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APPENDIX I.

Elomentary notes by the late Mr. G. T. Barlow, C.LE., Chief Engineer, dated
23rd March 1919, on the Preliminary Investigation of Water Power Sifes
for Elect{ical Puarposes. ,

1. Olject of the investigation.—The chief sources of energy which are at
present known are coal, oil and water power. The two former are easily handled
and transported, and in most places are more convenient and cheaper than water
power, but their supply is limited, and their cost must-sooner or later .increase.
A knowledge of the water power poteuntialities of the country is therefore of the
greatest importance, not only in the conservation of energy, but also in the
economic development of the country. - '

Af present very little is known about the water power resources of India
and Burma, because they mostly lie in the hills and jungles which are sparsely

~inhabited, and rarely visited by any officials ; only rough survey maps exist of
many parts. ’ . .
._ The object of the preliminary investigation is therefore to locate the
avourable areas and sites, to ascertain the discharges of the perennial rivers,
and to collect other information through the Local Officers, which will enable
detailed surveys to'be carried out expeditiously by a special staff during the
cold weather.

. The object of the survey is nof to prepare estimates for town lighting-and
electric fans, bub to obtain details regarding favourable sites that can be made
of general use to the Public. These details will show where and approximately
how much power is available, and will also give other useful information which
will enable any Company that requires power to know where and how to set to-

“work to prepare the detailed plans. ‘

~ To discover the localities of all the existing water power resources of the
country is desirable whether a demand for power exists at present or not. The
most unlikely places to-day may in a few years’ time be the cenfres of Industrial,
Agricultural or Mining activity. India and Burma are immense countries, but
even though this is so, if intelligent and willing assistance is given by the Local
Officers it will be possible to eliminate the useless areas, and fto concentrate
the survey work in the promising localities.

2. Definitions of lechnical terms, efe.

(o) A4 typical Hydro-Electric Scheme consists of a perennial river or of a
reservoir or both for the supply of the water ; this .water, except
where a natural fall already exists, is diverted into a separate
channel by means of weirs or regulators, and is then *un in an
open channel along the hill side at an easy slope, or in & tunnel
through the hill, till a suitable site has been reached for running
the water down the hill slopes and obtaining the requisite fall
for power purposes. The water is then run down the hill
side in steel pipes to the power house which is situated at the
bottom of the hill above the High Flood Level, and finally the
water is escaped back into river ; sometimes the wateris diverted
through a watershed into another river. From the power house
transmission lines are constrfucted to convey the current to the
factory or to other consumers. In the preliminary investigation
only the details regarding the supply of the water and the hkeight
of the fall are required though details regarding other relevant
points will be welecomed. '

(8) A Cusec means a cubic foot per second.*

(¢) Head.—The vertical difference in level (in feet) i.e., the height of the

. fall between the inlet and outflow of water used for power purposes
is called the Head. In all preliminary works it is sufficient to note
~ the actunal head available.

#Nors.—The small wat& driven floyr mills, found in the Himalayas, take from 3 to 4 cusecs. J. W, M,
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(d) For waten power purposes the * fall ” means the difference in height
between the level of the water where it will be taken' from the
stream aund that at the place where it will be returned to the
stream and it may be made by :—

(é) a vertical drop in a riveror canal,

(i4) a series of rapids making, in a short reach of one or two miles of a
river, a total fall of so many feet, or '

(4i4) an artificial fall which can be made in a reach of, say 4 or 5 miles,
in a river with a sfeep slope, by taking off the water and running
it along the hill side at a gentle slope, or in a tunnel through
the hill to another valley ; and then, at a suitable place, running
it ddown the hill sides back into the same or into another river

ed.
~ For power purposes (i) and (i7) are merely superior to (¢i:) because the
length of flume or open channel to the entrance of the pipe line is cheaper, and
more convenient for regulation purposes.

(€) Storage reservoirs are natural or artificial collections of water situated
above the fall, which are commonly called tanks or lakes. The
water is collected during the monsoon periods or at other times
when there is excess water, and is used for irrigation or power
purposes, or for both. These reservoirs, which must be constructed’
above the fall, provide the necessary discharge in period of low
supply in the river, and also collect the water which is running in
the river when the water power plant is closed down, or when
irrigation is not required.

(/) When 1t is found that a stream dries up or falls very low for a short
period before the break of the rains, then in order to maintain a
constant power, some storage must be provided.

(9). One cusec running constantly throughout the year is equivalent to
31'5 million cubie feet of storage, but allowance has to be made
for evaporation and percolation losses, so that to obtain the
equivalent of that constant discharge a storage of 35 million cubic
feet should be provided. For one month the storage necessary
may be assumed at 8 million cubic feet and for one day 100,000
cubic feet,

(k) The Catchment area of a stream at any point is the area draining into
the stream at that point.

() Watershed is the boundary line between two catchment areas.

(J) The Elecirical Horse Power that can be generated wili beapprozim-

&te]y Cugecs X ]Iieud in feat, of = Cusees X llj;ead in fcet, when expressed in

Kilowatts instead of Horse power.

8. Sites suitable for producing power.—Navigable or tidal rivers or waters
are useless for water power purposes, because the cost of development is very
great, and the power obtained is small. The power available depends on the
product of the fall obtainable and the minimum discharge that can be relied on at
the driest time of the year. A navigable river may have a large discharge but the
slope of the river bed will'be extremely small, and in a reach of 4 or 5 miles it will
be impossible to produce more than a few feet of artificial fall. The product of
the discharge multiplied by the fall will therefore be small while the cost of
harnessing the river, and the cost of the other works will be very great. One
thousand cusecs falling 5 feet will give the same power as 5 cusecs falling 1,000 .
feet, and it will be readily understood that the cost of developing the latfer will
be far less than that of the former. ‘The best sites are therefore small discharges
with big falls ; say 50 to 200 cusecs falling 400 to 2,000 feet, but medium discharg-
es of say 200 to 500 cusecs falling medium heights say 100 to 400 feet are also
good, while large discharges (say anything above 1,000 cusecs) falling small
heights of say 5 to 50 feet are expensive in construction, and therefore poor if
anything better is available. 7

From this it follows that the best sites are generally those found in hilly
country and on the tributaries of the large rivers, and that the power sites avail-
able in the large rivers themselves and on canals are seldom really favourable.
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The ideal site is one where several small snow or spring fed streams collect
in a high level valley above the fall, and then drop many hundred feet in a short
length of the stream into a lower valley, where sound rock suitable for & dam is
found at the exit of the upper valley; where the run off from- the catchment
area will be sufficient to provide the necessary storage; and where the valley
is flat and uncultivated, which will enable additional storage to be collected by
means of a low dam, without destroying cultivation. .

All these conditions seldom exist in one place and one has generally to be
content with a stresm the discharge from which disappears for a couple of
months before the rains, or with.an indifferent storage site where the valley has
a quick slope, and a high dam will be required to store much water, or where
the rock is poor, or submergence will necessitate the removal of villages and
the payment of heavy compensation for the loss of cultivation, and so on. |

~ In the preliminary investigation however there is no necessity to give great

consideration to all these points, it will be sufficient to #nd a perennial qr
nearly perennial stream where there is a good fall. The details of the storage
site can best be left for expert survey work later on. ‘

Any site is worth considering where the product of the minimum discharge
in cubic feet per second multiplied by the height of the fall in feet is not less
than 16,000. -Anything less than this is too small for industrial purposes
though. it may be of use for town supply: ' |

4. For preliminary reconnaissance an Aneroid Barometer to measure
heights, a watch with seconds hand, and a tape measure or a 10 foot rod are
all the instruments necessary. ' '

- The points to note are :— ]
- (o) Approximate discharge and Head available.. . :
() River and site on river, by reference to the 1” maps or by latitude and
longitude. ' : .
(¢) Accessibility, £.e., how to get fo the site, and nenrest road, rail or river
communications. ’
(@) General remarks (when known) on the height that the high flood
 water rises, whether a storage reservoir appears possible, nature *
of the country, geological formation, difficulties, market for power
and any other points of interest which may affect {he cost, con-
struction, or upkeep of the works.

Where it is impossible to observe an accurate discharge, or where the
correct methods and co-efficients to be employed are unknown, the following
very approximate method may be adopted :— ~ .

Select a straight reach of the stream where the flow is uniform and where
there are no marked pools, and mark off with pegs any convenient length of
fairly uniform width. Then measure as accurately as possible the width of the
stream, and find the average depth by soundings at intervals acrosg the stream.
Then throw into the centre of the stream a small stick-and note the time it
‘takes to pass along the marked length ; repeat this 4 or 5 times to eliminate
errors. Then the run i length in feet divided by the average time in seconds
gives the velocity on the surface. Then the cross-sectional area in square feet
multiplied by the surface velocity in feet per second and divided by fwo will
give the approximate discharge in cubic feet per second. '

For instance, suppose the length marked off is 100 feet and the floats take
an average time of 50 seconds in passing along this length in a stream having
a width of 40 feeb and an average depth of 1} feet. This gives a cross-sectional
area of 60 square feet. The surface velocity will then be 2" feet a second and

the discharge 2fetawend @ uur st —§( cusecs. - \

5. A -careful study of the largest maps which are available will be found
. of ‘great assistance in all reconnaissance work. In dense jungle or rough
country it is frequently impossible to follow up the course of a stream, and
unless the maps are carefully studied it may easily happen that a useful fall or
a promising reservoir site is missed.” The 1“=1 mile contoured maps are
excellent and the4"=1 mile Forest surveys are-even better,
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A few examples are given below -to indicate the kind of information which
~can be obtained from maps :-~ _
(¢) A flat or a steep valley or hill side is shown by the distance between
the contour lines. The closer the lines are the steeper the country
will be found. y

(b) The distance between any two contour lines which cross a stream
will give the fall in that reach.

(¢) Absence of village sites and roads or pathways denotes wild or uncul-
tivated country. . ‘

(d) Numerous habitations on the hill slopes or in a valley in hilly
country denote cultivation, and generally springs or perennial water
in the streams. :

(¢) When the discharge of a stream is known at & certain point, an idea

+ of the discharge at another site can generally be guessed by a com-
parison ‘of the catchment areas at the two places.

(f) By a study of the' nature of  the valleys and the hill sides, a fair idea
can be obtained-of the general nature of the country, and its possi-
“bilities with reference to reservoir sites, slopes of the strcam, and
places where an artificial fall for power purposes can be found.

() When a stream makesa long hair-pin bend, it is frequently possible
to obtain a good fall by diverting the water in a tunnel across the
neck of the bend. Several miles of a river can Sometimes in this
manner be replaced by a short cut diversion of a few furlongs.

(%) Sometimes the slopes on one side of a water-shed are very steep,
while on the far sida they are gentle ; when this happens it may be
possible to form a reservoir and divert the water through the hill,
and by this means obtain ‘a most useful artificial fall.

Addendum to elementary note.

gsqful Hydraulic Data '(iﬁ round numbers generally).
tow.

1 cusec flow = 1 cubic foot per second = 62'4 lbs. per socond,
= 60 cubic fect per minute = 3,744 lbs, per minute,
== 374 gallons per minute,
= 3,600 cubic feet per hour,
=2 86,400 cubic feet per day,

26 million cubic feet per month,

314 million cubic feet per year.

Regulating storage.
100,000 cubic feet stored will give 116 cusees for 24 hours.

T M 2 2 2‘1{ s ”» 12 »
” 3 i » 4%‘ r” s 6 »»
) » ” » 9‘&‘ » ) 3 »”
3 33 .n » 27 i’ o ;) 3 1 ”

.

Hain storage.
811 million cubic feet stored is equivalent to 1 cusec for a year ; but owing

to evaporation and percolation more storage would actually be required. In
round figures :— :

1,000 million cubic feet stored will give 30 cusecs continuously for a year.

1 3 » 2 40 o 3 . » » 9 months,

>y L] » 13 60 ” HH] [} 6 3

» 3 ) Y 120 » » » 3 11
Reservoirs.

1 acre == 43,560 square feet,

1 acre of water 1 foot deep = 43,560 cubic fect,

1 square mile = 640 acres = 27'88 million square feet,

1 square mile of water 1 foot deep = 2788 million cubic feet, which will

(in practice) give a flow of about § cusec for 12 months, or a little
over 3 cusecs for 3 months.



Arr. L] ELEMENTARY NOTE. 61

Catchments.

1 inch of rain = 100 tons or 3 640 cubic feet per acre. = 64,000 fons or
2-33 million cubie feet per square mile.

In practice, however, only a percentage, and often a small percentage will
reach the reservoir ; see paragraph 9.

Power from flow.
On the practical basis assumed throughout this report

= électrical horse power.
If 15 is the divisor, the resulf is in kxlowatts

Cubic feot flow X kead in feet
11

Power from storage.

(2) Regula.tm g. Thousands cabic feeIJstored‘x head in feot = g h. P hOl].l‘S

If the divisor is 58, the result is in kw. hours or B. O. T, units.

(‘&2) Main. Millions cublc ffetsstsled X head in feet = e L. P. years,

If the divisor is 500, the result is in k. w. years.




Coefficients for ascertaining mean velocity from greatest surface velocity

APPENDIX I

in channels,

] ’.V'ery smooth |  Smooth Rough chan- | Very rough Channels

Hydsaalic mean deptt- it | koot | “msscnrse | e | aita,
F;aet.

25 . ‘88 *79 69 51 42
b -84 -81 ‘74 38 ‘50
75 . . 84 82 ¢, ‘76 63 55
1 . . -85 |. 17 65 68
2 . . 83 a9 71 64
3 . . *80 78 67
4 . . . 81 ‘75 ‘70
5 . ‘16 71
6 . . ‘84 " 77 72
7 . 78 78

- )
9 . ) 82 T4
10 |
B . . 75
20 & - . . T8
30 .. Coar

The hydraulic mean depth is found by dividing the cross-sectional area in

square feet by the wetted perimeter in feet.

The mean values of several cross-

sections ‘along the chosen length of channel are used. For most streams and
rivers in the hills the coefficients in the last column willbe used. It will be
observed that with a hydraulic mean depth less than 05 foot the coefficient

is slightly below the figure suggested Ta Mr. Barlow’s note (Appendix I} ; this
 however will almost always giv® conservative results.

—_



APPENDIX II.
Part of an aneroid survey—see paragraph 13.

The entries in the field note book were as follows :—

Date. - Time: Station. | Temp. . Reading of aneroid.
April 4 . 60 | 2 o 1870 ogt{vard
journey.
w o+ ] 845 11 83 1358
n 106 III 92 - 2053
w o« o} 120 IV - 96 2850
e e 12110 VI 91 . k972
April 6 . 530 V1 66 3002 Return journey.
o e 70 | v 69 2150
P 7-30 11 74 1900
oo o] &80 T 80  es

Reduction by Molesworth’s Scurve for diurnal variation in Calcutta ‘and
for air temperature by means of curves given in Molesworth and Deschanel,
as follows :—

" Outward journey.
Dift. by Correction _ Final
Station. aneroid for Reauit feet. K * difference,
© feet. diurnal. feet.
1 - .
} Fall 18 +40 Rise 22 1096 Rise 24 24
I
11 l . 4
. Rise 202 +3 Rise 205 1115 Rise 230 N
IIT ) -
i1 '
: } Rise 796 ~—38 | Rise 792 1'1130 | Rise 898 |+ 1,264
v
1v. .
Rise 122 Nii -Rise 122 1180 Rise 138 |
Vi : N ————
ToraL RISE , ¢t 1,288
Return journey.
Vi '
} Fall 852 - —23 JFall 829 1075 Fall 891
v
1,157
v .
Fall 250 -5 Fall 245 1-084 Fall 266
I . - .
wir
11y
Fall 165 —5 | TFall 100 1095 Fall 110 110
vt TOTAL FALL . 1,267
o .
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1t will be seen that while the reduced results between the terminal stations
agree very well, giving a mean difference between them of ——-__1’288;*'1’267=

1,278 feet, the two common intermediate readings donot agree ; between stations
1 and 2 the outward journey gives a difference of 24 feet and the homeward
110 feet, while the discrepancy is balanced petween stations 2 and 6, traversed
by a different route. Unless the instruments can be carried in special lagged
cases, so that the metal work cannot get heated up differently at various parts,
these discrepancies will occur. A second instrument carried at this time
showed equally discordant results at intermediate stations, and the two did not
agree any better infer se. No doubt if a long halt could have heen made “at
each station, to enable the instruments to settle down thoroughly, the results
would have heen more even; but this is generally impossible. ' T

Station I was found by a 4" Forest map to be at about reduced level 990
fect. Adding the mean rise between 1 and 2" i.e.,, 221110 67 foot, Station
2 will probably be within. 50 feet of R. L. 1,0567. Station 3, with only a single

““reading, is 230 feet higher and the- result, 1,287 feet, may be 100 feet out.
Station 4 similarly may be taken as about 2,183 feet, with a similar margin.
The terminal station 6 is probably within 15 feet of 99041,278 mean or 2,268
feet, as the results accord well and the Bengal weather reports showed that no
considerable change of pressure occurred in the interval ; station 5 is about 891
feet, below this, or say 1,377 feet within 100 feet. The reductions made -from
the second instrument confirm these probabilities. '

-, A subsequent test of the two “compensated” aneroids, one kept in the
shade as a control and other placed in the sun, showed that the latter in both
experiments rose very rapidly; the relative ehange due fo the temperature
changes of the instrument itself were 60 feet and 84 feet respectively in the
course of an hour or so. This no doubt accounts for the discrepancies at inter-

mediate stations.
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*  Mechanical and Electrical Power.
The British, and practically International, horse-power is- the power
obtained when energy is being expended at the rate of 550 foot-pounds a
second or 83,000 foot-pounds a minute. Applied to water power, if 330 1bs. of
water’(5°28 cubic feet) are discharged per minute under a head of 100 fect
giving a static pressure of 43'3 Ibs. per square inch) the energy expgnded will -
be at the rate of 1 horse-power. This, however, is theoretical, or watef horse-
power, w.h.p.  If a turbine and pipe system having an efficiency of 90 per cent.
are employed to utilize this fiow and fall, the mechanical or brake horse-power
obtained on the shaft will be 0°9 b.h.p. If this mechanical power is used to
drive an electric generator, the efficiency of conversion being 95 per cent. under,
the particular conditions, the electrical horse-power obtained will be *9X°95
=0855 e.h.p. The value of the horse-power in foot 1bs. per minute isin each
case the same, but the fraction available diminishes. The output of the
generator, 0°859 e.h.p. x ‘746 gives the exact electrical equivalent, wz., 0:636
kilowatt, as 1 e.h.p. =746 watts or 746 kilowatts. To round up the example,
if this '636 of a Kilowatt is converted to heat (where the efficiency is necessarily
100 per ¢ent.) it will givequt 636 of 57-8 or 864 British Thermal units per
‘minute, which is eQuivalent to 28,200 foot-lbs. per minute, out of the 33,000
with which the example started. Thus horse-power isa rafe, not an amount,
. 80 500 h.p. per minute ” is meaningless ; the total amount of eélectrical power
generated in any particular time is express¢d in e.h.p.-hours or kilowatt-
hours. If 500 h.p. (373 k. w.) is exerted for one minute the resultant energy
is 500/60 or 8'33. h. p. hours or 621 k, w. hours. These elementary explana-
tions are only given because the letters received from engineers show' that they
are required. - :

" No mention has so far begn made of “indicated horse-power’ and
“ nominal horse-power. ”’ The former represents the power developed in the
cylinders of a steam or oil engine, as calculated from the indicator diagram,
and will generally be from 7 to 18 per cent. higher than the effective b.h.p.
developed on the crank shaft. Nominal horse-power is a term surviving from
the earliest days of the steam engine, and is practically meaningless now. The
b.h.p. of an engine may be two or three fimes the n.h.p. as the term related to
the size of the cylinders and length of stroke without regard to the steam
pressure actually used. Where returns for the census of power are submitted
in nJip. an endeavour should be made to ascertain the b.h.p. developed by
-comparison with other cases. Otherwise the n.h.p. should be multiplied by 3.
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List of sites in Assam.

‘ Bhugai River (Garo Hills).—Unsurveyed in detail, but has a rainfall of
100 inches of which 91 per cent. falls between April and October. Appears
unlikely to afford any good site judging by the %-inch map. The catchment
area however is some 85 square miles at Selhat Haut, where the Naranga tri-
butary flows in. (Map 78 K. 7).

Bogopani River.—see Shella River.
Cherrapungi.—see Shella River.
Damring River.—seo Krishnai River.
Didram River.—see Jinari River.
Digru River.—see Um Tru,

Dudhnai River (Garo Hills).—Nothing is known regarding this stream,
or its tributaries, the Manda and Chichura but it is probably worth reconnais-
sance as the rainfall is high and the slope rapid. At the junction of the above
‘tributaries the Manda has a catchment of about 40 square miles amd the
Chichura about 70 square miles. About 105 ouf of 115 inches of rain falls
between April and October. (Map 78 K 13).

Jadukata or Kynshiang River and tributaries (Khasia Hills).—Appears
- to have considerable possibilities, the rainfall being between 100 and 150 inches
of which 94 per cent. falls between April and October. There are many falls,
and reservoir sites may be found in the Nongstoin area. The catchment area
above the falls of 70 feet, with others near by, in latitude 25° 26', Iongitude
91° 8’ is ahout 24 square miles. (Map 78 O; 3,7, 10). -

Jatinga River.—The possibility of using this river for the electrification,
of the hill section of the Assam Bengal Railway has been considered by the
Agent. The proposal is to dam the river just below the junction with the Ka
Yeng (q. v.) near mile 277, up stream of the hair-pin bend near the railway
tunnel, (There are no detailed maps of the river area available at present).
The area flooded would be about 2} sq. miles, and with 490 foot dam and
mean depth of water of 45 feet the storage would be some 3,000 million cu.
ft. The rainfall is said to vary between 144 and 250 inches in the catch-
ment, mostly falling between March and October. It averages 84 at Haflong
and 174 in the Jatinga Valley. The above storage would give about 380
cusecs for the 6 dry months and 12 hours a day. The catchment area of the
combined streams is about 96 sq. miles above here. The power station
would be near -Damchara Station, where a head of about 200 feet could be
obtained, with a long canal on difficult ground and perhaps a long pipe line
so far as is at present known. The site may be good for 7,000 e. h. p. or more.
It seems probable that a higher dam than 80 feet would be reguired to give
the storage indicated, and this might involve the submergence and re-align-
ment of several miles of the railway in difficult country. The dam site requires
further examination. Rock outcrops in several places on both banks, and is
hard and compact, with the strata often vertical, sometimes twisted, and fre-
guently broken. It is soundpgenough for a weir to stand on, but not for water
to fall on unless heavily protected. It is probable that the river bed was once
100 feot deeper or more, and the present flat valley has been formed by the
hills slipping down on the left bank and blocking the river. A lake was
formed and in course of time its overflow has scoured out a new channel, but
this is still much above the old level. There is a possible flank escape (act
examined) on the left bank some little way back, where rock should be found,
as evidently the river at one time escaped by this route. The dam would pro-
bably run across the river at a sharp angle, but the line would have to be
trenched for examination and this would be most difficult, Further examina-
tion in detail is required before a verdict can be expressed on the scheme.
See also Ka Yeng River and Maibang. (Map 83 G 4). BN

Jinari, Jinjaram or Didram River (Garo Hillsy.—This has nof been pro-
spected ; it has a catchment area of about 100 sq. miles at Roksaun, with
about 100 inches of rainfall, and the slope is rapid. The stream is unsurveyed
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on a large scale, but looks unpromising on the } inch map. 91 ¥ of the rain
falls between April and October. (Map 78 K 5, 9). ‘

Ka Yeng River.—This from the layered maps looks more favourable than
the Jatinga river (q. v.), into which it flows just above the site mentioned on
the latter. There is apparently a good reservoir flat some 2 or 3 miles from the
Railway bridge, but it proved inaccessible in the time available.* The dam
here would be well above the railway. The flow was found to be about 5
cusecs only in December, but the rainfall is about 150 inches here over a
catchment of 30 sq. miles, mostly falling in 6 months. (Map 83 G 2, 8;
unsurveyed). : - ‘

Kulsi River (Kbasia Hills).—~This appecars promising on the map, but has -
not ‘been examined. It is a perennial stream and has good falls. Rainfall is
100 inches, mostly between April and October. There are large lakes in the
- reserved forest area, which could probably be dammed at the exit ; but the fall
would be that due to the dam only. The catchment area to the lake exit is
over 100 sq. miles. (Map 78 0 5). .

Krishnai or Damring River (Garo Hills).—Near the Jinari (q. v.) and
the same comments apply. Catchment area at Chelteret about 200 sq. miles.
(Map 78 K 9). i

Maibang, Assam-Bengal Railway, hill section.~<The railway station here
is in the middle of & large flat valley, several miles long, with steep cliffs on
the east side where good rock appears to outcrop. This valley is near the bigh-
est point of the line, and it falls steeply away towards Lumding. The valley
is cultivated, but the railway could be cheaply diverted. The discharge of the
river {name unknown) in December was only a few cusecs, but rainfall is
high—about 100 inches. The site is most snitable for a large reservoir, as the
valley is flaf, the rock apparently good, and an excellent saddle escape exists
on the east. This site is considered well worth examination. From the Atlas
sheets the catchment area is about 80 sq. miles. (No maps available, but on
78 G 2 or 3).

~ Monas River.—This flows into the Brahmaputra from Bhutan, and has a
large perennial flow. The fall after it enters British territory appears con-
siderable. (Map 78 J 13).

Shella River (Bogopani River in Atlas; Khasia Hills), —This is within the
belt of 200 to 440 inches of rain and consists of steep sided gorges, already cut
down almost to plains level. Unless reservoir sites are found on the upper
reaches in the Cherrapunji district (see General Remarks on Assam ; para. 26) it
is doubtful if the stream is of any use. If storage exists the catchment areas
at almost any point are far larger than is necessary ; excess water, not defi-
ciency, will be the difficult problem. The months of December and January
are almost dry; November and February receive an average of 2% inches;
March averages 8 and October 15 ; so the distribution is unusually good. As
the country is mostly steep and rocky the run-off will be very high, as all falls
are heavy. By way of an ingdex to the dry weather discharges 27 very small
feeders of the Shella River werc gauged in the area immediately west of Cherra-
pungi. All these flow into the Um Long and Um Pynjngithuli, which meet at
R. L. 1,700 feet, 3% miles due west of the Dak Bungalow, and attention is
called to possible reservoir sites above here in para. 26. January 1919 had only
one measurable fall of rain, 0'63 inch on the 20th, and the combined discharges
of the streams amounted to only 3 cusecs early in February. That month was
quite dry. “March had 092 inch on the 3rd and 4th only, and the combined
discharges later in that month were under 2} cusecs. April had 13 inches
of whial half fell between the 17th and 23rd, the remainder being distributed
in small falls. The combined discharges taken just after these heavier falls
amounted to only 8 cusecs. The Umsohphi reservoir site at the 100 feet
contour is just over 1'1 square mile in area by the map. (Map 78 0 11, 15).

Shillong.—A. small scheme was drawn up for lighting this hill station from
the neighbouring falls on the Um Kra and Um Shirpi, but it offered no facil-
ities for extension beyond about 150 e. h. p. A printed report on the site is in.
existence. Gaugings of the Um Kra taken at Mawlai Bridge gave from 11}
cusecs at the end of December 1918,.dropping very steadily to a minimum of
6'3 cusecs early in April 1919. The decrease is about 1 cusec per mensem -in
- winter. Above Bishop’s falls the Um Shirpi dropped steadily from 10 cusecs

* Since examized aud found unpromising.
L
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at the end of December 1918 to & minimum of 6'3 cusecs early in April 1919,
with the same decrement. (Map 78 0 14).

Umian Biver, Khasia Hills.—This crosses the main road at Barapani,
where a reservoir site may exist. ~There is however little information as to the
fall available below, as the river soon passes to parts of which no dctailed maps
exist. The catchment at Barapani is about 20 sq. miles. Rainfall about 100
inches, mostly falling in 7 months, @iz, about 94 7. (Map 78 0 14 and 83
C 1,2). _

I)Tm Kra ; see Shillong supra. .

Um Rai River, tributary of the Um Tru (q.v.). This has been gauged
where it passes near the Gauhati-Shillong road, and where it is perennial.
At mile 41 the discharge fell gradually, with large variations, from an ayprage
of 20 cusecs in January 1919, and 10 cusecs in February, to 63 in March'and 5
in the early part of April. The lowest record was 1 cuscc. At the Laroch
rapids (not identified) the discharge fell from 38 cusecs average in January and
28 in February down to 22 in March ; the lowest record being 15 cusecs..
Raififall about 100 inches. (Map 78 0 13).

Um Shirpi.—See Shillong supra. ) '

Um Tru or Digra River—(Kbhasia Hills). This and its branches, which
pass the Gauhati Bhillong road, may offer some power, but not much informa-
tion is available except that the river is perennial and has some good falls.
Detailed examination of the maps has not yet been made. The catchment
area above the junction with the Um Rai appears to be about 60 square miles,
but it is difficult to trace out exactly. Rainfall about 100 inches, of which
about 94 per cent. falls between April and October. (Map 78 O 9,13).

Someswart River.—(Garo Hills). Unsurveyed in defail, but looks promis-
ing on the layered and } inch maps. At the junction where the Ramthang and
Semthang from the west join the Rangdi from the east the catchment areas are
aboul 300 and 170 square miles, or 470 in all. Rainfall over 100 inches, of
which 90 per cent. falls between April and October. (Map 78 K 10, 11, 14,15).
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Bengal and neighbourhood.

Chittagong.—A small scheme was drawn up for utilizing the Karnaphuli
River near this town, but no details are available. Rainfall about 100 inches,
{Map 84-B, unsurveyed).

Damuda River—There appear to be some possibilities in this river in
connection with an irrigation project, but they have not been investigated
from the power point of view. The development. would, it is believed, be
" expensive. The rainfall averages 50 inches in the area. The Port Commissioners
“of Calcutta are interested in the’ reservoir project, as the monsoon flush is
required to keep the River Hooghly clear. Several reservoirs wera proposed,

one of the upper ones creating a fall of 100 feet, some of which could be
utilized. The lower reservoir, into which the tail waters would discharge,
was designed for a capacity of 20,000 million cubic feet; and the river bed
below this has a slope of about 10 feet per mile. The prospects are not alluring,
owing to the proximity of the coal fields and the high cost of any development.

Map 73-M). | :

( P_Darjeeling District.—The present plant (See Table 2) is incapable of
supplying the whole district and various schemes (Table 5) have been drawn
up for further power. None of these are particularly comprehensive angd
detailed examination should improve on them. The Great Rungeet River is
mostly out of British terrifory ; the Little Rungeet River with its tributary hill
nalas is in all cases suggested, and these are certainly -&apable of development.
They have a catchment area of about 200 square miles. It is probable that at
least 1,000 feet head can be obtained with a minimum discharge, from the
Little Rungeet and the Kahill Nala alone, of 40 cusecs. The 2,000 foot
contour offers a favourable channel line, and the drop would be made to the
Great Rungeet where these streams meet if, at abont B. L. 1,000 feet. No
storage sites (other than for regulation) are probable, but power to the exient
of 3,000 e.h.p. may be obtainable.~ Rainfall 120 inches well distributed from
April to October. The following gaugings were made on the 4th April 1919,
when the flow was excepiionally low, at points selected rs likely to be reliable,
and capable of being combined into a single scheme. The coefficient locally
adopted has been changed from 0'66 fo 0'5, asthe hydraulic mean depth is
extremely small and the beds are full of boulders and no really good eross _
sections are possible ; the readings however were carefully made, and the reduced
rosults are dependable.

Raman 48 cusecs ; Lodhoma 17 cusecs; Rungriate 4% cusecs; Rilling 7
cusecs ; Little Rungeet 22 cusecs ; Kahil 7 cusecs; total 105.

(Map 78 A 7 and 8, survey incomplete towards Sikkim) ,

Duars District.—In addition to the Jaldaka (q. v.) on the border there
are to the East some half dozen much larger rivers, mostly snow fed, falling

into the Duars and Goalpara from Bhutan. The Amo Chu or Torsa, Chin Chu
or Raidak, Sankosh, Saralbhanga, Manas, as well as smaller streams, all come
from very high ground and must bave great possibilifies; but no maps are
available, and no prospecting has been done. Probably the power sites will be
outside British India entirely.

Jaldake River.—(or Hidden Stream). This lies on the border line between
Kalimpong (Darjeeling) and Bhutan and flows into the Duars; its upper
reaches are in Tibet and Sikkim ; the road up from Kumani Forest Bungalow
is negotiable by elephants for some distance; it crosses and recrosses the
boundary, over the river, which is barely fordable to men at the lowest water
in April before the snows melt. The main river is apparently fed from the -
snows of the Jelep La, north of Gnatong in Sikkim ; a considerable tributary,
the Ne Chu, joins the main river where Sikkim and Bhutan meet the Kalim-
pong boundary and a fair one on the left bank § a mile below. The catchment
area here is about 130 square miles. The streams were gauged in the first
week of April 1919, when the discharge was believed to be the lowest ever
known ; it was about 130 cusecs at the junction, where the elevation was found
to be about 2,000 feet. The tributaries lower down were nearly dry in March
1919. The rainfall is not less than 150 inches, and the flood discharges are
vast, probably over 40,000 cusecs at times. The slope of the bed is fairly

L9
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steep throughout, down to the plains near Sipchu Ghat (some 12 miles) where
the elevation is about 680 feet. The upper part of the area has not been
surveyed, but it is probable that a channel could be taken along the right
bank, in British territory, at about contour 2,000, to a point near Kumai Tea
Estate, where a drop of 1,000 feet or more may be obtainable—but the lower
part of this again has not been contoured. Neither the stream beds nor the
hills along the route appear to afford good facilities for even regulating storage,
but further investigation is required. If this development is impracticable
other sites lower down may not prove so ; there are several places where a dam
might (with difficulty) be built fo impound a fair lake, and the river doos not
carry much silt normally, but the escape would have to be over the dam. The
river appears likely to afford at least 12,000 e.h.p. continuously without any
storage. Its possibilities are, however, vastly greater, as if harnessed it would
be required for the tea districis of the Duars; Mr. A, H. Abbott of Octavius
Steel and Company, who are managing Agents of many of these gardens, first
drew attention to the potentialities of the river. Tea plucking does not begin
until the first rains produce new leaf ; and as soon as the early rains begin the
discharge rises. Furthermore, before the tea season is in full swing, the snows
begin to melt and sup&lement the cold weather flow. It is very probable there-
fore that by the time the power would be wanted there would be from 50,000
e.h.p upwards available ; but whether this could be developed at a sirgle site is
somewhat doubtful. An artificial channel or flume of large capacity (several
hundred cusecs) would have to be carried for many miles along the hill side,
across several large tributary nalas, and possibly along precipitous or treacherous
ground. As, however, the industry awaits the power the scheme is well worth
detailed examination. The submontane tea area of the Duars covers about 1,000
square miles, all within easy transmission reach of the site. Some 90 million
pounds of tea are prepared in a season, requiring the equivalent of some 85,000
tons of coal, costing at pre-war rates over 13 lakhs of rupees. The greater part
of this fuel, about 60 per eent, isused for drying purposes, to heat air which is
driven by fans through the leaf at a temperature of about 220° F. The volume
of air required is considerable, but the heating of it electrically, by means of
resistance coils, is a simple matter, already done on as large a scale in other
industrial drying operations. The power required for this purpose is large, but
susceptible of exact calculation. The district is probably able to absorb the
whole of the power that can be economically developed from the Jaldaka River,
during the season from April to December. (Map 78 A. 12, 16. Partly avail-
~able on 4” scale; part unsurveyed on border of Sikkim and Bhutan.)
Sikkim.—~Messrs. Burn & Co., Litd., of Howrah have obtained various forest

and mineral concessions in Sikkim, including the right to develop electrical
energy from water power. After investigating a scheme to utilize the Tahung
Chu and Zenn Chu at their junction they finally decided to develop power at
the Lagyap Pass site, east of Gangtok. The source of power is a perennial
stream flowing from.a snow-fed lake at a high altitude and eventually finding
its way to the Tista River. The site is near a gap on the watershed, through
which the stream will be diverted to the west, without a tunnel. It will then
be carried along the hill side to where there is a steep drop of 2,000 feet into
the Roro Chu or Tahsourche nala. Communications are diffieult. The site is
estimated to yield some 6,500 e.b.p. continuously at an overall cost of about
one-tenth of an annaper unit. (No maps available.)

*  Tista River.~ This is a spow-fed river with & minimum discharge of 10,000
cusecs. The slope of the bed where it enfers the plains is about 10 feet a mile
for 20 miles ; and until well into Sikkim, above the junction with the Great
Rungeet, the slope does not materially rise. The river is subject to enormous
fioods from its 3,000 or more square miles of catchinent, and although capable of
yielding much power the development would be an expensive one. There is

» little doubt that a dam would be theé only method of controlling the floods and

concentrating a fall (i.e., its storage would not be drawn on) ; and to construct
this would offer engineering great difficulties owing to the high minimum dis-
charge. Assuming that a 50 foot head could be obtained by this means, as is
probable, this would give some 45,000 e.h.p. continuously ; and more than one
such place could in all probability be found. The river in its lower hill reaches
may be estimated as good for at least 150,000 e.h.p. af @ price (Map 78-A).
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List of Sifes in Bihar and Orissa.

Barakar River: see Usri River,

Burhabalong River (Mayurbhang). Mr. (now Major) C. H. Douglas, late
of the British Westinghouse Co., investigated a power site on the upper
reaches of this river many years ago, having a fall of some 900 feet, and he
exprossed the opinion that 40,000 e.h.p. or more could be developed with the
aid of storage. Itis probable, however, that onlya single gauging of the dis-
charge was made, which may lave been by no means at the lowest time or in-
a dry year. The reservoir site at that time was unbroken jungle, and not
surveyed in detail.  The rainfall in the surrounding plains is 60 inches, of
which 90 per cent. falls between May and October; it is certainly much higher

"in the Mayurbhang hills, which rise to over 3,000 feet. The site has now
‘been re-examined under the orders of the Chief Engineer, Public Works De-
partment, Bihar and Orissa. It is reported that there are two main reservoir
sites which will cover over a square mile each and store some 1,200 and 1,000
million cubic feet respectively ; while the first of these, situated below the
junction with the Bukwa stream below Simlipalgarh, can be increased greatly
by raising the proposed dam higher than the 120 feet originally proposed.
These sites are 2 and 5 miles above the fall, and smaller regulating dams can
be built close to the fall with a capacity of 400 million cubic feet more. The
fall itself is 795 feet high but can be raised to 950 feet by carrying a channel
along the eastern side for a length of 2,500 feet, thus confirming Mr. Douglas’
opinion. It is probable that the site is capable of a development of 10,000
e.h.p. at least, and Mr. Dounglas’ estimate has not been disproved. (Map. 73 J.
8 and K. 5.) ~ . .

Durgaoti River, tributary of Xaramnasa, Shahabad District. At Kadbar
Khoh, 9 miles from the river’s source, there were reported to be storage possi--
bilities, but the Chief Engineer finds the valley unsuitable owing to the rocks
being much fissured vertically and horizontally. Rainfall 40 to 50 inches
nearly all between June and September; catchment area about 27 square miles
only. The site is reported by the Chief Engineer to be wuseless, as the
minimum discharge in 1218-19 was only £ cuseec. The Bichli (Mojhli) site,
close to the former, is equally. useless and dries up enfirely. (Map. 63 P. 14)

Garrha Nadi, Singhbhum District, at Dutaura, 4 miles north
of Dhirol Public Works Department bungalow on Chaibasa-Moholia Road,
has been examihed. There are good storage possibilities (at heavy cost) and
the catchment is large, but the fall is probably not more than 50 feet. The
flow was 7 cusecs in February 1919 at this site, where the stream breaks
through the hills, It is 4 miles north of the Haldopokhar Road. (Map 73 J. 6.)

Kakolat Fall, Gaya District. This is 10 or 12 miles south of Nawada in
the hills running east from the Job Nadi. An article in * Indian Industries
and Power” says “ At the very minimum this may be expected to yield
25,000 horse power ** but it is, on the other hand, reported by the Commissioner,
Patna Division, to run gquite dry in the hot weather. The discharge was
2 cusecs in February, 1919, Large storage is therefore essential, The catch- .
ment area is extremely small and the available fall is only 160 feet. The site -
is reported as quite useless by the Chief Engineer. Rainfall about 50 inches
necarly all falling befween June and September. (Map 72 H. 10.) '

Kanchi River.—The Raota (or Dasan Ghag) fall, 6 miles south of Taimara,
in the 19th mile of the Ranchi-Bandu Road, is about 150 feet. The catchment
area is about 260 square miles and the rainfall 50 to 60 inches, of which. that
falling in June to September is alone of real value. The minimum discharge
in 1918-19 was 4} cusecs. No reservoir can be formed at the fall, but without
storage no great power can be expected. A site for & reservoir exists 20 miles
above the fall and others may exist.” Possibly the fall can be increased also.
(Map 73 E. 8, 12.) .

Kao River, Shahabad District. Above junction with Kudra, at Tara-
chandi. Has been examined and site reported by the Chief Engineer as use-
less, (Map 72 D, 1.)
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Karo River, Ranchi District. At Perua Ghag, 6 miles south of Topkara,
which is 6 miles from Torpa on the Khunti-Kamdera Road, there is a fall of
100 feet. The catchment area is over 500 square miles, and the minimum dis-
charge in 1918-19 was 1 cusec. Storage is probably available 8 or 4 miles
above the fall, which’can also be increased by a suitable take-off, Rainfall
about 50 inches, mostly between June and September, (Map 73 F. 1))

. Mohana River.—Tributary of Phalgu river, Hazaribagh District, 10 miles
south of Grand Trunk Road. The Tamasin and Harikhal falls have heen
examined, and there appear to be storage possibilities 10 miles above ‘Itkhori
and possibly elsewhere. The falls are 50 and 60 feet respectively, and extra
head can be obtained by taking off at Itkhori. The catchment area will be
about 200 square miles at this site. The minimum flow is negligeable.
Rainfall 50 inches, of which only that between June and October, amounting

" to 92 per cent. will be of any real use. (Map 72 H. 3, 4, 8.)

Nindi River.—There is a 200 foot water fall at Mauzah Nindi, Thana
Bishunpur, 4 miles north of Serandag and 10 miles east of Bishunpur. The
catchment area is about 12 square miles only, but the monsoon rainfall is 50 to
60 inches by the map and probably more on the crest of the hills, Storage will
be essential and the site will probably not allow of sufficient to be of any use.
(Map 73 A 7). _

Papahkaran River, Padampur Zemindari, Sambulpur District. The
Narsinghnath or Kapildhar fall, 97 miles soufh-west of Sambalpur, and 20
miles south of Padampur is about 900 feet all told, but the catchment area is
only 2 square miles with a minimum discharge of about 4. cusecs. It had
previously been reported that the fall came from “a vast sheet of water at the
top of the hill ] The stream, however, is sacred, and the Narsinghnath temple
is below the main fall, so it is impossible to utilize the site. (Map 64 P. 1),

Phulwaria River, Shahabad. Has been examined at Zibhar Khund,
where there is a fall of 450 to 500 feet, but the discharge is very small and
storage impossible. The site is useless. (Map 63 P.9.) ' :

Sankk Biver.~—~There is a site under examination 3 .miles from Rajdera,
bn the southern end of the . Pakripat-Natarhat Platean. The catchment area
is only 32 square miles with a rainfall of 60 inches, confined almost entirely
to June to October. The Rajdera fall is 175 feet and it is believed that a
reservoir can be formed above it, increasing the practicable head by tunnelling
through to the river. There are mines near, ‘'he power is unlikely to be
sufficient for alumina reduction, buft bauxite is found within reach. The
minimum discharge in 1918-19 was only £ cusec. (Map 73 A 3).

1bid.—The Perua Ghag fall lower down the Sankh River, 12 miles north
of Kochdega and 4 miles east of Kundra on the Gumla road, is about 23 feet,
and the catchment area here is over 900 square miles. The bed some miles
above the fall is wide and & reservoir site may exist, bul storage would be
costly. The fall is dry except in the rains, being on a loop of the river, but
the main discharge is reporied as having been not less than 144 cuseocs
in 1918-19. (Map 73 B. 5.)

Son River.—It is stated by the Chief Engineer that any storage scheme on
any tributary of this river might be of value for irrigation for the Son Canals,

- Subarnarika River.—The Hundrughagh fall, of about 812 feet, is 13 miles
north of Angara at the 61st mile of the Ranchi-Purulia Road and 20 miles
from Ranchi. Extra fall ean be obtained by taking off 4 or 5 miles higher up
strcam. The catchment area is roughly 500 square milet with rainfall between 50
and 60 inches, nearly all falling between June and Sepfember ; and the cold
weather discharge is about 60 cusecs, falling to a minimum of 12 in 1918-19.
There is no suitable reservoir site at the fall, but many higher up, all expensive
however in arranging for surplus flood water. Probably the site is capable of
giving 1,600 e, h. p. or more. (Map 73 E 7, 11, 15.)

Another site has also been examined 4 miles west of Chandil Village, where
a storage site exists requiring a dam 600 to 1,000 feet long, fo store an
enormous volume of water up to 100 feet above bed without flooding the railway.
Yere the catchment area is over 2,000 square miles. There isa subsidiary site
lower down, which might serve as a permanent dam to give the necessary head
and two possible additional storage sites further up stream. The cold weather
discharge is fair, but- the stream must occasionally run dry in the hot weather,
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as the dam ut Sakchi has no flow at times. Rainfall 50 to 60 inches, mainly

confined to June to September. The site will be very expensive to develop, and

;he wer co)uld not compete with waste gas from the Sakchi furnaces., (Map
3 dJ 1 and 5).

Usré River.—Hazaribagh District, At Usri, about 7 miles from Giridih, just
below the crossing of the Gobindpur road, a fall of ahout 180 feet js obtainable
where the junction with the Barakar river is. A good storage site exists above o
and has been surveyed by the Bengal Irrization Department in connection
with the Damodar flood regulation. Believed to be worth some 1,200 e. h.
p- which would be useful for the construction of the neighbouring dam on the
Barakar River. Of the total rainfall of 50 inches 86 per cent. is due to the
June-September monsoon. The proximity of the coal fields renders it unlikely
that the fall will be used. (Map €2 L8)

N
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List of Sites, Bombay.

Bhatsa River.—There are said to be falls in this river at the site indicated
near Shahapur, buf no details are known except that the rainfall in the
catchment of nearly 400 square miles is very high, probably 200 inches or more
in the Ghat area, from local information, though there are mo records of the
Meteorological Department there. It practically all falls between June and
September. (Map 47 E 7.) i ,

Gangavali Biver.—The Magod falls on thisriver are said to he 800 fect high
and have a catchment of about 280 square miles with good raidf®ll of from 30 to
75 or possibly 100 inches. No details as to minimum discharge. The rainfall is
heavy during June, July and Aungust, but there is generally a fair fall in May,
September and October also. (Map 48 J 9, 13).

Igatpuri,— Western Ghats. There are possibilities of a further storage
project here (sité not identified), but it is unlikely to be developed wuntil the
present Tata schemes have all materialized (See Andhra Valley ; Nila Mula ;
Koyna). Rainfall 75 inches or more, and over 100 in parts, nearly all falling
between June and September. (Map 47 E.)

Indus River~—I1t the proposed barrage at Sukkur is built there may be
considerable power available and high level irrigation may afford an outlet for
it. It is too early to discuss this. -

Kalinadi River.~—The Borkund falls are said to be worth examination; also
the Vincholi falls, and lower still, the Lalguli falls of 500 to 850 feet according
to length of canal. The catchment is in the high rainfall district of the
‘Western Ghats, véz., 100 inches or more, and is about 280 square miles in area
at the junction with the Dogi, near the lowest fall; but the minimum
discharge is not known ; it was 200 cusecs at Lalguli in the summer of 1905,
date not given. A fall higher up the river, near Londa, is also believed to
exist ; probably this refers to the rapids at Supa, which have been surveyed for
power required at Dandeli, as proposed by the Conservator of Forests, Southern
Circle. The’area has considerable industries, and the tail waters could be used
for irrigation. The Executive Engineer, Kanara, estimated (in 1905) that
with storage the Lalguli falls were able to give 60,000 e. h. p. but further
investigation is required. (Map 48 I, 7,11,12).

- Koyna River Project.—This is already entered in Table 5 as having becn
investigated by Mr. A. T. Arnall. The catchment area is 316 square miles in the
‘Western Ghats. The proposed Helwak Lake will have a draw-off capacity of -
120,000 million cubic feet, giving 300,000 e. h. p. continuously. The water
will be tunnelled through the watershed and the head is 1,600 fcet.
Rainfall. said to be 150 inches, though shown onthe 75 inch contour in the
rainfall chart; but the precipitation at the edge of the Ghats is extremely high
all along. (Map 47 G 10, 11, 14, 15.)— .

Malapraba River.—Belgaum District. There are fallsin this riverat the
point indicated, but no details are known at present. The catchment area is
about 250 square miles and extends through the zones of 30 to 100 inches rainfall,
which mostly falls between May or June and September. (Map 48, M, 1.)

Mula River.—There are two rivers -of this name. One is dealt with
under the Nila Mula Project below. The other rises in the Trimbak hills,
which have a rapid drop from about 5,000 feet elevation down to 2,000 feot.
The catchment area at the site indicated appears to be about 180 square miles,
with a monsoon rainfall averaging 30 to 40 inches but probably far higher
:En the \;pper reaches ; it is confined however to the monsoon period. (Map 47

114, 15) - i

Nila Mula Project.—This is already entered in Table 5 as having been
investigated by Mr. H. P. Gibbs. The catchment area is 111 square miles in
the Western Ghats, and the proposed Nila Mula Lake is estimated to have a
draw-off capacity of 18,000 million cubic feet, giving 150,000 e.h.p. for
8,600 hours per annum, so that for tabular purposes the power may be given as
75,000 e. h. p. continuously. The water will be taken through the watershed
in a tunnel and the head is 1,700 fecet. Rainfall about 150 inches, though on
the contoured map it is in the area of 75 inches. (Map 47 F 6, 7, 10,11.)
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Nira Canal Project.—Poona. SeeTable 5. Afterthe new Bhatgar Dam is
built much more power will be available, especially if the Vir Tank is enlarged
to pick up the tail waters and store them for irrigation. The Ing falls or
rapids also appear to offer some power for 8 months ; some 1,700 e, h. p.

Pravara River.—~Rises in Trimbak hills near the Mula River (g. v.) and
has the same characteristics, The Randa falls have about 200 feet drop and
are said to be able to give 3,500 e. h. p. continuously. The site appears

romising from the maps, and the monsoon rainfall is said to be very high,
rom 150 to 200 inches. The catchment at the point indieated appears to be
about 80 square miles, (Map 47 E 10 and 14.)

Sharavati River.—District’ Canara. The Gersoppa falls on this river
have a drop of some 800 feet, and it is believed they have been examined for
power, though no details have been received. The falls are within 20 miles of
the sea and near Bhatkal Harbour, which is under investigation as a port. The
monsoon rainfall is from 75 to 100 inches during June to September in the
catck ment of about 150 square miles, and reaches 150 inches over part of the
Ghat area. (Map 48 J 12.)

Tadyi River—The Lushington falls are said to be 300 feet high, and are
worth investigation as no discharges are known to have been takeii: Monsoon
rainfall between 100 and 120 inches over a catchment of perhaps 250 square
miles ; reservoir sites may be found. (Map 48 J 11 and 15.)

Vaitarna River.—There are waterfalls in this river atthe site indicated
by the map, norih of Tarsa Lake, but no details are available. The rainfall
(mostly between June and September) is upwards of 75 inches and the catch-
ment of the order of 200 square miles. (Map 47 E 2, 6). '

Canal Falls, Bombay.

Minimum
Fall flow | . Working
Canal. Position. in except at period
feet. elosure in days.
cusecs,
Gokak Canal. _ -
Wadarhatti Branch . . . Mile 5/7 4 10 240
» a» . . . s BB ] 10 »
» » - - = * ' 32 6/6 si 1 0 23

It is possible that these falls might be combined, no information is available.

Prarvara Left Bank Canal.

Fal No.1 . . . .| Mils3s 4 114 825 (+ closures

of 10 days).

. 2 ) » 85 | 12k 114 ' .

, 8 , $6 9 114

P » 56 4% o114 »

, B , 43 93 58

»n 6 » 43 143 58

L, T . . 44 10 5S

W8 , 45 7 504 .

" Combinations of falls are apparently possible here also.
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Anisakan River, Haymyo, tributary of Myitnge. The Deitdawgyi falls on
this river have a drop of about 1,000 feet, almost sheer down, and the minimum
discharge is said to be about 2 cusecs in May. The catchment area is quite
small, of the order of 20 square miles. There are possible reservoir sites, though
these have not been surveyed, close to the falls, "One appears to be 30 to 40
acres in area. It is possible that other small streams can be diverted into the
catchment. No canal is required and a short pipe line only. There is little
doubt that such power as is required in Maymyo can be obtained at reasonable
cost from this project, 200 to perbaps 500 e.h.p. The rainfall is about 50
inches ; 96 per cent. of this falls between April and November, and a considerable
carry-over will be required from storage, especially as crops probably absorb
most of the small flow in the dry montbs. The stream is also called Nadaungya,
Chaung. Minimum discharge in 1919 was 2 cusecs at Htonbo near Sedaw.
{Map 93 C, 5.) ‘ '

Balu Chaung ; See Laimaw River.

Ban Chaung—See Tavoy. .

Bean River.—Tavoy. Mr. Crossley of the Southern and Boundary
Burmese Wolfram Co., has located an 1,100 foot fall on this river, but no
gaugings are available. (Map 95 J. 12, K. 9.) :

Bernard Myo River.—This river, 9 miles north of Mogok, is said to have
& minimum discharge (due to springs) of 20 to 40 cusecs, and a good drop,
stated to be several thousand feet in a short distance. It runs into the Kin
‘Chaung, a tributary of the Sweli, and is probably capable of 8,000 e.h.p.
-or more. Rockis gneiss and limestone. Rainfall between 100 and 50 inches,
of which 96 per cent. falls between May and November. The catchment area
is about 120 square miles. (Map 93 A 8.)

Bilin River.—South west of, and on road to, Papun; said to be worth
examination. An isolated river, with seven months’ rainfall of 100 to 150
inches over its catchment and 5 dry months. The drainage area above Yinon,
{which may however be near sea level) is about 600 square miles, It runs
nearly dry for 8 months, so storage wquld be essential. ?Map 94 G, but mostly
unsurveyed.) '

Chaungmagyi. See Madaya R.

Che Chaung.—Yaw district. A promising gorge with & good perennial
discharge is found 4 miles above Yeshin village, 45 miles from Pauk.

. Chindwin River.~Tributary of Irrawaddy. Kapfi Fall (presumably at
the place of that name, latitude 25° 58’, longitude 95° 45’) is said to have a
discharge of about 3,000 cusecs in March and a fall of 30 feet. It is in wild
country, with rock soil, but is said to be the most promising site on the river.
May be valued at a probable 10,000 e.h.p., but has not been examined.
Mr. Barlow considered it welb worth investigation. The cafchment is very
great, probably 5,000 square miles, with rainfall about 73 inches. (Map 83 O,
‘but unsurveyed). :

Heho River—DBeyond Kalaw on the road to Yawnghwe, There is here 3
very large and almost flat valley, mostly cultivated, evidently an old lake bed,
spongy peat like soil, with outcrops of inferior peat. The area of this flat
valley (a small part only of the catchment) may be about 20 square miles, but
at its lower end, where the drainage escapes, there-is a smaller flat of about a
square mile (dimensions not determined) partly enclosed by spurs coming in
from either side. At the south west end of the large valley a big spring comes
through the limestone and feeds the nala that drains the area. The discharge
was estimated to be 150 cusecs early in February, 1919, and was gauged at
103 cusecs on the 28th of that month. It was again gauged on 28th April and
found to be 64 cusecs, which may safely be taken as near the ahsolute minimum.
At the exit through the hills into Yawnghwe, from the smaller flat referred to
above, there is a rapid series of cascades giving a drop of 672 feet in & horizontal
distance of 4,000 feet, but it is believed that there is a further fall of 100 feet or
more within easy distance, the survey having terminated at the foot of the fall,
The nala flows into Imle Lake. The ground on either side of the fall is fairly

2
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good and is suitable for a duct, and the pipe line would he reasonably short. A
small regulating tank could be made at the head of the fall and a reservoir of
large size above this could be scoured cut hydraulically when power is available.
Possibly levels may prove that a dam at the head of the fall would impound a
considerable volume of water in the small flat valley without flooding the
larger valley. The cross-section at the dam site is very favourable so far as it
bas been taken, showing that a Height of 28 feet above water level could Le
obtained with a orest length of only 240 feet (much greater height is practicable),
with rock on one bank and, almost certainly, near the surface on the other.
As however there is a drop in this valley 'of only 14 feet in the 6,000 feet
above the fall it is fairly certairr that a dam of any size would flood valuable
Jand in the larger valley.- If however a power scheme were developed at this
excellent waterfall the problem of large storage could be solved quite simply
by utilizing a small proportion of the total power in driving large low-lift
centrifugal pumps, to keep the upper valley clear, an earthen embankment
.being constructed at the neck across the smaller valley. Thus, suppose the
main dam to be 30 feet high, giving a water level at the neck 16 feet
above the stream level. Then the “pumping thrpugh the embankment at
this point would only require about one-thirtieth of the total power available,
based on the relative main and pumping *“heads.” If the nala were liable
to violent floods such a scheme might prove impracticable, but this is not the
case. The total catchment area is perhaps 150 miles, with an annual rainfall
of about 40 inches, of which 97 per cent. falls between April and November.
The great flat spongy valley involves a very slow run-off, and considerable
evaporation from its swamps, so that the stream (and examination confirms
this) is comparatively even in its discharge. It may be hazarded to average
not less than about 150 cusecs throughout the year. Before the amount of
storage which ean be obtained, and the steady low which can thus be depended
on, can be determined, further information is required regarding the actual
rainfall and run-off and the capacity of dams of different height with their
corresponding embankments. It is also necessary to survey both banks for the
best location for a channel from the head of the fall to the point where the
pipes would be carried down to the power station ; to survey the most practic-
able pipe line in each case; and to determine from these which bank should be
used and where the power station will be located. '

The minimum flow will give some 3,500 e. h. p. continuounsly, which would
allow a plant of about 8,000e. h. p. on ordinary 12 hour working. At the lowest
estimate storage coupled with the much greater normal discharge would give at
least half as much again. The scheme appears to be a first class one of about
10,000 e. h.p., which would not be expensive to construct, and it should
be fully investigated. There is, however, ne likelihood of the power being
required in the district unless an industry is founded on the power. The
Kalaw railway will soon be extended up to the site, and there is considerable
traflic awaiting it. The site was examined by Messrs. Barlow and Meares and .
subsequently discharges and a preliminary survey were carried out by Mr, F.
A. Clift, Executive Engineer, Taungyi. (Map 93 D. 10,14.)

Heiinza Chaung.—Tavoy. There are falls “of great height and volume
north-east of Yebyu. :

Indawgyi Lake~This has an area of some 40 square miles,and a low
dam would impound an immense volume of water. There is a perennial
flow from it down ‘the Indaw Chaung, and regulation would be easy. The
available fall is not known ; nor is the catchment area and rainfall: (Map 92
C. 7.8

Iz?rawaddy River.—Reference has already been made to the British Water
Power Committee’s remarks on this eatchwent. Having seen their figures Mr.
T. Hare, Execufive Engineer, Public Works Department, drew up a scheme for
hainessing the river at the defile by damming it below Sinbu. He proposed to
divert the river by a channel to the east, vii the Nainsang and Mole Rivers,
a distance of 45 miles, The scheme would be both expensive and difficult to
construct, with this diversion, a large flooded area with the submergence of
many villages, new roads required, ete. The floods rise 60 to 90 feet in the defile
so that it is improbable that with any reasonable dam a head of more than 50
feet could be cbtained. The minimum discharge is not known. Above Myiti-

M2
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kina there is doubtless- great power available, at a cost which is likely to be

prohi?tive. Vs Ta G | . .

: Kainggyi Ye Ta Gon in the Tawnglet circle of Monglong sub-St
Hsipaw has been mentioned. (Map 93, B, 7)g glong ate,

Kaladan River.—Akyab. ‘The upper reaches stated to bave possibilities.
The catchment area is over 3,000 square miles at Kaladan, where the Mi eomes
in, but the elevation there is unknown. Rainfall 100 inches, 97 per cent. falling
in-8 months. (Map 84 B. C, and G. unsurveyed.)

Kalonta Gorge~—See Tavoy.

Kelaung River—Mandalay district. Said to be worth reconnaissance near
Wetwun. - .

Kin Chaung River, tributary of Shweli, near Mogok. Above the junc-
tion with Bernard Myo (q. v.) this has a good catchment of about 1,200 square
miles, including the Bernard Myo and Konwet, and a good perennial dis-
charge, with several places said to have a good drop also. Below the junction
there is also a likely site. 'Where the Kin Chaung crosses the road the R. L. is
about 500 feet whereas 3 miles further up it appears to be about 1,100 feef.
’:{!{ﬁinfall ' §b051_1;3 100 inches, 96 per cent. falliug between May and November.

ap 93 B. 5. .

IjKonwet River (near Mogok) is believed to have a perennial flow of 20
cusecs and & drop of 2,000 feet in a few miles. From the map the site appears
good, but the catchment is not known. If the streams at Mongmit make it up
1t is about 400 square miles, but this has already been ineluded (rightly or
wrongly% in the Kin Chaung. The river joins the Muik, (?) a tributary of the
Shweli. Probably good for 3,000 e.h.p. Rainfall about 100 inches, of which
06 per cent. falls between May and November. {(Map 93 A. near square 12.)

Kun Chaung, Toungoo. Said to have possibilities, Its tribufary, the Sinma-
kadin has falls which are believed to be promising.

Kyan kpyu Chaung.—See Tavoy.

Laimaw River.—Or Balu Chaung enters Imle Lake near Indemze and is
said to have a good discharge and many rapids about 7 to 10 miles from the
south-west end of the Lake. Considered capable of 2,000 eh.p. Rainfall 40
to 50 inches of which 97 per cent. falls between April and November. The
catchment area appears to be about 870 square miles up to the valley,
‘but the Atlas sheets show some of the streams apparently flowing both ways!
For this reason many of the catchments may have been wrongly estimated. They
can be checked by larger scale maps later on. (Map 93 D. 14,15.)

Lampar River.—Said to be perennial with a large fall.

Lenge -Chaung, Meiktila, Div. Minimum discharge at Pweya Se was 2'75
-cusecs on 29th April 1919, ‘ .

Lenya River, below Mergui; said to have power sites, Rainfall about
160 inches, lasting from April fo November, with a catchment at Lenya of some -
700 square miles. (Map 96 I 15, 16.)

Madaya River, or Nam Pai, tributary of Irrawaddy. This has a minimum
discharge in the hot weather of about 400 cusecs rear Mandalay. Higher up,
some 10 miles, the river is said to have a good slope, so power should be found.
Near Mogok it is also said to have a good discharge and rapid fall. Rainfall
between zones 40 and 100 inches, practically all falling between May and
November. The catchment area at Gwe Kyaung is about 1,200 square miles,
‘but the altitude there is not known. The minimum discharge in 1919 was 350
cusecs on the 19th May at the headworks of the Mandalay Canal. (Map 93 B.)

Magyi Chaung.—Tributary of Madaya, 45 miles from Mandalay ; this and
other similar streams near had a fair discharge (about 50 cusecs) in March
and possibly several could be run together for a falll No details,
Site not identified: Elsewhere the Chaung Magyi is identified with the
Madaya (g.2) e

Man River, tributary of Irrawaddy. This is said to have some possibilities
below Ngape but is very little known. It is near the Mon Riverand has less
discharge; and may even -dry up at times. A discharge taken near Payagyi
village, 12 miles above Aingma weir, showed 40 cusecs on April 7th 1919.
A fall may be got by tunnelling through the watershed, it is believed. Very
unhealthy till January and of doubtful value. * Rainfall 50 inches or more over
a catchment at Ngape of about 250 square miles, (Map 84 L 6 and 12.)
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Mandalay District (see also Anisakan River). From the-headworks of the

Mandalay canal the Yetagon waterfall, lowing into the Madaya, can be seen
some 6 miles off tothe N. N, W.; 40 miles from Mandalay and 35 from Maymyo.

"There is a drop of 1,700 feet, and Mr. Scott, Executive Engineer, found a dis-
charge on the 9th March 19019 of 141 cusecs. The minimum, on 12th May,
was b Busecs. The catchment is only about 8 square miles. Reservoir pos-
sibilities are poor, as the limestone is very fissured, but a site north of Yonbin

village might carry 100 million cubie feet. The site appears good for 2,000

<.h.p. Rainfall about 40 inches, of which 97 per cent. falls between April
and November. (Map 93-B £, 3, 6, 7.) )

Mandalay Disirict.—There'is said to be a perennial stream witha large fall
some 35 miles north east of the town, not far from Mogok. No details, but
probably refers to Madaya or Magyi Ch. (q. v.). ’

Manipur River, tributary of Myittha. Subject to high floods, and has a
uick slope, but in very wild country and unlikely to offer much steady power,

ough stated to be worth 4,000 e.h.p. Rainfall 50 to 100 inches, over a
catchment of some 4,000 square miles, including the considerable Loktak Lake,
near Imphal, (Map 84 E. & F., unsurveyed.) '

Menyan River.~This has not been identified, but is said to have a perennial

discharge and a good fall 20 miles from the Irrawaddy. .

Mindon Chaung (or Mu) River.~Tributary of Irrawaddy, Thayetmayo Dis.
trict. The upper reaches of this river are stated to be worth examination, and
good for 2,000e.h.p. The lower parts are navigable and useless for power. The
rainfall varies from 40 inches up to 100 near the watershed, of which 95 per
ceni. falls between May and November. The catchment area above Mindon is
about 600 square miles. Discharges are available from 1893. The shinimum

-on record is 95 cusecs at the Shwebo Canal. (Map-85 I1.)

Minpaw.—A 30,000 horse power scheme was mentioned, working on a

. 280 foot fall, but it has not been identified so far.

. Mon River—Tributary of Irrawaddy, said to be perhaps worth prospecting
as discharge is generally good (seldom below 500 cusecs) and slope quick in
_upper reaches. Very little information available, as the region -is inaccessible

nd unhealthy uutil January, but a possible 6,000 e.bh.p. was suggested. From

Kyion downwards, above the canal headworks, it is believed that excellent

reservoir sites can be found to carry over the low water period, and from 2,000
to 10,000 eh.p. can be obtdined. A discharge taken at the end of April 1919,

gave 279 cusecs above the Dwe junction and on the 5th May 450 cusecs a&ﬁhe

canal headworks, Mezali, 40 miles lower down. Regular readings are taken
here. Some of the tributary streams look faveurable on the map, especially one
which joins near Dwe., This tributary joins the river above Paiksok, and
carried 48 cusecs at the end of April 1919. The fofal catchment here is about

8§00 square miles. Rainfall in upper reaches 50 to 75 inches. (Map 84 L 2,

3, 7. ]

)Monghang River.—Southern Shan States. A ‘natural limestone tunnel
exists here with a fall of several hundred feet. It is about 150 miles south east
-of Taungyi, a cart road existing as far as Mongnai. River nob identified, but
probably on map 94 1. '

Moulmein to Pegu.—The hills near the railway are said to offer possibili-
ties by running through the watershed from reservoirs on the east to the coast
side. The rock is good. Rainfall probably over-150 inches, mostly falling in
May to Ociober. Detailed examination of maps will be necessary. (AMap 94 C
G. H.

JI)'u River.—See Mindor Chaung. - . __

Myittha River,—Tributary of Chindwin. Near ifs junction with the
<Chindwin River this (which includes the Manipur River) is said to have a
series of rapids and a large disgharge, but it is of doubtful value except in
upper reaches. Probably 3,000 eh.p. could be obtained. The lower reaches -
-are at times navigable. Rainfall 40 to 76 over very large catcbment {(of the
‘order of 10,000 square miles), bat concentrated into about 6 months (Map S4 1,
mostly unsurveyed.) ] ' .

: Ayitnge River.—Tributary of Irrawaddy. There are falls above *Thechaw
‘which could be increased, coupled with good perennial flow. This river is said
40 be « full of power sites.” The discharge in March was about 10,000 cusecs
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in the reaches near the Mandalay-Maymyo Road. Some 25 miles further up
there is said to be a promising * hair-pin ” bend. The floods rise about 30 feet
and a dam would be most difficult to construct, but a tunnel across the bend
appears simple. (This is similar to the Sutlej Scheme.) The tributaries of this
river are worth gauging and examining, (See Nam Tu, Namma and Nam Laung
below.) The rainfall over the whole catchment of svme 8,000 square miles at
the junction of the iributaries named is probably about 40 inches. Minimum
discharge in 1919 was 6,360 cusecs on 16th May at Kimbet. (Map 93 B and F.)

Nandaungya Chaung ; see Anisakan falls, - )

Nam Et River~Tributary of the Nam Laung and the Myitnge,
60 miles east of Kyaukse, said to have 1,000 feet fall and a large discharge.
By making a dam ov tunnel the river, it is said, could be diverted across to the
Zawgyi, through a hill, to give some 6,000 e. h. p. Rainfall abeft 40 inches of
which 24% falls between May and November. The catchment area at latitude

“21° 35', which is probably near the place referred to, is about 1,000 sq. miles.
(Map 93 C10, 14 with G 1, 2). _

Nam Kaw, falling into the Salween below Na' Hang. (Map 93 J, 11.)

Namkwe Lake, north of Yamethin. There is a project here but no details
are known. The Executive Engineer, Meiktila Division, proposes to examine it.

Nam Lan River,—Northern Shan States. Said to be worth reconnais-
sance between Namtu and Mongtung. |

Nam Launyg River.—Tributary of Myitnge. There is said to be a
natural bridge and a 15-foot drop about 12 miles above the junction with the
Nam Tu, but the prospects of power do not seem good. The Nam Et flows in
above this (¢. v.). Rainfall about 40 inches. The catchment at the junction
mentiondd is however about 3,000 sq. miles. (Map 93 F 4 and 8).

Namma Riveér—This joins the Namtu (q. v.) below Mansan Falls, and
some 12 miles from the junction there is said to be a site with a fall of 200 feet
and 2 minimum flow of about 600 cusecs, equivalent to 11,000 e. h. p. There
is also a possibility of making a large reservoir a little distance above the
natural bridge that gives the drop in this river. The rock however is limestoné
and may be fissured: A further site 20 aniles due west of Hsipaw was

mentioned. Coal (poor quality) is found near this river and there is also.

iron ore. Rainfall probably 40 inches. The catchment area at Namma is
about 400 sq. miles. (Map 93 F 10 and 14 and J 2.) The Nam Hawm or
Namhsawn tributary on map 93 J, 5, above the junction with the Namma, is
alsqgmentioned. ' ; '

Nampai River.~See Madaya River._

Namparga River.—(Tributary of Chindwin River). Said to have a fair

discharge with quick slopes. The rock is largely sandstone with some shale,
Not identified but stated to be good for 2,000 e. h. p. -
- Nam Pawn River.—Tributary of Salween. Navigable up to latitude 19°
but has a large perennial discharge and probably has rapids in upper reaches.
There are falls. between Hsataung and Karenni, bul tﬁob of great height.
Rainfall 40 to £0 inches. - The catchment area above latitude 20° is some
1,600 sq. miles. (Map 93 G.H.) - -

Nam' Tang (or Teng) River.—This is a tributary of the Salween and
70 miles east or north-east of Taungyi it is said to have large falls at about 97°
45'by 20° 20" to 20°55. Thereis a * good discharge’ and the road from
Taungyi passes near by. Rainfall 40 to 50 inches of which 97% falls between
April and November. The catchment area above latitude 20° is about 2,500 sq.
miles. (Map 93 H 11, 15). '

Nam Tay River—Tributary of Salween. Said to have good discharge and
high falls. 'No details. Site not identified. Possibly the Nam Tang (q. v.).

‘amn Tu River—Tributary of Myitngye. Already being developed atthe

Man San Falls (see Table 4). There are many rapids all along this river, which

- has a-large perennial discharge, but it is WYnlikely that any other equally
favourable site exists. Immediately below Nam Tu the low water discharge is
estimated as 15,000 cusecs and a fair head may be obtainable. There is also a
possible site 12 or 15 miles above the railway bridge over the river, accessible
from Hsipaw. Near Hsipaw where the Nampu (?) Chaung joins the
Namtu ‘there are said to be good possibilities and power may be wanted.
At Makyeng some 8% miles above Namtu town, it is said that 1,500 h. p. ean
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be developed, but the falls are mostly small and would be expensive to combine.
Rainfall about 40 inches with a catchment area, at the junction with the
Namtu, of about 5,000 sq. miles. - (Map 93 B, E and F).

Nyaungho Stream.—Thaledan Forest Reserve, Said to bhave possibilities
28 miles from Padaung or 40 from the Irrawaddy west bank, opposite Prome.
Discharge not great in._the hot weather, but a drop of 1,000 feet or more
available, _

'Pang River.—Tributary of Salween, Southern Shan. States. In about
6 miles, at a point 2 miles south of the Taungyi-Kengtung road, there is a fall
.of some 600 feet in a series of cascades. The stream is of considerable volume.
(Map 93 RH). ‘e :

Panlaung River.—Tributary of Myitnge, above Myittha, Kyaukse, is -
said to be well worth prospecting, as therg.is a natural reservoir site of some
b acres extent ; the rock however is mostly limestone, and fissured, Discharges
of 400 cusecs and a 900-feot fall were mentioned. Position. not identified, but
probably good for 5,000 e. h. p.or more. It is believed to have been surveyed
already either by Government or the Burma Railways, Limited. The catch-
‘ment cdnnot be traced on the Atlas sheets, but inciudes that of the Zawgyi
(g. v.) and is probably over 4,000 sq. miles at Kyaukse. Rainfall 30 to 40
inches. Discharges have been taken from 1909 onwards. The average flow
between December and May varied fairly evenly between 1,100 and 400 cusecs.
A flow of 500 cusecs can generally be depended upon. (Map 93 C).

Panlang River.—Tributary of Sittang ; also said to be worth examination.
- It is apparently near the previous entry, but the site-has. not been identified
as yet. (Map 93 CP). _

Papun-Dagwin road.—Near Yedagon  hill stream has a discharge of
about 20 cusecs in February, and may have a site giving 1,000 feet head.

Pathechaung River.—Near Toungoo. May have a little power, sufficient
for local needs (200 e. h. p. ?) But there are no reservoir sites and dry
weather discharge is small. The river however is constantly mentioned as
worth investigation. Thandaung beyond here has a rainfall of 200 fo 250
inches, between May and November, but practically none in other months,
.and the catchment is quite small. (Map 94 A 12).

Paungdaw Chaung.— See Tavoy. :

Payagale Ch.-Pegn Division. Minimum discharge at mile .12-6 was £
.cusec on 3rd April 1919,

Pin River.—Tributary of Irrawaddy, flowing from Popa Mount, an old
-and isolateg volcano (4,980 feet) seen from the Irrawaddy from Pakokko to
Yenangyaung. The catchment area at Magyigon is about 40 sq. miles only ;
.elevation hera unknown. There are numerous springs on the hill side which
it is believed could be collected to give a good discharge at a fair altitude above
the flat plains» Rainfall 30 to 80 inches of which 96% falls between May and
November. (Map 8404, 8; P 2, 6).

Pinkan River.—This is perhaps the same as the Pin; it has “ a perennial
discharge and a good fall 20 miles by cart from the Irrawaddy.”

- Pyu Riwer—Toungoo. Said to have possibilities.

Pyinpongyi Ch. Pegu Division. Minimum discharge 0'6 cusec on 8rd April
1919, at mile 18-4.

Salin River—Tributary of Irrawaddy. This is said to be of no use except
for the tributary which runs from Kodakham towards Laungshe, which is worih
reconnaissance. There is no definite information, but it isstated to be worth
1,000 e. h, p. Mount Victoria (10,085 feet) appears to feed this and the
yainfall isin the 50 to 100 inches zones. The catchment area of the tributary
in question is about 400 sq. miles. A discharge taken in the main stream near
Minyin village, 20 miles above the headworks of the Myaungmadaw Canal, in
‘thedry season of 1919, showed 4 cusecs only, with an addifional } cusec from
the Mwe. (Map 84 K 4 and L 5). '

Saingdin Creek.—Akyab District. There is & mainfall of 47 feet and
-others making up 66 feet below Buthidaung and 8 miles from the Mayu River,
all in a length of 1,000 feet. Minimum discharge about 1,000 cusecs and
maximum 100,000.

Salween River.—The Hatgyi Rapids about 100 miles south east of Taungyi
and 100 miles north of Moulmein, some 40 miles above entry of the Yunzalin
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River, and below the mouth of the Thaungin R., are believed to be capable of
eat development ; the possibility of locking the river and making it navigable
%c:r boats for several hundred miles further up was also raised. A fall of 70 to
800 feet is believed to be obtainable (reports are conflicting), and the minimum
discharge is stated fo be over 1,000 cusecs. Another report says there is atriple
fall of 20 feet.in 300 feet length, with a discharge generally of a million cusecs.
—presumably this is in the rains. The flood waters however rise about 90 feet.
Lime is obtainable. There is a cart road to Mongnai, and pack transport must
be employed beyond. May be considered worth at least 6,000 e. b. p., but
would be very expensive to develop. The catchment area is enormous and
covers the whole gamut of rainfall ; and there are said fo be more many rapids
higher up. Above the mouth of the Yunzalin there are said to be many sites,
especially 8 or 10 miles above Kammanaung, which is accessible by boat and
elephant. Here 8 canal a few miles long, which the banks would allow to be
constructed, would give a moderate head. (Map 94 G, square not known, but
probably unsurveyed). -

~ Sewchaung.—Yaw dist. The gorge 4 miles above Sawand 75 miles from
Seikpyu can, it is said, be dammed to a height of 80 or 100 feet. 'Thereis a
good flow in the dry weather.

 Shweli River —Tributary of Irrawaddy. Said to have a discharge of 4,000
cusecs in April, with a drop of 1,000 feet in 5 miles, (highest fall at one spot
34 feet) 20 miles below thg large swamp or lake near Selan (R. L. 2,400 feet).
The lake land is too richly]cultivated and valuable to be dammed. There is
granite rock in the district{ and a good reservoir site exists higher up the river,
May be worth from 300,000 e.h.p. upwards. Rainfall 50 to 60 inches, over a

«<catchment at this place of 2,500 or more sq. miles. (Map 93 E 6,9 and 13.)

The upper reaches below Namkhan and the Kyanktake rapids are also
mentioned as well at the Nam Chit falls on a tributary, said to be 300 feet
bigh. ‘ '

Sin Bo Sin Ma falls; See Tavoy.

Sittang River.—There is said to be a good power site on the head waters (°)
of this river north of Pyinmana near Yezin village and near Taungnyo.
Further north, 20 miles due east of Yamethin, there is said to be a fall of about
1,200 feet, with a minimum discharge of about 50 cusecs, which can be supple-
mented by storage with considerable bunds. The possibility of tunnelling
through to another catchment was mentioned at this site, in which case the
water would be useful for irrigation. The formation is limestoneg but high
mud banks have been used successfully for storage in olden days. The site is
probably worth 5,000 e. h. p. Rainfall 40 to 50 inches nearly all between May
and November. Catchment area not determinable from Atlas sheets. (Map
94 A1,5; 93D 3, 4). - 4

The tributaries of this river on R. bank are also said to be worth exami-
nation, having good perennial discharges up to 100 cusecs in some cases. (Same
maps). :

g Tabak Hla River.—Where the Lwema joins this stream, 2 miles east of
Namlang, there is & rocky gorge with a drop of about 150 feet, a good perennial
discharge, and a possible reservoir site. Rainfall and eatchment airea not known.
(Map 92 G 12 7). :

Talaingya Chaung ; see Tavoy.

Tandin Folls.—North Arakan. There is an ample discharge, used for
timber flotation, and a fall of 60 feet. The passing down of the timber is not a
maftter of difficulty, and the river is believed well worth examination.

"Taping River.—This joins the Nam Ti which runs into the left bank of
Irrawaddy near Bhamo. About 81 miles up the river from the junction, near
the road suspension bridge, where the catchment area is about 430 or 500
5q. miles, there is believed to be a cold weather discharge of 500 cusecs {(mini-
mum not known) and a drop of 500 feet in 5 miles. The site is worth examina-
tion, and may be worth 10,000 e. h. p. or more. . The Tunhong Gorge beyond
Kalechet has also been mentioned. Rainfall not known. (Map 92 H 11, 14;
latter unsurveyed).

Taungdwin Chaung.—Mingin, Myittha Division. This is stated to be worth
reconnaissance, though somewhat remote. Site not identified.
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‘Tavoy District.—One power site has been developed, see Table 2. It is
believed that many more, including good reservoir sites, are to be found; bub
the country has been little prospected for power. Rainfall 150 to 200 inches of
which 96 % falls between May and October. Mr. Raikes reports that gaugings
will be taken in the fqllowing; y

- Paungdaw Chaung, which hasa fall of 600 feet at one point.
‘Ban Chaung (130 cusecs, 29th March 1919.)
Kalonta gorge (19 cusecs, 19th April 1819).
Xyankpyu Chaung falls. ' -
Sin Bo Sin M4 falls. .

Talaing-Ya Chaung.

* No falls  have been determined as yet, but the first on the list is said to be
the most favourable. (Maps 956 J & K). _ '

Teng River.—Southern Shan States. (Nam Teng?). Near the Pang (q,
v.). This feeder 'of the Salween is said to have a large volume and afall of 365
feet some 2 marches from the Tang falls (Map 93 H ?).

Thaukyegat River. Tributary of Sittang, 11 miles from Toungoo. This
river has 8 very large catchment area and before entering the plains is said to
have. a large discharge, while falls of about 250 feet in 7 miles can be obtained
near here, where the catchment area is over 400 sq. miles. It probably falls
very low- in the driest seasons. On the northern or main branch a fair reservoir
appears possible, holding perhaps 1,000 million cubic feet, from which a short
channel- would run to the power station. The run-off is said to be fair but not

-high. Most of the smaller streams have a trickle of water and there are many
springs. The southern branch is not likely to be of use unless its discharge
can be led round by a channel into the northern branch near the junction. The
latter appears good for 6,000 to 12,000 e.h.p. from information received, but
further examination is required. Rainfall between 75 and 100 inches, of which
96 % falls between May and October. (Map 94 A 1], 12,16; B 9,13)/

" Tonbo River—Mandalay. Attention has heen called to the upper reaches
of this stream. -,

Ye River.—near Pagyi (98° X 15° 20") has about 150 to 200 inches of
rain in the elevated catchment of over 400 sq. miles. (Map 9518, 4), :

. Yezin Ch., Meiktila Division. Minimum discharge 8'3 cusecs near Yezin on
28th April 1919, ” . :

Yetagon Falls.—See Mandalay. TN 7
. Yunzalin River—This is said to have a rapid fall of over 8,000 feef to
‘near Papun, but is very inaccessible. ; Where the road from Papun to Xawluck
leaves the river the discharge is said to be about 10,000 cusecs and there is a
fall of 1,000 feet in 3 or 4 miles. This site is accessible by.elephant from
Papun and appears very promising. There are others lower down also.

Zamayi River.—Pegu District. There is a waterfall in forest compartment
91 and the river is believed worth prospecting.

Zami River, running to Moulmein. The higher reaches are said to mevit
investigation as power may be required for pulping work, already proposed
there. (Site not identified). ‘

Zawgyi River.—Tributary of Panlaung and Myitnge. There is a small
waterfall of about 10 feet some 4 miles north-east’ of Lawk Sawk, showing a
good discharge in April, which is fairly . maintained. There are said to be
many.other falls, but little is known. A possible site was also mentioned near
Myitson, about 20 miles from Kyaukse. From the hills to the plains there
is & fall of some 4,000 feet in 20 miles. The water of this river -is said to be
exceptionally fine for crops. Rainfall -probably between 30. and 40 inches,
The catchment above Kyaukse is about 2,600 sq. miles. Gaugings have been
taken by the Irrigation Department from 1900 onwards, but until 1909 the low
readings were unreliable. From 1910 to 1918 the average flow between -
December and April varied between 515 and 2,200 cusecs with a mean of about

- 900. Very heavy floods have occasionally occurred. The drop of the bed is

generally said to be quite gradual. (Map 93 C 15,16). . "
Zingyaik River.—Thaton district. The river is dry for many months, but
the waterfall is believed to be worth investigatdon in case there are reservoir

sites above. This is a mining and also & salt district, and power is wanted.
‘ i, - .. ' »



APPENDIX X.
List of Sites in the Central Provinces and Berar,

Aran River.—At Masni, in Magrul Taluk, there is said to be a good site for

~ impounding 5,000 million cubic feet of water with a 90-foot bund 2,600 feet
long, having 330 sq. miles of catchment, The submerged land is forest
waste land mostly. There is “ a good site for utilizing the water with a high |
fall,’” which is very indefinite as the layered map shows that the whole distriet
indicated lies between 1,000 and 1,500 feet, so that not more than a 200 foot
fall (low medium ) is likely. The catchment area at Sangri, probably below

. the site referred to, is about 300 sq. miles. Investigation is required. "Rain-
fall 30 to 85 inches, mostly concentrated in 5 months, and 85 % between June
and September. (Map 556 H 7,11). ' -

Baikar Plateau, Balaghat— A reconnaissance was made in the hot weather

of 1919 and none of the streams had more than a trickle, though villagers
stated that the flow continued throngh the cold weather. Some of the streams
appear in the list. : _
" Ban River,~Tributary of Purna, near Wari on the border of the Jalga-
on and Akot Taluks. This flows from the Gawilgarh -hills, Satpura range,
and is said to have a vertical fall of 60 to 70 feet which can be increased.
The catchment area is 130 sq. miles, to the west of Narnalla. The stream is
“ practically ”’ perennial and reservoir sites are said to exist. The rainfall,
averaging about 30 inches, is said to be good in these hills even in a year when-
the monsoon fajls in the plains below, but it falls to the éxtent of about 90 %
in the 5 months June fo October, and 85{% in June to September, so very large
storage would be required especially with a view to the necessary carry-over
for bad years. -(Map 55 C 12,18.)

Bearma River.—Tributary of Ken. A favourable reservoir site with a
catchment area of 4,126 sq.-miles is. reported at Khumergar, Damoh, below
the junction with the Sunai (Sonar?) where a flood discharge of 235,000
cusecs has been recorded. The site has not been identified at present. Rain-
fall about 45 inches, of which 43 inches fall in the monsoon between June
and September. (Map 556 M.)- , '

Bina River.—Near Rahatgarh (Saugor). The catchment areais 500 sq.
miles and the slope’is said to be fairly rapid 3 about 50 feet a mile (7). Reser-
voir sites have been located above and below here, and are worth investigation. .
Rainfall about 40 inches, of which 93 % falls between Jure and September.
Estimated by Mr. Batehelor to be worth some 5,000 e.h.p. or more at each of
two sites ; but this requires further examination. (Map 56 I 5,6).

Chandra Bhaga.—Close to the Sarpin {q. v.) and the same remarks apply.
(Map 66 G 7,11.) . i n

Chargad River.—Tributary of Wardha. A large reservoir could, it is
said, be constructed at Udkheir, 9 miles south~west of Morst, with a catchment
area of about 80 sq. miles. Rainfall 36 to 40 inches, nearly all in June to
September. ‘No information as to falls. (Map 55 G 15,16).

Chikalda Plateau.—(Melghat). Mr. Batchelor believes that some 2,000
e. b. p. can be obtained here from a reservoir commanding a head of 1,800~
feet. The site should be examined further. Catchment not specified. Rain-
fall 35 to 60 inches ; mean at Chikalda itself 67 ‘inches of which 60 inches
fall between-June and September. (Map 55 G 7.)

. Chornai Eiver. - Uprora (Bilaspur). There is said to be a reservoir site
with a catchment of 150 sq. miles, and some perennial flow, and a fall of 100~
feet is indicated. Estimated by Mr. Batchelor to be worth 8,000 e. h. p. but
“has not been examined as yet. Rainfall 60 inches, of which 82 % falls between
June and Septemher.~(Map 64 J 10.,)

*  Darekasa Waterfall—Gondia Tehsil. Situated in hilly country near the
station of that name on the-main line of the Bengal Nagpur Railway. -1t
dries up by the end of the cold weather, so will be useless unless storage can be
found. (Map 64 C 11 or 12). | ' ,

. Deo River.~Balaghat district. This rises on the Baihar plateau and flows
into the Waingunga, and is said to be worth investigation above Bhanpur,
- - -
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where the catchment is 120 sq. miles or more. Being _near the Nahard and
Uskal rivers the conditions are likely to be similar, (Map 64 C 5,6,9.)

- Erai River.—Tributary of Wardha, 12 miles north of Chanda. Reservoir -
sites are indicated, without details™ The area does not look particularly promis-
ing, though the catchment is about 300 sq. miles, and the rainfall 400 50
inches between June and September. There is a known fall of 20 feet on the
Mul hills. (Map 55 P.4,8) -~ 7~

L -Ghisari River—~—Near Dhansura, is stated to have & waterfall of several
" hundred feet, though the stream dwindles down to a few cusecs in the hot
- weather. Reservoir sites may however be found. (Site not identified).

Hasdo River,—where it leaves the hills above Chhuri and Korba. Reser-.
voir sites suggested ;" no details, but there is apparently a rapid fall-where the
plains are entered. The catchment area is about 2,800 sq. miles at Garaghat,
where the 1,000 foot contour ecrosses, and the rainfall averages 60 inches of
which 80 % falls between June and September. (Map 64 J 9, 10.) | '

Indrawati River.—Chatisgarh State. 'There is a waterfall of 90 to 100
feet at Chitrakot, and the flow is always substantial. In May 1906.760 cusecs
were gauged. The rainfall over the large catchment of about 4,500 sq.
miles at the falls is 60 to 75 inches, mostly falling between June "and Septem-
ber. " On the 29th May, 1919, the discharge~was 443 cusecs: There is a possi-
bility of constructing a very large reservoir immediately up stream of the fall,
where the country is very flat. Reconnaissance indicated that this might éarry-
50,000 million cubic feet with & dam of reasonable cost, but the land acquisition
would be expensive as much of - the area is cultivated. The site appears worth
4,000 e.h.p. without storage and perhaps 12,000 to 15,000 e.h.p. if the storage
téunﬁt; outsf()easible to the extent named. Itis worth full investigation. (Map

5 E 12,16. : : , -

Kanhan River.—An irrigation scheme was prepared jnvolving a reservoir,
on this river (which the Pench joins higher up) afew miles north of Nagpur,
but it fell through. The site may be worth reconsideration for power purposes
in combination with irrigation from the tail waters. No-details are at present
known, except that the site is near the junction with the Waingunga, above
the village of Ambhora, and 8 miles south of Bhandara, where any large fall
is unlikely. Rainfall over catchment 35 to 40 inches between June and
September, (Map 55 O 12.) The catchment atthe 2,000 foot contour is
178 sq. miles, increased, before the junction with the Pench,to about 1,200
sq. miles. Four other points on this river between Khapa a.mL\'HIE above were
also referred to. (Map 55K 156; O 3,8), -

Madu River.—Tributary of Wardha. It is stated that reservoirs (of. unspecis
fied size) can be constructed north of Destara, Morsi Taluqg, having a catchment
of 204 sq. miles, but no information is given as to falls. Site not identified
but probably on map 66 G_13. Rainfall about 35 inches, mostly in June to
September. '

- Melghat Area.~—The possibilities are said to be promising in the Melghat
— area, where there would be a demand for power from the Tapti and Sipri Rivers

and smaller streams mentioned in this list. The. rainfall is from 35 to40 -

inches up to 60 on the Gawilgarh Hills near Chikalda (q.v.), which fall rapidly
from - over 3,000 feet to about 1,500 feet. The McKenzie falls are said to be
several hundred feet high with a perennial flow; but the site has not been
identified. K _

Mhas River—A site is named between Waigaon and Hingna, Nelgaon,
Buldana, for a small tank of 10 million' cubic feet, which is unlikely to be-
of much use over 9 dry months, It is stated however that the Mun and Pani-.
gunga rivers could also be diverted into this reservoir, thus increasing the
catchment from 90 to 450 miles, with a rainfall 6f about 80 inches concentrated
in § months, and almost .in 3 months. The ‘g.tter streams are * practically
perennial. ' (Map 55 D, square not identified yet). )

Moga River. 12 miles north-east of Ellichpur. It is stated that a reser-
voir draining 88 square miles may be construeted north of Pala, with *“a pum-
Yer of falls kigher up.®’ This reservoir is presumably intended to impound the
tail waters, as it is useless for power; but without storage there will probably

be & dry bed for many months. (Map 55-G 11), ;
N
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" Munyari (P) north-west of Bilaspur.. Information was received of an
abandoned irrigation reservoir scheme here, which it was stated might be worth
examination for power purposes. (Map 64-J 7 7). '

Muarna or Morna River. At Shaikla, 16 miles south of Akola,-a reservoir
of 80 square miles can, it is said, be constructed by a bund one mile long and
70 feet high. Whether a rainfall averaging about 30 inches over a catchment
ares of about 110 square mwiles (taken from the millionth map only) will fill
this reservoir and give mearly 7 months’ dry weather supply is a matter forng
further consideration. The riveris * practically peremmial.” (Map. 65-D 15

- and H 3).
’ NaiZara River.—Balaghat distriet, This comes down from the Ghat a few
miles east of Charegaon Station, ending in a considerable waterfall (Jhang
Gogra fall). A reservoir site was found near the village of Sale, but the 4 inch
Forest maps may serve to locate others, s the upper reaches are not well”
known. ‘With a 6 mile channel from the site mentioned a fall of some 500 feet
would be obtainable. The catchment area is about 120 square miles there and
.the average yield about 12,000 million cubie feet. Rainfall 60 inches, mostly
in June to September. The site, allowing for a large carry-over for bad years,
« is reckoned worth some 9,000 e. h. p. (Map 64-B 4, 8 and C 1).

Nawegaon Tank.—This is situated in a basin surrqunded by hills in Sakoli
Tehsil, Bhandara District, with a catchment of 23 square miles, and a water
spread of 5 square miles. In June 1919 the discharge was about 5 cusecs. It
is not known what fall is available. The site is a mile from Dewalgaon on the

" Gondia=Nagbhir branch of the Bengal Nagpur Railway. (Map 64 D 1).

. Nerbudda River—Discharges have been taken during the dry season of
1919, but have not come to hand as yet. - The river is known to have possibilities
-but they have been little examined except at the falls at Marble Rocks near
Jubbulpore ; and no details of this scheme have comein. It was proposed
however to manufackure- cyanamide. (Map 55 M 16).

Ibid.—The Dharighat fall in Nimar District has also been put forward. The
actual fall is 50 feet, but it can probably be increased to 100 feet or more, and the
flow is “ large . This site is in dense forest, 24 miles by road from Bir station
on the Great Indian Peninsula Railway. The rock is hard Vindyan sandstone,
(Map 55 B 7). - '

Ibid.—The Baroda Darbar also calls attention to the Khodiar Mati falls
on the Nerbudda in Dhari Taluka, which may be the same as above : also to the
Mokhadi falls, which have not been identified. ‘ :

Pench River—A definite site is indicated near Bhiwagarh, 22 miles
directly mnorth of Nagpur, where the catchment is about 1,700 square
miles, Other sites are indicated on the river, which requires further examina-
tion. The catchment area id 527 square miles where the 2,000 foot contour is
met. The discharge between Seoni and Chhindwara was practically #il in
May 1919. (Map 5503 1, 2, 8, 4, 5, 8), ’

Mr. Batchelor’s Silewani Ghat scheme also brings in this river.

Penganga River—There is a fall on this perennial rjver, which forms the
boundary between Yeotmal District and Hyderabad, known locally as the Susar’
Kund. No detalls are available. The site has not been identified, but is on
Map 56, E or 1. - :

Purna River.—The remarks on the Moga Riverapply here. The falls are
above the reservoir. ' ' ’

Sarpin River—At Wajar; 8 miles north of Ellichpur, Amraoti. A fall of
2,000 feet is said fo exist in 10 miles; the catchment area however is given as
44 square miles only, and “with impounding reservoirs along the course of the
stream very cheap energy can be obtained.” The conditions appear to be the
very reverse, but the site should be examined. Rainfall about 35 inches,
mostly falling in 4 months, (Map 556 G 7, 11). : _

Shahnur River.—West of Ellichpur (Amraoti). A reservoir site is indicat-
ed by Mr. Batchelor between Tekra and Ambaparti, with a catchment of 12
square miles and a possible fall of 600 feet, A furthersite-between Raipur and
Moragarh has been mentioned. Rainfall about 35 inches, mostly hetween June:
and September. (Map 55-G 7 and 8). _

Silewani Ghat, Mr. E. Batchelor, 1.C.S,, prepared and published a number
of “paper” schemes -such as indeed are 'most of those in this section of the
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present Report—dealing with the Chhindwara aréa,/. There is, in the pamphlets
1ssued, a great volume of assumption and no very eclear description- of the
schemes themselves buf at the same time ‘attention has been drawn to an area
which is well worth technical investigation. Mr. Batchelor’s estimate of an
available 70,000 kW or say 94,000 e.h.p. must be taken with great reserve.
One site of those mentioned .was visited by Mr. Barlow who recorded his
opinion, as follows :— :

) “The proposals for Umra Nala tanks are wrong; the eatchment dres is too
small. Run-off will be poor, rainfall is not high, ares flooded is A 1 land but
probhably cheap and the line of the canal from the reservoir to the edge of the~
ghat runs through undulating tountry where rock is pear the surface. The-
site is eertainly pear the ghat, and the drop in the ghat is good ; but it is not
sudden and a long pipe would be necessary. The Nala is joined by another
larger Nala a little way on the far side of the pacca road and the Railway, and

a proper reconnaissance is required to find a suitable storage site dear the
Ghats, with a good drop. Nagpur already requires 5,000 h. p. and this will
increase if power can be provided cheaply. The project (i.e. the whole series
of projects) is therefore one of the first that should be investigated.  Again,
Mr. Barlow notes ** His ideas are good but his figures are unreliable and useless:
Some of his proposals are undoubtedly worth further consideration, but no
'reliance must be placed on his -details.” Examination of the maps of the
distrjct shows that possible reservoir sites certainly exist; the question of their
employment and eost should be further examified: . '
Briefly the following is an oufling of the chain of projects, which can

only with difficulty be traced from the\ printed account. The main power
__station, one mile North of Khapa, eltevation 1,200 feet, on the Kanhan River
~(Map 55 K 13, 8. W, corner), is to bdupplied by a long pipe line "down the
Ghat from Silewani Tola at 2,150 Teet. The system is to be fed by a canal-
"from a service reservoir .on the Umra Nala, estimated to have a draw-off
eapacity of 600 million cubic feet, of which the dam is to be one mile North-
East of Mau. A second dam immediately above this, up to the 2,200 feet
contour, and an Upper Umra Nala reservoir one mile North-East of Palakher
feed this. Yet another dam for the Chin Nala reservoir .is placed one mile

. West-of Umaria Dalel running up to the 2,200 feet contour, to feed the service
reservoir by a canal. On the head of 950 feet gross Mr. Batchelor estimated
this group to be capable of giying 1,400 e, h. p. at the high cost of Ra. 1,500'
\¥§§ e. h. p. (say Rs. 2,000 per k. w.), on his assdmption of a 30 per cent load

actor, : ' ‘
Further North is the Rohna reservoir site, one mile North of Rohna on
Map 55 J 16, running up to- 2,250 feet, and estimated to contain 3,000 million
cubic feet. Mr. Batchelor proposes to canal this water to the Chin Nala
reservoir, a distance of 16 miles, so after allowing for the slope of the «anal’
a good deal of this water would not be of any use.

North of this again, a nine mile canal (including a three mile tunnel)
would discharge the waters of the proposed Upper Pench reservoir wid the
Kulebehra Nala into the Royna reservoir. The site of the dam-across the
Pench River is two miles North of Chhinda, at the top of Map 65 J 16, and
it is propesed to carry it up to R. L. 2,450 feet. The site is certainly very
favourable on the map, and a short dam is estimated by Mr. Batchelor to
impound 12,000 million cubic feet. Minor power stations are also proposed
below this lake. ' )

Further dams are proposed on the Pench River oné mile West of Palatwara
up to 2,250 feet (Map 556 J 16), and on the Gunor one mile North-East of
Thesagora on the same Mapup to 2,350 feet. -These, however, though possibly -
of use for irrigation, would appear to be too low down for feeding the power
stem. - o

y At first sight- it would seem that if the Upper Pench site is good, and if -
its waters can be led at any reasonable cost to the edge of the Ghat, it would
be better to concentrats on this and to omit all the smaller reservoirs except
‘the regulating one; and all The minor power stations, «

If Mr. Batchelor’s estimates are at all mear the truth, the cost of the
Upper Pench reservoir and the vegulating reservoirs at the Umra Nala,
together with the necessary canals, would be in the region of 110 lakhs., The
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storage, if correct, would on a 900 feet net head give some 22,500 kilowatt
years, allowing of a plant of 45,000 kilowatts on a 50 per cent load factor,
making a cost of some Rs. 250 per kilowatt for the hydraulic works, exclusive
of the pipe line and power house. This, if attainable, would be a reasonable
figure.
i Son River.—North east of Langi, above Bijagarh: _Indicated, but without
details. Reconnaissance required. (Map 64-C 9, 10, 13, 14)." N

Tan River.—Pendra, Bilaspur. A reservoir site is indicated at an elevation
of about 2,000 feet, with a rapid fall of 700 feet, where this river comes into
the plains near Marai. The mormal rainfall is 50 to 60 inches, concentrated
into the months of .June to September. The catchment area however is very
small, some 15 square miles, and large carry-over would be required. The site
may be worth 1,000 eh.p. or more. (Map 64 F 9, 10, 13, 14). '

Tapti River—This rises in the Aravalli Hills, which it leaves some 25
miles east of Burhampur. The catchment area above here is about 2,000 sq.
miles, with a rainfall of about 40 inches and there is a perennial flow. A site
for a dam -has been indicated but is apparently situated where there would be
little or no further fall. - The river at Betul was found dry early in June 1919,
thougb it runs until the beginning of the hot weather. A possible site for
storage was found, with a series of drops aggregating 100 feet. . As the area is
favourable further recpnnaissance is desirable., (Map 65 C-7, 11, M, and G 2).

. Tawa River.—Said fo be worth investigating where it enters the plains

at Bagra, near Itarsi, Great -Indian Peninsula Railway. The layered atlas
sheets indicate that at the junction . with the Denwa tributary there is a narrow
neck between spurs. The rainfall is '50 to 70" inches in the-upper parts of
the catchment, mostly falling in June to September. (Map 55, F. 14),

Umra- Nala ; see Silewani Ghat supr@ (Map 65 K 13). C

Uskal River.—Balaghat District. This is stated to be perennial'and to
be capable of a fall of 1,000 feet or more, near the village of Udwa, Balaghat
junction, presumably below the junction with the Nahara (q.v.) but not
so far located on the 1 inch map. The locality has greatly mineral possibi-
lities, and power is certainly likely to be wanted in future. It is stated that
. some 4,000 continuous e. h. p. at least can be got from the site, and by further
‘raising the proposed-dam 17 feet the capacity of the tank can be doubled.
A local report on the site exists, and it is still under investigation. The
catchment area above the junction with the Nahara is about 130 sq. miles.
Rainfall normal about 60 incHes during the June to September monsoon.
(Map 64 B 4, 8). _ ,

Waingunga River.—Small falls are indicated, buf no details of any value
as yet. Judging from its tributaries the river should be worth further recon-:
naissance. The catchment area above the 2,000 foot contour is 275 sq. miles ;
at the 1,000-foot contour it is about 1,800 sq. miles. Rainfall 50 to 60 inches,
mostly between June and September. See entry under the Kanhan River also.
(Map 64 B. 8, 4 and C. 1). ,

 Wardha River.—Small falls are said to exist near Pulgaon and Mr.
Batchelor believes that 1,000 e. h:p. is available. No details are available, but
the citchment area is over 2,000 miles here. Rainfall 35 to 40 inches, mostly
between Jupe and September. (Map 55 L. 5 and 6).

Canal Falls, Central Provinces.

The Chief Engineer, Irrigation Branch, considers that there is good scope for
utilizing the canal falls for pumping to uncommanded areas, especially from the
Mahanadi canal, where large areas of well drained bhata soils lie out of com-
mand. This soil. is particularly suitable for growing leng-stapled cotton, as
recommended by the Cotton Committee. The canal falls are not likely to be of
any use for general purposes as they only run a comparafively small number
of days in the year. Most of the irrigation is done during the Kharif; rabi
irrigation is purely subsidiary. There are 62 canal falls, running from 90 to
120 days. ' .
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List of Sites in Madras.

dliyar River.~—Anamalai Hills (q. v.). There is said to be 2,000 feef of
fall, of which 500 feet could easily be utilized, in this river some 40 miles
from Coimbatore and 16 from Pollachi. The discharge is believed to vary from
about 800 .down to 6 cusecs. Further observations will be made. The catch-
ment area is small, but the rainfall varies from 40 to 75 inches over it, well -
distributed from®April to November. FProbably worth 2,000 e, h. p. or more.
{Map 58 B.15and ¥, 3). - '

Anamalai Hills.—Messrs. Siemens are interested in the Kayanapardal
Falls, Sholujar (Suruli ?) River, near Coimbatore. No details are available.
Bee also Aliyar River. (Map 58 B, and F.). .

- Bhavans River.—The falls near Thondai, 13 miles above Metupalliam,

and 22 miles from Coimbatore are said to be about 50 feet. The catchment above
them is about 400 sq. miles. The discharge is believed to vary from over 3,000
down to 40 cusecs. Observations are being made of the dry weather discharge
in 1919. The rainfall contours probably give too high a precipitation for this’
catchment, but there are no stations in it.. It may be anywhere between 20
and 75 inches. December to March are dry months. (Map 58 A. 16).

Ibid.—Malabar District. A fall of 2,500 feet in 3 miles is shown on the
upper Bhavani, 45 miles from Coimbatore and 21 from Ootacamund. A-
. water leével recorder will be installed as gauging cannot be undertaken at this
out of the wag spot. The catchment area must be very small here, but the -
above distances meet outside the Bhavani catchment altogether. (Map.
58 A.12)." | '

Cauvery River.—Apart fromwthe existing development (see Table 1) there
have been proposals for utilizing the Goat’s Leap Fall, the Mekadatu Falls
(a. v.), and the  Hogenkal Falls (q.v.).  The Goat's Leap Fall is 26 miled
below Sivasamundram, and no details are ayailable. o

- Chalakudi River.—Cochin, This has been investigated by Mr, Forbes,
Chief Electrical Engineer, Mysore. He states that the minimum flow is 50
cusecs and storage of 1,000 million cubic feet is proposed. The site is estimated
to be good for 25,000 e. h. p. on 577 feet head. (Map 58 B. 11). '

. Chandravauyki River.—Guntur District. The Ettipotata waterfall is
near Macherla, and 16 miles from . Gurzala. No defails are known and the
site has not been identified as yet, but the river is presumably one of those
flowing into the Xistna from the north. These all appear from the layered
map to pass through fairly natrow gorges within 10 miles of the big river, and
reservoir sites may exist abové. The Superintending Engineer is examining
" the site and will take dry weather discharges. Rainfall about 30 inches, of
which 92% falls between June and November. Catchment area not determined,
(Map 56 P.). , : :

Cochin State.—There are believed to be-possibilities of considerable magni-
tude in this State, but no details have been made public. Some 24,000 e. h. p.
can, it is understood,-be-developed, presumably from the Chalakudi River
(q. v.). ) _ :
! C)-‘omo'or and Karteri Rivers.—When the. Coonoor-Ootacamund section of
this hill'Taitway was being built in 1905, the Electrical Adviser to the Govern-
ment of India drew up a project, at the instance of the Railway Board, for its
electrification. The site chosen for power development was on these two
rivers, near Runymede, some 3 miles from Cooncor and 12 from Ootacamund,
The project was limited to what. was then required, and details are given in
Table 4. A far greater head than the 1,000 feet proposed, probably up to
8,600 feet, could however be obtained. The minimum discharge in 1905 was
4:3 cusecs for the Coonoor branch and 12 cusees for the combined streams.
Large storage is possible. TFurther investifation is proceeding. The Karteri
River is already employed in its upper. keaches for the Government Cordite
Factory ; see Table 2. The rainfall over the catchment area of some 60 or 70
8q. miles is particularly well distributed. It averages about 60 inches,
catching both the south-west and north-east monsoons, and from April to

s
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November the monthly averages are reasonably constant. The worst months
are January to March, but they receive about 10,per cent. of the total in average
years, or some 2 inches per month. (Map 58 A. 15).

Gundar Palley—Near Kodaikanal. Attention has been drawn to this
valley. The catchment area is very small, about 8 square miles, but the
ramfall of 60 inches is well distributed throughout the whole year ; even
January and February each receive an average of mnearly 2 inches. The
perennial flow is good and a fall of about 1,000 feet is said to exist. There are
also said to be good reservoir sites. (Map 58 F. 7, 8, 11, 12). .

Hogenkal Falls—Cauvery River, 8alem and Coimbatore. The utilization
of these falls (also called Smoking Raqcks Falls) on the River Cauvery, 66 miles
above Erode, has long been discussed especially in connection with the Salétm
iron ore district 40 miles distant, where electrical reduction has been eontem-
plated. Some suryey work has been done at the dam site, where the rock is
said to be a brittle granite. A head of 46 to 85 feet is available, according to
whether Motur reservoir is or is not constructed. The flow of water depends
on unsettled irrigation projects, but islikely to be of the order of 550 cusecs
minimum, so that some 2,600 e. h.p. at least is available at the site. The
maximum flow is about 250,000 cusecs. The power available would be
increased to well over 8,500 e. h, p. if certain other projects materialize. The
cost has been estimated as about Rs. 570 per h. p. installed or Rs. 760 per kW.
The water rights of the river are somewhat complicated as between Madras
and Mysore. A survey has been made and cross-sections of the river taken .
above and below the falls. A-site foralow dam is *being investigated. (Map
57-H. 12 or 58 E. 9). -

. Karteri River.— See Cdonoor River ; also table 2 “ Cordite Factory.”

~ Kolakambe water fall.—Nilgiris. This isa neighbour of the Karteri River
and has a drop of about 600 feet, but by means of a short tunnel a fall of 1,000
feet could be obtained. .The waters of the Kaghtri could probably be diverted
into this stream below the existing power house of the “Government Cordite
!‘actory (table 1). The minimum flow is believed to be about 10 cusecs. With
a short high dam it is believed that 3,000 e. h. p. might be obtained. (Map
58 A. 11, 12). . . o

Kundah River.—A project, for utilizing this most promising river in the
Nilgiris, 9 miles from Ootacamund, was sketched out by the Hon'ble Mr,
Murray, then Chief Engineer, P. W. D., Madras. It appears well worth further
investigation. The catchment area at the Kundah bridge is 63 sq. miles and the
minimum discharge recorded in 1918 was 81 cusecs, but by comparison with
neighbouring catchment it is'believed that the true minimum in a very dry
year, such as 1914, would be about 20 cusecs; gaugings are proceeding.
There are two good reservoir sites, one in the main river a mile above the
junction with the Emerald Valley stream and one in that valley itself, where
the minimum flow is estimated to be 4} cusecs. This latter site has not been
fully examined, The mean rainfall is about 80 inches and is extremely well

. distributed ; a run-off of 60 inches is egtimated from known data, giving some
1,600 million cubic feet available for sforage in the Kundah river site, with an
estimated minjmum flow of 5'6 cusecs gt that point. The site allows some 828
million cubic feet to be stored with a ddm of 120 feet. The fall in the neigh-
bourhood is about 8,000 feet of which 2000 feet are in 2 miles, but it has not
‘been determined whether this could be utilized. The scheme however appears
likely to yield some 20,000 e.h.p. or more and is worth thorough  investigation,
The minimum flow in 1917 was 80} cusecs and in 1919 24 cusecs; no readings
were teken in 1918. (Map 58 A 11, 12.) |

Malabar District.—~Said to have great possibilities, with high rainfall
and jungle products, such as bamboo for pulp, which may require power.,
'The average rainfall is about 120 inches and is fairly ‘well distributed over April
to November, though 70 per cent. of the total fall occurs during the 3 months
June to August.

Machkand or Sileru River.—This appears from the Atlas sheets and the

" £ inch maps to have great possibilities if” levels are favourable, but practically
none are given. A fall of 540 feet with g discharge of 104 cusecs in the driest
part of May, 1919, has since been reporfed. The site has not been identified
but is on Map 65 J.
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- Mekadatu Rapids. Cauvery River.—These are 28 miles above Hogenkal
falls (q.v.) and 21 miles below Sivasamundram, (see Table 1, Cauvery falls). The
distance to Salem is 67 miles. The flow is the same as that at Hogenkal falls
and the drop is 175 feet. The frontier between British and Mysorean territory
runs down the centre of the river, and negotiations dre proceeding hetween
Madras and Mysore as to the utilization of the fall. An estimate has been
framed by the Chief Electrical Engineer, Mysore. At least 8,500 eh.p. is
continuously available on the 530 ocusee minimum. {Map &7, H 8-of 12.)

Nurpurya River.—Nilgiris. This is stated to be worth examinatién at
Cherambadi Village, in the Wynaad, reached »ié¢ Gudalur, Devala and Pandalur,
The Glenrock Tea Estate is near’by. (Map 58 A 7). |

Periyar "Project.—The history of the proposal to utilize the water'of the
Great Periyar Lake in Travancore for power purposes would fill & volume and
stretch back a generation, and it is sufficient to say that negotiations are still
proceeding between Government and Mr. Garrett, a retired Chief Engineer of
the Madras Irrigation Department. There is an available fall of about 1,000
feet and a minimum supply of 250 cusecs for 240 conseeutive days has been tha
hasis of negotiation. This is equivalent to some 54,000 e.h.p. (Table 4). Thers is
little doubt that, as arule, power of this order could be generated for a longer pe-
riod in most years; but as matters stand, it cannot be guaranteed. The con-
struction of a supplementary reservoir above the lake, in the Cardamon Hills,
Travancore, would enable 150 cusecs to be given continuously, and this might
indirectly benefit industrial India (including this progressive State) greatly, as

“the manufacture of fertilizersis proposed. For reasons which cannot be dis-
cussed here the supplementary projeet is held up, but it is highly important
that a settlement should be arrived at. A suggestion may, however, be hazarded
as to the project as it stands. The draw-off level is fixed by the location of the
tunnel which carries the supply through the water-shed; and the lowering of
this tunnel a few feet, so as to increase the possible draw-off, would be
a costly matter. If, however, a power plant is put up, utilizing the full 1,000
feet head, it would be a comparatively simple matter to utilize a fraction of
the power to pump additional water from the lake, below the present draw-off
to the tunnel level, a suitable intake chamber being constructed for the purpose,
Thus, if the total lift were b feet not .much more than one two-hundredth of
the power would be sacrificed and a much longer working period would be
possible. (Map 58, G. 2, 3.) . o .

Pykare River—A project to utilize this river (See Table 4) for the supply
of the Ootacamund Distriet (156 miles from the town) was drawn up by Mr. H.
P. Gibbs and has been the subject of negotiations between him and the Govern-
ment of Madras.  The lowest gauging recorded on the river at the power site
was 9} cusecs in 1914 ; -gaugings have been resumed since and have varied from
15} cusecs minimum in 1917 to 19 minimuin in 1918, Two falls aggregating
practically 900 feet could be combined, but it is believed that 3,000 feet could

i be obtained by tunnelling through the watershed to the catchment on the
north. A storage site exists above the wupper fall, but the capacity is
not known. It is believed that the scheme is good for at least 2,000 e h.p.
or more continuously. The mean rainfall is about 76 inches and both monsoons
affect the catchment area to some extent ; from January to March® however the
uverage precipitation is very low. The calchment area has not yet been
determined.-{Map 58, A 10.)

Sandy Nulloh.—Five miles from Ootacamund. This small scheme with a
minimum flow of 1 cusec and 2 fall of 1,000 feet is being investigated for local
employment ; ses.fable 4. _

Sileru River: see Machkand. :

Silent Valley—The District Forest Officer, South Malabar, states that a short
dam 200 feet high would form a reservoir 6 miles long, though not of great width.
The positign is 1} miles up stream (name of river not given) from the point
where the river crosses the forest boundary. The rainfall is at least 150 inches
and the catchment “large’”” The fall available is not stated; but there is a
* considerable drop” into the plains of Malabar, South of Mannaghat. The dry
season lasts from the middle of January till the end of April. (Map 68 A B).

Singamputti Scheme.—Madura District. " This was mentioned, but the site
has not been identified, N
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Siramalai Hills.—Mr. H. Perry has suggested that a power scheme for the
Madura District ean be formulated in these hills, situated 20 miles from the town
in the Ammayanayakanur Zemindari.,- The rainfall map shows a mean between
30 and 35 inches in the surrounding plains, but the hills rrobably receive more;
Mr. Perry’s estimate, obtained from a Planter, is 65 inches; but there are mno
true records in the hills. The catchment area proposed is only 8 square miles,
and a considerable number of artificial reservoirs is proposed ; the fall available
is stated to be 1,600 feet. The power available is estimated by Mr. Perry at
« 8,500 h. p. per minute,”’ and the words italicized show that caution must be
exercised in accepting his conclusions ; see Appendix IV. The project requires .
to be examined by an expert, and may prove less expensive and more reliable
than would appear at first sight;; various enquiries were made adto its practi-
cability by persons interested in local industries. (Map 587 4).

Siruvani River.—Tributary of Bhavani. A project, first mooted so long
__ago as 1879, has recently been investigated for utilizing this stream for com-
bined water supply and power to Coimbatore, which is 26 miles distant. By
damming up the valley so as to form a lake, and piercing the ridge with a tun-

nel, there would be an available fall of some 1,200 or 1,300 feet; some of the

tail water would then be piped to the town for water supply. ' The minimum
flow of the stream is small (43 cusecs) as the catchment ares is only 6% square
miles, but as it receives both the south-east and north-west monsoons, with an
annual rainfall of 75 inches or more, it is merely a question of storage. From
December to March there is not much rain. The proposed dam would hold up
from 280 to 450 million cubic feet according to height, from 120 to 140 feet:
and with the fairly frequent rainfall replenishment it is believed that the site is
good for about 2,600 to 5,000 e. h. p. continuously. (Table 5). The tail waters
can be used for irrigation. Investigation is still Proceeding. It is understood
however that expert geological opinion condemns the dam foundation, and if
this is so the scheme cannot materialize. The neighbouring Kundah River
scheme is more promising, though the Siruvani can still be used for water
supply. (Map 68 A 12, 16).

Sursli River.—See Anamalai Hills.

Tambrapani River.—The Paponasam falls, 22 miles from Tinnevelly and 54
from Tuticorin, are 250 feet high. The river is already utilized by Messrs.
Harvey Brothers for their mills at Ambasamundram. Gaugings have been
made in connection with ‘an irrigation reservoir above the falls and work will
proceed. (Map'58 H 6, partly unsurveyed).

[CaNAL Faris, MaDras.
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~_ Canal Falls, Madras.

~ The following falls, of which the exact positions are recorded but not
printed here, are capable of utilization for power on g small scale. Nos. 1 to12
are on Map 94 and therest on Map 95. It is proposed to uwse Neo, i7 for
pumping from the Kistna River to irrigate 10,000 acres. The remainder are
not required either for sub-soil pumping or for pumping to uncommanded areas.
The power aggregates about 3,300 e.h.p.

Fall Minimuom

S;\Tr&;l] Canal. . Position,  in flow escept | Working pericd.
feet, at clogure.
. : =
- Godavari Eastern Delta. ) .
1 | Cocanada Canal . - | Medapadu lock weir .{ 100 - 373 11 months.
2l . . | Tossipydy Lock . .| 78] 268 .
3 . .. lonitapayteck . . 85 | " 108 N
4!Bamk , . . IKuaLok . .. .| 88 (0 S
b Cm-inga.. . v . | Vella Lock_ . . . 825 91 ”

Guduvars Ceniral Delte. |

6 Ganﬁnvaram Canal . . | Gopalpur Lack . . 480 425 11 months. -
h 7 ” » . Mondepulanka Lock . 568 287 »
8 Bank » . .| Wadapalem Lock . . 526 414 ” ]
9 | Amalapur . . | Palivela Lock - . . #16 v+ 407 o
Godavari Western Delta. b
10 | Bank Canal . . . ; Siddhantam Lock . . .]g fi{;:O 100 |11 months.
Kistna Eastern Delta. ‘ i \
11 | ByvesCamal . . .|Eomatiguntsweir . .| 684| 1350 _ |94 to 10 months.
12 [Bandar ,, - . . |Kankipad Lok . . 425 481 ;,
13 " - . Veeranki Lock . .| 1041 224 »
14 | Bantumilli,, « . .[CovtaamLock . .| 560 316 -
Kistna Western Delta. _
15 | Bank Camal . . | Kollar Lock . . . 554 330 94 to 10 months.
16 | Commanur ,, . . | Kollimerla Lock . . 560 324 »

17 | Hoad of Commanur Canal | Duggirala Tock . . 7§ 200




APPENDIX XII. |
Sites in North-West Frontier Province.

fndus River.—~This is not considered likely to be capable of - development,
at any rate economic development, in the Himalayan area ; the proposed Sukkur
barrage (Bombay Presidency) may or may not be able to supply power. It is
early to speak of this until the project materializes, but the possibility of high
level pumping to canals, should it be required, may be borne in mind.

Kunhar River.—This joins the Jhelum not far from the Abbottalad-
Kashmir road and had many rapids with a large perennial flow. As however
the district is within easy transmission reach of the Kashmir Darbar’s power

_station at Mohora on the Jhelum (table 2), where much surplus power is already
installed, it is unlikely that any other large scheme will be required for the
present. (Map 43. F 7). o

Sinan River, trib. of Indus.—This flows in from north of Mansehra, and at
the time of the Boer War a small plant was erected on one of its tributaries to
supply the prisoner’s camp. It was subsequently dismantled. It is probable
however that sites exist in the main stream, which has not been prospected.
(Map 43, ¥ 3). <t

Canal fallsin N. W. F. P.

Upper Swat Canal.—Soon after leaving the headworks this runms
through the Malakband tunnel and then, on exit, down a steep river bed,
which is pitched. At Dargai the Tight and left bank canals take off.
The discharge of the canal is 2,200 down to 1,000 cusecs, and the drop
available below the tunnel is about 230 feef, giving a minimum power of
20,000e. h, p. Mr. Sangster, who was in charge of the works, and Mr. Wal-
ton, his assistant, read papers on the subject before the Simla Enginecring
Conference ; and Captain (now Lt.-Colonel) Battye proposed the utilization of
the falls for the manufacture of nitrates, in a paper read before the Punjab
Engineering Congress. The district however is a wild one. Constant power
_could be obtained by tailing into the river below the power house instead of
into the canal as proposed by Mr. Sangster. The canal has to be closed for 10
‘days every alternate year to provide local irrigatidn in the rains on the banks.
lower down the river. Riparian rights necessitate this. Otherwise the canal
could probably be run constantly.

Upper Swat Canal.— Branches. By utilizing the existing falls these have
considerable power available; there are frequently groups which will permit of
30 to 50 feet drop with a minimum discharge of several hundred cusecs ‘during
about 286 duys in the year: TUnless required for irrigation pumping however
there is not likely to be much demand for power.

Lower Swat Canal.—There are no falls suitable for power here, but ncar
the head works power is now generated for the works by dropping the water
about 50 feet down into the river area, where there are sinall canals that require
feeding. The site could be utilized later. There-is also another small scheme
near the tail of one of the distributaries, for developing power for pumping
\dva.ter for a new grass farm. Elsewhere no pumping is -required in this

istrict. -

Cabul River Canal.—A sctheme has been considered for running water
from one branch to another, near Peshawar, giving a 50 foot drop.
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Baspa Biver, trib. of Sutlej. At Raturing gorge this powrs over a series
of cataracts below Sangla, with a drop of about 500 feet in haif a mile. It is __
believed to be a good site, though remote. (Map 531, 7.}

- Beas River.— This has not, so far as is known, been prospected for power.
Between its rise at the Rohtang Pass in Kulu and the plains there are however
continual rapids, during which the descent amounts to several thousand feet.
Whether there is any concentration of falls sufficient to allow of economic
developmeng is not known. Several of the larger snow fed tributaries in Kulu,
espetially the Parbatti and the two rivers flowing in at Largi, have also great
potential power; but they are used for extensive timber transport up till the
‘monsoon, so it would perhaps be impossible to divert the water from the stream
without interfering with forestry. The catchment area is 5,700 sq. miles and
the average rainfall over it is 62'5 inches. The maximun flood at Naushera is
325,000 cusecs and the minimum recorded discharge 2,600. (Map 63 A 1,5, |
9,13,14and B 2).

Chenab River. (Kashmir ).—A project has been proposed for utilizing
this river at Riasi, where 30,000 e. h. p. ¢an, it is said, be developed, The

_catchment area is 12,000 sq. miles, of which half is in the exterior Himalayas,
and the average rainfall is 41-7 and 28'7 in the exterior and interior divisions.

- The maximum observed flood carried some 600,000 cusees and the minimum
recorded discharge s 3,884 at Marala. (Map 43 K 16). '

Giri River.—The upper reaches of this perennial river were prospectéd
about 1900 for power for Simla, but the Nauti Khad was found preferable.
There are probably good sites for power lower down, but they are not recorded.
The rainfall is from 50 to 75 inches, and is well distributed except for October
to December, which are dry months. Much of the winter rain falls as snow in
the upper areas, thus tending to equalize the discharges. The catchment area
is about 600 sq.miles at the junction a few miles from Solon. (Map 53 F 6,10).

Haro River, near Hasan Abdul, Attock. Enquiries have been made re-
garding this river and the Jablat (or Chablat} in the same district, and dis-
charges were asked for. There is said to be a fall of 50 feet and a good peren-
nial discharge. -Rainfall 25 to 40 inches. (Map 43 C. 5, 9, 13). _

Tudus River.—(Sece also entry under Bombay). The catchment areas
above Kalabagh amount to 50,400 sq. miles in the exterior Himalayas and
63,000 in the interior range, with average rainfalls of about 26'6 and 7-6 inches
respectively. The maximum recorded flood discharge at Kalabagh is 1,000,000
cusecs and the lowest observed flow 18,870. The bed here is narrow and if a
100 foot dam could be constructed the sninimum power would be about 170,000
e. h. p. Below the bed widens out greatly, su the flood aflux would be small,

Jablat River.—See Haro River, _

Jumnna River.—(See also entry under the United Provinces). The catch«

~ment area above Tajawala is 4,400 sq. iniles with an average rainfall of 73"
inches, 'The maximum recorded flood carried about 273,000 cusecs and the
lowest observed flow was 2,195 at that place, ' j -

Jhelum River, ( Kashmir ).—Already partly developed at Mohora (Table
2 ) but further power can certainly be obtained. The flume line of the jexisting
plant is large enough for 4 times the power now installed. (Map 43 J 4 ).
Captain (now Lieut.-Colonel) Battye, R. E., in a paper read before the Punjab
Engineering Congress, 1914, suggested using this river for power at Rasul, at the
head of the Lower Jhelum Canal.” A flow of 4,600 cusecs and a head of 80
feet were stated to be obtainable, giving 83,000 e. h. p. (8ee Table 2). The
catchment areas in the exterior and interior Himalayas are 7,000 and 8,000 sq.
miles respectively, with average rainfalls of 89'5 and 462 inches. The maxi-
mum food at Rasul carried about 500,000 cusecs and the minimum recogded
discharge is 4,500 cusecs. T~ ) _

Kishenganga River, tributary of Jhelum ( Kashmir).—No information
is available, but the catchment area is certainly over 2,000 sq. miles at the
junction with the main river, and it is snow fed. ( Map 43 F 11,14, 15).
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Kunhar River, tributary of Jhelum.—No information is available, but
the catchment area is about 1,000 sq. miles at the main junction, and the river
is snow fed. (Map43F 6,7,9,10). ‘

Mogri River.—Rampur Bashahr State. The Chief Wazir of this State
believes that a fall of 600 feet or nore could be obtained in a mile or two of
channel in this river, which is snow fed and has a dry weather discharge suffi-
cient to drive about 10 of the local water mills -—or say 30 to 40 cusecs. The
stream is probably worth 2000 e.h.p. or more. (Map 53, E 11, 15).

Punch River, tributary of Jhelum, (Kashmir).-—This appears fo be worth
examination near Kofli where the catchment is about 1,400 sq. miles; but no
information exists regarding the river. It will be snow fed during at least the early
part of the hot weather, as it rises in the Gulmarg snows. (Map 43 G 14, 15).

Ravi River.—This has not been prospected in the hills, but certainly has
considerable possibilities. Where the Upper Bari Doab Canal takes off near
Madhupur a gross fall of 109 feet can be obtained in 46 miles; 140 feet in 7}
miles ; 175 feet in 93 miles; and 200 feet in 13 wiles. Mr. Milne in a paper
read before the Punjab Engineering Congress, 1919, states that the minimum
recorded discharge there is 1,300 cusecs, which would give a continuous 12,000
e.h.p. on the smallest and most practicable combination of these many falls.
The excess waber not required for the canal could bLe surplussed back to the
river. The project has been estimated to cost Rs. 530 per e. h. p. or Rs, 716
per kilowatt installed. See entry in table 5. The normal supply is nearer
5,000 cusecs. A cross-section is available but is not printed. The catchment
area of the river is 2,500 sq. miles with an average rainfall of about 93 inches.
The maximum flood discharge is about 200,000 eusecs agd the minimum re-
corded flow 1,303 cusecs at Madhupur. (Map 43 P. 11, 14, 15 with 52 D 2).

Sutlej River ; Bhakra Dam project.—The proposal to use the great power
of the Sutlej where it enters the plains near Kirthpur, north of Rupar, at the
head of the Sirhind Canal, is not dependant on, nor does it in any way interfere
with, the project for storing some 112,000 million cubic feet of water hehind
this 895 foot dam. The proposals given in Mr. F. Milne’s paper, read before
the Punjab Engineering Congress at Lahore in April 1919, involve tunnelling
through the spur round which the Sutlej makes a great loop at Oel and Anand-
pur; afall of some 430 feet or 330 feet effective can be obtained in this way,
and the minimum discharge of 2,700 cusecs ( usually not below 4,000} which
must in any case be allowed topass down the river could be utilized to give
some 81,000 e. h. p. continueusly. The lake would extend above the head-
works, but its storage would not be drawn on beyond the minimum flow com-
ing in. The cost is estimated to be Rs. 813 per kilowatt installed. The only
differences that the dam project makes-in the hydro-electric is- that, if the for-
fner is built, the tunnel will be under the pressure of a considerable head of
water ; whereas, if the dam is not built, a diverting weir must be built across
the river at the tunnel entrance. It is probably that below the dam also some
10,000 e. h. p. could be obtained if the main scheme is blocked by the fear of
interference with irrigation. This site was first, suggested by Messts, Cromp-
ton & Co. in the early mineties. - The reaches further upstream have doubtless
‘great possibilities, but at a much higher cost. The catchment areas of the
river amount to 5,000 and 16,000 sq. miles in the exterior and interior Himalayas
with an average rainfall of about 44 inches inthe former. The maximum
flood discharge is about 300,000 cusecs and the minimum recorded flow 2,818
at Rupar. (Map 63 A 7, 8, 11, 12). )

For the.construction of the dam, and the tunnel also, power to the extent
of about 3,000 h. p. will in any case be required ; and this can be obtained from
a site 4 miles from Nangal, on the same loop and below the dam site. Here
a minimum of about 15,000 e. h. p. can be obtained under a comparatively
low head of about 30 feet, unaffected by the flood rise. The cost, including
transmission to the works, is estimated to be about 10 lakhs- for the power
actually required, but it would seem preferable to so arrange that the whole
power can be developed. If the demand later on justifies it, and the tunnel
bhas been built (which would certainly be an advantage in constructing the
dam) then the larger project could subsequently be matured, Certainly several -
thousand h. p. could at once be used for the Kalka-Simla Railway and-other
requirements within easy reach.

o )
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Sutlej River—At Khatolu gorge, 2% miles from Sarahan on the Hindustan-
Tibet road, there are cataracts for  of a mile with a single drop of 30 feet
included. During the monsoon however the rise of the river practically
obscures the falls, s it would only be possible to utilize it with a considerable
dam for-giving a head. The minimum perennial discharge will be of the order
of 1,600 to 2,000 cusecs and the site appears promising, though remope,
(Map 53 E, 14, 15). :

Canal Falls, Panjab.

Note.— Discharges ixven are mostly the normal full discharges. Minima ave being collected and
will be available later. Serial numbers refer*®o & map on roecord in the Survey. Falls less than 8 feet not .

given.
UppeR JHEELUM CANAL.
Serial. | Name of channel. _ R.D. !‘ I’:ﬂi‘culnrs.‘ If:IoZ:d _Nm?al gﬁi’;ﬂ;‘:gf

g . discharge. :
| MainLine . .| 240000 Fal . . . . 50 | 3,000 Seenote) ... -
2| Do . .| 418000 |Fall (combined) . .| 20 1,000 See Note.
$ | Gujrab Brapsh . g0{Fall . . . .| 8 |20
4 D7 . 1,30 Do, . . . .- & | 1,868
5 Do. _ J %000 De. . . . . s | 180 -~

. LowER JEELUM CANAL. -
1. ( Northem Bank .| 342,080 [Fall . . . . 3 294 ] voe
2 Do. 343,030 ] Fall fl 3 | 204 .
3 Do. - 348,580 | Do. }m e wmbinedi 100 204 —
4 Do. .. aas080 |Fal . . . .| & | 24
5 |Sulki Branch .| 13526 [Do. <z . . .| & 357
8 " Do." 1 14000 | To. 55 [ a4 )
) UrPER CHENAB CANAL.

1 | Moin Line, lower .[ 716,000 | Fall and bridge . - I 85 [ 9,070
2 Do [ 22100| - Do . . .0, 10-5, 7,889

LowER CHENAR CANAL.
1 | Bhawana Branch ,,. 7,600 | Fall . . .- . 92 428 we
2 KB;';m 7. Major s,:oooJ Do. . . . I 314 .
3 |BuralaBramch .| 164600 (Do . . .- .| 82 350 |
4 UBF::ch. Gugera | 219,000 | Do. . . . . 86 v 850 SeitNe':::f

UrreERr Bari DoaB CaNAL.
1 {Salampur feeder . 6,486 liapids No. 8 and bri#gf; 83 ( 1,89 Se:tﬁg
2 Do. .| 38,845 | Rapids No, 11 and bridge.| ~ 93 1824
9 |MainLine . .| 18,300 | Rapids No.9 .. 80 479
4 Do. . .| 22600 |RapidsNo.68 . .| 854782 | )
5 Do. . .| 24500 |Rapids No.7and bridge .{ 80| 4,718
6 Do. . .| 98500 |RapideNo. ¥ . .| B8l 4T3
71 Do . .| 31500 |RepidsNe.1l' . N 85| 4769
8 |Faridnagar feeder.| 21,829 |Rapids No.8 . .| 92| L774
9 Do. .| 27,697 | Rapids No. 10 and bridge. 86 | 1,764
R — —

-
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[}

UrrEr Barr Doas CAN.;Hmtd.

. -

" Serial. | Name of channel. | E. D, Farticulars. Head ! #‘f’ﬂﬁ“l Minimam
. T : . discharge, scharge.
10 |MainLine . .| 54,500 | Rapids No. 16 and bridge 85 | 4,605 )
1 Do. ~ .| 6n000!RapidsNo. 18 . .{ - B85 | 4,695
12 ! De . .| 92,142 | Taghal rapidand bridge . 80| 6,202
13 | Do . .| 101,072 |Dhambai bridge and fall . 85 | 6,300 )
4| Do . .| 114000 Nanunesgal bridge and [~ 100 | 6,330
15 [Main  Bramch,. - 42,849 | Dhariwal bridge andfall .| 110 | 4270
16 ','."Bff .| 49768 | Kunjer bridgeand fall .} 90| 4,200
17 Do. .| 128,600  Aliwal regr. and fall . 80 2,631
18 | LohoroBranch .| 25000 | Sanchur bridge and fall .| 100 | 1,080 |
19 Deo. .| 96,003 | Raneywal bridge and fall 86| 872
205! Subeaon Branch .| 34,860 T}lfl}]\'el Walad bridge and 84 790

LowEiR BARI DoAB CANAL. )
1 |MainLine .. .| 326,068 | Fall and bridge . . B 4,291 See Nate
s | Do . .| 493780 Do. . 8| 37 2 end.
) " SrrEIND CANAL.
1 |Abohar Branch .| 23,000 {Khenpar .. . .| 8 | 2,506 ;
2 Do. .| 47,000 | Chupki .o 8 | 2aes
3 Do, .| * 89,500 | Ballowal . . 1 8 2,820
4 Do. .| 105,000 |Ahalgerk . . .| 1] 275
5 Do. .| 128,000 e 823 | 2,667
6 Do. .|-.213,000 | Doodbar . ., .| 100| 2386
7 Do. .| 284000 |Gholis . . . .} 82| 1967
8 Do. .l 289,000 | Chanmowal ¢ . 3 80|77
9 Do. . | 832,000 |Samalear .~ .| 80! 1562 7
10 | Sultej Nar. . 98,000 | Baraghar . . . 981 400
11 Deo. 110800 | Matka . o . 1 1007 400
12 | Bhatunds Branch.| 92,260 |Ehair . . .| 8¢ ] 2,020
13 Do. 58,900 | Jaghera . Y ) 76| 2001
14 Do. 87;,500 Kanganwala . X . 101 1,982
15 -1 Do. .1 188,000 | Lobgarh . . Lo 8.1 Lo
18 Do. .| 185,000 |Chambbai . . .| 10 | 1861
17 I Do. | 277000 1Ballohi: . ., 86 | 1,08
18 Dao. .| 807,000 | Sadhana . . . ‘ 77 | 1,010
19 |EottaBranch .| 150(0 |Dalowal . . .| 4| 1427
20 Do. | sees0{Solar . . .. .| 8 | 1414
21 { Do .| 61,666 | Banbbowm . . g | 1400
22 [ Do .| 122,75 [Sogm .. . . .| 81 2,006
23 Do, .| 185,000 { Harigath . . . 8 847
24 | De .| 215000 [Sahoki . . . . 89| 604
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SIRHIND CANAL-—contd.™

: Normal ..
. . Head | Minimum
Sevial. | Name of channel, R.D. Pnrtmulars. feot. discfh':l:ga digcharge,
25 {Kotta Branch .| 269,000 | Ralla . . .. 86| 617”7
28 |Ghagger Bramoh .| 28,000 |Thus -. . . 11| 719
27 Do. .| 65000 Nidsmpur . . .| 85| 678
[ 1]
‘88 Do » 185,000 {Sular . . . ., 80| 311
WESTERN JUMNA CANAL. d
1 | Sirsa Branch .| 168,000 | Fatehpur . - .]“" 88 | 1,241

Of the above it has been suggested by the Chief Engineer that the
60 foot fall on the Upper Jhelum Canal, serial 1, at R. D. 240,000, could be
employed usefully at Khewra Salt Mines and Dandot Collieries, but the
closure “would be & drawback. This may, however, be reduced when the
Woolar Lake Barrage in Kashmir has been built. Sir Louis Dane -also
suggested the employment of this power for irrigation pumping to the tract
between the®North Western Railway and the Upper Jhelum Canal, where the
closure would not matter, but the question of the sufficiency of the supply
for the rabi erop would have to be considered. The power available on
normal discharge is nearly 14,000 e. h. p. but the minimum and period of
" closure have not come to hand. :

The 20 foot fall on the same -canal (serial 2) at R. D. 418,000 could be
used at Gujrat and Wazirabad, where some industries exist. The power avail-
able on minimum discharge (subject to shert closures) is 1,800 e. h. p. .

~ The falls on the upper reaches of the Upper Bari Doab Canal have been
dealt with above in connection with the Ravi River. Serial 4 on the Lower
Chenab Canal was at one®ime proposed to be utilized for the * Buchiana Lift,
Project’’ of irrigation ; it is found however, that the area can probably be
commanded by gravitation flow.

There are the-following areas of high land within reach of the power and

« water of the' Lower Bari Doab Canal, which could ‘be used for irrigation
pumping, wviz., Renala, 50,000 acres; Okara, 1,800 acres ;&doretgomery,
1,750 acres. The closure would not matter for this. ‘

Apart from the power ascertained in these notes on’ canal falls, those
not specially mentioned would yield the following amounts on the discharges
given, which are mostly normal and not minimuwm discharges, viz.:—

Upper Jhelum Canal .. . . . . . 4,000 e. h. p.
Lower ” » . . . . . . - 3,300 s
Upper Chenab . . . o 14,500,
Lower " »» . . . . . . 800 »
Upper Bari Doab ,, (58,000 total) say N . . 46,000 %
"Lower " " . .. . ‘ 5,800 -
Sirkind » . . . . . . . 32,800 i
Western Jumna 1,000 »-
- ‘ Torar 108,200 ,,

The power in any particular inéfance may here be found by e.h. p.
_ cusecs X fall in feet. o vl
o 19




APPENDIX XIV.

Sites in the United Provinces.

‘Alaknanda.—(See also Bhagirathi River).—This river, also called the
Vishnuganga, has a cafchment area of some 4,500 square miles and drops
5,000 feet in 16 miles between Badrinath and Vishnuprayag. The gorge 2}
miles above Rudraprayag would be difficult to develop and is very out of the
way ; but the river is snow fed and could undoubtedly be developed at a cost.
It is ' reported that the limestone cliffs of the gorge are 150 {feet above the bed
pf the river at this place, where it takes a sharp bend. An old channel cuts
a chord across this bend, with the pilgrim route to Badrinathparallel to it.
The suggestion has been made that the old bed could be cut down to the present
water level and sluice gates constructed on it; the river could then be diverted
Avhile a dam is built across the gorge. Presumably a second dam of the same
height would be necessary across the cutting. Arrangements would be
required for passing timber’over. A light railway to Karanprayag is under
consideration. (Map 53 J 15-16 or N 3). -

Bakher Nadi—Tributary of Belan, Mirzapur.—There is & reservoir site
here designed to hold 1,400 million cubic feet of water for irrigation purposes;
but as the catchment area is.318 square miles with a good run-off and a rainfall
of about 40 inches it is believed that 8,000 million cubic feet or more could he
reckoned on with a higher dam. Some 87 per cent. of the rain falls between
June and September: The Sirsi. fall near.by has a drop of 90 feet. The
project makes an admirable combined irrigation and power scheme, as the tail
waters could be stored lower down and yet above the ecanal. The site appears
likely to yield at least 2,000 e.h.p. continuously, and probably much “more.
It is worth further investigation. (Map 63 L 9). o

" Baur River.—Naini Tal District.—The minimum recorded discharge at
' Dechauri is 9 cusecs and -the stream is small and urrpromising. (Map 53 O 7)..

Belan Nadi.—Mirzapur.—There is a possible reservoir site (unsurveyed),
_believed capable of storing 5,000 million cubic feet, above the Mukha fall of 80
to 100 feet, 6 miles west of Ghorawal. It has so far not been examined as the
cost of the submerged villages and land would be high, but it offers consider-
able possibilities for power (1,600 eh.p. or more) and irrigation combined.
The catchment area is about 250 square miles with a rainfall of about 40
inches, which practically all falls between June and September. (Map 63

L 9, 10). ‘
Bhagirathi River.—Tributary of Ganges.—At the junction with the
Alaknanda, al'Devaprayag, there are rapids with a perennial snow-fed discharge.
Reconnaissance is desirable, as the catchment is nearly 4,000 square miles.
The President of the Council of Regency, Tehri-Garwhal State, has examined
this river and its tributaries beyond Barahat, and calls-particular attention to
the Assi, which joins the main river 2 miles above that place. This is a peren-
nial stream, largely snow fed, and bas a fall of some 1,275 feet in 8 miles in its
lower reaches, which are at an altitude of 6,000—7,000 feet. The estimated
discharge between the 14th and 20th May 1919, was 400 cusecs. The site is 40
miles from Dehra Dun. (Map 53 J, 5, 6, 12).
Chandrapabhe River.—Benares State.—There is a small storage site to
. hold some 300 million cub. feet which was surveyed but not proceeded with,
. A 200 foot fall is said to exist near Baraur. Site not identified, but probably .
north of the Son River. The power possibilities appear small, though in
combination with irrigation it might be developed. A request to examine the
site has been received through Government. The rainfall is about 40 inches of
which ‘about 31 inches fall between June and September. (Map 63 P).
Dabka River.—Naini Tal District.—The minimum recorded discharge is
10 cusecs at Keta, and the river only offers small prospects of power
apparently. No information as to falls. {Map 53 O 3).
"~ Ganges River.—(See also Bhagirathi River).—It has heen recommended
‘that levels should be taken from Rikhishesh up to Phul Chatti or beyond;
the latter region is believed to offer possibilities, but the harnessing of such a
river is likely to be very expensive. The site has nat been identified at present.
Being snow fed from the main Himalayan range there is of course enormous
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potential power-in the river, and it is within the bLdrders of British India,
though mostly unsurveyed. _
Garat River.—Mirzapur.—~For irrigation reasons this is said to bLe not

worth consideration, though a fall of 180 feet exists near the present dam.

| Gaule River.—Naini Tal District.—The minimum recorded discharge at
Kathgodam is 82 cusecs while there are generally at least 100 cusecs through
the dry season. The hills fall rapidly from the Bhim Tal District. It is
worth further prospecting. Iischarges are being taken. (Map 53 O 11). ‘

Gauna Lake.—Garwhal—This was formed by the great landslip of 1893
and burst in 1894, but the lake is still very large (3 times the size of Naini
Tal Lake) and it might be possible to raise a dam there. The Birehi Ganga -
flows thence to the Alaknanda. ~ (Site not identified). :

Ghagar Nadi.—Mirzapur.—The water isall required for-irrigation, so the
power cannot be ufilized unles#® falls exist above the headworks, as to which
there is no ifformation at present. 7 _

Jagei Lake.—Garhwal— Formed similarly to the Gauna Lake (q.v.)
and the same remarks apply. Snow fed. The Biera Ganga flows from it to
the Kaliganga. (Site not identified). : o

Jumna River.—The scheme of the United Provinces Power Association
(Major-General Beresford Lovett) mentioned in Table 5, was a double one.
The sites are at Jalanta and Binahar respectively. At the fermer site a double
loop was to be utilized by making two short tunnels thr8ugh the spur, a canal '
joining up the tunnels, and giving a fall from R. L. 2,362 to 2,194 or "My 168
feet gross. The latter is a single loop, involving a 2 mile tunnel, giving a fall
from R. L. 1,953 to 1,698 or 255 feet. The existing concession is pattly in
Tehri State. Minimum discharge about 750 cusecs; snow fed from a very
large area. The promotors of this scheme reckoned, after full investigation,
that they could obtain 26,000 e. h. p. at Binahar and 12,000 e. h.p. at Jalanta
at about one-third of the cost of the larger scheme. It is a matter for regret

- that for various reasons these promising schemes had to be postponed.; it is to
be hoped that they are not abandoned. (Map 53 F 14). = '

Kalaunia Nadi.~This is reported as unlikely to be of any use. It is to
the west of the Sarda. . ‘ _

Kaliganga River, Garhwal.—(See also Jagei Lake).—It has been sug-
gested that a large reservoir could be made near Launsari. The stream joins
the Kail and the Pindar. (Site not identified). N

Kanhor River, tributary of Sone, right bank conditions similam to Rer
River (q. v.) and worth investigating. (Map 63 Pu.3, 7, 8). _ :

Karanauti, Khajuri, Dahwe and Jargo Nadis, Mirzapur District.—Thess
small nalas rise in the lower scarp of the Vindyas and flow north to the Ganges.
There are small storage sites and falls of from 50 feet npwards, but in" view of
the better sites in the district they are at present not worth more than .record.
Some power however can doubtless be developed, and might be useful to the
neighbouring quarries, Rainfall about 40 inches, nearly all between June and
September. (Map 63 K 12). :

aramnasa River,  Benares State.—At Nangarh, 40 miles south of
Benares, there is a reservoir site .investigated by the Irrigation Department
and found capable of storing 3,500 million cubic %eeb at a cost of 12 lakhs; as
an irrigation project it was abandoned. A smaller site holding 700 million
cubic feet was also located on the Gurwat fributary, 4 miles below Nangarh,
Near here there is said to be a fall of 240 feet and another of 100 feet, on the way
down to Chakia, where the reservoir of the Benares State Canal is sgituated;
possibly they can be combined. The value to the Sfate of the tail waters of
the proposed large reservoir, in keeping the existing irrigation reservoir always
supplied, is obvious. The site seems likely to afford at least 4,000 ¢. h. p. con-
tinuously within 40 miles of Benares, probably far more, and is well worth
further examination. Details of the sites are available in the Chief Engineer’s
office. A request to examine the site has been received through Government
on behalf of the Benares Darbar, and enquiries have been made by  Messrs.
Martin & Cos The rainfall is about 40 inches of which 31 inches fall between
June and September. (Map 63 P. 5).

'Ken River, tributary of Jumna.—At Paind village, Panna State, below
junction with Sunai (Sonar ?) there is & favourable reservoir site with a cateh»

r2



. 102 UNITED PROVINCES SITES. [Are. XIV,

ment area of 5,700 squaffe miles and a recorded flood discharge of 325,000 cusecs.
"The site has not been identified. (Map b4 P ). .
* Khoh River, Garhwal —This falls very low but does not dry up. About
4 miles above Dogadda (on the cart road to Lansdowne) a promontory almost
closes the ravine., It was proposed some years ago to make & dam here to
generate power for a ropeway between Lansdowne and Dogadda, Lut the
project was dropped in 1914. Bite not identified. (Map 53 K 9, 10%).

Kosi River, Naini Tal District.~The minimum recorded discharge at
Ramnagar is 152 cusecs, and the dry weather flow is generally over 200 here;
there are no gaugings higher up, where falls c4n certainly be developed. The
-river is not fed from the perpetual snows, but rises in high altitudes in the
Almora district, with a rainfall of 50 to 100 inches. November and December
only have averages below an inch, though July to September gets most of the
rain, The river merits further investigation and is being gauged. Near .
.I%f.awalléagl)l it is reported that damming would be feasible and power obtainable.

653,0). , . '
( PMussoorie.-—In addition to the “existing development for Mussoorie and -
Dehra the Kamptee Falls'on the Ringel Gad were mentioned and are to be
examined. The catchment is only about 4 square miles. The discharge in 1919.
fell to 4-8 cusecs as there was considerable irrigation higher up. A fall 'of 896
feet can be obtained with a flume of 1,850 feet, and aregulating tank can be -
built. The minimum&scharge of the Bhatta, which supplies Mussoorie (see
Table 2) was 8 cusecs in 1919... The Rispana stream had & minimum discharge
of 38 cusces in 1919 and a fall down to Mukrat of 720 feet with a pipe line of
4,100 feet. The Aghlar stream is more considerable ; it lies between Mussoorie
and the range to the north. The discharge below Tonata at the junction of the
Khakrana was 54 cusecs ; at the Bhilaru junction 41 cusecs; between Kempti
and Bhilaru streams 65 cusecs; and at Kempti junction 41 cusecs. The
average fall is 150 feet per mile for 6 miles. The country is difficult and
transport of machinery would be costly, but this river seems the best for the
Mussoorie-Dehra extensions. (Map 53 J 3 7).

yaini Tal Lake—Lhe old proposal to utilize this lake for the supply of the
hill station is again under consideration of Government. A head of 1,000 to
1,350 feet can be obtained. It is proposed to instal GO0 kilowatts (450 working
and one spare set) at a cost of 4 lakhs, The storage avea, if a dam is built, will
be considerable ; but the mud flats when the water is low may prove objection-
able. (Map 53 O 7). ~

Nandhaur River, Naipd Tal Disfrict.—1he minimum recorded discharge
“is 18 cusecy at Chorgallia canal headworks, while the average is considerably
bigher thfoughout the dry months, from 22 to 60 cusecs. Falls have-not been
located and the catchment is small. Rainfall 50 to 100 inches, well distri-
buted. {(Map 53 O 12, 16). N .

Nayar River, tributary of Ganges.—There is a waterfall in the Fastern
branch of this river near the Baijran-Kainur Road, 40 miles north-east of
Lansdowne (Garhwal). No details are known, but the rainfall in the large
upper catchment is about 75 inches. A plan exists, fully worked dut, for
making an irrigation channel to take out of the Eastern Nayar, a little above

-its junction with the Westers Nayar, to run by a sipbon under the latter and
then proceed along the Main Nayar to Banghat and Bilkhet. It is said to
‘be possible to adopt a similar project for power purposes at Bilkhet where there
is a broad piece of flat land and terraces with a fall of 50 feet. (Map 53 J 16;
K 9,13; N 4). .

Paisuni River~—Near Markundi station there is a fall of 150 feet. The
river dries up entirely, but the catchment is 175 square miles with a rainfall of
40 inches between June and September. Storage sites may be found. (Map
63 C16; D 9, 13). ‘ ‘

Pindar River.—This snow fed river carries a large volume of water from
a very large catchment, and is said to be-worth prospecting. It runs into the
Alaknanda. (Map 53 N). _ , '

Ramgunga River.—This tises in the Garhwal distriet. At Tarag Tal, in
the west Almora Forest Division, a landslip in'former times4flocked the valley
of a tributary and formed.a lake; the embankment however is far from water-
tight. - Below bere there is believed to be a fall of 600 feet or more in 1§ miles,
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The site is worth reconnaissance; but is remote. Catchment area of tributary
not known. Rainfall 50 to 75 inches. This is probably either the Gauna
Lake (q. v.) or the Jagei Lake (q. v.). but the accounts rgceived do .not make
it clear. (Map 53 0 1, 2, 5, 6.) ) ST

Rer River.—Tributary of Sone, right bank. (Rihand River in’Atlas ?).— )
A perennial stream, once estimated as carrying 200 cusecs in May, and there-
fore probably having a considerable hot weather discharge. Runs in gorges
with alternate pools and rapids, but little known. Almost certainly has power,
and requires prospecting. Rainfall 40 to 50 inches of which 93 per cent. falls
between June and October. (Map 63 L. 15,16 and P. 3, 4).

Sarasvatigange River, Garhwal~—Two miles north of Badrinath this.
river drops 300 feet where it passes through a narrow cleft, spanned by a
boulder over which the Tibetan trade route passes. The river is snow fed and
has a large hot weather discharge, but as the altitude is 11,000 feet it is unlikely
to be of any use. (Map 53 N 5.) o .

Sardah and Sarju Rivers. Naini-Tal District. Details of ‘gaugings are
available in the Chief Engineer's office, the river having been completely
surveyed for further canal projects. The river is snow fed and the water is
used for the Rohilkhand Canals; but falls can salmost certainly be developed

~..above the head works, though they may prove to be out of British India, in

the kingdgmn—of Nepal, of which the river appears to be the boundary. The
upper reaches of the Sardah are called the Sarju, and it is believed that power.
could be obtained near Bageswar and Rameswar, for the projected ropeways in
the Almora District. On the right bank,;which is in British territory, the
_Ledhia, Sarju, Gori, Dharma and Kuti flow in. Of these the Sarju is partly
snow fed and has many rapids, and its feeder streams may possibly prove of
value also for forestry. 'The Gori is also snow fed, and should be an excellent
. source of power, but it is very memote. The Dharma and Kuti also rise in
glaciers but are even more out of the way. (Map62C2, 3, 4, 7, 8.)

Tons Biver.~Lonipur in Rewah State is mentioned, the river having a
catchment area of 3,400 square miles in Baghelkliand and a flood discharge of
400,000 cusecs. Site not identified. Higher up, at Poorwa, there is a fall of
100 feet, but here the catchment is reduced to 2,010 square miles. Further up
still, at Chachai, 3 miles from Poorwa, there is stated to be a fall of 300 feet;
~ but the dry weather discharge is small and a reservoir site has not been located.
The rainfall is about 44 inches of which 41 inches fall' between June and
September (Map 63 D or H.) ' _

" Tons River. Dehra Dun. A site is mentioned near Kalsi, where this joins
the Jumn#*{Map 53 F. 10 or 14).

Note (5}—A full rq;;rt on the general features of Garhwal and its many streams has been received from the
Commissioner, Kymaon Division. The more promising have been entered above, but the list will be useful to
the officer examiffing the district. - - -

‘Note (1i).—There is doubtless great power in the Nepalese rivers Earnali (or Kauriala), S8arju, Rapti, Madi,
Budyar, Trisulgangs and its tributaries, San Kosi and its tributaries. No data are however availabie regarding
any of these rivera. .

-,
Canal Falls, United Provinces.

\ " UrrPER GANGES CANAL.
Anupshahr branch—

Anikas falls,.—Minimum 150 cusecs for 155 days. Fall 5 Seet.
Bhagwantpur falls.~Minimum 150 cusecs for 155 days. Fall 8 feet.
- Makri falls—Minimum 220 cusecs for 160 days. ~ Fall 8% feet.
Jakhera falls.—Minimum 230 cusecs for 160 days. 1'all 4 feet.
Dehai falls.——Minimum 250 cusecs for 160 days. Fall 12 feet: -
Parichatgarh falls and- -regulgfor~-Minimum 325 cusecs for 170 days.
Fall 8} feet. e
Dhakauli falls—Minimum 300 cusecs, but 400 cusecs for 180 days. Fall
7% feet. , -
Akbarpéué {alls.—l] inimum 300 cusecs, but 400 for 180 days. Fall
‘8 feet. ) . - .
- Churiali falls.—Minimum 300 eusecs, bt 500 for, 190 days. “Fall 7 feet.

Nore.—The normal flow during most of the year is much greater.
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~ Aligarh Division.
Muchua falls—~Minimum 600 cusecs for 8 months. Fall 6} feet.

Somera falls.—Minimum 600 cusecs, but 800 for 8 months. Fall 8 feet. .
Palra falls—Minimum 600 cusecs, but 1,100 for 8 months. Fall 8 feet.

Bualandshahr Division,

Walipure falls—Minimum 600 cusecs, but 1,300 for 9 months. Fall
© .5 feet. .
Sananta falls.—Minimum 600 cusecs, but 1,500 for 9 months, Fall
43 feet.

Delra falls.—Minimum 600 cusecs, but 1,700 for 9 months, Fall 7 feet.
Dasua folls.—Minimum 600 cusecs, but 2,500 for 9 months.' Fall 8 to 9
- feet, increasing with low supply. Will give nearly 2,000 e. h. p.
for 9 months. ’

Meerut Division.

Bkola falls.—Minimum 600 cusecs, but 2,700 for 9 months, Fall 12 feet.
Will -give nearly 3,000 e. h. p. for 9 months. It.is anticipated
‘that this fall will be utilized inrthe near future for the supply
of Meerut, but only 750 kilowatts (givicg 500 kW with a spare
set) are to be installed at a cost of about Rs. 5,00,000, The
projeet is now under consideration of the Lacal Government. The
inlet channel will carry 600 cusecs. 8 miles from Meerut.

Salawae falls.—’-Minimum\GOO cusecs, but 2,900 for 9 months. TFall 12 feet.
Will give 3,000 e b. p. for 9 months. _

Chitaura folls. ~Minimum 600 cusecs, but 3,000 for 9 months. TFall 10
feet. Will give some 2,700 e. h. p. for 9 months. Near Muzaffer-
nagar.

Jouli falls.—Minimum 600 cusecs, but 3,500 for 9 months. F4ll 10 feet.
Will give about 3,200 e. h. p. for 9 months. Near Muzaffernagar.

—

' ﬁorthein Division.

Nirgajni falls.—Minimum 600 cusecs, but 3,600 for 9 “months, Fall
12 feet. Will give about 4,000 e. h. -p. for 9 months. Near
Muzaffernagar. :

. Mohammedpur falls—Minimum 600 cusecs but 3,750 for 9 months, Fall

12-2feet. Will give over 4,000 e. h. p. for 9 months.
Asafnagar falls—Minimum 600 cusecs, but 3,800 for 9 months. Fall
107 feet. Wil give 3,700 e. h. p. for 9 months. Near Roorkhee.

Pathri falls—Minimum 600 cusecs, but 4,500 for 10 months. Fall 10
feet. Will give 4,100 e. h. p. for 10 months. Midway between
Roorkhee and Hafdwar. .

Sulempur and Bakadurabad falls.—Already comrbined and utilized in
part. Minimum 600 cusecs, but 4,500 for 10 months. Combined
fall 17 feet. Can be developed for nearly 7,000 e. h.p. for 10,
months. , -

Ranipur falls.—Minimum 600 cusecs,” but 4,500 *for 10 months. Fali
9 feet, - Will give over 3,600 e. h. p. for 10 months.

S e
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. Eastern Jumna Canal Upper Division.*
Bellka bridge fall. -—-Mmlmum 350 cuseos, but 740 for 9 months, Fa,ll
14} feet.
Dialpur fall—Same discharge; fall 5-8 feet
Nogla gmdge fall. —Mmlmum 350 cusecs, but 666 for 9 months. Fall
feet
Babail fall.— - Ditto.
Randoul fall.—Same discharge ; fall 84 feet.
_Ghuna and Sarkari falls. —Same dxscha.rge might be combined to give
103 fee#fall.
Hilapur bridge foll. —-Mlmmum 350 cusecs, but 498 for 9 months. Fall.
6% feet. -
" Megchaper fall.—Same dlscharge fall 4-4 feet.
Reri fall.—Same discharge; fall 3 feet.
Malri bridge fall.—Same discharge ; fall 41 feet.
Salampur fall—Minimum 250 cusecs ; fall 56 feet.

* Al} the above have lnrger discharges as a rule, from 1,000.t0 1,770 ousecs, -~

T

-

LoweR GanNces CANAL.

Bundelkhand Tract.

Information not yet-received.

-

“On the minimum discharges the following power is a.va.ll&ble (in small
units) from these canals; on normal dlscha.rrre for some 9 months 2 or 3
times the amount could be obtained, viz, :— -

UPPER GANGES CANAL.

Anupshahr Branch .- . . . . . . 1,600 e. h. p
Aligarh Branch- . .-, . . . . 1,200
Bulandshahr Branch . . . . . . 1,400 ,,.
Meenrmit Branch s . . . . 2,400
Northemm Division . . . . . . . 2800,
EasterN Jumma CaNar . ., o . £,400
- Torat. . . 11,900 e h. p.

The power in any - particular mstance may here be found by e. h. p.
- cusecs X fa,ll in feet .

12 - *




ADDENDA T0 LIST OF SITES.

Recetved after going to Press.

Assam.

Cachar.—]In the North Cachar Hills, near Subong Tea Estate, it is stated
that a valley could be dammed to form a lake in the Abong River. Other
similar sifes are mentioned near Loobah and Soonamganj; while the Kiang
River is said to be worth investigation.

"Bengal.
Tista River.—From the Tista Bridge upwards the fall is as follows :—
Oto 2% miles . . . . . . . 15 feet per mile.
2‘3‘ to 123' » . . . . . . . 18 ” ”n »n
12t 213 ,, . . . . : . R \
S8t 39F L, . . ... A8 L, .
89§to 473 ,, . . . . .. “ooess o, o,
473 to 528 ,, . . . ; . . - 228, L,
B2y to61% ,, . . . . . . . 418

18 » »

Cold weather discharge not less than 1,250 cusecs in North Sikkim.

Bombay.

Bedti BR.—Magod falls, near Yellapur (Map 48 J 9). The falls on the
branch from the South, 4 miles above the junction, are 328 feet. Falls on the .
main river 3 miles above the junction are indicated, but not their height.

# Ghataprabs B.—At Gokak (q. v.). There are said to be possibilities of
extensions, if a new dam is built at Daddi (4" topo. sheet 242 8, E. 4), and the
rapids at Katabali (4" topo. sheet 274 8. W. 1) are also mentioned.

Kanbargi ; 3 miles North of Belgaum. A combined power and irrigation
scheme is suggested, a drop of 400 feet being feasible.

Markandaya B.— There is a good waterfall on 4" topo. sheet 274 N. E. 3.

' Nagargali—There is a perennial stream with a waterfall between Duggeli
and Kirpoli, on 4" topo. sheet 277 N. W. 4.

Sonida Nala.—Near Ibihalli, Sirsi Taluka. The falls are over 300 feet
high. (Map 48 J 13 ; 14). L ' '

. Burma.

Lilu Ch., tributéry of Mon, near Paimgseik.——A fall of 100 feet with
perecnial flow reported. Shwegyin Division. *

Maisakhaing Ch. near Kyankpon.—Two fallsof 50 and 75 feet reported,
with perennial flow. Also, higher up, two falls of 40 and 100 feet knowh to
the Karens as the Donwe and Kyaukoh Falls.

Pada Ch., near Khedo.—A fall of 100 feet reported with perennial flow.
Bhwegyin Division.
Central Provinces.

Gogra B.—There are rapids near Sohagpur.

Hasdo R.—A large perennial flow over rapids of 20 feet is found 10 miles
North of the Railway,
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Narbada R.—Gaugings were taken at Khiranighat, near Jubbulpore,
during March, April and May 1919. The catchment area there is 6,500 sq.
. miles, The maximum flood discharge recorded up to date is 2,395 ousecs on
20th March 1919. The mean discharges were as follows :—

March 13th to 15th . . .. 519 cusecs . . X
” 16th to 8lst . . . 938 }Mlmmum 412 cusecs.
April 1st to 15th ) .. 403 } ‘
, 16thto30th . . . 25¢ , » A3,
May 1st to 15th T T . } 145
16th to 26th . 216, » ,

b |

Total flow in period 2,791 million cubic feet.

The Kapadhana Falls below Amarkantak are about 100 feet.

Nimgahan.— At altitude 2,700 feet there is a perennial stream with a drop
ot 1,000 feet in a short distance. .

Penganga B.—~Kinwat Forest Reserve, Berar. The Sahasrakund {fall .
near Bittargaon (Map 56 1 3) is 120 feet. A further possible site is indicated
on sheet 56 I 5, in the Kelapur Forest Reserve,

Rakshadah Fall.—This is on the border of the Lurmi Range and Mandla
~ District, near Berar Pani. Said to have a drop of 1,300 feet in a mile.

Madras.

Kolab R.—At Bargra near Jeypore; (Map 65 J 9). There is a site for
power here, reached by a footpath of about 4 iniles from the Jeypure ghat, at
mile 58-0 on the road. Three falls exist of some 150 to 180 feet in the
aggregate, but by utilizing a reservoir site higher up a.fall of 800 feet may be
obtainable. A sketch has been forwarded, but gaugings have not so far been
reported. 1t is worth further examination as the tail wafers could be used for
irrigation on the Jeypore Platean. : )

" Machkand R-—The Duduma waterfall near latitude 15° 31}, longitude
82° 311" (or 82° 28 as shown on Atlas sheet 65 J on the }” scale) has been
measured and found to be of 540 feet. A float gauging made at the beginning
of May, said to be at the driest time showed 104 cusecs with a coefficient of
0'5. The site is reached from Bugura, 22 miles off, by a footpath. A large
reservoir site exists just above the falls, and it is probable that there are many
others higher up still. No details are given as to capacity, but the site 1s
certainly good for 5,000 e. h. p. or more. Vizagapatam, where the harbour
works will require power, is 80 miles distant. ' '

1
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