PAPER No. 229.
RIVER DIVERSION AT TRIMMU.,
By Som Natu Karur, I.S.E.

The Emerson Barrage is situated about ? miles below the junction
BB the Jhelum and Chenab rivers at Trimmu. This particular site was
S Jected with a view to the favourable lay-out of river channels which
. Fmitted the headworks to be located in such a way that the construc-
oo area could be completely enclosed within ring bunds and still leave

; of waterway on the night, for the floods to pass through, without
Fgrolving serious risk of damage. (See Platf; I). The river at this place
3 goin three different c]mnpels. the right, main and left which disc harged
E$,45 and 20 p.c. respectively. The course of extreme left channel de.

i prmined the exact lay-out of the headworks asit offered 2 natural sump
i unwatering which enabled the weir excavation to be started much
er than would have otherwise been the case. Further, this offered
watural outfall for the river after its diversion through the completed

5. The existence of this naturs| arm of the river also determined
the programme of works.

W4 The Emerson Barrage as constructed consists of 37 weir bays each
| #60ft. span in the middle, 8 sluices each of 30 ft. ontheleft and 6 sluices
ach of 30 ft. on the right, the two sets of undersluices being divided

b from the weir bays by long divide walls. The crest of the undersluices
 watR. L. 472°0 and is 5°5 ft. lower than the crest of the weir. A fish
hdder is built alongside each of the divide walls. The Main Line Left,
| with a discharge of 5170 cusecs takes off on the left flank, its regulator
| having five spans of 24 ft. each, The Rangpur Canal with a discharge
F 62710 cusecs takes off on the right flank through a regulator of three

B ans of 24 ft. each. Both these canal regulators are fitted with silt
E ecluders of suitable design. ‘

- River Diversion Scheme determined Programme of Works.

As this barrage was to be equipped with sets of undersluices at the
- two ends, the diversion of the river had obviously to be done through
s ®cor the other or both of these sets. [n view of the rushed programme
' ® construction, which aimed ar completing the entire Headworks
F 1% than two years, it was necessary to have the final river diversion a
- few months in advance of the final completion of works. It was there-
. #ore not possible to wait for the completion of two sets of undersluices
b before the river could be diverted. The choice lay between diverting
ugh the left or the right undersluices, The diversion through the
undersluices had the serious drawback of having to carry all materiajs
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over a temporary railway bridge (across the left undersluice:)—;_?"
. would have meant jmnecessary expense in its construction and
considerable delays due to congestion of traffic over the single track oo
this bridge. It would have further meant considerably increased pee
ing and the possible risk of segregation and therefore intermp:imm o
works on the right side in case of any sudden big rise in the n'veronl '
view of these considerations and the fact that one of the major arr.mq:
the river traversed the right undersluices and the right group of the we
it was decided to divert the river through-the right undersluices, Ti::

permitted the river, now entirely on the right, to be gradullay pughed
on to the barrage.

4

This decision determined the sequence of construction of the
various units of the barrage. The first work to be undertaken was the |
Upstream Right Guide Bank which had to be completed before the 1
monsoon of 1938, so that its armoured nose would protect the righa 3
ring bund of the weir area. Simultaneously but next in order came the 1

© construction of the right pocket, downstream Right Guide Bank, regus
lator of Rangpur Canal, right divide wall and the right group of the
weir. Next in order came the lefi undersluices not because it was to be
requisitioned in that order but because jts construction involved dee

founds and heavier pumping. Last in sequence came the left halt of
the werr.

Protection Works as related to Diversion Scheme.

Plate III shows the main ring bund round the weir \fﬂt& :

hese ring bunds were made sufficiently heavy for the maximes
flood of 6,50,000 cusecs, with a possible afflux level of 493°5 du¢ t» 4
destruction of waterway. The top of the main ring bund was
made at R. L. 500 and at the deepest section across the creek the busd
was made strong enough for a hydraulic gradient of | in 15. Upstresm
of this ring bund a subsidiary ring bund was laid joining the two gui
banks. This latter was constructed as a further line of defence as the
area between this and the main ring bund contained all the rail it
sidings which carried materials for the two guide banks, right pockst
and the entire weir upstream. Also in this area it was necessary o F:;
serve the existing arm of the river. Further this offered facilibes
excavating the upstream diversion cuts during the hot weather
much in advance of actual river diversion—a procedure which eventna
resulted in considerable saving of time and in the river diversion .
completed at the right moment in December 1938. A portion
above river arm between this upper bund and the guide bank “".':d [
to be preserved and protected against silting up with heavy slush
this reason a subsidiary ring bund, named the first line of defenen
was constructed as shown in Plate III. The first line Gh ool |
generally and a small portion of the second line withstood all the fleo®

Below the downstream ring bund, this river arm was Pfote‘:}t:"
silting up by a small marginal bund about three miles in lengt
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‘bund proved most effective not only in preserving this arm of the
s but also in obviating the necessityf or double stage pumping by
gping the direct flow of the river three miles further down.

gion Cuts,

To begin with, it was decided to make three approach cuts and
outfall cuts leading to one common main outfall, as shown in Plaze
§.. The dimenstons of these were, Left cut 130 ft., Centre 100 ft,, and
eht 125ft. wide. Bed levels of the Left and Centre were kept at R.L.
5'0—general subsoil water level in winter; but the Right which
| gas to come 1n operation first of all was taken down to R. L. 472 0—the
gt of undershuices. The conditions at this headworks are, however,
ewhat peculiar. Firstly, the N. S. level of the excavated area is
ey high and consequently 1ts removal and that of the enormous mounds
earthwork formed from the weir excavation will offer great obstruc-
to the development of any reasonable size of channel for the river
ing floods. Undue restriction of waterway would lead to unneces-
heading up and consequent risks to the marginal bunds and guide
ks during floods. If the river were to rise gradually and afford an
spportunity for progressive widening of the cuts, so that sufficient
- witerway could be made available for passage of floods, there would be
nocause for anxiety. But the river canrise erratically; it may remain
dow during the early hot weather and rise suddenly later on. Under
k- conditions the cuts would not get any chance of developing and
there woerld be a risk of serious heading-up. In view of these consider-
jons and to provide for freshets, it was decided to add a fourtheut and
- to widen the outfalls of the middle and the left cuts. This will be
" discussed in detail fater.

" Right Cut.

s

For the original diversion of the river the middle and left cuts
- must obviously remain out of action and the entire supply must be passed
' through the right cut. This cut had therefore to be designed and ex-
. @vated to suit the river discharges at the time of diversion. As this
was to come into operation when the total waterway would be very
: Imalhl its alignment followed the creek so as to give relief in case of a
eshet.

' Most Suitable Time for Diversion.

. Hydrographs and their warnings. A study of the hydrographs of the
| ~chenab at Trimmu for the past several years indicated one peculiarity
from other rivers, viz., that the range of discharge was greater and
e rise started earlier. Statement | shows the maximum dlschargc for
e months November to March for the last 11 years. [t will l?c
oticed that the river at Trimmu had generally been lowest in
ecember, '
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It will be remembered that in winter the water received at Ty
is the seepage inflow below Rasul i the Jhelum and below K
the Chenab, because the regulation of the Triple Canal System degal
not permit any escapage below these two weirs in the cold weather _;
the last week of December however, winter rains set in and ﬁ‘mh-u
have to be passed below these weirs. The fact that the considmﬁ;‘(
of the two rivers had to be dealt with and the number of chances in rag
pect of duration, intensity and repetition of freshets were greater, mode §

it necessary for the final diversion of the river to be completed befois
Christmas week. ;

The completion of diversion operations durin
was accompanied with grave risks. With the re
the undeveloped diversion cuts a freshet might ca
the Diversion Bund and carry the reconstructio
heavier and more frequent freshets. Besides, the cost would 2o up
considerably. Not only this but with the heavier discharges comurg,
a sttuation might arise making diversion in 1938.39 impossible snd 3
necessitating postponement to the cold weather of 1939.40—an ¢8|
tremely unsatisfactory and dangerous state of affairs, because the worbs §
would have to be protected for another flood season and the bulk of the

establishment kept on—the expenditure on which account would rn g
into several lakhs.

g the freshet pericd |
stricted waterway of |
sily lead to failure of §
n of it into a zone of

Risks of a late diversion were also great. With the cuts not flly

4 discherges were likely to result in excessive heading up and conscquess

overtopping of guide banks and marginal bunds in the ensuing
season,

E It may be stated as a general principle that where weirs are i
structed in high belas the diversion must take place as early as p .
' to enable the Belas to be scoured out in any case when the nver s

lowest, i.e., before winter rains set in.

3

#*

These limitations and risks were fully visualized and works wer
organized so as to complete all operations by the end of g
The design of the Diversion Bund was also to hav_e_amplc marps
safety against possible unfavourable river conditions.

Design of Cuts.

It wes anticipated that the discharge to be finally fh"e';';tdﬂ
be of the order of 2000 to 3000 cusecs, For this the river "d abod
was expected to be about 474°75 at the guide bank nose
47370 at the tail of the diversion cut,
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_mis connection the model experiments carried out by Dr. N. K.
4, at Malikpur provided useful information. Various diversion runs
bt o tried 1n the model and the effects of putting the cuts in different
gitions were studied with a view to gaining information about the
b]e river water levels for different discharges at the time of diver-
o0

- An ideal channel to carry 2000 cusecs discharge would have a wetted
F-]meter of 2°674/2000=120 ft.

. Q.2 \&. .
Velocity s given by 38 Take f==1, hence velocity

200043 _ __ Discharge 2000

=( 38 =2.8 fr./sec. Waterway= Velocity — 2.8—715 sq. ft.
_ This required a bed width of 100 ft. and depth of 7 ft. If it were
'mible to dig to these dimensions the river water could be diverted
vithout any material heading up. This not being possible the right cut
thd to be designed to give a scouring velocity so as to develop its own
gction. It was decided to have the main cut 150 ft. wide with a bed
bvel of 472°0—the same as the crest of the undersluices. The neces-
sy head was worked out. Excavation to a level lower than 472'0,
Pyhich meant 5 to 6 ft. excavation under water, was not possible owing
Fo the abnormal pumping involved., Considering the time at our dis-
hosal and the labour available, the widening of cuts beyond 100—150
would have been impossible by the end of November and correspond-
g head had therefore to be accepted as inevitable. On account of
gthe high bed level of the downstream cuts no standing wave would form
Elow the undersluice crest and therefore no discharge formula could
E ke applied. The pocket was therefore to function as a tank. The
b wcavation from practical pumping and labour points of view was done
kb the following levels :—

4

477.85

473-0 14770 478-25
."”c"r-— ——*NOSE OF
po——— §000 |+ 2500 ——ate — 5000 i (SUIDE BANw
Pt o e *' %72 0
CREST Livg

. In order to pass a discharge of 2000 cusecs with a tail water level
'%473°0 and tail bed level of 471°0, consider aslope of 1 in 2000. This
fWuld mean an average depth of 2°0+1°25-0°5=2"75 f. for reach C.

" Sectional area=2"73%x 150._ .

2000

Hence V= W

=4 ft./sec.
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It will be remembered that in winter the water received at Tras
is the seepage inflow below Rasul in the Jhelum and beloyw Khaedy
the Chenab, because the regulation of the Triple Canal Systery &l
not permit any escapage below these two weirs in the cold Weather,
the last week of December however, winter rains set in and fred
have to be passed below these weirs. The fact that the considepsas
of the two rivers had to be dealt with and the number of chances im va.
pect of duration, intensity and repetition of freshets were greater
it necessary for the final diversion of the river to be completed by
Christmas week.

The completion of diversion operations during the freshet
was accomnpanied with grave nisks. With the restricted waterwey
the undeveloped diversion cuts a freshet might easily lead to faikare
the Diversion Bund and carry the reconstruction of it into s T8
heavier and more frequent freshets. Besides, the cost would o ¥
considerably. Not only this but with the heavier discharges cosm
a situation might arise making diversion in 1938-39 impossible s
necessitating postponement to the cold weather of 1939-40=¢a sl
tremely unsatisfactory and dangerous state of affairs, because the wirll
would have to be protected for another flood season and the bulk of 4
establishment kept on—the expenditure on which account would =
into several lakhs.

Risks of a late diversion were also great. With the cuts not b
developed and with a big unscoured bela restricting the waterways.
discherges were likely to result in excessive heading up and conue
overtopping of guide banks and marginal bunds in the ensuing
S€ason.

It may be stated as a general principle that where wears Me o
structed in high belas the diversion must take place as early as pe

lowest, i.e., before winter rains set in.
4

These limitations and risks were fully visualized and works It
organized so as to complete all operations by the end ©
The design of the Diversion Bund was also to have ample
safety against possible unfavourable river conditions.

Design of Cuts.

It wes anticipated that the discharge to be finally fli'u"d

be of the order of 2000 to 3000 cusecs. For this the river ‘:&a
was expected to be about 474°75 at the guide bank nose
473°0 at the tail of the diversion cut.
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js connection the model experiments carried out by Dr. N. K.
5 Malikpur provided useful information. Various diversion runs
eid in the model and the effects of putting the cuts in different
ey were studied with a view to gaining information about the
4l river water levels for different discharges at the time of diver-

U deal channel to carry 2000 cusecs discharge would have a wetted

ger of 2°67+/2000=120 ft.

. 2\1
lcity is given by (%)E' Take f=1, hence velocity

100Y:_ _ Discharge_2000_
1758 =2.8 ft./sec. Waterway— Velocity — 2'8¥7]5 sq. ft.

s required a bed width of 100 ft. and depth of 7 ft. If it were
to dig to these dimensions the river water could be diverted
any matertal heading up. This not being possible the right cut
be designed to give a scouring velocity so as to develop its own
It was decided to have the main cut 150 ft. wide with a bed
472°0—the same as the crest ot the undersluices. The neces-
ad was worked out. Excavation to a level lower than 472°0,
Wneant 5 to 6 ft. excavation under water, was not possible owing
- “Bibnormal pumping involved. Considering the time at our dis-
Mnd the labour available, the widening of cuts beyond 100—150
d have been impossible by the end of November and correspond-
d had therefore to be accepted as inevitable. On account of
hbed level of the downstream cuts no standing wave would form
the undersluice crest and therefore no discharge formula could
bed. The pocket was therefore to function as a tank. The

on from practical pumping and labour points of view was done
owing levels :—

3.0 770 $7T-65 ~78-25

—— S NOSE OF
p——— 3000 c——‘l‘— 200 ——je———. so00 x ioum:am
o 472

0

o | +72-0 o
(=) LiNE

tder to pass a discharge of 2000 cusecs with a tail water level

nd tail bed level of 4710, consider a slope of 1 in 2000. This

tan an average depth of 2°0+1°25-0'5=2'75 ft. for reach C.
T b

Petional area=2"75 150,

2000
150%2°75

Hence V= =4 ft.[sec.
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From Kennedy's Diagrams, for R=2"75, slope | in s
N=0"025, the velocity works out to 2" 6ft./sec., against4 ft./see. s
which indicates that the slope will have to be steepened tq poig
charge of 2000 cusecs. . ‘

Next try a slope of 1 in 1000.

2500 2500

Depth at middle section=2.0+ m—%-0=4.0 f.

The velocity required to pass a discharge of 2000 cusecs o
200 _3-33 g,
150x 4" IR

From Kennedy's Diagrams for R=40, 5=1/1000, V=4'8 §

Thus the slope will lie between 1/1000 and 1/2000. Byt .:
error it will be found that a slope of 1 in 1250 will pass the v
discharge and this will mean a water level of 477 0 at R. D, 2500 §

the undersluice crest.

Consider reach (B).

R=4"0 generally.

Bed width=125 fr. V required is ﬁz—?—(?g—fm ft. Thisn

slope of 1 in 3000, making average depth 5°4. With second ¢

velocity works out at ?%L:(OILZS=3 ft./sec. and slope 1 in 4000,

water level at crest of pocket of 77 65.

Consider the first reach (A) r 180
Depth will be of the order of 6 ft. Average bed width 1s

Hence velocity=l—%gﬁ=2 ‘2.

This needs a slope of 1 in 8000 giving a water level of 478' D4 A
Guide Bank nose. o

It was decided to keep cunettes that were below R. L_.ﬂf't'ﬂ .
wide and to depend on the development to full width dunng
of diversion.

At the time of actual diversion however, the _di@hﬂgu P
1245 cusecs ; the lower cunettes had to beleft a few inches
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freach B the width of cunette had to be left at 50 ft. Under
fitions the water level at the guide bank nose rose to 478°35,
ocket-and 473'13 at the tail. This agreed well with the
ked out above for 2000 cusecs discharge and excavation done
hs. The cunette widths however excavated were 66 p.c. of
for the calculations and the discharge passed was 62 p. c.
ipated 2000 cusecs, which is a fairly close agreement.

ally speaking on the upstream side a relatively wider cut is
fibut on the downstream side a deeper one would be better than

pe. Of course the design would depend on the limiting head |
jpe factor limiting the excavation. Statement VI and Plate VII]
E width of diversion cut as it developed and the long section of
e and after and tends to show the above conclusions,

annels before Diversion,

# 11 shows the river conditions after floods of 1938. The river
¥ flowing in three distinct channels—the right (known as
), the central and the left of which was the main creck. In
the relative magnitude of these three crecks the best course
dto be to close off the central crest first of all and protect it by
hern bund at its head, then to divert the right creek into the
the main river, and to protect the former also by a bund.
tiverted all the water into one channel. the next course was to
b niver into the right undersluices through the diversion cut.
ude the work on the Marginal Bund was to start as soon as river
s permitted and with the closing of the middle and the right
e work was to advance in these leaving only the gap in the main
ffinal closure. :

m of Central and Right Creek.

tlosing of the central creek did not present any great difficulty.
i driven in the bed 5 ft. apart. Pilchi rolls about 2 ft. diameter
mared and placed in front of these pegs which obstructed the
@scharge. The water in attempting to find its way undermined
B and thus scoured out sand from below them. The discharge
Wand the section being shallow and wide this scoured sand was
i water downstream of this pilchi bar and the channel was
With the depth thus decreased the creek was finally closed
earthen bund on 5th October 1938.

ek.

fwork of diversion of the right (Malkana) creek into
I iver was started by the end of September and it was

Ho
:

0 choke it off by means of permeable spurs and attempt the
frg when the discharge had been reduced considerably.,



268 River Diversion at Trimmu,

- - —-__—_‘——_—-_‘_7
This creek as will be apparent from the plan is fed mogijy
main river but another creek from the Jhelum also comes and 3
It wes therefore decided to put three permeable spurs belgw the 3
of this creek from the Jhelum River. Subsequently spurs Nog_ 8
were put in at shallow sections, the first 50 ft. below the
creek and the second 200 ft. below the first (See Plate II),

Permeable Spurs.

These consist of a line of sal ballis driven nearly 5 §. ,
tied across by strands of G. 1. wire No. 12, above and below wy
To these wires is attached a vertical pilchi or other brushwood
with its bottom touching the river bed or just above it. An 3}
method is to have long pilchi rolls spanning the ballis and plx
above the other till they appear above water (Fig. 2 and 4) P
The function of the two types is the same, namely forcing the hig
city filaments of water from the surface to below the bottom of
screens, scouring out sand from there and depositing it lower de
form a progressive bar across the channel bed thus causing aut
and progressive choking of the channel.

Sal ballis were sunk by means of a water jet fed froma )
weather fire engine. (See Photograph 1). This pump (Mcrr{ :
engine) was placed on a boat and by means of an armoured rub
delivered water under pressure to a 13" dia. pipe about 20 ft.long
in a nozzle (See fig. | Plate I1X). This pipe was tied by loose 4
to the balli to be driven and had its nozzle discharging just at the i
of the balli. The water jet forced a hole through the soil alongs
balli carrying the latter down with it. The ballis were sunk 10
below bed in shallow water and 15 ft. in deep water. The jettin§
and the balli to be driven were lifted up vertically and then la
in position on the river bed when the pump would start worki?
supplying water under pressure from the jet. The bottom of 1™
was pointed to facilitate penetration. The process was accelef®
men shaking the balli with the jet working. When the balli was
to proper depth the jet pipe was pulled out by a string ovef '.h
The jet pipe and the balli are loosely tied to facilitate the with
of the former. The spacing of ballis depends on the depth.
kept at 5 ft. in shallow water but as close as 3 ft. in deep watef- .
the ballis were sunk they were stranded by G. 1. wires an@ P%
6" diameter, hung from the top strand so as to give a pervio®

The action downstream ot the spurs is progressive b‘.’th m,
and height and finally a stage is reached when the water ¥ ol _
that the channel can be closed with a small rush and at Sm‘“}:
action is slow and time factor helps it. In cases where W€ 1he
not driven deep enough and there is concentration o oW-t '
and the pilchi screens will continue to sink bodily together 3% ©
ing of sand underneath advances. The screen is continuo®
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e water level as fast as the sinking proceeds. In this way the
continues to function. Flow of water over the pilchi must not
= mitted as not only will it reduce action at bed but also generate
8 and may remove existing sand deposits downstream.

sion of the Right Creek.

L1

The efficiency of permeable spurs is a maximum when they are
.the head of a channel whence water can be easily diverted into
L Jioining channel. In the right creek, spurs Nos. 3, 4 and 5 were
screen type but spurs Nos. | and 2 were made up of rolls placed
Jove the other. Pilchi was tied in small 6" diameter rolls and made
a mattress which was then rolled into thick rolls about 16—18 ft.
and 3 ft. diameter. These rolls were towed across in water and
o] in front of these ballis. Rolls were placed one above the other
dey appeared above water level. This gave a thick screen for water
ss through and diverted the balance into the main river (left creek).
lo water pressure against the ballis the latier gave way and had to
wplaced and supplemented by intermediate stakes. The arrival of
behet while these operations were in  progress proved to be very
Jd on account of increased concentration at the spur sites. The
ence of the first spur resulted in the river bed getting a definite
lat this site but too close to the spur. The bend was useful as 1t
sed the direction of the main current upstream but its proximity
emed to destroy the spur. So consequently slanting spurs with
were put in with the result that the deep bend shifted further up-
n and out in the river. Photograph 2 show the general
me. T he reduction in discharge and silting up of the ereek had so
advanced that it was decided to close off thecreek on 19th October,
Before the final closure, earthen bunds were advanced on both
ks 1o avoid out-flanking. The final closure was done above spur
3. The small discharge coming from the Jhelum River was dealt
the following day and a bund was put across it at the head, and
her bund put below spur 3—the junction of the two.

} ¢

egulator b
ngside the

towards the pile r
d on a boat alo

lt may be mentioned that the spurs should not be placed too close
silt thrown by one may be influenced by the suckingaction of the

"whéet PITe TETHIRtor -at ol

“and another mattress being floated up
attached to a crab winch mounte

.

Al Diversion Sites.

With the right arm closed all the water was flowing through the
8 creck, work on the closing of which was now to be started.

T PRGTE TNO. 3.

Two sites were considered for the final diversion; one at the nose
Right Guide Bank and the other between the canal and Right
] L inbankment. The channel was shallower but wider at the
b place and narrower but.very much deeper at the former. In the
of the Guide Bank the advantage was that the head of the diversion
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cut was closer but as the depletion down-stream would have been groga
here on account of the greater distance from the tail of the diversion o
the head against the diversion bund would have remained the sarpe O
both cases, the head really being the fall in the diversion channel,

If the diversion had been done at the Right Guide Bank Nose, o
additional bund would have been necessary on its right to linkjt 1o thi

. highland to avoid outflanking. But all this earthwork would serve iy
purpose later on and would, besides meaning extra expense, take
some labour from the cuts and the Right Retired Embankment, 11N
site was at the Right Retired Embankment the marginal bund completiy
from both sides would require no further protective embankment o
the earthwork done in the diversion bund would be partly utilized in tk
Right Retired Embankment. Again at the higher site (nose of Rul
Guide bank) a leak-proof abutment might have been built on the nghi
side but the ungrouted stone apron of the guide bank would alwssl
have remained a source of leakage and, as such, of anxiety. ¢
diversion work involves diving operations, laying of mattresses af
cribs, etc. These are much easier done in shallow water.

Another advantage of the lower site was that the attack on the rivd
could be made at two points. Choking and partial diversion of riv
supplies by permeable spurs could be done at the guide bank nose a
this would reduce the discharge for the final diversion bund. Alsothd
permeable spurs would cause some heading up, relieving the divers

- bund of the strain to that extent. In short, a retarded line of &
blockage permitted an attempt at partial blocking in front of it wl
advantage the upper site could not possess. In view of all these consid :
ations it was decided to do the diversion at the lower site.

Type of Diversion Bund.

; There are two main factors to be considered in river diversio™
the discharge which may vary between wide limits and the prova
head across the diversion bund. The head is a factor to be determi®®
by the river discharge and the dimensions of the cuts. Concen v
of surface flow will lead to deep scour holes and excessive head may
to failure by undermining. These two contingencies must be fully %
vided for in the design of the diversion bund and in the program™ %
its construction. The cheapest and most satisfactory form of 1 ﬁ,_
tection to withstand high velocities without erosion is afforde
covering of pilchi mattress. If this mattress is of suitable cons )
and is adequately weighted down, it will to a large extent prevent u
mining as a result of high head. The mattress should be long & -
to kill the head completely. Different methods best suited 12 %

. locality have been devised to do the heading up which is essent
a diversion can take place.
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915 the main channel at Khanki had to be diverted and the
[l employed was to lay pilchi mattresses. on the river bed, then
en cribs on these and gradually raise the water by placing stone

i in alternate laye{s. After this was raised above water, earth
anced in front of it.

ould have
1l of the _
remained
version chal

t Quide Ban ¢ [slam and Ferozepur the river diversion was done by mattress-
s right to lj river bed, then advancing a stone bund on it sothat water passed
hwork woul gh the voids. In front of it tarred gunny-bag tarpaulins were laid
ira expense,i JbESMlby the stone so as to prevent wastage of earth which wasadvanced
E_mb]an]:m S Loth sides.

rgmal by . . . )
fil’; embd mple freeboard is ‘gene.rallg necessary to provide for sudden rises
e partly utiliz niver before the diversion is complete. At Islam the small allow-
er| site (nose' for freeboard (ms:uﬂiment to withstand freshegs) was responsible
;1 ean built N:’i e and each failure meant additional expenditure and delay.
de[bank wol : . .. . 3

h Suleimanki a pile regulator was constructed. This consisted of

of piles across the river bed forming 30 openings of 9 ft. separated
prs of piles and 40 ft. length of abutment on either side. (See
3Plate IX and Photo 3). The bed downstream of the piles was
cted with pilchi mattresses suitably weighted with stone. The
B were given a backing of stone on the downstream to avoid scour
band also to give stability. After this  was done karries were put
lich did the heading up and the earthwork was then advanced. The
MR were about 20 to 35 ft. long, depending on the depth of scour.
il vere taken well below the bed.

»w water.

the attack on t
rtial diversion
e gurde bank
ersion bund. A
relieving the di
retarded line
g in front of it 4
wof all these ¢
wer site.

he diversion at Panjnad was done in two stages. A masonry
mon regulator was constructed close to the main river with leading
from and back to the river. The river was first diverted through
rgulator and then gradually through the completed weir. The
portion was closed by mattressing the bed, then laying cribs which
flled with sand bags. This permitted some leakage which was
ed by spreading juting in front of the cribs. The earthwork was
td on this juting. Later, heading up was done at the diversion
or by means of karries and thus the original weir channel was

i closed off.
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xcessive head may MBlhe heads across the diversion bunds and at various places were
1cies must be fows 1 —
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of suitable co : Islam .. Probably above 4 feet. !
re extent prevent! . : . j
should be long . Suleimanki ve 36 feet. t
ls best suited toJFR. Panjnad oo 3 feet.

~hich 1s essent

. Trimmu .. 49 feet. l
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The comparative costs, as far as can be ascertained from the §
are:— 3

Rs.

Ferozepur .. 162,000 o

Islam .. 390,000 g

Suleimanki .. 1,627,800 §
g

Panjnad bund and regulator  3,50,000

Trimmu (estimated amount) 70,000 (actual cost in
appendix).

Diversion Bund at Trimmu.

The diversion bund at Trimmu as explained in the paragraph
the design of cuts was designed for a head of 4 to 6 ft. and a dischste
of nearly 2000 cusecs. As explained therein, further deepening @
widening of cuts to afford cubstantial relief was not possible in the L
available. For this unavoidably high head, a pile regulator would k«+4
been the most suitable, but as piles were not available in the covnt
the idea was given up, and a stone-cum-crib bund overlying a sut !
length of pilchi mattresses was selected. In deeper sections a dov
line of cribs was provided. A section through the diversion bund,
executed, is shown on Plate V. Iis site relative to the left bank of ¢a™d
and Right Retired Embankment was fixed in such a way that the
embankment in no case came on to the pilchi mattresses.

General Scheme of Works.

The plan and section of diversion bunds (Plates

| mooring posts sunk 25 feet apart and 115 ft. upstream of cen 7
" bund. 15"—diameter iron rings were shd round these posts a_"d >
1 G. 1. wire passed through rings to anchor pilchi mattresses ¥ K -
60, 80 and 100 ft. long, according to the depth of water. C""“ X
“placed on these mattresses, the smaller ones In shallow water (‘l:’“m
higger ones in deeper water and in double rows. Stone was CuFY
_ both upstream and downstream of the cribs and when this ha
" above water, heading-up was done by filling cribs withsan hrov s
' parmitted leakage through stone, which was reduced by ! ocd §
| ballast on the upstream stone slope. Further leakage was St;p W
tarred gunny-bag sheets spread over the upstream ace © tht
These sheets projected beyond the upstream end of the 7]
mattress. After tamping the leakage earth was advanced
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PhotoNo. 4. Rolling mattress to river bed.
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jning Posts.

These posts were 30 ft. long sal ballas and 15" diameter {minimum).
anking which took 8 days was started on 6th November 1938 and
. done with a Merryweather fire engine pump. The process was the
o0 as for smaller ballis, except that, as the hole to be made was bigger,
ojets were worked simultaneously to give greater displacement. The
s being heavy had to be lifted by means of a pulley block. It was
ded to sink them 10 fi. below bed in shallow water and 15 ft. in deep
Let. Actually however the posts did not go more than 12 ft. in deep
ir due to the existence of clay. In clay the water jet is ineflective’
spening up a hole big enough for the post to go down. (See Fig. 5

K-hi Mattressing.

Pilchi was not available in the locality and had to be carried by
s from a distance of about 12 to 14 miles. The collection was there-
started 1n October so as to set the boats free for other works by the
: the actual diversion started.

G. I. wire netting, 6” mesh, was first woven to the exact size of
itresses which were of three dimensions 3060, 30< 80 and 30x 100.
M netting was manufactured on 30 ft. long wooden boards with nails
d as shown in Figure 6 Plate 1X.

Simultaneously, pilchi rolls 9" diameter were prepared in lengths
itly over 30 ft. The binding was done by G. I. wire No. 20 and to
re proper thickness standard perimeter measures were given. One
compressed the roll and checked with this standard measure and
other followed with No.20 wire to dothe binding.

The wire netting was then spread out on the ground and rolls
y tied to it. The mesh was 8" across the diagonal. The 9-inch
meter rolls were pressed one against the other to such an extent that
tolicovered one mesh. Further G. I. wire No. 12 was roped in each
sh. It went under one mesh, came out through one end of the ad-
it mesh roped in the roll and passed through the other end of the
e mesh and so on, as shown 1n figs. 7 and 8, Plate IX. The second
t passing along the central line of adjacent sideways mesh roped in
dternate roll and thus each mesh had a roll roped into it and no
ces were left for any roll separating from the wire netting when the
ress was fully woven. Two ballis, 30 ft. long, with their thick and
Vends opposing, were placed on the upstream end of the mattress.
fee ballis were carefully tied into the mattress by G. I. wire No. 2.
% Fig. 9, Plate [X). The mattress was then rolled up and the free
3tied ta the wire netting to prevent accidental unrolling.
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The rolling was usually done by placing ballis un
mattress in the direction of rolling and also by tying down ropey
place on the mattress, carrying it round and then by exerting g
to this rope. (See Fig, 10, Plate IX). In addition to this, ¢
employed on pushing it from behind. About 50 men Were
a 60 ft. mattress, about 80 men for 80 ft. and 110 men for a 100f.
(See Photograph 4.) .

It is necessary to roll the mattress into the water straight,
to limited space it may be possible to build it up in the direct;
be rolled. Effort was made to make as many mattresses as pogah
the river edge and perpendicular to the direction of flow but torhg
to be made further out. In order to bring them tothe river pro
ed a spiral form of rolling was resorted to, by adding loose pilcht on
side. In this way it would roll into a spiral, with one end thickes
the other so that with equal number of turns, one side would trave
than the other and thus get a circular motion which would ¢ ;
direction. Of all the methods tried this was the stmplest an: b
successful. ﬁ

Launching Mattress. (Sec Photograph 5.)

The mattress was rolled sufficiently far out in the water sg.

its nearer end could float when the mattress was unrolled (Fig. 11, Plaia
IX.}) It was thus rolled into water, then unrolled and floated. The
ballis were now floating at the far end. On one side of it which waf.
to lead in water 200 ft. of G. I. wire 7/14 was passed round ballf, §
and wire netting and given 8 turns, and the free end tied down tothd
longer one by G. 1. wire No. 20 as shown in Fig. 12, Palte X, so 1} a
there was no possibility of its getting loose. Generally the free end #

the wire was kept about 3 ft. from the extreme end of mattress, 5.

balli was then tied by means of ropes to a country boat which Wi
floated down to site. The boat was anchored down to the mooring
posts and the ropes were manipulated in such a way that with the hdp
of divers the mattress was brought to the position it had to be lid -
After this the free end of the anchoring 7/14 wire was passed through
the 15" diameter iron ring slid round the mooring post, knotted and
tied, brought back to the mattress and tied on to a bamboo fixed 5‘-
from the outer edge of the mattress {Fig. 13). %,

The mattress was then sunk inte position by divers starting )
one upstream corner and weighting the edges by sand bags. Bags
stone were also thrown all over the mattress to sink it completely.
next mattress had to be given a 5 ft. overlap and therefore pegs W
driven through the mattress 5 ft. from its outer edge. The next mattfes
was then laid with its edge touching these pegs and the frec end d‘k
7/14 wire of the previous mattress was tied on to the balli of the new,
given 8 turns round it and tied as at the other end. :
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Ahe joint would be as shown in Fig. 14, In this way all the mattresses
Ctied to each other in succession through the rings in mooring posts,
gensured that in case one mattress lifted or something happened it
Jd not flow away unless the ring or mooring post gave way, in which
the other end %f mattress would still be safe: but such chances
be remote. It is very important to note that each mattress must
N dequately - weighted down as if any portion remains lifted up,
s will form underneath due to under-flow and, if of any consider-
sze, may damage the mattress. To avoid this the ends were all
ted with bags side by side and stone dumped all over. Care was
Bherer taken that'the portion where the cribs  were to come was
B overed with stone or bags. The placing of the last few mattresses
' gives trouble particularly if the final linking is done in deep
t. To get over the difficulty the deep portions were mattressed
and shallow portions afterwards. The mattressing of the bed was
gd on 12th November, 1938 and completed on 26th November,
L In all 23 mattresses covering 575 ft. of river width and 54,600
ket of bed were laid. In passing, it might be mentioned that a mat-
should not be left in water for any length of time. Onceitis brought
ater it must be launched in position, otherwise pilchi gets heavy,
to soakage in water, and on account of its own weight the mattress
sk in sand from which it is very difficult to extricate.

Iments.

Plate V (Fig. 1) shows the details of abutments as constructed.
e were laid on pilchi mattresses and consisted of a central core of
bags with a backing of stone on hoth sides. The entire section
one and sand bags was grouted with sand to make it leak-proof. The
p were similarly laid on the mattress as a further precaution. The
core was raised to R.L. 482°0, approximately 3 5ft. above anti-
@id water level. An earthen bank was made on the upstream face of
Mibutment and wings and linked on to the marginal bund at either
The work on these abutments was started simultaneously with
Battressing and continued till 3rd December, 1938,

The launching of cribs followed the laying of mattresses in the
bed. Photograph No. 6 and Plate No. V (Figs. 5 and 4) show the
tof a crib. The object of a erib is to have a framework of a large
which when filled with bags and stone would form a sufficiently
arrier against dislocation by any local concentration of flow.
the stone backing in front and behind sucha barrier becomes
Bainst all contingencies. As the photograph shows it is a
idal framework of sal ballis diagonally strutted across the

Bon of flow. The joints are nailed by 3" bars and are further
honad Tt 0 T Nl 10 wiriva and tvine - Bralle 211 the memher
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together at the joint. G. L. wire is then cerried all round ¢
and attached to the various members by means of U-stapl st
affords a wire net roundthe crib which prevents stone and hug
being carried with the current. The bottom is floored ]

", centre to centre. The criby

with a maximum spacing of 9"
open at the top to permit bags or stone being thrown in.

The floating and launching was done in two ways. The .,
cribs were lifted by diver gangs and carried in water and R
rafts of 40-gallon empty barrels. These were floated and the
then slid into position. With the bigger cribs a different method
adopted. After construction all the cribs were placed along o "'"ﬁh
gauge track which was laid at such a low level that the frame of platfes
trucks came almost at ground level. Two N. G, truck platformg s
placed one behind the other and the crib slid on to them and Lxid A,
The truck platform had ten feet sleepers attached to their top so g
to let the cribs overhang (See Fig. 15} Plate IX. iy

#

where a raft of empty barrels was kept in readiness, The cnbm?

These were then pushed on a track extending well into the ﬁmi"
transferred from platform trucks to this raft which was then tied on il
a boat and floated close to the site. Here a gantry was erected on a bog

which was anchored to an aerial ropeway on the upstream side. Thus
ropeway was kept high enough to permit boats passing under it,

The crib was loosened from the raft and the gantry lifted it upl}
Men had to be employed to disengage the raft, which was then pulled
out by ropes, worked from another boat anchored to the mooring posts
After the crib had been lifted by the gantry, the gantry boat took i W
its proper position.

The divers were then sent under water to level up the ground by
removing any sand bags or stone that may have been dumped to weight
the mattress. The crib was aligned and lowered in position, and
justment necessary being made by pulling or easing ropes tied to &€
corners. After it was lowered and properly placed one layer of sand bag
was placed at the bottom of cnbs, well packed. This was done
divers. In addition, precaution was taken that no water passed b
tween the crib and mattress and undermine the latter. It is very e e |
tial to see that there are no projections and obstructions under the cribl
A further safeguard was to line up sand bags upstream and in front §
the cribs (Fig. 16) Plate IX so that the level of the bags inside and ¢
side would be the same and fill up any openings that were left.

It was very essential not to restrict the waterway too much as
would lead to high velocities at local sections. Only the minimum ¢
struction was placed over the bed and that too gradually, to avol
desirable heading up. Where the double row of eribs came in the
was placed first and then the upper one but both were advanced t
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en the cribs were placed in position a gap of about 2 to 3 ft. was
n the adjacent ones. This could not be helped because of
ion of ballis needed for strength. These gaps were closed
gs of gunny bags which were held in position by means of
running at 6" intervals and tying the adjacent eribs together.
w. 7 Plate 1X). These gaps flled with gunny bags made good
{(Photograph 7).

ks had not only the advantage of converting the gap into piers
ptyng one crib to the other and thus keeping up continuity and
idditional strength. As was experienced later the effect was that
nibs settled the baliis failed at joints, but the position, of the crib
materially alter. This meant that cribs adjusted their form to
tt. Where there was any serious settlement, cribs were built
he original level by additional ballis carefully joined and strutted.

fhe work of placing cribs was advanced from both sides but the
as rushed more thantheleft to enable the last erib being laid in
water.

he last crib would have to be specially constructed to suit the
gap but this was managed by adjusting the spacing between the
cribs.  Before putting the last crib, the boats required for
gstone were passed downstream. The laying of cribs was
on 20th November, 1938 and completed on 1st December,

sthe river had not yet been opened into the right undersluices it
ential not to do any heading up at the diversion bund and at the
ime till then to ensure that whatever work could be done was done
B! to lose time,

wes decided to lay one layer of stone on the mattress on the
eam side and to build up gaps between adjacent cribs by sand
sbove water level, because this would restrict the waterway by
Y p.c. which could be risked in view of the river discharge also
gone down. This gave a framework of a temporary regulator

bays (See photograph 7 opposite). The river was opened
e right pocket on 6th December, 1938 and it was not till then
e real rush started.

Ropeways.

 aerial ropeway erected upstream to anchor the gantry boat and
ing of cribs having done its job, was removed and fixed down.
© speed up work, dumping of stone downstream had been
by boats. One main principle kept in view was to advance unj-
o the full front to avoid dangerous rush and scour at the clos-
» For this uniform dumping, boats had to be anchored all along
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and this was arranged by the aerial ropeway about 5 ft. do
the central line of second crib line. 16 pulleys each with a cha
to which boats could be anchored against flow of water n
this ropeway (See Fig. 18, Plate 1X). :

» Were §

Permeable spurs on guide bank.

. The selection of the lower site for the final diversion bygd
miutted further measures to be adopted to obstruct the Tiver and e
1t into the pocket as far as possible. With this end in view ¢} ha

of permeabie spurs were put i at the nose of the guide bank gy ching

on plate 11,

W

The main chokiag and diversion had to be done by the
A double row of kallis was therefore driven on the frst line which

just below the head of the diversion cut. It was Proposed to have §
diameter pilchi rolls put at this site and to supplement itg actios thb
second row was also to have pilchi rolls. The others were %3 ju
hanging pilchi. It was not possible to drive ballis where water vy
deeper than 10—12 ft. Such gaps were left out from the lines and
were thrown and anchored down by stone in trangers at these

The surface anchoring was done by tying trees to empty
(floated} which were then tied to ballis. All ptlchi rolls and
mattresses for hanging were got ready earlier, all lines were stranded
with G. I. wire and further necessary material collected in front of ench
line. The day the cut was opened, a rush was made on all thess }
and they were completed. After that, maintenance was carried ¢
during the day. '

The difference between the action of permeable spurs At §
Malkana (right) creek and this site was that in the former the water
to be diverted from shallower to a deeper channel and in the latter
a deeper to a shallower cut which had yet to develop.
efficiency of these spurs at this site was therefore small as
considerable heading up was possible with these, but as a source @
obstruction in the river they were useful and helped the cut to tal
more discharge. %

Stone.

Work was started on the diversion bund on 7th December
full rush. An attempt was made to close the side cribs by bags
advance earth in front of them. This was found risky as with the
crease in head cribs began to settle rapidly. It was therefore dea
not to take any further risks and to go ahead with the stone dumping
full section. This was done uniformly. As the stone dumping
vanced, cribs also started showing signs of settlement n the d:
stream side. Photograph 8 shows the general tilting of cribs of cow®

stream line. To stop further damage it was very essential to
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- _

bich was being created. On the right end the current was so
et stone dumped was also being carried away, T
gto the downstream line and loaded with stone.
tound the cribs and the situation was thus brought under con-
gsbout 10 hours struggle during the night. Conditions became
rever free falls existed and there were about 5 of these. Photo-
| shows a typical fall. After the force was half controlled by

s cribs invariably showed settlement.

z ml| towards
- The 1deal conditions were where the water emerged out of the

the tail end as shown in photograph 9. The concentrated flow
it bank gave greater trouble and had to be controlled by adding
ore cribs on the downstream side. The settlement was very
dis apparent from Statemnent I1. Photograph 11 also shows the
st in the gangway carried over the top horizontal members of
. It shows almost complete settlement of one crib and sideways
wards concentrated flow of a new crib placed at the back. It
shows how the side cross members of cribs of the lower line have
w the downstream side and got broken. These settled eribs
fmade up after concentrated flow was controlled and the gang-
o raised. Uniform strengthening and raising was necessary to
prcentration of flow at the low sites. The sites of concentrated
e invariably accompanied by settlement of cnibs.

the successive settlement of cribs it was clear that dumping
must continue to well above the water level on the downstream
ad appeared above water on the downstream
mping was started on the upstream side, Weighting by stone
 signs of tilting of upstream line of cribs on the upstream side.
ngs and examination of bed by divers showed pot holes on the
m side where settlement had occurred. It was therefore decided
1o risks to carry on with stone dumping until the stone showed
ove water level on the upstream side as well and water passed
hthe stone voids. The second line of cribs and the space between
blines were at first intended to be filled up with sand bags but as
d block the waterway it was decided to fill them with stone
The gap between adjacent cribs had however already been
Pwith sand bags to form piers. Whenever any portion was
with stone, the cribs showed tilting towardsthat side and many
reaking up of some members to permit the crib frame work to
iself to the settlement in the mattress. This settlement was
ccause it covered up pot holes and ensured mattresses sitting
As the stone dumping was in progress men were made to

the downstream mattress and invariably the ends showed that
tress had sunk in  and had adjusted itself to the scoured bed.
“baervations made it very clear that there was progressive under-
ow the mattresses due to the increasing head and it was a race
M the rate of undermining and the protection and consolidaticn
?stone dumping. For the first few days the river got the better

wo cribs were
Stone was also
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of it but soon it came under control. Once the stone showed ityelf
downstream water level N. G. track was laid and N. . trucky
used to supplement stone dumping from boats. (Photograph | D). |
trucks usually worked in shallow water and boats in deep water.
the shoaling up of the downstream river bed due to the sand

from underneath the mattress the working of boats had become 4
and inefficient. They could not carry the full load of stone andl
the lead frem the stacks to boats had increased. '

The water level upstream was expected to rise to R. L. 478°0,
it was proposed to carry the stone to R. L. 480°0 both upstresms)
downstream. The proposed minimum section downstream 15 show
Plate V. Below water level stone was allowed to take jts own
The completion ef stone to full section advanced from the two o
It was completed both upstream and downtream about the same §
After this, a covering of ballast was laid over the upstream stone fwd

give a more or less even bedding for the tarred gunny-bag tarpauha
be stretched.

After the ballest had been put in the filling up of the cribs
sand bags began. It will be recalled that only a one foot layer of
bags had been put in as any greater depth of sand-bag filling would
caused undue obstruction and forced more water from benesth
mattress with consequent danger of undermining, but this danger:
disappeared with the stone protection laid to full section. Wuk
rise of water upstream as a result of heading up the depth of wate
the upstream line of cribs was now considerable. The divers had &
employed to pack the cribs with sand bags to within 4 ft. below
level. This was done by four divers working on eachcrib, two from
end. Bags were handed over to each man who dived with it and
1t one against the other and this had to be done very carefully bes
on its proper execution depended the stoppage of leakage. The
to 4 ft. of filling was done after the tarpaulins had been laid.

At this stage it was considered advisable to start closing up
earthwork. On 12th December an attempt was made to se¢ :w
earthwork could be advanced without a tarpaulin covering on t
stream but though the portion well away from the crib hnes sb
- advance there was no advance along the cribs and all earth throws
carried through the stone. This attempt was therefore given uP
laying of tarpaulins started on the 14th .evening.

Tarpaulins.

Gunny bags had been opened out and sewn in the form ‘{ s,
paulin 60 ft. long and 50 ft. wide. The tarpaulins were of amP qa
to cover the stone face, the pilchi mattress upstream and %ﬁd‘ »
feet over the sand bed. Stretching straight it would bhave bee?
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"“Photo No..16. Sheet pile driver mounted on a 1000
maund country boat with which piles up to 35 ft.
length were driven at the sheet pile regulator
at Suleimanki river division site. 3

No.7 haimmer was used.
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40 ft. width but it is desirable to let the tarpaulin remain loose
so that it does not get torn by stretching and thus permit leakage.

were sewn they were spread out. Lime and kerosene oil were
J' coal tar which was then applied hot by brushes. Sand was
Firewni on to prevent coal tar sticking when rolling, Sal ballis
tied and sewn into that end which was to remain at the cribs and
§ water and small thin sal pieces 4 ft. long to the other end which
jo go in water. The object of small pieces is that they permit the
ilin being pulled by ropes passing round it and at the same time
e the general shape of the bed of river. The tarpaulin was then
Jand litted by slings and loaded on two boats joined lengthways.
boats were then rowed in position alongside the cribs. The tarpaulin
urolled on the boat and the end with the long ballis was pulled out
d on to the cribs. Empty bags were passed round the upstream
wntal member of cribs and its two ends under and above the tar-
g where it was sewn, thus tying the tarpaulin to the crib. (Photo-
b 13). The tarpaulin was then unrolled on the boats, the boats
pulled by means of ropes from heavy boats anchored with mooring

nd the

ment on:nght an

-g:gg and thus the tarpaulin was stretched. (Photograph 14). This
5 98 done ropes were tied to the tarpaulin front at three places and pull-
=8 om boats. Two ropes on each side were also tied. Since no ballis
"gg ?,"! dbe sewn on the sides and a straight pull on the tarpaulin would
=38 torn it, small stone pieces wererolled in and ropes tied round them.
- 3'3'_7 19, Plate IX and Photograph 15}). To make sure that the joint be-
,_;,;20,’ adjacent tarpaulins was fully covereda 10 ft. overlap was given,
W the tarpaulin had been stretched as above the hoats moved out and
:ﬁ wlin rested completely on water as shown in the photograph.
o Loading of the tarpaulin with sand bags was then started. Care
ok Bken by manipulating the pull from the seven ropes not to leave any
5 e jon of the tarpaulin stretched when laid and the divers made sure
< t rested loose at the ends. To enable water to get out from under
r_-:'%-ﬁ d 1o ensure satisfactory bedding the divers started loading it from
| b; down to the bed and then over the mattress. Sand bags were
Z, ed to divers (see photograh 13) who went with them in water
3é placed them side by side making sure that no sand bag thrown to
a%u the previous tarpaulin was lying under its end. Before the sand

were completely laid on the front line, weighting of tarpaulin was
by dumping bags from boats so as to expel any water underneath
thus give it a firm bedding. In spite of all these precautions the
in got occasionally torn by stone and these gaps had to be closed
t water by the divers by covering them with small tarpaulins and
bgthem. The existence ot such gaps was indicated by the earth
g to advance. Divers were then sent in to localize the gaps. [t
berally not desirable to advance more than one tarpaulin at a time.
iy area is covered and a local breach occurs in the tarpaulin, water
furt gushing out under high pressure and might suck in more and
#of tarpaulin thus accentuating the original breach. The pressure

15 equal to the difference in upstream and downstream water
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levels is likely to tear the tarpaulin on stones if it is not ]
on them. As the last tarpaulin had to be put in earlier d
sideration of advancing of earth about four big gaps w.
and two more tarpaulins 20 f£.X30 ft. had to be laid to co::

Final Closure.

With the tarpaulins laid the advancing of earthwork 4
on 15th December from one end and on the 16th from the
was at first contemplated to lay all the tarpaulins and start
on the entire front to aveid the otherwise heavy concentratiod
in the middle. Arrangements were therefore made to ” :
bridge ready and this was borrowed from the Buildings and
partment who had dismantled Talibwala ferry in anticipation
pletion of the road bridge at Trimmu. The boat bridge he ;
"ot be brought into action till stone dumping on the upstfeam“t!'““g
completed and tarpaulins laid. By then the earthwork by donkeyy
advanced suffictently from both ends and the full number of Lkl
could work on these fronts. The boat bridge was however k i
‘n case of nced. The cribs in front of which the earth-work
vanced had served their purpose hence their tops were sawn off sid
5 fr. wide sand bag path covered with sand was made available for adi@
vancing earthwork along the entire face. With this additiona} froaty

the gap was closed on the 17th night.

Head on Diversion Bund.

The maximum head across the diversion bund was 4°9 it.on
evening of 17th December. "The perusal of the graph on plate V11 shes
that the gauge upstream of the diversion bund went by gradually et 1\

, stone dumping advanced. Butasa result of the final closure by means ¢
tarpaulins and earthwork the gauge rose rapidly between the 15th
17th. Statement 1V gives the head across the bund and dischaf
through the diversion cut for the period 6th to 17th December. Tl
graph of head at diversion bund and the discharge through the cut (Pld
V1) shows that the rate of increase of discharge was greater as the had
increased. The real development of the cut took place with the incrad
in head. Statement I shows the effect on various gauges Curd

diversion period.
Lighting Arrangements.

On account of the extensive area in which works were scattered
the necessity of work being carried out at night very efhcient lig
arrangements were needed. A transmission line was carried to the
and two flood lights at either end were fixed to throw beams of lig
the main work. In addition to this a line carried across the nver
the mooring posts and up to the borrow pits where donkeys were
ing. Petromax lamps were used at places remote from the electnt

and occassionally to supplement electric lighting.
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Photo No, 18, Jetting sal ballas in river
bed. The fire engine is mounted on a
boat on theright. Note the Jetting

pipe alongside the sal balla.
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Photo No. 20. Pcrmcable Spurs as firat tried at Suleimanki (1923).
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'igures and Eollection of Materials.

ttion of materials started in October and all materials were
well in advance. Filled sand bags were kept ready. Pilchi
was started as seon as river conditions permitted. Mattresses
got ready by the [0th November and eribs by the middle of
i Avreserve of pilchi and bags and ballis was arranged which
td-to be very usetul. Tramway lines were al! laid out n ad-
material kept at hand for emergencies. 46 divers had to be
om the upper reaches of Sutle] as the local boatmen were of
type who could not be trusted to work for any length of time
33 boats were employed on dumping stone and sand bags,
eable spurs and four for miscellaneous jobs. A country boat
sed and a gantry fitted on it. 180 N. G. trucks were brought
r the carriage of stone. -Four N. G. locos were kept ready
s if necessity arose. About 40 gangmen were always working
ling, relaying and linking of N. G. track. Tarpaulins were
ell in advance. All materials for the permeable spurs at the
upstream right guide bank was kept at each spur ready to be
ition as the cut was opened. About 1000 donkeys and 1700
e working during the period of rush on the diversion bund
in addition to the labour on cuts.  Most of the work was done
tally. Preparing of mattresses, part of stone dumping or sand
and all earthwork were done on contract labour. For the last
work continued day and night though night work was neces-
er. It was only a well planned and carefully thought out
kn_that completed the work in such a short 1ime. The final
ich was expected to be finished by Christmas week was
e on the night between 17th and 18th December.

for Freshets.

the diversion it was found that the development of the cut was
and a discharge of 1245 cusecs could only be passed with a
19 ft.  This meant that in case freshets came in, heading up
ponsiderable which might endanger the diversion bund. Fur-
ght be beyond the capacity of the right undersluices without
ding up. There would be no possibility of water passing
e left undersluices before early March. The freshets had
o be passed through the right undersluices and the adjoining
ys which were separated from the left group by a substantial
nd with suitable cut-offs on grouted stone aprons. No
tary bund across the ungrouted stone apron had any chances
ding the head of water between river level on one side and the
evel on the other. Statement V of maximum discharges for

rs shows that in December the maximum ranged from
69, in January 1700 to 23,700, in February 1230 to 35365 and
10,363 to 1,035,000 cusecs. ,
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- If the waterway downstream were sufficient to permi
|conditions at the right pocket, considerably higher dischargesg
passed but enough waterway to permit these did not exist. Al
the natural creek was to become useful and was to serve as an &
cut. By the end of January it was anticipated that 13 bays ofy
weir would be able to function as the bridge. would be comp}
erection would have well a_rjvanced. After January tleve{ored
had to be passed through i e right half. This indicated’t
for fresh leading cuts both unstream and downstream which’y
of the creek as far as possible. ;

The cross bund segregating the left half of the weir therefol ‘:

designed to withstand a discharge of onelakh cusecs with a’possy 1934-1935
level of 490°0 but natural surface being at R. L. 487°0 any (@
this will get automatic relief by spills over the bela. The top off ) ’

bund was however fixed at 494°0 and arrangements made tq Min. | Max.
spills out of the working area in the left half. \ ]
Effect of timely Closure. 1480 | 2330
\ The L. C. C. system was to have a closure from the 13th [ 13311 3520
Till the diversion bund was completed no water could be escaf] 1379 4506
Khanki and even freshets had to be absorbed as far as posl | .

closure of the diversion bund on 18th December, 1938 however 0648 | 31105
the Lower Chenab Canal closure to be fully utilized andf@ 4206 | 36123

allowed to be escaped below Khanki on 20th December, 1938

plus came well in time and helped to develop the diversion cu

Costs.

The statement of material costs and rates 1s attached as
A. Other useful information relating to the work is also includ

Conclusions.

The diversion of a river marks the virtual compld
headworks, as the original channel having been closed an
llonger avajlable all rises in the river from small freshets, to
have to be regulated over the completed works.

River diversion is therefore the crowning act in a head
struction, and has to be very carefully planned and proper
It is essentially a tricky job and to make full use of the tigf
an early start is extremely desirable and the successful comy
should be aimed at as early in the winter as possible, and
fore the winter rains set in. It should therefore be timed ts
the pzriod of lowest supply in the river when chances of sucq
assured and at the same time allowing sufhctent period fo
cavation work in diversion cut or cuts.
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i STATEMENT II

! Statement showing the levels of cribs during diversion operations.
(Cribe indtially fized u? R. L. 480
Figures in Antique show Sattlement.

HUNK CONDITON OF CRIBS DURING QPERATIONS,
0. of oriba | Fixad lovel
f

Int tine of ovib. e Tf‘ -
7.12-38, 8.12.38 | w1238 10-:2-38) 11-12.88. | 120288 P 13-12-38. | 14.2-38 | 15-12-3%. | 16-12-38 ] 17-18-58
e 1 _ e e
480°0 4B80-0 480-0 4809 480-0 FEIRE] 480-¢ 1 480-0! 4800 ‘
480° 0 480-9 480-0 4800 4800 450- ¢ Mu-tl} 480-0 480°0 I ‘
480-0 4800 180-0 480-0 4800 1800 480 4500 480°0
480-0 4800 48¢-0 4500 4B(0°0 4800 48070 480°0 480-4 ‘
480°0 480 0 48G-0 4800 480°0 480-0 480- 0 4800 ELTRL]
4800 AT 47777 477.7 4777 4777 4177 476-3 a7e-30
800 ey 4141 4744 4747 474+7 4747 $74°7 4747 47407 | H
4B0-0 T T 4147 4747 4747 4747 4747 4747 4747
4800 7 747 147 4747 4747 747 474-7 47407 107
4800 480-0 4800 480°0 83 761 475'3 4758 4152 476°2
480° 0 180-0 4800 4800 479.5 4181 arT-g 4768 478-0 456°0
480-90 480+ 0 4800 4800 479-3 a8 472 477-2 4772 47710 477710 47710

480°0 480°0 4500 480°0 419°6 479-2 489 4778 4TT-4 I Ar7°2 ATT 18 477156
48)°¢ 480°0 4800 480+ 0 4798 a79-2 4789 475.0 ) &78-2 47815 | AT805 478-08
4800 180-0 180°0 480°0 4788 4792 a78-8 478-0 | 4vBs 4Te-17 | a7 07 478'97
480 ¢ 4800 4500 48070 ATe-0 4788 et AT8-5| 4785 4180 79 47790
450°0 480'0 430°0 480°0 48070 [F& ] 4706 479-4 a0 47817 | are 07 479407
480°0 480-0 4800 480°¢ 48070 Lri ) 4T85 479-5 | 41817 | 479017 ! 1901 2007
4800 480-0 480°0 450°0 48000 e 4719-5 4193 4719-3 47851 L 478-01 478°61
480°0 480-0 480°'0 48070 480°0 473-8 a7 479-7 4783 o189 47507 4718-9%
600 480° 0 4800 480'0 4800 fro 4708 478-8 | 478.80 | 47880 478:80 | 478-00
4500 4800 480-0 480°0 4800 480°0 4798 | 1796 | a719°0 478°0 4790 479°0
4800 4800 4800 480 480-0 4798 419-1 479-51 479256 | AT915 | 4TO-O6| 470'00
4800 480-0 4800 480-0 480-0 4798 4788 479 7 a79-40 4"!‘!15 47416 47915
480-0 480-0 430+ 0 480'0 4800 479°8 475 4765 a79°4 47510 47910 47910 »,I
4800 1800 480+0 4800 4800 : a7 479-3 479-3 | 4189

4300 4860 450-0 4800 4800 | 4185 4789 4735 4783

48070 4809 4800 480-0 4800 4795 arg-4 191 arri

480°0 480-0 4800 4800 am-3 478:7 4787 4784 478 4

480'0| ave-z|  ave-mal arss 4383 wrees|  wrsn|  amses| avses

480°0 ATS-0 476+ 80) 475°B0  475-800  475-3 4753 476 3| 475°3

4800 480-0 4800 45800 4784 4783 478:3 4780 478°0

480.0 480-0 480-0 480°0 4190 1190 4788 aTEO [ 478-0
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The work should not be permitted to be dragged 10io the freshet
as not only will it mean heavier discharges and therefore greater
but the chances of failure will be greater and the excessive tjme
ed for closure may bring us to discharges too heavy to be controlled

fsitating postponement to the next cold weather with all the
fdant expense and risk.

Uf a failure occurs it will be necessary to repair the damage done by,
be and thus cover the lost ground before starting the work all over
. This will mean extra costs in addition to serious set-back. As
Btakes are very heavy it will be seen that in planning or execution of
sion works there is no room for taking risks. The design of di-
: should therefore aim at making it oversafe rather than work
It should be strong encughtowithstand any possible rise
during operations and have ample margin of safety.

T he chief controlling factor in the design of diversion bund s the
f across 1t and to reduce it to the minimum the diversion cuts should
keper at the tail and wider at the head. If labour conditions permit
beral a2 waterway on these lines should be provided in the cuts as

ble.

he stakes in river diversion are so heavy that successful completion
d be the main aim and costs should be given only a secondary con-
fation. There should be enough of reserve material in case of
baps.

I piles are not available a stone-cum-crib bund is the only safe one
e heads are likely to be excessive.
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e
STATEMENT III

GAUGES.
Down- 1
Dateo. Head of | Upstream stream Tail of’ i
diversion | diversion diversion | diversion !
\ cut. bund. bund. cut.

1-12-38 47450 474°14 473.91 473 46
2.12-38 47450 474-19 473.86 47360
3-12-38 474-50 474°19 473.81 47335

' 4-12-38 47456 474-27 473.81 473-36 |
5.12.88 | 474°55 47429 473.79 | 473-35 }

i §-12-38 47500 47444 473.76 173-30 |
7.12.38 | 47600 174-64 | 473.46 | 473°00 :

8-12-38 475° 50 474-79 473.51 473-40 !
9.12-88 47550 476-19 473.66 473-20 |

10.12.38 | 436-10 | 475754 473.46 | 473°20 E

11-12-38 47645 47579 473.59 47318

12-12-38 476 50 47609 473,50 4713°15
i 13-12-38 47680 476-30 473.41 473157
: 14-12-38 476-90 476" 473.46 473-13
15-12-38 | 47710 476" 473.46 473-12 .
16-12-38 47760 477" 473.31 473-02 "

17.12.38 | 478:20 | 477 473. 473°03
17-12-38 478" 473. :
evening i
18.12.48 | 478:35 | 47T 473. 473°13
10.12-38 | 478°30 477" 473. 47340 |
50.12.38 | 478°30 | 47T AT3. 473 48

21-12-38 478-00 | 477 413. 47365 ‘
99.19.38 | 478-00 1 477" 473. 473-68 |
23.12-38 477°95 47T 473. 473-80 .
24.12-38 477-90 477. 473.81 | 47383 i
25.12.38 477-85 477. 473 47388

26-12-38 477°85 | 477- 473 473:91 \
57.12.38 | 477°90 | 477 473 47395

28.12.98 | 478745 | 478. 474 47402 ‘

20-12-38 479-00 478, 474
30-12-38 479-00 478. 474142 474-45
31.12-38 47885 478.74 47450 47450
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STATEMENT 1V

Btatement of discharges of diversion cub with
reference to head across diversion bund.

Morning. Evening,
T T T Diascharge of
Discharge of diversion diversion.
Head Head
ACTOSE | ACTrOss ]
bund, At head. " At tail. bund. ‘At hea.d." At tail.
g | l
1'18 256 ‘ .. 1-24
1-28 272 150
1-53 303 \ 1-90
2:08 331 .. 2.10 400
220 405 s 2-46 427
2:59 436 .. 2-6B 497
2.89 407 | .. 3-10 533
300 ak6 . 3:10 550
316 573 . 340 601
3-93 699 .. 430 750
4-63 1154 L 490 | 1245
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STATEMENT VI
Statement showing the width at various points
in right cul.
Wrdths
Cunstte width On 5-1-39 On 15-1.39.

146 210 255

150 181 235

146 142 210

125 172 185

109 155 165

107 177 180

117 136 144

— Pocket line

125 190 191

126 170 184

128 183 189

127 226 233

105 163 168

130 153 153

116 174 174

133 142 144

126 144 149

110 136 140

126 141 146
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PLATE NO. I}
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IMILE

SHOWING
UTS, PERMEABLE SPURS AND OTHER DIVERSION WORKS

ScaLeE 24

) TRIMMU DIVISION
RIVER CONDITION AFTER FLOOD SEASON 938
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River Diversion at Trimmu. 289,

DISCUSSION.

B The Author in introducing the paper said that it had not been passible
Al for him to go through the proof of the paper on account of jts late sub-
mission and as such there were some mistakes in printing. They would
corrected in due course.

& Mention had been made in the Paper ot Appendix A giving costs,
[ M rates, analysis, quantities of materials collected and used and other useful
Winformation on the subject. This had not been published on account of
ate receipt.  He would thercfore give a few details of what it contained.
4 | he magmtude of the work would be apparent from the fact that 1,84,000
kit of stone, 86,500 cft. sand bags, 16 tons G.1. Wire, 1900 ballies, 6 cwt.
ire nails and staples, 26000 sft. tarpaulines, 500 gallons of coaltar, 90
ghting points, 4 miles N.C. track, 2,20,000 cft. pilchi were some of the
ajor 1tems. 8 crores of earthwork were needed in connection with the
«Sork relating to diversion and the bunds in the river area. Rates of cribs,
“Pattresses, balli sinking were also analysed in this appendix.

He added that River conditions this year had been rather abnormal.
er the diversion, the river kept on falling in January and went as low
900 cusecs. A flood came in the 3rd week of February when the 4th
it which was excavated later was also opened. The entire right half
=3 the barrage functioned in this flood and these cuts developed with the

e of water resulting in considerable scour of belas. Before this flood
bsided another big rise had occurred which reached Trimmu on Ist
arch, The entire right half was passing the floods and had completely
eloped into a river.

% On 3rd March the discharge rose to 1,80,000 cs. As the ‘waterway
as restricted on account of heavy bela downstream which had still to
i scoured the water level rose considerably and was 1°8" above the’
eximum flood level ever recorded. The river seemed to be rising still
her. The abnormal rise was causing panic to the villages upstream
3 in order to relieve unnecessary ponding up the left half of weir was
0 opened to the river. The bunds and protective embankments
fhstood the floods very well and have been completely tested as well as
works.

With the right half of the barrage completely developed into a river
fther floods were not expected to cause any worry. Apart from that
cient time had been gained for the left half also to be developed
ore the monsoon and it was hoped that with the protective bunds
Sl tested the officers responsible for its running in the first year might
I3 have that amount ot anxiety which was usually their lot.

W On page-——a statement had been made that wider cut wpstream and
qEver cuts downstream were more efficient. This had been proved
Ahematically and was a matter o} simple calculations and the conclu-
il were based on mathematical analysis,
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In the end he said that a movie film of the work would be displayed
showing the work in various stages. In passing judgment over the photo-
graphic achievement, he requested the members to kecp in  view the
ract that both the movie and the paper had been prepared under great
strain of rush of work and very little time and attention could be spared
for these. The arranging and splicing had been started only three days. -
back and though he felt he had not been able to do full justice yet L
would provide enough picture description to give a general idea of how -
things had worked.

Mr. F. F. Haigh congratulated Mr. Kapur on the production of an i
excellent paper and said that the arrangements at the diversion site had  }
worked well and the diversion had cost considerably less than previous -
comparable diversions. He doubted, however, if the floating spurs at the &
guide bank nose had been justified.

He also thought that the diversion cuts might have been better &
planned. Of course they had been working against time and had hadte }
modify their design under changing circumstances. It should, however, |
be possible to assist the river development considerably by the use of §
multiple diversion cuts. A given discharge can only develop a single - |
channel to a limited extent, but by diverting the discharge from one cut !
to another it was possible to multiply this development by the number §
of cuts. To this end the cuts should extend independently through the -
whole area to be developed and should be separated from each other by ¢
adequate cut offs through the stone and block protection of the weirs i
A cut off could be provided across the stone by sand grouting but this. }

{

could be done in the case of the inverted filter where a pakka curtain wall
was required and should be provided in the weir design at suitable
ntervals.

R. B. A. N. Khosla said that Mr. Kapur had written a very complete
. and thoughtful paper on a subject which suffered from dearth of literature. }
"The closing of a big river was an undertaking which would tax to the
utmost the capabililics and resourcefulness of most engineers. The -
time tor such diversions was generally very limited. A delay of evena
' | week might at times mean all the difference between success and failure,
{; The programme of works on the weir, the diversion cuts and the actual ¥
}:  river diversion had got to be worked out in minute detail, so that, it should
ill advance strictly according to time-table along all fronts. It called for a {
E‘_ high class of organization, and forethought, nnusual drive and sustained

T

 hard work. The actual work of diversion ineant long hours during day [
. sleepless nights and a state of almost continuous brain fever. The exact.y
significance of these remarks could only be correctly appreciated by th

who had handled similar works. Mr. Kapur had discharged the re
ponsibility placed on his shoulders with great credit. He had complet

the work in time and at low cost. F
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Mr. Kapur had dealt with the work of river diversion at Trimmu
in such a complete manner that it needed little elaboration. The speaker
& a8 Executive Engineer, had the responsibility of planning the sequence
% of events and seeing to the execution in due time, His experience of river
. @ diversion at Sulemanke had proved of the utmost value in directing
. 3 operations at Trimmu

.. Hewouldliketo add a note of warning to those who might be entrusted
] with works of a similar nature. The he

: ad across the diversion bund was
& the main controlling .factor and was of particular importance when the |
[ diversion was done over a sandy river bed. Every effort should be made

& to keep this head as low as possible. This could be done by making the
& diversion and leading cuts of liberal dimensions, This course might be
 somewhat more expensive but it would be a good insurance against

& failure.  The cut could be very expensive, It might cost 20,000 or 7 lacs
R or more. In an extreme case it might set back the programme by one
§ whole year involving considerable expense and the risks of one additional
§flood season, The limitations of this recommendation should, however,
e kept in mind.  The volume of earth-work required in diversion cuts
§ isgenerally stupendous and if too liberal dimensions were adopted it might
not be possible to complete the work within the short werking period
i i date of actual diversion. In such

2 case, a middle course would be more appropriate. The size of the dj-

version cuts should be suitably reduced and the diversjon designed
glor the corresponding increase in head.

Y

In conclusion the speaker congratulated Mr. Kapur on his outstand-

b $ing success in river diversion at Trimmu and thanked him for his most
Willing and efficient assistance,

Dr. NK. Bose said that the Author had on page 265 referred to those
Experiments that had been carried out by the writer at Malikpur Experi-
pental Station. He thought this was the first weir in the Punjab whose
, Frery part had been tested in models b

efore construction and the River
el experiment had been one of the series of experiments that were

o JEPeriments had been sentupto the Chie
gonnection he would only refer to that
grect bearing to this paper. In the

brditions would be obtained in the

f Engineer for publication. In this
part of the experiment that had got
model, efforts were made to see what

river during the period of construc..
Bon of the weir and also how different cuts would develop. Gauges in the

odel were observed at various places in the river. During the summer of
38 while the weir was under construction and ring bunds were put
ind the weir, gauges had been regularly observed in the river at Trimmu,
1 the following table gauges observed at Trimmu and those observed n
¢ model at the same point were given. It would be seen how close was
i;f e agreement. He was glad that Mr. Kapur had found that the infor-

 getion supplied by these experiments was useful to him during con-
{Buction period.

P R

.
e 9
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Comparison of Trimmu Gauges for the floods of 1938 and the corres-
ponding discharge in the Model jor the prediversion runs.

Trimmu Gauges.
Date Discharge ~ Prototype Model
18-5-38 150,665 Cu/sc 488.7 RL. 488.0R.L.
13-6-38 187,809 " 488.4 R.L. 488.3RL.
17-6-38 105,917 . 487.4 R.L. 487.5R.L. J
28-6-38 133,433 " 487.19 RL. 487.0R.L. |
8.7-38 85,588 » 486.2 R.L. 485.6 R.L.
: 26-7-38 300,000 - 489.5 RL. 489.7R.L.

Mr. R. K. Khanna said that from the common place name of the
subject matter of the paper, he had hardly any inclination to read it, but a
study of the paper had been specially recommended to him the previous
day. He must say that he would have missed a very pleasant and in-
structive reading if the paper had not been specially recommended to him.
It did not boast of any new theories nor did it contain high sounding,
unintelligible scientific discussions and misleading inferences ; but in an.
unpretentious manner, the author had given a lucid account of one of the
most difficult operations of headworks construction, which he had
rightly called the crowning act of all their labours.

On large inundation canals they were sometimes called upon to close
large creeks of rivers or breeches in the canal banks, and they witnessed
such display of skill, ingenuity, and resourcefulness as had been brought
to bear on the task of diverting the river at Trimmu. But here the stakes
were very great, and any serious miscarriage of operations would have
cast a shadow over the dazzling achievements of Trimmu Enginecrs.
For this reason the bold resolve to close the creeks and divert the niver
by means of unconventional methods was all the more praiseworthy.

It was said that necessity was the mother of invention. [n this case |

the non-availability of sheet piles in India was responsible for their’ 5

adopting the course actually followed otherwise they would have had

the ordinary tame affair of sheet piles driven by means of pile drivers. |

o=

v
B R e w e 2 e ST B i £

L = A=y =

e

and other necessary operations performed in their regular sequence. - |

sets of photographic representations of the methods adopted at Sule .

They would have missed the striking comparison between the two %

and Trimmu, and Mr. Kapur would have been deprived of the gre®§

satisfaction which he must be feeling at the successful performance of a
most difficult job.



,-WF,-_..
FETET I

1.
netr

!had_ :

pers

:'ver ]

g River Diversion al Trimmu: 289

While having nothing but praise for the  ingenuity, forethought and
_dock work regularity with which they had performed their difficult tagk,
:he had not been able to understand the difficulties of Mr. Kapur in
determining the size of leading cuts. After indulging in so many mathe-
imatical calculations and calling to his aid Kennedy and others, he had in
the end decided on arbitrary sizes of cuts which proved quite satisfactory.
:Furthermore his scientific arguments about the necessity of leading cuts
‘being wide at the upper end and deep and narrow at the lower ends, so
that these may develop without undue strain being put on the diversion
bund and other bunds are not quite intelligible. Of course the cuts
should have been sufficiently wide and as deep as could be conveniently
made at the upper ends, but neither the slopes of cuts nor thelevels at
bwer ends were of any real significance. As water was being gradually
fiverted into the leading cuts, retrogression of levels from the lower ends
‘would have steepened their slopes, and the arrival of the first freshet
would have developed them. If a really heavy freshet had unfortunately
wome before the cuts had been well developed, then in spite of the scien-

tific design of the leading cuts, the bunds would have been put to
[meessive strain.

i Mr. K. R. Exry said that river diversion was a subject out of the
rdinary experience of Irrgation Engineers in general and there was very

* {ittle published literature on the subject. Mr. Kapur deserved congra-

tulations for writing a valvable paper, on this interesting but difficult
yubject in a most exhaustive and masterful way,

But on going through the paper, it appeared to the Speaker that

wme variations in the details of actual construction would have reduced -
the cost and added to further safety of the work. '
He hoped the learned author would be able to elucidate the following
points :—
+ L. Useof Trangers in place of 1. Why trangers were not used in-
¢ Cribs. stead of cribs. Besides Lein
; more economical trangers would
have withstood heavy actions
better without permitting stone
to be carried away by concen-
trated flow.
2. Precautions against freshets 2. The diverston bund design was
& considered safe for 2000-3000
cusecs. Would it have withstood
the action of a large freshet? -
If not what precautions were

‘aken to safeguard against it ?
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3. Small stone bunds preferred 3. After the river was opened into i
to permeable spurs. the right pocket, could not be
choking be done by small stone ||

bunds instead of permeable i-

spurs. It had been admitted by !

the author that the spurs were_ s

found not very efficient. 34
4. Donkey labour could be used 4. N.G. Track and trucks were used
instead of trucks. for stone and earthwork. In

his opinion it would have been
more economical and equally-
efficient to employ donkey _
labour.

F=Mra-

5. Earthwork bunds could be 5. Stone flanks were used on per-
used instead of stone flanks. vious mattresses. They were not
so efficient, as they permitted
leakages. Earthen bunds would
have been perhaps more useful,

and less expensive.

6. He asked the author to state the actual time taken for each
. diversion operation. This information would be very useful in calcu-
lating time factor in similar operations in future.

R L - - SR )

7. As stated by the author this work was mostly carzried out with *
departmental labour and not through contractors. The author should -
explain why it was not possible to do the work on contract, as admittedly
this would have been more economical.

The Author in replying to the discussions said that the trend of the
discussion had been very satisfactory in so far as it had been established
that the general scheme of river diversion could not have been materially
altered.. Mr. Khanna had however found it difficult to grasp the necessity
of wider cuts on the upstream and deeper cuts on the downstream.
It had been already stated that this was based on mathematical calculation

-and the proof was simple. A reference was invited to statement on page
265. 1f bed of the downstream cut could be dug to a further depth of ¢
two feet, with a tail water level of 47370, then working from Kennedy's .
diagrams to pass 2000 cs., waterlevels required would be 474 75 and 47532
against 477°0 and 47765 on the fgure of page 265, pointing out to a

- reduction of 2°3 ft. of head against the diversion bund. On the other
hand if extra amount spent on deepening D S cut by 2 ft. had been J
utilized in widening, the cut would have been 175 ft. wide and this would i fl

have given with tail water level of 47370, levels of 476°0 and 47770 ar th 4

corresponding two points. This conclusively proved that for the sam ' :

amount a deeper cut reduced the head more than a wider cut, Stmilarly |
1



River Diversion at Trimmu. 289

The speaker admitted that the above guestion had been investigated
@t a later stage and so could not be made use of effectively, hence the
Qubitrary size of cuts as pointed out by Mr. Khanna had been adopted
Zbut he advised that this principle should not be lost sight of in future.

Mr. Khanna's view “about the retrogression of levels would not hold
Bhecause the possibility of retrogression later denoted undue head on diver.
ion bund which was necessarily to be kept as low as possible. Further
e time factor between freshet possibilities and completion of retro-
ession completely ruled out any reliance on retrogression. He drew
g¥r. Khanna's attention to the failure of the Diversion Bund at Islam
gvhere diversion cuts were required to develop by retrogression.

Mr. Khanna's reference to methods of closing inundation canals
@ spite of his admission that they could not be made use of at Trimmu
g view of stakes involved needed clarification. ‘The difference was that
e closing of inundation canals was diversion from a shallower to a
Yheeper channel whereas in river diversion conditions were the reverse,
{for these reasons the method in use on innundation canals was considered
madequate to meet with the situation on the head work.

For purposes of development Mr. Haigh had suggested working of
prdependent cuts. These cuts for efficient functioning would have to be
gnaintained separately from their off take to exit and would thus jnvolve
gmbankments on belas and where they crossed creeks to prevent their
faters meeting and heavy cross bunds in the weir section. Further it
@ould not permit bends because embankments would be ineffective and
. B was doubtful whether the additional expense would be justified in view
¥ the advantages. The development would certainly be quicker and as

h the necessity would be greater higher up in the hills rather than
Awer down,

Situated in aplace like Trimmu in the beginning, only one cut would be
ceded for initial diversion supplemented by about twoe more to give relief
“ghcase of freshets or rising of floods. Worked in low floods these would
@ve 2 smaller river. In addition there would be needed a few wider and
$ullower cuts with good fall in the bed at Weir line so as to develop
& degradation. Experience of st flood season at Trimmu had shown
Bat cuts should be spaced not more than 600 ft. centres and but for the
gt that an additional cut between left and central one would have de-

oped the river much better the remaining cuts at Trimmu were all
V1l planned,

Mr. Erry had suggested the use of trangers in place of cribs: stone
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{
t
in trangers were ruled out because firstly they would be too heavy to mani- !
pulate and secondly it would have necessitated proceeding from one end |
against the requirements of raising over the whole front uniformly. -
Besides cribs permitted better control over blockage on account of ther ¢

i

regular shape. ;

Regarding Mr. Erry's remarks about protection against freshets, the ;
author stated that the statement of maximum discharges showed that 8000(.5.*;}
had not been exceeded in December. With 2 ft. depth of water over the '

bund a discharge of 600x3%28=5000 could be passed and the rising |
flood would certainly have developed the cut to take the rest. In the case |
of freshet however at least 4 days warning would be available and the i
bund would have been strengthened by dumping extra stone lower down
so as to cover the whole of mattress and even beyond which would ensure
scour removed pretty far down to endanger the main bund. Further
crg:lbs would be cleared out of obstruction which would have given leeser
afflux.

= 0. n o

Mr. Erry had suggested use of small stone bunds in place of per-
meable spurs at the nose of Right guide bank. Stone bunds would nat
only have been very expensive but also would have been useless without
mattresses. Again permeable spurs permitted work in advance wheress
stone bunds would have divided up labour most needed for the
Diversion Bund.

Mr. Exry's suggestion to omit mattresses under flanks was very useful
The object anticipated was that in case of a freshet and water overflowing
these would prevent scour but unless they were fully covered with earth.
they permitted leakage and the one under right flank had actually given
Jot of trouble on this score.

|

M. Exry had further questioned the ability of N. G. trucks. These i
were used only for stone work and not earth work and that because don- ¢
keys would not tread on stone. Being a heavy traffic on light track N.G. :
trucks from point of view: of progress and cfficiency could compete in
low leads.- It had however the advantage of maintaining manual labour
and supplementing work and the best organization was such that would
keep all types of labour employed and thus handy.

~ As to why the work was done departmentally it was interesting and
instruetive to record the reasons. The Author's experience of the con-
struction at Trimmu in various phases had conclusively proved that all
rush jobs should be done departmentally. A contractor interested to save | .
money would distribute labour to bare needs and could afford no reserves
or insufficiently occupied labour ; whereas in rush jobs what mattered
most was the completion of each item at its proper time and hence main-
taining of a reserve who might at times be not fully occupied. Furth
in works of unusual nature rates had to be evolved for various jobs neced
sitating maintaning accounts for contractor’s labour and to avoid argu-
ments and disputes later, it was best to do it departmentally. In exccution | -
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of big jobs labour psychology was an . important factor. It was like
mass movement which would take time to gain momentum but once this
was gained any change in tactics would result in disorganization and
delay, although the method be changed for the beiter because labour would
have to be re-organized and got In going again. Hence i paid not to
change methods of execution or start reorganization even if it be a lengthy
rrocess which a contractor’s ever present desire to save money must lead
im to, resulting in delays and annoyances. Departmental execution of
work saved from all these worries for which there was seldom tjme.

__In the end the author wished to thank the members for the appre-
iation given to the movie Glm of the work.

He thanked Mr, Khosla for his remarks and appreciation. Regarding
s remarks on the size of cuts, in the opinion of the author the final
ourse had to be decided on the lines of wider upstream cuts and deeper

ownstream cuts consistently of course with the quantity of earthwork
hat could be executed in the scheduled time.
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RIVER DIVERSION AT TRIMMU.
APPENDIX A.
Materials. Collacted. Brought in use,
1. Stone. 2,14525 eft, 1,84,625 oft,
2. Sand bags (empty cement hags) 88,000 No. 86,500 coft.
3. (. I, Wire No. 1¢ and 12 240 cwt. 208 cwt.
4. G.I. Wire No. 20. 0, 23.228
5. G.1. Wire No. 8 and 10 for crates 920 86
6. Sal Ballies. 2560 No. 1410 No.
7. Sal tors. 520 No. 520 No.
8. Mpooring Posts 29 No. 23 - No.
9. Empty barrels. 150 No. 21 No.
10. Wire nails. 650 Ib. 617 Ih.
11. Staples 120 . 117 b
12. M.S. bars 3/8" 3% owt, 3.0-7 owt.
13. TIron rings 157 diameter. 58 No. 26 No.
14. Manilla ropes. 1 Maund 1 Mamnd
15. Stay Wire 7/147 17 cwt. 3 owt.
16. DBrick Ballast. 13755 oft. 5832  eft.
17. B.G. Slecpers old. 10 No. 10 No.
18. Crab winch. 1 No. for aerial roprway
19. Pulley o anchor boats from aerial
ropeway 18 No. 16 No.
20, Tlexible wire rope. 1400 1ft. 1400  1ft.
21. No. of tarpaulines and (area 3
small and 8 big). 25726  sft. 25728  sft.
29,  Coal tar, 468 488 gal.
23, Mexphult in place of coaltar. 2.1 cwt. 2-1 cwt
34. No. of eleciric points 100 watts, 70 Pointa. 70 Points.
25. Flood lights. 4 No. 4 No
26. No. of petromax lamps. Street handing 9 9
Hand patromax 6 6
16 15
27. N. Q. Track. 4 miles. 4 Mifes.
28. N.G. Trucks. 220 No. 180 No.
29. Boat Bridge:—
Comprised of 16 No. boats with all equipment
30. Pilchhi matiresses.
60 x 30 13 10
80 %X 30 5 5
100 %< 30 8 8
31. Cnbs. 60 &4
32, Gunny bags for tarpaulines. 18060 No. 1800 No.
33. Pumping :—Bernard pumps 4* and 2 2
6:’
Steam portable driven centrifugel 12/147 3 3
Electric Pump. 8° 1 1
34, Wire crates, 6 X8Xx2 201 11
35, Quantity of pilchhi.. 2209051 220000
11. Latour.

No. of earpenters working daily.

No. of blavksmiths working daily.

No. of divers working daily.

No. of rajilway gangmen working daily.
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River Diversion at T'rimmu.

Coolies : — :
Departmental workjug daily. 900 No
Of Contractors. 800 Mo
Country Boats workiny Daily : — Djversion Bund. 33 No.
Permeable spurs. 6 No.
Miscellaneous, 4 No.
Boatmen. 85 Nos
Donkeys Diversion Burd, 800 No.
Marginal Bund. 250 No.
Cuts and others, 1000 No.
IT1. Rarthwork :—
Earthwork for closing river ju. 9,18,000
Diversion cuts. 5,30,00,000
Earthwork in river portion of canal and margial bund 2,63,36,000
Miscelianeous earth work for diversion operatijons. 1,99,000

8,04,53,000 cft.
IV. Rates and Casts i—.

L. Rate of permeable spure including pilchi, sa! ballies, G. I.
Wire stc.

1-12 Rfx,
Rate of driving balljes. 0-7-0 each as per detailed
analysis attached,

W

3. Bxtracting sal ballies.
By Pulley blocks. 0-4-0 each.
By gantry boats, 0-3-0 each.
Estimate cost of permeable spurs Rs. 15801
Estimated cost of diversion bund Rs. 39906

Note.—Cost of stone was not provided as it had already been charged
to another diversion work and only removal and carriage was provided.
If cost had been provided it would have meant an additional cost on stone
at 11/-9 ft. No provision was madse fo

T outturn as it was uncertain but
sbout 90,000 cft. of stone and 13000 bags were recovered.

Rate of empty cement bags was nil as they had already been issued to
* Btock cement”™,
Cost of mechanical dtiving per sal balls.
Ra. 4. p.
Lbeur,
10 No. gangmen machinery at 0-10-0 per day. 8 4 o
i No. Erector JTamadar  at 1. 8-0 per day. I 8 0
1 No. Driver. at 1- 8-0 per day. 1 8 0
1 No. Fireman. av 1- 0-0 per day. 1 0 0
10 4 ¢
Stock.
4 ewt. steam coal @ 21 ton at site. 4 2 0
2 b, cotton waste @ 3 annas per Ih, 0 6 0
Lubricating oil, L.S. 0 8 0
3 No. hoats with one boatman @ 2. 6 0 ¢
Issue of ropes ete. .S, 0 8 ¢
21 18 ¢

At an average 50 ballies are driven per day,
therefore cost per balli.
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