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My dear Shastriji,

I have pleasure in forwarding to you the Report of the
Irrigation & Power Team on the Rihand Project. The
Report is the result of close study of all relevant facts and
observations of necessary matters. The method followed was
to consult the Project Authorities concerned at every step,
the dominant thought being to do everything in close coopera-
tion and in a spirit of joint endeavour,

2. Some very pertinent issues have been raised in this
Report. They relate to the policy of construction of such
dams in wmasonry versus concrete, departmental versus
contract agency, procedures to be adopted in working out
depreciation, operation and maintenance and other miscella-
neous charges in working out tariffs for electricity, for which
there is no uniform practice at present,

3. The Team received fullest cooperation in their studies
from the Project Authorities for which our thanks are due to
“them.

Yours sincerely,
A. N. KHOSLA.

Shri Lal Bahadur Shastri,
Minister for Home Affairs,

Government of India,
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PREFACE

The Committee on Plan Projects, which was set up by the National
Development Council in 1956, appoints, from time to time, Teams to
make studies of different categories of projects included in the Five Year
Plans with a view to securing economy and efficiency in their implementa-
tion. One such Team was appointed for the study of Rihand Project vide
Committee on Plan Projects letter No. COPP/(4)/8/59 dated August 24,
1959.

2. The Team consisted of :

Dr. A. N. Khosla, then Vice-

Chancellor. University of ‘

Roorkee, now Member, Leader.
Planning Commission.

*Shri Balwant Singh Nag,

Adviser, Irrigation & Power, Member.
Planning Commission.

Shri M. P. Mathrani,

Chief Engineer (Retd.), Bihar.} Member.

The power aspects of the Project were studied in consultation with
Shri N. N. Iengar, Electrical Adviser, Hindustan Steel Ltd., and Consultant
to the Irrigation and Power Team.

3. The Terms of Reference required that the Team should make a
study of the various aspects of the Project and of the following ones in
particular :—

(1) The aspects of the Project having a bearing on economy and
efficiency with special reference to,

(a) Utilisation of trained personnel and materials,
(b) Utilisation of machinery and equipment,
(c) Construction Plant layout,

(d) Adequacy of original estimates and designs as evidenced from
actual construction of Project,

(e) Phasing of construction with a view to studying whether,
(i) timely utilisation of benefits accruing from the Project
has been ensured ;
(i) it is possible to accelerate accrual of benefits; and
(iii) benefits could be increased by rephasing the Project at
this stage ; .

(0 Sufficiency of investigations conducted at the Planning stage
with a view to the formulation of project estimates, and

sRolinquished charge as Member, Irrigation and Power team on 1°12°1960.
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(g) The effect of the above study on the financial results of the
Project, if any.

(2) Generally 10 assess the progress made in construction, the reasons
fgr shortfall, if any, and to suggest measures for improvements in
the future,

(3) To examine the possibility of decreasing dependence upon import-
ed materials and equipment required for the Project,

(4) To examine whether adequate steps have been taken by the
authorities concerned for fixing and realising the contemplated
wa(tier rates, betterment fees and/or any other rates, cesses or taxes,
an

(5) To report on any other aspect that the Team may like, in order
to ensure economy and efficiency in the construction of the
Project. '

4. The Members of the Team paid a number of visits to the Rihand
Project and had detailed discussions from time to time with the Chief
Engineers, Irrigation and Power (Rihand Project) and other officials con-
nected with the Project. The Leader along with the Members of the Team
visited the Project in September. 1960.

5. The Members of the Team discussed the draft Chapter on ‘Power
Supply, Tariff and Financial Returns’ with the representatives of CW&PC
and N. R. Division of the Planning Commission on 17th May, 1961.
A copy of the Draft Report was forwarded to the Government of U. P.,
Secretary, Rihand Control Board and the two Chief Engineers, in Septem-
ber 1961 and it was subsequently discussed at Rihand with the two Chief
Engineers on 9th October, 1961. In the light of those discussions and
subsequent correspondence the Report has now been finalised.

6. The Team would like to place on record its gratitude to the Gov-
crnment of U. P. for the facilities extended for the conduct of investigations
and for the ready help given by the Chief Engineers, Irrigation and Power
and other concerned oﬂlgcials.



CHAPTER 1
HISTORY AND SCOPE OF PROJECT

1.1. The power potential of the Rihand river was first visualised in
1919 by Mr. G. T. Barlow, the then Chief Engineer, United Provinces.
Twenty-five years later the prospecting for the dam site at Pipri  was
don? by Shri A. P. Watal, the then Superintending Engineer, Development
Circle.

1.2. The site was inspected by eminent engineers such as Dr. J. L.
Savage, the then Chief Dam Designer of the Bureau of Reclamation,
U.S.A., Shri (mow Dr) A. N. Khosla, the then Chairman_of the Central
Water, Irrigation and Navigation' Commuission and Sir William Stamp, the
then Irrigation Adviser to the Government of India.

1.3. The investigations and surveys for the preparation of the project
were started in 1945. On the basis of the data collected upto that time,
a project for the construction of a dam at Pipri was prepared in 1947.
This project was sanctioned by the U. P. Government at a cost of Rs. 16-25
crores for the Dam and Power Station only in April 1947,

1.4. The preliminary work on the = construction of the project was
started in 1948. The g:neral designs and the specifications of the dam,
power plant and the appurtenant works were prepared in 1949 in the
United States of America by M/s. Iaternational Engineering Company in
consultation with U. P. Engineers. Unfortunately further work on the con-
struction of this scheme was temporarily suspended in 1949 due to the
urgent necessity of transferring of all available personnel, materials and
funds to the construction of the short-term food production schemes in
order to make the country self-sufficient in food in the shortest possible
time.

1.5. In Qctober 1951 when it was decided to resume the work. the
project estimate was recast in accordance with the general designs ana
specifications prepared by the International Engineering Company. The
cost of transmission lines and sub-stations was also included in the estimaie.
This estimate amounted to Rs. 35:21 crores and was sanctioned by ths’
U. P. Government in 1952. The cost of Dam and Power Station alone
was Rs. 21-12 crores in comparison to Rs. 16-25 crores in 1948 estimates.

1.6. After the sanction of 1952 project the work on the preparation
of a Master Plan for construction of the dam and the power house in con-
crete was undertaken and completed in 1954, 1In April 1954 the question
of constructing the dam in stonc masonry instead of concrete as provided
in the estimate was raised by the Central Water and Power Commission.
After prolonged discussions between the State Government and the Govern-
ment of India a decision was taken in favour of a concrete dam. This
question has been further referred to in Chapter IV “Construction Features
and Construction Programme”.

1.7. Soon after the preparation of the master plan, the revision of the
1952 estimate was undertaken on the basis of operations anticipatzd in
‘the master plan and the rates of labour and materials then prevailing, but
the submission of the revised project was deferred pending the result of
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the global tenders for the construction of the dam and power house which
were proposed to be invited.

1.8. The sealed tenders for the construction of the dam and the power
house were received in January, 1955. The rates quoted by the: lowest
contractors were very much higher than those provided in the 1952 project
estimate. 1t has been stated by the project authorities that the data available
for the analysis of unit rate for this type of work at the time of preparation
of 1952 estimate was incomplete and meagre, due to which correct rates
could not be worked out.

1.9. The lowest tender was approved by the Rihand Control Board
on the advice of the Techunical Advisory Committee. A revised estimate
was thereafter prepared on the basis of rates of the lowest tender and sub-
mitted to the State Government for approval in 1956. This revised estimate
amounted to Rs. 46:05 crores; this had been administratively approved by
the State Government in August, 1958. This estimate included not only
the cost of the dam and power house but also of the main transmission
lines of 132 KV and 66 KV and the main grid sub-stations and transmission
system of 33 KV and below with necessary sub-stations. The cost of the
dam and power house in this estimate amounts to Rs. 29-8575 crores. The
work of the construction of the dam and the power house is in progress
on the basis of this estimate.

1.10. The estimated cost for power generation including the cost of the
Dam. Power Housz and Appurtenant works in the three projects sanctioned
from time to time is as under :—

Year of preparation Estimated cost
Jor power generation
Rs. crores
1947 . . . . : 5 : . . . 16.25
1952 . . . . : . ! . . . 21.12
1956 (Revised) .. ... ... 29.8515
1960 (Anticipated cost) . . . . . . . 32.87983

The tirm power potential and the installed capacity as provided in the
three projects arc as under :——

1947 Project :

Firm power potential at 100%, LF . . . 1,32,400 KW
Units generated . ; . . . . . 1160 MKWH
Installed capacity . . . . . . . 2,30,000 KW (Consisting

of 8 sets of 25,000 KW
and 3 sets of 10,000 KW

each)
1952 Project :
Firm power potential . . . . . . 1,02,000 KW
Units generated . . . . . . . 895 MKWH
Installed capacity . . . . - . 2,40,000 KW (6 scts of

40,000 KW each)
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1956 (Revised) Project :

Firmpowerpotential . . . . . .  1,05000 KW

Units generated . . . . . . . 912 MKWH

Installed capacity . . . . . . . 2,50,000 KW (Consisting
of 5 sets of 50,000 KW

each and room for a 6th
set of 50,000 KW at a
subsequent date).

1.11. The salient features of the Project as shown in the 1956 revised
estimate are given in Appendix I. An Index Map of Rihand Project is
given at page 3.



CHAPTER 1I
HYDROLOGY AND POWER POTENTIAL

2.1. The Rihand river above the dam site drains an arca of 5.148
sq. miles with an average rainfall of about 56 inches per annum.

2.2. When the work of the preparation of the project was undertaken
in 1945 there were only two rain gauges of the Meteorological Department
in the drainage basin and a few in the adjoining catchment. A rain gaug?
station was fixed at Pipri near the dam site in June 1944 and later 13
other rain gauge stations were fixed by the U. P. Irrigation Departmert.
For estimating the run-off. no discharge records on Rihand river were
available. There was only one river discharge site at Dehri-on-Sone over
the river Sone. which is some 90 miles downstream of the confluence of
the Rihand river with Sone. 1n order to estimate the run-off of the Rihand
river at Pipri a study of the record of run-off of Sone river in conjunction
with the study of the annual rainfall over the catchment was made. On
the basis of this study the following relationship was established for the
Rihand catchments :- -

R=0.7P—14
R =Run-off in inchcs
Where P=The mean rain-fall for the area in inches

On the basis of this formula the average annual run-off of the Rihand
river was worked out as 7-270 M. Ac. ft.

2.3. As this is mainly a hydro-electric project, the correct estimation
of the run-off is a very important factor in determining the power potentisl
of the scheme. The average annual run-off data has becn revised as more
and more discharge data of the river Rihand at Pipri has become available,
This data as provided in the three projects is given below :—

Year of Average annual Duration on which
preparation run-off average annual
M. Ac, ft. run-off is based
1947 Project 7.270 1903 to 1943
1952 Project 6.060 1903 to 1950
1956 (Revised Project) 5.138 1903 to 1955

It will be seen that the average run-off shown in the threc projccts
has decreased as further discharge data has become available,

2.4. The estimation for the run-off for 1952 project was made on the
basis of the suggestions made by the International Engineering Company
of U. S. A. on the actual run-off data availuble for the ycars from 1945
to 1947.

2.5. When 1956 project was prepared actual discharge data of the
Rihand river had become available for 10 years, On the basis of this data.
further study was made and the following relationship has been established:

R=P—1.17 P x0.865
Where R=Run-off in inches
P=athe mean rain fall for the area in inches

5
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A statement (2-1) showing the annual run-off from year to year as given
in 1947 Project and as now worked out by the Project Authorities along
with the obsetved discharges for the period from 1945-46 to 1959-60 is:
given below :—

STATEMENT 21

Computed annual run-off for the period Observed annual run-off for the period
1903—1945 from rain-fall run-off of record 1945-—1960.
relationship. !
Hydrological Run-off as per Run-off as per Hydrological
year., 1956 revised 1947 project year, Run-off..
project. report.
M. Ac. ft. M. Ac. ft. M. Ac. ft..
1503—04 3.94 4.805 1945—46 4.67
1904—05 4.56 5.321 194647 5.47
1905—06 3.80 4.228 1947—48 3.92
1906-—07 5.46 8.045 1948-—49 4,91
190708 5.24 7.111 1949—50 5.31
1908—09 5.78 8.937 1950—51 8.96
1909--10 4.22 6.265 1951.—.52 5.95
1910--11 5.05 6.919 1952.—53 5.15
191112 5.45 8.429 195354 3.46
1912-—13 3.82 3.549 1954—-55 1.89
191314 4.61 7.791 1955—56 2,77
191415 5.08 6.233 195657 6.10
191516 5.34 7.784 1957—58 3.35
1916—17 6.55 8.553 1958—59 5.17
1917—18 5.84 9 533 1959-—60 5.47
1918—19 5.18 7.015
1919--20 6.15 12.740 ToTAL . 72,58
1920—21 4.27 5.876
1921—22 5.16 10.183 Average 4.83 M. Ac. ft.
192223 4.95 6.800
192324 5.61 7.784
1924-=25 5.47 10.472
1925-26 7.29 9.610
1926—-27 4.7 6.842
192728 4,86 6.842
1928--29 4,43 5.554
1929—30 5.51 8.164
1930—31 5.85 8.553
193132 4.43 6.458
1932—33 5.05 5.266
193334 4.57 7.207
193435 6.00 7.668
1935--36 4.90 5.958
1936--37 7.21 10.667
193738 5.34 6.650
1938--39 5.09 6.054
1939-—40 6.01 7.592
1940—41 3.93 5.263
1941—42 3.32 3.479
194243 5.65 6,977
194344 7.00 9.417
1944—-45 5.23
TotAL . 218.94 298,089
Average : 5.21 M. Ac. ft. 7.270 M. Ac. ft.
Grand Total : 291.49 .
as per 1956

Projects (1903-1960)
Average : 5.11 M. Ac. ft,
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2.6. From this statement it will be seen that the average run-off cal-
culated from the total run-off for the period from 1903-1944 on the basis
of new formula and for the period 1945 to 1960 on the basis of actual
discharges works out to 511 M.Ac. ft. The average run-off, however, for
the 15 years period for which actual discharges are available is only 4-83
M.Ac. ft. During the period for which actual discharges are available
there has been a period of severe drought for about 3 years continuously
from 1953-54 to 1955-56.

2.7. A comparative Statement (2-2) showing the computed run-off
by Rihand formula and actual run-off for the period from 1945-46 1o
1959-60 for which actual data is available is given below :—

STATEMENT 22

Computed run-off by Actual Percentage
Hydrological New Rihand run-off error with
year. formula M. Ac, ft. respect to
M. Ac. ft. actual
run-off.

1945—46 5.12 . 4.67 plus 9.6
1946—47 5.76 5.47 plus 5.3
1947—48 4.81 3.92 plus 22.7
1948—49 5.87 4.91 plus 19.6.
1949—50 5.26 5.31 minus 0.9
195051 5.37 8.96 minus 40.1
1951—52 4.59 5.95 minus 22.9
1952—53 4.82 5.15 minus 6.4
1953—54 3.58 3.46 plus 3.5
1954—55 3.52 1.89 plus 86.2
1955—36 3.28 2.77 plus 18.4
1956—57 6.56 6.10 plus 7.5
1957—58 3.7 3.35 plus 10.7
1958-=59 4.13 5.17 minus 20.1
1959—60 3.85 5.47 minus 29.6

In this statement the percentage error with respect to actual run-off has
alsc been worked out. It will be seen that the percentage error varies from
minus 409, to plus 86%. The new formula also therefore does not seem
to be quite satisfactory. However, as the power potential has now been
based on an average run-off of 51 M.Ac. ft. which is the average of
the observed annual run-off for 13 years after excluding two exceptionally
bad years, it may be expected that the power potential as now assumed
is a reasonable basis for integration of the Rihand Project in a regional
power net work, This run-off, also more or less, tallies with that given by
Khosla Formula as explained later.
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2.8. A statement (2:3) showing the run-off calculated in inches over the
catchment area as given in three projects and the percentage of the same
to average rainfall is given below :—

STATEMENT 2-3

Catchment 5148 sq. miles
Average rainfall : 567
Year of Run-off Run-off Percentage of run-off
preparation. (M. Ac. ft.). (inches). to average rainfall.
1947 Project 7.270 26.5 47.3%,
1952 Project 6.060 22.1 39.5%
1956 Project 5.138 16,7 33.49

In 1947 project Report average rainfall run-off curves according to various
formulae have been given at page 18. For an average rainfall of 56”, the
run-off according to Khosla Formula is:shown as 184”7 (vide enclosed plan
at the end of the Chapter). This very nearly tallies with that adopted in
1956 report and also with actually observed data for last 15 years. The
percentage of run-off to average rainfall adopted in 1947 Project was very
much on the high side considering the location of the catchment.

2.9. The dam has been designed with F. R. L. 880 and dead storage
level at R. L. 775. The gross storage capacity is 2'6 M.Ac. ft. and the
dead storage is 1'32 M.Ac. ft. This gives a live storage capacity of 7-26
M.Ac. ft. 'These fzatures of design have been retained in all the three
projects. When the dam was originally designed in 1947 the average run-
off was taken as 727 M.Ac. ft.- The economics for the optimum tank
level were worked out with different F. R. Ls. and the study showed that
the cost of generation was the lowest at F. R. L. 880. At this level the
live storage corresponded to the average run-off also, and the firm power
potential was worked out as 132400 KW at 100% LF.

2.10. When 1952 project was prepared and the average annual run-
off was calculated as 606 M.Ac. ft. fresh studies wers made by M/s.
International Engineering Company to verify the most economical top
elevation for the dam. Again the full reservoir level was fixed at R. L. 880
and the firm power potential was worked out as 1,02,000 KW at 100%
load factor.

2.11. When 1956 revised estimate was prepared the hydrology was
again revised and the average annual run-off came to 5138 M.Ac. ft.
The firm power potential has now heen shown as 1,05000 KW. The
average quantity of water required for generation of this firm power is
5-1 M.Ac. ft. including evaporation losses. The average run-off of the
river for the period from 1945-46 to 1959-60 for which observed data is
available is 483 M.Ac. ft. only which is less than that required for genera-
tion of designed firm power. The average run-off for the five year period
from 1953-54 to 1957-58 works out to 3'5 M.Ac. ft. only. From the
operational hydrograph prepared by the project authorities it is seen that
there would have been considerable shortage in firm hydro-power of 1,05,000
KW from October, 1954 to September 1957 i.e. for only nearly 3 years and
a thermal support of 30,000 to 50,000 KW would have been required for
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maintaining firm power of 1,05,000 KW. The energy deficit to be made
up thermally in this period is of the order of 370 M. units per annum or
about 18:0% of average thermal energy generation in a 250 MW thermal
power station.

2.12. The construction of a thermal station of 250 MW has already
been decided upon in this region with five 50 MW generating uaits, utilising
the coal resources available nearby. With the construction of the thermal
station, it should be possible to firm up the hydro energy to the extent
assumed in the project in years of drought. From the operational hydro-
graph prepared by the project authorities for firm power of 1,05,000 KW
it 18 seen that there is surplus water going to waste without generating
power in a number of years. The project authorities have also studied the
question of raising firm power development to 125,000 KW with the
support of the proposed thermal station. The spill-over is reduced and
dverage hydro-energy generation can be increased from 920 MKWH to 947
MKWH. Furthermore, with a 250 MW thermal power station in parallel
operation, it will be possible to avoid spilling even in good rainfall years. as
hydro energy can be made use of to replace thermal power generation. Such
spill energy is expected to be available about once in 4 years; it is estimated
at 29-7 million units per annum on an average.

2.13. There is scope for further development of hydro power on the
Rihand river. There is a suitable site for low lifting dam about 20 miles
downstream of Rihand at Obra. It is proposed to exploit this site for
development of further 50,000 KW of firm power. This proposal is a
promising one ; it would help to improve the overall economy of Rihand
Hydro-Electric power development.

2.14. Almost all the firm power from Rihand Project is already booked
and is expected to be utilized by 1965-66. The probable loads, are likely
to be as below, all expressed at 100% load factor (for energy) and at res-
pective load factors (for peaking) (—

Energy at Peaking
100% L. F.
(i) Aluminium factory 50 MW 55 MW
(already sanctioned) (peaking at 90% LF)
(ii) Railway 28 MW 40 MW
(already sanctioned) (peaking at 70% LF)
(iii) Churk Cement Factory 6 MW 10 MW
(already sanctioned) (peaking at 60 LF)
(iv) Madhya Pradesh 10.5 MW 10.5 MW

(Stipulated to be given)

94.5 MW 115.5 MW

The firm hydro-energy capacity of Rihand River Station at 100% load
factor will be 105 MW, About 2 MW will be utilised in Station Auxiliaries,
leaving a balance of 103 MW for transmission and distribution. Allowing
for the usual losses in transmission and transformation which are expected
to be 4 MW, the net balance available for further distribution for mis-
cellaneous purpose will be approximately only 45 MW. At an average
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doad factor of about 40% hydro-power from Rihand Dam would be
available for miscellancous purposes of about 11 MW, making a total
peaking load on the power station of about 133 MW for the present. This
load can be supplied firmly by operating four 50 MW generating units.

2.15. The power station at Rihand will accommodate six 50 MW
generating units eventually. The present installation consists of five 50
MW units. When the proposed 250 MW thermal power station is com-
missioned or any other large thermal capacity is connected to the grid it
will be economical to instal the sixth 50 MW generating unit also at Rihand
Dam and operate the hydro-station for peaking in the integrated power
system. Rihand would then utilise its hydro-energy resources with a peak
load of 300 MW at a load factor of about 339%.
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CHAPTER 1II
POWER SUPPLY, TARIFF AND FINANCIAL RETURNS

3.1. The cost of generation at bus bars as worked out in 1956 Revised
Rihand Project is given below i—

Rs. lakhs

Working expense of generation per anpum . . . . . . 44 .54
Interest charges per annum @ 44 per cent on capital Cost of Rs,

298575 lakhs . . . . . . . . . . 134.36

Profit per annum @ 1% on Rs, 298375 lakhs . . . . . 29.86

Torat . 208.76

The interest during construction will be Rs. 606-00 lakhs. The original
cost of the assets according to the Electricity (Supply) Act 1948 will thus
be Rs. 2985-75+606'00 lakhs =3591-75 lakhs. As a percentage on the
original cost, the total generation cost works out to 5-8 per cent only ; this
is markedly low as will be apparent later.

The unit cost is as given below :—

(1) Total units to be generatod per annum $19.8 x 10° KWH
{on the basis of hydrology)

(2) Units available at 132 KV bus bars allowing 2% as losscs

and auxiliary consumption 901.4 < 10° KWH . . 901.4 MKWH
3 208.76x 10° x 100 ‘
Average cost of generation : ool axie T = 2.32 nP/KHW
If the profit of 1% amounting toszl. 06'29‘86 lakhs is excluded, the
. 178.90 < 10° x
cost of generation would be : — ——Fa= g = 1-99 nP.

3.2. The Project Authorities have been requested since May 1960 to send
a note on electricity tariff rates which were proposed to be ddopted for
Rihand Projects. They have not yet supplied the information on this sub-
ject but in their latest note they have mentioned that a Tariff Committee
consisting of the following officers has already been appointed by the Gov-
ernment to go into the question of rates and suggest various tariffs to be

adopted for sale of power:—
(1) Commissioner and Secrétary, Irrigation and Power Department,
Government of U, P.
(2) Secretary, Industries Department, Government of U P.
(3) Secretary, Finance Department. Government of U. P.
(4) Director of Industries, Government of U. P.
(5) Chief Engineer (Rihand), Government of u. P

It has been mentioned that the required note will be furnished after
the Committee has finalised its recommendations and these are approved

by the Government.
12
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3.3. The working expenses for generation of power viz. Rs. 44-54 lakhs
per annum as assumed in the Project Estimate for operation, maintenance,
repairs and depreciation arc indeed very low; a detailed examination of
the different items included in this confirms that adequate provisions have
not been made in a number of items. The details of the working expenses
as assumed in the Project are .—

Generation
Sl Item Amount
No. Rs. lakhs
1.  Establishment, leave, pension etc. . . . . 9-7

2. Maintenance and Repairs ;—

" (a) leildings and structures at 2 per cent on Rs.

2 lakhs . . . . . . 0°96
| (b) Dam and power houses and spillway inclu-
Total capital cost ! ding gates etc. 0°25 per cent on Rs. 1739-80
Rs, 2201-93 4 akhs . . . . . . . 4:35
(¢) Reservoir clearance and rim treatment at 2 per
cent on Rs. 25:20 lakhs, . . . . 050
(d) Power Plant. 0-75 per cent on Rs., 387-80
lakhs . z . . . . . 2:91
ToTAL . 1849

3. Annual Depreciation Reserve :—
(a) Dam, Power House and Spillway etc. 1 per

cent on Rs, 1650*95 lakhs . . . 16-51
Total capital cost (b) Power Plant etc. 2 per cent on Rs. 387-80
Rs. 2127-60lakhs lakhs. ! L x . . . . 776
(c) Intake, outlet and crest gates, their operating.
¢ equipment, trash racks etc. 2 per cent on
Rs, 8885 lakhs, 1 . . . . 1-78
ToraL . 26:05
Granp TOTAL . 4454

The operation and maintenance charges are assumed at Rs. 1849
lakhs. The charges have been based on a capital cost of Rs. 2201-93 lakhs
whereas the total estimated cost of all items of the generation installations
amounts to Rs. 298575 lakhs; the latter figures again does not include
mterest during the period of construction. The cumulative total of simple
interest at the rate of 4-59, during the period of construction works out
to Rs. 606'00 lakhs. The total costs, therefore, for building the generating
assets at the commencement of operation would thus amount to Rs..2985-75
+ 60600 lakhs =*3591-75 lakhs; according to the Electricity (Supply)
Act, 1948. Rs. 3591:75 lakhs are considered as the “original cost” of the
projects. The assumed operation and maintenance charges viz. Rs, 1849
lakhs amount to only about 0:59% of the original cost, This estimate is
certainly very low and is not consonant with experience in any similar
projects. Normally such charges are found to amount to about 1-5% of the
original cost. We may note that this percentage has been adoptsd in
working out the generation costs in the Koyna Hydro-Electric Project which
is generally similar to the Rihand Hydro-Electric Project.

3.4 In actual practice as found in several of the existing hydro-electric
power systems in the country, the maintenance and operation charges are
even a higher percentage of the original costs of generating installations.
As an instance in the Mysore system the operation and maintenancs

24 Project/62
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charges of generation have recently been amounting to 3-59% and above.
This is evidently due to the inclusion of the cheaper original costs of the
eatlier installations in the present total original costs of generation assets.
Further operation and maintenance charges at present have to include all
varicties of ncw taxes that Electricity Boards have to pay viz. sales taxes
and excises, municipal levies, various employees bencfits etc. In the case
of Rihand Project it would therefore be not far from probable actuals to
assume the operation and maintenance charges as 1-59% also of the original
cost of the generation asscts as in the case of Koyna Project. However, the
Teaimn considers that the provisions should not be less than 0757 of the
original cost of civil works as Dam, Buildings, Roads etc., and 2% of the
original cost of all generating equipment efc. This approximately gives
1:1% on the total original cost of generation.

3.5. The Team notes that the annual depreciation charges on different
categories of plant have been assumed ad hoc and not estimated on any
recognised basis. Even the full cost of installing the assets has not been
taken for calculating the percentage depreciation charges.

The total cost of the asszts including interest during construction amounts
ta Rs. 3591+75 lakhs; whereas the cost of the assets as reckoned for depre-
ciation calculations amounts ‘to only Rs. 2127:60 lakhs.

It is neccessary to estimate the depreciation charges in accordance with
the method outlined in the Seventh Schedule of the Electricity (Supply)
Act of 1948 so that depreciation reserves may be built up adequately. As
worked out later on, the total depreciation charges calculated according to
the Electricity (Supply) Act on the Straight-line method, would amount to
1-179% of the original cost of the generation assets. On the original cost
of Rs. 3591-75 lakhs the depreciation charges would amount to Rs. 42-CG0
lakhs. The provision in the project namely Rs. 26-05 lakhs is therefore
much under estimated.

3.6. The Project estimate provides intcrest charges at 4:5% on a capital
cost of Rs. 298575 lakhs; the latter does not however include the intersst
charges during construction. According to the FElectricity Act require-
ments, interest charges should be added to the other costs of creating assets
i.e. all costs of construction plus interest charges on borrowed capital during
construction are together to be reckoned as the original cost of the assets.
Interest charges at 459 should thereforc be calculated on Rs. 3591753
lakhs; these would amount to Rs. 161°63 lakhs. The project provides
Rs. 134:36 lakhs only for interest,

3.7. In addition to the operation and maintenance and depreciation
charges provision is normally made for contingencies and gencral reserves
while working out generation cost. The project provides 19, for profit on the
assumed capital cost of Rs. 2985:75 lakhs. According to the Electricity
(Supplv) Act the annual provision for reserve is not to exceed &5%, per
annum of the original cost of the fixed assets so that the total
standing to the credit of such reserve shall not exceed 8% of the original
cost of the fixed assets. Normally 0-59% is appropriated for such reserve
for working out the generation cost. The provision for this item would
therefore be 0:5% on the original cest of Rs. 359175 lakhs; this would
amount to Rs. 17-96 lakhs. Estimating at 1% on a lower capital cost
viz. Rs. 208575 lakhs the project provided Rg. 29-86 lakhs as profits.
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3.8. If the cost of generation had been worked out in accordance with
the provisions of the Electricity (Supply) Act, 1948, and the operating experi-
ences of similar existing power systems it would have been as follows :—

Rs. lakhs
1, Operation and maintenance charges at 0°75%, of the original costs 36:40
of dam etc. and 2%, on the original cost of power house & equip-
ment ete,
2. Annual contribution to Depreciation Reserve 1-179% on the total 42:00
cost of generating assets 7.e. Ks. 359175 lakhs.
3, Contingency and General Reserve 0-5% on the above amount 1796

4. Interest charges per annum at 4°5%, on the above amount . . 161463

TotaL .  257-99

Total energy available as shown above : 901:4 MKWH

Lo 256°99x10°% 100 _ .
Average cost of generation : O A0 2:85 nP.

Inclusive generation cost thus works out to 2-85 np per KWH at bus
bars at the power station if based on the capital cost of the Projects as
estimated in the 1956 revised estimate.

3.9. If depreciation charges are worked out on sinking fund method for
incremental deposits only without allowing for interest on the accumulated
balances in the reserve which ihe Project Authoritics have suggested in the
latest data supplied by them as mentioned hereafter, such charges would
be Rs. 15-81 lakhs against Rs. 26-05 lakhs as shown by the Project Autho-
rities in 1956 estimate. The overall cost of generation even on this basis

would be :(—
Rs. lakhs

(i) Operation and maintenance charges at 10-75% of the original 36+40
costs of dam etc. and 2%, on th: original cost of power house and
equipment etc,

(i) Annual contribution to Depreciation Reserve on sinking fund 15-81
method without allowing for interest on the accumulated balan-
ces in the reserve on the total cost of gencrating assets Jie.
s, 3591.75 lakhs.

(iii) Contingencies and general reserve 0-37%, on the above amount . 17-96
(iv) Interest charges per annum at 4-57 on the above amount . . 161-63
TOTAL . 231-80

Total energy available as shown above : 9014 MKWH

> 231'80)(103)(100 ¢
¥ ¢ . R S St B yrasamman .
Average cost of generation : G01-4%10° =259 DP/KWII

3-16. The Team has been informed that a contract has been entered into
with the Hindustan Aluminium Corporation Limited for the supply of
energy from this project of about 55 MW of firm power at a unit rate of
1-997717 nP. It is estimated that the Aluminium Factory will consume
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this power at 90% L.F. or 434 MKWH per annum, which amounts to
nearly 50% of the total average energy available for sale at the power sta-
tion. According to the 1956 Revised Estimate the cost of generation was
worked out at 1'99 nP per unit allowing for working expenses, depreciation
and interest charges only but no profit. It would appear that the sale of
energy to the Alumininm Factory has been contractsd for at the estimated
average cost of generation at the power house as shown in 1956 revised
estimate. It is doubtful however if 509 of the total power potential of
the Rihand Project would have been contracted for at such a low rate, if
the project had made adequate allowances, according to provisions in the
Electricity (Supply) Act, for all expenses in the cost estimates and if it
had been realised that the actual generation cost would probably amount
to slightly less than 3 nP as is now worked out instead of slightly less than
2 nP as ‘was assumed in the project.

Further it may be mentioned that this contract for supply of electrical
cnergy to Messrs Hindustan Aluminium Corporation Limited has been
finalised for a pegiod of 25 years and the rate of 1997717 nP per KWH
cannot be revised for a period of 16 years. For the remaining period of 9
years it can be revised depending upon the relevant factors, but the enhance-
ment in the rate shall not exceed 109, of the rate contracted, viz., the unit rate
cannot exceed 2-197488 nP. ' Such long term fixity of rates is totally ot
variance with present experiences with trends of production costs in com-
merical or utility undertakings.

3.11. The questions of up-to-date revised project cost and operation and
maintenance charges and depreciation have been discussed with the Project
Authorities, The revised capital cost of generation has been estimated as
Rs. 3287-983 lakhs and interest during the period of construction is worked
out as Rs. 667401 lakhs. The total capital cost of generation including
interest or the original cost of the generation assets now works out ta
Rs. 3955:384 lakhs.

3.12. Tt is necessary to revise the various items of generation cost on the
revised estimates of the capital costs of the project. They will he as
under :-—

(i) Operation & Maintenance.—These charges have been worked out
afresh by the Project Authorities and amount to Rs. 20-77 lakhs_ (vide
copy of their appendix III). The Project Authorities have now also estimated
their working expreses not only on part of original costs of generating assets.
viz., on Rs. 3955-384 lakhs but only on part of original costs which amount
to Rs. 2301-597 lakhs. This amount, viz.,, Rs. 20.77 lakhs represents only
052 per cent of the original costs. As has already been mentioned this
is an unusually low percentage to assume for operation and maintenance
charges. A realistic estimate would increase this provision very considera-
bly, basing it as mentioned above, at 0-75 per cent on original costs of civil
constructions and 2% on original costs of powsr house and all generating
equipment.

(ii) Depreciation.—The Project Authorities have this time calculated
depreciation according to the seventh schedule of the Electricity (SupplyY
Act, 1948. They have adopted the sinking fund method. It is noticed, how-
ever, that the provisions cover only incremental deposits according to this
method ; no provision has been made for interest on the accumulated
balances in the reserve as required by Section (68) sub-section (2).
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While in actual accounting and book-keeping in a power system, it
would be known definitely in any year what the depreciation reserves have
amounted to and what therefore should be the interest to be debited that
year to the reserves, it is not practicable to estimate correctly in this manner,
what the average depreciation charges should be for reckoning average
generation costs for tariff purposes. It should be admitted that for the
purpose of estimating the average generation costs, the average annual
depreciation appropriation from revenues should be the same over the
period of the plant’s life whether the reserves are built up by the sinking-
fund method or by the straight-line method. The total depreciation in both
cases during the life of the plant should amount to 909% of the original cost.
The sinking fund method permits smaller appropriations for depreciation
in the early years when the plant is not likely to be loaded fully and the
revenues from energy sales would be a portion only of the potential of
the project. The straight-line calculation offers a simple and practical
means of estimating the equivalent average annual depreciation charges;
this method is always used for estimating the average costs in the power
system and for framing tariffs based on such costs for sale of power.

The Project Authorities have now estimated total depreciation on the
generating plant as Rs. 1741 lakhs (vide App. II), taking only the incre-
mental deposits according to the sinking-fund method. Full depreciation
charges are obviously not covered by these provisions. According to the
straight-line calculation the depreciation amounts to Rs. 46:96 lakhs (vide
Appendix I). On an original cost of Rs. 3955384 lakhs the annual
depreciation of Rs. 46-98 lakhs represents 1:17 per cent.

The Team wishes to refer in this connection to arguments one-sometimes
hears when discussing depreciation provisions in the Electricity Supply
business that the provisions would be adequate if annual increments accor-
ding to sinking fund method only are included in the cost calculation and
not the interests on accumulated balances in the reserves. The plea in
this argument is that the annual, sinking fund increments only should be
reckoned for tariff-framing and for recovery from the consumers and the
interests on accumulated balances in the reserves should accrue from the
use of the funds in the business. The Team submits that the directions
to the Electricity Boards in the Electricity (Supply) Act are specific in this
detail [vide Sec. (68) sub-section (12)] and that how the boards utilise the
depreciation reserves from year to year is not relevant to the question of
estimating the inclusive costs of rendering power service and framing power
tariffs to recover all of such costs. Even on a factual basis, power plant
equipment depreciates steadily year after year and the only practical and
also equitable method of recovering the depreciation costs from the power
consumers, who are to be served from that plant, is to estimate the average
annual depreciation and recover that in full from the revenues of power
sales year after year., In expanding power systems, as Indian power systems
will be for several decades, there will always be plant to be added and
plant to be retired; depreciation reserve is, however, built up gradually
from yearly contributions, whereas corresponding plant renewals will occur
intermittently. There will always, therefore, be balances in the deprecia-
tion reserve accounts, The proper use of such reserves in the business
itself along with other internal resources which are referred to later on,
will help to maintain and improve the power systems operating efficiency
and thus benefit the consumers. Improved equipment can be installed to
realise greater operational efficiencies before old equipment reaches its
allotted life. It would be poor economy to invest incremental depreciation
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appropriations in a bank and load the power system with increased interest
charges for borrowing funds to keep the system up-to-date and efficient.
Depreciation charges must be recovered in full from the consumers and
they* should in return enjoy improved services that can only be maintained
by proper use of the financial resources in the supply business.

3.13. It may further be mentionzsd that clause VI of the sixth schedule
of Electricity (Supply) Act 1948 provides that a licencee may elect to appro-
priate annual contributions to depreciation reserves either by the compound
interest method or the Straight-line method. It is significant that the clause
describes both options as methods of depreciation accounting; it is implied
that both methods will provide at the end of the prescribed life of the plant,
a depreciation reserve equal to 909 of the original cost of the plant. It
is further definitely mentioned that the annual interest on accumulated
balances in the case of compound interest method will be treated as an
expense from revenue ji.e. it is to be recovered from power sales only as
no interest is allowed on depreciation reserve in the case of licencee’s power
supply systems. The Team maintains that the -compound interest method
of depreciation accounting must be the same in the case of Electricity Board
consumers also, as the Electricity (Supply) Act was never designed to dis-
criminate between different groups of electricity consumers in this respect.

3.14, The Team feels that there is need to clarify thinking on this ques-
tion of depreciation, its determination and accounting as different view points
are often expressed and no uniformy basis is followed in preparation of
various hydro-electric projects. Tt would be profitable if the Irrigation and
Power Ministry considered appointing an expert committee to standardise
and recommend practices in this aspect of utility management.

(iii) Contingency, General reserve and  interest charges.—The other
generation expenses l.e., contingency and general reserve would be 0-5 per
cent and interest 4-5% both calculated on the original cost.

3.15. The total generation costs'based on the 1960 revised costs of the
generation assets, viz., Rs. 3955-384 lakhs would be:—
(1) Operationand maintenance chargesat 0-75% ofthe originalcost Rs. lakhs

of civil works amounting to Rs. 3092:039lakhs and 2%
on power house and equipment amounting to Rs. 863-347

lakhs . . 40-45

(2) Annual depreciation charges . . . . . . 46-98
{(3) Contingency and general reserves at 0°5% . . . . 19-78
(4) Interest charges per annum at 4°5% . . . . . 177-98
ToraL . 285-19

Total units available as before : 9014 MKWH

: 285:19x10°x 100
Average cost of generation ! e—-——————.— = 3'16 nP/KWH.
901-4x10°

On the basis of sinking-fund msthod for depreciation without allowing
for intercst on the accumulated balances in the reserve which the Project
Authorities have suggested to be adopted the average cost of genmeration
for the revised capital cost of Rs. 3955384 lakhs would be 2-85 nP/KWH.
As already stated the Team considers that this will not be a realistic cost
of generation.
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As 434 m. units of energy have already been contracted to be sold:
to the Hindustan Aluminium Corporation Ltd. at 1:997717 nP. per unit,
the revenue from the same would amount to Rs. 86'8 lakhs annually. The
balance of ths gencration costs of the project would have to be recovered
from sales of the balance of the average emergy potential of the project.
viz., (501-434)y=467 m. units. The balance of the generation costs to be
realiszd would be (285-19—86'8 lakhs)=Rs. 198:39 lakhs. As this has fo
be recovered from the sales of 467 m. units, these will nead to be sold
at an average price of 4-25 nP/KWH. The rate of 425 nP per unit at
the generation station is relatively a high cost for hydro-power for use for
general purposes. It was the intention originally of the Project Authorities
to make cheap hydro-power available for the undeveloped and economically
very backward area for cottage industries and lift irrigation, It does not
appear to be feasible to achieve the original programmes in the way the
project has developed so far. ‘

3.16. The Project Authorities had originally estimated the net yield
of 5-5% from the working of the project. The latest financial fore-
casts based on up-to-date costs revised in 1960 show an ultimate net
yield of 7-4%. The calculations mentioned in this chapter, however,
indicate that it will not be possible to realisc either of these forecasts even
if the balance of power now available for other purposes is sold at the
high generation cost of 425 nP per unit.  The net yield even then would
only be about 4-59%, barely-sufficient to meet interest on borrowed capital
after providing 0-5% for contingencies and general reserves.

3.17. The 1960 revised estimate of generating assets is Rs. 3955-384.
Sale of the full power potential must realise at least Rs. 285-19 lakhs
anpually to recover all the costs considered upto now. This represents a
gross yield of 722 per cent on the original costs of generating assets.
Experience is proving that this yield is hardly adequate to meet all the
actual costs in operating power systems at present. Various costs have
actually to be met that have not been specifically mentioned or provided
for in these discussions. Working capital is necessary for operation;
interest has to be paid for procuring such funds. Plant and workers must
be insured against accidents. There may be damages due to flood and
hurricanes and losses due to strikes and mal-operations. Plant replacements
will certainly cost more than current depreciation provisions. There must
threfore be some reserve to meet such expenses and avoid fluctuations in
tariffs for power sales or surcharges that would otherwise become necessary,
as the boards are not to operate at a loss. The Team considers that electri-
city supply tariffs should be revised where necessary, so that a special
reserve may be built up to meet such liabilitics. The Team suggests that
a special provision of at least 19 of the original costs should be made,
when recurring costs are reckoned for making tariffs.

3.18. The Team has been informed that the Committes appointed to
frame general tariffs for the sale of Rihand power has not yet completed its
deliberations. The Team trusts that the Committee will duly take iuto
account all the details of costs as discussed in this chapter.



CHAPTER IV
CONSTRUCTION FEATURES AND CONSTRUCTION PROGRAMME

4.1, Prior to the commencement of the work on the Rihand Dam in
1954 two estimates had been sanctioned, one in 1947 and another in 1952,
as already stated in Chapter I on ‘History and Scope of Project. Both
these estimates were based on the design of the dam with gravity type
concrete construction. In February 1954 the Chairman, Central Water
and Power Commission, inspected the Rihand Dam site, where the founda-
tion work was in progress. After inspection of the dam and considering
the various factors at the site it was suggested by him that the dam could
be built preferably in some stone masonry instead of concrete and that
this would result both in economy, employment of local labour and imme-
diate start on the work, When these views were communicated to the Chief
Engineer-in-charge of the Rihand Dam Project, he informed the CW. & P.C.
that it would not be advisable to construct the Rihand Dam in stone
masonry on account of the following three main reasons :—

(1) Safety of the dam and quantity of masonry involved.

It was stated by him that on account of human factor involved unifor-
mity 1n guality of masonry cannot be ensured, therefore, the maximum al-
lowable principal stress for rubble masonry cannot safely be taken more
than 250 lbs., per sq. inch, as against about 350 Ibs. per sq. inch or more
which can be safely adopted for properly designed and manufactured con-
crete. The maximum principal stress in the case of the Rihand Dam for
the section adopted for concrete construction works out to 352-5 ibs. sq. inch,
The same section would not be safe if the concrete construction was replac-
ed by the rubble masonry construction in reaches, where the height of the
dam was more than 200 ft. The height of the Rihand Dam in the deepest
portion is 296 ft. The maximum height of the highest rubble masonry dam
constructed in India upto that time was 270 ft. only in case of Wilson Dam.
No tests had been made to find out the maximum stress which rubble ma-
sonry laid jn situ can bear, If the Rihand Dam was constructed in rubble
masonry, the section will bz much bigger in comparison to that for the
concrete dam and the lower portions will have to be laid in much richer
cement mortar or in concrete. This would considerably increase the quantity
of masonry in comparison to that required in concrete dam. The conside-
ration of the safety of the dam was very much pressed by the Chief Engi-
neer.

(ID) Cost of construction of the dam in stone masonry .

1t was estimated by him that the cost of the rubble masonry dam would
be about Rs. 3-5 crores more than that of the concrete dam, This was based
by him on certain analysis of rates for rubble masonry and concrete. A
rate of Rs, 177.7 per 100 cft. was worked out by him for rubble masonry
and Rs. 200-6 per 100 cft, for concrete,

(III) Time required for construction of rubble masonry dam.

_The rubble masonry dam would take about 12 years to construct
against about 6 years for the concrete dam.

20
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4.2. As the CW&PC had different views on this subject, the Gov-
ernment of India appointed a Committee of experts to report on this ques-
tion, The Committee consisted of the following :—

(1) Shri A. C. Mitra, Chief Engineer, U.P. Member (Convener)
(2) Shri H. L. Vadera, Member, CW&PC (Member)
New Delhi.
(3) Shri A. M. Kamora, Chief Engineer, (Member)
Damodar Valley Corporation, Calcutta,
(4) Shri M. S. Thirumale Iyengar, Member (Chairman).

Chief Engineer, Hirakud Dam Project.

This Committee gave its report in May 1954 favouring in general the
constrgctlon of the Rihand Dam in rubble masonry on the following
grounds :—

(i) That it would be safe and feasible to construct the dam in rubble
masonry.

(1)) That it would cost about Rs. 1.9 crores less than the concrete dam.
This was based on a difference of Rs, 35 per 100 cft. between
the rates of concrete and rubble masonry. The rate for concrete
was assumed as Rs. 185 and that for rubble masonry as Rs. 150
per 100 cft.

(iii) That the rubble masonry dam would take only about 9 months
more for completion than the concrete dam.

(iv) That it would give greater scope for employment of both skilled
and unskilled labour than the concrete dam.

Shri A. C. Mitra however gave a dissenting note, more or less giving
the same objections, which had been given by him previously.

1t would appear that the construction materials were considered suit-
:able both for rubble masonry and concrete.

However as the U.P. Government considered that no risks should be
taken for a dam of that magnitude which had a very big storage of 8.60
M.Ac. ft. and that it would take longer to construct the dam in stone ma-
sonry than in concrete, the Government of India gave its approval to cons-
truct the dam in concrete.

4.3. Since June 1954 when these discussions took place, considerable
further experience has become available from the construction of a num-
ber of dams of the height of Rihand Dam. This should be very usefu] in
connection with the construction of future dams, where suitable building
materials are available both for rubble masonry and concrete.

This Team has done the study of two other dams namely Koyna and
Nagarjunasagar which are approximately of the same height as the Rihand
Dam. [t would be of interest to make a few observations on this subiject
pertaining to these three dams.

The height of these three dams in the decpest portion and the type
-of construction adopted are as under ;—

Name of dam Height Type of construction,
1, Nagarjunasagar Dam . . 370 ft. Rubble masonry.
2. Koyna Dam . . . 345 1t. Rubble concrete.

3. Rihand Dam . . . 296 ft. Plain concrete.
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4.4. The Nagarjunasagar Dam has been designed as a rubble masonry
dam from the commencement when the first joint project was prepared in
1954 by Andghra Pradesh and Hyderabad State. Before the work was started,
a projcct cstimate was prepared in 1956, In this estimate the dam was de-
signed to be constructed in rubble masonry in 14 red cement mortar with-
coarsed rubble mascnry facing for a thickness of 9 ft. in rich red cement
mortar 1 : 2:75. Concrete fas provided in the toe regions where the stressos
excced twenty tons per sq. ft. (about 310 Ibs. per sq. inch) and also on the
rear face of the spillway portion.

As a result of tests since made on rubble masonry sample blocks both,
in US.A. by thc Burcau of Reclamation and at the Masonry Testing Sta-
tion a1 Hirakud where tests can be done upto 4.5 million pound compres-
sion. it has been found that the rubble masoury laid to proper specifications
is as good as cement concrete if not better for the same cement content
of mortar. The Hirakud Testing Station results indicate that “rubble ma-
sonry in 1 : 4 cement mortar utilising only 243 Ibs. of cément per cu. yd. of
masonry gives as good a compressive strength as 1:10.28 to 1:10.57 cement
concrete requiring 330 Ibs. of cement per cu. yd. Rubble masonry-ean safe-
ly be adopted for high dams with a designed section no more than a con-
crete one”. These results are given I the printed “Technical Memorandum
on the 45 million pound Testing Station for concrete and masonry” by
M. S. Thirumale Iyengar.

When the test resujts from the U.S.A. Bureau of Reclamation and Hira-
kud Testing Station became available, a Stress Committee of CW & PC
was appointed in connection with the question of replacement of concrete
by masonry in the highly stressed portions of Nagarjunasagar Nam Project.

This Committee consisted of :—

() Shri Kanwar Sain, Chairman, CW & PC.

@) Dr. K. L. Rao, Member, CW & PC,

(7)) Shri George Qomen, Director, CW & PC.

This Committee recommended in their report that concrete in the
regions of Nagarjunasagar Dam, where stresses are more than 20 tons per
sq. ft., may be replaced by masonry in 1:3 cement mortar provided proper
precautions are taken to lay it according to specifications during construc-

tion. Now the Nagarjunasagar Dam is being constructed entirely in rubble
masonry with mixes of mortar in various zones as given below :—

(i) For zoncs where stresses are below 15 Mortar 1:4°7 sttet}%tglof Mortar after

tons per square foot. tgmi of one year tons per square
oot.

(ii) For zones where stresses are between  Mortar 1 ; 3-91 strength 160 tons per
15 and 20 tons per square foot, square foot.

{iii) For zomes where stresses are more Mortar 1 : 3 strength 240 tons per square
than 20 tons per square foot and for foot. .
the upstream face of the dam for 97
depth.

Thus on the score of safety of design and section, the test results have
shown that rubble masonry properly laid can be as good as concrete of simi-
lar composition. At the time, the question of Rihand Dam construction had
to be dccided, these test results were not available, hence perhaps the fears
expressed by the Chief Engincer Rihand Dam could not be allayed.
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4.5. The total quantity of concrete involved in the Rihand Dam is
about 59 million cft. This has becn complcted in 5 workims scusom The
bulk of the quantity amounting to about 56 million ¢ft. has been comimleted
in 3 working scasons as reportcd by the Project Authorities. The aximum
quantity donc on one working season is about 25 M. cft.

The total masonry involved in the Nagarjunasagor Dam is about 160
millien cft. out of which abaut 72 million cft. have buen done by 1961-62.
This has been done in about 44 working seasons. It may be menticnzd that
the progress of masonry had to be slowed down in carlier vears duz 1o
shortage of funds. 'The Project Authorities hope to do abeut 28 mill:on cft.
in 1902-63 and complete the masonry in 74 working seusons.

These figures are giycn as an- illustration and not for the purpose of
comparison as the working space conditions ete. are different at the two
places.

The up-to-date experience on Nagarjunasagar Dam is, however. an
indicator that the progress on the rubble masonry construction in a Dam
can be competitive with progress on_concrete construction in a dam provid-
ed other conditions of availability of skilted and unskilled labour and suit-
able stone etc.. are favourable.

4.6. A rough comparison of the rates of different types of construction
may be useful for the construction for the three typss of dams mentioned
above may be given in general terms on the basis of information supplied
by the Project Authorities :—

(i) Rubble masonry in ! : 3:91 red cement mortar is being done at
Nagarjunasagar, The rate for this masonry including the extra cost of cement
and all other overheads as worked out by the cost accounting organisation
of the project every month comes within Rs. 135 per 100 cft. at prescnt at
Nagarjunasagar. From the analysis of the rate prcpared by the Project Au-
thorities for the trestle-stage masonry also, it is scen that the rate will be
about the same. This rate may slightly increase if full depreciated value of
equipment required for laying masonry is not rcalised.

(ii) The - rate of rubble concrete for Koyna Dam as indicated in that
report is Rs. 190 per 100 cft. This is based on use of 449 rubble and 56,
concrete. This rate is likely to be exceeded as the percentage of rubble which
was expected to be 449, is not being realised in actual construction. On
the basis of 35% of rubble which is approximately being used at present
the rate would be about Rs. 200/- per 100 cft.

(iii) The rate for concrete for Rihand Dam works out to about Rs.
23.615 per 100 cft. (vide Statement 1.1, Chapter VII).

Tt is very difficult to make a realistic comparison as there are scveral
varying factors of lead, lift and availability of materials ctc. at different dam
sites. Besides, the overheads are likely to be different depending on whether
the work is done departmentally or by contract. No allowance is made in
the above figures for the same. The above figures, however, give a general
indication of the trend of rates for different types of dam constructions.

4.7. The Team has discussed this subject in the report as there is some-
times controversy regarding cement concrete versus masonry for the cons-
truction of dams and because the experience obtaincd on the construction
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of the above-mentioned dams of 300-370 ft. height will be useful in deciding
upon the type of construction for future dams specially where building mate-
rials are suitable both for the construction of rubble masonry or concrete. -

Tt would be useful if a comprehensive study of this general question is
made specially as the construction: work on the three dams is much advanc-

ed now and more factual data of costs and rate of progress ctc. will be
available.

4.8. The original programme of concreting on Rihand as prepared in
October 1955 and as actually done by the contractors are indicated below :—

Original Actually

programme obtained

lacs cft. lacs cft.

I, Season January 1957 to September 1957 (concrete

placement was actually commenced in Apzil 1957) 34.17 11.0
II.  Season October 1957 to September 1958 . . . 191.00 152.0
III. Season October 1958 to September 1959 . . . 175.33 249.0
IV. Season October 1959 to June 1960 . 4 X . 146.50 159.0
V. Scason October 1960 to June 1961 . ' . . 53.00 11.0

Upto March 1961.

600.00 582.0

The actual quantity is expected to be about 386 lacs cft. The progress
in the first two seasons was rather slow which was due to unforeseen delays
in procurement of construction plant specially the two 20-tons cableways.
This was however made up in the III and IV seasons. As a matter of fact
in the latter part of the 1V season the work had to be slowed down as the
guides, tracks and other embedded parts for the penstock gates were not re-
ceived in time from Messrs Texmaco to whom the contract for the penstock
gates had been let out. According to the terms of the contract of Messrs
Hindustan Construction Company the Dam was to be built before June 1960
upto a stage that water could be stored in the Rihand Reservoir upto EL
820. In view of the above difficulties, concreting in some of the spillway
bays had to be kept low and special arrangements had to be made to raise
such spans later on.

The target of storing water in the Rihand reservoir upto EL. 820 was,
however, achieved in spite of initial delays in the procurement of construc-
tion equipment and subsequent slowing down of the concreting due to delay
in supply of parts of penstock gate guides by M/s. Texmaco by making
special arrangements.

4.9. The delay in supply of penstock gates and the auxiliary parts also
resulted in considerable extra expenditure in making special arrangements
as well as in serious anxiety to the project authorities for the completion of
work in time and certain amount of risk involved tothe safety of the works.
Pending the installation of the penstock gates, the penstocks had to be block-
ed by means of hemispherical bulk heads which will be cut and removed
to cnable the power plant to be tested and commissioned which can be
done only after the penstock gates are installed. Three of the hemispherical
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bulk heads fabricated locally at site of works were not designed to with-
stand the water pressures higher than with reservoir EL at 820 with the
desired factor of safety, whilst it was estimated that these would be sub-
ject to higher water pressure resulting from filling of the reservoir to EL
870 during the monsoon season of 1961 on account of failure of M/s. Tex-
maco to supply the penstock gates in time.

4.10. A brief history of the contract for the supply of pznstock gates
may be given. The global tenders for the supply of penstock gates, hoists,
tracks and guides etc. were invited by the Project Authorities and these
were received on 1-11-1956. After prolonged discussions with Central Water
and Power Commission, the tender of Messrs Marshall Sons, which was the
lowest, was accepted and they were so informed telegraphically on 6-4-1957.
The cost and the foreign exchange component involved in case of tender
of Messrs Marshall Sons would have been Rs. 17.52 lakhs and Rs. 16.35
lakhs respectively.

Shortly afterwards, Messrs Texmaco represented to Government of India
that the contract be awarded to them as their offer would require less foreign
exchange. A meeting was therefore held on 10-11-1957 with Central Water
and Power Commission and on-their specific advice Government of India
decided on 10-11-1957 that the contract be awarded to Messrs Texmaco
and foreign exchange was also released in their favour. The acceptance of
the tender of Messrs Marshall Sons was thereafter cancelled and the con-
tract was awarded to Messrs Texmaco on 24-4-58, The cost and foreign
exchange component involved in the comtract to Messrs Texmaco are
Rs. 21.54 lakhs and Rs. 8.62 lakhs respectively. Thus the total cost of the
contract of Messrs Texmaco was Rs. (21.54—-17.52) = 4.02 lakhs higher
than that of Messrs Marshall Sons. but there was a saving in foreign exchangs
component of Rs, (16.35—8.62) = Rs. 7.73 lakhs.

From the subsequent difficulties and complications that have followed,
it appears that Messrs Texmaco were not sufficiently equipped to manufac-
ture such gates, when the contract was sanctioned in their favour. The
departmental technical specifications provided wheels and tracks of wrought
steel and stainless steel respectively. These were changed to cast steel in
both cases with a view to save some foreign exchange; this was done on
“the advice of the Central Water and Power Commission. The later experi-
ence, however, showed that they were not capable of manufacturing cast
steel tracks of the requisite specification.

The delivery period as stipulated in the contract of Messrs Texmaco

is 14 months for embedded parts and 18 months for gates and hoists, pro-
" vided steel for embedded parts was made available within three meonths and
for the gates within six months of the award of contract. There were delays
in supply of stee! but finally almost all the steel was supplied by Septem-
ber 1959 excepting a few minor items required for gates which were also
received by them in December 1959. With a view to expedite the delivery of
embedded parts (tracks and guides etc) by Messrs Texmaco, several meet-
ings were held between the project engineers and representatives of Messts
Texmaco and Messrs Voest with whose collaboration Messrs Texmaco are
manufacturing these gates. During these meetings Messrs Texmaco had
promised to fabricate all the embedded parts by December 1959 and com-
mence erection in January 1960. However, during 'these months no prog-
ress was made by Messts Texmaco on the fabrication of these parts and
they were also unable to manufacture track in cast steel to the required
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specifications. Due to this the construction of spillway blocks, which was
ahead of schedule, had to be stopped at EL 730, because these blocks could
not be raised unless the guides, tracks and other embedded parts were erect-
ed. 1t soon became evident from the experiments performed by Messrs Tex-
maco on the manufacture of cast steel tracks that they would not be abls o
manufacture these parts without any outside help. Arrangements were there-
forc made with Ordnance Factories at Calcutta to assist Messrs Texmaco
in getting the tracks manufactured from them. The Ordnance factories
readily came to their rescue and manufactured tracks of required spacifica-
tions while other embedded parts were manufactured with some help from
other factories in Calcutia. All these parts were therefore received and ins-
talled during May and June 1960 and the spillway blocks were raised upto
EL. 815 only and lefi therc so that higher water level in reservoir may
not endanger the safety of hemispherical bulk heads which were welded tc
the penstocks at their inlet ends because the delivery of penstock gates and
hoists was uncertain,

Messrs Texmaco have also experienced difficulties in manufacturing
forged wheels and wheel pins for the penstock gates. Arrangements were
made with the Ordnance Factories at Calcutta to manufacture these.

With a view to expedite the supply of penstock gates, several meetings
have been held between the project officers and representatives of Messrs Tex-
maco and eventually .in August 1960, they gave the following program-
me* 1 —

1st gate 31-12-60
Znd gate 15-2-61
3rd gate 31-3-61
4th gate 15-5-61
5th gate 30-6-61

The grant of the work of supply of penstock gates to Messrs Texmaco
thus involved considerable extra expenditure and anxiety to the project
officers, delay in completion and risk to the safety of works.

4.11. As already stated in Chapter III on “Power Supply, Tariff and
Financial Returns” that almost all the power has already been contracted
to be supplied to various concerns, It is understood that the consumers
concerned will be ready to take the power as per programme given below : —

Demand to be Date by which

supplied at consumer is
Consumer. ’ 100%, load expected to be
factor. ready for taking
electricity.
(a) Hindustan Aluminium Corporation . 50 MW March 1962
(b) For Railway electrification (at Karamnasa
near Mughalsarai) . . . . 10.5 MW March 1962
{c) For Railway electrification (at Soncnagar) . 17.5 MW June 1962

*Messrs :rexrnaco were not able even to stick to this programme. The first gate could
only be erected in June 1961.
!
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Demand to be Date by which
) supplied at consumer is
Consumer. 100%, load expected to be
factor, ready for taking
electricity.
(d) Madhya Pradesh Government . . 10.5 MW (No intimgtion has

been received from
Madhya Pradesh
Authorities regard-
ing the date on
which power will
be taken.)

(e) Churk Cement Factory . . . 6.0 MW January 1962.

(f) Otherloadssuch as power for driving
auxiliaries and local loads at Pipri,

Robertsganj, etc. . 2.0 MW

96.5 MW

(&) Balance available for distribution . 3.5 MW
TOTAL X 100.00 MW

It will be seen that the major consumers will be ready to take power
from March, 1962 onwards. The progress of the power project has to be
scheduled to conform to the above requirement, There have been several
difficultics in getting all the required materials for the transmission lines
and the grid sub-stations. It is, however, hoped that the transmission lines
will be ready in time to supply the power but there is every possibility of
grid sub-stations not being ready. In such an eventuality it is understood that
if complete sub-stations are not ready in time temporary arrangements for
the distribution of power could be made, such arrangements are already in
progress. All the five generating sets have since been tested, but the main
consumers have not been able to make use of power. Temporary arrange-
ments are being made to use about 25 MW at Allahabad, Mirzapur and
Churk.

4.12. Further the Team notes that orders for equipment have been dis-
tributed among several manufacturers in four or five different countries. Such
wide dispersal of supplies of highly intricate manufactured equipment may
have been dictated by scarcity of certain foreign exchange but it has implied
that the local design engineers of the project should recognise that much
more than norma! checking and following up is required of them to ensure
that the work of the various manufacturers will be coordinated and their
plant when assembled at site will function according to requirements. The
Team had discussions on some of these features with the engineers on the
project ; the Team believes that they are ably dealing with these problems
and gaining a very valuable experience.



CHAPTER V
COSTS OF PROJECT

5.1. As already mentioned in Chapter I on “History and Scope of Pro-
ject” there have been three estimates for the construction of the Dam and
Power House which have been sanctioned at different stages.

In all the three estimates the height of the Dam has remained the same
with F.R.L. 880 and the same live storage capacity of 728 M.Ac. ft. has
been provided. The scope of the Project has materially remained the same.
As a matter of fact the firm power potential in 1956 Revised Estimate
has somewhat decreased in comparison to 1947 Project, A comparative
statement of the three estimates sub-headwise is given below :—

(Rs, in lakhs)

Sub-head. 1947 1952 1956

Project. Project. Project.
A~-Preliminary . . . . 5.50 15.75 20.40
B--Land . . . . . 7257 71.47 144,87
C—Works . . . . . 868-86 792.34 1765.00
K—Buildings . . . . 52.80 30.85 48,72
O—Miscellaneous . . 79.70 63.53 163,95
P—Maintenance . . . . 019,69 K1 175,84
Q—Equipment . . . . 371432 733.11 387.80
Special Tools and Plant . . L 170,80 95,12
Loss on Stock and Suspense : ey 3.50 1.00

Establishment (Civil and Blectrical
Staff, including leave and Pension

charges) 105.00 148.92 206.30
Tool and Plant . . . . 18,24 10.00 33.41
Receipts and recoveries under

Capital Account . . . . (—) 103.29
Audit and Accounts . . 14,78 19,23 28.03
Capitalised abatementof Land

Revenue . . . 13.65 13.65 18.60

Total cost of generation 1625.11 2112.26 2985.75

5.2. It would appear that the main excess in 1956 Project estimate is
under the Head C—Works., This is mainly due to the higher rates of con-
crete provided in 1956 estimate in comparison to those shown in the previous

- estimates. The rates in the previous estimates were based on analysis of cost
of various component items under concrete, while the rates provided in
1956 estimate are based on the accepted tender of the Hindustan Construc-
tion Company Ltd., to whom the work of the conmstruction of the dam
has been let out. The question of excess under this head is dealt with in
Chapter VII on “Agencies of Construction”.

28
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5.3. It is now anticipated by the Project Authorities that the construction
of the dam and the Power House will cost about Rs. 3287.98 lakhs against
Rs. 2985.75 lakhs provided in 1956 Project. A break-up of this amount
sub-headwise alongwith figures of excesses and savings with reference to
1956 Project is given below :—

(Rs. in lakhs)
Antici~ Saving and Excess
pated with reference to
Sub-head. cost, 1956 Project.
(1960)
Saving. Excess.
A—Preliminary . . . . . 20.40 e ..
B—Land. . . . . . . 244 .87 .. 100.00
€C—Works . . . . . . 1882.72 . 117.72
K~—Buildings . . . . . . 48,72 . .o
O—Miscellaneous . . . . . 278.36 .. 114 .41
P—Maintenance . . . . . 176.42 .. 0.58
Q—Equipment . . . s . 344 .957 42.843
Special Tools & Plant . . ; 3 64.956 30.164
Loss on Stock and Suspense . : 2 1.00
Establishment (Civil and Electrical Staff
including leave and pension charges) . 206.30 ..
Tools and Plant . . . ; 3 28.411 4.999
Receipts and recoveries under capital
account . . . . . . (—)58.355 .. 44 935
Audit and Accounts . . ; £ 30.624 .. 2.594
Capitalised batement of Land Revenue . 18.60
Total cost of generation: : 3287.983 78.006 380.239
Net Excess . 302.233 lakhs

5.4. The reasons for excesses and savings are briefly discussed, below : —

Item No. 1

B—Land Excess Rs. 100 lakhs

This increase is due to (i) extra rehabilitation grant now sanctioned in
U.P. (ii) uprooting of stumps in the areas allotted to rehabilitated persons
in U.P. (iii) anticipated excess of Rs. 42.84 lakhs in land compensation and
rehabilitation in Madhya Pradesh.

Hem No. 2
C—Works Excess Rs. 117.72 lakhs
This excess is on the following items:—

(i) Excess due to increase in the rate of living index (assuming
an increase of 20% of the base index of 1955) . . 23.00

The contract with Messrs Hindustan Construction Company Ltd. pro-
vides for adiustment in the rates of concrete according to the variation in
the rate Jjying index of semi-skilled and unskilled labour in Mirzapur dis-
trict during the period of construction.

3—4 Project[62
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According to the terms of the contract, the cost of living index in
Mirzapur district has to be fixed on the basis of economic survey to be car-
ried out between January and March each year during the period of cons-
truction. It is understood that no such field survey has been carried out

from ycar to year. It has now been mutually -agreed to adopt the basis of
living index at Kanpur,

() Excess due to increase in price of petrol and oil . . . 6 .60
(li) Excess due to increase in price of steel . . . . 15.50
(iv) Excess due to increase in price of explosives. Lo . 3 00

The rates in the contract with Messrs Hindustan Construction Com-
pany Ltd. are based on the price of steel, ¢xplosives, petrol and diesel oil as
prevalent on 30-12-54. Any variation in price above 5 per cent over the pre-
valent price on 30-12-54 is to be adjusted. '

(v) Ecxcess due to increase in price of cement . . . . 80.15

(a) The contract of Messrs Hindustan Construction Company Ltd. is
based on the cost of cement at Rs. 52-50 per ton bulk supply and Rs. 60-000
per ton for supply of cement in bags. The prics of cement in bulk and bags
has since been raised by the State Trading Corporation which has caused this
excess. Al ccment has now to be purchased through the S.T.C.

(b) Excess due to carriage of cement in bags in lieu of cement in bulk
during breakdowns of bulk handling plant at czment Factory Churk.

O 375
(vi) Excess due to levy of electricity duty = . . . . . 7-00

According to the terms of contract with Messrs Hindustan Construction
Company. the rate of clectricity supplied to them for construction purposes
was to be charged at anna 1 per KWH, The State Government have, how-
ever, decided that project will pay electricity duty also until 31st March
1959 after which this electricity duty has been waived taking Rihand Dam
as a hcavy industry. This excess could have been avoided if Rihand Dam
had been taken as a heavy industry from the commencement,

{vil) Bxcess due to increase in sales tax . . . . . 5.50

The rate of sales tax on various commodit.ies has been increascd since
the contract was let out to Hindustan Construction Co. Ltd.

(viliy Excess d 1eto increase in cost of permanent cquipment due
either to the delay in release of foreign exchange or dueto
awird of contract to higher bidder to save foreign exchange
and inclusion of cost of sixth sct penstock gates and hoists,
wh'ch has been found necessary in the interest of safety
of works . . . . . . . . . . 10-8

Total Excess . 165-30

((a) Saving due to reduction in cement contentin corcrete as :
a result of use of air entraining agent and flyash . . 22:00

Savings < (b) Saving in quantity of concrete due to cha_nge in slope of

Dam and lesser excavation . . . 23-91
(c) Other savings . . . . . . . . 1:67
Total .  47-58

Net Excess . 117-72
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Iiem No. 3
O—Miscellaneous Excess 114.41

This is mainly duc to the debit of Rs. 106 lakhs, the cost of Sone Bridge
and road from Robertsganj to Pipri to the Project instead of charging it to
normal road development programme of the State as was visualised in 1956
Project. As these assets form part of the road developmsnt programme
of the State, their cost should normally be debited to that Department but
the Rihand Dam Control Board decided in its 20th Meeting held on 30-10-1958
that the cost of Sone Bridge and road from Robertsganj to Pipri should
remain charged to Rihand Project and that the revenue collected as toll
tax on the bridge should be credited to the Rihand Project. Later, however,
it has been decided by Government under G.O. No. 9508C/XXIII—IWA—
119C/57 dated 20-1-1960 that the toll should be credited to the revenues of
P.W.D. This appears to be an avoidable excess and will unnecessarily add to
the cost of gencration of clectricity.

Item No. 4
P—Maintenance Excess 0.58

This is due to minor changes.

Irem No. 5
Q—Equipment Saving 42.843

Due to lower costs as a result of competitive tendering from manufac-
turers of several countries.

Item No. 6
Special Tools and Plant Saving 30.164

This is due to the expectation of higher recoveries from the sale of the
plant purchased. As no formal depreciation accounts have been kept for
any of the plants it can not be said if this saving will be realised. The gross
expenditure undzr the head is likely to be the same as in the Project,

Tools and Plants Saving Rs. 4.999
Due to ifewer costs

Item”No. 7
Receipts and FRecoveries
undar Capital Account Exccss Rs. 44.935

This is mainly due 10 higher cost of generation. The main consumer
is Hindustan Construction Company who are the contractors for the Dam.
According to the terms of contract they have to be charged a fixed rate of
one anna per unit whatever may be the actual cost of gencration. The actual
average cost of generation is about 0-10 nP. per unit.

Item No. 8

Audit and Accounts Excess Rs. 2,554
(Due to increase  in  capital
cost of work.)

5.5 The 1947 estimate did not provide for cost of Transmission, Transfor-
mation and Distribution System.
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As the project is approaching completion, the indications are that the
excesses will probably be less as there are savings on establishment and
maintenance etc.

The 1952 estimate provided for Rs. 14.09 crores for cost of Transmis-
sion, Transformation and Distribution System.

The 1956 estimate provided for Rs. 959.81 lakhs for Transmission and
Transformation and Rs. 659.57 lakhs for Distribution System. These esti-
mates provided for Transmission and Distribution System both on South
and North of Ganga.

5.6 As now the whole of the energy generated at Rihand is proposed to
be supplied to industries and other consumers on South of the Ganga, the 1960
estimated cost is expected to be Rs. 350.934 lakhs only. It may be mention-
ed that most of the power will be sold at Pipri power house itself. The inter-
connecting grid on the North of the Ganga is proposed to be constructed
under a separate estimate.

Two plans showing 1956 and 1960 grids are placed opposite.

5.7 There is no Financial Adviser attached to the project. There is no
Central Accounts Organisation either. The expenditure incurred on the Pro-
ject is booked by the Accountant General, Uttar Pradesh. A resident audit
officer was, however, appointed in December 1958 at the site to conduct
concurrent post audit, but this cell has since been removed by the Account-
ant General U.P. as it was not proving to be very helpful or useful. No diffi-
culties have, however, been experienced on this account and all figures eof
expenditure under various heads of the project have been well kept in a
Project Register by a cost accounting cell attached to the Superintending
Engineer (Civil). This accounting cell is also doing useful work in pre-
paring detailed analysis of actual costs of various items of work which
should be very useful for reference on other projects in future.
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CHAPTER VI
IRRIGATION ASPECT

6.1. The Rihand Project is mainly a hydro-electric project but in all the
three projects prepared at different stages, indirect irrigation benefits have been
shown as accruing from the project. In 1956 project it has been shown that
14 lakh acres will be irrigated from tube-wells in U.P. and 5 lakh acres of
flow irrigation in Bihar. Additional foodgrains have been shown as 2 lakhs
tons per year. The irrigation facilitics were to be provided in the eastern and
south-eastern districts of U.P. where there are high spring levels. It was
visualised to provide tube-wells which could be provided with cheap electric
power from Rihand Project. It is, however, now seen that almost all the
power from Rihand Project will be utilised in close vicinity of Rihand
for development of industrics and for railways. As already explained in
Chapter 11 on “Hydrology and Power potential”, very little power will be
available for miscellaneous uses or lift irrigation. The irrigation benefits
which were assumed in the Project in U.P. areas may not therefore be directly
realised, but as a result of inter-locking of existing thermal stations at Mau.
Gorakhpur and Sohwal on north of Ganga with Rihand grid, more power
units will be generated by working the thermal station as based load and by
taking peaks on the Rihand Power Station. This will indirectly help the
tube-well irrigation in that area.

6.2 After the completion of the Rihand Dam a regulated discharge of
about 6,000 cusecs will be let down from the Power House throughout the
year in the Rihand river which is a tributary of the river Sone. This watcr
will be available for diversion in the Sone canal system at Dehri in Bihar
which is about 100 miles downstream from Rihand Dam. In the non-monsoon
season this discharge will be flowing in the wide bed of the river Sone. Dut-
ing that season and more so in the hot weather months therc are likely to be
some losses by evaporations and absorption in this discharge before it reaches
Dehri. It would be desirable to make observations of such losses so that a cor-
rect appreciation of discharge that will be available at Dehri can be made.

6.3 A new barrage has been sanctioned to be constructed at a distance of
about 5 miles upstream of the present anicut at Dehri. It is proposed to pro-
vide link canals from this barrage to the two existing irrigation canals on
the right and left banks and two high level canals are also being considered
for irrigating some new areas in the. upper reaches. It is also proposed to
extend irrigation on the existing Sone canal system. The additional areas
which are expected to be irrigated after the construction of the Sone Bar-
rage will approximately be as under :-—

1. Additional areas in present Sone canal system due to remodelling.

(#) Main eastern canal 0.68 lakh acres.
(#) Main western canal 2.40 ”»
3.0B lakh adres.

I, Westorn High Level canal. 1.26

4.34 lakh acres.

The proposal for the Eastern high level canal has not taken a final
shape.

6.4 The question of utilising the regulated discharge, which will be avail-
able from Rihand Dam after its completion, and sharing of part cost of
Rihand Dam by Bihar is being considered between the two States.
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CHAPTER VII
AGENCIES OF CONSTRUCTION

7.1 As already mentioned in Chapter V on ‘Costs of Project’, the main
reason for the excess in 1956 estimate is due to the provision of higher rates
of concrete for the dam in that estimate under ‘C’—Works in comparison to
those provided in 1947 and 1952 estimates. The excess in 1956 estimate
under ‘C—Works amounts to Rs, 897 lakhs in comparison to 1947 esti-
mate. The rates provided in 1956 estimate are based on the accepted tender
of Messrs Hindustan Construction Company Limited to whom the work of
the construction of the dam was let out in 1955. When 1947 estimate was
prepared a rate analysis for the various components of the bulk concrete
was prepared in detail and the unit rate provided in that estimate was
Rs. 75.37 per 100 cft, This rate was based on the use of 124 bags of cement
per 100 cft. of bulk concrete and it would have been Rs. 107.50 if adjusted
for the higher cost of cement prevalent at the time of conmstruction of the
project (vide statemenr 7-1). As already stated the work on the construction
of this scheme was temporarily suspended in 1949 and when in October 1951
it was dscided to resume the work a fresh project estimate was prepared in
accordance with the general designs and specifications prepared by Messrs
International Engincering Company of U.S.A. A revised analysis of rate
for mass concrete was worked out taking into account the conditions pre-
vailing at the time. The rate provided in the 1952 estimate was Rs. 76-50
per 100 cft. of mass concrete but this was exclusive of depreciation charges
and maintenance and operation of the construction plant for which a sepa-
rate provision was made in the ¢stimate. This rate of Rs, 76.50 was based
on the use of 12 bags of cement per 100 cft. of concrete, The provision for
depreciation of plant and maintenance and operation of the same works
out to Rs. 23 per 100 cft. The overall unit rate of bulk concrete thus
came to Rs. 99.50 per 100 cft. This rate would have been Rs. 125.63
per 100 cft. if adjusted for the higher cost of cement prevalent at the
time of actual construction of the dam (vide statement 7-1).

7.2 It may be mentioned that the rate analysis for the various compo-
nents of the bulk concrete both in 1947 and 1952 estimates was based on the
data then available which the Project Authorities have stated was inadequate
and meagre.

The work on the preparation of the Master Plan for the construction
of the dam, power house and appurtenant works was started on the basis of
this estimate and completed in early 1954. The question then arose as to
whether the work should be done departmentally or on contract. It appears
that the Ministry of Irrigation and Power suggested that the work should be
done departmentally in the accepted sense of the word. Subsequently the
Government of U.P. decided to invite global tenders for the construction of
the dam, power house and appurtenant works. After the receipt of the ten-
ders, the question as to whether the work should be done departmentally
or the contract may be awarded to the lowest tenderer, (Messrs Hindustan
Construction) was put up to the Technical Advisory Committee of the Rihand
Control Board. The tender of the Messrs Hindustan Construction was ac-
cepted on the advice of the Committee in early 1955. -
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7.3, The unit rate for bulk concrete quoted by Messrs Hindustan Con-
struction Company is Rs. 204.per 100 cft. This rate is on the basis of use of
only 11 bags of cement per 100 cft. concrete and the czment is to be supplied
by Government at the bulk rate of Rs. 52.50 per ton at the factory. Any in-
crease in the cost of cement is to be borne by Government. As there has
been considerable increase in the cost of cement the excess on the project
due to this reason is expected to be Rs. 90.15 lakhs.

The above rate of Rs. 204 per 100 cft. of bulk concrete is exclusive
of the charges for cooling of concrete for which a separate lump sum amount
of Rs. 28.75 lakhs is provided in the tender. This amount is for cooling
concrete up to 40 M. cft. and a rate of Rs. 3.50 per 100 cft. is provided for
cooling of additional concrete over 40 M. cft.

Besides there arc the following additional clauses regarding this rate.

(i) The electric energy is to be supplied by Government at onc anna
per unit whatsver may be the cost of generation. As already men-
tioned in Chapter V on ‘Costs of Project’ the cost of Generation
Power Houses is about 0.10 nP. per unit. The extra charge will
have to be borne by the Government.

(i) The rats is subject to adjustment on account of increase or de-
crease in the cost of living index of semi-skilled and unskilled la-
hour with reference to the base index of 1955. As already men-
tioned in Chapter V on ‘Costs of Project’ an additiongl amount of
about Rs. 23.0 lakhs will have to be paid on this account.

tiii) The unit rates tendered by the contractors are based on the prices
of explosives, steel, diesel oil and petrol prevalent on 30th Decem-
ber. 1954, The contractors have to be compensated for increase in
such prices. It is expected that the extra cost on this account will
be about Rs. 25.1 lakhs. :

(1v) The rates tendered by the contractor are based on the use of 11
cwt. of cement per 100 cft. of concrete; if the contractor 1s required
to use any different quantity of cement, the rate is subject to ad-
justment upward or downward on the basis of such variation in
cement content. The actual quantity of cement used, the bulk
concrete as reported by the Project Authorities is only 9 cft.
per 100 cft. of concrete. This saving has been effected without af-
fecting the strength by the use of concrete of fly-ash and the air
entraining agent. After allowing for the cost of these materials, the
net saving is about Rs. 8.14 per 100 cft. of concrete. This saving
will balance the extra cost on items (i) and (i) above (vide state-
ment 7.1).

7.4 The tender was approved in early 1955 and the work had heen com-
pleted dy beginning of 1962. The completion of the work has thus taken
nearly 7 years.

7.5 No analysis of bulk rate of concrete is shown in 1956 revised estimats
as was done in'1947 and 1952 estimates. This estimate is based on the rates
quoted by Messrs Hindustan Construction Company.

A comparative rate analysis for mass concrete provided in the three
estimates has been prepared by the Team (vide statement No. 7.1). It would
be seen that the rate tendered by the contractors and as provided in 1956
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estimate is very much higher than those provided in the previous estimates.
It has been stated by the Project Authorities that a fresh analysis of the rate
of bulk concrete was prepared for departmental execution and it was seem

that the departmental construction would not be cheaper than through the
contractors. :

7.6 According to the terms of the contract the Government has to make
advance payments towards the cost of the following items during construc-
tions :— )

(1) Construction plant and equipment whether purchased in India or
abroad, its transport and installation at site.

(if) Cement and other materials rcquired by the contractor.

(iii) Sa!aré' and other cost of non-India technical personnel if any re-
quired.

(iv) Construction of store-houses and buildings required for the cons.
truction personnel at the site of the work.

(v) Construction of approach roads in works-area. All foreign ex-
change supply of stcel and cement have to be arranged by the
Government.

The contract provides for the foreign exchange to the maximum ex-
tent of S million United States dollars for the purchase of construction plant
and equipment including spare parts, materials and supplies and for their
transportation and insurance to India and for services through suppliers in
the erection, installation and final operation of the construction plant and
equipment.

For this work the Contractors have obtained the plant and equipment
from various sources. The approximate figures of the cost of plant obtained
by the contractors through various sources are given below :—

(i) Equipment purchased directly by the Rs. 2,36,51,285
contractors under T. C. M. aid.

(ii) Equipment procured by the department 9,80,400
under T.C.M. aid and handed over
to the contractors.

(iii) Bquipment purchased by the contractors 8,62,044
in India,
(iv) Equipment brought by the contractors 52,50,000

from Vaitarna works. -—
*© a1 ¢ TOTAL _ 3,07,43,729

These figures arc exclusive of the cost of spares etc. The details of
the equipment obtained through various sources are given in 4 ppendices IV,
V, VI and VII. The quantity of concrete to be done is about 60 M. cft.
The cost of plant required works out to about Rs. 51 per 100 cft. of con-
crete.

In this particular contract there is a provision for taking over from
the contractors, the cableway equipment batching and mixing plant and
cooling plant after the completion of work at their depreciated value which
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will be taken as 30 per cent of the initial cost of equipment delivered at
site of work excluding cost of erection, testing, foundations etc, The details
of the equipment along with the depreciated cost are given in Appendix
VIII. As the work is approaching completion, it will be advisable to
supply ths details of the equipment to the other States in case any of them
ueeds the same for any project, provided the U.P. Government does not
need it for any of its projects.

7.7 Considering the element of contractor’s profit and payment of the in-
come-tax on the same by them and the likelihood of their writing off of
most of the plant costing over Rs. three crores, though there will be con-
siderable residual value left, it is not unlikely that if the work of this na-
ture can be done departmentally in an efficient manner, there should be a
saving of about Rs. 40 or so per 100 cft. of concrete on a rate of Rs. 204
per 100 cft. tendered by the contractor.

When such large works requiring a number of years for completion are
put to tender, the contractors provide for all sorts of contingencies which
may or may not arise. Besides, the contractors’ rates usually include write-
off of most of the plant and machinery although they have considerable
residual value in the end. Contractors have to allow for fair margin of pro-
fit and payment of income-tax etc. Due to these reasons their rates are
naturally high. The tenders are usually hedged in by many special clauses
which contractors put in to safeguard their interests. Besides, most of the
services like water-supply, electricity and important materials like steel,
cement, etc. have usually to be arranged for by the Government. Foreign
exchange and advance payments for machinery, colonies, etc. have also
to be supplied by the Government.

In view of all these factors it would seem to be advisable that works
of such magnitude involving use of considerable machinery and plant and
extending over a number of years should be executed departmentally using
Government machincry and employing small contractors or piece-workers.
Of course, in case of departmental execution there are many difficulties such
as delay in procurement of machinery and spare parts, grant of foreign ex-
change, getting sanctions to the necessary staff and in fixing the salary of
the people working on the machinery etc. Besides, there has been a grow-
ing tendency towards curtailment of the powers of the Chief Engincer special-
ly after the separation of Chief Engineer’s post from that of the Secretary
to Government. If these difficulties can be successfully overcome there
should be considerable saving in departmental execution of such large pro-
jects.

7.8 Ths Team feels that it would be profitable if a Committee consisting
of technical, financial and administrative experts is appointed to suggest
ways and means to overcome the difficulties which are often expressed by
the Chief Engincers concerned and to frame rules and procedures for imple-
menting this recommendation.
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SUMMARY
1. History and scope of Project

This is mainly a hydro-¢lectric project. Three cstimates have been
sanctioned for this project at different times. These are :—

Year of The estimated
prepara- cost for power
tion. generation.

Rs. (crores.)

1947 16.25
1952 21.12
1956 (Revised) 29.86
1960 (Anticipated) 32.88

The power potential of 1956 (Revised) project is as under:—

Firm power potential 1,05,000 KW

Units gencrated 912 MKWH

Installed capacity 2,50,000 KW
(consisting  of
S sets of 50,000

KW each and
room for 6th set
of 50,000 KW
at a subsequent
date).

II. Hydrology and Power Potential

) The Rihand river above the dam site drains an area of 5148 sq.
miles with an average rainfall of about 56 inches per annum. This river
is a tributary of the river Sone.

There was no gauge discharge site on the river Rihand prior
to the commencement of the project. One gauge discharge site existed on
the river Sone at Dehri-on-Sone about 100 miles downstream of the dam
site. The run-off of the river Rihand was worked out on the basis of study
of the record of run-off of the river Sone in conjunction with the study of
the annual rainfall over the catchment. On this basis the run-off was work-
ed out as 7.270 M. Ac. cft.

A gauge discharge site was established at Pipri and actual dis-
charges have been taken from 1945-46 onwards. The average annual run-
off studies have been made as more and more discharge data has become
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available. The average annual run-off as shown in the three projects is as
under :—

Year of preparation. Average anmoxl

run-off.
1947 Project 7.270 M.Ac. ft.
1952 Project 6.060 e
1956 (Revised) Project 5.138 "

The power potential has naturally varied on this account. The power
potential adopted in 1956 project is 1,05.000 KW at 1009 load factor. The
latest studies have shown that there will be short fall in this power in certain
years of drought. '

There is a proposal for conmstructing a thermal station of 2,50,000
KW in this region for utilising the coal resources nearby. With the construg-
tion of the thermal station, it should be possible to firm up the hydro-energy
to the extent assumed in 1956 project in years of drought.

Almost all the firm power from Rihand Project is already booked
and is expected to be utilized by 1965-66.

There is a scope for further development of hydro-power oo
the Rihand river. There is a suitable site for a low lifting dam about 20
miles downstream of Rihand at Obra where about 50,000 KW of firm power
can be developed. This proposal is a promising one ; it would help to im-
prove the overall economy of Rihand Hydro-electric power development.

HI. Pewer Supply, Tariff and Financial Retorns

The cost of generation as worked out in 1956 (Revised) Project
amounts to 2.32 oP. per KWH on the basis of 1% profit on capital cost of
generating assets and 1.99 nP. per KWH exclusive of this profit.

The above cost of generation has not been worked out in accord-
ance with the provisions of the Electricity (Sugply) Act 1948, The operation
and maintenance, depreciation, and interest charges have been worked out
only on the part of the “original cost” of the project, instead of on the
entire ‘original cost’. The ‘original cost’ is the cost of building generating
assets at the commencement of operation and this includes the capital cost
of work and cumulative interest during the period of construction. The
‘original cost’ of the project as per 1956 (Revised) Estimate amounts to
Rs. 3591.75 lakhs of which Rs. 2985.75 lakhs is for works and Rs. 606.00
lakhs for cumulative interest during period of construction.

The operation and maintenance charges have been calculated by the
Project Authorities on Rs, 2201.00 lakhs, depreciation charges on Rs. 2127.60
lakhs and interest on Rs. 2985.75 lakhs only. ‘

The operation and maintenance charges amount to ' about 0-5%
of the original cost. This estimate is very low. Normally such charges amount
to 1.59% of the original cost. However, the Team considers that such char-
ges world not be less than 0-75% on the original cost .of civil works and
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2% on the original cost -of electrical works. On this basis these charges
would amount to 1.01% of the original cost of Rihand Project.

The annual depreciation charges on different categories of plant
have been estimated by the Project Authorities in 1956 estimate in an ad
hoc manner and not on any recognised basis. It is necessary to estimate
the depreciation charges in accordance with the method outlined in the
Seventh Schedule of the Electricity (Supply) Act of 1948. The depreciation
charges according to this method would amount to Rs. 42 lakhs against
Rs. 26.05 lakhs provided in the estimate. .

The interest charges at 4:59% on the original cost amount to
Rs. 161.63 lakhs against Rs. 134.36 lakhs provided in the estimate. The
Team has suggested provision of 0-5% on the original cost for contingencies
and general reserves on the basis of the Electricity (Supply) Act; this
amounts to Rs. 17.96 lakhs. The project estimate provides 1% for profit
on the capital cost of works; this amounts to Rs. 29.86 lakhs.

On the basis of the above provisions, the cost of generation for
1956 (Revised) estimate works out to Rs, 2.85 nP. per KWH.

About half of the total ¢nergy available at Rihaund has been
contracted to be sold at 1.997717 nP. to Hindustan Aluminium Company
which is much below the cost of generation.

The present estimated cost of the Project is Rs. 3287.983 lakhs
and the cumulative interest during the period of construction would be
Rs. 667.401 lakhs. The original  cost of this project would now be
Rs. 3955.384 lakhs. The cost of generation on the basis of this amount
works out to 3.16 nP. per KWH, As about half the energy has been con-
tracted to be sold to Hindustan Aluminium Company at 1.997717 nP. per
KWH, the remaining energy will have to be'sold at not less than 4.25 nP.
per KWH if financial losses are to be avoided. This is relatively a high

cost for hydro-power.

In the latest calculations sent by the Project Authorities, the an-
nual depreciation has been calculated according to the Seventh Schedule
of the Electricity (Supply) Act 1948. They have adopted the sinking-fund
method. It is noticed, however, that the provisions cover only incremental
deposits according to this method. No provision has been made for interest
on accumulated balances in the reserve as required by Section 68 sub-sec-

tion 2.

The Electricity (Supply) Act 1948 provides two methods for cal-
culating annual depreciation charges. One is a straight-line method and the
other is the sinking-fund method. In both the methods, however, a depre-
ciation reserve equal to 90% of the original cost of generating assets has
to be recovered in full from the consumers. As different view points are
often expressed on this question and no uniform basis is followed in pre-
paration of various hydro-electric projects, it would be profitable if the Irri-
gation and Power ‘Ministry considers appointing an expert committee to
standardise and recommend practices on this aspect of utility manage-

ment.
" The Project Authorities had originally estimated a net yield of

5.59% from the working of the project. The latest financial forccast - based
on up to date cost as revised in 1960 shows an ultimate net yield of 7.4%.
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It will not be possible to realise either of these forecasts, even if the balance
of power now available for other purposes is sold at the generation cost of
4.25 nP. per unit, The net yield even then would only be about 4.5% which
would be barely sufficient to meet interest on borrowed capital after pro-
viding 0-5% for contingencies and general reserves.

In addition to the operation and maintenance, depreciation and
interest charges and provision for contingencies and general reserve, various
other costs have actually to be met which are not exactly covered by these
items. A working capital is necessary for the purposes of operation and
interest has to be provided for procuring it. Plant and workers must be in-
sured against accidents. There may be damages due to floods and hurri-
canes and losses due to strikes and mal-operation. Plant replacement will
certainly cost more than current depreciation provisions. There should there-
fore be some reserve to meet such expenses and to avoid fluctuations in
tariffp for power sales or surcharges that would otherwise become neces-
sary as the Electricity Boards are not to operate at a loss. The Team sug-
gest that a special provision of at least 1% of the original cost should be
made when recurring costs are reckoned for making tariffs.

1V. Construction Features and Construction Programme,

~ Before the commencement of the construction of the Dam the
question arose whether the Dam should be constructed in rubble masonry
or in concrete. The Chief Engineer favoured the construction in concrete
on the score of three factors, namely, (7) safety of the Dam as the maximum
allowable principle stress for rubble masonry cannot safely be taken than
250 Ibs. per sq. inch, as against 350 1bs. per sq. inch or more for concrete;
(i) extra cost of construction of the Dam in stone masonry. He estimated
that it would cost Rs. 3.5 crores more; and (i#/) longer time required for cons-
truction in rubble masonry. He estimated that dam in rubble masonry will
take 6 years more than the concrete dam.

A committee of experts was appointed to report on this question.
This committeec favoured the coustruction in rubble masonry on the score
of (i) safety; (i) much lesser cost of construction in rubble masonty than in
concrete. The committee estimated that there will be a saving of Rs. 1.9 crores
if the dam is constructed in rubble masonry; and (/i) giving greater scope
of employment both for skilled and unskilled labour than that for the con-
crete construction. The Committee stated that the rubble masoniy dam
would not take more than 9 months extra as against 6 years given by the
Chief Eungineer. As U.P. Government did not want to take any risk it
was finally decided to construct the Rihand Dam in concrete.

Since 1954 when this decision was taken, considerable further
data and experience has become available from the dams under construction
specially Koyna, Nagariunasagar and Rihand Dam. Indications are that
for dams up to about 370 ft. height, if conditions like availability of suitable
stone for rubble masonry, skilled masons and other labour etc. are favour-
able, the rubble masonry construction would be cheaper and equally safe as
the concrete construction.

It would be useful if a comprehensive study of this general question
of cement concrete versus masonry is made specially as the construction
work on the three dams is much advanced now and more factual data of
cost and rate of progress etc. will be available.
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The progress on concrete has been affected to a certain extent
by delay in supply of penstock gates by Messrs Texmaco who were given
this work with a view to save foreign exchange of Rs. 7.73 lakhs. Further
as they were not fully equipped to undertake such a work there have been
considerable delays in supply of the various parts of the gates. This has
involved considerable anxiety to the project officers and a certain amount
of risk to the safety of the works,

V. Costs of Project

There have been a number of revisions of the estimated cost of the
project as indicated earlier. The present anticipated cost on the
basis of excesses and savings that can be foreseen is Rs. 3287.983 lakhs.
This would involve an excess of Rs. 302.233 lakhs over the 1956 sanctioned
estimate. The major excesses are on :—

(1) B—Land Rs. 100 lakhs dueto extra rehfbilita-
tion grant etc.
(2) C—Works Rs. 90 lakhs due to the higher rate

of cement at which it is sup-
plied by the State Trading
Corporation as all cement is
now to be purchased through
that organisation.

(3) O—Miscellaneous Rs. 106 lakhs due to the cost of the
Sone bridge and road from
Robertsganj to Pipri being
now charged to the project
instead of charging it to the
normal road development
programme of the State as
was visualised in 1956 project..

The other smaller excesses and savings balance themselves.

There is no Financial Adviser attached to the project and there
is no central accounts organisation either, No difficulties have, however, been
experienced in this system on this account and all figures of expenditure
under various heads of the project have been well kept in the project re-
gister by cost accounting cell attached to the Superintending Engineer
(Civil).

VI Irrigation Aspect

The project visualises indirect irrigation benefits of 14 lakh acres
of tube-well irrigation in U.P. and 5 lakh acres of flow irrigation in Bihar.

As almost all the power will now be utilised in close vicinity of Rihand
for development of industries and by railways there will be very little
power available from Rihand Project direct for use for lift irrigation in
U.P. The irrigation benefits which were assumed in the Project in U.P.
area may not therefore be directly realised but as a result of inter-locking
of existing thermal stations at Mau, Gorakhpur and Sohwal on north of
Ganga with Rihand grid, more power units will be generated by working
the thermal stations as base-load and by taking peak on the Rihand power
station. This will indirectly help the tubewell irrigation. in that area.

The question of utilising the regulated djscharge from Rihand Dam
and sharing a part cost of the same by Bihar is being considered by the:
two States. The extra irrigation visualised to be done in Bihar at present
is about 4.3 lakh acres. u \
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VII. Agencies of construction

The main reason for the excess in 1956 estimate is due to the
provision of a higher rate for concrete for the dam in that estimate in
" comparison to that provided in 1947 and 1952 estimates. The rate for bulk
concrete provided in 1947 estimate was Rs. 75.37 per 100 cft. and that in
1932 estimate Rs. 99.50 per 100 cft. It may be mentioned that the rate ana~
lysis for the various components of the bulk concrete both in 1947 and
1952 estimates was based on the data then available which the Project Au-
thorities have stated was inadequate and meagre.

The rate provided for bulk concrete in 1956 estimate is Rs. 204
per 100 cft. This is based on the rate tendered by the Messrs Hindustan
Construction Company to whom the work of construction of the dam has
been allotted. This rate is exclusive of the charges for cooling of concrete
and will be subject to increase due to (/) increase in the cost of living index;
(i) rise in prices of explosives, steel, diesel oil, and petrol; (/ify higher cost
of generation of electricity which is to be supplied by the Government on
a fixed rate of one anna per unit to the contractor; and (iv) higher cost of
cement which is to be supplied to the contractor at a fixed rate of Rs. 52.50
per ton in bulk at the factory. :

Before the commencement of the work the Ministry of Irrigation
and Power suggested that the work should be done departmentally in the
accepted sense of the word. However, as the Project Authorities considered
that the departmental construction would not be any cheaper than through
the contractors the question was referred to the Technical Advisory Com-
mittee of the Rihand Control Board which recommended that the work
may be let out on contract to the lowest tenderers—Messrs Hindustan Cons-
truction Company Ltd. This recommendation was accepted by the Rihand
Dam Contro! Board.

When such large works requiring -a/ number of years for completien
are put to tender the contractors provide for alil sorts of contingencies which
may or may not arise, Besides, the contractors’ rates usually include writs-
off of most of the plant and machinery purchased for works, although they
have considerable residual value in the end. The contractors have to allow
for a fair margin of profit and payment of income-tax etc. Due to these
reasons their rates are naturally high. The tenders are usually hedged in
by many clauses which contractor’s put into safeguard their interests. Be-
sides, most of the services like water supply, electricity and important mate-
rials like steel, cement etc. have usually to be arranged for by the Govern-
ment. All foreign exchange and advance payment for machinery, colonies,
etc. have to be supplied by the Government. In view of all these factors the
Team is of the view that works of such magnitude involving use of consi-
derable machinery and plant and extending over a number of years can with
advantage be executed departmentally using Government machinery and
employing small contractors or piece-workers.

The Team feels that it would be profitable if the Irrigation and
Power Ministry considers appointing a committee of technical, financial and
administrative experts to suggest ways and means to overcome the difficulties
which are often felt by the Chief Engineers in departmental execution of
such works and to frame rules and procedures for implementing this re-
commendation.
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Location

On the Rihand river, 28.7 miles south of the confluence wnh the
river Sanz, azar village Pipri in Mirzapur District.

Rihand project—Salient Features

Drainage Basin Characteristics

Catchment Area

Average annual precipitation (1903-1955)
Estimated average annual run-off (1903-1955)

Stream Flow Data

APPENDIX I

Maximum recorded flow at Badura discharge site on 12-8.50

Minimum recorded flow at Badura site on 1 to 6-6-1947

Maximum probable flood (Spillway design flood)
Maximum possible flood .

Estimated average annual run-off (1903-1955)

Reservoir

Arza submarged at full tank level (Elevation 830)

Gross storage capacity at EL, 880

Live storage capacity (between EL.880 and 775)
Dead storage at EL.775
Full reservoir Elevation
Maximam probable reservoir EL.
Macximum possible reservoir Elevation
Dezad storage Elevation

A reraze tail water Elevation

Dam

Type . .

Thickness of top

.

.

.

Taicknass of bottom (non-overflow section maximum)

Top Elevation (Road level) . .
Crest Elevation spillway .

Expected deepest foundation level

-

Maximum height above deepest foundation
Height of dam above lowest point in river bed .

]

-

*

5,148 sq. miles.
56.3 inches,

'18.7 inches.

4,60,000 cusecs.

43 cusecs,

6,10,0C0 cusecs.
8,41,000 cusccs.
5,138,000 acre feet.

180 sq, miles.
86,00,000 acre ft.
72,80,000 acre ft.
13,20,000 acre ft,
880.00

886.00

890.82

775.00

632,00

Concrete Gravity
dam.

24 ft,
227 ft,
894,50
852,00
600,00
300 ft,
271 ft.



Length of dam .

Volume of concrete in dam and power house

Total cement required
Spillway
Length of spillway .

.

»

.

.

Number and size of gates, 28 high x 40’ wide Tainter gates

Spillway Design capacity .

Maximum Spillway capacity

Spillway bridge .

Sluices .

Penstocks . .

Intake gates .

Power Stration Building
Length -« W .
Width . . .

Height abovegenerator floor

v

.

.

.

-

3,254 1t,
6,13,00,000 cft.
3,77,310 tons,

624 ft,

13 nos,

3,83,000 cusecs,
4,71,000 cusecs.

13 spans each of 40’
width 22’ wide road~
way and 4/-6" side
walk,

2 Nos of 4 x 9.

6 Nos. each of 167
dia, including 1 for
future set.

6 nos. of 15.2' x
27.2' one for each
penstock including
1 for future set,

420 ft.
99 ft,
40 ft,

The b1iilding has sufficient space accommodating the 6th generating 50,000 K.W. capacity

set in future,

Crane . . .

Power Plants (Ultimate)

Turbines . .

G nerators

Generation . .

Switchyard

Power Transformers

Transmission Lines and Sub-Stations

132 KV Double circuit' line |
65 KV Doublecircuit line

33 KVlines . .
11 XV lines . .

when required.

Two travelling cranes
90 tons each,

5 x 70,000 HP Tur-
bines rated at 225°
head.

5 x 55,500 k.v.a.
90% power fact or,

11 K.V.,, 3 phase
50 cycles.

5 x 60 MVA,11/132
kv. 2x 10 MVA, 132/
66 kv. :

385 miles,
122 miles.
960 miles.
1,300 miles.



Grid Sub-Stations
132KVSS . . .
66KV S/S . . .
33KVS/s . .
11 KV Sub-Station « .

. . . . . . « 6 Nos.

. . . . . . « 4 Nos.

» 55 Nos.
. . . . . . + 750 Nos.

-
.
.
-
.
*
-

Benefits
1. Direct.
Constant Power . . . . . . . . o« 105MW,
Units generated annually . . . . . « 91,20,00,000 KWH,
Cost of generation at 132 kv busbars at Pipri .
2, Indirect,

Irrigation per year . . .

. . + 4,45 pies per unit,

. . . . « V14 lakh acresin U.P.
5 lakhs in Bihar.

Additional foodgrain per year . . . . . « 2,00,000 tons.
Total working expenses . " ; N . . « Rs.108-4 4 25:46
=Rs, 133-86 lakhs.
Net revenue . - . . 3 s . . « Rs, 173:44-133-86
=Rs. 39-57

Return on Capital (Rs. 659.57 lakhs) . v . . . Rs. 6.00%;

Overall Projects
Gross revenue from Scale of energy under Part I and Part II © . Rs. 36120 lakhs.
Working expenses under Part I and Part IT including depreciation Rs. 104.95 lakhs,

Net Revenue . . . . . . " . + Rs, 361-20—
104-95
+=Rs. 256- 25 lackh.

% Return on overall Projects . . . . . . Rs.5.,56%
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APPENDIX III

Details of working expenses as supplied by the Project authorities.

GENERATION

Sl Ttem. Amount
No. Rs. in
lakhs.,

1.” Establishment, Leave, Pension etc. as per Appendix V 1200
[’2. Maintenance and Repairs:
(a) Building and Structures @ 29 on Rs. 48-72 lakhs 0-97

Total capital cost (b) Dam and Power House and Spillway including
IR?ch 2301597 4 gates etc. 0.25% on Rs, 1882+721akhs . 471
akhs.
(c) Reservoir clearance and rim treatment 29/ on
Rs, 25-201akhs . . . . . . 0-50
L (d) Power Plant 0.75 percent on Rs. 344:957lakhs . 2-59
20-77

3. Annualdepreciation asper Appendix VI . . . 17-41

ToOTAL 38-18
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APPENDIX IV

Equipment purchased directly by the contractor under T. C. M. aid as
supplied by the Project authorities.

13(1,.‘ Brief details of equipment. Unit. Totall{;ost in
1 2 3 4
PLANT AT QUARRY
1 Twotage double acting compressor 820 cft, with motors 4 1,35,154.
2 Secondary crushing and screening plant . . . 11,30,416
3 Beltconveyor assembly . . . . 8,10,342
4 Rear Dump Euclids 15 tons capacity 6 9,53,626
5 Kubit impact breakers with motors 3 2,47482
6 Rowschain feeder without motor 3 . . 1 99,570
7 Welding Machines 2 42,506
8 Overhead travelling crane . 1 78,183
9 2% cuyd. Ward Leonard electric shovel 54 2 11,14,964
10 Motor for primary crusher . 1 38,274
11 Sand Plant Bovel Classifier torque thickner etc. . 4,37,895
12 Primary Gyratory Crusher . B i ! 1 7,15,495
13 200T. bicable ropeway 1150 components of ropeway 1 17,81,039
14 2% cuyd. capacity shovel with Murphy dlesel engme &
100’ boom . 2 10,70,601
AT DAM SITE
1 20tonscapacity radial cableways 2 64,72,585
2 Beltconveyor assembly plant . . . . . 1 5,14,254.
3 Two stage double actmg compressors 520 cft, with
motors . . . 1 33,784
4 10T. 3 motors electricallydriven Crane with 13¢* jib 2 3,33,93%
5 Multistagecentrifugal pump 100 H.P. 500 gal.capacity . 6 1,66,151
6 Meter gauge diese! . . . . . . . 3 1,07,484
7 Lightingarrestors Switcke:, transfc e, cables, ete. . 4,11,725
3 1,57,697

Elzctrical equipment .

57
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APPENDIX IV—contd.

1 2 3 4
9 Workshop Machinery . . . 3,02,452
10 Welding Machines 3 63,760
11 ’Shearing Machine . . . . . 1 49,345
12 Transformer Qil Filter . . . . . 8,284
13  Vulcanising Unit 1 14,978
14 Overhead travelling Crane 25 tons 1 75,227
15 Flood Lights 83,985
16 Components of 10 tons cableways 1,58,895
17 Conveyor Beltings 1,39,179
18 Batching Plant 980 cuyd. capacity 5,78,833
19 4 cuyd. keehringtilting mixers 4 9,19,312
20 Amesrican 40 ton capacity crawlar mounted crane 2 7,56,862
21‘ Bulk Cement carrier Tractors & Trailors = . v . 200,
18 24,63,903
22 20T. capacity 28B Bycyrus Eric Cranes L . | 2,74,244
23 Cooling Plant Motors . A 2 2 1 2,07,536
24 Cooling Plant Compressors. 1 2,87,570
25 8cuyd. concrete Buckets . . : X . 7 1,64,226
26 Frequency changers. . . . ‘e 44,193
27 Vibrators . 1,85,773
28 Burndy Electric Connectors . 14,562
Rs. 2,36,51285

These charges do not include cost of foundation works,



APPENDIX V

Equipwment Procured by the Department under T. C. M. aid and handed
: over to the Contractor as supplied by Project Authorities.

Description of machinery. Unit, Value in Rs. at
F.O.R. Roberts-
ganj.
A. QUARRY PLANT
Jack Haminers . . . . . . . 36 Nos. 75,600 00
D-8 Tractor with Dozer . . . . . . 1, 1,25,000-00
Portable Leroi Air Compressor . . . . 1, 47,200-00
Tezth Ripper with detachable teeth . . . . 1, 19,000- 00
Concrete Mixer Jaegar . . . . . . 1 ,, 20,100 00
Wagon Drills . . . . . . . . 4 ,, 56,000+ GO
TotaL Rs. . _ﬁm
B, DAM SITE PLANT

Vitys T2 with Accessories E ! % = 8 Nos. 1,04,000- 00
D-8 Tractor with Dozer . . g . 5 5 1 ,, 1,25,000-00
Portable Leroi air Compressor . A 4 . 2, 1,60,000- 00
Arc Welding Sets . . . F i 2, 26,500+ 00
Truck Tractors 2, 1,30,000- 00
Flat rake stake body semi-trailors - . - . 2, 60,000+ 00
Medium duty Gasoline Driven, truck (flat rake stake body) 1 ,, 32,000-00
TotAL Rs. . hfﬁ;ﬁ?)_()—oa_
GrAND ToraL Rs. ”'ﬁo??)ﬁ&

59



APPENDIX -VI

Equipment Purchased by the Contractors in India as supplied by the’,
Project Authorities.

Pacticulars of Machinery. " Unit. Value in Rs.

F.O.R. (Place
of  purchase).

AT QUARRY
Rabu Metal Drill . . . . . . . .1 No. 895 2 0
Kirloskar D.S.M. Pump . . . . . . .1, 2,133 0 0
Motor Cycle . . . . . . . . .1, 4,668 0 0
Electric Grinder Drill . .20, 897 0 0
G.E.C. Witton. 75 H.P. 1450 rpm. motors. . : £ .4, 32832 0 0O
Kirloskar D. 8. M, Pump . ’ 4 : 5 .2, 4,081 O 0
Keith Blackmen Fan . . . : H . 1, 1,200 0 ©
“Atlas” Rock Drills . . J . ; 5 .4, 418 0 0
Pneumatic reversible Drill A .2, 2330 0 0
Crompton Parkinson 20 H.P. Slipring Motor 4 . .1, 3078 0 0
Crompton Parkinson 20 H.P. Slipring Motor . . oo, 3,119 13 0
Crampton Parkinson 20 H.P. Slipring Motor .1, 2,565 0 0
Atlas Copco Rock Drill Type-4 (Jack Hammers) - . .4, 5000 ¢ O
Electric Motor 7.5 H.P. . . . . . . . 1, 1,852 8 O
Allis Chalmer diesel tractor . . . . . R R 14,140 0 O

TortArL L8, 82,977 7 0O
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APPENDIX VI—contd.

List of Equipment Purchased bygM|S Hindustan Construction Co., Ltd.

in India.

Particulars of Machinery. Unit. Valie in Rs.

F. O. R. (Place

of purchase).

AT DAM SITE

Drilling Machine . . . . . 1 No. 497 4 3
Pneumatic Grinder . . . A 1, 556 15 0
Electric Pumping set 34 H.P, . . 1, 4778 6 O
Lister Power driven Pump ) 869 8 0
Jeep Trailer 900 0 O
Jeep e 1, 13,389 2 0O
Dodge Trucks . . 4 61,747 2 O
Fargo Trucks . . 4 ,, 63,590 14 0
Semi Rotary Pump 2% . . J . 1, 15314 0
Desoto Trucks . . . : b 3, 63,284 6 O
Denling (U.S.A.) Centrifugal Pump. 1, 1375 0 0
Climax rock drills . . . . . 6 ,, 6,420 0 O
Vibrators . . . . . . 2, 353312 6
Chasis with Dodge Engine 4 ,, 65,785 8 0O
Pumps Centrifugal . . . . 4 ,, 19,204 12 0
Dodge Pickup . . 1., 15585 8 9
Dizsel driven pamping set . . . 1, 4294 1 O
Cooper grade I Sharpening Model, 24” length 1, 17,828 1 6
G.E.O. Transformer 11000/400 V 1, 8,689 10 O
Motor Cycle 1, 4667 0 O
Kirloskar D.S.M. Pump . . . . 1, 2,132 0 0O
Blectric Qrinder Drill . . 3, 897 0 O
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APPENDIX VI-—contd.

Particulars of Machinery, Unit, Value in Rs,
F. 0. R. (Place
of purchase)

““Atlas” Rock Drill . . . . . . 4 No. 4187 0 O
Kirloskar D.S.M. Pump . . . . . . 1, 2040 0 O
‘Crompton Parkinson 20 H.P. Slipring Motor . . 1, 3,078 0 ©
Willys Wiility Van . . . . .. .1, 18,156 8 0
Willys Jeeps . . . . . . . . 2, 23,87 1 9
Ambulance . . . . . . . . 1, 17,611 O 6
‘Stipring Motor 30 H.P. G.E.C. 960 rpm. . . . 1, 5485 0 O
Electric Motor . . . . . . . i, 04 0 0
Electric Motor Squirre! cage 15 H.P. " . . 1, 1,807 8 0
Cooper Oil Engine R.C.A. type . . = . 1, 3019 8 0
Refrigeration Plant Equipment . Y ¥ - A e 201237 & 0
Tool & Cutting Grinder . . 0 4 o X 1 No. 8910 0 0
Auto Diesel 10 HP. Pump . . . . . 1, 5437 8 0
Broomwade Air Compressor . g . 3 . 1., 2875 0 O
Fiat Cars . . . . 3 K 3 ¢ 2 ., 18,224 6 0
Broomwade Air Compressor . h 5 . . 1, 287§ 6 0
Screen protecteds!ipring 40 H.P. Starter . . . 1 ., 8175 0 ©
Voltas roomairconditioner (Cr);stal) . . . 2 ., 4912 0 0
Broomwade Stationery Cooled air compressor . . 1, 1,785 0 O
Petrol Winches . . . . . . . 4 ,, 10,000 6 0
Petrol Engine (Waukisha) . . . . . 1, 5000 0 O
Petrol Winch . . . . . . . 1, 25 00
Fuel Pump Test Equp. . . . . . . I, 7,139 0 0
Kirloskar B.S,A. Pump . . . . . . 2, 15312 ¢
Turbine Pump with gear head . . . . . 1, 1,812 3 0
Ritz High Pressure Pump . . . . . t 5842 0 0O
Electric 25 H.P. Pumping set . . . . . 1, 6,562 8 0
Cooper Engine 28/31 H.P. . . . . . 1 ,, 8,127 2 &
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APPENDIX VI—Concld.

Particulars of Machinery. Unit. Value in Rs.
F. 0. R. (Place
of purchase).

Goodwin ACME Fixed stone breaker . . . 1 No. 14,998 11 6

Ritz Turbine Pump . . . . . . 1, 7,341 14 0

Piate Bznding machine Hercules German Make . . 3, 19,500 0 0

ToraL Rs. 7,79,066 11 3

GRrAND TOTAL Rs. 8,62,044 2 3




APPENDIX :VII

Equipment Brought by the Contractor from Vaitarna Works as supplied
by the Project Authorities.

Details of equipment, Unit, Original cost
(in Rs.).

10 ton cableways . . . . . . . . 2 Nos, 12,00,000
200 ton capacity jaw crusher . L . .1, 4,00,000
Ropeway . . . . . . 1, 10,00,000
Shovels H.P. 1.5 cuyds capacity . . . . .2, 5,00,000
R.B. 43 shovel 1.75cuyds. . . . . . .1, 3,00,000
Aveling Barford dumpers . . . 7 . 3,50,000
Cement Carriers . . . . . . . o7, 3,50,000
Refrigeration units 300 tons capacity . . . .2, 8,50,000
Euclid dumpers . . . ~ - . . . 2, 3,00,000

ToTtAL Rs. —5—2—,50,000

Y Nore. 1. Tae list doss not include smaller miscellaneous equipment,

2. Thisplant was used at Vaitarna and the depreciation is not reflected in the above
prices.

3. The carriage charges to Rihand Works are not included in the above.



APPENDIX VIl

List of Equipment which the Govt. will take back from M|S H. C. C. under
terms of Contract,

(Crausp-33.1)

30 p. ¢. price to be paid

Details of equipment Units Total Cost by department as per
(Rs.) terms of contract
(Rs.)
1, 20 ton.Capacity radial cable-
ways. 2 57,59,766 17,27,930
.~ =2, *Batching & Mixing Plant
(a) Batching Plant 1 4,31,382
(b) Koenring 4 cuyd. tilting
mixers. 9,19,312
TorAL 13,50,694 4,05,208
3, Cooling Plant
(a) Motors 1 58,203
(b) Compressors 1 2,87,570
TOoTAL 3,45,773 1,03,732
GrANp TotaL - 74,56,233 22,36,870
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