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1. Introduction

HE Ramganga River Project envisages the creation of a reservoir in
Ramganga Valley adjacent to Corbett National Park in Uttar Pradesh
providing for an annual irrigation of 746 lakh hectares of land in the
Ganga-Yamuna Doab and for generation of 451-8 million units of
power. The spillway has been designed for a flood discharge (1 in 750 yrs.
frequency) of 9374 cumecs. The storage is being created by construction
of two zoned earth and boulder fill dams, 126 m high on the main river
and 72 m high on a tributary to close the saddle.

1.0 The design of dam is based upon maximum utilisation of the readily
obtainable materials. A typical cross-section of the main dam is shown in
Figure 1. The hearting (Core) will bz made up of three zones of impervi-
ous material, inner core containing crushed clay shales. The clay zone is
encased both on upstream and downstream side by crushed sand rock.
The upstream shell will be a pervious zone built up of the natural river bed
material, with a transition filter between the pervious and impervious
zones. The downstream shell consists of crushed sand rock. A-filter
drain, flanked on either side by transition layers, has been provided bet-
ween the core and downstream outer shell and is connacted to a horizontal
drain underneath the downstream shell. The soil parameters of the materials

of each zone are given below :—

Soil Parameter Clay Sand Rock River Bed Material

(i) Angle of internal 22° 33 38°
friction (95) )

(ii) Cohesion (¢) 1 kg/cm? 035 kg/cm? -

(iii) Plasticity Index 5to 10 Nil e
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FIGURE 1.

1.1 The chimney filters downstream of the core have to perform
the function of preventing the movement of core materials while permitting
seepage moisture to drain off. The specified gradations for the proposed
filter materials together with gradation for crushed sand rock are shown in
Figure 2. These specifications have been selected on the basis of Terzaghi
and U.S.B.R. criteria. Ranges of filter requirements according to these
two criteria have also been shown in this figure.

SIEVE  ANALYS/S
y o 200 S0 Sneso s b g 55"
'm 3 1) 4
,____ll,. 11
. EXPLANATION : = | 11 i
I. RANGE BY U.§-8.R I
gol- CR'TERIA- QO 1/ I J-/ W, 1/ [ L 1z
2. RANGE 8Y TERZAGHIS 1L~ 1
g Tol— CRITERIA= R X SAND ROCK A 30 Q
5 / l # ! / §
N6 Vi 3 | / PR
by / NTRANSITION (AYER / | &
w50 S ~ ¢
5 O‘—LI 7—17° O1—H% &
N, / I 5
< 40 iR 60 2
& / 'S ' / \ pran f ' b
a, 30 V. Vi £ M = J l 0 %
2 / //l ! E
20 ' |
Yy L~ T T
N _ G Lf L4 1 gt il
/l T i 90
o
0 T |
000/ 0005 0-0/9 0-074 0-237 0590 2.38 100
X0 4-70 i9- .
— CIAMETER OF PARTICLE IN M.'Lum.srkgsg * Tg‘rz-} i
Y{PLASTIC) TO SILT { NON-PLASTIC, 7T NEDTURT—TeoA o — conBLEs
e i CTAK £ &
FIGURE 2,

1.2 From a study of filter materials manufactured i
Plant and laid during the last season (1969-70 ) in the ﬁlte?tcltllilfrl}:ero??? S\Ealtg
observed that grada}wn curves of fine filter were on the finer sid%aud i
some cases even outside the finest specified range, while those of -
ilter were on the coarser side, as shown in Figure’S. S

©....1.3 'The fine filter being on the finer side ther i

¢ was no a
of movemesnt of crushed sand rock fine particles. The cap};}gir[e;’hg?s&z?
filter to provide free drainage was also not affected, as it remained mucﬂ
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more pervious than the crushed sand rock (soil being filtered), the ratio of

; . D 15—FF o
permeabilities being 40 to 1. The ratio D85SR (Terzaghi criterion—not

D 50— FF —
more than 4) and D50—SR {U.S.B.R. criterion—12 to 58) works out to

; . D15~ FF
0.65 and 20 respectively. The ratio D155k works out to 27, which

fully satisfies both Terzaghi and U.S.B.R. criteria for free drainage

T 3 D 15—
(Terzaghi criterion being =5 1155#% to be more than 4 while that of

U.S.B.R. provides it to be between 12 to 40).

) !.4 But the coarse filter being on coarser side, there could be a
possibility of failure of the filter system. The U.S.B.R. criterion of

ratio %8:%; was not satisfied being 71 against 12 to 58 specified,

: R D 15-CF . ) ;
though the Terzaghi criterion of D R5—FF (+4) was satisfied, the ratio

being 1.35.

1.5 It was therefore decided to carry out an experimental pro-
gramme to study the suitablity of the filter material.

2. Selection of Various Grades of Filters for Testing

The tests were conducted for filter materials after dividing them into
various grades conforming to the finest, coarsest and mean grade as produc-
ed last year (1969-70). An enveloping zone was marked in such a way that
80 percent of gradation curves of filter materials actually produced fell in
this zone. The enveloping curve on finest range was termed as 80 percent
finest filter and on coarser range as 80 percent coarsest filter (See Figure 3).
These grades have been denoted by A 1,2,3 & B in figures.
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FIGURE' 3: Varlous grades of filter produced in year 1969-70.
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3. Programme of Testing

As has been explained in para 1.4, there was apprehension of the
coarse filter not being able to perform its basic function of holding fine
filter particles in place, consequently causing the progressive seepage erosion
of fine filter and clogging of the drain. Therefore the basic objective of
this testing programme was to ascertain the capacity of coarse filter to
perform this function and also to assess the extent of progressive damage

of filter which may affect its stability.

The testing programme was therefore conducted in two series.

3.1 FIRST SERIES OF TESTS

3.1.1 In this phase of testing, the fine filter was placed on a sieve
(having opening size equal to effective void diameter of the coarse filter)
and the test was run under maximum head of 9 m of water. According to
Terzaghi criterion, the effective void diameter ranges from 1/4 to 1/5th, the
diameter of the smallest 15 percent size of the soil. It was observed that
D-15 size of coarse filter conforming to various grades as detailed in para
2.0, varied from 6.7 mm (80 percent finest) to 20 mm (80 percent coar-
sest). Therefore, the effective void diameter of coarse filter would range
from 1.7 mm to 5 mm. LS. Sieve size No. 480 (opening size 4.76 mm) was
therefore selected for this series of test to depict the worst conditions.

3.1.2 An effective assessment about internal stability of filter can
also be made by these tests. For example if after testing, it is observed
that certain fine particle sizes of fine filter have been substantially washed
out, it would show that there were voids within the filter zone, permitting
migration of its own finer particle sizes. Such filter would be n_armed as
unstable as the gradation would change materially due to substantial wash-
ing out of certain finer particle sizes. 1If, such fine filter is placed against
an impervious layer, the fine sizes of the filter itself would be moving into
the drain and choking it, consequently permitting fine sizes of the impervi-
ous zone to move into the filter and eventually result in choking it.

In case the gradation after testing shows no material change in it the
filter can be termed as stable.

3.2 SECOND SERIES OF TESTS

3.2 1 In the second series of tests, the fine filter was placed over
coarse filter to check the extent of clogging of coarse filter by fine filter
particles and to observe the process of re-adjustment of both the filters
after penetration of fine filter particles into the latter. The different
combsinations of fine filter and coarse filter of various grades are shown in
para 5.2.1.

The tests were run at a maximum head of 9 m only. The
U.S.B R. criterion has been established after running tests at maximum
head of 9 m only.

4. Details of Experiments

4.1.1 'The general arrangement is shown in Figure 4. Two octogo-
nal containers (275 mm internal distance between parallel sides) wefe
selected for placing specimen filter into it. Height of each container was
300 mm. These containers were bolted . 1o eagh othet jn, such a way that
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no leakage occurred during testing. Below the containers 9.52 mm sieve
was attached. The top of the container was closed by 9.52 mm thick M.S.
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FIGURE 4 : Details of experiment.

Plate (bolted to the container) which contained a 50 mm. diameter hole
in the centre, To this hole, 12 mm diameter pipe connections were made
leading to twin pressure tanks of 200 litre capacity. A water meter (Least
count—0.1 gals.) was also placed in this 12 mm diameter G.I. feeder pipe,
to measure the discharge of water passing through. These pressure tanks
were used in such a way that while one was being filled with water the
other tank was supplying water under pressure for the experiment. When
the filled tank was about to get empty, the lead from the compressor was

attached to the other tank.

- 4.1.2 For the second series of tests, the coarse filter was placed in
the container above 9.52 mm sieve (the drain is flanked on downstream
by a zone of processing plant rejects, 19 mm to 450 mm size, the effective
voids of which range about 9 mm) and was suitably compacted to the
desired density in 250 mm layer. The fine filter was placed above it and
compacted in 275 mm thickness to the 70 percent relative density, A
layer of + 38 mm material was placed and hand packed at the top of fine
filter to prevent erosion of fine filter from water jet. A sieve having holes
of 2.5 mm diameter was then placed at the top of the container to elimi-
nate the effect of entry of water and the top plate with gasket was then

fitted to it.

4.1,3 The sample was saturated under a head of 0.6 to 1.2m for half
to one hour. Thereafter the test was run for half hour each under 3 and
6 m head respectively. The readings of discharge were noted down. Then
the test was run under 9 m head for twelve hours. After this testing
the fine filter and coarse filter were sun-dried and then sieved to determine
the gradation of the filters afier testing,.

4.2.1 To check the internal stability of fine filter the experiment
was slightly modified The 9.52 mm sieve at the bottom was replaced by
LS. Sieve size No. 480. In this phase of testing, a 400 mm thick fine
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filter conforming to various grades was placed directly on the sieve. The
tests were then conducted in the same way as described above.

4.2.2 Fine filter and coarse filter conforming to a particular
gradation were prepared in the laboratory by mixing the different particle
size in the required proportions.

4.2.3 The gradation of the top half layer and bottom half layers of
fine filter after testing were also determined separately in some cases.

5. Test Results
5.1 TEST RESULTS OF FIRST SERIES OF TESTS

5.1.1 Five specimens of fine filter conforming to various grades as
explained in para 2 were tested, under heads of 0.6 to 9 m by stages for
about 24 hours. The results of this testing are shown in Figures 5 and 6

& Table I.
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FIGURE 5 : Grades of fine filter specimen before and after test when placed
over I.S. Sieve No. 480 (For data see Table I).

From these the main findings can be summed up as under :—

1. Asexpected the percentage of migration of particles through
LS. Sieve No. 480 was greatest in the finest fine filter. The
percentage migration showed a decrease in the coarser filters.

2. After about 3 to 6 hours of testing the migration of particles
from fine filter stopped completely and clear water discharged
out, showing that the filter had attained stability.

3. There was no wash out of any particular particle size predom'na-
ntly. All the particle sizes smaller than Sieve No. 480 migrated
In varying proportions, though the variation was not significant.
In the begining of the test, particles finer than I.S. Sieve Na. 480
were ejected from the botiom layer of filter only and thereafter
the filters started attaining stability by migration of the finer
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FIGURE 6 : Discharge versus time for fine filter specimen
placed on LS. Sieve No. 480.

particle sizes. In the process, the voids at the top of this
bottom layer got much reduced and consequently only much
smaller sizes moved down. This process continued upwards

until complete stability was achieved.
4, Migration of particles from fine filter took place mainly from the

bottom half layer, there was almost no migration of particles
from top half layer of filter specimen (As shown in Table I).

5. The gradation curves of filter before and after test remained
quite close and parallel to ecach other.

5.2 TEST RESULTS OF SECOND SERIES OF PROGRAMME

5.2.1 The second phase of testing included placing the fine filter
over coarse filter. The following combination of grades of fine and coarse

filters were adopted (Table II).
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TABLE II
s1 Value of Value of Value of Denoted in
. 3 R-15 R-50 D I5—CF  figures &
No. Particulars before before ~ D 85—FF, tables as
test test before test,
1 2 3 4 5 6
1. 809 finest fine filter placed
over 809, coarsest coarse
filter. 33.2 95.6 53 1—6
2. 80% finest fine filter
placed over average
coarse filter. 83.4 75.0 3.38 1-5
3. 80% finest fine filter
placed over 809 finest
coarse filter. 44.6 62.0 1.81 1-4
4, 809 coarsest fine filter
placed over 809, coarsest
coarse filter. 77.0 22.0 1.61 3—-6
5. 809 coarsest fine filter
placed over 80% finest
coarse filter. 25.2 14.5 0.54 3—4
6. Average fine ﬁ/Iter
placed over 809 coarsest
coarse filter. 114.1 73.4 2.47 26
7. Average fine filter
placed over 809% finest
coarse filter. 383 43.3 0.83 2—4
8. Average fine filter
placed over average
coarse filter. 57.5 45.2 1.35 2—-5
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FIGURE 7: Grades of combination Nos. (3), (5) & (7) of the Report

{For data see Table I1I).
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FIGURE 8 : Grades of combination Nos. (2) & (8) of the Report (For data see Table IV).

Combination Nos. (3), (4) & (8) represented average condition of the
combination of filter materials as actually laid at main dam. The rest of
the combinations may occur at site in a few cases and are not sosignificant.
All the above combinations except Nos. (5) & (7) were outside the limits of
U.S.B.R. criterion. Combination Nos. (1), (2) & (6) represented the worst
case. It would however be interesting to note that all the above combi-
nations except at Serial No. 1 satisfy Terzaghi’s criterion.

5.2.2 The results of this second phase of testing are shown in
Figures 7, 8, 9 & 10 and Tables III, IV and V. The ratios R-15 and R-50
before and after test have also been shown in these exhibits.
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FIGURE 9 : Grades of combination Nos. (1), (4) & (6) of the Report
(For data see Table V).
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The behaviour of the filters as noticed in this phase of testing is
detailed below :-

(i) There was migration of fine filter particles into the coarse filter

(i)

(iif)

in each case. The percent migration was greatest in the worst
combination when R-15 and R-50 exceeded far beyond the

criteria range.

After 2 to 4 hours of testing clear water discharged out and the
filters attained stability.

There was no wash out of any particular particle size of fine
filter predominantly. The migration of particles took place only
from bottom half layzr of fine filter in contact with the coarse
filter. Migration of particles from upper half layer of fine filter
was insignificant. (Tables 111, IV and V).

(iv) The fine filter and coarse filterat their content adjusted them-

selves during tests. The fine filter in the lower half became
coarser due to migration of fine particles from it and the coarse
filter became finer due to penetration of fines. Due to this
adjustment of filters further migration stopped and clear water
discharged out.

Due to penetration of the fine filter particles into coarse filter,
the pressure head in coarse filter steadily increased from zero
and reached to a value of about 1.2 to 3.6 m in different combi-
nations as shown in Figure 10. After about three hours of test
this increase stopped and pressure head became constant.
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FIGURE 12 : Gradation curves of filters used in check test.

5.2.3 Check Test
A check test was performed by selecting
those adopted in test No. 1 of para 5.2.1. Three containers of 300 mm
height were used in check test, to provide a large thickness of coarse filter.
The fine filter was first placed and compacted in the container in two layers
of 125 mm each. The coarse filter was placed and compacted over it in three
layers of 200 mm each. The filters were compacted to 70 percent relative
density. The bottom plate was then bolted over the container. The con-
tainer was thereafter turned upside down and placed in position as shown
in Figure 11. The gradation of each layer after testing was determined
separately as shown in Figure 12.
Comparison of test No. 1 of para 5.2.1 with the check test shows
the following saliznt points :-
(i) Percentage migration of particles from fine filter, when the thick-
ness of coarse filter layer was 60.96 cm, was much less than
when the thickness of coarse filter layers was 25.4 cm.

(i) The particles of fine filter which migrated were mostly retained
in a small depth of coarse filter adjacent to fine filter. Hydraulic
pressure of very low magpitude developed only in the so affected
width of coarse filter,

grades of filters similar to

6. Conclusions

The behaviour of fine filter and coarse filter lai i

. : . | id at main da
gradation of which fall outside the required limits of U.S.B.R crli]t]éri(t)llle
can therefore be assessed on the basis of above tests as below % ’

(i) The tests conducted on all possible combinations o i :
dations of fine filter, as laid at main dam in the wofrlz?nréogzzgg;l
of 1969-70 showed that the fine filter has fairly good distribution
of different particle sizes and that it has a capacity to form a
stable filter after initial migration of some fine filter particles
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This initial mi.gration shall take placa from a very small depth
of fine filter adjacent to coarse filter and the upper layers of fine
filter would not bz affected at all.

(if) The particles of fin= filter will p:netrate into coarse filter and
pass through its voids, until the coarse particles of finz filter
g:log Fhe voids of the coarse filter creating in turn smaller opzn-
Ings in coarse filter smaller than the particles of fine filter. In
.thlS proczss there would bz chang: of gradation of coarse filter
in a small depth adjacent to the fine filter. This re-adjustment
of small widths of fine filter and coarse filter, itself brings these
filter layers within such limits that further movement of parti-
cles does not take place and stable condition develops.

(iii) The drainage capacity of coarse filter is not likely to bz affected
as the movement of finz filter particles into coarse filter will be
limited in only a small width. Hydraulic pressure which would
develop in small affzcted width of coarsz filter would bz of small

magnitude.
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