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1 This is a versatile machine for ramming
1 earth. Negotiates all types of ground-
| steep, level and uncven; foundations,:
. earth dams, embankments, abutments
] etc. arc consolidated in record time.
| - .

The machine is operated on petrol and is hand-
guided. It leaps upwards and forwards all by itself.
Controlling it is casy since the cepire of gravity is
very low. On non-cohesive soils a 30 inch Toose faver
can be compicted. On cohesive soils a Joose layer of
15 inches is the maximum and 95 to 1007, compac-
tion can be obtained. o

Average forward movement — 5" per blow

App. ratc of operation —50 blows per minute )
App. coverage —280 sq. yds. an hour y

Fuel consumption —1 quart an hour 1

o R ";,. o . ‘
Take a big jump forward with the versatile Johnson ‘Frog’ Rammer
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THE RESULTS OF YOUR WORK
DEPEND ON THE CHOICE OF
YOUR TOOLS!

The choicg is, yours from a large assortment of first class drilling materials,
- \ A ".‘ .o
Sl manufactured by:

HAARLEM HOLLAND

MAKERS OF:

Alluvial Prospection Machines and Portable Production Derricks
Tools

. Diamond Coring Outfits for Surface
Counterflush Rotary Coring Equip-

ment and
Seismic Drills Underground Work
Servicing Winches General Service Drills
AGENTS
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BRANCHES:
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Please mention this journal when replying to advertisements.
ii

Barber-Greene standardization will save

. you time and money in easy selection,
Standard|zed quick delivery, simple erection, and
trouble-free operation.

You can choose from a wide selection
easy to select of pre-engineered drawings, take-ups,
frames,carriers,supports and accessories.

. No conveyor can be erected as
SImple to set-up inexpensively or as quickly as a
Barber-Greene.

Being made up of standardized com-

eas II)’ altered ponents, Barber-Greene Conveyors are
easily lengthened, shortened, or other-
wise altered to meet changing conditions.

write today for complete information:

Barber-Greene Overseas, Inc.

DISTRIBUTORS OF BARBER-GREENE PRODUCTS MANUFACTURED BY

BARBER-GREENE COMPANY, AURORA, ILLINOIS, U.S.A.
BARBER-GREENE OLDING & CO., LTD., ENGLAND

BARBER-GREENE CANADA, LT0., CANADA
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ROAD
TRAFFIC

SIGNALS
greaty sacrease
Z2no Sarery

The rapid growth of vehicular
traffic in the cities of India has
greatly increased the problem of
efficiently controlling traffic, with
safety to road users. SGE can
help you solve this problem.
Experience with installations in
many parts of the world, apart
from hundreds of signalled Inter-
sections in Great Britain, provide
tie background of knowledge and
resource of which you can have
the advantage.

Two methods of control are
available—the AUTOFLEX System
which is vehicle actuated, and
SGE Fixed Time Cycle—both of
which are fully automatic, Facility
is provided with both systems for
the control of traffic by hand.

S.G.E. Fixed Time Cycle
Signals in use at the junc-
tion of Vir Nariman Roed E
and Mayo Road, one of
the busiest intersections in
ombay.

® Our Engireers will be plessed to co-
operate in the preparation of schemes for
road traffic control, and invite you to
submit your problems for consideration.

THE SIEMENS AND GENERAL ELECTRIC RAILWAY SIGNAL COMPANY LTD.
Represented by
THE GENERAL ELECTRIC COMPANY OF INDIA LIMITED

Head Office :

‘ Magnet House, Chittaranjan Avenue, Calcutta 13

e

Bronches ot :

Bombay Madras Kanpur Delhi Bangalore Coimbatore Secunderabad Ahmedabad
Alio represented in Karachi Lahore Chittagong Rangoon

GEC 566
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ARE RIVERS ACROSS ASSAM ACCESS ROAD AND
RAIL LINK A CHALLENGE TO ENGINEERS ?

By
Kumud Bhushan Ray

LIFE LINE OF CIVILISATION

N his message to the 19th Session of the
Indian Roads Congress at Srinagar,
our Prime Minister said :

‘““Communications of all kinds are

essential in any system of plan-
ning.”

Communication is the life line of civili-
sation. Communication, between Assam
and the rest of India by rail and steamer,
was cut off after the creation of FEast
Pakistan in 1947. Since then, an all-
weather Assam Access Road and an
Assam Rail Link have been constructed.
After the great earthquake of 1950, N. E.
India appears to be having an annual
ordeal by water, every flood season. The
Assam Access Road and the Rail Link are
snapped in more places than one, so that
communication remains cut off for a few
months. Considerable expenditure has to
be incurred every year to restore com-
munication. The rivers in this region are
thus a Challenge to engineers!

LOOP CHANNELS AND DAMAGED
BRIDGES

Travelling along the Assam Access
Road, one finds several damaged bridges

1

AL

and temporary diversions. The rivers
that cross the Assam Rail Link and the
Access Road rise from the Himalayas,
the main rivers being Teesta, Dharla,
Jaldhaka and Torsa. It is noticed that
these rivers and their tributaries have
many loop channels. For example
the Gheesh and Chel, tributaries of
the Teesta, are joined together at their
source upstream. The Jaldhaka, Torsa
and its tributary Kaljani, have many
loop channels, which take off upstream
and rejoin the parent river downstream.
Conditions of flow are further compli-
cated, as many of the loop channels take
off from one river upstream and join
another river downstream.

1t is, therefore, very difficult to deter-
mine the high flood discharge, through
each one of these tributaries and loop
channels. It may happen that the flow
through one loop channel goes on
increasing, and consequently the flow
through another loop channel goes on
decreasing. At present, the flow through
the several loop channels in a river basin
is seldom kept under observation. Thus
when the flow through a loop channel
increases beyond the capacity of the
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bridge across it, there is damage to the
bridge, or the bridge approaches are over-
topped and breached.

VAGARIES OF RIVERS—-MANAS
RIVER BASIN

The Author had opportunity, in his 31
years’ service in the Railways, to observe
the several loop channels in the Manas
River Basin, Assam. The Manas,
Bholookadoba, New Hakua, Old Hakua,
Beki, etc.—which are shown in Fig. 1.
In 1909, when the railway was construct-
ed in Assam, the Manas Loop Channel
carried the main flow of the Manas River
Basin, the bridges being :

Manas Bholookadoba Baki or Mara
(dead) Manas

10 x 100 ft 2 x 75 ft 4 x 121t

In 1948, when the aerial survey map
from which Fig. 1 has been drawn was
made, condition of flow in the Manas
River Basin was quite different. The
Manas emerges from the foothills at A.
Between A and H, the slope of the country
is very steep, so that velocity of flow in
the river channel is high and hence
channel alignment is more or less straight.
Below H, due to flatter slope and lesser
velocity, erosion of banks developed a
tortuous  alignment KLMNOP, while
the channel became wider and shallower.
The longer length in a tortuous alignment
flattens the slope of water surface (S.W.S.),
while the wider and shallow channel
decreases the hydraulic Mean Depth
(H.M.D.). As a result, the velocity of flow
and consequently the discharging capacity
of the Manas Loop Channel gradually
decreased, so that it could not accommo-
date and drain away the discharge of the
Manas river basin.

There was backing up and rise of watér
level upstream so that a part of the water
found its way through the shallower but
straighter Beki loop channel, to its outfalil
lower down into the Manas loop. A
cataract action, starting at this outfall,
dug back and back through tbe Beki loop,
until it reached the railway bridge near G
and ultimately upstream at A on the
Manas loop, so that a cut-off channel was
established. More and more water flowed
through the Beki loop, whose channel
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went on improving, while lesser and lesser
water flowed through the Manas loop,
whose channel went on detoriorating.

As the deepening in the Beki loop
channel reached the railway bridge over
it, the 4 X 12 ft span bridge with shallow
foundation was undermined and breached.
Successive bridges had thus to be provided
over the Beki loop channel, from 1909
to 1945 :

12 ft

20 ft

20 ft

50 f6, 1 x 30 ft, 6 x 19 ft
50 ft, 2 x 20 ft, 6 x 19 ft
40 ft, 3 x 100 ft

150 ft

(i)
(ii) 4
(iii) 9
(iv)

(v)
(vi)

(vii)

X X X X X X X

IS I - SN —

All this time the Manas loop channel
deteriorated, so that in 1945 only 4 X
100 ft out of the 10 x 100 ft spans carried
the discharge, while the river bed level
rose 14 feet.

In the Beki loop channel also, erosion
of banks went on developing a tortuous
alignment CDEFG, and caused widen-
ing and shallowing of its channel. With
gradual flattening of S.W.S. and decrease
in H.M.D., there was gradual decrease in
velocity of flow and discharging capacity
in the Beki loop channel. There was
backing and rise of water level in the
Beki loop upstream, and water found its
way through the Bholookadoba loop
channel HQRKS, to its outfall lower
down into the Manas loop. A cataract
action, starting at this outfall, dug back
and back through the Bholookadoba loop,
until it reached the railway bridge near S
and ultimately upstream at H on the
Manas loop, establishing & cut-off
channel. More and more water flowed
through the Bholookadoba loop, whose
channel went on deepening and impro-
ving.

When the deepening in the B_holooka.d_oba
loop channel reached the railway bridge
at S it was undermined and damaged.
Successive bridges had thus to be provided
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over the Bholookadoba loop channel :

(i) 2 x 75 ft
(i) 3 x 75 ft
(i) 1 x 250 ft
(iv) 2 x 150 ft

In 1942, it was decided to divert the
flow from the Beki loop to the Manas
loop, by building the Motaguri Bund at A.
The flow through the reach of the Beki
loop was thus checked, there being
greater flow through the Manas loop : but
as the tortuous and shallow reach
KLMNOP of the Manas loop could not
accommodate and drain away the
increased discharge, there was backing up
and rise of water level upstream, water
found its way along HQR through the
shallow but straighter New Hakua Loop
RF, having an outfall at F, avoiding the
tortuous reach CDEF in the Beki loop.
The cataractaction at F dug back and
back along FRQH, establishing a cut-
off channel. More and more Manas water
flowed through the straighter loop channel
AHQRFG, improving it, while the
Beki loop ABCD deteriorated. But this
object of construction of the Motaguri
Bund—diversion of Manas water through
the 10 x 100 ft spans over the Manas loop
channel—was frustrated.

UNDEVELOPED RIVER BASINS

This frustration gave rise to the belief
that the Manas River Basin is undeveloped
and hence such vagaries of rivers must
continue. This created so much pessimism
that there was a proposal to abandon the
railway line across the Manas river basin,
tohave adiversion line from Bongaigaon to
Jogighopa, to cross the Brahmaputra by a
bridge, and to have a new railway line to
Gauhati along the south bank of the river.

There are, however, loop channels in
the Torsa, Jaldhaka and Teesta river
basins in North Bengal, as already
described, in the Xosi river basin in
Bihar, in the Yellow River Basin in
China, and elsewhere in other countries.
The belief in undeveloped river basins
cannot, therefore, be correct.

THE KOSI RIVER BASIN
The Kosi river basin has several loop
channels, as shown in Fig, 2 :

A. Kali Kosi 1731 C. Dhamndaha 1807-1839
B. Livari 1770 D. Hiran 1840-1873
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F. Sursar 1874-1892 H. Parwane
[*. Mirchai 1893-1921 1. Tilaleh 1926-1048
(i, Dhusan 1922-1931 J. Dhemrah 1433 -

K. INosi from 1048,

Ag explained earlier, erosion of river
banks leads to decrease in the discharging
capacity of a loop channel, there is
backing up and rise in water level, lead-
ing to overflow of water away from the
channel. River side lands are submerged
and there are flood damages.

The former choked up and abandoned
Eastern loop channels in the Kosi river
basin, are not able to accommodate and
drain away the overflow water. Hence,
practically the whole of this water finds
an outfall into a parallel Western River,
where a cataract action starts, digging
back and back, and establishing a cut-off
channel. More and more Kosi water thus
flows through the Western River, which
goes on improving while lesser and lesser
water flows through the Kosi Loop
channel, which goes on deteriorating. In
this process, the Kosi loop channel is
choked up with silt and is abandoned,
while the Western River becomes the
New Kosi.

Erosion of river banks continues in the
New Kosi. The same process is re-
peated. Another Western River i8
improved and becomes the Newer Kosi,
while the former New Kosi is choked ap
with silt and is abandoned. The several
loop channels in the Kosi River Basin
have thus been formed, and not because
the Kosi has an TUndeveloped River
Basin.

Fig. 2 shows that Kosi waters now flow
through the lower reaches of the Tiljuga,
Balan and Kamla rivers and there are no
more suitable Western River left, through
which Kosi overflow water may flow.
But erosion of river banks in the present
Kosi is progressively deteriorating its
channel and progressively decreasing its
discharging capacity. This explains how
every year flood water level in the Kosi
river isrising higher, even when the Kosi is
carrying a lower high flood discharge,
and there is submergence of agreater area
of Kosi river side lands, under a greater
depth of water and for a longer period.
That this is so will appear from the
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maximum discharge in the Kosi river in
different years :

Year Maximum High Flood
Discharge
In cu.ft.
1927 700,000
1948 470,000
1953 230,000

In this process, the Kosi river is likely
to find its way through a former aban-
doned Eastern Loop Channel in the Kosi
river basgin. If thishas a good outfall, a
cataract action through it will improve its
channel, and the Eastern Kosi Loop
Channel will then become the Kosi.

THE YELLOW RIVER BASIN

Similarly in the Yellow River Basin in
China, a former abandoned loop channel
G, shown in Fig. 3, is at present the Main
Yellow River. A careful record is kept
of flow through the many loop channels
in the Yellow River Basin : (See fig. 3)

A, 2278 B. C. to 602 B. C.
B. 601 B.C.to 11 A, D.
C 12 to 1048

D. 1049 to 1194

E. 1195 to 1494

F. 1495 to 1855

G. 1856 to 1938

H. 1939 to 1946

G. From 1947.

EROSION OF RIVER BANKS

Thus erosion of river banks starts a
process, by which there is progressive
deterioration of a river, with consequent
progressive decrease in its discharging
capacity, leading to a progressive rise in
flood water levels, overflow away from
the river channel, submergence of river
side lands and flood damages.

When the overflow water finds its way
into another abandoned Loop Channel in
the river basin, which has a good outfall,
then cataract action at the outfall digs
back and back through thisloop, improv-
ing its channel, until a cut-off channel is
established. More and more water flows
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through this Loop Channel, which goes on
improving, while lesser and lesser water
flows through the former loop channel,
which goes on deteriorating. The improv-
ing loop channel ultimately becomes
choked up with silt and is abandoned.
Vagaries of a river are thus caused by
erosion of river banks and not because
the river basin is undeveloped.

BRIDGE OPENING OVER LOOP
CHANNELS

This explains the difficulty in determin-
ing the size of bridge openings over the
several loop channels in a River Basin.
Thus in the Manas River Basin, the
bridges provided were.

Year] Manas 1Bholookadobai Beki

1909 | 10x 100’ 2 x 753’ 4x12’
1945| 10 x 100'*|1 x 250, 2x 150 | 7 x 150’

To prevent such development, it is
essential that a survey is made of all
the loop channels in a river basin.
An aerial survey map shows accurately
all the loop channels in a river basin,
whether flowing partially deteriorated, or
choked up and abandoned.

Tt is of vital importance, when deciding
on the waterway to be provided in a bridge
over the flowing loop channel, to have
ample waterway to pass the maximum
discharge of the whole river basin. For the
other loop channels in the river basin, only
sufficient waterway to pass the discharge
from local rainfall should be provided.

MAINTENANCE OF ONE LOOP
CHANNEL

This was done in the case of the Manas
River Basin, a 10 x 100’ or a 1000 feet
waterway being provided over the Manas
Loop channel, while only a 4 x 12’ or a 48
feet waterway was provided in the Beki
Loop Channel.

But in spite of this, a 7 X 150’ or 1050
feet waterway had ultimately to be pro-
vided in the Beki Loop Channel. This

* Note.Only 4 x 100’ spans, out of the 10 x 100 were carryAirng therdischarge in f945, while the bed

had risen 14 feet.
2

7
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happened, because no steps had been
taken for the maintenance of the manas
loop channel in good order. Uncontrolled
erosion of river bank caused derioration
in the Manas Loop Channel, decreasing
its discharging capacity, so that overflow
water from its channel found its way
into the Beki Loop Channel, which went
on improving, until it became the main
loop channel of the Manas River Basin.

Maintenance of one loop channel in a
River Basin is, therefore, of vital import-
ance. If steps are taken to maintain one
Loop Channel in good order, the channel
will not deteriorate, there will be no flow
of water away from this Loop Channel into
another loop Channel of the river basin.
Other loop Channels in the river basin
cannot, therefore, improve. With no
overflow from the Loop Channel, river
side lands are not submerged and there
are no flood damages.

‘ Bandals ”’—In wide and shallow rivers
in Northern India ‘“bandals’’ have been
used by Steamer Companies to maintain
navigable depth for steamers. In the
dry season, a river flows through compara-
tively deeper channel in the bends AB,
CDand EF, as shown in Fig. 4. Thereach
DE, connecting two adjacent bends CD
and EF, has a straighter alignment,
having two or more wider and shallower
channels, with islands in between. To
maintain steamer service, it is necessary
to deepen the channel in the reach DE.
By assisting a river to utilise the great
force of its current of water—its power of
transportation of silt and of erosion of
channel surface—this shallower reach is
narrowed and deepened.

A ¢bandal” consists essentially of
vertical bamboos, driven in the river bed,
along a series of two rows LL and RRfig 4.
The current of water in the river is thus
guided to flow through the narrowed
channel, between the rows LL and RR
As a result, the velocity over this part of
the channel is slightly increased, while the
velocity, over the parts of the channel
between LL and RR and the original
river banks, is slightly decreased. The
main advantage of this system is the
absence of dead-water areas in any part
of the channel, because water is able to
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flow through the spaces between the verti-
cal bamboos. This absence of dead-water
areas, ensures prevention of formation of
eddies.

The slightly increased velocity, between
the rows of ‘ bandals’’ LL and RR,
enables a current of water to scour
the river bed and deepen the channel,
while the slightly decreased velocity over
the other parts of the channel, causes
deposit of silt and rise of river bed. The
decrease of discharge over the shallower
parts of the channel, further increased the
discharge between the rows of ‘¢ bandals”’
LL and RR, so that there is further
downscouring and deepening of the
channel. Navigation depth is thus main-
tained in the reach DE of the river.

IMPROVED TYPE OF ¢ BANDAL”

With continuous deepening, the vertical
bamboos, which are driven 3 or 4 feet in
the river bed, are undermined and they
topple over. But by this time, the flood
season starts, increasing the depth of
water, inthe channel so that ‘“bandals”’
are no longer necessary and are removed.

To ensure that the force of the current
of water in a river is utilised, not
only in the dry season but also in the
flood season, an improved type of
“bandal’”’ was developed by the author.
The Beki River in Assam formed an em-
bayment ADEC, by erosion of its right
bank, which became 3000 feet long, witha
maximum width of 1000 feet, and a maxi-
mum dry season depth of 40 feet Fig. 5.
This embayment caused oblique flow
through the bridge, thereby threatening
undermining of the bridge piers. The
Railway Administration decided to
straighten the river alignment upstream
of the bridge. The author, under whose
supervision this work was done, laid
improved type of ¢ bandals’’ along the
line ABC, across the embayment.

Each unit of improved * bandal’ as
shown in Fig. 6, is a prismoidal structure
10 feet long, having isosceles triangle
ends, the width of base varying from 8 to
12 feet, and the height varying from 12 to
20 feet. Stout bamboos were used, 1/4
inch mild steel rods being used for fasten-
ing at the joints. On the river side face,
6 vertical bamboos acted as ¢ bandals ”,
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units of improved types of ¢ bandals”
were fabricated on the river bank, carried
on a boat to the site along 4 B C, where
a floating derrick lifted it up, four weights
each weighing } ton were tied to the four
bottom corners of the framework, and the
unit was lowered on to the river bed and
accurately aligned along the line A B C.
Adjacent units were tied to each other
by stout mild steel wires, while a wire
cable was tied to the tops of all the units,
the ends of the cable being anchored in
the river bank. Such tying is essential,
in order that the *‘bandals” are main-
tained in a good alignment. On such
alignment, ensuring smooth flow depends
the action of the ‘‘ bandals .

The Table below gives velocities on either
side of the line of ‘“bandals ’, in the river,
in different months :
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happened over the whole of this area,
which was reclaimed to form a new right
river Bank on a straight alignment along
ABC. The slightly increased velocity on
the river side of the line of * bandals ”,
deepened the channel and eroded the
projecting left river bank FGH, which
became more or less parallel with the line

ABC.

The wide base of the improved type of
‘“ bandals ’, gives it a stable bearing on
the river bed, while the four weights at the
four corners enables each unit to remain
steady, even in a current of water Wif;!]. &
high velocity. There is thus no toppling
over, as happens with the deepening of
channel in ordinary ‘ bandals *°.

Instead of bamboos, wooden bullahs or
timber scantlings can be used for the

Velocity in the Beki River on either side

of the line A B C—{t per second.

Date A B —— -
Embayment River Side | Remarks
Side i

15-1-49 1.6 13.19 Dry Season
16-2-49 0.95 2.90 ’» 1)
16-3-49 2.15 3.73 ” »
17-4-49 2.21 3.91 v "
22-5-49 4.44 5.58 Flood Season
17-6-49 5.92 6.33 » »
17-7-49 5.32 8.35 " ”
16-8-49 9.56 11.10 ’s s
24-9-49 4.26 4.72 » »
17-10-49 2.99 3.32 Dry Season

A study of the Table shows that the
line of ¢ bandals’> ABC caused only
slight difference in the velocity in the river
on the embayment and river side of the
line. But as the power of transportation
of silt of a current of water varies bet-
ween 3.2th to the 6th power of the
variation in velocity, this slight decrease
in velocity caused a current of water to
deposit a considerable part of its silt load
on the embayment side of the line of
« bandals”’. As there was no dead-water
area in the embayment, the silt deposit

3
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fabrication of structures of the improved
type of ‘ bandals . The cost varies from
about Rs 20 to Rs 40 per running foot,
depeuding on the depth of water in the
channel and on the type of river.

A CHALLENGE TO ENGINEERS

The rivers crossing the Assam Access
Road and the Assam Rail Link, are now
a Challenge to engineers. Not only
enormous amounts of money have

(Continued on page 29)
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