.95
10. iSteel rib supports 120 tonne 40,260.00 60,39
11. lDrainage hoies 75mm dia 4,580 m 409.00 18.73
12. |Concrete inciuding cost of cement
a) Portais, intet and outlet structures 11,425 cum 3,844.00 439.18
by Tunnel lining 10,430 cum 4,422.00 481.21
¢) Plug 1,177 cim 3,844.00 45,24
13, [Stes! liners 475 tonne 104,100.00 494,43
14. jinstrumentation LS &00.000 8.00
15. iGabions/stone pitching 6.200 cum £53.00 40,49
16. iDiversion tunnel gates and hoists
a) Embedded parts (2 sets) 2 Set 3.218.000.00 64.36
b) Gates (Zros.) 2 no. 9,950,000.00 199.00
c) Hoists (2 nos.} 2 ne. 5,850.000.00 117.00
d) Hoist bridge and tresties (2 sets) 2 set 3.282,000.00 £65.64
17. {Stee! reinforcement (Fe-415) 500 tonne 24,940.00 124.70
18. [PV seals 150 m 772.00 1.16
19, Metal seals 150 iy 456.00 0.68
20. |Contingencies and work charged staff 5 percent 165.97
@ 5% except on LS, iterns
TOTAL 3,575.34
contd.



Zones)

Sh trem of Work Oty. nit Rate Amount
Mo. (in Rs.} {in Lags}
(Al Dec. 98
- Price level)
{8 Coffer Dams
1. {Open excavation in soil 7,800 cum 13.00 7.73
2. (Concrete cut-off 10,200 M 18,590.00 1.896.18
3. limpervious core 13.590 cum 438.00 59.66
4, Graded filter 9,450 cum 880.00 83.16
5. [Rock fill 52,500 cum 313.00 164.33
6. |Dewatering during construction 64,500 kWh 6.00 3.87
7. |Construction of temporary coffer dam LS 120.00
for diverting river into tunnel
& |Repair/reconstruction of upstream LS 360.00
and downstream coffer dams after
monsoons {3 times)
9. ontingencies and work charged staff 5 percent 110,457
@ 5% except on L.S. items
TOTAL| 2,805.67
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LS

"y



DIVERSION DAM

Annexure £-2.4 {R)

Sk ftem of Work ty. Unit Bate Armount
N {in Rs.} {in Lacs)
{At Dec. 89
Price level)
1. [Open excavation
a) In gravet and boulders 1,148,000 cum 103.00 1,182.44
b} inrock 287,000 cum 370.00 1.061.20
¢y In foundation faults and seams 500 cum 500.0C 2.50
2. iCompacted backiill below Apron 250,000 cum 313.00 782.50
3. lU/G excavation in galleries in abutments 875 cum 2.112.00 18.48
4. Untensioned and grouted rock 45,000 m 483.00 217.35
nolts/anchors {25mm dia) including dritling
5. iShoterete including cost of cement &,000 cum 11.386.00 683.7¢
6. [Mesh reinforcement in shotcrete 110,00C kg 71.00 78.1¢
7. Concreté :
a) Mi5 345,000 cum 3474.00 11,985.30
b} M20 85,000 cum 4,332.00 3,682.2¢
¢) M25 14,000 cum 4,640.00 649.60
8, iSteet reinforcement, Grade Fe-415 4,505 tonne 24,940.00 1,123.55
9, |Drilling for consolidation/curtain 20,400 m 403.00 gz.21
grouting
1¢. |Consolidation and curtain greuting including cement 2,050 tenne 13,117.00 258,50
11. Drilling for Drainage holes 8,370 m 409.00 34,23
12. iMetal pipes and fittings for grout 23,000 kg 48.00 11.04
and drainage holes
13. 1PVC water stops at contraction jeints 1,225 m 772.00 2.46
14. |Copper water stops at contraction joints 940 m 1.230.00 11.56
15. iAsphalt seals at joints 940 m 228.00 2.14
16. |Formed Drains, 20G mm Dia 220 m 72.00 0.66
17. |[Misc. metal work in trench covers etc. 20,000 kg 53.00 10.6C
18. |instrumentation for dam LS 13,000.0CC.00 130.00
19. |Stairs, ramp etc. in body of dam LS 3,000.000.00 30.00
contd.
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Sivg) - RARCHANMREY. DPROCwopr Tinal

&1, item of Work Qty. it Rate Armount
P {in Hs.} fin Lacs)
{1 Dec, 99
Price level)
20, Elevator tower including controt room LS 2.500,000.00 25.00
over staircase shaft
21, iRoorm for emergency D.G. sets L3 1.2580.000.00 12.50
22. iBridge over spiliway 22 1 57,030.00 12.55
23, |Railing at top of dam 356 m 3,000.00 1068
24. lLamp posts 38 no. 10,000.00 3.80
28 iStilting welf including equipment for 1 no. 2,000.000.00 20.00
water level measurement
26, Security and Watch & Ward room LS 1,500,000.00 15.00
incinding control gates
27. iArchitectural treatment LS 1,500,000.00 15.00
28, [Steel liners in the siuices 230 tonne 104,10(}:00 96“"3-;3
3
29. IPassenger-cum-freight elevater 1 no. 1,500,000.00 15.00
1120kg capacity
30. iDewatering 1,000,000 kWh 6.0C 60.00
31. ISiuice spillway radial gates and hoists
a} Anchorages and embedded parts {6 sets) & set 26,910,000.00 161460
by Radial gates (6 nos.) 6 no. 29,250,000.00 1,755.00
¢) Radial gate hoists & set 42,500,000.00 2,574.00
32. {Auxiliary spillway gates and hoists
a) Anchorages and embedded parts (2 sets) 1 set 4,680,000.00 46.80
b) Radial gates (2 nes.) 1 no. 5,688,000.00 56.88
¢) Radial gate haists 1 set 12,480,000.0C 124.80
33, iRemote control equipment for sluice spiliway 1 set 19,500,000.00 195.00
and auxiliary spiliway gates
34, [Sluice spillway stoplogs
a) Embedded parts (6 setsy & set 3,575,000.00 214.80
b} Stopiog units (1 set) 1 no. 23,237.50C.00 25 18
#
35. |Auxiliary spillway stoplogs
a) Embedded parts {2 sets) 1 set 2.145,000.00 21.45
b) Stoplog units (1 no.) 1 na. 4,290,000.00 4280
36. |[Spillway gantry crane
ay Rail and fittings 1 set 2,243,000.00 22.43
b) Crane 1 no. 28.437,500.00 284.38
¢} Lifting beam 1 no. 2.437,5C0C.00 2438
37, Contingencies and work charged staff 5 percent 1,508.91
@ 5% except on LS. items
TOTAL 31,935.53
b Tt



Annexure $-2.5 (R}
INTAKE, SEDIMENTATION CHAMEBERS
AMD FLUSHING CONDIITS

3 Htem of Work Giy. tinit Rate Amount
Mo. fin Rs.) {in Lacs)
(At Dec. 89
Price level}
1. {Open excavation
&} In soil 500 G 103.00 0.52
by inrock 30,000 curm 37000 111.60
2. iUnderground excavation
a) Upto payline 1,153,850 curm 1.682.00 19,407.76
b) Beyond payling 46.150 cum 1.121.00 517.34
Totali 1,200,000 curm
3. |Tensioned and grouted rock 110.0C0 m 574.00 743140
bolts/anchors {25 mm. Dia) including drilling
4. |Shotcrete including cost of cernent 600 curm 11.386.00 68.38
5. |Mesh reinforcement in shotcrete 30,360 kg 71.00 21.58
( ~ 8. S.hotcrete reinforced with steel fibers 1,300 cum 17,876.00 232.39
7. |Steel rib supports 1,340 tonne 40.260.00 539.48
8. |Concrete reinforcement
a) Grade Fe-415 3,330 torne 24,240.00 830.50
by Grade Fe - 300 3,330 tonne 27.434.00 913.55
o |Concrete in surface works
a) Mz20 16,500 cum 4,332.00 714,78
) M25 5CO cum 4,640.00 23.20
10. |Cencrete in underground works
a) M2C 75,000 cum 4,332.00 3,248.00
b} M25 76,000 cum 4,640.00 3,526.40
11. [Drainage holes 75m dia 3,000 m 409.00 12.27
12. |(Drilling for grouting 67,000 m 403.00 270.01
{contact and cansclidation)
. 13, Grouting 5.700 tonne 13.117.00 878.84
(_ } {contact and consclidatien)
14. iStone Masanry 5,500 cum 242200 157.43
1%. ISteel finers in flushing conduits 2.000 tonne 104.100.00 2.082.00
contd.
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S, ttem of Work Jiy. Lini “ale Amount
Mo, {in Bs.} {in Lags)
(AL Dec. 9%
Price lovel}

16. |intake trashracks

ay Embedded parts 4 zet 3.656.000.00 146.24

by Trash rack units 32 no. 533.000.00 170.56
17, lintake gates

ay Embedded parts (4 sets) 4 set 1,287.000.00 51.48

by Gates (4 nos.} & ne. 4,648.000.00 18592

£} Intake gates hoists (4 nos.} 4 ne. 9,750,000.00 390.00
18. liniake stoplogs

a) Embedded parts (4 sets} 4 set 1.287,000.00 51.48

b) Stoplog units (1 set} 1 ne, 5,720,000.00 57.20
19. ilntake trash cleaning maching

a) Rails H set 1,463,000.00 14.63

b} Machine saw type with grab winch 1 ne. 47 45C.000.00 474.50
20. PVC water stops 1,000 m 17200 7.72
21. [Copper water stops 00 m 1,230.00 1173
22, (Instrumentation LS 1,500.000.00 15.00
23, |Sedimentation chamber gates & Crane

a) Embedded parts (4 sets) 4 set 1,287,000.00 £1.48

b) Gates (4 nos.) 4 no.’ 2.860.000.00 114.40

c) Gantry Crane 1 no, 23,322,000.00 233.22
24. |Flushing conduit gates and hoists

a) Embedded parts (4 sets) 4 set 858,000.00 34.32

b) Gates (4 nos.} 4 no. 1,788,000.00 7152

) Hoist 4 set ©,500,000.00 260.00
25 [Remote control equipment for LS 19,500,000.00 195.00

sedimentation chamber and flushing

conduit gates
26. |Other misc. iterns Deleted .00
27. iDewatering 300,000 KWh 1000 30.0C
28. [Contingencies and work charged staff 5 percent 1,837 1%

@ 5% except on L. 5. iterns J

TOTAL 38,696.22
C16
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HEADRACE TUNNEL & CONSTRUCTION ADITS

Anmexirs S.2.8 (7

&1, item of Work Oty Unit Hate Amount
o, {in Hs.} (i Lacs)
(AL Dec. 59
Price level}
1. |Dpen excavation
#} In soif 2,500 cum 103.00 2.58
by inrock 14,500 curmn 370.00 5385
2. |underground excavation
ay Upto payline 2.004.020 cum 1,682.00 33,707 82
b) Bayond payline 80,164 cum 1,121.00 89564
Totaif 2.084,184 cum
3. iuntenstoned and grouted rock 4,270 m 614.00 26,22
solts/anchors (25mm dis) including drifling
4. |Tensioned and grouted rock 361,000 m 674.00 2,433 14
boits/anchars (25mm dia} including driling
5. iShotcrete 574 cum 11.386.0C £5.41
& IMesh reinforcement for shotcrete 14,510 kg 71.00 10.30
7. iShotcrete with steel fiber 56,725 cum 19,664.00 11,154.40
reinforcermernt
8. |Steel rib supports 4,907 tenne 40,260.00 1,875.56
g. |Drilling for contact and consofidation 216,720 m 403.00 873.38
grouting '
10. |Grouting (contact and conselidation) 21,672 tonne 13,117.00 284272
11. |Drilling for drainage hales 14,200 m 405.00 60.94
12, Dewatering 1,891,000 kWh 1000 189.10
13. |Concrete
a) Portals (M20) 2,450 cum 4,332.00 106.13
p) Adits (M15) 5,610 cum 3,474.00 194.89
ley Tunnei lining (M25) 492,632 cum 4,640.00 22,858.12
d) Plugs (M20) 8,737 cum 4,332.00 378.4%
14. |Steei reinforcement (Grade Fe-415) 1,000 tonne 24,940.00 249 40
15. |Stone mascnry 3,500 cum 2422.00 84.77
16. |vehicle access gates in adits
a) .Embedded parts including 3 set 772,000.00 23.16
lacking device {3 sets) ’
t) Gates {hinged type) (3 ros.) 3 ne. 1.544.,000.00 46.32
17. |Ermbedded drain pipes and valves 1 set 3,250.000.00 32.50
(Dewatering arrangement for HRT)
18 |Collapsible shutters 7 ne. 200,000.00 14.00
19. linstrumentation for HRY ¢ LS 3,000,006.00 30.00
20. |Provision for shear zones and bad LS 75,000,000.00 750.00
reaches
21. iContingencies and work charged staff 5 percent 3,9:14.07
@ 5% except on LS. items
TOTAL 82.975.51
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Anrexure 5-2.7 I8}

Ty

Ty MARCHAN Ay DPROGCps ndl

SURGE SHAFT
sh ftem of Work Gty. Uit Hale Amaonnt
Mo, fin Hs.} (in Lacs)
(At Dec. 82
Price level)
1. Open excavation 2,100 CRITFY 103.00 2,15
2. |Underground excavation
a) Upto payline 94,040 cum 2.282.00 214558
b Beyond payling 3,760 cum 1,621.00 57.19
Total 97,800 curm
3. |Tensioned and grouted rock
bolts fanchors including drilling
a} 25mm dia 33,500 m 674.00 225.79
b) 32mm dia 33,500 m 682.00 228.47
4. |Shotcrete 740 curn 11,396.00 84.33
5. |Mesh reinforcement in shotcrete 17,730 kg 71.00 12.60
&. |Shotcrete with fiber reinforcernent 370 Curm 19,664.00 72 '")
7. [Steet rib supports 500 tonne 40,260.00 201.30
8. |Concrete (M25) 13,650 cum 4,640.00 833.36
9. [Reinforcerment
a) Grade Fe 415 2,200 tenne 24,940.00 548.68
b) Grade Fe 500 1,475 tonne 27,434.00 404.65
10. |[Drainage holes 3,600 m 409.00 14.72
11. [Drilling tor contact and conseolidation 10,160 m 403.00 A0, 70
grouting
12. {Contact/consclidation grouting 1,025 tonne 13,117.00 124 .45
13. |Sandwitch steel liner 1,235 tonne 104,100.00 1.285.64
14. iSteei liner in orifice sisb and gate 135 tonne 104,100.00 140.54
groaves elc.
15. lAirvent pipes 500mm dia 382 m 3.532.00 17
v
16. |Slope pretection and drainage works LS 2,000.000.00 20.00
17. |Stone masonry 2,700 cism 2,422.00 65.38
18, |Steel piatform at top 40 tonne 50,000.00 : 20.00
19, |[Surge shaft stoplogs gates
a) Embedded parts (& sets) 4 set 3.861,000.00 154 .44
b} Stoplog gates (2 nos.) 2 no. 5,005,000.00 100.10
20. iRadially traveling hoist for handling
stoplog gates along with lifting beam 1 no. 14,300,000.00 143.00
21. iContingencies and work charged staff 5 percent 336.43
@ 5% except on LS, iterns
TOTAL 7.085.13
-
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PRESSURE SHAFTS AND PENSTOCKS

Annexure $-2.8 (B

Sleest KASLSAn REYV. DPRGE dar tnp

sl tters of Work 3y, tinit Rate Agviount
Mo, {in Hs.} €in Lacsy
(AL Deg, 99
Price leveD)
1. JUnderground excavation in pressure
shafts and valve chamber
a) Upto pavline 50,000 curn 271200 1,356 .00
by Beyond payline 2.000 curr 1,80800 36.16
Total 52,000 eum
2. |Tensioned and grouted rock
bolts/anchors (25 mm Dia) including drilling 37,400 m 674.00 252.08
3. |Steel rib supports 200 tonne 40,260.00 a0.52
4, Shotcrete 200 cum 11,3%96.00 56.98
5. iMesh reinforcement for shotcrete 25,500 kg 71.00 18.11
6. [Shoterete with fiber reinforcement 1,080 curn 18,664.00 212.37
7. lDrilling for consolidation and contact 2,300 m 403.00 8.27
grouting
8. |Cement Grouting {Consolidation and 230 tonne 13,117.00 30.17
Contact)
9. |Penstock steel liners 2,724 tonne 1C4,100.00 2,835.68
{ASTM AS37 Gr 1 steel)
10. iinstrumentation LS 2,000,00G.00 20.00
11. |Steel reinforcement (Fe-415) 830 tonne 24,940.00 207.00
12. |Concrete (M20) 15,815 CLHTY 4,332.00 685.11
13. |Centingencies and work charged staff 5 percent 288.97
@ 5% except on L.S. items
TOTAL 6,088.41
C.lg



POWER HOUSE COMPLEX

Annexure C-2.2 {(R)

Sh Hem of Work Oty Lait Rate Amount
Mo, {in Rs.} {in Lacs)
(AL Dec, B9
Price lavel)
1. iDpen sxcavation
a) I soif 7.000 cum 10300 7.2%
B) inrock 14.000 cum 370.00 51.80
2. luUntensioned and grouted rock anchors
25mm dia including drilling 7.240 m £14.00 4445
3. lUnderground excavation
) Approach adits and construction adits
a) Upto payline 139,425 cum 2,682.00 3,739.38
b) Beyond payiine 5.575 cum 1,788.00 99.68
Totai 145,000 curm
“H) Cavities
a} Upto payline 178,710 cum 1.682.00 3.005.80
b) Bevond payline 7,150 cum 1.121.00 80.i15
Totai 185,860 cum
4. |Tensioned and grouted rock
bolts/anchors inciuding drilling ! i
a) 25mm dia 61,73C m 674.00 416.06
b} 36mm dia 74,000 m 738.00 546.12
5. |Dritting for consolidation and contact 1,575 m 403.00 6.35
grouting
6. |Grouting (contact and consolidation) 160 tonne 13,117.00 20.99
7. |Shotcrete 400 cum 11,386.00 45.58
8. |Mesh reinforcement for shotcrete 10,120 kg 71.00 7,18
G, |Shotcrete with steel fiber 12,11¢ curn 19,664.00 2,381.31
reinforcement -
10. iDrainage heles (NX holes) 26,100 m 409.00 106.75
11. {Concrete
a) M-15 9,653 cum 347400 335.35
by M-20 3G,429 cum 4,332.00 1.318.18
¢y M-25 2,345 cam 4,640.00 107 731
y)
12, |Steei Ribs 220 tonne 43.280.00 88.57
13, |[Steel reinforcement :
Grade Fe 415 2.840 tonne 24.840.00 608.54
contd..
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Tiurs)

E{ trerm of Work Gty nit Rate Amouni
M. tin Rs.} {in Lacs}
(AL Dec, B9
Price level}

14. {Copper/metal seals 350 rn 1.230.00 4,31
1%, |PVC seals 400 m 77200 3.04
16, iMisc. metal work and M.S. pipes 122,160 kg 53.00 54.74
17. Gratings and Covers 170000 kg 532.00 010
18, |Aluminium doors and windows LS 1,500,000.00 15.00
19, |water supply and sanitary fillings L3 1,500,000.00 15.00
20. |False ceiling of aluminium/metal in 3003 sqm 2,500.00 75.08

P H. Cavern
21. |EOT Crane raiis 522 m 5,000.00 26.10
22. |Transformer rails 378 m 5,000.00 18.80
23. iInstrumentation LS 3,000.000.00 30.00
24 |Dewatering 418,000 kWh 10.00 41.80
25. |Rolling shutters and coliapsible LS 1,000,000.00 10.00

shutters
26. [Architectural features in P.H. Complex LS 2.500,000.00 25.00
27. |Architectural treatment outside approach adits LS 1,000,000.00 10.00
28. [Security guard rooms LS 1,500,0C0.60 15.00
29, [Stone Masonry 2,275 cum 2,422.00 85.10
30. iFabrication steel work in cable shaft 35G,000 kg 75.00 262.50
31. 120m Rock Anchors of 80T capacity 11,300 RM 4,800.00 842.40
32. iDraft tube gates

a) Embedded parts (2 sets) 4 set 1,609,000.00 64,36

b) Gates (2 nos) 2 ne. 3.575,000.00 71.50

¢) Gate aperating crane with lifting beam 1 no. 14,300,000.00 143.00
33. iContingencies and work charged staff S pereant 72407

@ 5% exceot on L.5. iems

TOTAL 15.325.41
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DOWHNSTREAM SURGE CHAMBER,
TAILRACE AND OUTFALL WORKS

Apnexure 210 (8}

Chash XARCHARNREYV.DPROO apr sl

SE item of Work Gy, Unit Rate Amount
No. {in Rs.j {in Lacs}
{Al Dec. 29
Price level)
1. |Open excavation
a3 tnosoil 5.000 curm 103.00 .15
by inrock 10,000 cum 370.00 37.00
2. {Underground excavation
a) Upto payline 235,195 cam 1.682.0C 3,955,98
b) Beyond payline 9,405 cum 1,121.00 105.43
Total 244,600 curm ’
3, fTensicned and grouted rock
bolts/anchors including drilling
28mm dia 82,790 m &874.00 558.00
5. |Drilting for consolidation and contaet 12,350 m 403.00 49.77
grouting
6. |Grouting {consolidation and contact} 1.235 tonne 13,117.00 151 }‘
7. |Shetcrete 100 cum 11,396.00 11.40
8 {Mesh reinforcement for shotcrete 1,300 kg 71.00 0.92
8. |Shotcrete with steel fiber 5,440 cum 19,664.00 1,089.72
reinforcement
10. |Steel Ribs 330 tonne 40,260.00 132.86
11. {Concrete
a) M-15 29,182 cum 3,474.00 1,013.78]
hy M-20 28,771 cum 4,332.00 1,246.36
12. |Steel reinforcement
Grade Fe-415 1,200 tonne 24,940.00 299.28
13. |Copper/metal seais 450 m 1,230.00 5.54
14. |PVC seails 450 m 772.00 3.47
H
15. IMisc. metal work and pipes 1,510 kg 53.00 o
16. iStene masonry 210 cum 242200 5.09
17. iGrouted boulder pitching 300 cum 666.00 2.00
18 |Qutlet gates and heists
a) Embedded parts (2 sets) 2 set 1.608,000.00 32.18
by Gates {2 nos.) 2 ne. 4,290,000.00 &85.80
¢} Electrical hoists Z no. 5.850,000.00 117.00
d) Trestles and hoist platform ( 2 seis) 2 set 3.218,000.00 64,36
19, |Dewatering 248,400 kWh 10.00 84,84
20. |instrumentation LS 1.500.000.00 15.00
21. |Stilling well and tail water level LS 1,50C.000.00 15.00
measuring instruments
22. |Contingencies and work charged staff ‘5 percent 452.44
@ 5% except on L.S, items
TOTAL 9.531.16
o2z



POT HEAD YARD

Anmexure C-2.101 (R

EIR ftem of Work Giy. Ut Rate Amount
Mo. (in Rs} {in Lacs)
(AT e, 95
Price level)
i, i0pen excavalion
a) in saoil 1.000 cum 103.00 1.03
b} Inrock 8500 CLI 37000 31.45
2. [Concrete
a)y M-15 1,210 cum 347400 4204
by M-20 300 eum 4.332.00 13.00
¢y M.25 115 cum 4,640.00 5.34
3. |Steel reinforcement (Grade Fe-415) 150 tonne 24,940.00 37.41
4. PVC seals 150 m 772.00 1.1
5. {Metal seals 150 m 456.00 0.68
6. Metal work in trench covers and grating 15,000 kg 53.00 7.88
7. iStone rmasonry 510 cum 2,422.00 i2.35
8. iFencing and gates LS 1,500,000.00 10.00
S, |Contingencies and work charged staff 5 percent 7.62
) @ 5% except on L.S. items
TOTAL 170.02
T 23
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Annsxure O-2.17 (R
K- BLHLDINGS

Sh ftam of Work Gy, Linit Rate Arnount
Fo. {in Hs.} {in Lacs}
{At Dec, 59
Price lavel}
1. |Residential bulidings
(23 Permanent residential buitdings 18002 Sam . 1.35468
{b) Ternporary residential buitdings 36220 Sgm - 1.687.81
2. |Nonresidential buildings
(a) Permanent non-residential buiidings 22200 Sgm - 1,738.82
{b) Temporary non-residential buildings 12500 Sgm . 51844
3. |Guest house and offices at Shimla/Delhi
(a) At Shirnla Deleted - 0.00
() At Delhi Deleted - 0.00
TOTAL 5.300.75

Note: The break up of Costs for different category of buildings and requirements
of buildings are given in Annexures 2.12.1, 2.12.2 & 2.12.3.
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BHREAKLUP OF COSTS FOR

CONSTRUCTION OF BUILDINGS

Annexure C-2.32.1 (R

Sh item of Work Gy, Unit Rate Amount
Ne. : {in Rs.) gin Lacs)
{At Dec. 99
Price level)
A [RESIDEMNTIAL BUILDINGS
1. iPermanent Residential Buildings
Building Cost 15,002 Sqm 7,000 1.050.14
Internal sanitary installation @ 5% ' 55 51
Internai water supply @ 5% 52 5]
internal electrical installation @ 7% 73.51
Lawns, gardens & fencing @ 2% 21.00
Development of site including making of 105.01
terraces and revetments @ 10%
1.354,68
2. [Temporary Residential Buiidings
Building Cost 36220 Sam 3,750 1.358.25
internal Sanitary Installations @ 4% 84,33
internal Water Supply @ 4% 54.33
tnternal electrical installation @ 5% 67.91
Lawns, gardens & fencing @ 2% 27.17
Development of site including making of 135.83
terranices and revetrments @ 10%
36220 1,697 81
R NON-RESIDENTIAL BUILDINGS
1. |Permanent Non-residential Buildings
Building Cost 22200 Sam 6,500 1,443.00
Internal water supply and sanitary 72,15
fittings @ 5%
Internai electrical installation: @ 3.5% 50.51
Lawns, gardens & fencing @ 2% 23 86
Development of site including making of 144.30
terraces and revetments @ 10%
1,738.82
2. |Ternporary Non-residential Buildings
Building Cost 12500 Sgm 3.500 437.50
Internal water supply and sanitary 17.50
fittings @ 4%
internal electrical instailation @ 2.5% 10,84
Lawns, gardens & fencing @ 2% 875
Devatopment of site including making of
terraces and revetmeants @ 10% 43.75
518.44
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Amnexure O-212.2 ()

ABSTRACT OF
RESIDENTIAL BUILDINGS
Sl Mo, Type of Residence Nos, Plinth area Tatal plinth
arsa
Sgm Sam

1. ‘Permanent Residences at Sholtu

vl z2 121 242
v 10 160 1600
v 10 106 1060
i 30 61 3050
3] 125 46 5750
f 160 33 3300
15002

2. [|Temporary residences at various work
sites (Darn site intermediate adit sites,

and PH site)
v 20 108 2120
1. 100 63 6100
i 250 46 11500
i 500 33 16500
2. {Temporary labour huts at various sites Deleted . 0
36220

Note:
1. The plinth area of various categories of residences have been taken

2s per drawings of HPSEB,

2. Perranent buildings have been provided for the 0&M staff after cornmissioning of
the project. During construction period, these will be used for the construction staff,

'3
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Annexure C-2.12.2 (R}

ABSTRACT OF
HOM-RESIDENTIAL BUILDINGS
51 Mo. ’?ype ot Residencs Hos. Plinth arsa Fotal plinth
area
Sam Sqm
A, Permanent buiidings st Sholtu
1. iOffices 1 6000 000
2. iRest house 1 250 250
3. iField hostels 3 500 1500
4, iTransit carrip 1 250 250
8. 1Qut-houses and garages sic. 1 500 500
&, iTelephone exchange 1 50 50
7. iFire station 1 100 100
8. iPolice post 1 100 100
9. |Primary school 1 800 6800
10. |[Hospital 1 800 &00
11. |Officers’ Club 1 200 200
12, |Staff Club 1 150 150
13. iRecreation Centre 1 150 150
4. iBank 1 100 100
gj 15, 1Post Office 1 100 100
" 16.  iModel 1 300 300
17. IMaternity and Child Weifare Centre 1 200 200
18. |{Bus Stand 1 50 50
19. iMarket 1 150 150
20 jPermanent Guest house at Shimla i 2550 2550
21 |Permanent office building at Delhi 1 8300 8300
22200
B. Temperary buildings at various sites
1. ITransit camps at Katka and Shimta 2 250 500
2. [Field Offices 10 50 500
3, |Central stores 1 5000 5000
4, [Cement workshop 1 AQ00 4000
5. [Steres at rail head 1 2000 2000
6. !Field testing laboratory 1 500 500
12500

2
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Annexure 0-2.13

M - PLANTATION

st ftem of Work Qty. Linit Rate Armiount
Ko, {in Rs) (in Lacs)
(AL Dec, 899
Price lovel)
1. iPlanting of trees on roads, work sites, 100000 No. 50 50.00
and Camp sites ete,
2. {Developrment of parks and nurseries L.S. 30.00
3. |Labour charges for protection of 1) Year 1.800.000 108.0C
piantation for & vears
TOTAL 198.00
ey RARTHAMRIV DPRGC oar hnat C.28



Annexure 02,14 (0}

{1 - Miscellanzous

Sk ftem of Work Qty. Unit Rate Amount
Ho. {inRs.) {in Lacs)
(At Dec. 89
Price jevel}
1. |Camp facilities in various residential and
non-resicertial areas
a) Eiectrification and lighting LS. 250.00
b} Water supply purification and distribution L5, 180.00
¢) Sewage disposal and storm water drains LS 180.00
2. |Maintenance of various services during
construction period
i¥|Electrification and lighting & year 2.200,000 132.00
iiy|Water supply purification and distrivution & year 1,106,000 66.00
i} Sewage disposat & year 900,000 54.00
iv)|Recreation facilities 6 year 1,500,000 90.00
v)|Medical facitities & year 2.200.000 132.00
viy| Telephone services & year 900,000 54.00
vii}|Security arrangements & year 900,000 54.00
h viil} |Fire fighting arrangernents & year ' 600,000 36.00
: ix) [|Running of inspection vehicles & year 7,200,000 43200
(Annexure C-2.14.1(R)}
x) |Running of vehicies tor transport ot staft © year 4 200 200 20
to work sites {(Annexure C-2.14.1(R)
%1} |Running of school buses & year 900,000 54.00
(Annexure C-2.14.1(R)}
xil} |Running of pay van, ambulance etc. & year 720,000 43.20
(Annexure C-2.14.1(R})
3. |Visit of dignitaries L.S. 15.00
4. {Visual and photographic record of works L.S. 30.00
5. {lnaugural and dedication ceremonies L.S. 15.00
6. |Compensation to workmen and L.S, . 400.00
retrenchment carnpensation
7. |Anti-malaria measures Deleted 0.00
8. |Models and exhibits L.S. 30.00
v
k ' 9, |Publicity, information and public refations 6 year 600,000 36.00
10. {Subsidy to schools & year 600.000 36.00
11. iCanteen facilities and cooperatives & year &00.000 36.00
12. Running of guest hcuses/transit. camps [ year 1,800.C0C 108.00
13. lPurchase of technical literature, bocks etc. L.S. 30.00
14. IPurchase of computer system for
desipn offices
_a)iHardware L.S. 300.00
)i Software L.S. 200.00
N 15. iwireless and satellite communication fagilities 6 year 1.500.000 90.00
contd.

L
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SL tem of Work Oty Unit Rate Amount
Mo, fin Bz} {ig Lacs)
{At Dec, 859
Price level}
16, |Providing flood warning systemn L.S. 2000
17. [Purchase of photographic and cinemato- LS. 30,00
graphic and other equipment
18, {Purchase of fire fighting equipment at LS. 60.00
work sites and camp area
19, |Installation of telephone facilities at the LS. 2000
work sites and camp area
20, iInsurance of civil works during L& 1,500.00
canstruction period
21. |Construction power arrangements L.S. 2,286.00
(Annexure C-2.14.2(R))
22 |Preparing completion report & history of project LS. 50.00
TOTAL 7.37920 |
Y
F
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Funning Charges of Transport Yehicles

Annexure

£-2.34.3 ()

1, Mo. ltem Mo, of km per Hate per Cost/month | Cost/ year
Yehicles month km per vehicle | pervshicle! per year

(Rs.} {Rs.) {Rs, Lacs) | {(Rs. Lacs)

1. linspection Vehicles {cars & jeeps} &0 2500 4 10.000.00 1.2 72

2. {Transport Vehicies (buses} 12 2500 125 31.250.00 3.75 45
3. |School buses 4 1500 12.5 18,750.00 2.25 9
4, [Running of pay vans and ambulances 4 1500 10 15.000.00 1.8 7.2
TOTAL 133.2

[
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Anneyurs C-2.15 (8

P - Maintenance

Assume cost of P-Maintenance = B3 X Lacs

Assume losses enstock = Rs Y Lacs

Provision against P-Maintenance = 1% of {1 Works) - (A Preliminary + B Land + O Miscellaneous + M plantation
+ Q Spl T& P + X Environment & Ecology + Y Losses on stock)]

X =19 of [ { 226,776.42 + X + ¥ -( 1,539.00 +
1,483.51 + 7,379.20 + 19800 +  521.00 +
3438.83 + Y D ) F
X =19 of[ 22677642  + X - 1455954 ]

089X = 212,216.88

X = 21438048

= 2143.60483
SayRs. 214360 Lacs

Consl RARCHAM: REV DPRON eor_fial .36



Annezure 0-2.18

{3 - Special TEP {Vehicies)

51, e of Work Qiy. Unig Hate Amount

Mo, {in Rs.} {in Lacs)
{At Dec. 99
Price level}

1. Ec ars 20 NG, 500,000 100.00

2. ilesps 25 Na. 500,000 125.00

3. [Station Wagons 15 No, 600.000 S0.00

4. iShift buses _ 12 No, 1,100.000 132.00

5. |School busss 4 Na. 1.100.000 44.00

&. Cash vans 2 No. 750,000 15.00

7. jAmbulances 2 No. 750.000 158.00

TOTAL 521.00

{af
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Amnexure £-2.17 (B
R-Communications

EiN Hem of Work Gy, Linit ’ Rate Amount
Ho. {in Rs.) {in Lacs}
(AL Dec. 99
Frice level)
A. Construction of new roads

(Annexure C-2.17.1(RY)

1. |Excavation in overburden 206210 cum 103.00 210.34
2. |Excavatien in rock 653470 cum 370.00 2,417.84
3. [Masonry work in retaining walls and 61260 cum 242200 1,483.72
breast wals
4. iMetalling and painting 175620 sgm 250.00 433.05 .
5. {Culverts and drains _ LS. 40,000,000.00 400.00
6. |Temnporary roads to quarry site ) 5 km 1,000,000.00 - 50.00
B. Construction of Bridges
(Annexure C-2.17.2(R))
1. |Excavation inoverburden 1380 cum 103.00 142
2. iExcavation in rock 800 cum 370.00 2.96
3.  iConcrete (M-20) in sub-structure 3815 cursn 4,332.00 165.27
4, [Reinforcement 113 tonne 24,540.00 2818
5, [Steel work in super.structure 1480 onne 53,000.00 789,70
&, |Decking and roadway surface 2705 sqm 5,000.00 135.25
C. Impravernent of existing roads
1. |improving the road between Jahkri and 50 km 1,200,000.00 600.00
Wangtoo for plying 100T trailers :
2. _|improvement of Wangtoo-Katgaon Road a km 500,000.00 4540
3. |Construction of tunnel on NH22 700 m 250.000.00 175006 ¢
to bypass Urni slide
D. Raitway siding at Kalka LS. 20.000,000.00 200,00
(Annexure C-2.17 3(R))
TOTAL 8,718.72
38

ot -KARGHAR  PEY DARD0dp: tinal



Annexure 2,17.1 (R)

Construction of New Roads

S.Mo. [Description Oty
1 Road to surge shaft 4.00 Km
2 {Re-alignment of NH-22 5.50 Km
3 liy Re-alignment of Karcram -Sangla road 2.00 K
ity Re-alignment of Karcram-Sapni road 1.00 Krn
iily Re-alignment of appraach road to Baspa power 1.25 Km
house to replace existing Karcham-Sangla road
ivy Road to sedimentaticn chamber adit 0.30 Km
v} Road to outfall structure of flushing tunnel of 0.30 Km
sedirmentation chamber
vi) Road to inlet adit 0.10 Km
vii)} Road to Adit No.3 0.15 Km
viii} Road to Adit No.4 1.00 Km
ix} Read from wangtoo Lridge to power house 0.50 Km
x} Road from Bailey suscansion bridge to wangioo 0.50 Km
power house
xi) Road in Rarang coicry on wangtoo-katgaon road 0.80 Km
xH) Road from Tapri hrizze top Sholtu colony 1.00 Krm
" T xiii) Approach road to ferast area at Sholtu ' 1.00 Km
. Sub-total of iterm No.3 9.90 Km
S.No. [Quantity of Work Road to Re-alignment Item No.3 Total
Surge shaft of NH-22 Quantity
1 Excavation in overburden (On Cum) 40000.00 60000 104210 204,210.00
2  |Excavation in Rock (in Com) 120000.00 200000 333474 653,474.00
Say| 653,470.00
3 |Masonry work in retaining waiis and breast walis 16000.00 20000 31263 61,263.00
(in Cumn} : Say; B61,260.00
4 |Metaliing & painting (in Sgm) 36000.00 50000 89621 175,621.00
Say| 175,620.00
e
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Anngxtre O.2.17.5 (R

Rallway siding et Kalka

5L, He,! Hams of Yotk Qiy Unit i Rate i Arnonnt
{int H5.3 {in Lacs)

1. iLaying of track LS. 3,000,000 30.00

2. | Providing gantry crane for unloading L.S. 5,500,000 BE 00

3. |Making platform and drains ete. L.S. 1,500,000 15.00

4.  {Making raiiway siding and drains etc. LS. 5,000,000 50.00

5. (Fencing efc. L.S. 1,000.0600 10.60

6. |Rent to be paid to railways for 7 years LS. 3800,000 35.00

7. |Other miscellaneous works LS. 500,000 5.00
Total . . 200.00

[
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Anmexure C-2.18 (R
X - Environment, Ecology and Afforesiation

51 ] Hem of Wark ] Qty. Unit Rate Amount
Mo, fir 5.} {in Lacs}
{At Dec. 95

Price level}

1. (Provision for maintaining environmentat
and ecological balance of the eres

a) {Reclamation of quarry and borrow areas L.S3. 35.00
by  [Wild life protection L.5. 25.00
¢y iPisciculiure Deleted Q.00
d) [Picnic spots etc. Deleted 0.00
¢} [lLandscaping ete. Deleted .00
2. |Compensatory afforestation 320 Ha 20,000.00 256.00
3. |Public health measures LS. 50.00
4. iSubsidy towards firewood, fuel ete. L.S. 100.00
5. |Treatment of catchment area for prevention . 2.972.83

of soil erosion, afforestation etc. as per
CAT pian 1.5% of cost of { C - Works + J - Power
Flant civil works ]

TOTAL 3,438.83
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Appexure O-2.19 0

L.osses on stock

Assume losses on stock = As. Y lacs

Losses on stock = 0.259, of [(1 Works) - (A Prefliminary + B Land + ¢ Miscellaneous + M plantation
+ O Sp TA P + X Drwironment & Ecclogy + ¥ Meintenance)}

Y =025%o0f[ (22892002 + Yy - ¢ 153900 + 148351 +
737520+ 198,00 + 521.00 +  3.43883 +
214360 )]

Y =025%o0f[ (22892002 + Y - 1670314 ]

0.9875 ¥ =530.54

Y = 531.87188
SayRs. 53180 Lacs

(&)
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Annexure C-2.20 (R}

Feceipls and Hecoveries on Capital Account

St Mo, tem of Work Gty Unit Rate Amount
£in %3 {in Lacsy
{At Dec, 89
Price tevel)
1. |Resale/transier of Special T&P £23-60 o bdlales -20% 420
2. {Resale/transfer of temporary 1,697.81 % 15% 254.67
residential buildings
3. [Resale/transfer of temporary 51844 %% 159, 77.77
non-resigentiaf buiidings
4. iResale of construction power arrangement {Diesel set 6 MNos. 209, 240,00
& Mos.@ Rs.200 lacs each
5. |Dther misc. receipts and recoveries L.S. 1,000,000 10.06
TOTAL —586:64—

SE0. 4l
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Appendiz C-21R1

Generating Plant and Accessories

Sl.No. Description of equipment Qty Unit Unit Rate Amount USD
Ush

Design, manufacture, testing and supply CIF \
Mumbai of :

{a) Vertical Francis turbine rated
255MW, 214.3 rpm, 273.5m head

{b) Turbine Model Test for above

{c) Goveming System including Qil
pressure sysfem and compressed air

systern
— .
Q (d) Spherical valve 3200mm and

auxiliaries

{e) Penstock butterfly valve 4000 mm
and auxiliaries 116.87 116.87

() Vertical shatt, 250 MW, 15.75kV, 0.9 4x250,000 | kW (As per Million

Appendix

p.f., synchronous generator, static
excitation system and auxiliaries. 3.1.1)

{g) Busducts and terminal equipment
(h) Cocling water system

(i) Drainage and Dewatering system
(i Computerised Data Acquisition and

control system

(k) Generator and fransformer
) protections

{) Spares, lubricants, special tcols and )
tackles for generating plant

equipment
Total |  116.87 M
Say 117 MUSD
Equivalent INR (@ 1 USD = Rs. 43.50) 5089.5 Million INR

C3-1
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Appendix C.3.2 Ri

Electrical Auxiliary Equipment for Power Station

SN, Description of equipment Gty Unit Unif Rate Amount
Rs.lacs Hs.lacs

1 Protective refaying and metering Lot - 200.00
equipment for Feeders and Bus coupier
as per Appendix C-3.2.1 _

2. A.C. supply system as per Cost Lot 351.00
breakup at Appendix C-3.2.2 R1

3 0.C. supply system as per Cost break Lot 185.00
up af Appendix C-3.2.3 '

4. Station Ground mat and equipment Lot A 160.00

grounding system for power house
complex including switchyard as per
Cost break up at Appendix C-3.2.4

5. Power, control and special cabies, Lot 431.00
Cable racks/support structure, Cable
termination kits, accessories as per
Cost break up at Appendix C-3.2.5

8. Humination system for power Lot 300.00
houseftransformer hall/BFV hall,
accessfinter connection tunnels, shafts,
switchyard, approach roads, dam site,

ait.

7. Communication system as per Cost Lot 127.00
break up at Appendix C-3.2.6

8. Electrical Test Laboratory equipment Lot ' 300.00

Total 2054.00

o ork aremmiCCSTBRIIZ200C wod C3-7




* Appendix €-3.3 Rl

Mechanical Auxiliary Equipment for Power Station

Sl.No. Description of equipment Qty Unit Unit Rate Amount Rs.lacs
Rs.lacs
1. E.0.T. cranes as per Cost break up at Appendix C-3.3.1
- 275140110 for p.H 2 nos 527.00
- 500t capacity [fting beam 1 no. 30.0 30.00
- 65/5t for BFV Chamber 1 no 96.00
- 10t for GIS Chamber 1 na 30.00
- Other Hoists Lot 20.00
€ 2. Electrical Lifts - ‘
- For Power House 1 no 250 25.00
- For SF, busduct/shaft 1 no 40.0 40,00
- For dam site 1 no. 20.0 20.00
3, Station HPIL.P. Compressed Air LS. 40.00
Systern
4. Fire protection'system as per Cost L.5. 320.00
break up at Appendix C.3.3.2
5. Air Conditioning and heaiing‘system L.S. 50.00
8. Ventilation system of Power House, . | L.S. 300.00

Transformer/GIS hall as per Cost break
up at Appendix C-3.3.3 R1

7. Qil handling system for generating units | LS. 100.00
et and transformers as per Cost break up :
at Appendix C-3.3.4
8. Worksho'p Machines and Equipment L.S. _ 200.00
8. Filtered watersupply system for power | L.S. : 20.00
house comprising drinking water and
sewage
Total 1818.00
1818 Lacs
C3-3
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Appendix C-34R1

25 wabkarehm SOSTERIZE2000.wpd

Sub-Station Equinment
1
Sl.No. Deseription of squipment Oty Unit Unit Rate Amount
Rslacs Rs lacs
INDIGENQUS
1. Step up main generator transformer, | 13x93,000 kVA 4.g02 2418.00
15.75/400~/3 kV, 93 MVA, OFWF
Complete with Olf and accessories
as per Appendix C-3.4.1
2. Rail track for maint transformers in 20.00
{ransformer hall
3 390 kV ZnO lightning arresters with 18 nos 500 90.00
accessories :
4, PLCC Equipment comprising CVT 6 sets - 186.00
Wave trap for Transmission of
speech and protection signals and
related equipment as per Appendix
G-3.4.3
5. Fencing Lot 15.00
8. Gantry and Galvanised steel support Lot 100.00
structure for pot yard equipment
Total 2,829.00
IMPORTED AMOUNT IN USD
1. 400 kV SF; gas-insulated switchgear | 11 bays 38.00 MUSD
as per Cost break up at Appendix
C-34.2
2. 400 kV SF; insulated busducts 3500 m included in -
including bends elbows elc. abgve
Total 38.0 MUSD
Equivalent INR = 16530 lacs (@ 1 USD = 43,50}
C3-4
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Plant Handling Equipment

Appendix €35

&i.No. Description of equipment Unit Unit Rate Amount Rs.lacs
Rs.facs
1. 100 Ton Crawler crane no. 125.00 125.00
2. 30 Ton Tyre mounted crane no. 85.00 85.00
3. Tractor unit 160/200 Ton no. 100.00 160.00
4. Tractor unit 160 Ton no. 60.00 60.00
5. 120 Tonnes Low bed trailer with dolly no. 100.00 100.00
and accessories

B. 80 Tonnes high bed trailer with dolly no. _ . 80.00 80.00
7. 50 Tonnes high bed traifer na. 50.60 50.00
8. 20 Ton high bed trailer no. 25.00 25.00
9. Storage sheds for plant equipment sgm 0.03 §0.00

Total 665.00
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Appendin C- 344

Cost Breakup - Hydro Generating Units (4 x 250 MW)

Si.No. ftem Description

SIEMENS Bud Cffer Dt Feb. 2000

1. {a) | Turbine, Generator, SEE. Inlet Valve, & Penstock
B.F. Valves, Governing System

{(n) | Spares b@ 5%
(c) | Model Testing
{d) | Tools, Tackles and Lubricants
{e) | Busducts incl. Neutral grounding cubicles
{f) | DACS + generator protection
- {g) | Cooling water system

¢h) | Drainage and Dewatering system

110 MS$ (CIF Price)

55M$ *Assumed values
115M8 "

0.22M$"

inchuded

included

included.

friciuded

Total

116.87 M3 {i.e. 116.87%5kW)
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Cost Breakup - Protective Relays

Appendix C-3.21

Rs. Lags
Sl.Ne. Description Qty Unit Rate Total
1, 400 kV Feeder Main 1 & Main 2 protections 6 sets 20.00 120.00
{Numerical type) Disturbance Recorder,
Distance to fault locator, tripping relays
auxiliary relays, metering, instruments elc.
2. {.ow impedence Bus bar Protection 1 set 30.00 30.00
3. Bus Coupler pratection and metering panel 1 set 2.00 2.00
‘. Synchronising trolley ' 1 set 500 5.00
5, Magter/Stave clock for the station Lot 10.00 10.00
8, Relay testing kit 1 set 15.00 15.00
7. Spares 10.00 10.00
8. Remote control of AC system 2.00 2.00
g, Rernote control of Dam gates/system 400 4.00
10. Speclal toals for relays 2.00 2.00
Total 200.00
Rs. 200 lacs

T ankarchm DO5T232382000, wae
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Cost Breakup - A.C. Supply System

Appendix C-3.2.2 R1

Rs. Lacs

ltems

Qty

Unit Rate

Total

Unit Augifiary Transformer, cast resin type 1000
kVA, 138 kv/415V, 50 Hz, % impedance 6.25%
housed in a self ventilated cubicle,

4 nos

10.75

43.90

Station service transformer, cast resin type 1000
kWA, 22 k415 YV, 50 Hz, % impedance §.25%
housed in a self ventilated cubicle.

2 nos

11.50

23.00

Station service transformer, cast resin type 1000
KVA, 11 RV/22 kV, 50 Hz, % impedance 6.25%
housed in a self ventilated cubicle.

2 nos

10.50

21.00

Distribution transformer ol filled (ONAN} of capacity
500 kVA, 22 kVid15 V for dam site and BFV
chamber

2 nos

3.00

.00

D.G. set 1000 kVA, 11 kV with provision for auto
start on mains failure {cost provision under
construction power)

included in
O-Misc.

D.G. set 250 kVA, 415 Vfor dam site
{cost provision under construction power)

included in
O-Misc.

22 kV switchgear, indeor, with draw cut type
vasuum/SE cirouit bresker, comprising 7 panels
with provision for synchronising on two breakers as
per drawing.

1 set

45.00

4500

415 volts Unit Auxiliary Board having
incoming/outgoing and tie Air Circuit breakers and
equipped with draw out type MCCB's of
400/200/100/60/3C Amp ratings as per enclosed
schematic

4 seis

20.00

80.00

415 V Station Service Board in 2 sections having
incoming/outgaing and tie Air circuit breakers and
MCCB's of 800/600/400/200/100 Amp ratings as per
enciosed schematic

1set

40.00

40.60

LT, non-segregated Aluminium bus ducts, 415
VAC, 3000 Amp 50 kA for inter-connecting the unit
auxitiary and station service boards including '
flexible joints, structure etc.

1lot

(100m)

035

36.00

415 V dam AC supply board comprising 2 nos. 2000
Amp incoming breakers and 24 nos. outgoing
fseders of 100/60/30 Amp capacity

1 set

10.00

10.00

415 V auxiliary supply board having 2 nos. incoming
circuit breaker 800 Amp, 50 kA and 12 nos.

outgoing feeders 400/200/1 G060 Amp for different
floors and sub-distribution boards.

12 nos

3.00

36.00

I smksichenCOSTEAZISZO0N wod 3.8



Appendix C-3.22 R1 Conid,

Rs. Lacs

StNo, ltemns Gty Unit Rate Tota

my | Tools with handiing devices, testing instruments for 1 get 200 £.00

erection, testing and maintenance of the complele

system

n} | Spare parts sufficient for 5 years of operation of AC Lot 10.00
system

Total 351.00

351 lacs

o sedkarcren COSTRREZIDIONO wrpu
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Appendix C-3.2.3

Cost Breakup - D.C. Supply System

Hs. Lacs
Sl.No. items Gty Unit Rate Total
1. 220 V, Planie lead acid batteries having a capacity of 2 sels 5483 108.27
1600 AH at 8 hour discharge rate complete wiih
accessores
2. 48 V, Plante lead acid balteries having a capacity of 2 sets 497 9.95
500 AH at 8 howr discharge rate cornplete with
accessories
3. 24V, Plante lead acid batteries having a capacity of 1 set 1.00 1.00
400 AH at 8 hour discharge rate complete with :
accessones ‘
4. Float and boost battery Chargers for 220 V DC batiery 2 sels 4.71 9.42
5. Float cum boast battery charger for 48 V battery 2 sels 1.75 3.50
6. Float cum boost battery charger for 24 V battery 1 set 1.66 1.66
7. 220 V main distribution board with three incoming 600A 1 set 563 5863
breakers, and drawout type 800/400 Amp MCCBs
8. 220 V DC branch distribution boards having drawout 2sels 4,96 992
type 400/200/100/60/30A MCCBs
9, 220 V DC branch distribution boards having drawout 2 sets 2.73 547
type 200/100/60/30A MCCBs
10. 220 V DC branch distribution boards having drawout 2 sats 2.50 5.00
type 100/60/30/15A MCCBs
11. 48 V DC distributicn board having drawout type 80/3C0A 1 set 200 2.00
MCCBs
12. 24 V D.C. distribution board having drawout type 60/30 1 set 2.00 2.00
AMCCBs
13. 20 kVA, Uninterrupted power supply (UPS) suitable for 1no 10.00 10.00
operation from 220 V DC, with 240 V single phase AC
gutput
14, Tools, handling devices, testing instruments for Lot ’ 4.00
grection, testing and mainienance
15. Spares for 5 years normal operation Lot : 6.00
Total 184.82
Say 185 lacs

* el xarohon COSTERIIEICO0 wod 63‘1 0



Appendix ©.3.2.4

Cost Breakup - Ground Mat and Equipment Grounding System

Rs. Lacs
SLNo. items Gty Unit Rate Total
i Estimated steel requirement for ground
mat of P.H. /Y, Tailrace, Dam site, etc.
a) | M.S. Steel Round 250 Tons
vy | W.S. Rods 50 Tons
2. Equipment grounding 3G Tons
Totai | 330 Tons 0.45/7on 148.50
3. Earthing accessories Lot 12.00
Total 160.50
Say 160 lacs

o wikargren COSTBRZESIONN woo 3-11



Cost Breakup - Control, Power and special cables

Appendix C-3.2.5

Rs. lacs
Sl.Ng. ftem Qty Unit Unit Rate Amount
1. Mutti core FRLS Control cables 100 km 1.50 150.00
’ {Average)
2. 22!11kV,XLPE and 415V, 15 km 8.00 120.00
PVCIXLPE Power cables {Average)
3 Special Cables i.e. screened cabies 5 km 2.50 12.50
for transducers
4. Accessories for laying clamping, Lot 15.00
termination, cable jointing kits,
glands, lugs, ferfules cable markers
efc.
5. &) | Cable racks/support structure 120 MT (.45 54.06
b} | Cable Trays 4000 r.m. 0.015 60.00
¢) | Fire preventive measures i.e. fire Lot 20.00
retardant blocks at suitable intervals
Total 431.50
Say 431.0 lacs
C3-12
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Appendix C-3.25
Cost Breakup - Communication System
Rs, Lacs
St.No. ftems Gty Unit Rate Total
1. Long Distance Satellite (LDST} communication | 2 sets (eng 30.00 50.00
system between Power House site and Head terminal
office Delhi for each
end)
2 VHF Communication System (MARR) for 1 set 12.00 12.00
communication between P.H., Dam site and
Colony
3 EFABX for
- Power House (96 ext.and 16 P&T lines) 1 set - . 5.00 500
- Dam site (24 ext.and 4 P&T iines) 1 set 2.00 2.00
- Colony (48 ext.and 8 P&T lines) 156t 3.00 3.00
4. Push button telephone 200 nos 0.0 2.00
5. Battery and Battery charges for EPABX Lot 3.00
6. 3KVA, UPS with 2 hour battery back up 3 sets 1.0 3.00
7. 0.50 mm x 5 pairs/10 pairs/20 pairs armoured Lot 10.00
jelly filled telephione cables, PVC insulated
B.S.WiDrop Wire, PVC insulated indocr type
V.F cables elc.
8. Public Address System interfaced suitably with Lot 7.00
EPABX System with power ampliper, Cassette
recorder/player, matching loud speakers (50
Nos) elfc.
g. O/H Areal cable/poles/ pole Lot 10.00
accessoriesjunction box ste,
10. Spares 5.00
1. Testing Equipment for satcom 500
Total 127.00
127 lacs

- wihbgronm COSTERZIBI000 woo



Cost Breakup - E.O.T. Cranes

Appendix C-3314

Rs. Lacs
SLio. ltem Qty Unit Unit Rate Total Rs.
1. pH. EOT Crane
a) 275/40/1LE.QO.T. Cranes 2 235.00 470.00
b} CR-120 raiis 300m 0.12 36.00
¢} Downsiop ieads 600m (.02 12.00
d) Spares, tools, tackles Lot 8.75
Sub Total 526.75
Say 527
2. Lifting Beamn {500 1) suitable for tandem 1no 30.00 30.00
gperation of 2 cranes
3. BFV £.0.T Crane
a) 65/5t, EC.T. Crane 1no £5.00 65.00
b) CR-120 rails 175m 0.12 21.00
¢) Downslop leads 350m 0.015 5,25
d) Spares tools tackles 475 4.75
Sub Total 96.00
Say 96 lacs
4. GISE.GC.T. Crane
a) 10t capacity pendant push button 1ne. 15.00 15.00
controlled E.O.T. crane
b} 30ib/yd rails 300m 0.033 10.60
¢} Downshop leads 600m 0.006 3.50
d) Spares, tools and tackles 150 1.50
Sub Total 30.00
Say 30 lacs
5 | Otfier Hoists for misceltaneous faciiities Lot 20.00

such as for erection of SF; ducts,
drainage and dewatering pumps,
cooling water pumas ele.

£ bk arohme DOSTERIIBIOTN wiw
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Appendix (-3.3.2

Cost Breakup - Fire Protection System

Rs. Lacs

Sl.No, itermns - Qty Unit Rate Total

1. Fire water reservoir and pump house Lot 2500
comprising water slorage tank, pumps,
piping elc.

2. Hydrant System comprising pipings, indoar Lot 50.00
and outdoor hydrants, valves, hoses, -
nozzles efc.

3 High Velocity Water spray system for 13 sets 50 65.00
transformers

@ ’ 4, Medium Velocity spray system for cable Lot 30.00
gallerigs, cable racks

5. Fire Alam Systerm (Computerised Lot . 20.00
addressable analog type} comprising
smoke detectors, indication and alarm
panel, relays, cables and other
accessones

8. Portable Fire Extinguishers Lot _ 10.00
(CO2IFoam/Halon/dry cherical powder
type)

7. Fire barrier walls, Fire proof doors Lot {for 13 25.00

transformers)

8. Fire station services comprising water type lot 30.00
fire tenders, jeeps, fire suiis and other

k./ accessories

g Fire protection system for 4 sefs of 2 sets 50 10.00
generators

10 Set of tools and spares Lot 500

11. Fire and smoke detection system Lot 40.00

Total 320.00
320 lacs

Sl karonmCDSTERIIS2000. wen 315



Appendix €-3.3.3 R1

Cost Breakup - Ventilation System

SlNo. ltems . Rs. Lacs
1 Fresh air intake of 5.25,000 cmh capacity with louvres and Filters for power house 10.00

compiex
2. Metallic fine air fiter for main blower and transiormer hali blowers ' 10.00
3 aj} | P.H. Blowers 3 x 200,000 cmh. and accessories {3 x 7.0 lac) 30.00
b) | Transformer hall blowers 3 x 85000 cmh and accessores (3 x 2.00 lac) 16.00
c) | Collection gallery blowers/BFV/Smoke exhaust/8x25000 cmh and accessores (8 x 20.00

1.5 lag)

d} | Battery Exhaust2 x 10000 cmh {2 x 0.50 lac) - . 5.00
4. a) { Ductwork . 100.00
b) | Insulation for duct work 10.00
¢} | Steel structure for duct work 15.00
5 Motor controf centres P.HfTransformer hall/others 20.00
6 Maotor operated dampers with automatic control 5.G0
7. Water/alr Heat exchanger for power house and transformer hall 20.00
8 Air grills/diffusers 12.00
9 Cooling water piping 5.00
10. Instrumentation 6.00
11. Spares 7.00
12 Tools and Instruments 3.00
i3, Miscellaneous blowers/fans 5.00
Total 300.00
" 300 lacs

© eetamenm COSTERZTR200D woo C3-16




Cost Breakup - Ot Handling System

Appendix C.3.34

Rs. Lacs
Sl .No. ltems Qty Unit Rate Total
1. Outdoor Station Centrifuge type, 1set 20.00 20.00
governoritubricating oif purifier, 10000 LPH
2. QOil storage tanks (10 m?* Capacity) with 2 nos 4,00 8.00
accessories for goviubricating ofl
3. Mobile centrifuge type oil purifying unit 5000 1 set 12.00 13.00
LPH for above .
4 Qutdoor station type, Insulating of! treatment 1 set 13.00 13.00
plant 4008 LPH for transformer oil -
5. Mobile Insulating oil treatment plant 4000 LPH 2 sels 13.00 26.00
8. Oil storage tanks for insulating oil (10 m* 2 nos 4.00 8.00
capacity)
7. Mobile oil transfer pump for filling the clean oil 2 nos 1.00 2.00
in drums and for transfer to tank/unit
8. Mobile oil tanker 1 cubic metre capagity 2 nos 2.50 5.00
9, Special tools, devices, spares efc. Lot 5.00
Total 100.060
100 lacs
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Cost Breakup - Generator Transformers

Appendix <144

Rs. Lacs
SLNo. [tems Qty Unit Ex-Works Total
Price
1. Basic Cost of Transformers 13 nos 170.05 2210.00
2. Complete set of Transformer neutral 4 sets 25.00 100.00
interconnecting busduct with support
insulator, neutrai CTs efc.
3, Hydraulic Jacks 1 set 200 2.00
4, Chain pulley block for puling transformer on’ 1 set = 100 1.00
rails
5. On-line gas monitoring device 4 sets 10.00 40.00
8. Spares Lot 25.00
7. } Type test charges Lot 5.00
8. Supervision charges L.S. 5.00
2388.00

= Rs. 197.50/kVA
Say Rs. 200 / kV/IA
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Appendix C-3.4.2 R4

Cost Breakup - 400 kV Gas insulated Switchgear

t. a) Order for 6 bays of 420 kV GIS {20004 Bus 14.24 MUSD
bars and Feeder raiings) for Baspa - Feb' 88 .
b} Pro-rata Cost of 11 bays of 420 kV GIS 14 {*Factor
{4000 A Busbars and 2000 A Feeder ratings) 1428 X wm x 110~ assumed  for
for Karcham Wangtoo ° higher  length
= 28.72 MUSD end  higher
raing of SF,
Busbar) -
2. a) Order for 1597 m 0f 420 kV, 2000 A, GIB for 3.26 MUSD
Baspa - Feb' 99
b} Pro-rata Cost of 3500 mof 420 kV 4000 A, "3-506 - {(*"Factor
GIB for Karcham Wangtoo 3.26 x X 1.25-- assumed  for
1597 higher rating of
= 8,93 MUSD Gig)
Total for GIS & GIB 1(h) + 2(b) 37.65 MUSD

Say 38.0 MUSD

©hwentuarghmiCOSTERZIS 2000 wea 3.1



Cost Breakup - PLCC Equipment

Appendix C-34.3

Rs, Lacs
SLNo. items Qty Unit Rate Total
1. 'PLCC Equipment for transmission of speech and
protection signats and other refated equipment,
Each set compriging
» 3nos. - 420 KV single phase CVT ... 9.00
* Z2nos.-420kVWave Trap .......... 6.00
* 1 nio. - Phase to phase coupling device . 0.50
*3nos. -PL.Cterminals ............. 15.00 .
{2 for main 1 & main 2 protection & 1
for speech/data)
30.50 8 sefs 30.50 183.00
2. Common items for PLCC Equipment
aj HF Cable Lot 0.50
b} Telephone Exchange 1 set 2.50
Total 186.00
186 lacs

C3-20
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Chapter D2

MATERIAL AND LABOUR CHARGES,
SITE SUPERVISION AND OVERHEADS

(A Basic Cast of Materizls

Cement Ex Kalka Bs. 140.00 per bag fs. 2,800 pertonne
Steel Ex Kalka Rods Rs. 15,000 per tonne
Light structurals Rs. 15,000 pertonne
Plates Rs. 20,000 per tonne
Beams Rs. 20,000 per tonne
CGI Sheets Rs. 30,000 per tonne -
Dia (mm) 25 50 80 100 150 200
Gl Pipes  Cost/m {Rs.) 75 150 250 350 500 750
MS Pipes Cost/m (Rs.) 55 120 200 325 410 700
g ) Gelatine 809, 25.32 mm Rs. 60,000 pertonne  including Taxss £x Jhakri
Gelatine 60% 25-32 mm Rs. 60,000 pertonne  including Taxes Ex Jhakri
Nonel Detonators Rs. 120.0C per no.
Celay Detonators Rs. 15.00 per na.

{with 5 m wire length)

Ordinary Electric Detonators Rs. 8.00
Detonators (Plain caps) Rs.  2.50 per no.
Plywood . Smm Rs. 30.00 persaft
12 mm Rs. 35.00 per sgit
Pneurnatic Hoses 172 Rs. 60.00 per metre
3/8° Rs. 85.00 per metre
Iy Rs. 10C.00 per metre
/172" Rs. 250.00 per metre
z Rs. 275.00 per metre
Shuttering Timber Rs. 550.00 per cft
Diesel per litre Rs. 15.00 at site of works (Rs. 13.65/ litre at Kalka)
Ty Electric Power/ Unit Rs. 3,00 per unit

L‘/‘

{B) Indirect Charres on Labour
(As per Report of Cornmitiee on Coast Contro! - Vol, | - Annexure-11}

1. (i) Weekiy day of Rest . 52 days per year
(i) Paid leave 1 day for 20 days 18 days per year
(i, Casual leave 7 days per year
{iv) Paid holidays 10 days per year
Total (i + 5 + #i + iv) 87 days per year
Percentage = g7 X 100 = 31.29 %
278
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Retrenchment Compensation and notics pay

ks

{1} Retrenchment Compensation
{ify Netice Pay (30 davs /3 year)

15 davs per year
13 days per year
25 days per year

FPercentage > 4] % 100
278
3 Aecommoedation
4, Travelling (annual to & froy
5. Medica! expenses benefits (equivalent to one month's salary)
6. Recruitment and repatriation
7. Free water supply & power

8, Subsidised ration
a. Indirect services for mess

Free gumboots & helmets etc.

Bonus

12, Gratuity

) Direct Wages of various catepories of Emplovees

] Unskilled mazdoor
2 Semi skilled

3 Skilled

4 Highiy skitled

5 Mechanic

Foreman
7 Operator
8 Driver
g Drillers
10 Blaster

11 Blacksmith

1z Fitter

13 Gas Cutter

14 Workshop foreman
15 Electrician

i6 Welder

enfwisprarchamiger 8 fedesilal}

Rs.
Rs.
Rs.
Rs.
Rs.
Rs.
Rs.
Rs.
Rs.
Rs.
Rs.
Rs.
Rs.
Rs.
Rs.

Rs.

2

Total

Say

2,400
2,700
3,600
4,500
5,000
7,000
4,500
3,600
4,500
4,000
4,000
4,000
4,500
7,000
4,500

4,500

For indirect costs 89% has been added as per details given under (B).

859 9

included under K-Buildings

1000 %

833 %

500 %

3.00 %

200 %

500 %

300 %

8339

4.16 %

89,11 9

89 9%
per month
per menth
per month
per month
per month
per month
per month
per month
per month
per month
per month
per month
per month
per month
per mionth
ner month

M



ey Establishiment snd other costs

Monitoring office at Delhi Rs. 1000 [Ises per month
2 Oftice at Shirnia 7/ Kalka Ks. 2.50 iacs per month
3 Supervisory staff and other stalf at Wangtoo, Rs, 87.50 facs per month
Sholtu, Karcham and various work sites
Total Rs. 100600 {acs per month
(£} Site Superyision and Overheads
i Staff salaries including indirect benefits {100 lacs x 72 months) Rs. 7,200 tacs

z Temporary accommuodation {taken in K-Buildings}
3 Mess subsidy cost (taken in indirect benefits)
4 Recruiting and repatriation (taken in indirect benefits)
5 Telephone and telexes (taken in O-Miscellaneous)
Q B Insurance {taken in O-Miscellaneous)
7 Direct labour {provided in rates)
8 Workmen compensation {taken in O-Miscellangous)
9 Running of vehicles (taken in G-Miscellanecus) .
10 Freight for transport of equiprment : Rs. 800 1acs
i1 Medical expenses (taken in indirect benefits) ‘
12 Traveliing expenses {taken in indirect benefits)
13 Workshop ¢ services (7.5 lacs/month x 72 months) Rs. 540 lacs
14 Guest house expenses (taken in O-Miscellaneous)
15 Free power for domestic use Rs. 160 lacs
( B Road maintenance (taken in P - Maintenance)
17 Water supply (taken in O-Miscellaneous)
18 Advertising expenses (taken in O-Miscellaneous)
19 Preliminary survey (taken in A-Preliminary)

20 Recreation (taken in O-Misceliangous)

Rs. 8,500 lacs

arifviskarchamidec 93 hgicsi(at ) D23



{5y Services

&3 Compressed Alr 180 mum dia

20w+ 2 ke or Damdm B2 % TR = G000
Dewatering

Dam 200 mmdia - 2 km 2000 m % 750 = 1,506,000
HRT 150 mmdia - 22 km 22.000 m b3 500 = 11,000,000
Cther works L8 2,000 m X 504 = 1.200.000

()] Water Supply

100 mm dia - 24 km 24,000 m x 380 = 8,400,000
50 mm dia - 24 km 6,000 m % 150 = 200,000
25 mm dia - 24 km 6,000 m X 75 ] 450,000
=)} Eiectric Aluminium Cenductor
With Insulator ete, 10,000 m- X 500 = 6,000,000
Towers ‘ L.S. 6,500,000
el Efectrical Cabies
H.T. 22,000 m x 1500 = 33,000,000
L7, 22,000 m P 7E0 = 16,500,000
£ Transformers :
20 no.of 1000 KVA@ 40 Lacs 400,000 b 20 = 8,000,000
BY Elecirical fintures for
power transmission L.S. . 1,800,000
h) Pipe fittings LS, 25,000,000
Total Rs, 130,950,000
Say Rs, 13.1 Crores

sfumaarchamidec B2 vrdesilal 2 D22
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CHAPTER D3

USE RATE OF CONSTRUCTION EQUIPMENT

ABSTRACT
S.No. ltem Use rate/Hy. with
Depreciation At
Dec'99 price level Page No.
{As per CWC Guide
lines of March 1997)
{Rs.)
1.  |Rocket Boomer (353F-1838) - 7,670.00 b3-1
2. |Rock Bolter (435 H) 5,720.00 p3-2
3. |Scoop tram 4,150.00 D3.3
4, | Two Bocom Hydraulic jumbo with basket 5,720.60 D3.4
_ . 5. |Mydralui¢c excavator 0.9 Curn (EX-200) -+ 1,300.00 D3-5
L B 6. |Hydraluic excavator 2.0 Cum (EX-400) 2,130.00 D35
7. |Hydraulic excavator 3.0 Cum (EX-60Q) 2,850.00 03.7
8. |Tyre lcader 1.5 Cum 1,130.00 03.8
9, |Tyre loader JCB/BEML (1.15 Curm) 770.00 b3-9
10.  |Crawler Dozer DBO 2,220.00 D3-10
11. |Crawler Dozer DG5S 2.480.00 D3-11
12. |Compressor Diesel (600 Cfm) 110.00 0312
13, |Electrical compressor (838 Cfm) 890.00 D3-1i3
14, |Tata Tipper 10T 420.00 L3-1i4
15, ilLeyland 20T Tipper 1,080.00 L3-15
16. |Transit mixer 6.0 Cum 850.00 03-16
17. |Concrete pump with Boorn : 1,180.00 03-17
18. iWet shotcrete machine 4,880.00 L3-18
19. |[Wagon drii} 1,240.00 D3-19
20. jAirtrack 1,350.00 b3-20
21. |Three boom hydraulic jumbo with basket 7,670.00 D3.21
L . 22. (Tyre loader 3.5 Cum/hr 2.750.00 03.22
s fvisFikarcham ROV-DRRDDder hnatals 030



Annual schedule production hours =

Hocke! Baomer

(12 month x 25 days/month x loyole/day » 4hrs/cvele)

Cost of sauipment fin R4)
Seneduled life in years
Bepeduled life in hours
Life time repair provision

L |

(as percentage of cost of eguipment)

I OWNERSHIP COST
Yearly depreciation (considering straight ling methbd and 109 saivage value)

1,200 Hrs

42500 iacs
10 years

15,000 hours
120 %

4y With reference {o life in years = 42.500.000 x 0.80
10.60
b} With reference to life in hours = 42.500.000 = .90 x 1,200
15.000.00
Average yearly depraciation = 3.825.000 + 3.060,000
2 -
Average hourly depreciation = 3.442.500
1.200
OPERATIONAL COST :
i} Hourly repair charges = 42.500.00C x 1.20
15,000

ity Qperators & Maintenance craw charges (For 1shift/day operation)

(0.8 x 11.125 + 0.55 x

S.No. |Operator & Maintenance crewf No Rate/month Wages
Reguiar
1 [Operator 2.00 4,500.00 S,080.00
2 [Mechanic .25 5,000.00 1,250.00
3 |Fareman G.125 7,000.00 875.00
Subtotat ={11,125.00
Casual )
4 1Helpar 4.00 2,700.00 10.800.00
3 ({Chawkidar 0.25 2,400.00 600.00
Subtotai  =}11,400.00
Total direct crew charges/month = Rs. 22.525.00
Add for indirect crew cost (in Rs) =
(@ BO% of direct crew charges for regular worker = 15,170.00
and 55%, of direct crew charges for casuat worker)
Total crew charges/month = 22,525 +
Total crew charges/year =
Heourly crew charges = 452,340.00 =
1.200.00
. POL & Energy charges
Drive 150 HF Diesel
Electric Moter 100 HP
HSD 150.00 x 0.16 x
Lub. Oif & 25%
Eiectric Power 10000 ¢ 0.75 «
Hydraulic Qif for Drifter LS.
& Hydraulic Pump
I¥.  Misc. charges {@ 10% of hourly repair ¢harges) =

Total hourly operational Lust

Hourly use rate of the equiprment

15,170

15.00

3.00 x

Q.7

I | H

As.

11,400

[H

13

= Rs.

}

Rs.

iF

Rs.

Rs.

Say Rs.

Rs.

Hs.

Rs.

s,

3,825,000.C0

3.080.000.00

3.442,500.C00

2868.75

3,400.00

27,695.00

452.340.00

Mg

376.95

682.50

340.00

4,799.45

7.668.20

7.670.00



. Fock Boltar (435 M3

Annual seiedule production nours = 1200 Mro
(12 menik x 25 days/Zrronith x Loyoie/day « dhrs/oycie)

Cast of equipment ¢in RBS) = A00.00 tacs
Scheduled life in yaars = 10 years
Scheduled Bife in hours = 15,000 hours
Life time repair provision S 120 %

tas percentage of cost of equipment)

8 OWNERSHIF COST
Yearly depreciation { considering straight fing method and 109, salvage value)

3} With reference to life in years = 30.000.000 x 090 = Rs. 2.700.000.0C
. 10.00
B} With reference to life in hours = 30000000 x 590 x 1.20C = Rs. 2.180,000.00
15,000.00
Average yearly depreciation = 2.700.000 + 2160000 = Rs 2.430.000.00
2
Average hourly depreciation = 2.430.000 = B 2.025.00
1200 - —
. OPERATIONAL CCST
i} Hourly repair charges = 30,000.000 = 1.20 = Rs, 2.400.0C
15000
& ’ iy Operators & Mainternance Créw charges (For 1shift/day operation)
§.No. JOperator & Maintenancecrewi No. Rate/manth Wages
Reguiar
1 [Operator 2.00 4,500.00 9,000.00
2 [Mechanic 0.25 5.000.00 1,250.00
3 |Foreman 0125 7.000.00 875.00
Subtotal =] 11,125.0C
Casual
4 [Helper 4.00 2.700.00 10,800.00
3 {Chowkidar - 0.25 2.400.C0 &00.00
Subtotal  =§11,400.00
Totat direct crew charges/manth = Rs. 22.525 00

{0.8 x 13125 + 0.55 x 11,400 )

Add for indirect crew cost {in Rs.) .
15._1?0,00

(@ B0% cf direct crew charges for regular worker
and 559 of direct crew charges for casual worker)

Total crew charges/month

Rs.  37.695.00

1

22,828 + 15170

i

Rs. 452.340.00

Total crew charges/year =

Hourly crew charges = 452.340.00 = = Rs, 376.95
1.200.00
& 7 1. POL & Energy charges
Drive 150 HP Diese!
Elactric Motor 100 HFP
HSD 180.060 x 016 x 1500 = Rs. 360,00
Lub. O @ 25% . = Rs. 90.00
Elactric Power 100.00 = 075 = 300 x 0.7 =Rs 157.50
Hydrautic i for Drifter L.S. Rs, _75.00
& Hydraulic Pump 682,50 Rs. 682.50
V. Misc. cr-larges {@ 10 of bourly repair charges) = 2200 x 10 = Rs. 240.00
100
Total hourly operational cost = Rs. 3.€99.48
Hourly use rate of the equipment .. = Rs 5.724,45
) Say Rs.  5,720.00
= o ST mpe nEl el Baa
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3. Seoop Tram
Arnnual scheduls proo Lo tion Dolrs = 1RG0 Hrs
£12 month = 25 days/rmanth 1 loyciesday x dhrs/oycie)

Cost of sguipment (in Rs.) S 120.00 ‘acs
Sensduled bfeln years = B years
Seheduled life in hours = 905G hours
Life time repair provision = 178 %

(as percentage of cost of equipment)

i OWNERSHIP COST
Yearly deprecigtion (considering straight iine method and 109, salvage valua)

a) With reference to life in years = 12.000.008 x 0.50 = Rs, 1.350.000.00
“.B8.00
by With reference to life in hours = 12000000 x ©90 x 1.200 = Rs. 1.440.000.00
9,000.00
Average yearly depreciation = ) 1.350.000 + 1.440.000 = Rs. 1.395.000.00
2 .
Average hourly depreciation = 1,395.000.00 = Rs. 1,162.50 o
1,200.00 -
il OPERATIONAL COST
i) Hourly repair charges = 12,000,000 x .75 = Rs. 2.333.33
9.000 )
iy Qperators & Maintenance crew charges (For 1shift/day operation) }
S.Ne. |Operator & Maintenance crew| No, Rate/month Wages
Reguiar
1 {Operator 1.00 4,500.06 4,500.00
2 |Mechanic 0.25 5,000.00 1,250.00
3 lForeman 0.125 7.000.00 875.00
Subtotal =i 6,625.060
Casual
4 {Helper 1.00 2,700.00 2,700.00
3 |Chowkidar . 0.25 2,400.0C £00.00
Subtotal =] 3,300.00
Totai direct crew charges/month = Rs, 9.925.00

Add for indirest crew ¢ost {in Rs.) (0.8 x 6625 + 0.85 x 3,300 3

i}

{@ 509, of direct crew charges for reguiar worker 7.115.00
and 55%, of direct crew charges for casual warker)
Total crew charges/month = 9925 + 7.118 = Rs, 17.040.00
Total crew charges/year = = Rs.  204,480.00
Hoeurly crew cherges = 204.480.00 = = Rs. 170.40
1,200.00
3
POL & Energy charges Vi
g2 HP 8200 « .16 x 1500 = Rs. 196.80
Lub. OH @ 25%, = Rs.  49.20
. 246.00 Rs. 246.00
V.  Miss charges (@ 109 of hourly repair charges) = ‘2333 x _10 = As. 23233

100

Total hourly operational cost = Rg, 2.983.07

Hourly use rate of the equipment = Rs. 414537

Say Rs. 4,150.00

T ofer GRS IMAMNRIY CESTOASD R s o33



Twe Boom Hydraullc Jumbs with Basket

Annual sohedue production howrs s
£17 month x 25 days/rmonth @ loytiesday x Shrs/oycie}

Cost of equiprent (in Fs.)
Seheduled bfe inyears

Scheduled fife in hours

Life tirne repair provision

(as percentage of cost of equipment}

L1 S 4

OWNERSHIF COST

Yearly depreciation {considering siraight line method and 109 salvage value)

1.260

30000

15,000
120

lacs
years
Mours

%

Rs. 27060.000.00

. 2,180.000.00

. 2430.000.06

2.025.00

2,400.00

37.685.00
452.340.00

376.85

682.50

240.00

3.699.45

5.724.45

5,720.00

a} With reference to life in years = 30.000.000 x 2,90 =
L0600
o) With reference to life in hours = 30.000.000 x .80 x 1,200 = Ry
15.000.00
Average yearly depreciation = 2,700,000 + 2,160,000 = As
: 2
Averape hourly depreciation = 2.430,000.00 = Rs.
1,200.00 -
. OPERATIONAL COST
i} Hourly repair charges = 30.000.000 x 1.20 = Rs.
15,000
g © i} Operators & Maintenance crew charges (For 1shift/day operation)
S.Ne. JOperator & Maintenance crew| No. | Rate/month Wages
Regular
1 [Operator 2.00 4.500.00 9,000.00
2 |Mechanic 0.25 5.000.00 1,280.00
3 IForeman 0.125 7.000.00 875.00
Subtotal  =i11,125.0C
Casual
4 |Helper 4.00 2,700.00 |1G,800.00
3 {Chowkidar . 0.28 2,400.0C 600.00
Subtotat =111,400.00
Total direct crew charges/month = Hs. 22,525.00
Add for indirect crew cost {in Rs.) = (0.8 x 11,125 + 055 x 11.400 )
(@ 80% of direct crew charges for regular worker = 15,170.00
and 55% of direct crew charges for casual worker) :
Total crew charges/month = 22,525 + 15170 = Rs.
Total crev;f charges/year = = Rs.
Hourly crew charges = 452.340.00 = = Rs,
1,200.00
g B 14 POL & Energy charges
Drive 150 HP Digsel
Electric Motor 100 HF
HSD 150.00 x 0.18 x 15.00 = Rs. 360.00
Lub. O @ 25% . = Rs. 90.00
Electric Power 100.0G x 0.75 = 300 x 0.7 = Rs. 187.50
Hydraulic Git for Dnifter L.S. Hs, 7500
& Hydraulic Pump o82.50 Rs.
Y. Misc. ch-arges (@ 10% of hourly repair charges) = 2400 x 10 = Rs.
100
Taotal hourly aperational cost = R
Hourly zse rate of the egquipmeant _ = Rs.,
” Say Rs.
034

T
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Hydrauliz Excavater ©.9 m® (EX-2003

4.

Anpual seheduly production hours o 1.200 Hrg
{12 month x 25 days A moenth 1 Toycle/day » dhrs/oycie)

Cast of equipment (ier H5.) = 450G jacs
Scheduled ife in years = 10 yesrs
Schedulet fife in hours = 12,000 hours
Life time repsir provision = 100 9

fas percentage of cost of squipment)

I CWNERSHIP COST
Yearly depreciation (cansidering straight iine method and 10% salvage value}

a} With reference to life in years = 4,500,000 = 0,90 = &, 408.000.0C
4000
by With reference to life in hours = 4.500.000 x  0.80 x_1.200 = Rs. 405.000.C0
12.40G0.00
AV&F&EE year[y depreciat?cn = 405,000 + 405,000 = Rs 4A05000.00
2 .
Average hourly depreciation = 405.500.00 = Rs. 337.50 -
1,200.00 -
. OPERATIONAL COST
i} Hourly repair charges = 4.500.000 x 1.00 = Rs, 378,00
12,000 )

i) Operators & Maintenance crew charges (For lshift/day operation)

5. No. |Operator & Maintenance crewf No. | Rate/month Wages
Regular
i [Gperator 1.00 4,500.00 4,500.00
2 iMechanic 0.25 5.000.00 1,250.00
3 (Foreman 0.25 7.000.00 1,780.00
Subtotal =] 7.500.00
Casual
4 [Heiper 1.00 2,700.00 2,700.00
3 [Chowkidar - 0.28 2.400.00 £00.00
Subtotal =] 3,300.00
Total direct crew charges/month = ks, 10.800.00

Add for indirect crew cost {in Rs.) (0.8 x 7.800 + 0.85 «x 3.300° 3

il

(& 80% of direct crew charges for regular worker 7.815.00
and B59, of direct crew charges for casual warker)
Total crew charges/month = 108060 + 7.815 = Rs,  18615.00
Total creV\..r charges/year = = Rs. 223,380.00
Hourly crew charges = 223.380.00 = = Rs. 186.15
1.200.00
FOL & Energy charges
HSD 120 H.P. 120.00 x Q.le x 15.00 = Rs. 288.00
tub, Qi € 25% = Rs. __72.00
360.00 Rs. 360.00
I¥. Misc. charges (@ 10% of hourly repair charges) = 378 x* 10 = Rs. 37.50
100
Total kourly operational cost = RS, 958,65
Hourly use rate of the equipment = Rs. 1,286.15
Suy Hs. 1,300.00
g WO o3y
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&, Hydeaulic Ezcavator 2.0 w° (EX-400)

Annual schedule prod U Clon Hours e 1200 Hrs
{12 rrronth x 25 days /s rmonth x loycle/day « dhrs/oycled

Cost of sguiprment (1re TS.J @ OO0 ey
Scheduled fife in years L 12 years
Seheduted fife in hours = 15000 nours
Lite time repair provision = 125 9,

({as percentage of cost of equipment)

i OWNERSHIP COST
Yearky depraciation {considenng straight line method and 10%, saivage value}

ay With reference to life in years = 2.000.000 x  £80 = Re. BOO.000.00
12.60
b} With reference {o life in hours = 8006000 x 050 x 1200 = Rs. 576.000.00
15.800.00
Average yearly depraciation = s00.000 + 576,000 = Rs  588.000.00
2
Average hourly depreciation = 588,000.00 = Re. 490.00
1,200.00 -
(. QPERATIONAL CQOST
i} Hourly repair charges = 8.000.000 x 1.25 = Rs, 666.67
15,000
& iy Operators & Maintenance crew charges (For 1shift/day eperation)
3.Ne. 10perator & Maintenance crew| No, Rate/month Wages
Regutar
1 |Operator 1.00 4,500.00 4.500.C0
2 |Mechanic 0.25 5,000.00 1,250.00
3 [Foreman 0.25 7.000.00 1,750.00
Subtotal =| 7,500.00
Casual
4 jHelper 1.00 2,700.00 2.700.00
3 |Chowkidar . 0.2% 2,400.00 €00.00C
Subtotal =] 3,300.CC
Total direct crew charges/moenth = Rs. 1G.800.00

Add for indirect crew cost (in Rs.} = (0.8 x 7.50C + 0.55 x 3300 )
{@ 80% of direct crew charges for regular worker = 7.815.00
and 559 of direct crew charges for casual worker) :

Total ¢craw charges/month = 10.800 + 7.815 = Rs.  18.615.00
Total crew charges/year = = Rs, §23.380.00
Mourly crew charges = 22338000 = = Rs, 186.15
1.200.00
& Hi,  POL & Energy charges
HSD 240HP. - 240.00 x 0.16 ¢ 1500 = Rs. 576.00
tub. Qi @ 25% = Rs. 144,00
720.00 Rs, 720.00
¥, " Misc. charges (@ 10% of hourly repair charges) = 667, x 10 = Rs. 66.67
GG
Total hourly operational cost = Rs, 1.635.48
Hourly use rate of the equipment = Rs. 2.129.48

SayRs. 2,130.00




7. Hydrauiic Excavaior 3.0 m' (EX.600)

Annust sehedule srodtuction hours = 1.200 Hrs
{17 month ¢ 25 days/rmanth o Iovcle/day 2 dnrsseyeied

Cost of equipmant (in Rs.) = 110.0C lacs
Scheduled life in years = 12 yesrs
Seheduted iife in hours = 15,000 hours
Lifs tirne repalr provision = 125 %

fas peroentzge of tost of etipment)

L DWNERSHIP COST
Yearly depreciation (cornsidering straight ling method and 109 saivage vaiue)

@) With reference tolife i years = 11.000000 x (.50 = Rs. B25000.00
1206
oy With raference fo tife in hours = 11.000.000 x 0.90 x  1.200 = Rs 392.000.00
15.000.00
Average yearly depreciation = 825.000 + 792.000 = Rs. B08.500.C0
2
Average hourly depreciation = 808.500.00 = Rs. 673.93
1.200.00 -
i, OPERATIONAL COST
i} Hourly repair charges = 11.000.000 x 1.25 = Rs S18.67
15,000
ify Operators & Maintenance crew charges {For 1shift/day operation)
Neo. [Operator & Maintenance ¢rew | No. Rata/rmorith Wapgesg
Reguiar
1 i0perator 1.00 4,500.00 4,500.0C
2 |[Mechanic 0.28 5.000.00 1.250.00
3 {Foreman 0.25 7.000.00 1.750.00
Subtotai  =| 7,500.00
Casuat
4 |Hefper 1.00 2,700.0¢ 2,700.60
3 IChowkidar R 0.28 2,400.00 £00.00
Subtotal  =| 3,300.00
Total direct crew charges/month = Rs. 10,800.00
Add for indirect crew cost {in Rs.} = (0.8 x 7500 + (385 x 3,300 3
(@ 80% of direct crew charges for regular worker = 7.815.00
and 559 of direct crew charges for casual worker) )
Total crew charges/manth = 16,800 + 7.815 = Rs. 18.615.0C
Total crew charges/year = = Rs, 223.380.00
Hourty crew charges = 223.380.00 = = FRs. 186.25
1,200.00
POL & Energy charges
HSD 380 H.P. 360.00 « 016 x 1500 = Rs, 884.00
fLub, & @ 25% = Rs. 216.00
g Rs. 1.080.00
B, Misc. charges (@ 10% of hourly repair charges) = BlF ¢ 10 = Rs. ' 91.57
100
Total hourly operaticnal cost = Rs, 2.274.28
Heourly use rate of the equipment ’ = Rs. 2.948.23
Say Rs. 2,950.00
- STIUERL DY DRRR g Nral M DE7
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8. Tyre Loader 1.5 m?

Annual scheduie procudtion houes = 1200 s
(12 month x 25 days/month = loysis/day x dhrsreycie)

Cost of sguipment {in B3 E E0.00 lacs
Scheduled life n years = 10 years
Zeneduied e in hours = 15,000 hours
Life time repair provision = 200 %

{43 percentage of cost of equipment)

t OWNERSHIP 00ST
Yearly depreciation {considering straight ling method and 10% salvage value}

ay With reference to life in years = 3.000,000 = .80 = Rz 2F0.000.00
L1080
L} With reference o life in hours = 3.060.000 x 0.90 £ 1.200 = Rs. 216.000.00
15.000.00
Average yearly depreciation = : 270.000 + 218,000 = Rs,  243.000.08
2 .
Average hourly depreciation = 243.000.00 = Rs. 20250
1,200.00 -
. OFERATIONALCOST
i) Hourly repair charges = 3000000 x 200 = Rs. 400.00
15,000
g i iy Operators & Maintenance crew charges {For ishift/day operation)
S.MNa. |Operator & Mantenance crew| No. Rate/month Wages
Regular
1 10perator 1.00 4,500.00 4,500.00
2 [Mechanic 0.25 5,000.00 1,250.00
3 |Foreman 0.125 7.000.0C 875.00
Subtotat  =| 6,625.00
Casuai .
4 {Helper 1.00 2,700.00 2.700.00
3 IChowkidar . 0.16 2,400.0C 38400
Subtotai =| 3.084.00
Total direct crew charges/month = Rs.  2,709.00

Add for indirect crew cost (in Rs.) (0.8 x 6825 + Q.55 x 3,084

J I3}

(@ 80% of diregt crew charges for regular worker 6,896.20
and 559 of direct crew charges for casual worker)
Total crew charges/month = 9.702 + B£,996 = Rs, 16705.20
Tatal crew charges/year = = Rs. 200.4862.40
Hourly crew charges = 200.452.40 = = Rs. 187.05
1.200.00
K hL PoL& Energy charges
HSD 17 Litre 17.00 x 1500 = Rs. 255.00
Lub. Qi @ 25% = Rs.__63.75
318.78 Rs. 318.75
V. Misc. charges {@ 10% of hourly repair charges) = 400 x 10 = Rs. aA0.00
100
Total hourly operationat cost = Hs. 225.80
Hourly use rate of the eguipment = Rs. 1.128.30

SayRs. 1,130,600

)
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S

Tyre Loader JCB/BEML (115 m73

Anmuat schedute procdiuchon hours x 1A Hrs
(12 month z 25 days/ rmionth 2 loycle/day x dhesfoysie;

Ceost of eguipment (n Rs.) = 15.00 lacs
Schacduled Bfe in years = 10 years
Scheduled fife in hours e 18,000 hours
Life time repair provision = 200 9,

{as percentage of cost of equipment)

I OWNERSHIP COST
Yearly deprecistion {considering siraight line method and (0% salvage valug)

a) With reference to life i years = 1500000 x 080 = fls. 135.000.00
l10.00 :
b} With reference to life in hours = 1.500000 x 080  x 1.200 = Rs. 103,000.00
15.000.00
Average yearly depreciation = 135.0CC + 168000 = Rs. 12L.E0G.GC
2 .
Average hourly deprecistion = 121.500.00 = P wLes
1,200.00 -
il.  OPERATIONAL COST
iy Houwrly repair charges = 1.500.00C x 2.00 = Hs. 200.00
15.000
iiy Operators & Maintenance crew charges (For 1shift/day aperation) }
s.No. jOperator & Maintenance crew; No. Rate/month Wages
Regutar -
1 jOperater 1.00 4,500.00 4,500.00
2 [Mechanic 0.25 5,000.00 1,250.00
3 [Foreman 0.125 7.000.00 875.00
Subtotal =i 6.625.00
Casual
4 {Helper 1.00 2,700.00 2,700.00
3 |Chowkidar . 0.16 2,400.00 384.00
Subtotai = 3,084.00
Total direct crew charges/month = Rs. 9.709.00

Add for indirect ¢rew cost (in Rs.) (0.8 x 6625 + 0.55 x 3,084

EII ]

(@ 803, of direct crew charges for regutar worker 6.996.20
and 559, of direct crew charges for casual worker) '
Total crew charges/maonth = 9708 + 6996 = Rs. 16,708.20
Total crew charges/year = = Rs. 200,462.40
Hourly crew charges = 20046240 = = Rs. 167.08
1.200.00
1. POL & Energy charges }
HSD 15 Litre i 1500 x 1500 = Rs. 225.00
Lub., Oit @ 25% = Rs._ BG&.2%
. 281.25 Rs. 281.25
fv. Misc. charges (@ 10% of hourly repair charges) =" 200 x 10 = Rs. 20.00
160
Total hourly operational cost = Rs. 668.30
Hourly use rate of the equipment = Rs. 762,55
Say Rs. 770.60
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14, Crawler Dozer DED AZZ

finnual schedule production bours = 1200 Hres
(12 month x 25 days/ month x Toyoiedday » drs/oyciad

Cost of equipment {in RS} = 46.00 lacs
Scheduied life in years = 8 vyears
Schaduled e in hours = S hours
Life time repair provision # 200 %

{as pereentage of cost of equipment;

3 OWNERSHIP COST
Yearly deprecistion {considenng straighl line method and 10% saivage value)

&) With reference to fife in years = 4,800,000 x 0.90 = Rs. 517.500.00
L8.00
&) With reference to iife in hours = 4.600.800 x .80 x 1,200 = Rs, 552.000.00
$,000.00
Averape yearly depreciation = 517,500 + BSZ000 = Rs.  534,780.C0
2 .
Average hourly depreciation = 534,750.00 = Rs. 445.63
1.200,00 -
i, OPERATIONAL COST :
i} Hourly repair charges = 4,600,000 x 2.00 = Rs. 1.000.22
5,000
E ) OQefatcsrs & Maintenance craw charges {For 1shift/day cperation)
S.No. |Cperator & Maintenance crewl No. | Ratesmoenth | Wages
Regular
1 |Cperator : 1.00 4,500.00 4,500.00
2 |Meghanic 0.2% 5000.0C 1,250.00
3 [Foreman 0.25 7.000.00 1,750.00
Subtotal  ={ 7,500.00
Casuai
4 {Helper . 1.00 2,700.00 2.700.C0
3 jChowkidar . 0.25 2,400.00 600.0C
Subtetal =} 3,300.00
. Total direct crew charges/month = Rs. 10.800.C0

Add for indirect crew cost (in Rs.) (G.8 x 7,500 + 0.55 «x 3,300

L

(@ 80% of direct crew charges for regular worker 7.815.00
and 55%, of direct crew charges for casual worker)
Total crew charges/maonth = 10,800 + 7.815 = Rs, 18615.00
Total crew charges/year = = Rs. 223,380.00
Hourly crew charges = 223.380.00 = = Rs. 186.1%
. 1,200.00
t - ik, POL & Epnergy charges
HSE 2B titre 25.00 x 1500 = Rs. 37500
Lub. GH @ 25% =Rs., 89375
468 75 Rs. 468.75
.  Misc. charges (@ 10% of hourly repair charges) = 1,022 x 10 = Rs. 162.22
100

Tatal hourly operational cost = Hs. 1.772.34

Hourly use rate of the equipment = PRs. 2.224.97

SayRs. 2,220.00

P4 pARIUALTEEY TEGGNars Bnsl 03an



i1 Grawier Dozer DES
Annual scheduls production hours = 1.260 srs
{12 month x 25 davs/ rmonth x Ioycle/day « dhesfoycie?
Cost of eguipment {in Ms.) = 55,00 itacs
Scheduled Hfe in years = g vyears
Scheduded life in hours = 8,000 hours
Life time repair provision = 200 %,

(as peregntage of cost of equipment)

R OWMNERSHIP COST
Yearly depreciation (considering straight line method and 109, salvags value)

4y With reference to life in years = 5.500.000 x 0.80 = Rs, BIB750.00
“8.00
b} With reference to tife in hours = 5.500.000 x Q.80 x  1.200 = Rs.  660.000.00
2.000.00
Average yearly depreciation = 618,750 +  650.00C = Rs. 639.375.00
2 .
Average hourly depreciation = 538.375.00 = Rs. 532.81
. 1.200.00 -
I, OPERATIONAL COST
1) Hourly repair charges = 5500000 = 2.00 = Rs. 1222.22
. 9.000

i) Operators & Maintenance crew charges (For 1shift/day operation)

S.No. [Operater & Maintenance crew! No. Rate/month Wages
Reguiar

1 {Operator 1.00 4,500.00 4,500.00

2 |Mechanic 0.28 5,000.00 1.250.00

3 iForernan 0.25 7.000.00 1,750.0C

Subtotal =i 7,500.00

Casual .

4 {Helper 1.00 2,700.00 2.700.00

3 |Chowkidar . 0.25 2.400.00 800.00

Subtotal =] 3,300.00

Total direct crew charges/month = Rs, 10.8C0.00

Add for indirect crew cost {in As.) (0.8 x 7,500 + 058 x 3300 )

n o

{@ 80% of direct crew charges for regular worker 7.815.00
and 559, of direct crew charges for casual worker) .
Totai crew charges/muonth = 10800 + 7,815 = Hs, 18.615.00
Total crew charges/year = = Rs. 223.380.00
Hourly crew charges = 223.380.00 = = Rs. 186.15
1.200.00
il POL & Energy charges
HED 22 Litre 22.00 x 15.0C = Rs. 330.00
Lub. Gl @ 25% = Rs.__82.5¢
4312.50 Rs. 412.50
Y. Misc, charges (@ 10% of hourly repair charges) = 1.222 x 10 "= Rs. 122.22
100
Total hourly operational cost = s, 1.943 .09
Hourly use-rate of the equipment = PRs. 2.475.91

Say Ry, 2,480.00
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12, Compressor Digsel (800 cim)

Annusel seheous oroduction bours = 1.200 Hrs
(12 monin x 23 davs/month x Lovoledday » 4iws/oynie)

Crst of enuinreent {in As) = #BC lavs
Seheduwsd | = 10 years
Schedguizg § Rours = 12.000 hours
Life time reperr provision = 168 o

{as perceniazgs »f cost of equipment)

% OWMIRSHIP 2087
Yearly ceprec.avon (considering straight ine method and 109 salvage value}

a) With reference 1o life in years = 750,000 x 0.80 = Rs. 57.500.00
J0.00
by With refersece 1o life in hours = 750.000 x 8.80 x 1.200 = Rs.  EREQC.LO0
12,000.00
Averags yeany gapreciation = &7.500 + 67.500 = Rs. &7.50C.C0
2 .
Averags houriy gepreciation = £7,500.00 = Rs. 56.25 -
1,200.00 -
8,  QPER~ATIONAL SO8T
i} Hourly renayr tharges = 780.000 x 1.00 = Rs. 82.50
12.000
r " iy Operaiers & NMaintenance crew charges {For 1shift/day operation)
S.No. {Operator & Mamtenance ¢rew | No. Rate/month Wages
Regular
1 [Operater 1.00 4,500.00 4,500,00
2 |Mechanic 0.25 5.000.00 1,250.00 -
3 {Foreman 0.125 7,000.00 875.00
Subtetal =] 6.625.00
Casual
4 {Heiper 1.00 2,700.0C 2,700.00
3 {Chowkidar . 025 2.400.00 500.00
Subtota! =} 3,300.00
Total direct crew charges/rmonth = Rs.  2.925.00
Add for indirest crew cost {in Rs.) = (0.8 x 6625 + 058 x 3,300
{@ 80% of direct crew charges for regular worker = 7,115.00
and 5%, of cirect ¢crew charges for ¢asual worker) )
Total crew charges/month = 9,925 + 7,115 = Rs. 17,040.00
Total crew crarges/year = = Rs, 204.480.Q0
Houry Sfew fnarges = 20448000 = = Rs, V7040
1,200.00
P~
Y C oL POL & Erergy cnarges
HSD 27 Lisrs ) 20.00 x 15.00 = Rs. 300.00
Lub. CH @z25% = Rs.___75.00
: 375.08 Hs. 375,00
. Misg. znarges (@ 10% of hourly repair charges) = 63 x 1@ = Bs. 5.25
’ 100
Total nauny soerational cost = Rs. 6id 15
Houry -_:se a1z of the equipment = Rs. §/0.40
Cost/1€0 gim = 670,40 = 11173 Say Rs. 110.00
6.00
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1z, Etgetricat Compressor (838 oing

Annua sohedule production hours = 1.200 Hrs
{12 manth x 28 days/month » Logciesday ¢ dhrs/oycke)

Cost of squipment {in 83} = 850 lacs
Scheduled life inyears = 20 years
Scheduled lifa in hours = 30,000 hours
Life time repair provigion = B0 o,

{as percentage of cost of eqnipment)

% OWNERSHIP COST
Yearly deprecistion {considering straight line method end 10% salvags valug)

a3y With reference to life in years = 850.000 x 0.50 = Rg,  3R2Z50.00
L2000
b} With reference to iife in bours = 850.000 x 0.80 x 1.200 = Rs,  30.800.00
30.000.00
Average yearly depreciation = 38.250 + 30.600 = Rs.  34.425.00
2 .
Ayverage hourly depreciation = 34,425.00 = Rs, 28.69 e
1.200.00 -
il.  QPERATIOMAL COST
iy Hourly repair tharges = 250,000 x .80 = Ry 22.67
30.060
iiy Operators & Maintenance crew charges (For 1shift/day operation] :
S.No, |Operator & Maintenance crewi  No, Rate/month Wages
Regular
1 |Operator 1.0C 4.500.00 4.500.00
2 |Mechanic 0.25 5.000.00 1,25C.00
3 {Foreman 0.125 7,000.00 875.00
4 fElectrician 0.500 4.500.00 2.250.00
Subtotai  =f 8.875.00
Casual
5 Helper . 1.0C 2.700.00 2.700.00
& [Chowkidar . 0.25 2,400.00 6Q00.00
Subtotal =i 3.300.00
Total direct crew charges/month = Rs. 12.175.00
Add for indirect crew cost (in Rs.) = .8 x 8875 + 055 «x 3,300
(@ BO% of direct crew charges for regular warker = 881500
and 55% of direct crew charges for casual worker)
Total crew charges/month = 12,175 + 8915 = Rs,  21.0%80.00
Total crew charges/year = = Rs,  253.080.00
Hourly crew chargas = 253.080.00 = = Rs. 210.20
1.200.00 ™
. POL & Enerpy charges
Power 160 KW 180.00 v 300 x 08 =Rs. 38400
Lub. O - @ 25% = Rs, - 9500
: _ .480.00 Rs. 480.00
V. Misc, charges (@ 10%, of hourly rapair charges) = 22 x 10 = Rs. 2.27
100
Total hourty operational cost = Rs. 715883
Hourly use rate of the equipment = Hs, 744 52
Cost/100 cfm = 74452 = B8R84 Say Rs. $0.00
8.38

%]
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C

Tatz Tipper 10T

Arnusl sehedule progluction hours

{12 month » 28 days/rmonth x Loycle/day x Shrgloycis)

Cost of squipment {(in Rs;
Scheduled life in years

Scheduled fife in hours

Life timie repair provision

(as percentage of cost of equipment)

L OWNERSHIP COST

B ohou

1.200

7.25

10.000
175

HMrs

tacs
YEBRIS
hourg

%

Yearly depreciation (considerng straight line methad and 109 salvage value)

4} With reference to life in years = 725000 x  C80 = FRs.
. 800
b} With reference to life in hours = 725000 « 090 & x 1.200 = Rs.
10.000.00
Average yearly depreciation = 81,563 + 78.300 = Fs.
2
Average hourly depreciation = 79.931.25 = Rs
1,200.00 -
. OPERATIONAL COST
i) Hourly repair charges = 725,000 x 1.75 = Rs
10,600 :
iiy Operators & Maintenance crew charges (For 1shift/day operation)
5.No. |Operator & Maintenance crew| No, Rate/rnonth Wages
Regular b 20
1 {Driver 1.00 3,600.00 3.600.00
2 IMechanic 0.125 5,000.00 825.00
3 [Foremarn 0.000 7.000.00 0.00
Subtatal =1 4.225.00
Casual ’
4 |Heiper 1.00 2,700.00 2,700.00
3 |Chowkidar 0.16 2,400.0C 384,00 .
Subtotal =| 3,084.00
Tatal direct crew charges/month = Rs. 7.209.00
Add for indirect crew ¢ost (in Rs.) = 0.8 x 4225 + (055 » 3.084
(@ 80% of direct crew chiarges for reguiar worker = B.076.20
and 559%, of direct crew charges for casual worker) ’
Total crew charges/month = 7309 + 5,076 = Rs,
Total crew charges/year = = Rs
Hourly crew charges = 14862240 = = PRs
1.200.00
il POL & Energy charges
HSD 5 Litre 500 x 15.00 =Rs. 7500
Lub, Oif @ 25% - As.__ 1875
53,75 Rs.
Y. Misc. charges (@ 10% of hourly repsir chiarges) = 127 x 10 == Re.
100
Total houriy operational cost = e
Hourly use rate of the equipment = s
Say Rs
use rate of the equipment PER KM = Rs
(15 KM PER HOUR}
Say Rs.
T s MEARLLANAEY DPD A0 ooy nadl xis D314

81.562.50

78,300.00

79,231.25

66.61

126.88

12,385.20
148,622.40
123.85

93.7%

12.6%

357.15
a23.77
420.00

28.25

30.00



Leyiand 207 Tipper

Apmee schedule groduction hours = 1B Hrs
(12 month x 25 days/rmionth x Ioytle/day » dhrs/eycie)

Cost of equipment {in Fs.} = 40,00 iscs
Seheduled e in yoars = 10 years
Scheduled life in hours = 186,000 hours
Life time repair provigion El 1756 4,

ras pereentage of cost of equipment)

OWNERSHIP COST
Yearly depreciation (considering straight line method and 10% salvage vaiue)

2} With reference to life in years = 4.000.000 x 0.29
L 10.00
by With reference to life in hours = 4.000.000 x G.8¢ 1 1.200
16.000.00
Average yearly depreciation = 360.000 +  270.000
2
Average hourly depreciation = 315.000.00
1.200.00 -
il OPERATIONAL COST
iy Hourly repair charges = 4.000.00C x 1.75
16,000

i1y Operators & Maintenance crew charges {For Ishift/day operation)

i

S.No. [Onerator & Maintenance crew| No. i Rate/month Wages
Reguiar
1 |Operator 1.00 4.500.00 4.500.00
2 |Mechanic 0.125 5,000.00 625.00
3 |Foreman 0.125 7,000.06 875.00
Subtotal =] 8,000.00
Casual
4 1Helper 1.00 2.700.00 2,700.00
3 |Chowkigar . G186 2.400.00 384.00
Subtotal =i 3,084.00
Totai direct erew charges/month = Rs.  9.084.0C
Add for indirect crew cost (in Rs.) = (0.8 x B.000 + 0.85 »
(@ 80% of direct crew charges for regular worker = §,496.20
and 559, of direct crew charges for casual worker} )
Tetal crew charges/month = 8,084 + 6,496
Total crew charges/year =
Hzurly crew charges = 186.962.40 =
1,200.00
il POL & Energy charges
HSD 10 Litre 10.00 = 15.00
Lub. Oif @ 25%
. Misc. charges (@ 10% of hourly repair charges) = 438 x 10

100

Total hourly operational cost
Hourly use rate of the equipment

use rate of the equipment PER KM
{15 KM PER HOUR)

”
.
;
it
L
1.
3
E
0
o
Ui
9
v
Ly
i3
I
8
4
E
1
"]
.
wh

Rs.
Rs.

3,084

15G.00
37.50

187.50

= Rs.

= Rs,

= Rs

;

= fs.
= Rs.

= Rs.

s,

Say Rs.
= Rs.

Say Hs.

Rs.

360,00C.00

270.000.00

315.000.00

262.50

437.50

15,580.20
186.562.40
155.80

187.50 -

43,75 "

B24.55
1.087.05%
1,090.00

72.47

70.00



i, Transil Mizger & m?

Arnual setegule production hourg = L2000 Mry
{12 menth x 25 days/rnonth x loycle/day x dhrs/oynie}

st of sguipment fin Rs) = 25.00 lass
Scheduied life in years = 10 years
Seheduled life in hours = 10.000 hours
Life time repair provision = 120 %

(as percentage of cost of equipment)

I OWNERSHIP COST
Yearly deprecistion {considering straight line method ang 10% salvage valug}

&)y With reference to tife in years = 2.500.000 = 0.90 = Rs, 225.000.00
.10.00
by With reference to tife in hours = 2.500.000 x 030 x 1.200 = Rs. 270.000.00
10.000.00
Average yearly depreciation = 225,000 + 270,000 = Rs. 247.500.00
2 .
Average hourly depreciation = 247.500.00 = Rs. 206.25
1,200.00 - T
. OPERATIONAL COST
i} Haurly repair charges = 2.500.000 x 1.20 = Rs. 300.00
10,000

& . ii} Operators & Maintenance crew charges {For 1shift/day operation)

5.No. |Operator & Maintenance crew] Ne. | Rate/month Wages
Reguiar
1 [Operator 1.00 4,500.00 4,500.00
2 |Mechanic 0.25 5,000,060 1,250.00
3 {Forernan B} 0125 7.000.00 875.00
Subtotal =} 6,625.00
Casual
4 JHeiper 1.00 2,.700.00 2,700.00
3 |Chowkidar . 0.25 2,400.00 600.0C
Subtotal =i 3,300.00
Total direct crew charges/month = Rs, 9,22500

Add for indirect crew cost (in Rs.) 08x B625 + 055 x 2300

n

{@ 80%, of direct crew charges for regular worker 7,115.00
and 559% of direct crew charges for casuat worker) '
Total crew charges/month = 9925 + 7.115 = Rs, 17.04G.00
Total cre;-v charges/year = = Ry, 204.480.00
Hourly crew charges = 204.480.00 = = Rs. 170.4C
1.206.00
E‘_ * B, POL & Energy charges .
HSD 10 Litre 10.00 x 15.C0 = Rs, 180.00
Lub, Git @ 25% = Rs.__ 37.50
187.50 Rs. 187.50
W. Wisc. charges (@ 10R% of huurty Tepwr charges) = WL ox_30 = Rs. 3.0
Heo
Total hourly operationat cost = Rs. B87.90
Hourly use rate of the equipment = Rs. 884,15
Say Rs. 820.00
use rate of the equipment PER KM = BRs. 59.33
(15 KM PER HOUR) )
Say Rs, 60.00
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Concrete Pump with Boom

=
nf

Anrual schedute production hours = 1.200 Hrs
{12 month x 25 days/month x loyole/day » dhrs/cycie}

Cost of equiprment (in Rs.) = 135.00 jacs
Seheduled lifs in vears = 5 wears
Scheduled life in hours = 2000 hours
Life time repair provision = 100 %

{as percentage of cost of equipment)

i OWNERSHIP COST
Yearly depreciation (Considening straight ing method and 109, salvage value)

a} With reference to iife in years = 13.500.000 x 0.90 = Rs, 2430.000.00
. 500

by With reference to iife in hours = 13.500.000 x 0.80 % 1.200 = Rs. 1.822.800.00

8.000.00
Average yearly depreciation = ) £.430,000 + 1.822 500 = Rs 2.126.250.00
2 .
Average hourly depreciation = 2,126.250.00 w Rs. 1.771.88
1,200.00 -
H. OPERATIONAL COST

i) Hourly repair charges = 13.500.000 x 1.00 = Rs. 1.687.50

. 8,000

it} Operatars & Maintenance crew charges (For 1shift/day operation}

$.No. {Qperator & Maintenance crew | No. Rate/month Wages
Regular
1 {Operator 1.00 4,500.00 4,500.00
2 |Mechanic .16 5000.00 | 800.00
3 |Forernan 0.125 7,000.00 875.00
Subtotal = 6,175.00
Casual
4 [Helper 1.00 2,700.0C 2,700.00
3 [Chowkidar . C.16 2,400.00 384.00
Subtotal =| 3.084.00
Totat direct crew charges/menth = Rs.  9,258.00
Add for indirect crew cost (in Rs.) = €8x 6175 + 0.85 x 3084
(@ 80% of direct crew charges for regular worker = 6,636.20
and 55% of direct crew charges for casual worker)
Total erew charges/month = 9,259 + 6636 = Rs. 15.895,20
Total crew charges/year = = Rs. 190.742.40
Hourly crew charges = 180.742.40 = = Rs. 158.95
1,200.00
il PQL & Energy charges
HSD 10 Litre 10.00 x 15.00 = Rs. 150.00
Lub. Oil @ 25% = Rs.__37.50
187.50 Rs. 187.50
IV, Misc. charges (@ 10% of hourly repair charges) = 1688 x 10 = Rs. 188.75
100
Total hourly operational cost = Rs. 2.202.70
Haurly use rate of the equipment = Rs, 3.974.58

Say Rs. 1,180.00
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18, Wet Shotorets Machine

Annual schedule production hours = 1200 Hrs
{12 month 2 25 days/month 2 Ioydesdey < dhrg/oycie)

Cost of equipment (in B8 E 135.00 iaecs
Scheduled life in years = & years
Seheduled life in Aours = 8,000 nours
Life time repair provision = 100 %

(a3 percerdage of cost of equipment)

b OWNERSHIP COST
Yearty depreciastion (considering steaight iing mathod and 10% salvage value)

2) Witk reference o e in yeats = LR A00,/000 « .90 = R PAANL00.00
.5.00
by With reference to life in hours = 13,500,000 x 0.90 % 1,200 = Rs, 2,430,000.00
6.000.00
Average yearly depreciation = . 2.430.000 + 2.430.000 = s 2430.000.00
2 .
Average hourly depreciation = 2.430.000.00 = Rs. 2,025.00
T300.00 o T seEs e
li. OPERATIONAL COST
iy Hourly repair charges = 13500000 x 1.00 = Rs. 2,280.00
6.C00
r C iy Operators & Maintenance crew tharges {For 1shitt/day operation)
S
S.No. jOperator & Maintenance crew] No, Ratesrmonth Wages
Regular :
1 [Operator 1.00 4.500.00 4,500.00
2 |Mechanic .50 5,000.00 2,500.00
3 [Foreman , 0,185 7.000.0C 875.00
Subtatat =| 7,875.00
Casual
4 {Helper 1.c0 2,700.00 2,700.0C
3 |Chowkidar . 0.25 2,400.00 600.00
Subtetal =p 3,300.00
Total direct crew charges/month = Rs. 11,175.00

Add for indirect crew cost (in Rs.) (0.8 x 7.87% + 055 x 3,300 )

i

(@ BO% of direct crew charges for regular worker 8,115.00
and 554, of direct crew charges for casual worker) '
Total crew charges/month = 11,175 + 8115 = Rs. 19,290.00C
Total cre;v charges/year = = Rs.  23L480.00
Hourly crew charges = 231.480.00 = = Rs. 192.20
1,200.00
F; i, POl & Energy charges
HSD 10 Litre 10.00 x 15.00 = Rs. 150.00
Lub, Gil @ 257, = Rs.  37.30
187 850 Rs.. 187.50
. Misc. charges (@ 10% of hourly repair charges) = 2250 x_ 10 = Rs. 225.00
160
Total hourly operational cost = Rs. 2.855.40
Hourly use rate of the equipment = Rs 4,880.40
SayRs.  4,880.00
0318
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Wagon Drill

Annual schedule production hours =
{12 month 2 25 days/month 2 [zycia/day = dhrs/ovels)

Cost of squipment (in Rs.)
Scheduied [ife in years
Senecduled fife 1 hnurs
Lite time repalr provision

it

HooH

(as percentage of cost of equipment]

1 OWNERSHIP COST

1.200 Hrs

2500 iacs
B years

8080 hours
a0 %

Yearly depreciation {considering straight line method and 10% salvage vziue)

ay With reference to life in vears =

b) With reference to life in hours

Average yearly depreciatien =

Average hourly depreciation =

. OPERATIONAL COST
i) Hourly rapair charges =

2.500.000 x _0.80
"800
= 2500.000 x 050  x  1.200
5.000.00
281.950 «  337.500
2z
309.375.00
1.200.00 -
2.500.000 x 0.80
8,000

i) Operators & Maintenance crew charges (For 1shift/day operation)

5.No. {Operator & Maiatenance crew| No. Rate/month Wages
Regular
1 {Operator 1.00 4,500.00 4,500.00
2 [Mechanic 0.125 5,000.00 625.00
3 |Fareman 0.125 7.000.00 875.00
Subtotal  =| 6,000.00
Casual
4 [Helper 1.00 2,700.00 2,700.00
3 {Chowkidar Q.25 2.400.00 600.00
Subtotal = 3,300.00
Total direct crew charges/month = Rs, 5§.3G0.00

Add for indirect crew cost (in Rs.)
(@ B0 of direct crew charges for regular warker

and 559 of direct crew charges for casual worker)

Tatal crew charges/month
Total crew charges/year

Hourly craw charges =

. POL & Energy charges
800 Cfrm compresser air

V. Misc. charges

Tatal hourly aperational cost

[

190.980.00
1.200.00

i

5.00 x

(@ 10% of hourly repair charges) @

Hourly use rate of the equipment

Dol A RIHARNEEY RO S0 fnal ag

(C.8 x 5000 + Q.55 x
6,615.00

2,300 + 6.615
110.00
250 x 10 =
100
w3 3

= Rs.

= RHs.

= Rs,

3

il

i3

Rs,

it

Say Rs.

As.
Rs.

Rs.

Rs,

Rs.

Rs.

281,25G.00

337.500.00

309.375.00

257.81

250.00

15,915.00
180,980.00
52,15

550.00

25.00

984.15

1,241.96

1,240.00



2. Air Track

Annual schadule producton hows = 1EDD Mg
{12 month x 25 days/oonth = loytle/day x dheg/oyaie;

Cost of eguipment (in Rs.) = 2500 iacs
Scheguled s in years S 2 ysars
Seheduled life in hours 5 B000 hours
Lite time repair provision = 8 %

{as percentage of cost of equiprnent)

. CWNERSHIP COST
Yearly depreciation {considering straight line method and 107 saivage value)

&) With reference to life in years = 2500000 x 050 = Rs. 281.250.00
. 800
b} Wit reference to life in hours = 2.500.000 x .80 x 1.200 = Rs. 337.500.00
8.000.00
Bverags yearly depreciation = 2B1.250 + 337.500 = Rs. 309.375.0C
2
Average hourly depreciation = 309,375.00 = Rs, 257.81
1.200.00 -
i OPERATIONAL COST
iy Hourly repair charges = 2.500.000 x .80 = Rs, 250.00
8.000

E ) ii} Operators & Maintenance crew charges {For 1shift/day operation)

S.NoJOpserator & Maintenance crew! No, Rate/month Wages
Reguiar
1 [Operator 100 4,500.00 4,500.00
2 {Mechartic 0,125 5.000.20 625,00
3 {Foreman Q.125 7,000.60 875.00
Subtotal =| &,000.00
Casual
4 Helper 1.00 2,700.00 2,700.00
3 |IChowkidar . 0.25 2,400.00 800,00
Subtotal  ={ 3,300.00
Totat cirect crew charges/menth = Rs.  9,300.00

Add for indirect crew cost (ia Rs.) (0.8 x 6,000 + 0.55 x 3,300

ion

{@ BOF, of direut crew charges for reguiar worker £,615.00
angd 559, of direct crew charges for casual worker) '
Totail crew charges/month = 9300 + B,61% = Rs. 15.215.00
Total crew charges/year = = Rs.  190.880.00
Hourly crew charges = 130.880.06 = = Rs. 159,15
1,200.00
E- * 1. 50L& Energy charges
500 Cim compressor air 500 x 110.00 = Rs, 660.00
V. Misc. charges {@ 10% of hauriy repair charges) = 230 <16 = Rs. 25.00
100
Total hourly operational cost = Rs. i.084.15
chrly‘use rate of the equiprment = Rs. 1.351.96

Say Rs. 1,350.00

o
L
I
]
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Z1. Trree oo Mydrasiio Jumbo with Basket

Arnual schedule production hours = 1,200 Hrs
{12 month x 25 days/month x [eyeie/fday = dhrssoyoie)

Cost of equipment (in Rs.) = 42500 facs
Scheduled life in years = 10 yesrs
Scheduled life in hours = 15,000 hours
Life time repair provision = 120 %

{as percentage of cost of equipment)

1. OWNERSHIP COST
Yearly depreciation (considering straight line method ang 10% saivage value)

a) With reference to e inyears = 42,500,000 x Q.50 = R 382500000
2000
B) With reference to life in hours = 42.500.000 x 0.90 x 1.200 = Rs. 3.060.000.00
15,000.00
Averags yearly depreciation = 3.825.600 + 3.060.000 = Rs. 3.442.500.0C
2
Average hourly depreciation = 3.442.500.00 = FRs. 2887 0
1,200.00 -
. CPERATIONAL COST
i) Hourly repair charges = 42,500,000 x 1.20 = Rs. 3.400.00
15,000
i Operators & Maintenance crew charges (For 1shift/day cperation) ) )
S.No, iOQperator & Maintenance crew! No. Ratesmaenth Wages
Regular
1 |Operator 2.00 4,500.60 9,000.00
2 {Mechanic 0.25 5,000.00 1,250.00
3 |Foremnan ¢.128 7,000.00 8§75.00
Subtotal =f11,125.00
Casual
4 {Hetper 4.00 2,700.00 10,800.00
3 iChowkidar - 0.25 2.400.00 600,00
Subtotal =i 11,400.00
Totail direct crew charges/month = Rs. 22.525.00

(0.8 x 11,125 + (.55 x 1,400 )
15,170.00

Add for indirect erew cost (in Rs.}

(@ B0, of direct crew charges for reguiar worker
and 55%, of direct crew charges for casual worker)
Total crew charges/menth

B0

ke, 37.695.00

22,825 + 15170

13

Total crev; charges/year = = Rs. 452,340.00
Hourly crew charges = 452.340.00 = = Rs. 376.95
1.200.00

Nt

#,  POL & Energy charges
Drive 150 HP Diesel
Electric Motor 100 HP

HSD 150.00 x 0.16 x 1500 = Rs. 360.00
Lub, Gil @ 25% = Rs. 9000
Electrie Power 10C.00 x 075 = 300 x 0.7 =Rs. 15750
Hydraulic 0 for Drifter L.&. Rs. _75.00
& Hydrautic Purnp 682,50 Rs. 682.50
V. Misc. charges (@ 10% of hourly repair charges) = 3400 x 10 = Rs. 340.00
100

Rs. 4,792.45

Total hourly operational cost

Haurly use rate of the squipment .. = Rs 7.668.20
Say Rs. 7,670.00
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2z, Tyre Loader 2.8 o Hr.

Annual schedule production hours = 1,200 Hrs
{17 month x 25 days/month x loycla/day » Ahrsfoyois)

Cost of equipment (i B5) = TO00 facs
Scheduled life in years = 10 years
Seheduled bfe in nours = 15,000 hours
Life tirme repair provision = 200 9

(as percentage of cost of equipment)

I CWHNERSHIP COST
Yearly depraciation (considering straight line method and 109 saivage value)

&y With reference to fife in years = 7000000 » 0.90 = Rs. 630,000.00
10.00
b} With reference to life in hours = 7.000.000 x .90 £ 1.200 = Rs. 504.000.00
15,000.00
Average yearly depreciation = £30.000 + 504,000 = Rs. 567.000.00
2 ., '
Average hourly depreciation = 567.000.00 = Rs. 472.50
1.200.00 -
i, OPERATIONAL COST
i} Hourly repair tharges = 7.000.000 x 2.00 = Rs. 933,332
15,000
& : ity Operators & Maintenance ¢rew charges (For Ishift/day cperation}
[s.No. 10perator & Maintenance crew| No, Rate/rnonth Wages
Reguiar .
1 {QCperator 1.00 4,500.00 .4,500.00
2 [Mechanic .25 5.000.00 1,250.0C
3 |Farernan G.125% 7.000.00 875.00
Subtotal  =| 6,625.00
Casual
4 |Helper 1.00 2.700.00 2,700.00
3 iChowkidar - .16 2.400.00 384.00
Subtetal =] 3,084.00
Total direct crew charges/month = &s, 9.708.00

Add for indirect crew cost (in Rs.) 8 x 6625 + (.85 3.084 )

H oS

(@ 80% of direct crew charges for regular worker 6,996.20
and 55%, of direct crew charges for casual worker} '
Total crew charges/month = 8703 + 6,995 = Rs. 16,705.20
Totai crew charges/year = = Rs. 200.462.40
Hourly crew charges = 200.462.40 = = PRs 167.05
1.200.00
Q‘? 1. POL & Energy charges
HSD 360 H.P. 360.00 x 0.16 x 1500 = Rs. 864.00
Lub. Gil @ 25% = Rs._216.00
S Rs. 1.080.00
V. Misc. charges (@ 10% of hourily repair charges) = 933 x_ 10 = Rs. 93.33
i00
Total hourly operationat cost = Rs, 2.273.72
Hourly z;se rate of the equipment = Rs. 2.746.22

Say Rs. 2,750.00
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Chapter D4

ANALYSIS OF RATES FOR DIFFERENT ITEMS OF WORKS

ABSTRACT
3N itern of Work Unit Rate (At Dec.99 price
ho, level) as per CWC Page Mo,
guldelines of March 1997
1 [Open excavation
ay in soil cum 103.00 D45
by In rock curm 370.00 D45
2 iunderground excavation in HRT- cum 1,682.00 D4-6
3 iuntensioned rock bolts/anchers (25mm m 614.00 n4.g
dia} inciuding drilling and grouting {Mechanised)
(River diversion works}
4  iTensioned rock bolts/anchors {28mm m 874,00 549
dia) including drilling and grouting (Mechanised)
5 IDrilling for consolidation and contact grouting m 403.00 D4.10
& iDritling 45mm dia holes for grouting rr 403.00 D4.10
(contact and consolidation)
7  iGrouting (contact and consclidation) tonne 13,117.00 D410
8 [Shetcreting . cum 11,396.00 0D4-10
9 shotereting with steel fibers in river diversion works cum 17,876.00 D4-11
16 |weid mesh in shotcrete ’ kg 71.00 D4-11
11 [Steet rib supports tonne 40,260.00 D4-11
12 [Concrete including cost of cernent
a) Portais, inlet and outlet structures (300kg cement) cum 3,844.00 D4.12
by Tunnel lining (350 kg cerment) cum 4,422.00 D4.12
<) Plug (300 kg cement) cum 3,844.00 D4-12
13 |Drainage holes 75mm dia .m 409.00 D4.12
14 [Gabions/stone pitching cum 653.00 D413
15 |Steel liners tonne 104,100.00 D4.13
16 |PVC seals m 772.00 D4.14
17 [Metal seals m 456.00 D4-14
18 | Steet reinforcement (Fe-415} tonne 24,940.00 D4-14
19 |1 thick Concrete cut-off for coffer dam sgm 18,590.00 D4.15
20 |tmpervious core cum 439.00 D4.16
21 [Graded filter cum 880.00 D4.16
22 iRock fill cum 31300 D4-16
23  iDewatering (surface works) KWh 6.00 D4-16
24 |Dewatering (underground) kWh 10.00 D4.16
28 [Compacted backfill beiow Apron curn 313.00 D4.18
26 |U/G excavation in galleries in abutments of Bam Curm 2,112.00 o417
27 IConcrete in Dam
a) M15 (200 kg cement) curn 3,474.00 £4.17
by M20 (350 kg cement) cum 4,332.00 D4.17
¢) M25 (400 kg cemnent) curm 4,640.00 D4.18
28 |Copper water stops at contraction joints tm 1,230.00 D4.18
20 iAsphalt seals at joints I 228.00 D4.18
30 |[Bridge over spillway m 57,030.00 D4-18
31 iStone Masonry - cum 2,422.00 D4.21
32  iSteel reinforcement (Fe-500) tonne 27,434 .00 04-21
33 |Shotcrete with steel fiber reinforcement (HRT) cum 19,664.00 N4.23
34 |Tensioned and grouted rock bolts/anchors including m 582.00 4-24
drilling (32mm dia.)
35 |Underground excavation in pressure cum 2,712.00 D4-25
shafts and valve chamber
36 |Underground excavation
a) Approach adits and construction adits cum 2,682.00 D4-26
p) Cavities cum 1,682.00 D426
37 |Tensioned and grouted rock bolts/anchors including m 738.00 D4-26
dritling (36mm dia.)
38 i20m Rock Anchors of 50T capacity RM 4,800.00 04.27
39 iGrouted boulder pitching cum 666.00 D4.28




BASIC RATES

1. Drilling 40mm dis holes
Rock drill aind pusher cost 40,000.00

30,000.00
Rs. 73,000.00

Life - 2500 hrs
Cost per hour 28,06
Spares @ 100% 28.Q0
Rs. 56.00
Drilling rate per hour - 6m
a) Cost per metre 56.00 /6= 9.33 N
b} Compressed air 125 ¢fm 110.00 x 1.25= 137.50 ‘
Cost per metre 137.50 /6= 2208
¢} Drill steet 5000/200m = 25.00
d) Services fike hoses etc. 6.00
&) Labour cost ' (120 x 1.89) / 60 3.78
-~
f) Truck jumbo charges 6.00
g} Smali siores 8.00
e
Rs, 79.03
Say Rs. 80.00 per meter

i
[
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2. UDwiiling 75mm dia holes

Wagon Drill cost - Rs.
tife . 8000 hrs
Cost ger hour
Spares @ 100%

Rs.

Drilling rate per hour - 6m
a} Cost per metre
b} Compressed air 500 cfm
Cost per metre
¢} Drilt steel & coupling
{say 3200mm rod with
coupling sieave)}
d} Dl bit

&} Lubrication oil and stores

f) Labour

LAECREY DEADS dor bine ozls

760.,000.00

87.50

87.50
175.00
17500 B =
110.00 x5=

575.00 /B =

(6700+800} / 300 =

5,000.00 /200

(120x1.89/60) =

2517
575.00
85.83

2500

25.00
12.50
3.78

Rs. 191.28

. SayRs. 191.00

per meter



3. Agygregate

Cuwarry at Jhangi - river bed 40km from Karcham

(A plant is proposed to be made 40k Ufs of Karcham}

River hed material nesds o be crushed,
Cost of the plant is provided in fixed cogt.
Only operating cost needs to be provided.

Transport of river bed materiai from 40km
(40km x 2 ways x Rs. 18.00)/6=

Loading and unloading

a) 1.1 cum of aggregate

b} Plant running spares, jaws,
rollers, belts, stores efc,

c} Pawer (10 kW x Rs.3.00)

d) Operating labour

d) Water for waghing 1 cum/cum
&} Handling from crusher to

batch plants
{loading - Rs. 25 + transport - Re.75)

f} Royalty

Corvst RARCHARM PIv-DPETGL dpe finalaie

Rs.

3

P

288.00 (Assuming oae truck carries
5 Cumn of river bed material.}

25.06
313.00

Rs.

Rs.

per cum
344.30

60.00

30.00
30.00

15.00

100.00

579.30

22.00

§01.30

Say Rs.

601.00 per Cu -



{4} RIVER DIVERSION WORKS

I DIVERSION TUMBMEL

1. {2} Excavation in overburden

Lead -
Euuipmient used -

2 umi
Hydraulic gacavator (0.9 cum)
Tata Tipper

[ozer DB5
Speed of Tipper 13 km/ny
Excavator capacity 0.9 cum x B0 sweeps x 709,
= 50.40 cum
Say 50 curn
Time fgr & round trip of tipper
Thre for spotbng and leading - 4 minutes
Trave! time {4kt x 603 F 15 = 16 minutes
20 minites
Trpsfhr - (BOF20) = 3 trips
Gty. per hour per tipper - 12 cum
{3x4 cum}
Tipper / excavator (80412} 4 nos,
Hence cost is as onder
i} Excavator / hr 1,300.00
iy 4 tippers 420.00 1,680.00
ifi) 1/4 dozzer DES 2.480.00 sa= 620.00
iv) Survey LS. 160.00
¥} Electrical material/lighting 100.06
vi} Labour . LS. 500.00
4,300.00
Cost/ocum 4,300.00 /50 B86.00>
86.00
Contractor's grofit @& 20% 17.20
Rs. 103.20
Say Rs. 103.00 #Cur
1. (b} Rock Excavation
iy Drilling 1.5 mseum @ Rs, 80.00 120.00
1} Explasive 0.3 kg @ Rs. 60.00 18.00
i) 1/2 detonetor @ Rs. 15.00 7.50
v} Excavation @ Rs. 86,00
Sweil factor 70%
Excavation rate 86.00 122.86
’ Q.70
v} Other consumable ke, blasting batteries, 1.5 20.00
galvanometers.biasting wires etc, -
vi} Labour 20.00
Rs. 308.36
Contractor's profit @ 20% 6167
Rs. 37003
Say Rs. 370.00 sCur



tindergrovnd Excavation

Turinet dia. 148 m
Thickness of g 240 m
Minirur exgavated ha = 1048 » s
af tunnel
= 1128 m
Gross area of iunnel # $9.93 sam
(ty. of excavation = 4993 = 1.00
per meter length
w $9.93 cum
Assemed progress per face = 3.00 m s
fihis includes aridling
blasting.mucking. Fibbing
and packing et6.)
Gty. of excavation per
cycle = 59.93 = 3.00
= £9%.80 cum
1 - DIRECT LABOUR
1.5 No. Foreman
& Rs, PerDay= 7.000.00 = Rs. 10,300.00
1 No, Explosive inspector
@ Rs. Per Day = 4.500.00 = Rs. 4,500.00
1.5 No. Electrician/explosive exgert
@ Rs. Per Day = 4,500,00 = Rs. 6.750.00
1.5 Mo, heiper to Eleckican/explosive expert
@ Rs. PerDay= 2.700.00 = Rs. 4.050.00
12 No, Beldars
@ Rs. Per Day = 2.400.00 = Rs. 28.800.00
Total 54,600.00
indirect cost 80% of {i.Hifi) 17.400.00
indirect cost 55% ¢f Gv.v) 18.067.50
Tatal direct cost 90,067.50
Rate of direct labour per 300.43
2. MACHINERY CHARGES
fguipment NO, Total hrs i unit rate AMOUNT
REQ. reG. Rs,
a3 Hydrautic 3 beam .
fiumbo 1.00 5.00 7.670.00 38.350.00
b} Loader 3.5 gutp 1.00 5.00 2.750.00 13, 75000
€3 Dumpers 20 ¢ 5.00 5.00 1,087.05 27.176.30
d} Dozer D65 ’ 1.0¢ 100 2.480.00 2.480.00
TOTAL MACHINERY CHARGES= 81.756.30
QTY. OF ROCK = 299.80 CUM
RATE PER CUM = 231.756.30
299.80

272.70

H

FER CUM




2. MATERIAL CHARGES

(43 DRILLING & BLASTIHG

s ftis preposed that 1o 31150 3 m progress per cyoe per face 3.3m deen noles wiil Be drilied

Cross sectional area of Tunng E S9.83 sgm
Assummng average spaciag of holes = 085 mue/e
area of rock cross-sechion per hole = 0.85)°

= 0.72 sqm
He. of holes raquired per face @ 59,53

0.72

= 138.32

Say 138400 HNos.
Total depth of driliing = 13800 x3.3

E 45540 m
Bit cost + Cost of rod + cougling + = 7000+5500+1000+5000C
cost of shank adaptar

= 18,500
Litg of drill steel = 1660 m
Cost of drill stegl per m = 18,500

1,000

= 18.50
Cost of dridi stee! (RS) W A55. 486G x cost of drill steet perm.

= 8.424.90

= 299.80 cum

Guantity of reck excavated

Tatai cost of drill steei
Qty. of rock excavated

"

Rate for drill steel Rs. per cum

= 842690 -
299.80
(b} EXPLOSIVES
1) Getatine required per cum = 1.25 kg
Cost of gelatine per kg = 60.00
Rate Rs, per cum =
iiy Detanators and fuse coils
1 Detenator & 1 fuse coil per hole
= 138.00 Nos.

Total detonatars required =

[

Cost of detonators & fuse tait (Rs.) 120.00 per Nos.

Totat cast of detonaters (Rs) = 16,360
Rate per tum = 16.560 =
299,80

iiiy Other consurmable ne. blasting tatteries, =
galvanemeters.biasting wires etc.. @ 509 of stemn (B

Total expiosive Charges per cum {i+ii+ii)

Total dritting anc biasting charges {a) + (b} : -

(8) Timber for supports packing etc. rates per cum =

(C} Mrscellanecus supplies such as wire ropes.mania ropes, =
V.ctamps.rubber gloves.shackies and artificiat respirators etc.

Tetal material charges per Sum {BeB+0y

28.10

75.00

55.24
37.50

167.74

195.84

15.59
50.0C

28183

per cum

Rper cum

fer Lum

ger cum

per cuwmn

per cum

per cum

per cum

per curm



4. CHARGES POt VENTHATION BLOWERS

Yentdahon charges

5 . SHOP CHARGES

1 Maching shop inchudng faundey and smithy

iy Structursdl stop

ity Steal metal shop

i} far oo water pipe $hop

v} Carpentazy shop

Total shop charges RS percum

& - Electrical material charges per cum
7 . Water charges Per Gum

g - Survey/mapping

Abstract of charges

1. Direct lsheur charges
2. Mathinery charges

3. Material charges

4. Ventilation charges
5. Shop charges

€. Electrica) charges

7. Water charges

8. Survey/mapping

TOTAL

Adding Electrical energy charges @ 25
of total charges

Prime cost

contractor profit @ 20% of prime cost

L5
L8

LS

L%
L&

WO oH O H 6 i

i

50.00

FO.00
FELO0
65.00
&0.00
8000
325.00
5000
15.00

100.00

300.43
R7R.70Q
281.43
50.00
325.00
50.00
i5.00

108,60

1,374.56

27.49

1.402.05

280.41

1,682.46

Say Rs.

1,682.00 perc



353

3.4y

fock bots (E5mnen dia)
fhy sonerlional rreRtind}

Sost of grfting 40T dip holes
pef mairg

Coust of 28mm dis Dar 380 Hg
on site @ R
{Rs. 18000/tonnel

Cost of plate, washer and o 400 Kg *

Cost of threading L8

Cost of expansion shagl Rs. 20,00 /4
Labour for inserting the bol LS.

ughtemng

Gost of truck platferm
{8 hrs)

3,360 /(1014)

Grouting L5

Contractor's profit @ 20%

Rock balts (25mm dia)
By wse of Roek Dolting maching {Mecharised)

Hire charges of rock boiter per hour
Ma. of rock boits per hour

Lost per metre 5.720

2000 /4=

Rs,

s,

72600

8

#

Bit cost & Cost of rod < coupling +
cost of shank agaptar

Lite of drili stee!
Cost of drill steel perm

oo

Cast of dritl stee! {Rs.}

4.00
7000+ 5500+ 1000+5000

18,500
1,000 m
18,500
1,000
18.50
400 x cost of drill steet per m.

Boit (58.5+20+20+10) =

Labour LS
Grouting & other misc. Le
Contracter's profit @ 20%
Tensioned Rock bolt (25mm dia)

Cost of rock bolt

Cost of tensioning LS

Contractors profit @ 20% ¢ 50.00

8.00

Rs,

Rs.

2000

58.50
20.00
30.00
10.00
50.00
84.00
50.00
402,50

BQ.50
483,00

Say Rs.

i78.75

7400

108.50
75.00
75.0C

511.25

102.25
613.50

Say Rs.

614.00

50.00
664.00

10.00
674.00

Say Rs,

483.00 /me

614.00 /me

674.G0 /me



£, Driliisp 45mm in holes for grogling

Ting can be drittedd by Jack hammar & pusherleg
of by hydrarhe furmibo

Since holes goutd (01 DE many so these wili be
dritied by jpok harmenier and pusheriey

Lostimetre BO.CT
it one day ne. of hoeles o be dritled for growting
say 20 nos, of 1y 18D average fofal 120m
Cost of fruck with soisser platierm per day
other than capital cost = B.720.00 56.00
(TRUCK PLATFORM BATE X 2 SHIFTSM120m 120.00
Miscellanecus, fabour and stares LS 200,00
336.00
Contractor's profit @ 20% . 67.20
Rs. 40320
Say Rs. 403.00 smeter
6. Grouting
Cost of cement per bag Ex-Kalka 140.00
Loading and unleading at Kaika - L& £.00
Transport to site
I[280km x 2 ways x Rs. 30.00)/ 83,33
(2 tons x 20 bags)
Unlcading, storing. loadings LS 15.00
and local transporiation at site
' 244.33 -
Cost of cement per tonne 24433 «x 2000 = 4,886.67
5 % wastage
% g . 244,33
Cost of mixing with water and 100.00 £ bagx 20 = 200000
injection (100/bag x 20
Cost of grouting and mixing plant
operation (100/bag x 20 100,00 7 bag x 20 = 2,000.00
Btores (packers, hoses and other 1.800.00
fittings ete)
Rs, 12,931.00
Contractor's profit @ 20% 2.186.20
Rs. 13117.20
Say Rs. 147,
Shoterete (plain) i’ 4 00 #tonne
Sang and aggregates (1.5 Cum) 1.50 x 601.00 = 801.50
Cement 500kg 500.00 x 4.89 2.443.332
5%, wastage 12217
Compresseg air 300 ofm @ 200 x 110.00 = 230,00
Power 20x0.75x 0830 300 = 36.00
Jumba charges per shift 2.100 £ 20,00 = 105.00
per shift @ Rs. 2,100 .
Water under pressure - 12.00
Defivery hose 300.00
f2 nos. x 15m x 500 % 10 bags) / 500 bags
Rubber seals (2x800x10 / 500} = 3z.00



10

Norrs (R0 7 500y «

Other connections

Labour for menag 2! bateh plas

Transport by trars:d mser A40 per hour

@1 houwr}

tabowr for shotorete & Morgleman L5

Adgitives - (SP 195 = 300 kg x 603
Accelerator - Sodiwm Silicate
(6% 2 B00kp = 203

Rebaund 259

Contractor's profit @ 20%

{2.5%g / sam x 30) =

Weld Mesh

162 overlap

Small bolts for fixing L8
Labour tor fizing t.5

Contractor's profit @ 20%

Fibre reinforced sholcrete
Cost of shioterete par cum
60 kg fibres @ Rs. S0 per kg

Contractor's profit @ 20% « 5,400

Steel supports

Steet Ex.Kalka / tonne
Saie tax @ 4%

Transport (250 km % 2x 30/ 8}
Loading and unicading

Cost of steel £x-site

2.5% waslage

Fabrication cost @ 25% of steel cost
Erection cost (same as fabrication cost)

Conteactor's prefit @ 20%

LE

177.00 /2.5 kg

260G
500.00
SO0.O0

Rs.

Rs,

Rs,

20,000.00
800.00

1,875.00

300.00
22,975.00

Rs.

Rs.

125.00
Ficaeiy
830,00

65480

$00.00
1.587.00

1.899.25
3.496.25

1,899 25
£1.395.50
Say Hs.
75.08
7.50
30.00
35.00
147.50
258.50
1772.00

70.80
Say Rs.

11.396.00
5.400.00
1,080.00

17.876.00
Say Rs.

22,975.00
574,38
5,000.00
000,00
33,549.38
6.709.88

43,259,258
Say Rs.

11.386.00 sCum

71.00 sKg

17,876.00 /Cum

40.260.00 /tonn



s
a

Drgimage Hotes #F S dia

Cast of driliing pee malire
Fracing of machine LE
& pther msg.

Cenlracior's profit £ 20%

Conecrete

Portal and inlets/ o utiet structores

&

Aggregate 1.4 curm 1.40 x

Batching LS.
Cost of Cernent 300 Kg 300,00 x
5 &, wastage

Transport of concrete to placement point

{ By & cum transit mixer.Totai time  880.00 z

Rz,

£601.00

4.8% =

150 = 222.50

required for 1 trip = 1.5 hrs) 6.00
Concrete pumping

lighting/eiectricity charges L5
Dewatering -
Cleaning /sand blasting LS
Placement fabour L5
Vinration L5

Curing & finishing L5

Portals shuttering - 2 sgm/¢um

Cast of shultering pér sam Rs, 106.00 LS.
Cost of shuttering per cum 10006 «x

Catwatks ang other aids for concrelir LS,

Centracter's profit @ 20%

) Conerete in tunnel fining
Cost of concrete

Extra 50kg cement @ Rs. 4.89 /Kg

5 ¢ wastage
Extra cost of shuttering L5

Cost of pumping L8

Contractor's profit @ 20% 1 4B1.55

¢} Concrete in plog

2.00

Rs.

Rs,

244.33
1z.22
180.00

125.00
481.58

96.31
57786

151,00
15060
34100

68.20

40820
Say Rs.

841.40
56.00

1466.00
73.30

222.50
1e6.00
20.00
20,00
20.00
100.00
20.00

20.00

200.00

20.00
3,203.20

540.64
3.843.84

Say Rs.

3.844.00

577.86
4.421.86

Say Rs.

Rs.

202,00 smete

3.844.00 /Cum

4.422.00 fCur

384400 fCum



33 Stesf lners {ASTHEE-337 8r  Steel:

2y Gost of stzel plate @ e a]
ex faslory Burppe

Transpoet to the oot @57

ingurance & Freight to Inthan port 8 108
Customs @& 252%

Wastzge @ 2.59%

o) Fabncation as per CWC norms

)y Straightenming

it} Marking

i} Cutting

i} Rolling

v} Welding

¢) Radiography and non-destructive testing

d) Waorkshop operation including handling
from store and fabrication

23 Erection inciuding transportation to site
and handling, assembling and field welding

fy Epoxy painting {(Shop painting and
final field painting)

2) Inspettion charges dusing tabrication

Contractor's profit @ 20%

14, Instrumentation
15, Gabbions 7 Stone pitching
Collection of stanes from river bed
Transport? ¢as lead 10¥m) (1022%18.0¥/5 =
Cost of woven mesh
(2.5 sgmseum x2.5 kg 1 Rs 403

Labow (@ 25/50m x 2.5;
Labour for placing steénes in Gabbions

Contractor's profit @ 20%

16. Gates and hoists
a) Embedded parts
b} Gates
¢} Hoists

d} Hoist bridge

@ 1.8% of cost of steal
@ 2% of cost of steel
@ 5% of cosl of stept
@& 7.59% of cost of stee
10% of cost of steel
26%, of cost of stael

LS.

Bs.
Rs.
Rs.

Rs.

3%, 10,00
1457 50
41107 .50

4.110.75
45.218.25

11304 Bo
36.522.81

iA13.07
3783588

15,0853.33
2.000.00

1.500.00
7.500.00
1.360.00
1.250.00

86.749.21

i7.349. 84
104,099.05 -

Say Rs.

Rs.

60.00
F2.00
230,00
62.50
100.00
544.80

108.9C
633,40

Say Rs.

3.218.000.00 /sat
£950.000.00 sro.
5.850.000.00 /set

3.282.0600.00 /set

105,100.06 /te

600,000.00

653.00 /C
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Steel Benforsapyant
Cost ExKalks

Lates Tax @ 4%

Transport (250 x 2 % 303/ 8 tong}

Loading & untoading

2.54%, wastage
Chairs & 3%

Rehandling at site

Cutting, bending & binding iabour

Bindimg wire {10KEg * 20

Conlractors profit @ 20%

PYC Seals
Purchase price

Transport and Storing

Wastage 10%

Cost of tixing

Contractor's profit @ 20%

Metad seals

Cost of material

3.15mm thick - 300men wit (Bkg/m x Rs. a0)

Caost of fixing

Gontractor's protit @ 26%

LE

LE

L&

[

S

15.000.00

£00.00
1560000

JETECO

aceoo
1827500

435.88
548,25
500.00
800,00
200,60
20.780.13

4.156.63

Rs. 24,936,315

Say Rs.

500,00

30.00
530.00

53.00
583.00

60.00
643,00

12860
Rs. 17860

Sey Rs.

320.00

60.00
380.0C

76.00

Rs. 456.00

Say Rs.

24.940.00 Aone

772.00 /met

456.00 /met



if. COFFES DAMS
1. Excavationin oeerburien e, 103,00 sew
% Gontrete cut-off {Disphragm wall)

The lollowing imported equipment will be required.
1t will be ahtained fram Mos BAUER Gmbk. Germany

oozt ErGermany)

a3 HMydraglic grab OFG AD 1200 B 265 000 o

by Mecranical noist retracting systern Dh4 150.000.00
WSS tor eroavation uple BOm}

¢} Mechameal ang nydraulic - 100.000.60
modilications on Grawler crane

o) Hydrautic anchor grifling rig UBW 08 DM 465,000.00
with dowr the hoie-hammer &7 lor
aredrifling or perforating houlders

&) Bentonite mixing station SK far a oM 7500000
centirucus suput of 15 cum/hr

fy Desanding unit BE 100 bM 58.000.00

capacity 100 curn/nr
DM 1.187.000.00

1 DM =Rs 25
(DM 1,187,000 x 23) = Rs. 24,675.000.00
Freight and insurance @ 10% 2.967.500.00

Custom duty @ 40% 11876.000.00
Rs. 44.512,500.00
1.600.000.00

g) 20T Chiesel 1ocal supgly
Rs. 45,512,500.00

Since the above equipraent wili be
specially manutactured for this work,
the tolal cost will be charged to work
hy  Expatriate personnel Deieted as per comments of CEA
& months @ DM 23000
(DM 23,000 x & rrionths X 25)
= Rs 3450000.00

Air fare ang Jocak cost @ 20= 650,000.00 £90,000.00
of Rs. 3450000.00

Cost of equipment chargeable to work Rs. 45,202.500.00
i) Cost of equipmarit and Man POWEr per sqm a46,202.500.00
(concrete cutott wall area = 0200 sam) 10.20C.00 4,520.68
Operating cost of plant at site @ 5C % 2,264,83
Cost of bentonite 1,000.00
Cost of 1.2 cumn of concrete 5.188.40
(M20) PER CUM. RS. 4,332.00

Cost of reintorcement 100 kg @ Rs. 25/kg 2.500.00
v 15.492.89
Contragior's profit @ 20% 3.098.58
18,591 48

Say Rs. IR580.00 /Sgm



[

4.

in

tmiperyicys core

Liay of imperviou s maleriad reguired for thes
will be gptpined froom eations which are

30mn away frovn Karcham

a) Cost of Roayity Tor materisf per cum

b3 Excavation ang joading i ruck

<) Trangport {30k x 2% 18.0) 7 53

L5

¢} Unloading 3t site and placing in the cors

&5 Carmnpactian

Lontractor's prafit @ 20%

Graded filter

Cost of aggregate at processing plant

Transport {10k x 2 & 18.0%5;

Piacing LS

Contracior's profit @ 20%

Rackfill

This material will be available from excavation
dump areas gr could be extracted from river bed.

Excavation trorm durnps or from river bed
and transport to the arez of coffer dam.
Provided an average of overburden & sock

excavation

Ceornpaction LS

Conlracter's profit @ 20% of Rs. 30

8. Dewatering

i} Surface works

Cost of power
2} Cost of operation

Operator/month
Electrician/ month

1 helpers @ 2700/ menth

or ({14400 x 18937 30) =

Assume that this pumping station
consume 500 kW power
hence cost of (abour / kW =

by Instaliation charges
Labour
Storgs

©) Spares for pumps

103.00

L8

370.00

2

1,89 x

11.700

30

(Cost and ceprecialion provided in plant cost)

Contractor's probt @ 20%

i) Undergraund works
Easw cos!

SINEF TS

737.1

50000

2000
43.00
216.00
600

30.00
Rs. 368.00

73.20
Rs. 139220

Say Rs,

E01.00
72,00

E0.00
733.00

145,60
Rs. 879.60

Say Rs.

236.50

.00
306.50

B.OQ

Rs. 31z.58¢

Say Rs.

2.00

4.500.00
4.500.00

2.700.00
11.700.06

73710 sday

C.15
2.15
030 2.30

Rs, 5.97

43%.00

Aurm

880.u. JCurr

313.00 sCun

yur
(43

£.00 /8w

-

3

SR



b Dpen exavetion

a} Gverburden groavation

B} Rock excavation

¢} Excavation in fault a0 seaing

2. Excavstion in galleries

{By DIVERSION DAM

Amscum drilling @ Rs. 80/meve 480 = #0.60

2.5 ky explosive & Rs. 80 per kg

2 Detonators 200 x 15.66
Wire & ather mise L&,
Labour for blasting L5
Yentilation L5
Lighting LS
Mucking including costol L.§
labour + trolleys -+ rail tracks ete.
Supporting termporary/permanent ite LS.
Contractar's profit @ 20%
Rs.
Rock belts umtensioned
Sholcrete
Weld Mesh *
Cancrete ) .
2) Cost of concrete M15
Same as itern 12 (a) of river diversion work
@ 300 kg cernent per Cum
Deducting cost of 100kg cement 4.8% x 100.00

Deducting profil 20% aof Rs@ 4%e-67

Extra cosl of shuttering LS
Extra cost for cooling 1.8

Contractor's profit @ 20% « 62.00 +  120.00

b) Cost of concrete M20

Same as itern 12 (B of river diversion work

Deducting for pumping {75 x .27

180.00

g,

320060
150.00
.00
100.00
80,00
50.00
50.00
560.00
500,00
1,760.00

35200
2112.00

Say Rs.
Rs.
Rs.

Rs.

3.844.00
438.67
3355.33

97.73
3.257.60

£0.00
120,06

.00
3.473.60

Say Rs.

4.422.00

S0.00
4.332.00

Say Rs.

10300 o
37000 mu

500,00 /Cu

2.112.00 /Cu
433.00 /me
11.396.00 /Cu

71.00 /Hg

3.474.00 /Cu

4.332.00 Cu
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il

13

¢y Bast of concrete FAZE
Same ag gern 6 (Dol diversion dam
2A3.33

Adoing Bhkg cerment S0.00 = 2,89 =

5 a7, wastage

Adding Contractor's prafit @ 209,

Stpel reinforcgmant per tonne
trilling for cons o idation grouting
Grouting with cement

prainage holes per metre

Metal pipes and fittings for grouting
and trainage holes

Cost/kg

Transport and store cost
Labour for lixing

Contractor's profit @ 20%

PVYC Water stops per metre
Copper water stops

Cost of copper sheets per Kg
Fabrication per Kg

Brazing per Kg

Fixing per kg

Contractor's profit @ 20%

Rate per metre {246 x 5 kg/m) =

14. Asphjalt seal

2m pipe 1/2" dia @ Rs. 40/metre
Zkg asphalt @ Rs.20/kg
Forming cost L8

Placing of asphalt and past LS

Gontractor's profit @ 20%

15. Formed drains

Shuttering usage charges )

Labour for fixing and remoy LS

Contractor's protit @ 20%

4.352.00
28433
1222

4887
4837.42

Say s,
s,
fs.
Rs,

Rs.

30.00
300
7.00

40.00

800
48.00

Say Rs,

Rs.

120.00
2500
3,00

30.00
205,00

41.60
246.00

Rs. 1.230.00

Say Rs.

B0.00
40,00
3000

4000
£80.00

as.oc
228.06
Say Rs.

3000

3000
§0.00

12.00
72.00
Say Rs.

/Rg

4.640.00 FCum
24.940.00 rlonme

403.00 smete
13.117.00 rtonm

402.00 rmete

48.00 sHg

772.00 /mete

123080 rmete

228.00 smets

72,00 smete



et
)

Mizceilansous rrielel works

20,

21

Last F kg 26,60
Lost of fung 2.00
44,00
Coniractor's protit @ 2% 880
5280
Say RBs. 53.00 /K
mstrumentationt for dam L8 Rs.  13.000.000.00
Stairs/ramp in pody of dam LS Rs.  3.000.000.00
Elevator tower incliuding Rs,  2.500.800.00
controf roem platiorm L8
Room for emergency D.G. Sets L5 Rs.  1.250.000.00
Bridge over spilFway
Quantity of concrete per cumfar 3
prestressed bridge of 22mspan
Say 4.5 curni/ M
22m x 4.5cum concrete @ Rs. 5.000 per cum 5000000 -
22m x cost of staging/m 22,00 x 7,500 = 165,000.00
1.2 topnes H.T. cables @ 30.000/tenne 36,000.00
& tonng of M.S. @ 24,540.00 199.520.60
Accessories for prestressing 50.000.00
Bearings 100.000.00
1.045.520.00
Contractars profit @ 20% 209.104.00
1,354.624,00
Contingencias Deteted
Cost per metre . 1254624 Rs. 57.028.36
22.00 Say Rs. 57,030.00 /me
Railing at top of dam
Provided for an architectural railing
of precast conerate
Estimaled cost per metre
Rs. 3,000.00 /me
Lamp post
Estimated cost per number Rs. , 12,000.00
Stilling well incl. equipment for L3 Rs. 2.000.000.00
water level measurement
Security watch and ward room inch, LS. Rs. 1.500.600.00
control gates
Architectural treatment L8 Rs. 1.500.000.00
Steet liners in siuice Rs. 104.100.Q0 /tonr
Passenger cumn freight elevator L5, - Rs.  1.500.000.00
Bewatering Rs. 6.00 KWl
Sluice spiliway gate
a} Anchorages & Embedded parts Rs.  26.510.000.00 /get
b} Radial gates Rs. 29.250.000.0C rne.
. Rs.  42.900.000.00 sset

£} Hoist for radial gate



21 Auzibiary spilbwsy gate and hoist
3} Anchorages & EriDedued parts
) Hadeal gates

¢3 Radial gate hoist

33, FRemole confroi equipment for siuice 1.8

spitiway & guxidiary spillway

33 Shuiee spillway steplogs

a3 Embedded parts

b} Stoplog units
34, Auxiliary spifiway STOplogs

z) Embedded part

b} Stopleg units
35. Spillway gantry crafi

a) Rail & fittings

b} Crane

£) Lifting beams

£ BE0.000.00 fset
5688 000.00 /nc.
12.480.000.00 /fe

13.500.000.00

3.575.000.00 sset

23.232.500.00 Jno.

2.145.000.00 /sel

4.280.000.00 sset

2.243.000.00 /521
28.437.500.00 /no.

2.437.500.02 /no.



P

O exrpvativ

1o awerburten

R {eIn

Underground exgavation
Yensivned and grouted mck boits
Shoterete inch. co 51 of cement
Meshk reinforcement i sholcrate
Shoterete with steel fibres

Steel rib suppori

Concrete reinforcement
Fe 415

Fe 500 Fed 15 per tonne
Extra 10% for Fe500

Concrete
M1S
M20
25

Concrete in underground works

Mi5

Mz

M25

Drainage hole 75mm
Drifling for grouting
Grouting

Stone Masonsy irt 13
1.1 curn of stones
0.45 cum of sand

4.8 Cerment bags x 30kg

Moriar mixing LS
Scaffolding LS
Curing L8
Bonting L8
Tools and steres LS

Cantractar's prefit @ 20%

() INTAKE, SEDIMENTATION CHAMBERS

AND FLUSHING CONDUITS

24940.00 per tonne
2,494.00 per tonne
27,434.00 per torne

no#

110 =z 300.00
045 x &01.00
4.80 # 4.8% x50=

Rs.
Rs.
Rs.

Rs.
Say Rs.

230,00
270.45
1,172.80
35.00
E0.00
30.00
50.00
50.00
24i8.2%
4G3.65

2.421.¢0
Say Rs.

103.06
370.06
LE82.00
674.00
11.396.00
71.00
17.876.00

40.260.00

24.840.00

27.434.C0

3.474.C0
4.332.00
4.640.00

3.474.00
3.474.00

4,332.00
4,332.00

4.643.00
4,640.00

409.00
403.00

13.117.00

Cu
Ao
fme
fCu
Kg
/Cu

for

for

fon

e
Qe
AQur

FCur
o

Qi
ey

0
fCut

/ime
/e

ften

2.422.0G /Qur



14 Steel Haers in Fushing sendol

16, intake trash rach
&y Embedded paris
by Trash rack ynits

17, Intake gates
a} Embedded parts
by Gates
&y intake gate hoists

15, Intake stopiogs
ay Embedded parts
by Stopleg units
19, intake trash cieaning machine
a) Rals
by Maching
20, PYC watersinp
21. Copper waterstop

22. tnstrumentation

23 Sedimentation chamber, gates & Crane

2) Embedded parts
by Gates
c) Gantey Crane

24, Flushing conduits, gates & hoists
a) Embegded parts
by Gates
&) Hydraulic hoisis

25. Remote controt equipment for sedimentation

chamber & flushing conduits
26, Other miscellaneous items

27, De-watering

L8,

s,
Mg,

By,
Rs.
Feg.

s,
Fg.

Rs.
Rs.
Fs.

fs.
Rs.

Rs.

Rs.

104.190.00 Aoy

3.658.000.00 7set
S33.000.00 Mmoo,

128700000 /et
4.6848.000.00 /no.
2. 750.000.00 f5et

1.287.000.80 sset
B.720.600.00 /o,

1.483.000.00 Fset

AT450.000.00 sno,

F72.00 fmet

1,230.00 /met
1.503,000.00
1.287.000.00 /set

2.860,000.00 /no.
23.322.000.00 /no.

838.000.00 /set
1.788.000  ‘no.
6.500.000.. . sset

19.500.000.00

6,00 sKWE



i Open sxeavstion
3y Overburden exTay IHOE
B} Rock excavation

7. Uaderground excavation

4 Uniensloned & grouted rock bolts
£25mm dis}

4, Tensisned & grouted rock bolts
{25mm dia)

5. Shefcrete

6. Hash for shoterete
7. Shotcrete reindorced with steel fibee

Basie cost
Extracost @ 10 %

& Steel rib support
4. Drifling for grouting
10. Grouting
11. Drilling for drainage heles
12, Dewatering
i3, Concrete
2) Portal M20
by Adit Mi3
) Tunnel linging M25-
4) Plug M20
14. Steel Reinforcement
15, Stone masonry {13}
16. Yehicle access gate in adit
3} Embedded parts inciuging locking device
b) Gates (hinged type€)
17. Embedded drain pipe & valves per sel
18. Collapsible shutter per no.
18, Instrumentation for HRT

20. Provision lor shear zones & bad reaches

(D) HEAD RACE TUNNEL AND
CONSTRUCTION ADITS

L5

LS.

.
Hs.

s,
Say Rs.

Rs.

103.00
IGO0

t1BER2Z 0L

&14 006

574.00

13.396.00
11.3986.00

71.00
17.876.00
1,787 60
19.683.60
19.664.00
40.260.00
403,00
13,117.00
409.00

10.00

4.332.00
3.474.00
4,640.00
4,332.00
24,940.00

2.422.00

/G
it

e
3]

/rn

£
G

AHy

80

gl

fte

fm

el
G
T
/G
‘o

G

?2,000.00 /se

1.544,000.00 /nc

3.250,000.0C
200.000.00
3.000.000.00

75.000.000.00



2. Underground excavetion
Basic aost ) fe
Extra tor operation of rase climbar g
3 Tensioned grouted rock bolis
a3 25mm rock boll
by 32rmm rock Dol
Cost of griliing 50mm
Cost of 32mm dia rod 5.3kg B3D x A
Cost of plate and nut
Cost of threading L3
Cosi of expansion sleave LS
Labour Ls
Cost of ruck platiorm 3.360.00
40.00
Cost of grouting & other mi LS
Contracter's profit @ 20 % -
Rs.
4. Shotorate
5. Mesh reinforcemnent
6. Shotcrete with fibre reinforcement
7. Steel tibs
& Concrete M25
4, Reinforcement
a) Grade Fe4ls
b} Grade Fe5CG0
10. Drairage holes
11, Drilling for contact consolidation grouting
12. CGrouting
13. Sandwilch steel finer
14, Steel liner in orifice siab
15.  Air vent pipe 500mm-6mm thick
Wt 1.57 x 4500 = 70.65 Kg
Costrm 7065 x 50.00 = Rs. 2,532.50
16. Slope protection LS.
17.  Stone masonry (1:3)
18. Steel platform at top
19, Surge shaft stopiog

(E) SURGE SHAFT

Gpen extavatio

ay Embedded parts
) Stapleg gate

20, Radially travelling haist for

handling stoplog

249

1.682.00
0000
228200

Fs.

Rs.

150.00
550
20.00
50.00
20.00
75.00
84.00
75.00
S68.50

1370
EBR.20

Say Rs.

Rs.

Rs,

Rs.

Rs,
Rs.

Rs.

Hiz.0n

S um
FEet
2.282.00

&74.00

/m

632
11.396.00
71.00
19.664.00
40.260.00
4.640.00
24,940.00
27,434.00
409.00
403,00
13.117.00
104,100.00

104.1060.00

3532
2.000.806.00
2.422.00

50,000.00

o

foum

Fmete

mets

#Carrt
/Kg

fCum
fenn
fum
tenn
/tonn
et
smiett
ftonn
ftonr

flons

“tmet

Cum

/tonn

3.86],000.00 /set
%.005.004.00 /no.

14.300.000.00

/st



[

~

L)

12,

3.

Underground sxcavation
Cost of gallery excavalion

Extea tor aperation of raise clinber

Tension & prouted rock belt
(2Emm diaj
Basic cost

Steel rib support
Sacie cost

Shotcrete

Mesh reinforcerient for shotorete
Basic cost

Fibre reinforced shotcrate

Drilling for consolidation & contact grouting
Basic cost

Cement grouting
Basic cost

Penstock steel Liner {ASTH 537 GRI STEEL)

instrimentation

Steef reinforcement
Basic {Fed15) cost

Cangeate M20

{Fy PRESSURE SHAFY AND PENSTOCKS
211200 /Cum
500.00
2.712.00

B74.00 fmeter

40.260.00 Aonne

7100 kg

403.00 /meter

13,117.00 /tonne

L5

24,940.00 /tonne

Rs.

Rs.
Rs.

Rs.

Ryg.

Rs.

2.712.00

874.00

40,260.00

11.356.00

71.00

19.664.00

403.00

(3.1172.00

104,.100.00

2.0060.000.60

24,940.00

4,332.00

0

l4:4

e

/e

o]



%

2.

4.

{3y POWER HOUSE COMPLEX

Open excavation
at Guprburden gxoavation
o} Rock gxcavation

Untensioned grouted rock anchors
{Z5mm dia}

Underground excavation
a3 Approch adit
By Cavity

1882 + 1.000

Tentioned & grouted rock balt
2) 23 mm dia

o 36 rm dia

Cost of dnlling

Cost of 36 s dia rodim (8 K 800 x 15.00
Cost of plate & nut LS
Cost ¢f threading LE
Cost of expansion sieeve LS
Labour LS
Cost of truck platiorm LS
Cast of grouting LS

Coniracior's profit @ 20%

Drilling tor grouting

Grouting

Shoterete

Mesk reinforcernent for shotcrete

Fibre reinforced shotcrete

10. Drainage hole {core drilling} Nx holes

1i. Concrete
a) M15
o) M20
€3 M25
12. Steel ribs
13. Steel reinforcement (Fedl3)
14, Copper metal seals
18, Py seat
16. Miscellaneous meta! work & MS. pipe
17, Grating & Covers
18. Aluminium doors & windows
19. Water supply & sanitary fittings
20, False ceiting of Aluminium/metal
21, E.G.Y crane rail
22, Transiormer raif

23

Instrumentation

L.5.

LS.

L5

150.00
120.00
20.00
50.00
25.00
75.00
100.00
75.00
615.00

123.00
738.00

Fs.
Rs.

s,

Rs.
Bs.

Say Rs.

Rs._
Rs.
Rs.

Rs.

Rs.
Rs.
Rs.
As.
As.
Rs.
Rs.
Rs.

Rs.

Rs.

Rs.

10300
370.00

£14.00

2.E682.00
1.EBZ.00

674.00

738,00
403,00

13117

11.396.00

71.00
18.664.00
40%.00
3.474.00
4,332.00
4.640.00
40.260.00
24,240.00
1.230.00
772.00
50.00

S0.00
1.500,000.00
1,600,000, »
?.500.00
5,000.00
5.000.60

3.000.000.00

Sy
£0u

At

fou
fCu

/e

fme

/me

;/!or

/Cu
JKg
FGu
fmg
Gu
£Cu
/Cu
fer
Ator
fme
/e
/K

/g

/5q
/me

fmé



28
4.

3t

32

Bewstering
ftoliing shufigy

Arebitetiural features in power house complex
Architectural treatment sulside approaeh 2dit
Security guard room

Siene masonery {113}

Fabricatipn stes] works

20m rock anchor of 50T capacity

2} Griling of 100rram hote

b} Cost of cable of 50T capacity

¢} Sheath & Spares

4} Anchorages & anchor Blotk

e} Grouting

) Labour for assernbly & placing :
the cable & stressing

# Scaffelding

n} Lighting & other risc. items
Contracter's profit @ 20%

. Drafl tube gates

a) Embeded parts

by Gate

c) Gate opening crane

-
0

-
14

L8

LS

800.00
1.200.00
300,00
&00.00
5006.00

400.00

103,00

300.00
4,000.60

800.00
4.800.00

Rs.
Hs,
H3,
Rs.
Rs.
Rs.

s,

Rs,

Rs.
As.
Rs.

1000 /Ky
1.000.000.00
2.500.000.00
1.000.000.00
1,500.000.00

2.422.00 /Ly

7500 /KR

4.300.00 sme

1.602,000.00 sset
3.575.000.00 /no.
14,300,0C0.00 /ne.



4

a7 Dreersurden exgRy aton
oy Rock srcavatics
2. Underground excavation
3. Tensioned & grouted rock okt
4. Drilling for grouting
5. Grouting
& Shotcrete
7. Hiesh reintorcemment for shoeterete
8 Shotcrete with fibre reinforcement
2. Steel rigs
10. Concrets
ay M5
h} M20
11 Stet) remiornemientife 415)
12. Copper seal
13 . PVC Seal
14, Misceilaneous metal & pipe
15. Stone masenry
16. Grouting boulder pitching
1 cum of boulder pitching @ 150/
L.absur @ Rs. 100/
Grouting with cement mortar
Seaffoiding L5
Curing L8
Ceontracter's protit @ 20%
17, OQuliet pates & hoists
a) Embeded parts
b) Gate
c) Hoists

Diper pacayation

¢} Trestles and hoist platterm

18

20,

Bewatering
instrymentation

Stilling well & tail water level
measuring instrument

(H) B/5 SURGE CHAMBER

100 x 150.00

L.8.

LS.

150.00
100.00
250.00

35.00

20.00
§555.00

111.00
£86.00

Hz.
By,

Rs.
A3,
Rs,

As,

Rs.

Rs.
Rs.

Rs.
fs.
Rs.

Rs.

109300
B70.00

168200
574.00
403.00

i3.117.00
11.356.00
71.00
19.664.00
A0.260.00
3.474.00
4.332.00
24,940.00

1.230.00
772,00

83.r

2.422.00

£66.00

Al
foun

Alun
fmet
/maet
flom
fCun
fKg

sCur
Ftont
fur
fCun
fron:
fmet
/met
%SB

fCun

/Cur

1.609,000.00 /set
4.290,000.00 /no.
5.850,000.00 /no.
3.218.000.00 rset

10.00
1,500,000 .

1.500.000.00

FRW



1

2

3

4,

Cpen excavation

&) Ouerburgen excavalion
b3 Rock sacevalion

. Lonerste

23 BIE

b} Mz0

¢y M25

Steel reinforcement (Fe 415)
PYL seals

Metal seals

Metal works

Stone masonry

Fencing and gates

(i POTHEAD YARD

Fs.
R,

553
Re.
R,
Rs.
fs,
Rs,

Hs.

103.00
Efpie

3474 00
4,332.00
464000
24.840.00
Jrzon
455.00
53.00
2,422.00

1.500.000.00

Eit
#u

s
o
iy
fne

fme

/e

fCut



