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FOREWORD

The subject “ Silting of Reservoirs” has been on the agenda
of the Central Board -of Jrrigation and Power since 1939 and has
been discussed in the Annual Meetings of the Research Committee
and the Board. It has assumed greater importance now due to
the large number of storage schemes, under construction and con-
templation in India, as it 1s linked with the life of the reservoirs.
Shri A. N. Khosla has given particular attention to this subject and
published two papers in 1940 and 1941. Since then, some work on
the subject has been done in the Irrigation Research Stations, and
some data has been collected from Indian rivers and Reservoirs.

In view of the importance of the subject in the successful
"development of river valley schemes and the wealth of information
contained in Shri Khosla’s papers and the data since collected, the
Executive Committee of the Board requested Shri Khosla to prepare
a publication of the Central Board of Irrigatiol” & Power on the
subject.

- Shri Kho#la has compiled the information available on the sub-
ject'in the form of this publiéation and it is hoped that besides being
of value to the profession, it will help in. further work on the subject
at .th® various Stations. '

- The Central Board of Irrigation & Power is "grateful to Shri
A. N. Khosla-and others who have collected the data on the sub-
ject and are helping in advancement of this important subject
further. It is hoped the information contained in this publication
will be useful to those interested in the'study of the subject and will
supply the need of the Indian Engineers employed on construction
of river valley schemes. The author bas stated that the treatment
of the subject in the publication is by o means exhaustive and up-
‘to-date. It is however, hoped that in view of the vigorous research
in hand on the subject in various research and field stations in India,
it will in the near future be possible to bring out a more compre-
bensive and aptodate edition of this publication.

S. L. MALHOTRA,
Secretary,

Central Board of Irrigation and Power,
MRCRT :



PREFACE

» As Superintending Engineer, High Dams Circle in the Punjab,
in 1939, the author was faced with the problem of ““-Silting of
Reservoirs ’ in dealing with the designs of Bhakra, Balehu and other
storage dams in-the Punjab. During his visit to the United
States of America front April to October 1939, he made a special
study of the problem in its relation to storage reservoirs in that
country. : On return to India, he-initiated sediment studies on
several stfeams in the Punjab. Many of these studies are still con-
tinuing. In 1945, soon after assuming charge as Consulting Engi-
neer and Chairman, Central Waterways, Irrigation and Nawvigation
Commission—now Central Water and Power Commission—the
author injtiated similar sediment studies on the Kosi and Mahanadi
rivers and later on the Tapi and other rivers.

The author submitted two papers on the subject of Silting of
Reservoirs to the Central Board of Irrigation, one in 1940 and the
other in 1941. This subject has since been widely discussed in the
Central Board of Irrigation and elsewhere. This was one of the
subjects discussed at the fourth plenary session of the Internation-
al Commissjon on Large Dams held in Delhi in January 1951.

There has been a very congiderable and insistent demandin
India for authentic information on the subject, particularly that
relating to Indian rivers. This paper has been written primarily to
satisfy this demand and in the hope that it will facilitate and en-
courage further exhaustive and’scientific study of the subject.

In recent years, considerable amount of work has been done on
sediment studies of various rivers in India and abroad and much
useful data has become available in different parts of the world..
Not all of this data hag, however, been available to the author ; nor
bad the author sufficient time to make an exhaustive study of
what was available. *- AR

An attempt has been made in this paper to present the prob-
lem of ‘Silting of Reservoirs ’ in ith fundamentsl aspects and to
draw attention tocertain salient features as well as some current
misconceptions. One conclusion appears to stand outand that is
that; the silt-yield of a catchment is essentially a function of its area
and geological formation. o .

The treatment of the subject in this paper is by no means ex-
haustive, nor quite uptodate. The only justification for its publica-
tion at this stage is, therefore, to meet the persistent demsand of
irrigation engineers for the maximum available information on the
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subject and for conclusions, though tentative, based on an analysis
of this information. . The dtudy of the subject is' being*vigorously
pursued in many research centres and field stations in' India "4md
abroad and 1t is hoped that based on' thesea more comprehensive
and uptodate publication will be brought out by the Central Board
of Irrigation in-the not distant future. ™’ L

The literature in TU.S.A. has been obtained through the courtesy
of the Bureau of Reclamation, Geological Survey, Soil Conservation
Service, Forest Service, Corps of Engineers and other organisa-
tions. Acknowledgments are due to all of these organisations.
In particular, the author owes a debt of gratitude to Mr+ Michael
W. Straus; Commissioner and the Bureau of Reclamation for their
generous help in supplying literature and providing facilities for
establishing contacts with the research and field workers.

Acknowledgments are due to the Irrigation Research Division
Poona, Bombay State, for the information on reservoirs. in that
State mentioned in Chapter 2, Part A, and Shri B. P.. Saxsena,
1.8.E., for his contribution in respect of storage reservoirs in Uttar
Pradesh reproduced.in Chapter 2, Part B.

The author is particularly indeoted to Dr. R. C; Hoon who has
done very considerable original work in connection with the silt
problems of the Mahanadi and Kosi rivers, the data in respect of
which, as given insthe text, are mainly derived from his work. He
-has given many original and useful ideas on the technique of obser-
‘vations, field equipment and method of analysis. He has also
assisted the author in preparing and editing the'text.- . . °
. The author is equally indebted to Shri N.-D. Gulhati, LS.E.,
Chief of Natural Resources, Planning Commission, ‘Government of
_India and formerly Sepretary of the Central Board of Irrigation,
for the immense pains he took in conpiling the original. text
from the various papers and discussions contributed at ‘the
meetings of the Central Board of Irrigation; and to Shri M. L.
Madan for his ﬁneral assistance. Acknowledgments are also due to
Shri 8. L. Malhotra; 1.8.E., the present Secretary of the Central
Board of Irrigation and Power for his valuable” assistance in,
finalising.the text and its printing. '

“

New Drrer: (Sd.) A N, KHOSLA, -
1952 : )
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INTRODUCTION

The problem of silt, as far as it related to cansls, has been investigated on an
extensive scale throughout India and more particularly in the Punjab ever
since the days of Kehnedy but that relating to the silting of reservoirs does not

_seem to have received much attention in this country. It is satisfactory to
note, however, that the Central Board of Irrigation and Power (India) has
included this problem as one of the subjects for investigation. A sub-committee
was appointed by the Board to draw up a note on the factors to be considered
for a systematic study of the silting of reservoirs. : )

In compliance with a resolution passed ‘'on the subject of Silting of Reser-
voirs by the Cenfral Board of Irrigation in 1939, Appendix (Para 1), and the
instructions issued by it, vide Appendix (Para 2), information about silting of
reservoirs has been collected by the Poona and United Provinces (now Uttar
Pradesh) Researck Divisions regarding the old reservoirs in their states.
The data collected for the existing storage reservoirs in the Bombay and Uttar
Pradesh States as abstracted from the Annual Reports of the Poona Irrigation
Research Division and from the note of silting on reservoirs by Shri B. P,
Saxena, I.8.E. are given in Chapter 2. The data for some of the reservoirs.
in the Central Provinces and Berar (now Madhya Pradesh), Hyderabad and
Baroda is also contained in that Chapter, -

The problem has been subjected to a good deal of sustained scientific
gtudy in other parts of the world, notably, the United States of America. The
Bureau of Reclamation hydrologists with the help of Geological Survey and
Navy department are using the Navy techniques, which comprise under-water
Photography, *supersonic soundings and coring efc., developed during war
time to locate submarines and sunken ghips and to chart the ocean floor, to
probe the bottom of reservoirs. Some very valuable work bhas been done in
Egypt in connection with the Aswan Reservoir, and in South Africa in connec-
tion with four reservoirs on the Sundays and Great Fish rivers. In the Punjab
also, si]t sampling has been done on the River Sutlej at Bhakra in connection
with the Bhakra Dam since 1916 and on the Beas at Balehu dam site during
the summer of 1939.

An extensive programme of silt investigations has been undertaken since
1946 by the Central Waterpower, Irrigation and Navigation Commission (now
Central Water and Power Commission) in connection with the Hirakud and
other proposed dams on the Mahanadi River in Orissa and the proposed dam on
the Kosi river in Bihar and Nepal and later on some other rivers also.

A correct knowledge of the probable rate of silting of reservoirs is of vital
importance to any nndertaking requiring the construction of a storage dam,
The beight of the dam is determined by & consideration of the necessary useful
storage and the additional capacity required for silt reserve. If a reservoir is
constructed for purposes of irrigation, the silting, if not adequately provided
for, may start depleting the useful capacity of the reservoir just when the areas
dependent on it, approach their maximum development. This may, not only
impair the financial prospects of the scheme, but may spell disaster to the
colonies and communities which owe their exigtence and subsequent prosperity

(7))
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to such undertakings, In the esse of reservoirs for flood control, tha depletion
due to silting will progressively reduce their flood absorption capacity and to
that extent, expose the country-side to increasing flood damage. In the case of
those for hydro-electnc development, this-depletion will interfere with the
equalisation of supplies which enables the generation of the maximum of power

for any given stream ﬁow A »

In view of the stakes involved, the subject of silting of reservoirs assumes
great importance and justifies amply a programme of systematic and thorough
investigation, S8ilt experiments should be undertaken and continued for a
number of years at all the likely storage sites in India. Information should,

“at the same time, be collected from all existing reservoirs in India and other:

countries and carefully analysed.

A large number of dams have been visited by the Author since 1939 in
the United States of America, Canada, Europe and Africa. The information
gathered locally as well as that from published and un-published literature with
regard to-the silting of reservoirs in those countries has been included in this

book. o

The results of silt investigations carried. out on the Sutlej, the Mahanadi”
and the Kosi rivers for the.Bhakra, Hirakud and Kosi dams respectively, have
also been included. - . N

The literature referred to in the Bibliography has been freely drawn upen
and referred to in the text. ' N :

1.



CHAPTER 1
Catchment, Stream Flow and Silt

THE ORIGIN OF SILT .

The g'erm silt, as used in this book, is stream-born material derived from
the disintegration of rocks. The main factors causing disintegration are the
diurnal and seasonal variations i temperature, wind and ramfall and the
chemical agencies in air and water. Disintegration, erosion, transportation
and sedimentation are the various stages leading to silting. .

‘Generally speaking, sedimentary rocks such as sand-stones, clays, and
shales are subjected to much greater disintegration than igneous rocks. Forest
and other vegetable cover hold the soil in place effectively goainst ordinary
rains but are relatively ineffective in preventing erosion by intense rainfall,

The processes of disintegration and its extent in relation to geology of the
catchments concerned have been well described by Herman Stabler (%),
According to him, two processes, viz. weathering (disintegration in place} and
corrosion (the tearing away or placing in motion of disintegrated material),
are involved in the origin of silt and the speed of the first of these processes
is materially affected by the nature of the country Yock. Igneous rocks, in
general, are hard, dense, and crystalline and they weather- slowly. The
older sedimentary rocks are likewise relatively dense and offer resistance to
weathering, The younger sedimentary deposits, particularly recently laid
alluvium, are especially susceptible to rapid weathering, Consequently, other
things being equal, regions of igneous and precarboniferous rocks are
regions of clear water streams and regions of recent sedimentaries and valleys
filled with alluvial deposits are most hkely to give nise to streams heavily laden
with silt.

Among the younger sedimentary rocks, difference of texture and cementa-
tion are reflected by differences in speed of weathering. ~ Loosely cemented
sand-stones and friable sandy shales are readily susceptible to weathering and
corrosion and are prolific producers of smit. For instance, Holecek (14) has
described that the tributanes to the right of the Slevakian Carpethian mountain
carry lot of sediment since they come from the outer fly-ash zone and the
tributaries from the left bring almost clear water since they travel through
dolomite and limestone regions. ~

The chemical composition of rock material is a factor in the silt prohlem.
Rocks, that contain high percentages of aluminium siligate, weather into clay
with fine flaky particles readily susceptible to corrosion and water transpor-
tation. Regions of such rocks are likely to be regions of cloudy, although, not
necessarily heavily silt-laden streams.

Vegetation and incidence of climate are other important factors in the
weathering of rocks and in the availability of weathered material for water,
transportation. By disruptive action of roots and chemical action of Prgan_ic
solvents, vegetation aids weathering and adds to the volume of materialsuits
able for transportation as silt and to the dissolved load of streams. By
protection of the land surface from action of wind and water it retards or
M50BI : S e s
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prevents silting material from corrosion and thus tends to+avoid the
overloading of streams with suspended matter.
Rainfall, if it comes in & series of erratic cloud bursts, will accelerate erosion
_and transportation of silt. If, however, it is gentle and spread evenly over the
catchment area and over the seasons, weathering, erosion and transportation
of silt will be eed owing to the sustained vegetal cover made possible by
. such distribution and the stream supphes will be less heavily silt laden.
An arid climate will cause excessive weathering and torrential rainfall
will carry this excessive weathered material and result in heavy though
“sporadic flows of silt in streams. .

Snow-fed supplies do not appreciably add to the silt load of a stream bus
egs;.1n proportion to such supplies,

supplies derived from rainfall do, more or-]

Glacial supplies are silt laden. Sy e v
Steep hill sides will part with debris much more quickly than gently
sloping ones. .

The above factors are a general guide to the relative degree of weathering
and corrosion in various types of catchments. For determining fhe rate of
silting of any particular reservoir, 2 number of other factors have to be
considered. These are the areas of the catchment basin, the annual run-off,
storage capacity, the period of storage inrelation to silt load Jf the stream, the
location of sluices and outlet works and the method and purpose of release of
supplies through the dam. .

SILT LOAD OF STREAMS -
. The detritus carmed by streams is of twokinds (s) suspended load, ..,
'silt carried in suspension by water in a stream and (b) bed load, .., the material
which rolls along the bottom of the stream by the action of flowing water. The
relative proportion of these has been the subject of much controversy but no
satisfactory figures are“yet forth-coming. In most cases, the bed load is

considered to be small. - .

Suspended Load.—The magnitude of suspended Joad is capable of fairly
accurate measurement by standard methods of sampling and analysis. From
8 large number of experiments carried out in the United States of America
(*3 it has been found that (a) a sample taken from six-tenth depth gives the
mean percentage of silt in the vertical within the limits of permissible error : and
(b) that the mean of the results obtained from three tests made at the centre.of
the section and at distances of one sixth the width from each edge of the stream,
affords mean percentages for the oress section.

Similar experiments carried out in Egypt (2%) on the Nile at Halfa, Dalka,
Aswan and Gaafra have indicated that (s) the clay and silt are fairly constant
throughout a vertical, the variation being almost entirely in the coarser
sand portion of the suspended solids, () the mean concentration at half
depth bears a constant ratio to the mean concentration in the water passing
the whole cross section of the river. This ratio comes to 0-984 with an
average departure of 0+026, .

Bed Load—No practical means of measuring bed load have been devised.
Fortier and Blaney (%) estimated the bed load of the Colorado River at Yums

as 20 per cent. of the suspended load.* Humphreys and Abbot put it at 11 per
ceat, for the mouth of the Mississippi. Follett from a study of the Rio Grr&!itﬂe



3

believed it to be 25 pet cent, Davis, as a result of sbudies of San Calos River
at Costa Rica arrived at percentages between 1-7 and 7-1. Maddock and
Borland (%) consider that the material transported .along the bed may vary
between 2 to 50 per cent. of the total silt transported. They are of the opinion
that transport along the bed increases when the material is fine in composi-
tion, the material in suspension is less, the average grain-mze of the suspended’
material approximates to that of bed material and when the bed either
increases or decreases in depth ; any change of any of these factors in the
opposite direction tend to decrease the transport along the bed.

Stevens (**) analysed certain data and worked out as a very rough approxi-
mation that in the Coeurd’ Alene River at Rose Lake Idaho, the bed load and
suspended matter were equal but that a ten per cent. error one way would
account for the entire silt deposit.as bed@ load and a ten per cent. error in the
reverse direction would account.for the entirq silt deposit as suspended load
only, According to him the bed load-may be any where from 0 to 100 per
cent. of the total load.

R. C. Hemphill (¥)is inclined to believe from investigations in Texas
Streams that the quantity of silt transported as a true bed load comprised a
much smaller percentage of the total load than is generally assumed,

Simaka (%) from a study of the distribution of silt in a vertical (Figure 1)
1.4
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concludes that the bed load cannot be heavy. If the bed load were consider
able and not all carried through the sluices of the Aswan Dam, one would

expect a continual rige of the bed upstream of the solid part of the Aswan Dam,
for which there is no evidence. )

. It'will thus be seen that information about the relative proportion of bed

+ load énd suspended silt is meagre and very conflicting. Asfar asis known, no
sucecessinl attempt has been made to measure the m_atena.l transported 28 bed
Joad. Tt appears, aa stated by Simaika and Hemphill that the bed load is not
- really sp important & factor as it is sometimes made out to be.

Of late, great activity has been shown in-the United States of America in

the study of bed silts as apart from suspended silts and in that of the mechanics

. of sediment trapsportation, Various typbs 6f samplers have been tried both

for suspended and bed silts. A complete description of these is given 1n two

reports of the Hydraulic Laboratory of the University of Towa. These

studies were planned and conducted jointly by the Tennessee Valley Authority,

Corps of Engineers, Department of Agriculture, Geological Survey, Bureaun of
Reclamation, Indian Services and Towa Institute of Hydraulic Research.

The Central Board of Irrigation (Indis) has also had this subject under
txamination and investigation for a number of years and is shortly issuing a

separate publication giving .detailed instructions regarding the measurement
and analysis of detritus load in rivers and canals.

SILT DISTRIBUTION AND VELOCITIES IN A VERTICAL SECTION

- From the st graphs reproduced in Figure 2, Farig (2) concludes that there

i5 no evidence of any direct relationship between suspended load and the velocity

. of water at the river stations under consideration. It is true, he says, that 13]10

Jhigher the velocity, the greater the carrying capacity but since the cepacity

- load is not even approximately reached, the megnitude of silt charge carried
must b & function of loading and not of capacity to carry.

“Hoon (%) gives a comparative investigation of solid” transport in the,
Mahanedi and Kosi Rivers, in Indisa, in which he shows that the solid discha#ge
of Kosi is 4 to 5 times greater than that of Mahanadi, this difference being
attributed to the availablity of silt in the Kosi catchment and the steepness of
the gradient of that river and consequently of higher velocities, He indicates
that in the-Mahanadi River, the coarse and medium silt concentrations vary
along the vertical depth of the river and increase from surface downwards.

The average concentration points for the coarse and medium silts in the majority
of cases lie near 0-55 or 0-6 depth, that for coarse silt being relatively at lower
depths than for medium silt : the variation in discharge seems to affect silt
concentration at all points along the depth, being low for small discharges and
high for larger discharges.

-

. From his experiments Venoni () concludes that the addition of sediment
to a clear flow causes the velocity to increase, the increage apparently
depending on the size and amount of sediment in the flow, This effect reduces

the apparent resistance or roughnes§ co-efficient of a channel. The increase
m the velocity, however, 5

transporti ity, si doe: not give rise to an increased sediment
Ansporting oapaci since it is accompani . )
the boundaries. ? . mpanied by a shear-or drag at



»
—
Tl
L. Velocity
r
"k

\,
P

Stazton [ l / .
- 205 3 . I

'&
o3 ot e Nse T { als Stazlon -~
s o
» / » zo
215

£ O
\"/
% /
1 -
Vel
\
NAW
N
+
X

o
t'\\\$ G
wE
)
1‘
4 -
V"""L"& t
P —
'3
o
[}

3y
ih.

V/
w7 —
4

S

h

Py
P
™.
i

Depth  (feet)
-]

.“
by
£¢
*
Sz
w
~LE s
A ’-02'
- ‘,:
Depth

5
04 05 06 07 08 09 10, °

i 3y LN ¥ Station [ - NZ .
i 4 . 8
280 - .o 1.1'5 \%’
i 3 20

203 I N ' . ),
o . / 1

R
b\\'-»
r

40
415

.
TR —
[

-

(o

20 nxl / Junt I, Y .)m
=] sl =]

e R 01 2 3 4.5 &

7
. Volodty‘ {feet par second)

Figure 2=Velocitles and silt percentage curves at different stations on the Brazos
» rlver at Rossnberg on April 1§ May 31, and June I, 1929,

. e




SILT PERCENTAGE AND DISCHARGE

The greater part of the silt load of & stream is made up in advance by the
process of weathering after a dry period, the first water that runs off picks up
the weathered material and carries it into the stream. After the first flushing,
the amount of detritus available for transportation must depend on erosion
which can only be light, in view of the fact that regions of excessive erosion
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form but a small part of a large drainage basin. This explaina why in a
rainfed stream the maximum concentration of suspended load ocours earlier

than the maximum height of flood.

In the early flood months, when the river is steadily rising, the concentra-
tion is higher for the same discharge than for subsequent months when the river
is steadily falling. The same opinion is expressed by Faris (!3). According
to him the maximum silt percentage by, weight usually occurs prior to the
maximum stream discharge Figure 3 (@) and (h). When samples are taken
throughout a rise and fall in a streatn, an increase is noticeable in silt percentage
up to a certain discharge, A further increase in discharge is associated with a
decrease in percentage of silt due to dilution. As the water surface recedes
during the falling stage, the ailt percentage is again increased. .., -

Silt and discharge gﬁrves at Halfa on the Nile in Egypt (i?igure 4) andat -

Bhakra on the Sutlej in India (Figure 5) show similar characteristica,

The river Nile in Egypt is fed by rains during the monsoon months as are
the rivers in India, as may be seen from the following extract.()

** The concomitant variations of the gauge readings ab Aswan and Bombay
rainfall found by Sir William Wilcocks and Sir John Elliot are explained becauso
conditions favourable for an abundant Abyssinian rainfall are found in thoso
that favour a strong Bombay monsoon . :
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' In his report on the Silting of Reservoirs, Edgecombe (¥} remarks that
there is lack of any relationship between percentage of silt and river dischfirges,
Typical silt discharge graphs of the Colorado River for 1923 and-1929 are given
in Figure 6 which supports the above statement. .But in connection with the
Colorado, it has to be remembered, as pointed out by’ Edgecombe, that this
river is snow-fed during the months of May, June and July while cloud bursts
are liable to occur in August, Septemiber- and October,

According to«Maddock and Borland'-{*®) a correlation between discharge
and sediment load is difficult when much of the discharge comes from ground-
water in-flow or when part of the stream flow comes from run-off from melting
snow and part from rainfall. Figure 6 i¢ o very good- illustration of the fact
that in the case of snow-fed waters the silt’concentration not only does not
increase with discharge but may actually _go down_ due to dilution. The snow
water will wash dowh the silt-in*the rivér section oecupied by the flood discharge
but no higher. Rainfall on the other hand will wash down weathered material
from all hill faces in the area of rainfall, The risé and fall of silt graph with
that of discharge in the rainy months of August, September and October in
Figure 6 illustrates the fact that the silt concentration of the rain fed streams
generally varies with the discharge, -

Vetter (34) reports that from the results of total load of Colorado river it
appeared that in the coarser grades there was a fairly well defined relation-
ship between total load and discharge ; but as the material became finer the
points scattered more and more and no relationship appeared to exist between
the discharge and material finer than 0-01 mm. Vetter describing the suspended
load of Colorade at Imperial Dam and Laguna Dam sites arrived at a conclu-
sion that the suspended load constituted by-far the major portion of the load
carried by the river. The following reasoning was given to support that :
* As a result of turbulence the water particles and with them the suspended solid
matter are constantly mixed. Inthe course of this nixing a certain number of
silt particles will strike the bottom of the stream-and at the same time a certain
number of particles will be torn loose from thé bed by the boundary layer and
thrown into the stream. If the silt-laden streafn is in eqmlibrivm, the nten-
gity of the turbulence in the boundary layer must be sufficient to maintain a
certain silt concentration in the layers adjacent to the bed. If this concentra-

tion is known it is possible to calculate the concentration of any other
depth.” ]

The quantity of suspended matter carried by a mver usually varies consi-
derably from year to year. The annual suspended load in small flashy streams
is carried only during a small number of days out of the year and silt content of
the water may vary considerably, within a short time, on the rising or falling
stage of the stream. Figure 7 shows discharge plotted against concentration of
suspended matter for a particular flogd on-Coen Creck at Coon Valley. The
importance of careful andefrequent sampling durmng floeds is obvious from an
examination of this curve ; that.is, if only a single sample were taken to examine
the daily stream load,-a sample taken at 5-40 a. m. applied to the mean daily
discharge would give a load of 64 tons per day and a sample taken st 8-00 a.m.
MSOBY - s v . o N
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+ve 5 load of 22,700 tons per day, but by planimetering Figure 7, whic
;opullc%gg ef:Ol; 2105amples, the tprue load is found to be close to 7,660 tons per
day, Thus, it is seen that the reliability of the results 1s dependent largely on
obtaining samples at the right time.
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TFigure 7:—Discharge and suspended matter relationship for Coon Creek at
Coon Valley. .

SOME HEAVY SILT CONCENTRATIONS

On the Elephant Butte Reservoir the flashy summer flood waters usually
carry 4+0 to 10-0 per cenf. and ogcasionally ag high as 12 to 15 per cent. by
weight of eilt which is characteriged by a high percentage of colloidal argillaceous
matter. On the other hand the gpring floods coming from the head-waters of
the Rio Grande from the mountainous drainage area are supplied largely by
melting snows, springs and normal run-off, and normally carrymg the greater
part of the total annual inflow, contain only 0:5 to 1-0 per cent. of silt. The

difference between the silt concentrations of rain-fed and snow-fed supplies is
again emphasized,

Similar heavy concentrations have been observed in the Roosevelt Reser-
voir where it is believed that the silt deposited in times other than floods is
negligible. N

The extent of weathering jn, & .particular catchment is, other factors being
normal, a function of tine. A gertain quantity of weathered material is made
available for transportatich during the year, If the rainfall is more or less
evenly distributed over the period, this weatliered material will be transported
gradually and the silt concentration will be low. If the rainfall is torrential
and erratio, the entire run-off will be in the form of a few freshets and the silt

concentration will be very heavy, ‘This explains the heavy concentration at the

'-14.'
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Elephant Butte and Roosevelt Reservoirs. But this heavy eilt oconcen.
tration during flashy floods should not be interpreted as an indication of
abnormal silting. The rate of siting will be governed by the area of the catch-
ment.

Silt concentrations of 30 per cent. to 51 per cent. by weight have been
recorded from some of the riversin China.(?*) For instance at Shephsien on
Yellow River the maximum concentration of silt was 46 per cent. by weight

().
RATE OF FALL OF PARTICLES

The process ot silting up in & reservoir depends upon the rate of fall of
the.different particles, Consmdering the sedimentation process * Lane (17)
suggests that the particles as they are subjected to less turbulence in a reservoir,
would bave medium settling rates which are slower than that of sand particles.
According to him the settlng rates of the sediment particles carried by any
gven stream covers a wide range, the ratio of the diameter of the largest parti-
cles to the smallest may, in some cases, reach an order of magmitude of 1,000,000,
Sediments having a high settling rate act very differently from those of medium
settling rate and those .of low settling rate. In this connection &
reference to the ultra-mechanical analysis of silt reported by Hoon(2%) are of
special 1nterest.

THIXOTROPHY AND DENSITY CURRENTS

The phenomenon of thixotrophy plays an important part in transport of
materials, since this can turn a mixture of water and solid material into 8 heavy
viscous jelly like hquid mud (which i1f undisturbed, behaves as a sohd) in which
even very coarse materials float. This phenomenon may provide a partial
explanation to the surprising power of transportation shown by certain torrents,
causing what is called “Lave’ in French. Importance may sometimes be
attached to this in the upper portion of catchments where affluents are torrential
in character. Mention has been made by “Fox (%3) as to how by the pheno-
menon of thixotrophy huge boulders and blooks of granite were transported in
strearns of Cherraponji (Assam), which observation was made by & geologist.

According to Lane {¥7) the density currents occur along the sloping bottom
of & lake and are due to the fact that the density of the sediment-laden water
is grester than that of the clear water. These currents may flow scores of
mules along the bottom of a reservoir, underneath the clear water without
mixing appreciably. The materal in these density currents will be composed
mainl; of the clay-sized particles with possibly some of the smaller of the sl
sizes. Duquesnois (8) and Raynaud ¢22) have conducted experiments to study
the utilization of underflow for the cutflow through discharge walls and also to
determine the laws governing the flow of currentsiof muddy water through
reservoirs, A trial has been made to make a comparison between underflows
and free surface-flows.' Drouhmn, Mallet and Pacquant (7) have examined this
matter thoroughly and from lheir.observations of the process of sedimenta-
tion, they have pointed out & number of factors which influence the rate of
sedimentation of basins and the possibility of washing away of the gravel.
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SETTLING OF SILT IN RESERVOIR

What happens to the various grades of material carried by a river when it
enters & reservoir which is full ? Reminieras and Braudeau (#) have shown
that the cuarser materials moving along the bottom or deposited on reaching
calm water ate later picked-up agamn by the movement so a3 toform a sort of
delta with a sheer front downstream, in cross-section straight and horizontal,in
longitudinal section concave and extending upto well above the highest water
level of the lake. The finer materials are carried further into the lake, either
by natural gravitation or by density currents or by under flows.

L 8

Maddock and Borland () have reported & combination of factors leading
to sediment deposition either in the upstream or downstream of reservorr.
The factors which favour upstream deposition are (s) reservoir storage being at
high elevation ¢ e., full, (b)) heavy sedument concentrition with & large
purtion of load being coarse-grained, (¢) large outlets at Jow elevation, (d) much
vegetalion at the head of the reservorr, and (€) constrictions in the-reserveir
between the head of the reservoir and the dam. Factors leading to sedimens
deposition in the downstream are (2) reservor storasge usually at low elevations
particularly during floods, (i2) sediment concentration low with fine-grained
particles (2i%) a type of reservoir having a short length and having a steep slope

to the orignal valley floor, (¢v) no vegetation at head of reservoir and (v) small
outlgts gt ahigh elevalion.

Lane suggests six possible types of action depending principally on the
particle size of the sediment involved in sedimentation of reservoirs {2?). These

are the action of coarse sediment, ordinary deposition of suspended sediment,

action of density currents produced by the settlement of suspended sedument,
action of common form of density currents, the sloughing of deposited sediment
and colloidal suspension. ’

Rao and Raghavachari (31) have attempted to study the problem of silting
up of the reservoirs formed across rivers, assuming a sedimentation theory.
According to them the silting up of a reservoir takes place in three stages viz.,
(s} silt is formed completely upto the sill leve! of surplussing sluices or spillway,
(#%) the river forms a regular charinel, the width and depth of which will be so

regular that thero will be neithef scouring nor silting up of the course, and (445)
the rate of de :

e position of silt is very slow and hence the reservoir will have longer
e' 11 ]

The Japanese Hydrologists (%) lay stress on the * relief energy ”’—which
is defined as the difference between the highest and lowest altitudegii a specific
area—which bears a greater uignificance as a factor to the tonfiguration of the
mountain land which in turnis a factor of sedimentation. Accordingly as a
caus]: et&o céeate sedimentation, the factors relative to configuration has & more
?;ar e; ticrt;:isn the nature of rocks and their kind and composition jn the

- UOLUME—"-JWEIGHT RELIATIbNS'H.IP
In OonSideriDg‘t;he “fé df a Teservoj : Jy ] i
. , I Wo are con W
h 1 ; 11 " i i Cemed not 80 muCh lth

- i volume, Th o
propostd reservoirs can be estimated in ’::vo The probable rate of silting of

X ways. One is by taking repre:
sentative samples of water from the stresm concerned during the geriod it carrics
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silt, determining the.concentration by weight and vonverting it to volume in
foot acres. The other is.on the analogy of similar, existing reservoirs which
have had their silt deposits surveyed over a sufficiently long period. The
second method, though the more direct of the two, is subject to limitations, as
each stream has its own cat¢chment characteristics. . Estimates have, therefors,
to be based on the silt concentration by weight as obtained from ssmpling.
It is, thus, essential to know the relationship between weight and volume of siit
so sampled. According to Maddock and Borland (*8) the weight of & culne foot
of sedument appears to be.definitely related to the size of the sediment particles
modified by the method of reservoir operation and the age of deposit.

The best known _ experimental work on this subject has been done by the
Department of Agriculture, United States of America, as Teported in their
Technical Bulletin No.-382 (2) on the Silt Load of Texas Streams, by Orville
A. Fans. Of all samples tested in this connection the leanest containing 18-7
pounds of dry material per cubic foot of deposit, possessed prominent colloidal
characteristics. This sample was taken i.mmedmtel'y above Lake Worth Dam
on the West Fork of Trimty River. The densest sample was the cobble like
formation containing 106-1 pounds of dry material per cubic foot of deposit
taken from the Medina Reservoir. . Between these two extremes, all interme-
diate values “have been met with at one place aor the other. The genetal
remarks of Faris, may be quoted as follows : T

“In areservoir used for flood control only, the water is stored temporarily
and the deposited material, subjected to shrinkage during long periods of time,
has an average ultimate weight of dry materials per cubic foot of deposits
approximating 90 pounds ; in the average reservoir for storage of water for
future use, dry periods and increased demand for water result in lowering of the
water surface and exposure of the silt deposit for periods of time, resulting in an
average ultimate weight of dry material per cubic foot of deposit approximately
7¢ pounds ; and in a power reservoir where the-head is maintained-practically’
constant, exposure snd the resulting shrinkage does mot. take place and the
average ultumate weight of dry. material pers.cubic foot of deposit approxi-
mates 30 pounds ”. Faris recommends 70.pounds for the average ultimaté
weight of dry material per cubic foot:deposit. For weights of some of the
indrvidual samples studied by Faris see Tables I1I and VI (Chapter 2).

For the Boulder Reservoir on the Colorado, the weight of dry material pér
cubic foot of deposit has been accepted as 85-9 Ibs.  While discussing the rate
of silting-up of the Vaal Dam, McCrae¢ (1%) gives a useful account of the method
adopted in his calculation, He states ‘- The mud whick settles in dams has a
specific gravity which depends mainly on the consistency of the mud which is
conditioned by the amount of waterin it, Spécific gravities aslowas1-3 have
been recorded for such deposits but usually higher values have been obtained,
As & rough approximation a specific gravity of 15 might be taken.and if it be
assumed that the true specific gravity of the solid matter (clay and sand) of the
mud is 2-6 then the mud would be o mixture of 54 %, of solid and 46 9, of water
and on this basis one ton of the dry solids would make 40 cubic feet; of deposited ,
mud. Ithasbeen shown that the weight of the dry solids deposited in the dam
in 8 years is approximately 2076 m. short tons and this would produce abouns,
830 m. . ft. of mud which is equivalent to,about 19,000 acte feet.
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., BATE OF BILTING AND CATCHMENT AREA

r  The most important single factor in determining the silt yield of any catch-
ment is its area, The silt characteristics of catchments vary within very wide
limits. The Columbia River above the Grand Coulee Dam, with a ca.tchmenb
area of 74 thousand square miles and mean annual run-off of 80 million foot-
acres is believed to run practically silt free. The River Nile above the Aswan
Dam carries approximately 100 million tons of silt per year but the silting in
the reservoir above the Aswan Dam is negligible owing to the large sluicing
capacity at bed level and to storage capacity being only 6-7 per cent, of the mean
annual runoff which enables the requisite storage to be obtained during the
period of low silt concentration, These are extreme casés hut the rate of silting
in the other major reservoirs, dealt with later on, is, more or less, of the same
order, expressed in foot-acres per 100 square miles of catchment area, inspite of
a, variety. of combinations of geology, topography, vegetation and rainfall,
(Table XXX VII). .

In large catchments, pock formations may vary within wide limits but
these factors seem to balance up to give similar annual silt yield per 100 square
miles. Wide divergencies in rates of silting can generslly be explained by
artifieial interference with the normal charactenstics of the catchment such as
consfructiort of check dams in tributaries, large scale afforestation, denu-
dationyele. Thus on the Elephant Butte Reservoir with a catchment of 26,312
square miles and the Roosevelt Reservoir with & catchment of 5,760 square
miles, the annual rates of mlting work out to 61 and 79 foot-acres per 100 square
miles of catchment réspectively. In both cases, the storage capacity is more

than the annual run-off, o that all the silt brought down the catchment is

retained in the reservoirs except small quantities which may find their way
dbdwn through the outlet work

) ., These two appear to set the upper limit. The
annual rate of silting per 100 square mules of catchinent in the other reservoms
18 materially very less except in a few abnormal cases.

« + The volume of material eroded, transported and deposited varies greatly
in accordance. with local eonditions, Casaidy (%) notes that during a single
flood some 405 foot-acres were torn'sway from an ares of 7-7 sq. miles.
In the same catohment the Volumes involved vary from 1-20 foot-acres per

year per square -mile of catchment with peaks reaching 3-4 times as much.
%he_ﬁgureg 2fc}r transportation given by Hoon (%) for the Mahanadi and Sapt
osi are

;  foot-acres per 100 sq. miles and 518 foot, acres per 100 sq. mles
respectively indicating that the Kosi brings with it about six times as much
silt as the Mahanadi. ~For the Yellow Riverin China the mlt yield is about 448
foot-acres per 100 8q. mjles of catchment.

! * METHODS AVAILABLE-TQ COMBAT SILTING UP OF RESERVOIRS

rov§0 sulitable method oi combating the silting has been evolved except, to
provide & larger capacity than what is required or by i i it;
of the reservoir by, additional stmcturesq oy ineeche 121}0 ST

> One of the most effective operational techniques where it'is a.pp“licai)le,
consiss in so conducting operations as to disturb the 'natural movement of
solid materials along the valley as little as possible. This presupposes that
relatively small proportion of the river discharge is to be utifised. Such tech-
niques have been responsible for the negligilsle silting of Aswan Dam .
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The control of erosion in the catchments as 8 measure to combat silting
up, is effective in large catchments.

Duquesnois (8) and Raynsud (22) suggest the most economical and effec-
tive way of reducing sedimentation, consisting of the utilization of underflow.
for the outflow through discharge valves of the silt which usually gathersin the
bottom of reservoirs. The problem is still to be studied.

Dredging or suction dredging though an expensive method has been studied
in detail by Drouhin, Mallet and Pacquant (?) with the idea of making use of
the filled Jand for cultivation at & later stage. Holecek (1) stressing upon the
careful operation and'regulation of gates, shows that by suctiondredging the
deposition of silt will not occur. Nizery and Rousselier (%) also refer to the
value of such dredgings. For the protection of lateral accumulations along
the rivers heavily loaded with alluvia, reference may be made to the methods
reported by Holecek (1) and Ehrmann (). Ehrmann suggests flushing by
the dam, designing the construction of the dam and to have a guard wall and
pit at the foot of the intake racks, which can be connected with the down-
stream side by a bottom gate.

£

Cassidy (2) reports the two general types of control structures developed
for debris problem of the Los Angeles drea («) for intensely developed debris
cones, a debris basin near apex of cone with concrete channel cartying clear
water from the basin through developed area, () for the cones not intensely
developed, & system of groins and levees on the upstream part to confine flow
to a fixed channel and funnel it into & concrete channel through the developed
ares. -



CHAPTER 2

Silting of the existing Reservoirs in India

A. STORAGE RESERVOIRS IN BOMBAY STATE
NATURE OF DATA

" A fow water samples are taken each year in certain selected reservoirs
during the flood season to estimate the amount of silt 1n flood waters priorte
its entry into the pond and at itsexit via the waste water. Theseare taken as
far as possible, on.the lines recommended in theAppendix. Thesamples
"could be taken pnly for one or two floods during each season as several difficul-
tieshave tobe encountered in the work. The chief difficulty is the high velooity
of water, frustrating every attempt to take samples on exactalignments or
very near thereto and at the requu:ed depths particularly during high floods.
Some floods go unobserved as it is not possible to anticipate their intensity op
peak.

Thus the samples obtained cangive only a very a.pprommate idea of the
silt contententering or leaving the reservoirs. 'Capacity surveys appear to be
the only method of wa.ﬁchmg the Tate of silting of existing reservoirs and thess
are invariably resorted to in the Bombay State wherever thereis any doubt
that the usable capacity of a reservoir is diminishing rapidly. :

Some observations were also made in 1941 to ascertain :—
(2) weighted mean diameter of silt particles suspended in the flood
waters passing over the waste weir, and 1
(i3) the profile of deposited silt in the basin of tanks and lakes.
These were not continued later as they did notlead to any useful result.

It was found that the silt gollected from the waste weir was very fine (of the
order of 0-005 mm. dia.)and flocculated during the period of travel of the
sample from the lake to the laboratory. .

Afew observations on the volume welght relationshlp of silton Lake Fife
and Dhupdal Reservoir were, however, carried out in 1943 and 1944
respectively. |

An abstract of the information regardm.o silt and connected datais glven
in Table I. Some remarks regarding :individual reservoirs are given below.

DHUPDAL RESERVOIR (NEAR GOEAK)

Distriot ' . e g s ae ! .. Belgaum
River .. . . e .. Ghataprabha
Catchment ares .. . g e .. 1,080 square miles
Nature of catchment .. | s .. Coltivated sren " transition
Rainfall .. s . _._-'1 +o 23 inches
Mean annual runoff .. ’ T 2,754'»,000 foot-sores
Height of dam . vt ae T ee T .. 2Tfeet
Storage capacity .. .ot WT- 0 Tee Ml 33,705 foot-sores
Yoprs of mpmt; aurygys . T ee -y ys v 1891, }9}1, 1024
17 Y

Ms80BT
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apur ., . Pathri Tank .. 218 | 63-7 9,807 , )
mg " . . A!htl Tluk w | 9°25 577 32,38‘8 i " I“ ' "r.; .
160h} Abmednagay . -ﬁ Bhandnﬂin. 471 27 ) . ‘ .
Ol 2mue| | | .. L.

Ky Tho Serial Noa. are 1n %ntinuation of thote in Table xxxvn

'L LRE 2
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BI
dams in the Bombay State
| .
Run- | Years of Capacit i
;:: o e ypw 7l Bilt deposited .
fpa mie Total { Foot- (Percent- | Annual{ Per 100 ’
2| Pt | ost Period | Foot- | screa | ageof |Percent. [vq, miles Remarks Referenoee
ostoh in acres per  |onginal | age of & catoh-
oot . | yeara year [capacity | annual | ment i
 bovian ‘ runoff area
(12, 1 U3 | (1| sy | Qe). | 7 (18) (19) (20) 21) (22)
2,550 | 1891 | 1024 | 33| 4,800 | 148-2 | 0-44 {0 0054 | 13.7 | Cultivated ares intran-
= ait.:a nt.mct with low
1888 | 1943 | o5 | 24452 | #4406} o0.74| .. 92-8 | Catobment in smul».
5152 1s70t 1040 | 701 19,340 2713-4| o030| 0-027| 1303 HT;;“ “&a"&‘i&"‘%ﬂi’&a )
with good ramfall
1881 . o] 158! 168.3| o0s8| o057 1057 | Catchment consists of | | -
black so and rainfall
occura in oocasionod
heavy torrents.
o | 1870} 1923 | s3] 13638| 2s6.5] 0.38| .. | 148-7 | Black soil tzsot.
Be
8,645 1910 | 1941 _al 1,565 ] 505§ 0:028 )| 0-0089 | 32-4 ] Catchment rocky and 01?0“ -
. hally. tion
1805 | 1042} 471 1722 3sae| o0-33! .. 62:0 ‘Blm:{ moil tract. pand Allied
. 1873 | 1942 | 9| 3582| s10| 1200 .. 100-3 | Catchment in erl: Poona,
. | %0 |1027( 58| 14| e0| eI1] .. 26-2 | oas. e Hilly o
' catchment with-low || . :
. 1880 | 1944 | 64| 1000( 18-61 012 . “71-2 | Famoms aves, Black .
i ;mltmrtd Tankrare- | | .
.. 1912 | 1941 29 283 9.7 0.22 . 40-2 F‘fmﬁ?uﬁ' Tank
Tarely overflowe. -
. 1884 (1041 | 57| 2042| 1831 o0.35) .. o1-5 | Mostly f:npph'-‘d by (|
~ o - ) ~Lake Fife water.
Is18 | 1942 | 64| Ted7| 32| 0.71( .. 1%-8 Bm?ma Tazk rare-
. - ly overflows. J
. |1sore2| 1025 33| 4sr{ 48| oe@{ .. { 2ws{ . .. '~ ﬁc.m. Pob-
. lication,
L1 ™ . " I“L
' . e - | 1,018 . .. . . JHally catohment .. ’
1] .. -y e llm‘ T L] b b T . a?
.. - . . 134 .e e’ . .o " .
N T R T YT ” . .- o -
. “y . .- - aw e e s L1
e . . .. 800 . . - .. Hilly, catchment ¥
el o Ve | e fr0248] .. . ver I we | Boliyand Murumy
catehment
4. LX] ;- e 21.252 s .y ') "a BﬂCky Mwhment
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During 1941, samples from three sites—ten miles upstream, five mi!es
upstream and near the dam—were taken on two days in August. The varia-,
tion in the silt content was from 014 to 0 -40 parts per 1,000 parts of water by
weight. The results of the first flood appeared to be insonsistent, while the
second flood showed that the amountof silt deposited in the lake was 0-02
parts per thousand.

In 1942, the variation was 0-10 to 0-80 and two out of the three floods
showed a tendency of the dam to silbup (average 0 035 parts par thousand).

Four sets of samples were taken in 1943, The first of July lood was heavy
and apparently the silt deposited in the reservoir previously wasscoured out
by the flood. Thesubsequent three floods, which were ordinary, showed hittle
silting. The average gilt.content was 0-088—variation being from 0 -05 to 0 -21
(17 recorded on oneday near dam being exceptional). The observations
show that conditions during floods of variousintensities are different. During
the same year silb may be scouring or be deporifing and the present method of
determining silt content during various floods does not give any correct idea

of the rate of silting.
River Cross Sections

Cross section taken near the weir showed that between the years 1890 to
1940, the original straight course of the river near the right flank has altered.
The river hasshifted to theleft bank, with the result that silt is being scoured
from the left bank and deposited on the inner side or the right bank.

The cross section at entry and in the ponding limit did not show much
change, except a slight deposit of silt on both sides.

Rate of Silting
Table II gives the results of silt sur

veys carried out in the years
1801, 1911 and 1924. . d
‘ TABLE II
‘1’ . 8ilt deposited 1n foot-acres Silt de-
e — . osited in
‘ N ] catohment] por 300
e t 1
Period of record Years | During Per Cumnla- nm:len p::;uare

period annum |tive total | (square | miles of
miles) catchment

area
1881.1011 - 20 3,972 1986 | . 3,972 e 18-4
19112924 w ] 13 818 70-6 4,800 66
1801.1024 . .
e 33 4,800 148-2 1,080 13-7

Volume-Weight Relationship of Silt
Samples of sllt of two categories were taken fro )
. m the Dhupdal Reservoir
i:n éB::m 3E.hx samples \Ee_sre taken one foot under water from bI:)th th:saranks
81y gorresponding samples 10 to 15 feet ab
The densities of\the samples are given in Table 1IL. Rhove fhe water edge.
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TABLE III
Volume-Weight Rdationship of Silt Samples taken from Dhupdal Reservoir
Inside water 10 to 15 faet above water edge
Sample No, Dry weight/ Sample No. Dry weight/ | Wet weightf
volume ' : volume volume
(Pounds per (Pounds per cubis foot)
-cubio foot).
1 .. . 78-9 . .| s 109-1
2 . . 64-2 24 . 68-4 99-6
3 .. . 62-2 3A . 84-2 28-9
+ .. . 67-8 4A ‘e 62-6 - 92-0
5 .. . 61-4 BA ... 483 80-1
6 .. . 67-3 6A, .. 58+6 "82:6
Mean.. . .. T 670 Mean .- 630 93+7

The mean density of these samples is 67 -0 Ibs, per cubic foot for thoss
under water and 63 -0 lbs, per eubic foot for those above it. This may be
compared with the dry weight of silt reported in ,the case of Lake
Fife, viz., 52 -7 (under water) and 63-4 (outside it).

Remarks

The catchment is in the fransition tract as in the case of Lake Fife butib
bas a low rainfall. The rate of silting per 100 square milggs: of catchment s
therefore, low.

LAKE FIFE (KHADAKWASLA DAM)

District . . - . .. Poons

River .. . e es . . Mutha )

Catchment arca .. . - . .. 196 aquare miles

Nature of catchmemz -, e es .+ Hilly terraced felds

Height of damg .. . e - .o 1025 feet

Storage capacity o " e =" +. 90,088 foot-acres

Rainfall . .e . .o .« 250 finches (ghats)—40 inches
. (Dam site}

Mean temperature . e . oo T6F

Mean annual runoff .o as . .- 1,009,800 foot-acrea

Type of lood .. .- . . -. . Concentrated

Years oy capacity surveys - . .« 1870, 1904, 1940

4
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Suspended Sut Samples

The résults of silt ssmples taken during floods are given in Table IV,
" TABLE IV

Siit n parts per thousand by weight

Year Difference of Remarks
Entering lake Lesving lake Colnm(lln; 95)2)
an

() (2 . & 4) {5)

1041 .. 0-200 0-103 0-106 Average of siven
(Rangs 0-09—0-43) - readings.
1942 ., 0-107 0-075 0-122 | Averago of two readings,
(0-06—0-33) '

1948 .. | Samples not taken
1844 .. ©-500 8-230 0-270 One reading.

This gives an approximate idea of the intensity of silt entering and leaving
the lake during flocds and it would not be correct to work cut the quantity of

gilt deposited in the lake from this.

An exsmination of the diameter of the siltleaving the waste weir in 1941
showed that only colloidal silt was carried over, while most of the suspended

silt was deposited in_the lake.
Rate of Silting

, The 8ilt surveys were oarried out in 1870, 1904 and '1940 and the results

are set down in Table V :—~

TABLE V
] ‘ 8ilt deposited in foot-acres Siit de-
.y \ - . , posited In
LTS foot-acres
Period of record - Catchment! ' per *
Years During Per Cumula- ares, 100 square
‘11 | period annum | tive total | (square- | miles of
miles) | catchment
area 4
. g
1870-1904 . 34 16,432 483 18,432 246-4
1904l 840 R IR 2,708 75 18,140 38-3
- 1870-1940 - " ) 19,140 273 196 139-3

Volume-Weight Relationship of Silt

Samples to determine the density of silt under water and putside it were
taken in 1943.'. The results are given in Table VI,



TABLE VI
Volume Weight Relationship of Silt Samples taken from Lake Fife in 2943

LY

e Wet woight/ | Dry weight[ Dafference Moisture
Malkhed Village . volume volume of Columns percentage
_ (Liba. ?er cubic (Lbs Fer oubic | (2) and (3)

: 0ot ) I I T

1

(1) 2 . 3 @ (5

LY i L ] -1

1]

¥ T -
A. Bilt oxposed for & long
time 300 feet away from
the water edge m the

lake . 82-1 63-4 18-7 22-8
B. Silt pewly ox posed on the' ;
=" edge of water 83-8 15 | 22-7 27190
- M 1 i ] EqL) ~
Q. 81t under water ..,, ... .. 91-4 5?-7- 44-7 , 456-9

~ » " 5
i

It is seen that under water a oubio footof silt.vweighed about 97 Ibs, snd
the weight of moisture contained m it was 45 Ibs.

Remarks

The catchment is in the transition tract conmstmg of cultivated lands w1th
good rainfall. Siltingis tp%reforg, more Fl}an in th;s‘ ghat storage (Darna Dam).

‘LAKE BEALE (DARNA DAM)

Dustrict TR L T 1 Ltee na Nasik

' Raver ' .. UL 9 o . is Dams
Catchment area .. e . . «s 156 square mmles
Nature of catchment .. . . «s Raocky and hilly
Rainfall . - . . s 125 mchea o
Temperature .. . ;.. . .ea B8:8°F. - (mnﬁmum), 86-7T°F,

{minimum)., «

T Mean annual runoft - o s ae as 58,3572 footneres -
Typoof locd . 4o + , o | .s .e e« Distributed
Height of dam .., «» _ | .- e we 94 foet
Storage capacity . . . e 178,212 foot-acres
Years of capacity sﬁ:v:oys . . .- 1010, 1941

[ nor .
Suspended Silt Samples

In 1941; only oné sample was taken in August., This showed that the

silt content near the dam was ¢ -'l part per 1,000 parts of water by we:ght No-
eamples wero taken in 1942., » .

The flood in July 1943 was heavy and the silt content in, the Darna was:
also except:onally high, (9 -84 parts per thousand at 6/10 . depth, near Ghoti),
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The average silt content, exclusive of this heavy flood (2 samples taken
in August) was as below and showed a silting tendency:—

{Silt content 1n parts per 1,000 pat‘ta of water) .
) ) Surface  6/10 dopth
Near Ghoti (at entry) .. e e an 0-B54 3-86
Near Dam . .. . - 1 0-081 0.035\

During 1944, monsoon samples were collected twice in August and Septeme
ber, the former flood being the bigger of the two. The average silt content
varied from 0-052 parts per thousand parts near the dam to 0-066 about
two miles above it. The silt content atentry varied between 0 -024 to 0 -061
parts per thousand parts. The silt content was low with little tendency to
depostt.

Silt Surveys

. Silt surveys were oarried out in 1910 (at the time of construction) and in
1941. Thesiltdeposited during the 31 years works out to 1565.4 foot-acred,
i.e., B0 b foot-acres per annum. That works out to 324 foot-acres per 100
square miles of catchment area or 0 -028 per cent of original capacity per year.

Remarks

The Darna 18 a ghat-fed reservoir bringing low amount of silt from its
rocky and hilly catchment. The rate of silting is, therefore, low. Some silting
that has occurred is in the lowest reaches of the lake.

' vy i
NANDUR MADHMESHWAR WEIR
Catohment area A

Y i = 1,650 square miles
This is a pick-up-weir built lower down acress river Darna on which

Darna Dam is constructed. The rilt contents at entry and near the weir in
different years were as under :—

{8:1t contont in parts per 1,000 parts of water)

. i At entry Near wair Remarks
1941 .. . R . 0-200 Average of 2 samples "
12 .. P B X 71 0-127 One sample
143 .. . . 0-131 0-111 One sample
e
1044 .. - . 0-361 0:238 Average of 2 samples

-
~t

The average silt content in this basin is more than that in the Lake Beale
above Darna Dam which forms the storage of this pick-up-weir. This is due to

the fact that this flrains, in addition, areas in the plaihs, with level, oultivated
bhOksoil-& Lt . cod. - ! P

Thera is 3 heavy silt depsit in theponding limits of the basin,
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VISAPUR TANE
Distrlct e e s s, e .o Ahmﬂdn&g“
River . . .. v, as +» Hanga
Catchment aren . . . . .« 159 square miles
Nature of catchment .. . . . .. Black goil
Mean annual rainfall .. .. ot . «» 20inches
Mean annual temperature . . “ .. 83:5°F.
Mean annual runoff .. .. .. . .. 29,600 foot-acres
Type of flood .. . o . . .. Concentrated
Storage capacity . . e . «s 27,961 foot-acres (in
1927)
30,509 foot-neres (in
1933)

Suspended Silt Samples

Bilt content of flood watersin different years was as under :—

TABLE VII
Bilt in parts per thou-
sand by weight left:;‘gnca -
Year Columns Remarks
(2)
Entry Head- and (3)
works
‘1 2 3 4 [
1941 .. . . 1-700 1-760 0-080 | One observation.
1042 .. - . 0-783 0-808 | 0-116 | Average of two observa-
tions.
1043 ., . .. 0-395 0-084 0-311 | One cbservation—maxi-
. mopm flood.
1044 .. . . 0-766 0213 0:553 | One  observation—no
discharge over the
waste weir.

The silt content in the Hanga river which is in the heart of black cotton
soil is much higher than that of the hilly Darna river. The catchment has an
average rainfall of 20 inches but this occurs in torrents and the floods are con-
centrated. Theresultis that erosion is heavy and silt content in the flood
watera very high.

Rate of Silting

The results-of silt surveys show that the rate of silting per year is 168
foot-acres. This works to 105-7 foot-acres per 100 square miles of catchment
or 0-55 per cent. of original capacity per year.

Remarks .

Silting in tanks is generally rapid as they rarely overflow and pracbically
the whols of the silt brought down by the rain is deposited. Tha catohment
consistg of deep black soi] and rainfall i occasionally ]}e_agyy. .
MBOBr - - ) ¥

n
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PIMPALGAON TANK

Distnet . . . .. Abmednagar

River ve . va .- “ . .. Swa

Cotohment area .. . . . . .. 24 square miles

Nature of catchment e . .. . .M :;:Iz::)y (decayed
¢

Height of dam .. . . . e .. 34 feet

Storago capacity .. .- . . . .. 4,473 foot-acres

Rowdall .. - . .- . - .. 24 inches

Descriptwn of the Tank

The Pimpalgaon tank is situated on the river Sina, along the Shundi
Wambori road north-east of Ahmednagar, and 15 used for water supply of the
Ahmednagar town. The catchment is muramy (decayed trap) about 24 square
miles in extent. Rainfall is limited to 24 inches and the tank rarely overflows

The length of the earthen dam is a little over a mile and 1ts height in the valley
34 feet.

Capacity Surveys

The original capacity when the tank was constructed in 1922 was 4,473
foot-acres and as surveyed in 1941 it was 4,190 foot-acres, giving 2 total silt
deposit of 283 foot-acres during 29 years. This gives a rate of silting per year

of 9-7 foot-acres or 0-215 per cent of original capacity or 40-2 foot-acres per
100-gquare miles of catchment area.

_The silting has been compensated by raising the full supply level by a foot.
Mode of Silting

Detailed data about the capacity surveys carried out in 1912 and 1941
is also available for this tank. Figure 8 is a plan showing contours for 1912
and 1942, and Figure 9 gives cross sections along hines AB and CD. These
show that the main valley has completely silted up in the lower portion (cross
section AB)“upto sill level, viz., R.L. 2234-0. Silting has extended backwards
along the main gorge (valley) up to R. L. 2240 and a thin layer of silt must
have been deposited even upwards. But there was little silt deposited on the
gides of the valley and there was on the contrary a tendency to scour as can be
aeen from the (1941) dotted contours of 1912 receding above the full line contours
of1941. In contrasttothe silting up of the main gorgeinthe lower reach, the
upper reach—broad to start with—appears to have been eroded sharply into
a narrower gorge. The channel to the right changed its old circuitous course
and took a straight run. The old bed was naturally silted up. These state-
ments are better understood by a reference to the longitudinal section of the
qhan_nel (Figure 9). ] It has silted up in a horizontal layer upto R. L. 2235,
v.¢., just above the minimum water level in hot weather controlled by sill level.
Silting extended upwards to R. L. 2244 with a slope of 1 in 317, which is fairly
steep. R. L. 2235 and 2245 represent the limits of variation, the minimum
water level before the monsoon and the normal water level thereafter. Silt
brought down by the first storm is evenly dropped within the permanent hot

weather ponding limits. It is subsequently dro b di b y
water level rises in the monsoon, sequently dropped st different levels as the
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Figure 10 shows the area in square feet of each ¢ontour determined at the
time of capacity surveys in 1912 and 1941. It is seen that the area of contours
upto R. L. 2244 has decreased due to silting, beyond this, the area has increased
due to sccu-ing. -

v I —
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292 ' 2240 ‘244 £92 48 2950 )
i1 ~ o R.L. of Contour - ¢

Figure 10 :—Ptmpalgagn Tank—Gfaﬂ.ih. sho;c-ing silitng surveys, during
1912 & 1947
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Remarks

- The silting has occurred in the dead water zone below the sill level and has
not affected the useful capacity appreciably.

. GENERAL OBSERVATIONS

. The catchment area of Lake Beale (Darna Dam) is in rocky tract and there
s very little erosion. The rate of silting is, therefdre, Iow.

Dhupdal and Lake Fife are both in the transition tract with’ terraced
fields but the latter has much higher rainfall. The result is that Lake Fifo
bas a silt deposit aa high as 139 foot-acres per 100 square miles of catehment,
while Dhupda) bas only 14 foot-acres.

Silting in tanks 15 generally high as they have endugh soil in the catchment
area and the tanks rarely overflow. The rainfall 1s low but there are 0ccaslo
heavy storms with consequent high erosion. The reduction in capacity of the
tanks and reservoirs is generally brought about at the rate given below :—

———

. . Percentage
Particulars Number [ reductionil .
of years |reservoir capd-
- city
1. Rﬂﬂﬁmim L] - om s te LR 24__ _ 9‘20 -
2. Tanks with hilly catohments .. .. .. .. 48 8-70
3. Tanks in plains with muramy and sou) catchments . 60 '36-00
4. Tailtanks . . .- - . . 60 { 19 00

p—

‘ Depepqmg upon the data of construction and the nature of the catchmenta
the capacities of tanks with soily catchments have been considerably reduced.
The tank of Mayni is very nearly filled up. Thus in the s3ily catchments
the tanks are being silted up within 100 to 200 years. © - -

B. STORAGE RESERVOIRS IN UTTAR PRADESH

. There are some 65 reservoirs in the Uttar Pradesh situated in Bundel-
khand and Mirzapur districts to the south of the Yamnna and the Gabga Riverd.
They were constructed as Irrigation Works for protection against famine. The
Capital Investment is above Ra. three and a half croresand annual irrigated ared
is %ver half million acres. The physisal characteristics of different ~catchments
:: theta.verage runoff are. varied ; the catchment area ranges from 1 &q. mile
o :ﬁgrf m: thousand sq. mlles.; the storage capacity from 230 foot-acres t0
L0, oodgcres and thusa wide field of study for the rate of sedimentation i
offered. O servationgof the quantitative study of the probable rate of silting

een carried on some of the largest reservoirs over a long period DY

capacity surveys, which are discussed below., A . he
emaller reservoirs kave also heen incorpora{;ed. fow typical examples of ¢
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DHUKWAN RESERVQIR ON BETWA RIVER

-Catchment . - . . -. 8,240 sq. nules
Rainfall minimum .., . . .« e 182 inches (1913)
itamfau—gla?mqm e o v« .« 52 3inches (1934)
Rainfall average .. . . . . «+ 42 inches
Runoff minimam, .. .o . . »» 1,000,000 ft. acres {1913)
~Runoff maximum .. e .. . . -« 10,000,000 ft. acres (1934
Runoff average .. e e . . .. 5,660,000 ft. acres (1934)"
" Height ofthedam .. ~ .. . ... o .. .. BOfs.
Lengih of the dam - . . . o .. 3,916 ft.
Length of Lake .. . . v e wr e Gmmles
Area of Luke . . . . v T .. 64,000 acres
Capaoity at crest .. .. . . vo .. 56,252 foot-acres

Catchment characteristics

The catchment is entirely monsoon fed and contains wooded hilly country
and cultivated land. The upper parts of the main miver and its principal
tributaries traverse through Vindhyan ranges and the catchment basin is almost
equally interspersed with wooded hills and with scrub jungle plaing of steep
slopes and cultivated plains of medium slopes. The upper Vindhyans vary in
height from 1,700 to 2,400 ft. above sea level and consist of massive sand-stones
with a bed of conglomerate at its base, The lower Vindhyans principally
consist of sand-stone, slate and shale intermixed with poorer conglomerate,
Further down in the watershed basin, the ranges vary in height from 700 to
1,4Q0 ft. above sea level and consist of massive rocks, indistinetly fohated and
traversed by quartz reefs and numerous basic dykes of dolerite or diabase.
These hills combined with well wooded forests occupy one third of the

catchment.

A portion of the catchment consists of undulating and plain wasteland with
ravine edsed river beds covered sither with scrub jungle or growing long grass,
The balance of the area which forms the doab of the various tmbutaries is mostly
black cotton soil, generally under some form of cultivation. These areas are
liable to sheet and gully erosion and they furnish, in major part, all the silt in

the river.

Rate of Silting

Capacity sarveys were carried out in 1916, 1930, 1932, 1937 and in 1942.
The results of the surveys of 1930 and 1932 were inconsistent and have been
discarded. The rate of silting is given in Table VIII and Figare 11.
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TABLE VIII ¢
Bilt depomtod in foot-acres
Period of record Con Per 100 g,
During Per Cumulative] miles catoh.
Years penod annum total ment per
annum
1007-1916 . .. 10 12,024 | 1,202 '12,92:‘ 16
1016-1037 . . 20 | 12,007 603 | 924,931 7
1037-1042 .- .. 5 —61 —12 | 24,870 Nit
10071042 . . 35 | 24,870 701 . 85
»
30,000 cal
! 24,931
Y 24,870
. 2 1
g 20,000 i
3 T '
o |
R
% 1} B
% 12,524 Hr _ .
“ la 10,000 '
= .
‘ *
i
0
1907 1917 1927 1937 1947
Years

Figure 11 :—Showing silt deposited in Dhukwan Reservoir
Remarks

_ The rate of silting was high in the first ten years and has been falling
‘vapidly since, which appears to be due to :—

(1) Settlement and shrinkage of silt deposits @ I to i of
. additional silt and duge ‘to expo:lf:;s.l v fo mperimposed. load
(2) Capacity ranoff ratio is 1 to 100, and & ‘ ir ‘b
: _ \ pparently, the reservoir “he8
silted upta seotion required for normal floods,
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{3) The eapacity surveys mdicate that the lake at the dam has a° rt!gr?lar
shape and silt deposits are distmibuted uniformly along the axis. As “the
distant ends at the flanks have silted up and the river flow is becoming confined
within higher -banks, Tesulting in velocities at-the various “points of the cross-
feqtlon is less and, therefore, the tendency to silt is falling.

1

{PARICHA RESERVOIR ON THE BETWA RIVER
1t is a subsidiary Reservoir on ¢he Betwa river, 30 miles below Dhukwan.

——

-Gatchntent - u e T e - .. 10,384 ‘aq. miles _
. Rainfall .. . . . . «e  +. 41inches ”c
i 'Runoff .. . . e L e ve  e. T,200,000, foot-noies

Maximum Height-of the Dam e . ee .- B4°81E

Average Height of the Pam .. . . .- .. 20ft,
; _Lel{g'th of thg-Dam. . . e . . .. 3,853

Length of lake .- . . . e «o 17 milea

-Area of Lake ‘e . .- . .. . 2,400%01'&

+ Capacity at creat . .. . . . . . 150,3052|foot-mos
Catchment characteristics

The additional catchnrentis abowt 2,000 5q. miles and its featires are hot
gifferent from those of Dhukwan.

Rate of Silting

Paricha Dam was constructed in 1885, some 22 years before the upper
reservoir Dhukwan. Its capacity was surveyed in detail in 1912 and again
fater at different intervals. The surveys indicate that the reservoir has never
shown & tendency to silting, but, onthe other hand, has been scouring all
this time (Table 1X).

'TABLE IX. N
Scour in foot-aores !
Period of Reot;rd Years - l Per 100 sq.
. During .Per. [Cumnulativel milea catchs
perzod annum total ment per
N _ annum,
" 1612-2[923 . ae Jl: 4,362 397 43682 4
1023-1933 .. .e 10 616 a2 4,978 .o
19331038 . . 5 280 56 5258 .
1938-1941 .. .. 3 2,667 802 7,035 °
1941-1943 .- . 2 | 24 (1,28 |I0d11 1s
1912-1943 . . 81 10411 336 - 10
s

M8CBI



34

The scour lms- been plotted in Figure 12 which brings out that the rate of _soouj:
" 1 the various periods has been variable. .

. . €.8l
15,000
3 10,000 n
H]
f— . s ]
. 11
§ 5,000 1 T "EiJ
T ]
: .
0
N 1912 . a2 1932 . 1942 1952
L Years ) =
i Figre 12 :— Rate of scouring of Paricka Reservoir
"Ramarke . .-
) Paricha is a second major reservoir on Betwa, being 30 miles below Dhuk-

wan and its catchment is 2,000 8q. mies greater than that of Dhukwan.
Although, a good part of the silt may be ¢

. ) rapped at Dhukwan, some of the
suspended load is certainly carried down, Instead of showing any signs of

. progressively scoured and the circumstances leading
to continued scouring appear to be :— T

-._(1) The reservoir is a sort of raised natura] lake.

at Paricha is 17 miles and its area 2,400 acz:es 48 ¢0 to 9 miles
length and 6,400 acres area at Dhukwan e

capacity is almost similar,
(3) The flood lift in the river
construction of the dam,
section required or fio
consequently, the capacity of the lake
Paricha is an unique exam
scouring all these

| - e fax has g{gt_lually i{lc;'eased.
que example of g reservojr

_————

which has shown eontinuous

. ———

—— L,
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‘PAHARI RESERVOIB ON DHASAN RIVER

Catchment . . e . . ee 8,026 8q. miles

Rainfall . . . . .+ 88inches

Runoff . . . . . .« 2,760,000 foot-aores

Length of the dam L .. . .. 1,848 f.

Height of the dam . . -.. B4ft.

Length of the lake .. . . . . .. Smiles

Area of the lake .., . .. .. . e« 1,700 acres

Cspaoity at crest .. . . .e . .« 38,284 foot-acres
Catchment Characteristics

In general, the catchment 18 similar to that of Dhukwan. The differences
are that (1) the scrub and jungle portion has lighter growth and is more hable
to erosion, and (2) the cultivated area has more of lighter types of Bundel-
khand soils which are easly erodible in comparison to heavier soils. In
other words, this river carries somewhat heavier silt load.

Rate of Silting

.Capacity surveyshave been spread out over a long period and the raté of
silting is indicated by Table X and Figure 13,

TABLE X
Silt deposited in foot-acres
Years
Period of Tecord s Duaring™ | Per Cumulative] Per 100 8g.
. |’ pemod | annum total | miles eatch-
ment per
¢ aanum
- ] 1l -
1611-1918 .. - 5 3,047 609 | 3,047 20
“ i e - i ’ -
J9le-1932 e - e ] 16, | 1818 | 1132 | 21165 87
1632-1939 .. . 7 2,089 | 827 | 23454 | 11
1911.1039 e |28 | esese | s} .. 21T’
1
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Figure 13 :—Rate of silling of Pakari Reservoir,
Remarks

The rate of silting has been high in the first 20 years bus it has been falling
subsequently. The higher-rate of silting-appears to be-due to :—

(1) The cultivated area comprises of Lighter soils as against heavier
solls in the catchment of Dhukwan and Paricha reservoirs,
(2) The shape of the lake is irr

egular in the upper parts of the- reservoir
where silting has been heavier. .

(3) The deeper portions of the lake have silted most, and the extreme

ends at the flanks a little less so-that a-shallower section Tequired—
for the floods is maintained. .

{4) The rate of silting rose during the first 20 years of the reservoir

and in the meantime the section of the lake stabilised. The-rate
of silting has been falling for the last 7 years,

A}

-

asan.river, 6 miles below. Pahazi.
The catchment is only 914 Tiles ter but has gimi isti
s of the catenmnt fyP grea Ut has eimilar characteristics



Catohment - . e . . .o 8,240 nq. milea
Rainfall .. . . . . - .« 38 inches
Runoff .. ie e T e T . Y LTt L 2980,000 fool adre
Length of the damnt .. .. .- .- . .. 17321,
Height of the dam ,. - . . . .. B7ft.
Length of the lake .. .. . et .. Gmles
Area of the lake . .o . . «. 980 ncres
Capacity at crest . . . . «+ 16,728 foot-acres
Rate of silting, based on capacity surveys is given in Table XI and
Figure 14.
TABLE XI.
]
Silt depomted in foot acres
Period of record Years. During | Deposit Cumulative] Per 100 sq..
period | foot.acres total nulea catoh-
- per annum ment per-
- ‘ anomn
1808-1939 . 31 3,613 ‘ 117 3,613 4
1939.1945 .. 6" 1,278 213 4,891 7
1608-19456 .. 37 4,891 132 4
L - »
T20,000 i X — - _cas
S I -
S
-
-~ _ P PR - —
o —
4 .
< 10,000 -
F i
.
[
o 1
o - - IC T =)
& = 1
- i
o EH=RHTTT !
1908 ) i?i8 ) 1928 1938 1948
Years .
i Figure 14 -—Rate of sgling of Lackura Reservoir.-
Remarks

The rate of silting in Lachura reservoir 15 small as the entire bed load i
and a good part of the suspended load is arrested in the upper reservoir.- Besides !
in the case of this lake, the river banks are highand the flow is confined *
to a parrow section. Excepl at the approaches of the dam, the river section,
offers little room for silting,.

L

A

0. —
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ANGAO BESERVOIR ON EER RIVER

Catohment . . . “w e e '1,51?9&%; miles

i . v - ws . e in
Rafalloormal .- 0 o0 D L 6,000,000 faob-acres
Length of the dam .. . . . I .. 2,712 ft.

t of tho dam .. . .. . . .. B3ft
Length of thelaks .. - .. . . . .. 'Toules
Area of the lake .. .. s . . .. 3,600 acres
Capacity ab crest .. - . . . .. 48845 foot-aores

Catchment Characteristics

Ken, like other rivers of Central Indis is & monsoon stream. It rises in th_e

Damoh District of the Central Provinces, where the famous Kaimur range 13
the dividing line of the watershed of the Narbada and Ken rivers. These
ranges rise from 1,200 fo 9,000 feet and comprise of a group of sandstone, shale

and lime Stones, sometimes resting directly on gneiss.

The total catchment is 7 199 sq. miles and the greater part 15 covered with

steep wooded hills and thick scrubs. The cultivated plains and the ravines

which are liable to sheet and gully erosion form only one-fifth of the catchment
whereas well Wooded and scrub - areas are protected agamnst erosion. The

rate of silting base] on capacity surveys is given in Tablo XII and Figure 15..

!

TABLE XII1
Rate of silting mn Gangao Reservowr
S1lt deposited in foot-acres
Period of record Years | During | Per  [Cumuletive] Per 100 5q. ~
peried annunt total [muiles catch-
ment per
- __annum
10121933 . .. . 21 13715 -|-—esa |13 9
1
19331639 . 8 3,521 587 17,236 8
193h-1045 8 2,636 439 19,872 6
1912 1045 33 -1 198712 | 602 e 8
20,000 < - CBh
, Ty
r 17 2315 2 10,872
§ N L]
3 13715
g "
- o L
o 10,000
g
< im) - -
= T -
: ° 11 '
R i
LY 1922 1932 1942 1952
i . Years |
Figure 15 :— Ra'e of silting of Gangao Reservoir -
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Remarks

1. The Dam is built obliquely to the flow of water and the.flood waters
impinge on the right flank at the dam.

2. The lake is irregular in appearance and the river is tortuous for six
miles above the dam. ! |

|

3. Silting has ocowrred in the deeper portions of the Jake and at the far
ends of the flanks., The width of the lake has narrowed down considerably
ju wider sections, and the river is getting confined into a stable channel.

: 4. The rate of silting is low as greater part of the catchment is not Liable
to gerious erosion. -
" B. Except for a few miles near the dam, the river flows, through hilly

country over s rocky bed with many cascades. The channel is well defined
with high banks on the sides.

BARIARPUR RESERVOIR ON KEN RIVER. _
r -

Catohment . .. e o . 7,890 sq,. miles
Rainfall normal . . . . e .« 45 inches

Ruonoff normal, .. - . . .- .. 6,400,000 foot acres
Length of the dam .. ee v e . . .+ 1,637 ft.
Height of the dam .. e . .s e . 2015
Length of the lake .. . . . e« . Smiles

Area of the Inke . e, e . .« 800 acres
Oapacity at crest .. . .o . . ++ 4,689 foot acres

Catchment Characteristics

Bariarpur is a second reservoir on Ken river, 25 miles below Gangao
reservoir. The catchment is the same as for the upper reservoir. The rate of
silting based on capacity suiveys is given in Tatle XIIT rnd Figure 16,

TABLE XIII

Rate of silting w Bariarpur Reservoir

F
Bilt deposited in foot-acres
Period of record Years . y Per 100 aq.
During Por |Cumulative| miles eatch-
period annum total ment per
annum
1906-1930 . .1 3 738 22 728 | Tnsignificant
1929-1945 T 439 3 LY 1
1908-1045 . . ] 1,177 30 e | Insignifioent
- * 1 N
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Figure 16 :—Rate of silting of Bartarpur Reservoir.

Remarks

1. Capacity runoff ratio is great, being 1 to,l.épo.

2. The main reservoir Gangao is only 25 miles above Bariarpur and
traps all the silt.

. 3. Below Gangao, the river has natural high banks and a rocky bed with
steep gradient which keep the river confined in a well set channel.

4. The dam forms a sort of a raised natural lake and the flood lift is not
very appreciable, except in the vicinity of the dam.

5. General rate of silting is very low.

PAHUJ RESERVOIR ON PAHUJ RIVER

. Catchment ., .. 120 sq. mmles
Raunfall normal . 391nches
Runoff normal .. 53,000 foot-acres
Length of the dam .. 603 ft.

Height of the dum 35 ft.

Longth of the lake - . . o2 mles

Area of the lake ‘.. 800 acres
Capacity at crest . . .. .. 7,460 foot-acres
Capacity at top of gates

15,640 foot-aores
Catchment Characteristics

About half of the catchment is covered with scrub and thin forest with

occasional formations .of foliated granitic rocks. The growth of jungle and
grass offers some protection against erosion. The remaining area 1s either
cultivated land with flat and medium slopes or

Mg broken land along streams
and is liable to sheet and gully erosion. The soil structure of the cult.vated
area varies from black cotton soil to light loam, and the shape of the storage
b’“m} 18 irregular. The physical characteristics are such as to encourage
«exosion. The rate of silting based on capacity survey is given in Tzblo XIV.
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TABLE XIV
‘Rate of silting tn Pakuj Reservoiy
' *+  Bilt deposited in foot-aoree
Period of record ' Years - Per 100
8q. miles of
During Per annum | oatchment
- Period per annum
1914-1945 .. . 31 RE ] 11 )

Remarks

The dam has 6 feet high gates which are kept raised up for most of the year
during monsoon in order to ensure full storage. River sluices are provided at
bed level with a capacity of 2,400 cusecs. Ordinary spates of 6,000 cusecs,
lasting for 4 to 6 hours, are easily cleared by the sluicing capacity with careful
regulation. The gates are dropped in high spates only when the flood lif
tends to rise above & safe limit,

Storage capacity of the reservoir to the top of gates is one third of the
average annual run-off and the spates are of short duration, Although
sluicing power is equivalent to low flood discharges, the sluices are often kept
open during the monsoon period, and they help to throw out a part of the silt
load which may otherwise accumulate above the dam. The contributary causes
which lead to silting are :—

(a) Capacity runoff ratio is 1:3..
() Storage basin is very irregular.
BARW SAGAR ON BARWAR RIVER

Catohment .. . . e ., .« 71 8g. miles

Normal rainfall - .. . 36 inches

Normal runoff .- e . .- . 80,000 foot actres

Length of earthen dam .. .. . .. 4001t

Height of earthen dam . . vem .. 241H

Length of the lake .. .- ‘e e .. lmle

Area of the lake . .. 900 acres

Capacity . 8,300 foot-acres
Catchment area

Half of the catchment is hilly of foliated granitic formation, lightly wooded
and the remaining is cultivated ares of mixed soils, partly protected with
vegetation.

Barwa Sagar is an old chandels Tank, constructed or restored in 1703
AD., as s shallow tank with 5 feet deep storage. Tt was subsequently taken
over by the Irrigation Department in 1890 and raised to store 20 feet water.

MECBI
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The rate of silting is given below :— ‘ .
Capa.clty in 1868 e L1 X} aw .. 8,300 oot-aores |
Capacity in 1909 . . as . +» 7,800 foob-acres
Ca.p&mty m 1933 as .. .n e e 7,400 foot-aores

ity runoff ratio is 1 to 4, silt deposited In 65 years is 900 foot-acres
or 14? ?c?:iilazres per year, giving a rate of 20 foot-acres per year per hundred

gquare miles catchment.

SMALL TANKS
Bara Tal (Babina)
Cntch;nent ares . . . e «s 2 8q. miles
Normal rainfall . . . . vs 37 inches
Normal runoff . .- . . .. 900 foot.acres
Capacity 1n 1908 ‘e . . . .. 1,020 foot-acres
- eapamty in 1933 . e .e . .. B00 foot.acres
" gilt depomted in 27 years e . . .. 220 foot-acres
§ilt deposited per annum .e . . 8 foot.acres
Silt deposited per annum per 100 sq. miles catohment .. 400 foot-acres
Honoha Bhanwar Tank
. Catchment arca . . . . er 27 8g. miles
Normal Rainfall «» 36 inches
Normal ranoff - .. . . .. 1,200 foot-acres
Capooity in 1811 . . .- .- .. 770 foot-acres
Capacity mn 1833 .- . . . «» 600 foot-acres
Silt deposited in 22 years . . .. .. 170 foot-acres
Silt deposited por apnum .. . . «» 8 foot-acres
Silt deposited per annum per 100 sq. miles catohment .. 208 foot-acrea ”
Remarks !

Tn small catchments, particularly where. capacity-runoff ratio is near
about one, entire silt is transported into the lakes and the rate of silting is of 8
higher order. If the catchments are large, say 50 sq. miles or more; and the
capacity-runoff Tatio is still about one, the rate of miting is comparatively lesa
as the transported st load hes a much bigger ares for djsperéal. ~

-

OBSERVATIONS OF SUSPENDED LOAD IN RIVERS

Experiments for measuring suspended silt of the rivers were first performed
in the Uttnr Pradosh State during 1911and 1912, The method adopted was to
take two samples from one point in the centre of the stream, two feet below the
water surface, in measured sized bottles. This was allowed to stand for 24
hours until the sediment had settled down, and the top clear water was decanted
off leav_ing a faw ounces ow.reﬂying the sediment. 'This remaining mixture was
passed into & small measuring glass, $apering to a narrow size at the bottom and
graded to show drachms and minims, to allow the measuring of the smallest
quantities. The mixture was subjected to heat and evaporation, leaving dry
residue of which the volume was measured in the measuring gla;.sa The e
sults of experiments made in 1912 are set down in Table XV. !
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TABLE XV
- Proportion of dry
ailt in suspension Weight in 1ba, por cu. ft. well pressed
Name of river By By Bilt Sand
volume weight
- = - | Wet Dry Wet -| - Pry——
- 1 1
Khajuri .. . : 111 il 104 . 90
4,800 3,947
1 1
Karamnasa . 2 105 W 28 . 88
4,100 3,864
1 1
Ghagar .. . - 105 79 105 91
_ | 5000 4,112 R
1 1 i -
Qarai . . 105 75 109 | .87,
4,600 3,783 - A
1 i ) .
Belan .. . : 104 75 Not found
. 3,200 2,480 .
1 -1 -
Qangd at Mirzapur, < = 108 5 106 00
- ;o400 330 R

Similar experiments were conducted on Ken and Betwa rivers, and the
data for suspended load vafied from 1in1,500t0 I in 2,500. The details of
the experiments are however not available.

-

. More recently since 1941, the U.P. Irrization Research Institute -has
observed the amount of suspended load on the Betwa river above and’ beldgr
Dhukwan Dam.,  Silt samplesare collected in standard bottles of one litre at
three points in the zection, at 1/6th, at 1/2nd and at 5/6th of the width from
either bank, and at 6/10th depth at each of the points. These three samples
make Up onc observation of the silt content over the whole section. The
samples are taken_ during the monsoon period only, when the river carrics
appreciable quantities of silt. The results are showa, in Table XVL
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TABLE XVI.
Quantity of silt deposited at Dhukwan
Total Sit Rainfall | Percent .
suspended | retained | in catch- | of total {Proportion
¥ Runoff load in ment  [suspended of
onr {faot- {foot- reservoir | {inches) slt suspended
acres) acres) (foot- retainedin| load to
acros) reservoir | run off
———— — —
1941 e .v 1,2611000 795 188 21 24 1 in 1,600
1042 .. .. | 7,018,000 | 5,427 507 55 T o9 1in 1,300
1043 .. .. | 2,644,000 | 2,173 632 3 29 1in 1,170
1944 .. .. | 6,601,000 1,807 433 28 23 1:n 3,470
1946 .. .. 1egm0000] 6511 | 1,315 34 19 | 1in1,080
1946 .. . . 2,722 142 39 5 .

The dry density of the material has been found to vary from year to year. It
was taken as 140 lbs. per cft. in 1941, 111-3 lbs. in 1942, 85-37 in 1943, 83+8
in 1944, 70 in 1945 and 77-5 in 1946. Obviously, the moisture content of the
samples of the different years has been changing, and the results cannot be
considered dependable, It is, therefore, difficult to draw any conclusion until
the experiments had been conducted on an uniform basis for several years.

GENERAL OBSERVATIONS

The composition of watershed catchments of Bundelkhand reservoirs is
more or less, similar, but the trend of silting is different. An abstract of
the results of capacity surveys showing the comparative rate of sedimentation
of some of the existing reservoirs iu Uttar Pradesh, Madhya Pradesh, Berar,
'Baroda and Hyderabad is given in Table XVII. The conclusions are :—

(a) Reservoirs like Dhukwan, Pahari and Gangao form one class. Thero
&re 10 reservoirs above them and their sluicing capacity with respect to nor-
ngal floods is too emall for consideration. Rate of sedimentation is compara-
tively high in the first 15 to 20 years, varying with the nature of the catchment
froq: 9 to 37 foot acres per 100 sq. miles catchment per year. Later, the rate
rapidly falls off and may ultimately become negligible. This is easily explan-
ed. The runoff capacity ratio is high being roughly 100 to 1, and the river
spates require a certain settion to maintain the flow. The obstruction by the
dam causes the dips and the flanks of the storage basinto fill up with the silt
in the early year. A stagé comes when the river section is adjusted to carry the
normal flood discharge. Under such a condition, the disposal of the suspend-
£d load in the area of the lake is harmonised with the conditions of flow as they
ammth.e other parts of the river and silting is greatly reduced. Besides, the
Pprogresaive developement of deltas above reserveir level helps in trapping some
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of the silt load, and shrinkage combined with settlement of silt deposits due to
weather and due to superimposed load of additional silt reduces the ailt volume
in the storage basin.

(b) Subsidiary reservoirs like Lachura below Pahari, Bariarpur below
Gangao and Pahuj below Garhya and Palanpur show insignificant silt de-
posits in the first 16 to 20 years, when the upper reservoirs had been picking
up the maximum volume of silt. As the lakes above are forming a stable sec-
tion for the passage of normal floods, more silt is travelling downwards to sub-.
sidiary reservoirs where rate of silting is now 6 to 7 foob acres, per year per 100
8q. miles catchment, and is showing a rising tendency.

(¢) Bara Tal and Konch Bhanwar tanks-are the worst silters. Capacity-
.runoff ratio is about one and so, the normal runoff along with the entire bed
and suspended load is accommodated in the lakes almost every year, In these
two cases, silt is being deposited at the rate of 8foot acres annually; the
capacity of the lakes is about 800 foot acres each, and at this rate they are
likely to get partially silted up in a period of 100 years. The rate of silting
in later years may however rapidly decrease when the reservoir silfs up to a
section required for normal flood discharge, and the useful Lfe of the lakes
may be somewhat prolonged.

SUMMARY AND CONCLUSIONS

In the Bombay State water samples are taken from a few selected re-
servoira from flood waters entering a reservoir and leaving the same vig the
waste weir. But the samples have been taken for one or two floods during
esoh season and cannot give any corract idea of the amount of silt deposited
in the lake, Capacity surveys are, however, undertaken wherever it is feared
that the useful contents of a reservoir are diminishing, A summary of the
result is giv-n in Table I.

In Uttar Pradesh the amount of suspended load is being observed on
the Betwa river above and below Dhukwan Dam, since 1941, The samplez
are taken during the monsoon period each year when the river carries appre-
ciable quantities of silt. The results are summarised in Table XV. The
“great drawback of these observations is the determination of the density of
dry silt which has been varying from year to year. The average suspended
load retained in the reservoir during the period 1941 to 1946 works out to 519
foot-acres per annum. That may be compared with the average rate of
silting, viz., T0l foot-acres as determined by the capacity surveys. The
difference is due to the fact that the rate of silting has decreased in later
years and the actual rate is now less than in the first 10 years after constrac-
tion, It is also partly due to the omission of bed load. An abstract of the
results of capacity surveys and connected data is given in Table XVIL

The information regarding Madyha Pradesh, Berar, Barods and
Hyderabad State is also contained in Table XVIL .
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’ Bilt and connected data of some existing dams in Uttar Pradesh
;

R Rer
Rescrvolr 5 Storage capacity 3 § o,

5 2

g 2 4 |

g a 4% | 48 2 §§

A B @ & 23

g g g B % Y T8

Serial River Name - ﬁ " g8 g E i.,
REN R B
b 52| E%| B i | &8

® 13 | £B) u3 gl § | &3

3 H [ & & & &3

} 3 3 4 5] 6 | 7| s| of 10 | n

TAR PRADESH *
161 | Botwa .. | Parchs .. | 10381 | 55( 50,305 070 | 5-0 [ 41{ 7,200,000 654
162 | Batws .. | Dhokwan .. | 8260 60 66,262 [ 1-00 | 6.6 42 5,660,000 [ 687
163 | Koo .. | Barisrpur .. 7600] 26) 4080 |007| 06| 45]6.400000| 33
®
164 | Kon .. |Gango .| 7100| o3l asess|0-81| 68| 45| 0000000 833

165 | Dhassa .. | Lachurs .. | 3240| o7 16728 |0-66 | 52| 38200000 013
106 ; Dhasan .. | Pobari .. | 026 | o54) os2ee)| 132 127] 38200000 022

167 e Ghsggar .. 310} .. 123,684 .. | 800 .. . ‘e
108 | Pabuj . bchuj . 120/ 35) 7400|141 02| 30| s3000] 442
169 | Barwar .. | Barwesagar .. “Th] 24 8,300 ) 217 117} 86 30,000 | 422
170 | Barwar .. | Konch Bhanwar 27| .. 70| 64! 2885 | 38 1,200 | 444
17| Barwar .. [ Bara Ta ., 2| .. | 10| n3! s16{ 37 900 | 450

MADHYA PRADESH AND.BPERAR

172 | Tandols and| Tanduls  snd 316 ) 82 |223,057 | 68| o0 | 52+1| 939,000 | 1,088
Sukhanalas) Bukha _

178 } Maninef ., | Manlari " 310 | 05 [119,7%43 ) El 387 | 30-3] 236,000 | 763

17¢ | Rbatang.. | Kharang .. 237| 69 |155000 | 68 |.008 | &e-7] 231000 | 97

178 | Siloriyanals | Maramaill; ", 187 | 84|131,267| o8| 704 | 45-8 ] 203,000 | 1,085

178 | Barathinels | Sarathi -+ 8181 58|-13113| 48| 348|56.8| 28700} 761
VY| Charkha- | Charkhamars | 20-0) 61] 17883 | sel 15| 567 21,200 | 731
_mara nals ~-

-*

178 | Bagdeonals | Bodslkassa .. | .23-5| o8| 16,010 .03 | 683 38-7| 17,240 | T4

17¢ | Godam nals Bo:i:

1
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Madhya Pradesh and Berar, Baroda and Hyderabad
Y“‘;ﬁf::;:“y Silt deposited
- [ §
38 | & (253
8 B - e Eg -§, Romarks
5 £ " g 38 Nature of catchment
] - 2 |=hn g ] o
2! o o L] -]
- ] .§ - g _g N: g g;—.
» B Ei g §4 g “S$51a87 g
E 3 - 3 | g2 88| yEB|yHER
& = ] A B4 - ~ - . - -
12 013 [ 1| a5 |38 | 17| 18 | 20 o 20
1012 | 1943 31 | ==10,411 |—338 |Scour |~—0-003 ~—10 | Has continvovaly scoured, Baohel
diary reservoir
1907 | 1042 38 248701 701|124 | 0-012 8-5
1008 | 1045 30 1,17 30064 00 In;ig Subuidiazy reservcir.
nificant
1912 194?'5 b:X] 19,872 | 602 | L 24 { 0-0100 8
1008 | 1045 37 4,801 | 132 | 0-80 | 0-004 4 | Subsidiary reservoir,
1011 | 1930 | 28 23,454 | 838 | 2:18} 0-030 27 | Has & high peroentage of oultfvated
area in the catohment,
1910 | 1938 19 ar | Nt .a . Catchment area rocky, no tendency
- to silt.
1014 | 1048 31 848 11| 0-15 | 0-021 9 | Has two amall reservoirs sbove in the
catchment,
1868 | 1933 b 800 14 | 017 | 0-047 20
1911 | 1033 22 170 104 067 296
1906 | 1933 27 220 8| 0-80 0-89 400
1010 1041 | 22 L1710 | 53 8 [0-024 | 0-016 | 167 | Mostly mntarj under lain by Moorum
. and laterite. Hilly with jungle,
- slopes 1 in 300 to 1 in 1,000,
1930 | 1641 11 976 | 88+6 {0 074 | 0-038 28+7 | Metamorphie rocks prevalent over
the catchment sarea which lies
. among forests covered hills with
‘teep slopen.
1026 | 1941 | _ 15 1,490 | 89 2 |0-063 | O 043 41-8 | Matamorphic rock—Slupes vapy.
- . Catchment jungles and hully.
1922 | 1941 19 520 | 27-3 10-021 | 0013 14-7 | Vindhyan and granites. ’
1910 | 1942 | 23 1,562 | 71!0-54| 0-007| 188°| Disinteqrated  orystalline  rock.
- Blopes steep and wooded.
1013 } 1041 28 407 | 14-5 |0-081 | 0©-069 50-1 | Dharwar formation, slopes fajrly
19131942 | 28| 1,088 |80 [0-242 | 0-225| 165 | Dharwar formation, slopes fairly
steep,
107 | it | 812 |‘32-2 (0278 | 0120 | 108 | Btaop hll covered it thisk jungion,
: :

e — -
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TABLE XV11
8ilt and connected data of some existing dams in Uttar

- ° ) =
Resarvolr E_ » | Btorage capecity b g § Esg.

& = 3 |f

4 L 5 % L k-

Pl |1 R Y L

] k! 355 : is

Rt | meer | ems 35 3 g s 28 1 |2
. Ls H g:..E

35| B g g3 88 4 |s

- 2 3 ¢ | & ] 7 |8 |® 10 |1

p—
180 Khalrbsnds .. | 16-8| 60| 13,300 | 38| 810|860 22,900 /1,380
161 | Budhburs | Rhaped .. 164| 36| 9412 57| e14) 442 | 16,600 1,080
nals.

182 | Dodhanala | Jamunfa ..} JL8] 50| 7438| 77| 630|830 p,700 | 821
183 . Kumbael ..] 11-7| 30| 9183 75| %84 | 46-8| 12300 |1,048
184 | Dorkivals |Pindraon .| 98| 35[ 8606| o8| ss2|40-3| 14,800 | 1,87
185 . Ehaire datan 75 21| Lew| 10| 288 43.7| 20,000 1,382
185 . Kumangl .. | &9 33| 2611 &4/ 614|477 6,710 | 1,140

L -

[}

187 - Doritala .| 85| -38{ 1,028| 33| as1|47.4| 5760 |1,060
188 . Moroda-A .. 58| 20| s500| es| eo1] 420 7,740 | 1,008
189 . Waretank .. { 44| 33| 2213| 21l 517|883} 10,900 | 2473
190 e Dhanrss .. 40| 33] nos0| 39| 270 d0-8 30l0| o7

T



P . |

Pradesh, Madhya Pradesh ond Bora¥, Baroda and Hyderabad

@

surveys

Years of capacity

Bilt depoeited .

Last

1

er

capamty  per
annum
Por thousand
pply

Annnal foot-acrea

water su
volume

Per ceat of

Per hundred &
mules of eatohqmmant.
per annum (Ioot‘
acrea)

Remarks
Naturo of satchment

12

13

—
-
[

-~
[
w

1015
1008

| 1918

1023

1008

1900

1909

1008

1910

1009

1041-
1941

1941

1041

1941

1941

1841

1941. .

1941

1941

18

98

33

33

33

i

180

826

414

Nogle- -
3:2 [0-0341 0-019

7.2 10007 | 0074

46-0 [0-500 | 0374

Nosils

13-2 |10-630 | 9132

12-5 |0-347 | 0187

2-32 Jo-120 | o'0s0

324 |0-142 | 07030

1-70 |0-158 | 0°043

61.2

393

178

213

-

Gnelsa rooks, slopes moderately stesp. =

Bare rook moorum, olay elz., light
go1l under isin at & depth of 3 feet
by eaft moorum, clay eoll under.-
lain at a depth of 3 feet by hard
rook, Slopes moderately steep
1 m 200 to 1 in 400.

Crystallins rock. Slopes fairly gtes
and well wooded. 7 e

Jungle and cultivated areas in the
propertion of 2 to 1. Slops
moderate.

Cultivated land and Bhets moderate.

ly steep, slopes 1200 to 1/400.

lay goil underlain at a depth

of 3 ft. by bard rock and partly
cultivated,

Kankar, matasi and moorum, flat
alo es—1 wm 500 to 1 in 2,000,
Yellow matas: underlain by soft
moorum, moorum underlain at &
dapr.h of 1§ feet by hard moorum,
moortm underlain at »
depth of 4 feet by clay with flag
black stone. Partly wooded and
partly cultivated.

Moatasi and kankar moderately stee
=1 1n 200 to 1 in 400, Lizht
underlu: at a depth of 4 feet by
soft moorum. FPorous moorum
underlain at & depth of 4 feet by
lateriee pa.rtly wooded and partly
oultivated.

Rock with jungle. Hard silt under-
lamn at a depth of 2 feet by light
soil. Slopes steep—1/60 to 1/150
denssly wooled.

Bhata and mrfary. Slopes steep
1/50 to 1/150, Partly wooded and’
partly coltivated.

Rock, Slopea fairly stesp.

Kachnr sbout 1:0 squsare miles
rest rocky. Gradisntsteep,

-

M8CBI -

¥
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TABLE-XVIL
Silt and connected data of -some ezisting dams in Uttar.
- T T s P o
Re:orvolr é' Btorage capacity 'g § .a:é
& = A1 & 1g°
L - 1 3 15:3 £ é’ 58
s;‘rm 1 g _g 2 g*ﬁ n % g | _g
0 E |
' | Biver Nano E k] E Eu s g 8 A
pd - g
thE: I 91 7 gl
-l - [~}
8 = E SEgEe E E &
1 3 3 4 5 & |+ |-& (-8 1o 11-
0 alerdehi 37 20 19080 .2| 543 48-2 5,810 | 1,003
12 . Borkhora 27| w| o] 8| 267505 07| 536
t
| .. Baloda 36| 24| 1,025) 27| 28¢)e8.3| 3770 [1,000
. \
WM . Pangri 331 30| 2030) 43| e13(s56] 4710 |2,420
195 B;ailn Hargahan 2| 32} as21} 75 7ee)d38) 3,330 2,068
Wl . Amachua 20 %9 La¢| 51 420452 2640 | 837
107, Dnhﬁr.nm K 26 81| 2135| 67| 735 | 2a8 3,060 | 1,048
| |
w) sl .
] Jam Mobgacn E W0 L34 18| 567 83-0] 7,022 [3,170
- » N t '
. | | l -

b
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Pradesh, Madhya Pradesh and Berar, Baroda and Hyderabad

gurveys

Yoars of capacity

Silt deposited

Fursb,
Last

Period in years

;

is

pply: by

Per thousand of

water su
volume

of
sousre mules of

Per hundred

per!
annum (foot aores)

catchment

Romarks
Nature of cntchments

t
)

-
-]

- - 1 - ik

1908 | 1941

1009 ) 1941

T 1008 | 1641

1017 | 1941

L
1908 | 1941

1017 | 1841

1006 | 1o41

a1

@

94

Y
1-38

T-00

i

0-145

0-681

No Silt

3000

0-070

0184

P 0I5 |

v’

E
p 07070

e

-
¥ .

g

37-5

194

10

91-1

+ .

Bhata, matasi ‘and _ankar, elopeg
flat—1/500 to 1/2,000. Partl
wooded and  partly cultiva
Kankar soll underlun ot . s
depth of 2 feet by yellow mofl
mixed with moorum underlain at &
depth of 3 feet by chhui with
boulders. -

Crystallne rock formation. Nlo

« faurly steop. .y P
- ‘ -

Bhata, matri and kankar.'T Yollow
soll underlam st a-depth of b H
feet by soft moorum underlain
at o depth of 1} feet by hard
mouvrum  and latdrite. ~ Hard
moorum and laterite underlam at
dopth of 3 feet. by clay soil. Slopes
flat 1/500 to 1/2,000,

Rock and ordinary goil covered with
dense yungle and entirely bounded
by high lulls, Slopes gedernlly
steep. N

Xankar 8oft moorum tnderlain at a
depth of 3 feet by hard moorum.
Hard moorum underlam at &
depth of b feet by soft moorum
mxed with yellow olay and
soft moorum mixed with yellow
elay underlain at & depth of 11
feot by stiff eclay. Light soil
underlan  at a depth of 5f.
by suff clay. lope  of
catchment is from 1 in 130 to

1-5 8q. ule iy Kacha earth mixed
with saand snd the rest rocky. The
catchment bewng hully, the alopes
are steep.

Light soil anderlain at & de ,of d
feat soft moorum, ¥ so1l
underlain at 4 depth of 3 feet by
bard rock, slopo 1 1n 60,

Clay ol overlying porous moorem.,
Blopes ratker flat and Spar-
sely wooded. euly

—_ 13
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TABLE XVII
81t and connected data of some existing dams in Ultar
: . - 2
-~ =lg
Resorvolr ?;. - Storage capacity .g E ) g g
H) | 2 g -~ ]
£ 1% 'g s |a}_8 |BE
. © = T e o2
v - ) g = 5 L] =g
uﬁﬁ? <« River , | = Name 2 3 ° ggé’ :é E yE
. R g ¥ 5 fwm|apB| o8
. 2|3 3] 85,58 %( 3 53
. S s A w )
~ GF| & | B1ERRRelE) 5- 8
1| © .3 4 5 8 7] 8] 9 10 n
Jo| .7 [Memd _25) 22) 345) 14) 138451 2,420 ) 970
[y e -~ [ - - - - RS L — —— - - -
¥ Ty e} f. . - ) ‘
. 1 . '
* 200 " Ddongar Bari , 24] 33| o03| 10| 360|60°3{ 5500|225
res
"201) 7« |MoredaBoandO| 17 (Bm22| 1000 73| eom{420) 1,850 ] e70
Cm20 ~-1
i - ’ Son L . .

203 " Comdoh o] 18| $3] 12,080| 2| em5]52.3 2,070 | 1,200
03 “ Derll ] 4] 23] 52| B4 680 | B2-7 1,760 | 1,250
S04 . Usd . 4] 13 M ) 11| A1 863 | 688
208 . Bupli W] %0 28] ol 0| ea3fso-s 1,067 | 1,007
208 “ Ehartora O} 18} se2) 4] 322 ) 457 M3 .

- {
207 - Abbanpm |, 0-81 19 108( 23 244 {486 ' 830 {1,047

- 208 . Serll - 7! 18 W W[ W] 4 €93 | 1,048

L] » * ) ) .

BARGDA STATE, et

200 [ Surys .. | Sayaji Sarovar 38-2 I° ¢0 | 50,508
ab

(AjivaLake) | (1801 | ¢ ‘M| 10| | 83000( ..

X 8-4 |g .
. _ + - (1831) urys) ‘
~ ). BYDERABAD srary., ° :
‘r ;t:;tmhl;;d i:g ".“: - Bo'm "- ’l’ b l L] e
Cemiwed s ey i i 5»3% - (WL . oS

P e I S
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—concld.
Pradesh, Madliya Pradesh, Berar, Baroda and Hyderabad
¥ of . it ‘ ‘ — =
TS oy C1 i .
o Hun_cyapn y Silt deposited
’ 2 T
2 g .l £ |58 | 5k [Tuik
3 g T g T |2 o Romarks
B = g 1S 2% |32 2 .
E:f ] s 18» | 5g,|5°¢€2 Nnture of catohment
2 | o [ B 1 3 g |58 Sngloghe
| & Ny X g |2ag ‘5%3.4:35
= IS I '+ H < 523 -METIECES
12 ] ¥3 1+ | _15 .ot 18 17 - 18 19 20
1006 1 1041 35 .. No Sils, «« | Light soil underlain at a depta of § _
. : . foet by aoft moorum; olay spil”
- [ Ct underlain at a dopth of 3 fest by
soft rock. BSlopes stesp—1 in
50 to 1 in 150,
1609 | 1041 32 121 | 3-78 |0-417 | 0-068 154 | Crystalline rocks. Slopes fairly stesp
woll wooded.
1808 | 1841 33 58 | 0-15 [0-015 | 0-011 10:8 | B—Clay soil underlain atadepth of
. 4 foot by soft moorum,
C—Porous moorum underlain at &
depth of 4 feet by kankar mixed
= with the lime, Kanksr and matns;,
- - Slopes steep 1 in 80 to 1 in 150
Partly wooded and partly. culti.
vated. -
1013 1941 | 28 28-2 | 1-01 [0-004 | 0'040 | €3-2 | Moorum sihar and light soil, flat
covered with jungle.
1808 | 1941 33 40-1 [ 1-22 10130 | 0'070 | 87-4 | Generally light soil overlying moorum
or laterite. Blopes rather fat.
1¢08 | 1941 a3 23-3 | 0-85 [0-352 { 0-088 60-7 | Moderately steep country in the
oryatallinerock formation.
1912 | 1941 29 44-8 1 1.54 {0-240 | 0-144 154 | 0-5 square mile oultivated, the rest
fallow or hilly. Blope 1 in 200.
1008 | 1841 35 02| 2-02 (0814 | 0278 262 | Light sefl over bard moorum at a
depth of 4 fest., Blopea are
moderately stoep—1 in 200 to 1
in 400.
1908 { 1641 33 1-8 ] 0-05 j0-023 | 0-005 5-8 | Light eoil underlain at a depth of 4
feet by soft moorum. Blops
generally flat 1 in 500 to 1 in 2000,
1005 | 1041 38 62-5 | 1-72 |0-641 | 0-249 261 | Light eoil nnderlain st & depth of 8
feot by soft moorum ; soft moorum
. undorlain at & depth of § feet b
clay: clay 80il underlain at a dep
of 2 fest by laterite. Slopes
steep 1 in 80 to 1 in 150. Partly
. wooded and partly cultivatsd.
1891 | 1845 54 3,055 | 58-6 |0-005 | 0-068 72-2
1022 | 1947 | 23 9,122 | 283 |0-T17 o 152 | Black ootton sofl—nct Ceep,
1035 | 1042 ) 4,108 | 587 | 1000 | - .. 860 | Burface sofl looss sandy lsem,
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Thers is onlyene reservoir in the Bombay State and sx reservoirs in
Uttar Pradosh which have a large catchment grea (more than 1,000 squara
miles) and the rate of silting in these doss not exceed 27 foot-acres per 109
square_miles of catchment aroa, The maximum rate of s:lting for major
catchmonts is 75 foot-acres per 100 square miles of catohment per year.

The rate of silting for minor catchments is variable and depends upon a
numbor of factors such as the physical characteristics of the catchment,
ocapacity runcff ratio, the intensity and amount of rainfall, the form and chape

of the storags basin, and the escaping capacity of the sluices with respect to
.normal flaed discharges, ete.

Tt is noticed that the rate of silting decroases With aze as also observed
.in the case of resorvoirs in other countries described in Chaptot 4, The reasons
far this downward tendency have already been given in Chapter 1.
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CHAPTER 3

Silt. Studies. of Some Proposed Reservoirs

[ ] -
in India
BHAKRA RESERVOIR*
River e e ++ Butlej—Punjab, Indis
Catchment . . «v 21,980 square miles
Rainfall, . - .. About 45 inches
Mean annual runoff, . «s. 16 million foot-acres .
{Caloulated wean 1911-12 to 1939-40 13°8 million foot.
\ aores) ' .
Btorage capacity .’ .. «+ 401 million foot acres (Revised figure 7+2 m., ft. acres)
Height of dam .. ) . o 500 feet (rloviced figare 630 feot)
Annual silt deposit- .. «» 19,800 foot-acres L.
Assumed silt deposited peranpums 90 foot-acres ' Bn:jed on total estimated load. of -
per 100 aquare miles of, catoh.. ver
ment area. r

Oatchment Characteristics

The general catchment characteristics have been described by Dr. C. 8.
Fox, Ex-Director, Geological: Strvey of India, in his note dated the July 15,
1939 and are summarised below,

The River Sutlej traverses the softer tertiary strata of the outer Hi;nala.ya'.
before debouching into the plains. "The river above Bhakra hasthrée large -
tributaries—the Lunkhar, Sir and Gambhar Kkads—which roughly follow the
strike of the Tertiary strata and m;.y be quickly in floodsasa resul of heavy-
rain on their respeotive catchments. The Lunkhar is entirely on the relatively -
softer sandstones and -clays of the Siwaliks (Upper Tertiary), the Sir Khad '
partly drains Sirmur (Middle Tertiary) bed but is largely on Siwalik rocks,

* Extracted from the Bhakra Dsm Project Vol. I pp. 25, 25; 40 to 5%, Wi'ey Commiftes
Bepoct pp. 23.and 20.80d 1948 Revised Project Report,:
- - " u

-
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the Gambhat has a Jower oatchmont of Biwaliks and Sirmur a.m?'an uppet

oatohmant of Sabathu (Lower Tertiary) and older rosks much of which conust

of shaly slabes. In the 900 squars miles of catchment immediately above: the
Bhakra gorge, the Sutlej drainage includes soft sandstones andan appreciable
propottion of argillaceous rocks which would readily yield sils of the character
which cannotbe trapped. The proportion of silt (as fine suspended matter)
%o conrse material (sand and shingle) is likely to be relatively high. Some fine
gilts will be brought down by the snow fed river from the wind-borne dust
which settles along its upper catchment during sutumn.

8it Load of the River Sulle] ot Bhakra

§ilt surveys on the Sutlej were started in’ 1916, and are’ described in
Volume II of the Bhakra Dam Project Report of 1919. They were subse-
quently continued in 1921 to 1926 and 1932, 1933.

The original eilt and discharge observations are plotted in Figures 17 to
25. Tables XVIIT and XIX give ten-day and monthly silt loads and
correspondiag discharges. Thebasicobsexrveddataara given in italics in thess
statemeats. TableXX {3 & record of the meximum #ilf" conceatration and

moximum discharges for each month of the years in which observations were
taken.

\

Ten-day mean discharges in ousecs and silé in foot-acres, given in Table .
XV1il have been plotted for all the years in Figures 26 to 34.

¢ Thesiltchargain periodsduring which no observations were made has heen
ta.l_en from the graph of Figure 35 which has been prepared by plotting ten-day
moan alt ageinst ten-day moan dischargs given:in Table XVIII, An
atben.lpt was made $0 use daily silt obsorvations for obtaining tha"silt dissharge
telationship bus as will be apparent from the nine graphs of Figures 17 to 28,
th?.m exe wide variations from month to month add year t5 ';ye;.r. Variation?
exist even in the ten-day results but they seem to even, out suffisiently to enable
8 rt_aasonably consistent relationship being obtained between discharge and silt.
It is felt that the sprve of Figure 35 is reasonably qeprossntativp of; conditions

at Bhakra. Table XXI showing dischargi-si .
¢ 23ailt rolation for: Rhakra has
been prepared from Figure 85.
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TABLE XVIIl ',

870t load of River Sutlef ¢ & Bhakra
Ten-day discharges and silt load in Joot-acres

Weight of dry material in one cubic Joot of deposit—90 1bs.
l . - s
I 1916 1921 1922 1923 1924 1925 1020 ( 199 1038
N e |I . . - . - . ' N l . ‘ ! un.
: Disoharge | Silt in |Silt per- | Cumula- | Discharge | Siltin |Silt per- [Cumulativel Discharge | Sit6 in | il per-| Cumula. | Discharge | Silt in | Silt per. | Cumula. | Discharge | Silt in | syt per., Cumula- | Dischargo | Siltin | ilt por.| Cumula. T cusee. | foot | oupehes | omuney | Direkcke | &l in | it pore| Cumauln | Dichurgo | il 1n fei tags | Sive tot
Month Period | in engeo foot- | centage | tive total | in cuseo foot- |centago | total of { in cuseo foot- | centage | tive total ! in cuseo | foot- centage | tive total | in cusec | foot- centage | tive total [ in cuseo | foot- centdgo | tive total | in cusco | foot. |centago [tive total | in hneo oot | Soeio | tivo total | in ousco ool o 1 et
. ' days aores | of dis- { of gilt in days acres | of dis- { silt in days acres | of dis.{ of silt in days acres | of dis-| of sjltin days acres | of dis- | of silt in days acres | of dis- | ofsilt in days aeres | of diu. | of silt in doyn R el b e " | harge ook or
| ke | Stsiltin oharge | foot anros charge | foot acres . ' charge | foot acres . charge | foot acres charge | foot acres charge |footacros ohargo | foot aoros olinrgo foot.aorow
o i : : | e L, =
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 g0 | 21 22’ 23 24 25 26 27 28 20 30 3 32 | 0 B4 38 30 87 a8
Aprl ol 110 | 44000 8 | 0-0001 8| 53650 10 | 0-0003 10| 64,150 12 | 0-0004 12| 88495 28 | 0-0158 28| 61,770 11 | 0-0089 111 62,3071 . 11|0-0088 114 42,013 2| 0004 g | Juen 71 9o 3| e 10 | 0-0002 20
11—20 60,530 11 1 0.0091 19| 73,150 14 | 0-0096 24| 66,165 12 | 0-0001 24 83,645 21 | 0-0125 49 77,425 14 | 0-009 2561 64,237 . 12 | 0-0094 23 | 45,401 8 | 0 0088 10 1 41,)23 71 0-0088 13 4, 2119 19 | 9:0002 20
2130 62,055 91 0-0086 28 86,100 18 | 0-0106 42 87,580 20 | 0-0114 44 | 103,235 45 | 0-0218 04 83,210 23 | 0-0138 48 | 177,680 - 180 | 0-051 208 bl.724 5 | o:0087 26 oy s o TH002 52 | 00002 *
Monthly 156,785 28 | 0-0089 . 211,800 42 | 0-0099 .. 217,925 44 | 0-0101 275,375 94 | 0-0171 . 222,405 48 | 0-0108 . 304,214 203 | 0-0334 <« .| 139,738 26 | 0-0089 . 121,521 21 | 0-C080 . 174,022 82 | 0-0002 .
My ol 1-10 | 4700 9 | 0-0004 37| 98,025 20°1.0-010 621 148440} 100 |0-0337)  144] 162400 | 742 ] 0-0443 238 | 70,020 9 | 0-0064 571 123,425 80 3 0-0243 2631 65,626 121 0-0u02 oy | dams 7.1 0-9003 20| 100230 23 | 0.0101 i
11—20 77,010 14 | 0-0001 Bl | 166,050 110 | 0-0352 172 | 161,415 120 | 0-0372 264 | 137,265 89 | 0-0:25 327 69,915 9 ;-0-0064 66 £3,050 76 | 0-0408 339 90,044 20 1 0-0011 57 37,703 7.1 0-0003 90 | 106,230 32 1 0.0181 54
21—31 163,400 110 | 0.0338 161 | 200,200 198 T 0-0495 370 [ 229,943 281 | 0-0611 645 | 146,705 &4 100184 381 91,637 31 1 6-C169 97| 281,089 | 7,514 | 0-269 1,863 | 172,040 133 1 0-0802 192 no oo 27 | oumos® R e 473 | 0-008 507
Monthly | 288100 | 133 | 0-0231| .. 455176 | 328} 0-036 . 539,798 | 501 | 0-0465 : 446370 | 257 |0-0311 | .. 281,672 ) 49 |o0-0105 | . 497,664 | 1,660 | 0-166 | .. 327,010 | )67 )0-0208 | .. il R R el I Bl I
Jase .o 190 | 998090 600 | 0-100 761 | 110280 | 56 | 0-023 425 | 243,450 | 375 | 0.077 020 | 211,500 | 266 | 0-0628 647 | 141,835 ) 143 | 0-0504 240, 322,480 | 13431 0-208 | 3196 | 147,666 | 49 | c-0lce 1| ndel) 0000 oo | smwoat | ma | oaie | aeey
11—20 484,520 | 1,800 | 0-186 2,561 | 277,000 490 4 0-0885 915 | 453,870 | 1,660 | 0-142 2,480 | 300,080 460 | 0-0767 1,107 | 305,3€0 891 | 0-146 1,131 | 252.2:0 637 | 0-126 3,823 | 227,824 776 | 0-03F6 417 | 213,760 270 | ¢-003 618 [ B7H,744 870 1 0-118 2,817
2130 | 433810 | 71.562 | 0-178 4,123 | 339,450 800 | 0-118 1,715 | 639,660 | 3,400 | 0-266 5,880 | 428,965 { 1,356 | 0-158 2,463 | 529,360 | 3,780 | 0-300 4,311 | 541,635 | 2,598 | 0-239 6,126 | 236,180 228 1 0-0456 “o | 22z 30 | o-oay % (1200830 | 2400 | 0210 o
Monthly 11,216,350 | 3,962 | 0.162 . 735,730 { 1,345 | 0-001 .- 1,336,870 | 5,335 | 0-20 . 940,695 | 2,082 | 0-1106 . 976,495 | 4,214 | 0-2168 . 1,116,246 | 4,673 | 0-206 " 011,560 4641 0437 . oaraut 740 000! N VADEI) 0400 | 0-310 i
July 1—10 | 393440 { 1,327 { 0168 5,444 | 339,525 800 | 0-118 2,816 | 489,100 | 1,856 [ 0-189 7,730 | 391,750 693 | 0-0885 3,166 | 708,700 | 4,665 | 0-322 8,576 | 606,700 2,544 | 0-2¢9 8,970 | 330,331 462 1 0.070 1108 | 199,764 | 2,260 | 0-1120 1,040 | BEBEUO | 2,024 1 0-173 1,087
1120 | 462740 | 2,037 | 0220 7,481 | 438700 | 1,450 | 0-166 3,965 | 635,140 | 4,843} 0-381 | 12,573 | 266140 | 559 | 0.lo4 $8%0 | oy | 92010430 | 1ro1e | eo11s0 | D993 |o0-108 | 10063 | s009co | 7a7 | 00008 | dosen | sewess | dae {01 Garz | oowmh | 207 | 0169 Tals
21—31 383,640 799 | 0-104 8,280 | 543,700 | 2,079 0-101 6,044 | 730,840 | 3,980 | g-273 16,663 | 435,016 | 71,782 | 0-136 4,800 | 870,840 | 4,655 | 0-269 2L,771 | 808,743 | 2,690 | 0179 13,303 | 531,032 | 2701 | 0-264 LU0 Soaaz0 ) 202910218 MU\ \rioton | oot | 0168 e
Monthly 1,239,820 | 4,757 { 0-168 . 1,321,926 | 4,329 | 0-163 . 1,856,080 | 10,673 | 0-288 . 1,691,905 } 2,427 | 0-111 .. 2,558,685 | 17,460 | 0-341 . 2,066,563 | 7.427 | 0-179 .o | 1,268,263 | 3,9:0 | 0-1L6 . 1,100,€33 | 3,064 | 0106 ro [ 170,000 | 5,402 ) 0-162 o .
August .. 1—-10 615,780 | 2,318 | 0-224 10,508 | 848,000 | 3,500 | 0-270 9,644 | 589,510 | 2,145 ( 0-182 18,608 | 563,035 | 2,644 | 0-226 7,434 | 602,70 [ 2767 | 0-20 24,638 | 684,209 | 1,795 | 0-131 15,048 | 480,433 | 1,426 | 0-147 6,002 | 4re275 | 2,463 | 0-270 7.236 | 480,368 | 1,790 | 0-124 12,611
1120 | 439500 | 2912 | ¢-391 13,510 | 773,500 | 6,357 | 0-411 15,801 | 707,700 | 3,758 | 0-923 21,856 | 461,050 | 7,152 | 0-125 8,686 | 650,350 | 7.521 | 0-136 26,059 | 745,781 | 3,704 | 0-208 18,762 | 5:8C69 | 1714 | 018 7160 | a7e01 | 7,463 | 0.992 14,608 | 654,603 | 2,440 0-2#) 14,061
21—31 | 431650 | 7.325 | 0.153 14,835 | 595,606 | 3,544 | 0-298 19,446 | 709,000 | 3663 | ¢-258 25,519 | 496,670 09 | 0-0915 9,495 | 638,90 | 2,306 | 0-181 28,365 | 403,620 | - 242 | 0-030 18,504 | 548162 | 1,682 | 0163 9,308 | (20473 | 3.473 | 0-217 18,101 | 457,774 728 | 0-0705 } 15,079
Monthly 1387050 | 6.555 { 0-236 .. 2,017,000 | 13,401 | 0.332 . 2,006,520 | £.966 | 0-924 .. 1,521,655 | 4,605 | 0-153 . 1,880,920 | 6,594 | 0-1740 ) 1,834,210 | 514/ | 1-40 .. 1,675,604 | 4,632 ) 153 . 1,640,330 | 73,860 ) 0-303 . 1,402,725 a0 | 0147 .
September 1—10 281,850 595 | 0-106 15,430 | 392450 | 1.524| 0-194 20,960 | 631,070 | 7,543 | 0-145 27,062 | 342,440 438 | 0-0712 0,83 | 440550 ‘. 798 | 0-096 20,163 | 318,340 765 | 0-G259 19,168 1 436,045 | 1,220 | 0-140 10,618 1 3a3,066 | 1,148 | 0172 16,300 | 133,637 514 | 0.077 16,183
- 11—20 246,840 431 | 0-0874 16,861 392,060 1,100 { 0-140 22,069 459,280 1,058 | 0-115 28,120 199,905 92 | 0.023 10,075 275,230 490 | 0-089 29:653 215,820 270 | 0-C626 10,429 244,366 375 | 0-0768 10,8(3 216,802 140 | 00340 10,4506 276,470 633 0'027 16,723
21—30 | 387100 106 | 0-0284 | 15,967 | 307250 240 | 0.058 22,309 | 217,980 275 | 0-063 28,305 | 122,930 6010-0244 4 10,135 | 34245 | -, 830 | 9.121 30,483 | 123,150 60 10-0244 | 19,489 | 120,459 66 | 0-023 11,048 | 184,203 95106268 | 19,663 | 232,227 263 0-05 | 16,01
Monthly 715,790 | 1,132 | 0-078 . 891,750 | 2,864 | 0-144 ! 1,208,430 [ 2,876 | 0-119 . 665,275 640 | 0-048 . 1,058,355 | 2,118 | 0-10 .. 657,310 405 | 0-0377 .. 800,670 | 1,650 | 0+103 w3 o160 | 1,352 | 0e0un . 841,243 | 1,300 | 0-077 .
Octeber .. 1—10 200,530 254 | 0.0m 16,251 120,400 65 | 0-0220 22,364 140,420 80 | 0-032 28,485 143.7(‘0! 95 [ 00338 [ 10,230 336,580 780 [ 0-118 31,263 82,801 18 | 0:01C0 16,607 06,633 23 1 0-0118 11,071 119,004 6 | 00031 lﬂ.‘}?ﬂ 143.:)#2 17 0-0859; 16,9;-.}-
120 | 1342001 “44 (0-0164 | 16,205 | 105525 32 | 0-0153 | 22,396 | 108,425 90 | 0:0185 | 28525 OL5&5 1 20| 0-0109 | 10,250 | 157540 | 120 | 9.0301 31,383 | 71,782 13 1 0-0C91 | 10120 | £6,0(2 12001061 ILCO k7,120 b Lol B e 7% | Oootan | i
21—31 97,650 5] 0-0028 16,300 89,360 17 ] 0-0095 22,413 | 101,145 20 | 0-0099 28,645 86,150 17 | 0-coo8 10,267 | 112,£25 28 | 0-0125 31,411 67,428 12 | 0-0089 190,532 73,005 13 | 0-C0ED 11,162 E2,020 15 1 06601 19,041 | 110,063 28 0-0{127 brLan
Monthly 252,370 333 | 0-0385 . 315,285 104 | 0-165 [+ . 349,990 150 | 0-0214 . 321,425 132 1 0-0205 .- 606,045 928 | 0-076 . 222,009 43 | 0-0097 . 266,030 B4 | 0-0106 . 268,166 | ¥R | 00103 . 66,173 I R )
. - } '
T o 10512580 | 16,300 0-150 | .. 2,007,330 | 22413} 0-185 | .. 15,028,626 | 26,545 | 0200 | .. [10,525.200 102071 0:097 | .. 5000214 | 31411 0208 | .. lis3eeos0| 18632 {046 | .. |8097.470 | 10162 | 0oz S Rl B M S i il Rk B
Pril to
October
{Ft. acres),
Run off
Nov. March 1,290,940 | .. B e l1e24780| .. . . 1,844,260 | . . 1,645,114 | .. . . 1,787,650 | -, .- . L2¢0,142 | .. . . 1,276,064 | .. . . 1,413,346 | . . 1,600,004 { . . .
{foor acres). .
Tow) annmal ILT62,470 | 16,800 | 0-1342 | .. 113,722,000 | 22,413 | o-163 | .. 16,872,876 | 26,545 | 0-160 - (12070314 10,267 [0-08¢ | .. |16,877,864 | 31411 | 0188 o [14636,432 | 10,632 [ 0-133 | .. 111,213,524 | 11,102 | 0-000 o [HARTE {1064 G 0173 S il R ld B
> :
* (food acres), |
Figures in italica are ebtained from actual daily observations, Other figures h
MBCBI&P )
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ave been read from Figures 26-34 which are baged on the observed date.
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. TABLE
Silt Load of Rywver
Monthly drscharge
- Weght of dry material in one
Month ‘ Particulars 1916 j 1621 1922
1 i i 2 - 3 . d [i]
o - {em dsys . . 156,756 211,800 217,925
N Hargo *
peil . foo acres . . 313,670 423,600 - 435,850
St foot acres . . 28 42 44
8ult percontaye of dusoharge . e 0 0089 0 0099 0 0i0l
* [ouseo days . 288,100 155,175 539,708
bay Dischiarge
. foot acres . . 578,200 910,350 1,079,596
Silt foot sorea TN . 133 328 501
Sult percentago of dischasgs . . 0 0231 0-036 0 0485
ousec da: . . » ,87
Sano Drschage { s 1,216,360 | .- 735730 1,336,870
fout carcs .. . 2,442,700 1,471,460 2,673,740
Bilk foot acres - . 3,962 1,345 5,336
Silt perosntage of dischargs . . 0-162 0091 020
ouses d .. e
\ Juy Drschargo { uys 1,239,820 1,321,925 1,855,080
foot aares . 2,479,840 2 (43,850 3,710,180
8alt foot meres
. . 4,157 4,329 10,673
Bult peroentago uf discharge . - 0 168 0 163 0 288
sugt | D cusec days . . 1,387,050 2,017,000 2,006,220
foot acres . . 2,174,100 4,034,000 4,012,440
Silt foot aares X
. - 6,655 15 8,060
8ilt peroentage of dscharge v . 0-238 o-’gg;. 0224
Suﬁm_ D onzeo duys .- 715,780 £91,760 1,208,430
T foot aores . 1,431,580 1,083,600 2,416,860
Bilt foot-acres
. . 1,132 2,864 2,878
) - | Silt percentage of ¢ischargs i - 0-079 0144 0119
October | Discharge { onasa daye & 432,370 315,285 340,990
. foot-acres . 264,740 .. 630,570 699,980
Sult foot acres e .. .. * 393 : 104 150
Silt peroentage of duchargs . . 0 0385 0 0165 0 0214
Total Dusql
o bhargo 1n foot adres . . 10,512,530 { 12,007,330 | 15,028,826
Ootober -
‘ % in foot
m foot agres .. . 16,300 22,413 28'545
Sult percentage of duschargs by volume .. 0-150 . 0 1855 0 1805
Woight of siltin ¢ e
T ona SIS L 30,207,233 | 40,060,459
fo of discharge by weight . Ofﬂls 0 267 02713
Total Discharge in foot-acres ..
Nov-Morah coor T e lameiol peasze0 | 1,844,260
LY Bares .
Rum off . S W] 12lozmo]  13gameso | 16,872,878
- ] R
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cubic foot of deposit=-90 1bs,

| 1923 1024 1925 1926 1432 1033 f Everage
b8 7 8 g 0w b, oA 12
215,376 222 405 304,214 139,738 121,521 174,022 202,743
| 650,750 | 44,810 508,428 279,476 243,042 L. “310,344° 405,455 .
T oeolt] oot o] owd|  owd| < oom| T ood
446,370 231,572 497,564 327,610 174,908 ) 405,574 374,207
502,740 463,144 095,128 655,220 353,818 811,148 748,504
y 0 ogg o 0108 Pt 0 oégg - ;:-131 0 os‘Z?. o-ggi
84,593 976,405 | 1,118,245 611,660 621,707 1,256,836 979,720
1,861,100 | 1,552,900 | 2,232,490 1,223,120 1,243,504 2,513,672 1,959,440
o]  Jhe|  obm 0037 0-001 0215 ¢'180
1,000,905 | 2,558,085 | 2,086,603 1,258,263 1,190,833 1,776,606 1,595,623
2183810 | 5,117,870 | 4,183,180 2,516,525 2,381,666 3,363,212 3,181,040
2,427 17,460 7,497 3,020 3,054 5.402 6,639
oul 0 341 o179 0 150 0 186 0 152 0 208
1,521,056 1,800,950 * 1 834,210 1,575,664 1,810,339 1,402,725 1,785,000
3,043,310 | 3,781,000 | 3,008,420 3,151,328 | 3,080,678 2,986,450 3,459,000
4,005 8,594 5,141 4,899 15,580 4,364 7,638
0 163 0 174 0-1400 0.153 0.363 0 147 0-218
665276 | 3,008,355 | 057,310 300,870 /13,160 841,243 852,405
1,330,560 | 2,118,710 | 1,314,620 1,601,740 1,166,320 1,682,486 1,704,950
640 2118 495 1,850 1,302 1,300 1,607
0-048 0 100 00377 0 103 0-085 0 0775 0 094
821,:25 806,645 222,009 255,030 288,155 365173 |~ 350,67¢
642,650 | 1,213,250 444,018 510,080 576,310 730,346 701,352
132 “g08 | 42 64 8 - 56 210
0 0203 0-07¢ 0-00;;7 0 0108 0-0153 ‘0.0077 0-030
10,525,200 | 15,000,214 | 13,306,200 9,937,470 8,945,428 12,626,158 12,149,010
10,267 31,411 10,532 11,102 19,041 17,036 10,683
0-0075 02070 0148 0-112 0 1975 0-135 " 0.161
17,960 303 54.975,332 34,184,506 19,430,720 34,375,678 20 814,057 33,041,000
0 "480 ~ 206 | »-_0-210 0.161 0-28" 0-164 v-228
Les6,14 | Jssnce0 | 1oaoe2 1 276,004 33|  seews| 1621018
110316 | 16,877,864 | 14830432 | 1L213524 | 11368772 14225162 13,601,834
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TABLE
Statement showing maximum discharge and corresponding silt and mazimum
(Slt ds taken ¢n ounces per cubic foot of

i

. April May
Year Discharge | Sut 1n oz | Duschargs | 81t in oz
. Particulars n cusece per in qusecs per
cubig Gubig
foot of foot of
v ' water b water
1 9 3 4 1] 8
Maxmum discharge and corrosponding ailt .o | e - .- .
1918
Mozimum silt and correapond.ng duscharge .. - - . Lot
\ {Mnimnm discharge and corregponding milt .. . . . .
621
Maximum wlt and corresponding discharge .. . - . o
Yoze Maximom dischiarge and corrosponding milt .. . . . .l
Maximum mt and corresponding discharge .. T . . .
.
s Maximom discharge and corresponding et .. 14,100 0-62 18,500 0-81
A
Maxsmum &'t and correspondung dischergs .. 14,100 082 15800 083
1624 Maximum dischurge and correspondmg mit .. 8,500 0-24 9,800 [ ~ 0.-27
Maximum a1t and corresponding digcharge .. 8,800 0 26 9,300 0-40
192 Maximum discharge and corresponding mlt . . 35,700 493
Manmum auit and corresponding discharge .. . . 31,100 5-43
. ) K
te2s Maximom discharge and eomapondi;ng alt .| - ,:::‘ 18,200 0-62
Maximum st and corresponding dischargo .. . . 14,000 1.10
- - Maximum discharge and comesponding mlt ..~ - .-
lhmnmulhnnﬂeompondmgduehuge S R - . .
1938 Maximum discharge and oorresponding mlt ., . . 27,500 3-06
Maxsmuom silt and corresponding discharge ., . . 27,500 3-08

M)

those above

Daily dwcharges are taken correct upto bundeede. Frpnres below 50 are nsglectod and
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XX
silt and corresponding discharge in each month observed on River Sutlej af Bhakra

water—parts per 1,000 by weight)

June July : Augast . September Ootobor
Dis- | Silbin | Duscharge | Sultin | Discharge| Sdtin | Discharge | Sidtn Dis. | Bilt in
charge |oz. per | inocusecs | oz pér |incusecd | O per [ In cuseos | oz per | charge | oz
1n cusees{ oubie cubie foot oubio enbie  {in cusses | cubio
foot of of water foot of foot of foot of
water water water witer
7 8 9 10 1 2 13 14 15 16
65,600 | 321 74,600 818 | 70,600 92| 3320 3651 30000( 3-89
47,000 | 3-84] 7460 8-18 | 53,700 1102| 38200 3s55| 30000 380
. - . . 122,600 6-96 77,000 | ' g-18 . .
. . . . 92,000 81 770004 e18{ . .
. . 92,000 613 { 110,000 g9p | osgool| 214} .. v
- - 85,300 10-47 | 110,000 69| 46600] &-600 .. ‘e
45,700 | 3-04 | 49,600 200 93100 493 | 44,500| 262 . -
43,700 | 3 04 36,400 4-17 | 51,500 567 | 448001 282! .. "
71800 | e31] 237,000 g4 1,000 447 e@5800{ eIy --. .
70,000 { ¢ 93] 237,000 84 70,600 458 | esso0| 26| .. .
74100 | 422 | 112,000 gad | 100,100 ( 471 | 30400} o0 . .
B8,500 |  4-78 51,000 §-42 | 135,500 602 39400 040¢ .. .
g ok .
83200 [ ©0-98| 98,000 sms] e100]-° 2-60| ooe00] 2321 .. .
27400 [ 1-12 96,000 8:75 54,100 2 94 55000 | 385 .. -
. . 24,100 8-99 | 135,100 13:53 | 61,800 527) . b
ve . 50,800 9281 135100 13-53 | 61800 | 527 . .
76300 | s-27] o280} ¢04] 67,300 244 | o0700{ 1-93{ §7,000 ! 0-10
71500 9-50| 80,600 421 42,100 g.02| 28200 59| 14800[ 0-13

60 axe taken and noxt hundred figure recorded.
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In computing the voiums of ailt, the weight of dry maser:al has been
assumed as 90 pounds par cubic foob of silt deposit.
probable volame of silt in the Boulder Reservoir, this was take1_1 as '85 6
pounds, while the exposed deposits at the Elepbant Butfe Reservoir weighed

on the average 92 -3 pounds.

Figure 36 shows the silt load carried by the river at Bbakra (i millions

~

of tons) and the runoff (in foot acres) year by year.

In estimating the

2 CB.I
RERBARRRAERRERNERE
20 Annual run off in mllllc.msl of -
19 _ B foot-acres
b= '8 L
1 17
L 16
15 Iﬂ 4
g 5 L4
2 & N
- Rk
° g 12 \/ \
" | § d h | 4™
S el Y
E |60 | ,10i] Yl
€ | S 9
- = Annual welght of sile
T E 8 o
¥ 45 ’- , i In millions of tens
5 . £ 7 I A -
£ L5 6 "31 ;‘r Y il
¥l | cs I hA [
2 [ - 2 \}‘ J‘ 4 "wJ| A,
.E 1 _u 4 ‘4 r‘ \
3 | 2 3 L 11916 Obseweﬂ
RS g
[ 2]_Dotted lines indicase weights of sile as
I t{ estimated from graph of Figure 42 as no
o X 0 _Lolbfelnlfa':l?qs‘ were maclel ]durIEg these years. 1
Preeme i ) —fd b byt ot
: T2 8% 8% 2 4 ¢
4 & I 2 07 3
o o & xR EN o >

Figure 36 :—Rjver Sullej at Bhakra ;

Run-off silt graphs,
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TABLE XXI
River Sutlej at Bhakra
Dischaige/Silt Table
(Prepared from Figure 35)

Discharge {Stltin' foot | Disoharge [Sult m foot {Diecharge |S:lt 1n foot Discharge | Silt in foot

m - aere, mn acres m acres in aores

Cuseos | perday | Cuseos | perday | Cusecs | perday | Cuseca | perday
1,000 0.1 29,000 56 87,000 259 85,000 647
1,500 0-2 29,500 58 567,500 265 86,500 6656
2,000 03 30,000 60 58,000 270 86,000 663
2,500 0-4 30,500 62 58,500 275 - | 86,500 671
3,000 05 31,000 65 59,000 280 87,000 679
3,500 06 51,500 67 59,500 286 87,500 687
4,000 0-7 32,000 70 60,000 291 88,000 695
4,500 0-8 32,500 72 60,500 297 88,500 703
6,000 0-9 33,000 75 61,000 302 §9,000 0
5,600 1-0 33,500 78 61,500 309 89,500 718
6,000 11 34,000 80 62,000 315 0,000 726
6,600 1-2 34,600 83 62,500 821 90,500 731
7,000 13 35,000 86 63,000 - 326 91,000 741
7,500 1-4 35,50 89 63,600 333 21,500 749
8,000 15 36,000 92 . 64,000 340 92,000 757
8,500 1-8 36,500 95 . 64,500 345 92,500 765
9,000 20 37,000 98 65,000 350 -~ [ 93,000 772
9,500 23 37 500 101 65,600 |° 357 93,500 780
10,000 23 38,0600 104 66,000 | 363 . 94,000 788
10,600 32 38,500 107 66,500 370 94,560 786
11,000 4.0 39,000 110 67,000 | 377 95,000 804
11,600 47 39,500 113. 67,500 383 95,500 812
12,000 55 40,000 117 68,000 - 390 * [ 96000 [ 820
12,500 6-0 40,500 120 1 68,500 397 98,500 828
13,000 70 | 41,000 123 69,000 403 97,000 836
13,500 80 41,500 | 127 - 69,500 |. 410 97,500 844
14,000 90 | 42,000 130 70,000 417 ] 98,000 862
14,600 95 42,500 134 70,500 425 98,500 860
15,000 10:0 43,000 138 71,000 432 99,000 865
15,500 11-0 43,600 142, 71,600 439 99,500 876
16,000 12+0 44,000 145 72,000 446 100,000 883
18,500 13-5 44500 149 72,500 453 .

17,000 15 0 45,000 152 74,000 460 )

17,600 16 5 | 45600 156 73,800 468 | ~

18,000 180 | 46,000 160 74,000 476 -

18,500 19-0 46,500 164 74,500 483.

19,000 20-0 47,000 168 75,000 490 .
19,500 21-0 | 47,500 172 76,500 |+ 408

20,000 22 5 48,000 176 76,000 506

20,500 24.0 48,500 180 76,500 514

21,000 255 49,000 185 77,000 522

21,600 27.0 49,600 189 77,600 530

22,000 27 5 §- 60,000 193 78,000 538

22,500 30-0 50,500 197 - 78,500 545

28,000 32-0 | 61,000 201 79,000 563

23,500 34.0 51,600 205 79,500 56l

24,000 360 52,000 210 80,000 569

24,500 37-5 52,600 215 80,500 677 .

25,000 390 | 53,000 220 81,000 585

25,500 41.0 ( 53,500 | 225 81,500 | 582

26,000 43.0 | 54,000 230 82,000 600

26,500 45-0 | 54500 | 235 sz500 | 608

27,600 49-0 | 35500 | 244 83,600 | 624

28,000 51:0 56,000 249 84,000 632

28,500 63-0 { 86,600 254 84,500 840 o
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The average silt load of the river Sutlej at Bhakra works out to 34 million
tons or 19,600 foot acres peryear. Thisisequivalent to 167 thousand tons or 90
foot-acres per year per 100 square miles of catchment.

Similar wide vanations in the annual silt load as well as the rur off are to
be noticed in the Elephant Butte Reservoir (See Figure 62 in Chapter 4).

Table XXII showing silt loads of various streams, will be of interest
as it brings out the extraordinary variation 1n the sil6 load of various streams
and thus demonstrates the futility of trying to estimate rate of silting of any
particular reservoir on any river on the basis of figures available for another,
without full knowledge of the catchment characteristics of the latter coupled
with & detailed study of the silt load of the former except as an indication
of the upper limit for the sannualrate of ailting. )

.

TABLE XXII g
. : ] Annual
4 - Cateh silt load
- - atch- An i
Serial Name of rivee |+ Name of resarvoir ment 1:::31 b yin thS per
No. . ‘. .~ e - ares (tons) square
1, {square mles of
N - .| . ! mles) - |ecatchment
v 2 Tee 1R -3 4 6 8
1§ Nde. v v |Aswan ¢ | 620,000 | 95,000,000 15,000
3 | Colorado (Armzona) .. | Boulder ;.- * .. | 187,000 | 250,000,000 | 150,000

$ | Colombia ... .. |GrendConlee * .. | 74,000 | Saidtoze | il
. X - . -. ; 1l
4 | Brazos (Texas) .. Rosenbufgh_ 44,000 | 32,000,000 | 73,000
5 | Colorada (Texas) - .. | Lake Austin . 38,200 | 8,220,000 22,000
. - ] » ’
6 . e . s
Do .| Tow %Ll -+ | 3L100 | 85,00,000 | 16,000
’f Rio Grande Elephant Butte . 26,312 | 21,700,000 82,000
8 | Sutlej .. .
atlej Bhakra ., 21,960 | 34,600,000 | 157,000
9 | Nuesoe . «+ | Three Rivers

16,600 834,000 5,360

Comparison of Silt Loads of Bhakra and Boulder Reservoirs

The annual silt load of the Col .
accepted () as betweon 200 million angr;gg Ilr?jbov&a the Hoover Dam has been

tons (ton equivalent to 2,000 pounds) wki ot e e of 250million
acres for a catchment ‘of 1670
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L3

etimated figures for

Reservoirs are given in Table XXIII.

TABLE XXIiI

the .?hakra ‘and the Bould:r

. Boulder - | Bhskra

Catohment (square miles) .. 167,000 | 21,960
Mean annual run-off (foot-aeres) .e 15,000,000 16,000,000
Rainfall (mches) .. 10 45
Storage capacrty {foot-acres) o |, 30,600,000 4,008,100
Herght of dam (feat) . o . 726 | 500 éi';{iliﬁ
ME}D. anuual silt Joad (tons) 250,000,000 34,600,000
Mean annual siit {foot-ncres) 137,000 19,600 «
Mean annual gilt load per 100 square miles toyd) o L .'.l.f_)'_0,000 157,000
Mean annual silt Ioad per 100 square m‘ilas (fogt-acres}.. | | - 82 90
Accepted for project per year (fool;-;zores) . o , s |7 s 60,000
Accepted for project per year per 100 square miles (foot” t
Weight of dry material ansuied per bablofoobof dopogh | © o .o Ty

{1bs) . o . .e! 86-9 . %0

» Wby
-

* Sinoe reviced ipr 1_949.

The Burean of Reclamatic;n estimnate of -tf_:e agean annual silting of the
Boulder Reservoirwas 80 thousand fdot-acres, against 137 thousand foot-acres

subsequently recorded by the Coloradn-"River Board (%5).

"he adtual provision

made for silting in thé reservoir was 3 illioh, foot-acres in 50 years (M) i.e.,
63 thousand foot-acres per year. This presumpably takeg arcount of the reduc-

lion ofsilt dug to the contemplate

sb.eam of the Hoover Dam during the next A0 years.

The annuai silt burden of the Colorado akove Hoover Dom and of the
Suﬂt’:j above the proposed Bhakra Dam are 82 and 90 foot-acres per 109 square -
tailes of the catchment, respectively. Bnt the storage capacity of the Boulder
Reservoir is nearly twice the mean annual runoff of the river, so that all f:he
silt mast necessarily lodgle in the reservoir except a very SL'nall' amount which

‘ay escape with the discharge passed below the dam for irrigation and hydro-
electric generation. The storage capacity of the Bhakra reservoir, on t!ze other -
hand, is nea}ly ong-third of the mean annual ron off so th?‘t a considerable
Proportion of the heavity silt leden flood flows may be av:allal'ala for escapage
duﬁngth? silting periods, thus reducing the silt- accumulation in the reservoir.

What the actusl reduction will be, will depend on the time of the your when

MsCBIsP

d construction of some silt storage dams np-
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storage begins, the rate of release of water, the location and capacity of outleb
works arnd the relative claims of irrigation and power. Sixteen thousand foot-
aores per year appears to be a safe figure. This willgive an annuaf rate of
silting per 100 sqaare miles of 72 foot-acres against 61,57, 75, 67, 87, 64, 66, 74
foot-acres for the Elephant Butte, Lake Mentz, Roosevelt, Lake Worth, Grass-
ridge, Van Rynevelds Pass, Zuni and Meiktala Reservoirs respectively as
obtained from actual capacity surveys (See Table XXXVII in Chapter 4).

Further Silt Investigations '

Silt cbservations are being started on the tributavies of the Sutlej above
Bhakra and it may be possible to effect material reduction in the silting of
the proposed Bhakra Reservoir by introducing among other measures system
of check dams in portions of the catchment which are most prolific in silt and
detritus, But to make thess effective, a careful geological examination of the
entire area will be necessary in order to locate the exact position of soft strata
and of hill sides which are liable to slip during heavy rains and thus provide
immense solid material for the flood stream to carty. -

PBOP?SED._BALEHU RESERVOIR
River e TN, . .« Beas, Punjab--India
Catchment ., " " - . 3,320 aquare miles
Rainfall . N . T +» 42 mches to 116 inches
Mean annus) ran of . ., . . . «+ 9,000,000 foot-acrea
Proposed a_bomse. . T » 8,751,800 foot acreg
Reservoirlevel Ry LY, ;. T . . 2,000

Catchment eharacteristics a N

L

L2

The cha.racteris;ics of this basin are simily < .
following is taken from the description giilf,f b; tﬁrﬂg}"%q%ghe g“ﬂ"!' Tha.
Geological Survey of India, + 2.0, Hx-Director,

The Beas‘river above the Bal
sandstone rocks than Sirmuy argillaceons strata byt th
75 square miles of sub-recent bowld k
There is, however, little doubt that the detri )

: 1 ! \ efritns  carried by th
tributaries (.>f the.Bea.s In this part of the catchment will be lyar 61;’t
voarse materials which should, by suitable tapped above th fg i
of the.proposed reservoir. The gener: oy ove e i

- ' al conclusion, therefore, ;
proportion of silt (or fine suspended tatter) to coarse material (m:;;:dt:;:ﬂ;;:’;
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[}
8 likely to be appreciably less in the Beas discharge than in that of the Sutlej.
Also that tke-percentage of suspended silt in the Beas flood flow should be
materially less than in the food discharge of the Sutlej as the result of heavy
rain on the catchment of Tertiary rocks in either drainage basin. '

J
Comparison of S:lt Loads of Swlej and Beas

These are gendral deductions based on geoioglicﬂ.l considerations and there
is very strong evidence to support the opinion that both the Beas and the
Sutlej carry large quantities of detritus during flood after heavy rains in their
tatchment above Balehu and Bhakrarespectively. Thisdetritus would appear
to have different proportions of gravel, saud and silt in the two Tivers—-
that of the Sutlej having a higher percentage of suspended matter as against
8 large amount of coarse material (sand and shingle) in the Beas. Such
deductions, though fuvourable to the Beas in regard to fine silt, are also to
be considered g3 a hint that it will be prudent todiscover what steps must
be taken to prevent erosion of soft Siwalik rocks, especially the sub-recent
Eravels and where the check dams will' he required to- prevent thé coarse
detrital materials being swept into the Balehu revervoir,

Silé investigacions ar Balehu
- /

Silt samples at Balehu were taken in August and September of 1939 only
and are abstracte in Table XXIV.

- TABLE XXIV
‘f August 1939 " Beptember 1939
' L3
_— H_o : ]
4 ! N
i | =10 11220 ; 2181 |, 1—~10 | 1I—20 | 21—30
i - ' :
— ; CEC S = . ,
Mean Discharge cugecs | ,‘31_150’; 54,620 | 48,945 5 84,480 | 26,111 ] 18,600
i t ¢
Foot acres of silfi“: — 293 778 598 | - 2,369 335 49
Sarried in the period :

!
\ Total dwscharge in foot-acres=5,088,600 ~

‘Total 8ilk in foot-acres w= 4,224

- - ic foot of deposit, Duscharge has been
Nors.—Dry silt assnmed to weigh 90 Ibs. per cnbic foot of .g’“s' : .
worked ont froi,:; asction based on observed gouges and slopes with Nx=0-035.

The zesult of these investigations are plotted in Figure 37.
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871 THVESTIGATIONS CARRIED  ON-THE MARANADL AND-THE -
KO0SI RIVERS ()

HIRAKUD BESERVOIR
wiliver _-----'—.-Jw‘-— BT - rme ~ =gy gy =} »_.Hmmdi .‘dﬂm_ -
! 3¥ndia)
mnt ares I ea AT T X > sms : bt 32,200(111. muﬂ
T N S S .
. Mean annual . . ‘s ++ G54+4 inches
"'« Maximuom (1919) <. . . an 0 T aun)Zinches
_Mimmum (1902) .. . .e . . 370
Rm:og— . ) - i
'Mean snmual |, Ve o 1 e < =50 miltion foof-neres
Maximl'lm .‘. X} -.J. ! . . ‘69-4 » .
;Munmnm e ve .. - e .. 20-81_,, _
Storage capacity— T o
Gross at R. L, 625 . . . 598 , 7
Deﬂd &t R-L. 590.- \‘,.'-““ Yy * T LR} 2'24 *r "
Live .. . . .. .. " 3T, .
Alr temperature— ton
Annoal general mean cof HMa L - Lt ot 80-07° (Fahreabeit)
L Annual maxumum mean ., -, D IS L)' L P
Anzual mnimum, mean .. . . <., 0g-4° »
' [N _ . i ' . -
. _ w? to;u t »t 13 Jo1 . i e
» - Wa M POLALTIIE— - - ' . p
.- Dogeoos Fabrenbeit ' “ 1048 1940 | ' 1950° |- 4?511
- | T ‘o . LN
¥ | g, ‘ " - - e —rrr-T ]
- . v iy et o T | 7] H
Mazimum-— ' i " i N R
] ] L .
Moming ., . .. e o5°F | B8-7°F | 89-4°F | 91-2°F
Evening ..  ,.° .. ] 100F | 659°F | 04-1F | 9517
R f s ¥, . . 1 -,
~"or ° r ' ' ¢ v ‘ ’ '
,tlﬁnimup-. J ' i r , :, - 1 1 ) . Tty
K Moming i, L ee'  Les - d w188°F b 67‘1’3 —“2"&: ‘mwﬂ
' l(EVangJ -‘1” T ':" [r" - qgeR “1- gg-gop aqg,s"‘F .- 689 R
g P ' 3
of
Height of the Dam - . v 160 foet

t
L

G]‘“"Wics“qf the cotchment.area =~ .
v! ' The Mahanadi—literally-the Great River—isone.of the thrég rivera which
~ihag itg basin in the state'of Orissa and. is the.largest of those rivers with a tofal
Jetigth of 533 miles. . It rises-near Sehaws in‘ the extreme south west of Bixpur

district in Madhys Pradesh (Central Provinces).  After a short run through the
“Raipur.and: Bilaspur districts it then enters the Sambalpur district of Orjgsa
’aud at Sambalpur becomes & river of the first magnitude with a bed fidth of ove;
one mile:'. It has a catchment area of about 32,200 sq. miles above. the Hiraka
“Pam site: The Iatter is-about 9 miles upstzeam of,Sambalpur. The maximnm
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and minimam daily run-off, in that river at,Sambalpur during the last five yeans
have been a8 below : ~~T7- LT T v
1047 1048 - 7 21980 .0F 'bl 1950 { 1051

47 p 7

Min® | Maz* | M’ }¢ Max, | Min, Max. | Min. | Max. | Min. Max.

[ 3 ~

426 [1,020,102| 860 [1,806,058) 896 [1,402,4468] *"524 (1,684,184 1,058 T900,9t8
NI

mh | 20d 12t Liwn {totm [ sth | mm | 6tm | 1t | 7h
_ Juno** Sopt.** | June (| Awg. | May Aug. jJune | Aug. June | Aug,

*HMinimum and maximum rop-off in foot acres
*#Dates when the pacticular ron-off was recorded.

Sult investigations on the Mahanadi
(@) General

The silt work mainly relates to the silt carried in suspension by the river
water and the investigations comprise, firstly routine day-to-day estimation of silt
load and, secondly, special work directed at obtaining further information on
some partioular aspects of that load. Three laboratories are at present engaged
on il work at, or near, the proposed sites for dams on that river i.e. at Sambalpur
for Hirakud Dam, at Barmul for Tikkerpara Dam and at Kaimundi for Naraj

"Dam." For the sake of brevity only work done at the Sambalpur site, which is

, of immediate importance for the sake of the Hiralmd Dam under construction,

is described here. . i ‘

' (b) Collection of river water samples

There are 16 pampling verticals about 300 £, apart at the Sambalpur site
on the Mahanadi. during the high fischarge and 5—6 during low discharge
periods. The water sampling is done with the help of one-litre capacity Punjab-
type lgottle sar_npler at the conventional:six-tenth of the depth. of water at the
sampling vertical except, for special investigations when water samples are
Polleuted ab_other depths along vertical also (see pait dealing with ’s'pecial
investigations). ST T - -

LAy

() Estimation of the suspended silt load

Technique: The present practice ofegtimatin the suspended suv invoives,
its ﬁepamlti_on‘“ based on particle-gize 'intﬁfbbfee’fgactiéns.l‘)mh 'éoirse, (above
0-2 mm) fediam (0-2 m~-0-076 mm} and fine (below 0+07: mam). The seps-
zation of the'coarse silt is done by sieving the silf ladén water through 70-80
mesh sleve 'and the medium by sedimdntation 'method by allowing the well
stirred’ suspensiofi-to settlé for caleulated ‘interval of time for! particles upto
and _abo‘v'e 0-075 mm” The coarse and mediam fractions are estimated on volume
basis by dropping each ono of them in 3 graduated glass tube especially designed
to read to a hundredth of'a’ cc. under .water and:-tapped 1-:0 a 'Tinit' that no
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further settlement oceurs. The finer fraction is estimated on weight basis
from s separate samplé by a special hydroreter capable of estimating silt upto
sbout 0-02 %, per litre of suspension or alternatively by actual weighment
when the silé content goes very low. From the weight of fine gilb its equivalent
volume is computed, — - - - -

Tabulation and graphic representation of the silt load from the daily figures
of volume of each of the coarge, medium and fine silt and the discharge, the quan-
titleg in cubic feet and also in foob acres of each of these silt fractions and total
eilt are worked out for each day. The daily results are then computed on the
basis of ten-day mean figures foreach mionth separately and later for the whole
year. -Those figures may then be plotted. The estimated amounts of silt of each
one of the three fractions and total silt on monthly basis for sambalpur has been
presented in Tables XXV to XXIX* for the years 1947-1951, and that for four
years (1947-1950) plotted in Figures 38-41, The cumulative annual figures of
discharge and sil} load for the five years have been compared in Table XXX,

TABLE XXX
Showing & comparison of the annual run-off and silt load figures from 1947-1951

= 8t Joad in foot-acres
Year | Annual run. —— R T 3
ofl (foot-acres) | *- . 1 | .- .
Coarse Medium |- Fine Total 9 Silt con.

I I | e tent

5] M - - -

147 ..} 30,170,672 8,721-32 | ' 4,383-41 25-,130-83 33,235-36 ‘. “0-085

198 .. | 34,108,682 .| 2,661-51 ] 2,802-67 | . 23,012-64 " 20,406-82 | % 0788
9 .. | 3814310 | g10080| 300831 21,833-71 | 2607101 4 0-068
1050 .. | 34023806 | 1,650-21| B241-57 | 18711-42| 23,612-20 *0-079
1051 .. | 24,662,822 77481 | 1!1333,-84___ 19,085-06 | 20,095-27 " 0-085
Mean ., | 33,543,708 | 2,185-26 | 2980-30 | 2173469 | 26,850:31 " 0-081
—_—

. Asis clear from Table XXX the silt yield of the Mahanadi eatchment above
Hirakud Dam site for the five years 1947-1951 amounted to 33,235, 29,467,
26,972, 23,612 and 20,995 foot-acres (mean 26,856) foot-acres respectively. In

terms of 100 5q. miles of the catchment these figures work out to 103:2, 915,
83-7,73-3 and 65-2 foot-acres (mean 83 -4 ft. acres) respectively for five years.

Probable rate of silting of the Hirakud reservoir on the Mahanads
_ The rate of silting of a proposed reservoir may be detem_:ined gither on the
bﬂs.ls of silt load carried by the main tribufaries or by comparison with sedimen-

tation rates in other reservoirs exposed fo similar conditions. As the information
relating to the latter ig not at present available, recourse has to be made of

that available in connection with the former.
e
* Tables XXV yo XXIX are printed on pages 82-91.




TABLE XXV

Buspended load of the River Mahanads at Sumbalpur site during January to December, 1947.
* I :_'_ 1 ! ‘; . i = 2o
) T T T Bediment foad ia foot-scres i )
g Ten daya total |Mean discharge | Cumulstive ‘ ] Ten days Cumalstic~
Dayy discliarge 1 duschargo in  mean m foot-aores
v T Y coame Total ) o
1 2 5o s ° -0
oL ] " ;
“Jannary— PR .
T, =10 .. .- 35,076 N gible 21-20 2120} -
' -0 .. . 31,568 o g By ® 1358 13-56 |
3131 %, " 38478 N 14 50 1460 | -
M .
Total . . 106,020 108,020 . . 4028 49-28 _ aeee
Fedruory— ., - IS I -
[ 1—~10 .. - 30,808 L -] 6-92 -2 0-692
11--20 .. . 34,950 - N 8-4l 8 46 0-848
2128 .. . 40,254 ' N ¥ 18-88 18-61 . 2320
L s
Total v 106,102 12,133 | 33401 33-00 83-25
Hors ™ ~ o) IR . -0
Ty =10 . 3,408 : N Ted2 . T2 0743
11—20 .. . _24,4688 o, N 8-58 658 |.— 0-658
21-31 .. - 22,603 N 5-26 5:26 0
"‘ ' Tatal . 18,475 200,607 - 10-28 19-28 103-51
; 3—10 1, o} ' -15803 N 2.7 | 2 a7 0-237 |
120 .. - 14,581 N 2.27 2 97 0-227
T 21—30 ., . - 9,857 | N 1.82 1-52 152 )
. ™ Total . 40,241 330,848 ) 8-16 rRY) " 108 67
ay~— - f- . -
110 ., . _ 8,403 N . 0 508 0-508"
1N—20 .. . < 3,136 . ‘N 0180 | 0-180
21__‘31 . e - 3.157 N 0'080 0'000
Total .. 16,385 348,238 0146{ - 0748 ~ " Tro0-we
- ind : - - C

(4



wno—
1—10 ,.

SR

ap1an

T 2,527 252-7 N N o-088 o 08 .
1120 ., s 10,051 1,006-1 N N o 837 0‘932 g gg':
21—50 .. . 22,006 2,209-6 N 0 091 8 885 8076 0-898
Total - 34,674 380,907 0-081 9 890 9 981 119-897
]
M"_{..m .- . 432,983 43,3083 . 7-69 914 633 75 850 58 85 06
g0 .. : 687,003 68,709 3 40+02 45-19 1,351-62 1,436 83 143-70
2131 . - 3,038,756 260,796+0 1,189-29 1,748-91 4,914 82 7,853 02 713+81
Total . 4,200,833 4,590,739, 1,297-00 1,803-24 6,000-19 9,840-43 10,050-827
‘”“’““1_10 . } 2,779,808 77,0808 561 48 536 47 4,452 02 5,549 97 564-99
11—-20 .. . 1,303,008 139,300 8 100 29 172+15 1,646-76 1,928 20 102-82
2131 . . 2:962,6 51 269,320 1 1,011 85 922 90 5.084 66 7819 41 638-13
Total 7,135,447 11,726,188 1,682 62 1,631-58 11,183 44 14,457-58 24,667-407
tembér——
Bep 110 . ) 3,676,087 [* 367,606 7 ' 648 97 75 51 3,961 84 5,386+38 B38-638
12 .. 1,184,781 118,478-1 B7 39 76 32 818 37 952 08 95 208
Yl=—30 .. 1,267,857 126,7656-7 67 G6 13-00 1,515-49 1,658 05 165605
Total . 6,129,400 17,856,501 773-82 024 89 6,285 70 7,994 51 32,651-017
1410 .. - 801481, 80,148.) 23:04 20+09 498+31 saf e 54-144
11—20 .. . 397,536 39,7536 3.90 2 08 82.28 8523 8+023
g3l .. . 180,518 18,410 7 0-854 0+370 32.34 33-364 3083
Total - 1,379,535 ¥ 19,235,128 27-684 23-420 812-83 664.034 38,216861
November—
1-10 .. . 97,674 9,757 4 N 0 1523 6-6190 6-7713 0-6877
1120 .. . 70,837 7,083-1 X 0-0316 39852 30968 0-400
2130 .. - 54,640 5,454-0 N 0-0271 3 0794 3 1065 0-311
Totel v 229,951 19,458,077 N 0-2110 13-6636 13-8746 33,229+8256
_December— ) . -
1-10 .. - 47,913 4,701:3 "N 0 0281 2-8920 2 9201 3:202
=20 .. - 40,240 4,024-9 N 00206 1-6273 1-6478 0-185
2131 .. . 38,610 3,510-8 N 0 0053 0-9599 0-9652 0088
_ Total . 126,781 19,584,858 N 0-0539 54702 5 5331 $3,235+3587

€8



TABLE XXVI
Suspended load of the River Mahanadi at Sambalpur sile during Janusry to December, 1948.

£
Sediment load in foob-aores
[
. tive
Tor' dsyn total [Mean duscharge | Cumulative Ten dnys Comala
' Days' mean m foot-ncres
¥ dllc:urge m 1n ousece dﬁ:h.ngo m c Medium Fins Total
1 2 3 4 5 6 7 8 ] 10
—_—
Jonuary— i ‘
1—10 .. .. 40,900 £,000:9 Neshs;[blo (N} Nezlis&ble @y - 0-7517 0 7617 0 0752
11—30 .. .. 43,678 4,367-9 0 2001 0 2801 D 0209
21-31 .. . 37,000 3,364-0 N N 0 1592 0 1592 0.0145
Total . 121,588 , 121,688 N . N 1 2100 12100 1:2100
3—10 .. . 26,350 |, 2,635.0 N N 0 0027 ¢ 0927 0-0003
1120 .. . 20,600 2,060 0 N N o 0 0820 - 00320 0 0082
21—29 .. e 18,500 1,833-0 N N 0 0852, 0 0052 0 0073
Total . 63,350 184,938 © 0 2390 0 2399 1-4499
1—10 .. . 13,014 1,301 4 . N TN 0 0187 0,087 0 0049
11—20 .. . 10,843 1,084 3 . N rN 0 0392 of 092 0 0039
21—3t .. .. 9,031 8030 N, ¢+ N 0 0272 0 0272 0 0025
r
Total . 34,688 219,626 0 1150 0'1160 ,1-5640
April—
1—I0 .. . 8,363 836 3 N N 0 0195 0 0195 0 0020
n—zo .. .. 702 | 7028 N N . 0 0174 0 0i74 0-0017
2030 ... .. 5,552 556 2 N N 0 0136 ¢ 0136 0-0014
Total . 20,041 240,567 0+0304 0 0504 1-6163
May—
1-—10 .. . 4,848 484-8 N ) N 0 0095 0 0005 0 0010
11—20 .. . 4,286 4986 N N 0 0065 0 0056 | 0+0007
21-31 ., .. 4,111 374 0 N N 0 0070 0-0070 0 0008
, Total. e 13,245 | 253,812 |, N 0 0230 0-0230 18383

¥8



=10 . - 24615 281-8 N * N- 00048 O 0048 0 0005
1t=20 .. . 12,630 1,263-0 N . 00022 0 1509 0 1532 D 1532
21—30 .. . 238,501 23,850-1 1-9215 2.7727 317 Bl42 322 5084 32-2508 |
Total’ . 953,748 507,568 10215 2:7750 317-86808 322 4664 324.3047
Jidy— ' 9
1—10 .. .. 569,532 56,9632 5 0110 10 6235 1,217.9062 1,834 4407 123 4441
n—20 .. I 844,695 84,4605 f 16 4013 428093 1,521.-5775 1,580 7881 168 0788
2131 ., . 1,730,589 157,326-2 1063308 240 9427 3,204 8578 3,362-1411 322 9219
Total “ 3,144,816 3,652,374 128 6420 204 3755 5,044 3515 6,387 3698 6,691.6740
4 R f
4u 1-10 .. . 773,623 77,362 3 13-2624 18 1185 862 3979 £93-7688 89 3769
1120 .. . 8,471,740 347,174-0 1,411-4323 1,328-6697 8,076 1523 | 10,817 2543 1,081 -7254
21--31 .. . 3,063,449 350,404-4 920 7566 4550507 5,405-1485 7,370 965T 6700878
Total . 8,198,812 ILB5LISS | - 2345-4412 | ' 2,302.8479 | 14,433 6997 | 19,081 9488 25,773-6634
Beplember—
1—10 .. . 1,283,430 128,343-0 68 5460 B3-4018 046-0174 | » 1,103 9252 110 3925
11—20 .. o 1,392,789 138,278+ 8 82-8558 186 8951 D08 6038 1,156 3547 115 6366
21=30 .. o 843,364 84,3864 7 5065 6 4717 428 6733 44245605 442551
Total o 3,320,083 16,171,269 1589073 2618546 2,282 (645 2,702 8304 28,476-4938
et
1—10 ., . 1,510,707 151,070-7 24 6274 275664 %33 3179 785 5617 78-5562
11—20 ., .- 291,783 |+ 20,178 2 1-8760 1 1838 66-2272 687870 6-8787
21~31 .. v 109,558 17,5062 0-0447 D 4478 200310 20 5236 1-8658 |
b, \
Total . 1,096,047 17,167,316 26-0481 29-1800 8196761 8748722 29,351 3660
1~10 .. . 121,640 12,164:0 0-0159 0-2613 10-9639 11 2461 1-1246
120 .. . 192,675 19,267+5 0-2057 0-6843 51 1916 52-0815 5 2082
N30 . i 113,952 11,395+2 0-0894 0-3422 20-8010 21-0328 211083
Total .- 498,287 17,593,683 0 3110 1-2878 82-7614 843602 29,438-7262 °
i—=10 .. . 125,678 12,5678 0-1888 0:2746 26-8872 27-3500 2-7351
I1—20 ., . 55,535 5,563+5 N 0-0401 1 9929 2 0330 02033
33l . .- 47,388 4,307-3 N 0-0088 1-6941 1-7029 0-1548 ‘
Total e 298,599 17,824,183 0-1388 0-3234 30-65742 31-0864 29,465-8128




TABLE XXVII
Suspended load of the River Mahanadi at Sambalpur site during January to December, 1949.

Sediment load in foot-scren
Ten days total |Mean discharge | Cumnulative Ten days . Cummalative
i mean in foot-aores
. Days discharge in in cusecs disoharge 1n Medim . Total .
1 2 3 4 5 8 T 8 '] 19
Ji
—10 .. . 35,565 ! 3,556-8 Neglimble () | Neghgble (N} 1-3013 1.3813 0-1391
1}—23 . .- 30,727 3,072+7 S h?{ 1-0031 1 0031 01003
2131 .. . 32,387 |. 2,044+3 N N 0 7433 0-7433 0-0876
Total ve 98,882 98,882 ) 3 1377 3 1377 3:1377
iy . 27,000 2,700 0 N N 0 6851 0 6651 0-0885
11—-20 ., . 27,619 2,751-9 N N 0 8511 0 8511 0 0851
21—28 .. . 18,834 2,104+2 N N 0 4820 0 4829 0 0604
Total . 71,443 170,125 1 9901 1 9091 5-1368
March—
¢ I—I0 .. . 14,805 1,486-5 N N 0 4908 0-4008 0 04901
11—20 .. . 12,710 1,271-0 N N 0 4211 0-4211 0-0421
2131 .. . 11,044 1,004.0 N N 0-3508 0-3508 { - 0 03I
Total . 38,619 208,744 1:2627 1-2627 8:3595
Aprit—
1-10 ,, .e 7,388 7386 N N 0-1842 0-1842 00184
11—20 .. - 7,007 700-7 N N .0 1815 0 1815 0 0182
2130 ., . 5,679 557-9 N N 0 1308 0:1308 Q-0131
i« Total . 16,972 ! 228,716 0 4985 0-4965 §-8060
»
0. .. 4,377 @77 N N 0-0751 0-0751 0-0075
11—20 .. . 5,908 500-8 N N 0 1586 0-1586 00159
213 .. . 8,020 7201 N N 0 2561 02561 0-0233
Total e 18,303 247,109 0 4508 0-4808 . I 7-3868




1~—10 ., o 33,186 3,316-8 0-0035 G6-0143 12-4023 12 B15l 1-2518
11—20 ., e 145,634 ’ 14,5634 0-8202 1-0471 123 77183 1268 4436 12-5¢44
2f--30 .. e 73,618 7,361+ 0-1220 ¢ 3156 52 1012 52 6201 5-2020
Tota) v 255,315 502,424 0-7507 1-3773 1884508 190 5878 1079736
Julyp— ' - .
110 . 804,622 60,4622 18-7683 35 3172 1,372-2612 1,426.3467 142.8347 .
1120 .. . 815,048 61,504-8 9-0048 11 -2560 662+3977 682 6686 68-2650
21-41 .. . 1,447,902 131,627-5 140-8269 183-1376 |  2,242-1616 |  2,666-1180 233-2836
Tobal . 2,667,572 3,166,998 1686001 229-7108 4,276-8134 4,675-1243 4,878+0075
1—10 .. - 3,451,183 345,116:3 812:0047 | 1,202.3630 | 54362722 | 7451-6308 745.1631 ¢
11—26 ., . 2,805,943 £280,694-3 735 8184 | 1,029.4210 |  4,080.5658 6,856 8052 5855805 '
21—38¢ .. - 1,362,528 123,868 2 62-3833 871666 1,115 3647 1,264-9046 1149913
Total . 7,810,634 16,789,830 1,611-1964 2,318-9415 | 10,642 2027 |  14.572-3408 19,445:4385
L 4
1—-10 .. . 851,414 85,1414 17-6778 20-4506 694 1515 732 2799 732280
1i—20 .. - 1,958,689 198,868 9 1983632 3199418 2,448 9541 2,967-2590 296-7259
2130 .. . 951,978 95,1878 65-5262 91-5552 1,1568-9671 1,3180485 131-6049 .
Total 'e 3,792,681 14,581,711 2815671 4319478 4,302-0727 5,016 6879 24,461 -0259
Oelobr—
110 .. . 819,868 81,085-8 248594 25.1348 919 1518 9695460 969548
1120 ., . T00,473 70,047 3 15-7488 14 8016 748-3027 7788531 77-8853
25-=31 .. . 503,248 45,7407 4-2872 3 1127 289-0321 296-4320 26-9484
Total e 2,022,577 16,605,288 44 6954 43-6491 1,056 4868 2,044-8311 26,505+8570
November—~
1=1G .. -1, 374,990 37,499-0 2.8838 2.3968 398 8151 404 0957 40-4008
=20 . . 137,950 13,7950 0-1486 0 1806 36-1688 36 4930 3-6498
21-30 .. . 102,857 10,286+7 | 0 0395 0-0541 12+7005 12-8031 I 2803
Total - 915,807 11,221,005 3-0719 28315 447 6034 '453 3968 26,056 -2539
Dagamber—
110 ., . 74,659 . 1ABS D ¢ 0100 0 0404 7 9243 7.9747 07976
11—20 .. . 60,487 8,048.7 0-000G 0-0148 3-1885 3 2013 0-3201 )
331 .. . 51,034 4,639-5 0- 0000 00000 1 4802 1-4802 G- 1346
Total < 186,080 { 17,447,155 0-0100 { 00552 12.6910 12-8562 26,971.9100

o2
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TABLE XXVIII

Suspended load of the River Makanadi at Samoalpur site during January to December, 1050.

* Bsdiment load m foot-scres
Ten days total |Mean discharge| Cumulstive Ten days Cumulative
Dayn discharge n |  1n ousacs diacharge in ) mean in foot-acres
ouseca onsecs Fine Total
1 2 3 4 7 8 o 10
F; | o
anuary 1950—
1—10 .. . 31,803 3,160 3 0-00 0 00 0 4285 0+4985 0 0420
11—20 .. . 27,014 2,701-4 0 00 000 0 3772 03772 0-0377
21—31 .. . 28,215 2,665-0 £6,832 0 00 0 60 0 4621 0 4521 0 0411 1.2578
¥ Total . 88,832 000 0 00 1-2598 1-2578
druory 1950—
1-'?-[0 e . 23,580 2,358 6 0 G0 000 0 3669 0 3660 00367
11—20 .. . 20,602 2,080 2 0 00 0 00 0 2980 0 2060 0 0296
2128 .. . 23,774 2,071-8 00 0 00 Q-7218 0.7218 0-6H02
Total 67,062 164,704 0:00 0 00 1 3847 1 3847 oL
Aarch 1850.—
1—10 .. . o 28,050 2,865-5 a 00 0 00 1-3132 1 3132 0-1313
11-—=20 ., . 18,628 1,852 8 0 00 000 0 4086 0 4688 0 0489
2131 .. . 465,025 4,093 2 0 00 0 00 8 06830 6 0650 0 5514
Total .. 92,208 247,002 0 00 000 7 8468 7 8468 *  10.46893
April 1950— !
1—=1p .. . 22,043 2,204 3 0 00 0 00 1 3118 1-3118 0-1312
11—20 .. . 9,674 967-4 0 00 0 o0 0 3247 0 3247 0-0325
21—30 ., . 6,862 6662 0-00 000 0-1720 0 1720 01720 _
Total .. 38,379 285,381 0 00 0 00 1 8086 1 8088 12-2979
May 1950—
1—10 .. e 4,768 476-8 0 00 000 0'1126 01126 0-0113
11—20 ,. e . 3,015 3915 000 ) 0 0301 0-0861 0 00986
21—3l .. e 3,464 314.9 0+00 0 00 0 0329 0 0529 0-0048
Total .. 12,147 207,628 0-00 000 0 2616 | 0 2516 125495
!
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Juna 1000

=10 .. . 2,858 285-8 0-00 ! 0 00 0-0500 . .
120 .. . 87,491 8,749-1 0 00 0-1141 o1 859 g o000 9:0080
2[—30 .. 249,020 24,902 0 0 8672 O 9037 338 D44l 340 7150 34 0716
Total . 339,369 638,807 0 8472 10178 433 6708 436 6649 4481144
Wy 1050—
Fuiy 1—10 .. - 507,876 59,787-8 §-3053 10 6159 951 -4968 1,000 4180 100 0418
11—20 .. . 1,262,222 1 ' 126,222+2 49+ 0572 108-1781 1,780-2729 1,937-5082 192-7608
21—3L .. . 2,933,924 268,698+5 381 9483 7820546 4,311+7722 5,475- 7750 4977977
Total . 4,702,022 5,428,919 439-3108 §00+8445 7,073 5419 5,413.7012 8,861.8168
August 1950~
110 .. . 5,018,160 501,815 0 852 3501 1,508,7871 5,575 9887 7,937+1250 7937126
11--20 .. o 2,127,344 272,734-4 264-0997 531 8530 2,640 2071 3,337 0597 333 7060
op=il . . 629,057 ' OBT,268 8 2-5312 9 5727 323.1920 3352960 30 4815
Total . 8,315,460 1,380,4379 1,119 5810 2,050 2128 8,439 3878 { 11,609:4818 20,471.20672
September 1950—
=10 . - 965,607 96,6697 22-4346 81 8208 874 +9908 9792460 479246
11—20 .. . 1,286,001 128,000 1 69 6398 187 5210 1,463-3005 1,720 4613 172 0461
2130 .. . 688,428 68,842 8 83411 18 9203 308 8702 334 1318 83-4132
!
Total . 2,941,116 . 16,746,495 08-4155 £88-2621 2,647-1613 3,033 8380 28,505-1361
Oclober 1050—
110 . . 172,408 17,240 § 0 4253 0 4535 46 4045 472833 4-7283
120 . . 145,716 14,571 @ t 0 1539 0 4352 43 6597 34 2488 3-4249
21—3l .. . 120,526 10,956 § 0-1285 0-2313 17 4276 17 7863 1 8168 .
“ +
Total . 438,850 17,184,145 0 5057 1 120D 57 4817 99 3174 23,604 4535
November 1950— !
1~10 .. . 84,348 8,434-8 0-0315 01107 3 2511 3-3033 0.3393
1420 .. . 53,374 5,337-4 N 0 G000 1-8188 1-8188 0-1618
21--30 .. . 47,921 3,792.1 Nl 0 0000 09236 0-9436 0 0944
Total e 175,043 17,350,788 0 0316 0-1107 5-8135 5-9557 23,610-4092
Wﬂ 1950— N )
11=10 .. .“ 36,580 3,650:0 N Nl 07227 0-'7227 0-0723
-2 ,, . 33,481 83,3481 N N a 5384 0-5384 0 0538
. 21—381 ., . 32,044 2,913:1 P N 0 b3zl 0-5321 0-04584
Total -° 102,115 17,461,903 . 17932 1-7932 23,612-2024

68 .



TABLE XXIX

Suspended load of the River Mahanadi at Sambalpur & Bridge site during January to December, 1951.

Sediment load in foot-acres
Tan days total [Mean dischargs{ Cumulative Ten days C;mm
b A
Day? ducc nn::’;g m 1 cuseca . d;soharge m Coarse um Fino Total mean m foo
1 2 3 4 5 6 . 7 s ' o 10
Ja“f_”_’ 195{:_ .. 25,331 25331 ° ' Nd N 0 4631 0 4631 0 0483
11—20 .. .. 22,852 2,285 2 N N 0 4208 0 4208 0-0430
21-31 .. . 24,028 2,184 4 Ndd N 0 46490 0-4649 0 0423
Total .. 72,211 . 72,211 1-3678 1-3578 1-3578
951—
Februfgi"o .. . 18,287 1,928.7 Nl Nl 0 3531 0 3531 0-0353 N
11—20 .. . 15,066 1,505 8 N N 0 2360 0 2369 0-0237
2128 ., . 16,427 1,503-4 Nl FoN 0-1638 6-1638 0 0265
Total .a 44,770 116,981 0 7538 0-7638 2.1116
March 1951—
1—10 .. .a 10,001 1,000'1 Nd Nit 0 1504 0 1504 0-0150
11—-20 .. 8,816 881-6 N Nl 0-1300 0:1300 0 0140
2131 .. . 40,717 3,071-6 00164 00154 10+3484 10-3792 0 9436
Total . 59,534 176,515 0 0154 0 0154 10 8387 10-6895 12.7811
Agril 1951
1—10 .. . 84,601 8,460-1 Nid 0 0856 20 4472 20 5327 2.9533
11—20 .. v 84,276 6,427-5 Nl 0-0418 15 1061 15°1479 1.5148
2130 .. . 28,351 2,836+1 Nl N 2 2375 22376 0-2238
Total .. 177,127 353,042 0-1273 46+7408 46-9181 50-0092
May 1951—
1-10 .. . 13,212 1,321-.2 N Nl . 6-8488 08488 0 0848
11—-20 .. . 7,131 7738+1 Nl N 0+3400 03409 0-0341
2131 .. . 6,209 569,9 M Nl 0 1609 0+1609 00145
Total .. 27,212 380,854 ) 13506 1-3508 81+ 0408

06



Tone 2080~ ] vesa -
1— LR LA Q » * O-£88D0 : . ,
g 120 .. . 27,110 27110 ' 0 8510 0-0821 ' 109508 L 123974 1307
& 2. . 51,497 5,140-7 4-0849 0 1448 { 41.0066 |, 45-3258 4 5320
Total .. 04,004 - 475,848 5-4248 0-242-|— | 54.2808 599648 |- 1210046
' v ' i
July 1951— | \
-10.. .. 346,442 34,644 2 5 9494 4-3012 4d4.4202 {' 454 6798 45-4680
11—20 .. | - 828381 . 328381 37683 2:0678 400-7438 [ | 4066709 406680
al—al .. o]0 41eTe| . 43,0886 | 10-5464 {. 204801 | . %,070-8204.{ 2,110 8559 1918460
Total .. Lasres b, ’ 1,624,648 20-2641 | | 26-8491 | . 2,916-0024 { 12,972-1166 3,003-1202
Auguat 1951~ \ ¢ b - , r
1—10 .. . 2,474,452 | 24T 415 2 239 8336 386-2147 | 6l188 0400 |  6,814-0883 681 4088
0—20 .. . . 2,521,746 || 252,174 8 230 1733 |©  412.4149 ) 3,012 0056 |  4,654-5936 4654604
~21--31 .. .- 1,722,207 [ 166,672, 148 7336 200-6302 ]  2,118-7076 |  2,466-0714 294-1883
Jotal .. 678,495 |, ~ - 8,343,141 016:7405 290 2598 | 12,218 7532 | -13,834-7533 - 16,927-8735/
2 Beplember 1952~ - ' - - -
—10 .. - 1,219,838 121,063-8 59 9862 65 0060 | 1,662 2008 ;o 1,777 2680 177-7266
311—20 .. - 08,158 90,815 8 . 21 5865 239668 | 1,014 093¢ | 1,059-6457 105-8646
2130 .. 277,812 27,781 2 11-0314 1-6361 . 824460 95 1136 9 5114
Total .. 2,405,608 10,748,749 92 5871 80 6078 |  2,748-7403 | 2,931 0262 _.19,858-8987
L Qctober 1951— . l
1-10 .. - 350,044 35,004 4 6 4766 3 2001 219 0017 227-7604 22 7769
11-=20 ., . 667,367 58,736 7 13 3841 14 4079 756 6983 783 4703 78 3470
L2131 .. . 276870 | . 26079 1 51701 11578 82 7469 89 0738 8 0976
Total ., 1,202,281 ‘ 11,861,030 24 0098 187678 | 1,057 6350 |, 1,100-3135 20,050-2122!
S ' - * ) ; ¢
Wovember 1951— .
e . 1,268,691 12,669:1 4-0255 0-3284 20 4047 24 7666 2 4751
1120 .. . 72,713 7,211-3 1-0264 0-1902 5 2351 64517 -0 6452
21--30 .. . 55,141 5,614-1 . 0-8447 0 1093 |D 783 1 6933 01693
Total .. 264,805 12,205,635 5.9560 0 6259 26-6191 32-9016 20,992-1133
ADecember 1951—
1—10 .. . 45,711 4,571 1 0-3453 0-0906 0 8463 1 2822 0-1282
120 .. - 39,801 3,980+1 0 1532 0-0786 0 7210 09528 | . 00953
o MSt. - 30,085 3,033-2 0-1725 0-0825 0-668) 0 9231 0-0839
© Total .. 195,471 12,331,312 0-6710 0-2517 2-2354 3-1581 20,0056-2710
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"he live storage of 3-T4 million foot-acres constitutes 75 pez jiant. of the
mean annual runoff. Sluices will be provided at bed level for the full flood dis-
charge and flood supplies during the months of June to September will be passed
below the dam and not stored. The conditions thete will be somewhat similar
to those at the Aswan Dam where storage constitutes 6-7 percent. of the mean
annual runoff of 66 million foot-acres, flood waters passed through bed sluices
and no water is stored in the reservoir during floods. There is, however, one
difference. At the Aswan Dam there is at present no provision for water power
generation and the level of the reservoir is dropped during floods to the normal
flood level. At Hirakud, there is provision for power generation and a mini-
mum pond level about 50 feet above flood level has to be maintained for the pur-
pose, so that while the entire flood flow will be allowed to pass through the siwices
it will have passed through the dead pond with consequent partial deposition of
gilt. At the Aswan Dam there is no silt deposit in the reservoir under present
conditions of floed disposal. ~ At Hirakud partial deposition will take place
because of a permanent dead pond.

From an examination of the analysis of silt load it will be seen that fine silt
constitutes nearly 75 por cent: of the total silt charge of that river. From the
zesults of the finenecs of the silt coming at various times of the year in the Maha-
nadi (seo part dealing with special investigations), it is seen that it is of very fine
vatiety which might be expected-to remain in suspension for quite a long time
without settling. From the size distribution curves of the Mahanadi silb it is
Bot improbable that about 90 per cent. of it will be carried with the floods and
only 10 per cent. may deposit in the reservoir.

However, for purposes of working out the probable rate of gilting let it be

assumed that the following percentages of various categories of silt will get
deposited 1 the reservoir ; .

R \ 3
{1} Coarso ailt . . Pe:oc()m
(2) Mediam silt .. e N, 80

.(3) Fune mlt’ .. . . . . 20
{4) Bed ault (assumed @ 10 per cent. of the total suspended ailt) ., 100

On the above assumption the annual rate of silting b
ased the mean
figure for the years 1947-1951 work out as follows : e *

Mean annual figures {1847-1951) Portion Likely
’ to bo depoaited
1 the
TEIervoIr
Conrse ailt 218420 @ 1009, .. . o @ ooy

'ea ae .e 2,184'20
. 2,340-16
and

Medium silt 2038-45 @ 80%

Fine mlt 21,758+ o 't .. - ..
05 o :mmM @. '20 % and wet denaity of mud as 1-4 i.e., 45 oy sils

Bed silt (assumed @ 10 per cent. of the total suspended silt) g'ggg'gﬁ
3 LR »
Total 16,891-97

On the above assumptions the period after whi i r

. ht
gebting affected works out to 132 years on the baai‘; of 111;?;;9??2% 8;:::
In the Project this period has been put as 100 years! i
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PROPOSED KOSI RESERVOIR

River ~ T e ’ .n we Yy .s “n .. Kosi (NBPEI&
' . - Buhar, Indis)
Catohment Arege— - = - - - R
8q. miles
Sankosi tributary .. . . . . . 7,330
Arnm tributary .. .e . . .. .. .. 13,380
Temur tributary . . e . . . 3,278
Sapt Kosi (combfned ehannel below junotion at Trebeni) . . 22,988
Ramfall—
Mean annual . . .- . - . .. Ahout 67 ina,
Bun-of—{million foob-acrea}— 1948 1948 1950
fun Kosi .. . . ! 1749 24-08 19-74
“lruh e (X} ' -n e 17'92 17' 72 16'00
Tamur . v .. e . 871 10-31 7-30
Sapt Kosi ., .. . . . 49-24 47-12 43256

Btorage oapacity-—{million foot-aeres)

+  abreservorxrlevel of .

| 1100 R. L 1000 R.L.
Grosa . .. .. . . 10-908 6-906
Dead . e - - e | 4119 (900 R.L)| 3:112 (850
R. L)
LIVO e e .’; MY e 6‘789 3'794
Air temperature at Dam site—
{Degrees Fahrenheit) 1948 1549 1950
Mean annual-— " T i
Morning .. ‘e . . . nge | 73I° 73-8°
Evening . . . 78-4° | 758 76+8°
Mazimum— .
Moring ., - . . | 8T . .
Emlng an L] e L ‘e 97.3°
m"nimnm-— ? 4
Momiug -y oy " - 51'5° 4., " .
59'5" X e

Evening ., .

1
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Watcr temperature at dam site—
{Degreea Fahrenheit)
1948 1949 1950

Mean annual—

Morning . . . - . 65-5° 6g-22° 66-16°

Evening . . .- . - 67-5° | 67-78° 67-90°
Meximom— f

Morning .. .- . . | e | meser | Taess

Evenng . . . . . 77-0° - 76-28* 77.06-.
Mnimum—

Moring .. .. e e w!| 50" | 55400 | - B4-86°

Evenung . . . . ve 56-3° 56-80° 56-66*

Hoight of the dam—{nhove foundation EL 240)
Reacrvoir lovel at 1100 R. L.—883 feet
Reservoir level at 1000 R, L.—1783 feot.

Characteristics of the calchment area

The Kosl which, next to the Brahmaputra, is the bi iver i i
at its debouch in the plain, mses in Tibet End.ﬂOWing. ac::oei:.g :ﬁa rﬁriirrmlliyla‘fli;
Nepal joins the Ganges after traversing North Bihar. It is a perennial stream
whose three main tributaries, the Sun Kosi, the Arun_and the Tamur meet at
Trebeni to form the Sapt Kosi. The catchment area of the Kosi above Bara-
kshetra, the site for the proposed dam, is 22,988 sq. miles of which nearly 2,228
8q. .miles.are under glaciers, The catchment area of the Arun extends beyonci the
main Himslayan range. The highest peaks in the world, Mount Everest
and Mount Kanchinjinga, lie in its catchment area.  From };,’ reliminary rer
connaissance, it hasbeen found that the catchment ares has clll)a.racteristmally
sp;ep slopes, indiscriminate deforestation and intense soil erosion along hill
pides. '

The Kosi is notorious for i i 3 .
or 1ts vagaries and is known ag the river of sorrow .

It has been changing its course, generally in a westerly direct; C
i o direct;

across & width of over 70 miles. In those movemeis it h;:nl ;1(116.‘?:: shllfteg

tracts of agricultural land in Nepal and Bihar. e larg

The mimmum perennial flow of the Sapt Kosi durin . .
known to have d:opp_ed beloyv 9,000’_cusecs while it ig estmgdy t]‘::: gﬁ; s :;11(:2
record flood of 1927 its maximum discharge wag a little over 7 lakh cusec]:g The
mean annual run-off at the proposed dam siteat Bargkghetra du.ring 1947:_1950

has been abous 4622 milljon foot-acres which is abowt 30 % more thap that of

.
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the Mahanadi at the Hirakud Dam site. The maximum and minimum run-off in
that river at Barakshetra during the five years have been as follows :

Minimuin and maximum daily run-off in foot-aerea

-

1847 1948 1948 1850 1951

Min, Max, Min, Max. Min, Max. Min, Max. Min. Max,

22,100 | 613,764 { 18,032 | 958,888 | 24,826 ) 751,434 | 19,206 | 681,322 | 18,650 | 481,140

9th | 31st [ I3th i3th | 26tx ] 19th | 3sh | 20th 24th | 24th
March* | July* | Mar.* JJuly"‘ Mar.* | July* | Mar* | Aug®* | March* | Aug.*

*Date of resord of that particular run-off,

Bilt investigations on the Sapt Koss

(a) General

The silt work mainly relates to the silt carried in suspension by the river
water and the investigations comprise, firstly, routine ‘day-to—daj'r estlmat.ion of
ailt load and, secondly, special work directed ab obteining added information on
certain particular aspects of silt load and bed silt. There are two field silt la-
boratories at the Sapt Kosi river, one ab Barakshetra on the main river near
the dam site and the other at Trebeni. The main part of the work has been
carried at those field laboratories and the speciahized work with bulk silt load
and bed silt samples at the Hirakud Research station.

"5} Collectron of water samyples from the river and its tributaries

Collection of water samples is done at 5-6 verticals on the Sapt Kosi dis-
charge site where the river passes through & narrow gorge about 500, feet wide
and 25 3-5 verticals on the three tributaries. Water smples are collected with
the help of one-litre capacity Punjab-type bottle sampler at the conventional
six-tenth of the depth of water at each vertical during normal stream flow.
However, the sampling presents considerable difficulties during hlg}l—dmiharg_:
period due to a velocity of over 20 feet per second that the river attaing wﬁen ¥
becomes hazardous to ply the boat. During that period the sampling rte?lmtoa
suitable boil or failing that from near the water sgr_face lias to be reso: X
A fair amount of work is involved to come to a decision w.uth regard to thq con-
version factor which has to be applied to bring the analytical dats to a uniform
and comparable basis. ‘

(c) Estimation of susponded silt load 10t et lond it
que . actice of estimating the suspende oad into its
°°9‘1‘ST3,%II}$6% a.nr-g]:‘:;lg ;il?: fractions has been similar to t_he one described in the
note for the Hirakud reservoir. The discharge and silt data for the years
1948-1950 on 10-dsy mean basis is _presented in Tables XXXT to XXX]II
and diagrammatically presented in Figures 42 to 44.
MOBI&P



TABLE XXX1 .
Statement shotwing ten days total and meon silt load of Sapt Kosi for the year 1948.

; Beadiment load in foot-acree . .
Ten days total {Mean discharge| Cumulative o Ten daye Cumulative
Da; weharge in 1B ous0es dischargs m m in footsscros
" b cagees Coarse Medium Fme Total m-
-’ 2 3 4 5 8 7 8 9 .10
' J
Januzry— l
I-10 ,. 153,140 16,316 21-28 7 40 17-59 46 27 483
1I-20 . . 141,430 14,043 18 07 8 06 14 01 36-14 3.61]
21--31 ,, . 145,845 13,243 14-23 4 95 8.48 27-67 2-
Total .. 440,474 €40,474 sl &8 18 41 40 09 110-08 110-08
February—
1=10 .. - 120,467 12,047 72 2-81 2.08 18-11 1-31
11—20 ., .. 113,467 11,347 590 4567 |- 3 28 33-81 138
2129 .. ' 102,931 11,437 7-87 7-25 b5 80 28-63 £+29
Total .. 336,865 777,530 20 80 15 63 11-32 4756 157-83
March- :
1—10 . 118,264 11,828 13-34 343 8-58 2346 2-84
1120 , - 103,008 10,310 8 85 3-14 582 17 8 1+79
21-31 .. . 135,124 . 11,3718 25-88 16-34 72 68 114-7) 10+43
- Total , . 244,486 1,121,825 47 88 22 96 85-18 15602 ars-es
1—-10 . . 124,817 12,482 27-29 18-07 64 48 110:72 11-07 '
11--20 .e 147,275 14,728 53 00 41 02 18534 259 48 95-04
21--30 .. . 174,147 17,915 60 01 87 98 232 13 400 12 9
!
o Total . 446,239 1,565,054 160+29 14707 461 b3 " 770:20 . ,1,083:04
1-10 .. . 244,842 24 464 . « 160-54 162 39 433.0% 15835 75 64
1120 .. . 273,604 27,3686 Yo , 16872 20330 162-ak 52557 53-56
2181 ., . 367,490 33,400 ’ 223-58 707-87 35958 1,204-08 t Al7-82
Totay .. 885,800 2,483,850 548-84 1,085-468 Prrrey 2,577-08 8,001.89

on



11—20 ..
21—31 ..

 Total
Leplember—
1-10 ..
1120 .
2130 .

991,867
646,917

—

1,947,080

'1,144,829
2,311,448
1,620,201

5,084,368

1,8424047
1,848,790
1,988,750

300,376 |

5,080,267

1,843,089
1,663,877
1,495,043

4,032,000

1,210,137
863,848
682,278

2,746,283
409,630

316,144
308,860

1,055,934

280,425
224,720
213,325

718,479

1)

]
30,938 i
00,167
64,602

114,463
, 231,145
148,026

. 184,275
184,879
180,795

184,399
159,388
149,504

121,014
85,387
62,026

40,993
33,614
30,086

08,048
22,473
10,393

4,401,819

.

, 0,486,187

15,166,474
20,(;39.333
22,545,066
23,001,620

24,620,009

280 98 364 00 -133 78 719 681
820 40 1,810 88 25798 63 5,420 80
740-22 986 06 1,272-88 2,849-17
1,841 &8 3,16f 82 4,205 27 | 9,208 67

‘o, ]
881 49 1,735+78 | + 1,890 69 4,607-9¢
1,610 07 5,988 46 9,346 93 16,935 45
734 04 . 2,061 8 3,913 96 8,711 59
3,227 60 0,785 82 15,141 58 | 28,156-00

i

:
732 38 1,927 51 3,805 75 6,525 39
545 30 1,832 09 3,171-56 5,549+03
643 45 2,707-14 5,037-656 ,8,388-?5
1,921 17 6,437-34 12,074 86 20,463 37
480 71 2,287 18 4,000 68 6,074.57
510-32 1,513 00 2,446 32 4,460 64
684 85 1,436 03 2,108 11 4,128 99
1,775 88 5-238 21 8,561 i1 15,573:20
361 04 1,145:08 2,228 72 3,734-84
183 88 449 68 84]-64 1,466 28
a3 34 26924 442 46 505 04
618-06 1,864 28 3,612-82 5,005-16
24-57 45 61 174 92 246-10
37-80 44 81 111-09 193 79
45-18 50-82 182 40 258+14
107 84 141-34 448 05 607-03
4457 39 78 48-89 133-24
24-51 16 92 31-70 73 13
17 53 11-74 17-08 46 35
86 61 08-49 97-67 252472

77-08
542 09
20092

652 56
762 61

" 697 48
446-96
412-50

373 48
-145 53
73 19

12,870°85

41,025+56

61,488+03

v 77,082-13

82,057-20

" 83,754-32

84,007-04

Nore.—Convemion factors were apphilied to tho coar o and medium mit Joads for periods during which water samples were collected from near the water aurface,

in1



TABLE XXXIT
Statement showing ten days total and mean silt load of Sapt Kost for the year 1949.

Sediment load in foot-acrea
Ten daye total |Nean discharge | Cumulative Ten days Cumulstive
Days disoharge i 1 cusece disobargs 1a mean  foot-acros
cusecs cusecs Coarse Medivm Fine Total
1 2 3 4 5 8 7 8 9 10
Tuary—
1--10 .. - 183249 18,326 14-11 8-70 26 74 49-65 3]
I1=20 .. .e 166,007 16,601 915 6-76 20-65 36-46 3-65
2131 ., . 173,800 15,801 7-00 5-04 23:862 36-48 3-31
Total .. 823,065 523,085 30 28 21-40 70 81 122-47 * 122-47
February—
I—10 .. .. 170,381 17,038 1243 15 57 28-98 86-08 &-70
11-=20 .. . 168,470 15,847 7-08 5-23 2090 33.22 3-32
2128 .. . 133,259 15,407 4 42 . 3-03 13-76 21-20 2-65
Total! .. 452,600 975,155 23 04 23-83 63-83 141-40 263-87
Mareh—
=10 ., e 141,393, 14,139 502 308 12 39 21-39 2.14
1120 ., . 140,678 14,068 7+70 8 05 16 06 31-81 3-18
21-31*,. . 145,254 13,2056 5-44 4-68 2248 32-49 -85
M
; “  Total .. 427,325 1,402,480 18-17 18-61 50-91 85:89 349-60
il . .
1-l0 ., . 167,064 16,708 33-50 53 41 2Nn-30 3568-21 35-82
1120 .. e 196,732 16,873 40 41 91+40 83-28 224-09 22.41
21—30 .. . 215,036 21,604 62-04 158-38 374-31 444 73 49-47
Mo Total .. 578,832 . 1,981,312 144-95 303-19 62889 1,027.03 1,876-59
y—-
1-10 .., .- 217,662 21,768 8-52 168-25 208-35 453-12 45-31
11-20 .. . 281,817 38,182 181-91 693 17 787-18 1,862-88 166:29
21-31 .. .r 411,082 37,31 . 196-11 470+65 574-25 1,241-01 112-82
Total .. ‘ 1,010,461 2,091,773 45454 1,332-07 1,670-38 3,366+-09 4,733-58

¢01



June—

1—10 .. . 387,821 38,763 171 41 480 87 812 89 1,271:17 127-12
11—20 .. . 768,662 78,850 340 07 1,311 0¢ 2,332 70 3,983-81 39838
2130 .. . 1,122,081 112,208 650 GO 2,725 26 6,316 i4 9,735 09 973-61
197,24+ 65
Tolal .. 2,278,264 5,270,037 3,162:27 4,523 17 9,305 73 14,901-07 ?
July—
v 1—10 . . 1,442,469 144,247 821-38 2,713 93 8,200-16 11,744 47 1,174-42
1120 . . 1,557,000 165,701 844.87 6,873 10 12,787 38 20,505+33 2,050-53
2131 .. ‘e 1,762,896 160,245 781 82 3,477 38 6,662-93 10,802-13 28201
" Tatal .. 4,762,174 10,032,211 2,498 07 13,064 41 27,550 45 43,051 93 62,776-58
August— :
—I0 .. . 1,267,941 128,794 612 15 1,707-42 3,000 42 5,328 99 532-00
' 1l 20 .. .- 2,202,727 220,278 1,043 27 3,715 36 7,498 30 12,317-02 1,231-07
21—31".. . 2,127,967 193,452 1,280 23 3,032 34 8,456 86 10,769 23 979-08
} Total .. 5,608,644 15,830,856 2,935 65 8,516 12 16,064-47 28,415-24 91,191.-82
Seplember— )
1—10 e t 1,871,644 167,164 783 10 2,766 16 5,263 99 8,703 25 87033
11—20 ., . 1,624,645 162,465 677-54 4,382 06 10,550 85 15,810 45 1,661-05
21—30 .. . 1,065,031 106,503 413 38 1,288-48 1,880.18 3,601-02 369-10
Oetod Total .. , 4,261,320 19,802,176 1,854 02 8,438 70 17,704-00 £7,994-72 110,186-54
L
i—10 ., . 789,061 78,006 134 21 547 20 766 60 1,448 01 144-80
11—20 .. o 720,860 72,086 6306 572 64 662 63 1,098-23 109-82
21—-31 . . 574,458 52,223 82 89 204 30 334 20 621-48 56 60
' Total .. 2,086,219 21,877,464 28016 1,124 04 1,763 52 3,167 72 122,354-26
November—
1—10' ., . 406,508 40,660 38 57 99 38 148 93 284 68 28 47
11—20 .. . 306,002 30,609 37 41 45 03 06-18 178 62 17-86
21—30 .. . 259,628 25,953 35-98 24 05 56 48 117 42 11-74
Total . 073,116 22,950,570 11 77 160 38 2990 59 580 72 122,934.08
lecembor—
1—10 .. . 220,197 92,040 10M04 12 26 30 30 52 6o 5 21
11—20 .., . 105,612 19,661 . 6 52 815 23 18 36 85 369
2A—3L_,» 105,819 17,802 808! 11 58 27 77 07 43 431
Total .. 611,828 23,662,308 24 64 | 31 09 80 25 136 88 193,071 88

—

Note.—~Convernion fastors wero sppliod to the 0o31¥0 and medium silt loade for pariods during which wator samples were collected from near the water sartace.
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TABLE XXXIII
Statement showing ten days total and mean silt load of Sapt Kosi for the year 1950.

— e e —
. ' { . Sedvmont load m foot-acres l
Ten dnvs total [Mean discharge| Cumulative i "7| Tendays Cumulatrve
Days discharge n n cuaccarg diwecharge 10 } ‘ ! mean in foot-acres
cusecs cusecd Coarso | Medum I Fine Total H
|
1 2 3 4 5 ] I! i 8 9 10
| |
Janyary—
I—-10 ,. 182,004 16,200 8 51 7 88 28 53 40 90 4-00
11-20 ,. 154,880 ; 15,468 5 91 8 57 28 30 40 78 4 08
21=—3 .. . 154,888 14,081 6 03 6 68 22-57 35 88 3-26
Total 471,642 471,732 10 04 21 11 77 40 117:56 117-566
5o ruary—
110 .. ae 12¢,711 12,671 4 77 5 10 - 18 80 28 67 2.87
1120 .. L. 130,800 13,000 4 08 4 38 18 ¢6 27 08 2.71
, 2128 .. 105,580 13,198 314 310 12 80 19 04 238 10235
Total 363,100 634,922 11 97 12 56 50 26 T
s Marshe— .
110 ,. N 118,230 11,824 3 54 2 39 20 ¢4 28+50 2-85
Nn—-20 ,, . 113,073 11,307 1 4 20 4 38 16 34 25-00 250 ||
21--31 ,. 128,454 11,409 619 855 21 47 36.21 3-30
ap Total R 357,808 119,272,8 13:99 16-26 58 47 87-71 28000
1-10 , v 117,783 11,778 P 3.68 18 53 24.56 2.46
1—20 ,. . 114,920 11,492 4 12 391 16 37 2440 2.44
130 .. . 133,448 13,345 13 83 16.39 23 87 6409 541 .
Moy Total ., * 306,151 ’ 165,887,91 *, 22 30 23-08 58 77 103-05 38311
— % .
1—-10 ., |+ 158,185 15,619 27-74 »25.83 17778 | 231.33 23.13
‘1,1—20 . . 161,136 16,114 35 65 33 56 242 79 311.061 31-19
2131 ». on 204,153 20,741 159 21 18173 508 338 859 28 18:11
Total ., 611,474 1 217,035,3 22250 251-13 « 928 88 1,402-52 1,785-83
1)




Jung—

1—10 .. - f 254,971
11-20 .. . 276,849
21—=30 .. . 1,013,311

Total .. 2,148,256
Julye— -
I—10 .. . 1,127,667
o 11=20 ., . 1,130,886
21=31 .. . 1,873,088
Total .. 3,932,622
’duyuat-- -

1=10 .. . 1,365,388
11—-20 .. . 2,035,146
2131 .. T 2,871,095

Total .. 6,071,828
\ September—
1-10 .. e 2,036,604
1120 .. . 1,328,219
2130 , . 846,604
Total . 4,200,427
Oclober—

1--10 .. 608,220
i1—20 .. e 485,301
2131 .. - 370,039

Taotal .. 1,403,569
November—

1—10 . . 289,106
1120 .. . 202,308
2]—30 .. . 210,135

Total . 761,808 1
Dicember— 4 !
-10 ,. .. 178,633

N=—20 .. * .. 164,602

2131 .. . 148,228

Total .. 509,468

4

85,497
77,804
101,337

112,767
113,087
152,181

138,530
203,615
242,827

203,580
131,822
54;660

60,823
48,630
33,640

258,911
26,237
21,304

17,803
16,480
15,112

431,863,9

825,116,1

14,322,789

18,523,216

19,986,785

20,748,593

21,258,056

228 81 476-71 578 68 1,981 20
54064 1,255 92 2,219 72 4,025-29
774-19 1,377-64 2,003-25 4,156-08

1,562+64 3,110-27 4,801-65 ,484.57

* '712-60 1,575+61 2,836-82 4,924.84
646-63 1,167-99 1,989-70 3,704 32

1,139 56 2,213-20 4,248-82 7.601.69

2,398-80 4,858 80 8,875-15 16,230 76

1,018 32 1,783+89 3,433-01 6,235 02

1,391-09 2,851+89 6,446-21 10,680 19

2,082 46 3,614-33 8,810:10 14,508-88

4,401+86 8,249-91 18,689.32 31,431 09

1,686-77 2,64344 5,314+70 9,644,901
81556 1,282:90 2,005-73 4,104 18
344-13 35670 51371 1,214-54

2,846-45 4,283+04 783414 14,963 63
182-88 136-78 27752 59718

04-09 95 34 20880 398 32
64-74 33-70 3651 18504
341-71 285 91 57292 1,180-54
56 43 1977 5629 132 49
44 32 17-26 55-10 116-88
28 T4 14 18 41 31 8423
126 49 51 21 132:70 33340
18 63 7+80 32 24 58 47
10 90 415 27 00 42 15

733 470 2823 38 78
36-86 ! 16 45 a6-04 139-38

125-43
402 53
4156-51

402-48
370-43
691 -65

623-50
1,068-92
1,318-81

904 40
410-42
121-46

11,250.20

27,480,965

58,612 04

73,875-67

75,066-21

75,384.61

75 538 99

Norm.-Conversion faotors were applied to the ooarss and medium silt loads for periods during whuch water samples were collocted from noar the water surface.
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Relationship between the analytical results of the coarse and medium silt frace
tions of water samples collected at siz-tenth, of the depth and from the boil or water
surface.~—This hag been the subject of considerable research at the main river
and its tributaries during the last few years. During1948 investigation relat~
ing to that point was carried at the Sapt Kosi and at the Tamur tributary and

the following conversion factors for the coarse and medium silt fractions derved,

Factora for conversion of mit

datas obtaaned from surface
samples to those of boil

River somples

Cuarge silt Medivm st

Tamur " s . . ve . 2-32 1-23

Sapt Kosi .. .- . . . 20 1-5

The contents of the coarse and medium fractions of silt load for the Sapt
Kosi and the Tamur were therefore corrected by using the above-mentioned
respective conversion factors during 1948 and 1949,

More systematic work was done during 1950 with the object of either cor-
roborating the conversion factors derived as the result of earher work or alterna-
tively to obtain further information on thst point. It has been shown on the
basis of the work doiie during 1950 that :

(i) Any factor based on the low discharge period 1s not applicable to the high
discharge period in that river and its tributaries.

(29) Medium silt bebaves, more or less, like fine silt and does not ma.m'fegt
the typical increasing content with depth along vertical. That conclusion is
supported by the fact that the total quantity of the medium silt recorded during
1950 at Sapt Kosi comes out to 19,993-43 ft. acres agawnst 19,530-81 ft.
acres, the total for the medium silt content of the three tributaries, the -ﬂow in
the latter being highly turbulent gue to the presence of a number of rapids and
Tocky bed,

(¢55) As thereis little variation of sediment distribution of coarse and
medium grade during turbulent flow in the Sapt Kosi and the tributaries, no de-
finite point of average concentration can be given. :

(i) The conversion factors for coarse and medium silt fractions decrease
with increasing discharge as brought out in Figure 45 and can therefore be best
represented as a function of the latter. It is seen in that Figure that althm:igh
the points are scattered widely, the curves for the coarse and medmm grafea
of silt do indicate the general trend of the conversion factor-closely e_znough :J:"'
various ranges of discharge. Itis further brought ou?. that when the dm0138rge of
the Sapt Kosi exceeds 2-lakh cusecs the turbulence is so great that .medgum :]11
gats more or less umformly distributed over the entire depth. Likewse, tha
coarze ailt hebaves in that way when the discharge exceeds &lakh cusecs.
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As the result of the work done during 1950 it was clearly shown that the
conversion factors used during 1948 and 1949 were very much on the high side
and it was decided to recalculate the data with regard to the coarse and medium
éilt fractions of 1948 to 1950 on the basis of the respective curves in Figures 45.
A'Bmﬁry of the experimental and correoted data for the years 1948-1950 is
given below :—

TABLE XXXIV
Ehowing the comparison of the annual run-off and suspended load of Sapt Kosi

Jor the years 1948-1950.

Bediment load 10 foot-acres .
Year | Annual run- q
off foot-
aorox Coerse mls | Medium wilt | Fine mit Total aalé | 94 silk
content
1643 €9,240,198 | Exp*
8,978-40 |° 27,102-54 45,630-38 81,600 32 @d-166
Corrv® o
10,408-02 | 27,887-40 83,805-80 | 0171
1049 47,124,798 | Exp*
7,723-28 36,714 34 76,081-04} 119,499-26 g-254
Gorr"" .
9,467-66 37,661-34 12,3080-63 0 261
1950 42,583,384 | Exp* .
e 8,898'76 19,903-43 42,183-70 72,073-89 G-18
COH."*
12,087-66 21,257-84 75,62900 0-177
Mean (1948.| 4631 .
50) 316,276 E"E,m.,e 27,603-44 | &4,616-90 | 91,085-76 0.108
% | Corrte )
110?,;64 87 28,937-73 54,616-90 94,208-30 G203
et .

*Actual experimental data. .
*+Corrected by applying conversion factor from curves in Figuro 45.

As is clesr from the Table XX X1V the silt yield of the Sapt Kosi above the

Proposed dam site for the three yea
123,091 - 86 and 75,528-99 foot-acres respectiv
In terms of 100 aq. miles of the catohmen
829 ft. acres for three years respectively
ing years will help to copfirm

during co.
aval sjle n;;?;ge,

t these

s 1948-1950 amounted to 84,007-04,
ely (mean 94,209-30 foot-acres).
figures work out to 37 0, 535 fmd
(mean 411 foot-acres). Observations
or modify thig pbpormal figure of apr
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Probabls rale of siliing of the Eosi reservowr

Tt is proposed to instal sluices in the dam at the lowest possible level consis-

tent with assured operation. It is further proposed to operate the storage in the
"reservoir in such a way that the heavy silt laden water of the earlier floods will
not be stored but allowed topass below the dam thus carrying the maximum
amount of silt charge with it. As however the flood water would normally pass
through the dead pond provided for silt reserve resulting in a fall in the velocity
of water flow that will affect the silt charge at the entry and some part of the silt
is bound to get deposited in the reservoir. In the absence of relevant data
on other similar reservoirs, it is not possible to say with any degree of certainty
* what part of the silt charge during floods will be retained in the reservoir and
what part passes down, considering thatwaterwillbe stored only after the
floods are over and silt charge is relatively low (live storage of 38 and 68 mil-
lion foot acres willbeonly 7-50 and 13+ 8 percent.of annual runoff) and that
water will be discharged through deep set sluices carrying bulk of the silt charge.

The mean silt fignres for three years 1948-1950 work oubin foot-acres as
under :

Particulars. Coarse Medium Fine Total
Exp. 8,865:48 27,603-44 54,691-91 91,060-82
Cor, 10,654 -44 28,895-46 54,501.91 94,141-81

"

The nature of variations in the silt data for the three years as indjcated in
Table XX X1V do not justify any but rather broad generalizations, For genersl
interest, however an attempt has been made to work out the period after which
the live storage in the reservoir shall start getting affected. As has been seen from
the ultramechanical analysis of bulk silt samples about 70 per cent. of the silt
load is below 0-03 mm and with the high velocities of Sapt Xosi during the flood
period, such fines may not settle down in the reservoir even though the veloci-

ties will be considerably damped in the reservoir. The annual rate of silting has
been computed as below :

— m—a—

Portion likely 10
he deposy
in the re-
EErvOoLr
(foot-acres).

i s iyl

10,654 -44
23,11837

Mean annual figures {1948.1050)

Coarse malt 10,654 44 @100, .. .
%Iedml‘:l slt 26,805-46 @ 809, . . .
e st 54,591 -1 @ 30% and et densi 5§ o7
e 83 o enmity of mud as 1-5 d.e, 669,

Bed ailt 94,141°81 (sssumed @ 20% of th total ilt load) iy fé’,ﬁg‘é’.'é’(?

et

" 83,377-17

e
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On the above assuription the period after which the live storage starts
getting affected works out as 366 and 48-4 years for a dead storage or 3-11
and 4+12 million foot-acres respectively.

If the hive storage, which is primarily meant for flood regulation, is not to
be impaired after the lapse of that period, additional dams will need to be cons-
tructed higher up on the tributaries during that period. Any encroachment on

.the live storage will reduce the extent of flood moderation and the generation
-of power, . .

" Itis advisable that more data be collected at the Sapt Kosi river to examine
the validity of the above figure for the life of the silt reserve capacity of the pro-
posed reservoir,

SPECIAL IKVESTIGATIONS IN CONNECTION WITH THE SUSPENDED SILT LOAD OF THE
MAHANADI AND THE KEOSI RIVERS
Besides the routine work relating to the estimation of suspended silt load
of waters of the Mahanadi and the Sapt Kosi at the field laboratories, the fol-
Iowing special investigations were carried at the Hirakud Research Station (%).

Variation of silt load with varying discharges of the two rivers

. The variations of the™ total sediment load and its coarse plus medium and
fine silt fractions with varying discharges in the Mahanadi and the Sapt Kosi as
observed during 1948 and 1949 are disgrammatically presented in Figures 46 and
47 respectively. It is seen that there is, in general, a progressive Increase in
the total silt and ity various fractions with increase in discharge in both rivers.
Howéver, whereas the curves showing the relationship of silt for the Mahanadi
were more or less, analogous during those $wo years, for the Sapt Kosi,
oz acoount of relatively higher discharges attained in that miver during
1949, the curves for that latter year are placed distinctly higher than those
of the previous year in Figure 47. ~ It is felt that the utility of this relationship
* tannot but be quahtative as the conspicuous difference m the siit Iqad of f_;he river
‘camrying s similar discharge duringrising and falling floods is quite well
known,

Relationskip between discharge and velocity of waters of the two rivers

The variations in the discharge with the velocities attained by river waters
are diagrammatically presented in Figures 48and 49. Itisshown that whereas
in the case of the Mahanadi, a velocity of about 8 feet /second corresponds to &
discharge of over 7-5-lakh cusecs, but an equivalent velocity of the Sapt Kosi
River water corresponds to only a discharge of about 50 to 60 thousand cusecs.
The velocity that the latter river water attalus durmg_ high floods 18 15 to
20 ft/sec and at that high velocity a discharge of 2 little over 4-_Iakk cus]ics
may be recorded. 'The high silt capacity and preponderance of relatively hlfg ];ar
sized silf particles in suspension in the Sapt Kosi in comparison i:;o t}lllai} of the
Mahanadi may partly be attributed to the high velocity attained by the former.

Variation of suspended silt load with depth along the sampling vertical 1
i 1 i A, led to the conclusion

A number of experiments carried out in the U.S.
that g sample 1t';a.ken fI;om six-tenth depth gives the mean percentage of suspen-

sion in the vertical. Experiments condncted in Egypt indicated that therclay
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and silts were, fairly constant throughout the depth along a vertical, the varia-
tion being almost entirely in the coarsergrades. The experiments done in India
have shown that the depth of mean silt point on the vertical incroases with an
increase in the average particle-size in suspension. It was therefore considered
of interest to study the variations in different size grades of suspended load at
varyng depths along a samplng vertical.

Work has been carried on the aspect of silt load for a number of years in
succession on the Mahanadi. During 1947, observations were taken at Sambal-
pur site on days when the river discharge varied from 64,625 to 638,179 cusecs
and the river depth at the experimental verticals from 8 to 20 feet. Water
samples were collected at0-1,0-2,0-3,.. ... 0-90 along the vertical section of
the stream. The results of coarse and medium sediment contentsin ce. per litre
of water were obtained and are diagrammatically presented in Figure 50. Ttis
seen that, in general, the contents of those sediment fractions increased from
surface downwards, the meréase being more conspicuous in the case of coarse
than the medim fraction. Moreover, the mean concentrations of those frac-
tions gorrespond to the dopths 0-45 D o 0-66 D (mean 0-55 D) for coarse and
0:4 Dto0-7 D (mean 0-58 D) for medium fractions respectively.

In 1948 that investigation was extended to other sites viz. Kaimundi (pro-
posed Naraj Dam site) on the Mahanadi and Saplohara on the Ib, a tributary of
the former. The experimental téchnique was the same as during the previous

r. TheTesults of the present investigations are diagrammatically represen-

d in Figure 51 and the mean concentration points of the coarse and medium

silts are also indicated. The general nature of the curves are similar to those

roported in the above paragraph. The mesn concentration points for the coarse

and medium sediment fractions correspond to depths 0-44D to 0-61D (mean
0'53D) and 0-4D to 0-63D (mean 0-52D) respectively.

During 1949, besides the coarse and medium silt fractions %t was considered
of interest to study the variationsin the finesilt fraction for which it is generally
assumed for routine purposes that there is little variation _along t]:}e vertical
depth. The latter fraction in our routine estimation comprises particles below
0-075 mm. That fraction was divided into two sub-fractions i.e. partlclezs rang-
ing from (075 mm to 0-02 mm and those below 0-02 mm. That year’s work
thus related to four categories of silt particle-sizes, otherwise the technique was

similar to that adopted during previous years.

The results are plotted in Figure 52. It is shown that ‘
{2) The coarse and medium silt concentrations vary along th;s vertical
depth of the stream and increases from surface downward .
’ oint for the coarse and medium silt frac
tions in the majority of cases lie near 0-55 D or 0- 6D, tl;;t olf tlt:rfm.
mer fraction boing relatively at lower depth than for the latter.

(1) The two sub-fractions of fine silt do not manifest any marked varia-

tien from surface downwards, - '
(#v) The variations in the discharge seem to affeot s1(¢ ??”tgf’ﬁ?” af
" all points along the vertical, being loy for lean and h gh for bigger
ischarges respectively .

(¢%). The mean concentration p
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A comparison of the ¢ butket’ and “bottle’ sdmpling of water for streath

. . For daily estimation of the suspended load the essential requirements aré
the ase of the right type of silt sampler and the selection of sampling site and
sampling verficals to get the representative mean silt charge. -

Experiments were conducted at Barakshetra on the Sapt Kosi to bring out 2
comparison of the silt load of water samples collected with the help of (z}-ordi-
nary bucket and (%) I-htre capacity Punjab-type Bottle Sampler at a number of
samphng verticals on the Sapt Kosi. The contents of the coarse and medium
alt fractzons in those Samples are presented in Table XXXV. The results are
very interesting and bring out that :

(¢) The results of coarse and medium silt contents in water samples collected
* by the bottle sampler fairly agree but those of samples collected by bucket tend
to show wide variations. ~ -

(s) . The mean values of coarse silt eontent are invariably higher and those of
medium smlt content in a majority of cases in samples collected by the bottle
method than the corresponding samples.collected by bucket.

(i¢i) The silt charge in samples éollec‘i-iéd by bottle method ga.lqng the cross-
eection at different verticals does not show so conspicuous variations as those
tollected by. bucket, - - -

() The charge of coarse silt fraction in water samples collected from nesrez
the two banks of the river is relatively higher than those collected from verticals
on the midstream. _That also applies tosome extentto the charge of medium
alt fraction, )

Experiments on gimilar lines were carred on the Tamur, tributary of the
Sapt Kosi and the results agreed fauly with those obtained and reported for the
latter,. The differences in the behaviour of the samples collected by the b‘lcl_‘af'
and bottle sampler are attnbutable to the fact that the buc]_zet sam_plmg_ being
instantaneous sometimes catches the silt from eddies and at other times it does
Dot whereas sampling with bottle, which consistsin collecting four to five bottle-

“ful of sample at each site, tends to catch a sample which is much wmore represen=
tative of silt carried in suspension at ‘the samplng vertical.

Vanations in the nature of sult hl-oadsm rovers during freshels
’ /

Certain variaticns in the nature of silt in suspension in the river waters a

the time of guccessive freshets during the years may be expected. For mstance
there may be differences between ailts corning along & winter freshet ‘fml'l(li thai,
during the one in monsoon period. Such a study affords a progressive icea Of
the quality and grade.of material which can be expected in the river or any o
its tributaries during the year. ‘Sainples 6f water are,

the stream, in Buﬁiclgent qu);ntity to yield a cigarette tin-ful of dry Sﬂ‘{edm}; tmg;
1 awells due to an occurrence of a freshet. A systematic study i3 carﬁnne :; "‘f‘web
those bulk freshet silt samples of their particle-size cistribution, I I;ed irors
density and void ratio characteristics and the resultsfor samples collec

the Mahanadi and the Sapt Kosi and their tributaries are diagrammatically
Presented in Figures 53 to 58. - - -
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TABLE XXXV

Coacre silt co per Litre

oo per liwe

Metbod of water

Dato sampie colleotion '
30’ 60 100’ 140 220 260 280’ Mean
11-7-50 | Buoket 0235 0-265 0 0y0 0-085 0-120 0 310 0-310 0+211
Bottlo 0370| o06| o0210( 017 0180 0210 0375 0-228
12.7-50 | Buokos 0-260 0 300 0-210 0-105 0 090 0-365 0,350 0232
Bottlo 0-370 0- 200 0-150 0-200 0-180 0-276 0-425 0-264
13.2-60 | Pucket 0.275 ¢-180 0-160 0-100 0+100 0-085 0-190 0-147
Bottle 0.280 0-9225 0-100 0-150 0 135 0 140 0 225 0-176

I

15.7-50 | Buoket 0.245 0-180 0-205 0:080 0-240 0-255 0 716 0-259
Bottle 0-325 0-200 0-195 0 195 0-295 0-415 0-560 |* 0-200
16-7-50 | Bucoket 0.275 0-200 0100 0-095 0-070 0-200 0 710 0218
Botsle 0-275 0235 0 135 0 160 0-220 0375 0570 0-271
17-7-50 | Bucket 0,260 0-075 0-085 0-055 0-075 0-075 0-506 0-145
Bottle 0.295 0:190 0-150 0-130 0-165 0-245 0-470 0-244
18-7-50 | Bucket 0.300 0:146 0-165 0-050 0:060 0-385 0-760 0-239
Bottle 0-310 0-150 0 135 0+210 0-225 0-215 0-565 0-240
10.7.50 | Buoket 0-150 0 083 0.080 0-075 0 106 0:225 0-350 0-138
Bottle \ 0-270 \ 0-200 185 0-175 0-215 0-340 0-520 0-258

.
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TABLE XXXV—contd.

Cottie

Medjum silt ce, per litre oe, por litre
Method of water
Dxts sample ollection 7
30’ 100’ 140” 1807 2807 Mean
11-7-50 | Buoket 0 018 0430 0-320 0 455 0 455 - 445
B::tl: 0 560 0-425 0-320 0-396 0-420 0-402
12.7.50 | Buckat 0-416 0-500 0-400 05620 0-545 0-496
Bobtle 0-530 0 390 0-436 Q-390 0-580 0-469
13-7-5¢ | Buckes 0-465 0-515 0-430 0-285 0-480 0-422
Bottle 0-450 0 500 0-3956 0-425 0500 0-411
18-7-50 | Bucket 0-495 0 676 0-415 8 380 0-995 0 539
Bottle 0.615 0-485 0 500 0-626 0-705 0-566
18-7-50 | Bucket 0-550 0 410 0-455 0 185 0 476 0-935 0-508
Bottle 0548 0-500 0-500 0-525 0- 0 730 0-536
17.7.50 | Bucket 0 570 0-340 0-3b65 0-165 0-680 0-424
Bottls + 0-635 0 528 0-545 0-530 0-880 0-578
\‘ .
2
18-71-50 | Bucket 0-580 0 460 0-240 0 220 0-725 0-461
Botle 0775 0655 | ~ 0510 0:530 0-660 0691
’ 3

19.7-50 | Buoket 0 480 0 356 0 325 0-220 0-780 0-429
0-530 0-410 0:300 0-330 0-650 0. 461

931
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20-7.50 i

21.7.50
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0-935
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0-780
0-895

80'
0-685

220"
0:835

-t
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0710
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1200

*'0-865

280
0-790

4:580
5-380

4-440
4-693

6-595
4-083.

10550

'0.754
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(a) Particle-size distrobution

_ Mechanical analysis of silt samples for particle sizescrf.ngi;_ag from ultra-
fine size of 0-0002 mm to 0-6 mm, was done by émploying a mich—pipéttte for
pipetting out aliquot fractions of silt suspensiong' for particle SlZE? })elow 0-001
mm. The particle size distribution curves of & few typical samples representing
the Mahanadi and the Sapt Kosi river systems are given in Figure 53 which bring
oub very clearly that the Mahanadi silts contain -4 much higher + proportion of
finer particle sizes as compared to the Sapt Kosi silts.

b Funeness

In order to obtain a single value characterization of silts from those two river
systems jn terms of fineness, the specific surface values of these silt samples were
determined with the help of the Blaine’s air permeability apparstus.

The determination of fineness required a pre-i;reatment to affect the break-
ing up of the aggregates of silt particles, formed during the separation and subse-

quent drying of silt from waters, to a fineness corresponding to that in wet state
of suspension in water ab the tume of collection,

A series of trials were made with a view to evolve g suitable technique for
dispersing @ry silt samples as given below :

(3) dispersing with denatured aleohol and removing a}eohc;!‘by burning ;
(i1} wot grinding with denatured alcohol and removing aleohol by burning ;
(i) ‘ag (#i) but removing the aleohol by evaporating it to dryness ;

() wet churning the suspension of sift in ateohol by means of a high

speed cylindrical brush stirrer of the type used for Wagner's Tuzbi-

dimeter equipment followed by removal of alcohol by evaporating
. Yo drymess. T

des 1‘; WdaSEOund tl:;t I{)lre-t]rjeatment of dry silt samples aceor ding to method (i)
. cribed above resulted in reaking up of a. gregates m thes dr:sil les to
the required limit of their fineness and Emumgd > e dry silt samp
face. Moreovera single treatment was enough 2

i ugh for th from
the comparative results of fineness of ¢ purpose 4s shown

given in Table XXXVI, samples treated by those'f_ four methods

reproducible results of specific Sur-

¥
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TABLE XXXV,

S}'O"’i”gfm?“'ism of values of specific surface of bulk silts after sub :gdion
to different trealmends -

) ’ ' Finensss sq om/gm
Bt No. Operation - . . —
: Untreat- | () Bur- | (13} Bur- [(i) Grind-|"(ir) Chur.
- od ning witk-| ning and | imgand | mng and
. ovt grind.| grinding { evapora- | evapora-
- ing ting ting
-1 2 3 4 5 6 LT
Saploharal .. T aoa | sz | 16010 | 16820 | 2550
2 . 18,250 | 18,450 | 26,320’
3 - . . 19,450 19,900 .
Saplohara 2 .. 1 2,500 2,660 10,020 12,210 - | 22,260 «
- 2 . 14,030 14,320 21,930
3 . .- 15,100 15,510 .
Saplohara 8 .. 1 2,042 3,147 7,637 7,621 12,680
) .. . 7,678 8,600 | 13,030
3 . . 8,358 9,080 .
Saplobara 10 .. T 3,508 4,004 8,969 7,026 | 13,060
2 . 7,889 8,268 12,290
o L 3 . . 7,889 8,450 ..
Barmul 3~ .. 1 3,684 4,171 7,593 11,190 20,600
g .. .. 12,130 ! 13,400 | 22,250
3 . 13,450 | 14,140
Darakshetra 3 .. 1 4,769 4,757 5,184 5378 |. 6,161
' 9 . ) 5,374 5,578 6,142
3 . . 5,395 5001 | ¢
Arond " .. 1 2,747 2,738 3,477 3,730 | 3,809
2 . 3,084 3,853 3,854
3 . . 3,884 3,884 .

The figures of specific surface (sq. om/gm) for a number of silt samples are
d'i&gmmmgil:aﬂy p?;sented il:l.]i'igu(re(a1 54. é)n the basis of this characteristic 1618
shcorn that, firstly, the Mahanadi silts are considerably fincr than those of Kosk -_
and, secondly, the silts carried in guspension during earlier freshets in these nv:m‘
are relatively finer than those represen ing subsequent fresheta. This stady t ut: .
sorves to confirm the conclusion drawn earlieron the basis of the resal

of the ultzamechanical apalyss of those gets of allb samples,.

MsCBlaP -
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- {c) Mean diameter of particle sizes of silt samples

From the particle-size distribution curves of silt samples from the two
river systems, the mean diameter size of each sample has been worked out statis-
ticelly, Two alternative ranges of sizes of silt particles have beén.considered
for computations in that connection, i.e., 0-0002 mm to 0-075 mm and 0-0002
mm to 0-03 mm respectively. A plot of the mean diameters of silts on the basis
of either of those particle-size ranges against their respective specific surface

values are presented in Figures 55 and 56.

An attempt has been made to obtain a statistical correlation between the’

fineness characteristics of silts, as defined in terms of specific surface, which can
be determined relatively quite quickly, and their respective mean diameters as it
shall be very helpful to arrive at the latter value on the basis of the experimental
results of specific surface. The correlation obtained are given below :

Range of particle sizes Correlation Coefficient Linear relationship

0:0002 mm to 0°03 mm -0-713 yx10~%= —1361z,4-2535
0:0002 mm to 0-076 mm ~0-854 pX10 3= —872-12,427-38

where y is specific surface value in sq. cm/gm and #; and z, are the mean dia~
meters for the two ranges of particle sizes respectively. It is seen that the corre-
lation co-efficient for the range 0-0002 mm to 0-075 mm is relatively better than
for the other range. The difference between the two correlations is, however,

not statistically significant for 53 observations taken for purposes of this study.’

T (d) Fz'néness of silis in relation to sieve analysis

This study was made to examine the possibilities of obtaining an idea of
the value of specific surface from sieve analysis at places not equipped with re-
quisite apparatus “to carry out the test for finepess. Figure 57 presents the
relation between the value of specific surface for silt samples and the percentage
of particle size retained on B.S.S. sieve No. 325 (0-043 mm mesh). This rela-
tionship has been obtained for freshet silts from both the rivers, the finer ones from
the Mahanadi and the coarser ones from the Sapt Kosi respectively. Ibis thus

shgin that a rough approximation is possible that way.

(e) Wet density and vord ratio

n laboratory scale with the various freshet samples to
the fineness with wet density and void rat‘&io. The
results of that study givenin Figare 58 indicates that the wet density decreases
and void ratio incriailes with an increase in the fineness of silt. Beyond a certain
degree of fineness of say 10,000 8q. cgn[gm any i_’urbhe_r increase in fineness seen:s
40 have little effect on the wet density and void ratio.

A gudy was made o
obtain a relationship of
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CHAPTER 4

Silt Studies of Some Existing Reservoirs
in Other Countries

GENERAL

"This section deals with the silting of some existing foreign reservoirs.
Information regarding silting and connected data has been collected from
published literature, office files and other notes and has been compiled in the
form of & statement in Table XXX VII.

- This statement deals with most of the important foreign reservoirs in the
*world but is by no means complete. It is presented in the hope that its cirou-
lation may help to stimulate interest in the problem and thus bring to light
much useful information which may be available at the many reservoirs in India
and abroad. As mentioned before, the data collected from the existing Indian
reservoirs is given in Chapters 2 and 3.

The statement has been arranged in the order of areas of the catchment
basins, These areas are given in column (5). The rates of silting per year
per 100 square miles of catchment are given in column (20).

Some details of individual reservoirs have been given, in the order in
which they oceur in Table XXXVIL.

For the sake of comparison the hydrological data for the Yellow River
in China has also been included ().
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TABLE
Silting of

Recarvolr 5 Btorags Capacity R T 'g

E THENE

© 3 HIL :\%

-~ 2 ) -}

2 | 3 & |Z8| B | B

Country River Name 8 _g v ° &g 'E 'E

$ ' s |s| & |2 |285| 35| ¢

3 ' ' EEREE IR AL SR

1 2 8 " 5 6 7 s [ o | 10 1n
1] Bgypt | Xile .~ | Aswan . |620,000 | 174 | 4,400,000 | 6-7 ] %.k]| .. [66,000,000
2| U8.A. | Colorado Boalderdam | 167,000 [726-4 (30,600,000 | 208 | 183 | 510 [15,000,000

(Arizona.) . T, .a

-a U.B.A. | Missigsippi .. | Keokuk .. [210,000 | 32| 370,000 [ 0-80 | 3.1 32 (46,000,000
4 | U.B.A. Colembia .. | Grand Couloe 74,000 | 550 | 9,645,000 | 125 | 136 . 80,000,0004
.5 | US.A. | Colorado .. | New Lake Austin| 28,200 | 65| 3000|175 [0.80| 212,827,000
8 | UB.A, -do- {Texas)| O1d Laks Austin | 38,200 | 60| 49,300 | 246 | 1.37| 21 | 2,000,000
7| U8.A, | RioGrande | Elephant Butve | 26,312 | 306 | 2,638,860 _264 100 | 10-25 | 1,800,000
8| UBA. | Pocos .. |Lake McMillan |22000{ 52! o0000| 30| g0 .. | 30000
9| USA. | Tenesseo | HolesBar .. [ 21,80 .. | 166,000 0-57| 7.2] .. |:7.000,000
10 | US.A. | Missisaippi..- | Coon Ropids .. | 10,000 | .. 8,000 | 0-20 | 0-40| .. | 4,400,000
I1 | D.84A. | North Platt | Gurnsej 16,200 { 1051 72,000 | 4-4] 4-4] .. | 1,660,000

121 US.A, | SanCarlos.. | SenCarlos .. | 13,540 | 208 | 1,248,000 . 92 |10-15 .-

13 | USA. {Cooss .. |LayReservolr | 0,087 ‘m 166,625 | .. [17-23 | 51 .
41 | UBA. | Rock .. | SterlingPool.. | 8760 | .. | 13700 | o0-4|1.56| .. | 3500000
15 | U8.A, | BgHora .. | Boysen s | 0| 44| 18,000 | 1.06 | 2-07 | 13-6 | 1,500,000
10 JUSA, | Selt v |Rocsovelt .. | 5760 | 284 | 1,622,200 | 181 | 264 | 5.35 | “r40,000

17 | U84, |Ian o | Fall | B0l ., . U N .
18 | Aostralis “1';3;:. Burrinjuck .. | 5000 | 200| 712000 | 67| 1s¢| .. | 1,160,000
19 | Africa’u | Sonloys .. |Lakementz .. | as23| .. | ose10| s2)ugr| 12| 148,00
20 - Im o  Fobtenbmoh ., | g730]| ., .- . . .. | 9,000,000
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~a
XXXVvII*
Reservoirs .
Years of capacity . -
surveys Silt deposited
L +
=] - £ -
& Sy
=8 ~ § g Sz
E 5 = |28 2o 8¢ Reference
B = - & E“ wo| Ee Remarks o, to
ER - P g (2% °s| g2 bibliography
Es |- g 2 = &, el on page 104,
£E o327 1€ e | 88 EB
= 8 = ] 33 gt 24
° - o _— s od =y 8
EB 2 ke 8 B2 g ) o ~
=3 = ] 5] c8 s ° 58 b
gl & (S | & (S (4. & g7 A
12 13 14 16 8. |..17 18 19 20 ..o 22
107 | 1900 | 1927 | 25 . - | - SR, (29), (27) and'
_ .. - ' 35)
90 | Estimated 137,000 ' . 82 | wAccepted 1n final designs |(25), (10),(31),
{ ! . “ ' - (29), (10)
‘e 80,000 |, _ * 36¢ and (9)
386 | 1913 928 | - 15} 112,000 ] ;7460 20 0-18] &-3 - {10) and (29}
R0 RN R N A . .- . (31)
.
48 | 1913 1926 13 30,620 2355 | 73|1-28| 62 .. (12) 5’1;0) and,
52 {11808 1600 | 6 75 23,600 [ 3600 71|17 9 A (12) and (20)
I33 1916 1940 |28 75 415,786 | 16,147 | 0 61| 1-62 81 | Erratig and violent ram- | (10) (29) and
. fall. Rio Grande carres ()
: N e uthe largest silt burden of
. any major siream in the .
. # | South West.
, n.
f4 | 1893 1932 | 38 4 46,400 1,208 | 134 | 4-03 | 50 Accidental Tamarwk }(10) (29) and
oo ‘growth, reduces siiting. ()
Les7 {1013 1 1g30 16 o2 | 45,500 | 2,600 [ 173} 0-10] 12 . (20)
[ i . B d
232 | 1899 | 1931| 32 1,380 43 | 0 54 | 0-01 | 0-22 . (20)
i ¢ 3 ]
102 | 1927 | 1933 59 8,400 | 1,430 | 1-98 | 0.85 9 . {29)
1028 | 1035 | 6-33 36,806 | 5,820 1 0-47 | . 43 | Bevere over grazing (9)
! it ] - L -
4 (113, 1938 | 223] 18,005 | 807-4] 0-52 | 89 o 1
L R t |
400 | 1912 1930 18 2,010 111 | 0-82 |0-032 1 . . (20)
b - ] \ 4
164 | 1911 1924 13 13,000 1,000 | 6 25 | 0-66 13 1 . {29}
I 7
. 1811 1638 21 123,770 4,584 | 0:30 | 5-46 1 79 6 | Catchment consists _of (10)(29) (9}
. ' ! R 1, highly erodible soils, | & (31)
Over grazing under and
| ! , conditions. ;.
‘ .. | 65 2420 | 13 .| -3 . (29)
230 | 1910 1924 4 3,970 285 |10-037 | 0-28 6 ! (20)
1.1-23 | 31-6-35 | 12-4 34,468 | 12,7780 | 2-9 | 19-0 57 | Soft Geologeal formation, |  (20) (ag), ,
s steep slopes, poor veﬁ;
: I tal covening, small vio t1
and mgtﬁar ramnfall,
«ntense sheep farmmg. \
1022 | .. ] 6! 1m0 202 ..-{030]| 62 C e e
MBCBI&P. ' T
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TABLE
Silting of
Reservolr 5 Storage capacity 3 ‘g
: il112] 2
- i |5 $1gg 2| :
Conntry Raver Name | 3 H . ge z E ] §
g . E E E £ gé E a
2 - S1%0 3 | B9l 35 5.
3 : 2 I T T N I T
=1 2 3 s 5 | 6 4 8 |9 [o) ¢1u
o1 | USA. . +« | Lake Taneycemo| 4,610 ;3,980 9G4 R
92| UB4A ‘ Yadkia ., | High Rock . 3,930 60 |° 259,432 13 €5. 4.7‘.78 .-
0y ! Phone ++ | Genfer-Seo . Aeco | L. (72,200,000 | 25,209 \ :
o4 | USA. Pavettee .. | Black Canyon 2,540 | 184 37,-659 14 83 | 11-26 | 2,235,000
! 25 . Mur .- | Pornogg . 2,420 . I'I"v.ﬁ 80 . 105 ), .. o
28 Rhe Bodensce 2,360 | . .- - “ .- 718,000
o7 | Afties . | Fuh -+ | Lake Arthor .. | 2270 . 83,630 [ 81| 28|13.5( ‘78,000
oyt UBA. | Clear ¥k, YakePemck .| 2950 © 3,090 2-70 | 1-40 . 111,000
) Brazos,
29| USA | W b Trinity| Lako Worth 1,810 | 38| 47200 222 25| 21| 21200
30| USA. | Boiquo LakeWaco .| 1682{ . | a39378| ., | 23| o5] ..
nlusa I::ge'l"ennu- Checha 1620 | 230 | 41,600 [1-38| 28 .. 3,030,000
iy | Afmea | Babh .\ GremRidg . | 183( .. | ees00| 143 41] 14| 42000
39 [ USA ) Toulwmue .. | LaGrangs ..| 1500] . 2330|012 18] .. | 1,890,000
a4 | A0er .o | Sondeys .| VaoRemevelds | 147 | 13| esee7| sp0| 45| 14| 39,000
83| USA. | Ocmalgee . | LioydsSheals L35 | 100 | 12538 ) .. 821 &0 -
o) - |sif .. | st Denis Lo | .. | zs00( .. [e07] .. .
a7 | UBA. . New River 1,320 13265 | .. loos| .. "
as | US4, | Umatina ... Fomish .| 1,20] .. | 5500 [1-16 | 4-6( .. | 485000
w| o |Meokerrs .. |Chouras .| 331 10,100 [ 41.7) 7] .. 23,300
40 | Ttaly .. . Pescara-3° galto Loog | .. . . . . “
41| U84 1 Sdotn ., | O'Shaughnesey 988 | 84| 16873 .. l1s0| .. -
42 | UB.A. . Loke Decatar., %08 | 19,738 . .. 21709 . .
43 . - Poentes 800 | 158 21,600 .. 27| 13 .
“ . Irao o+ | Avignaunetts e 800|009 |2 02| .. 890,000
e - Vedmw o Quinn | g . 00| .. |1-88] . .
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XXXVII:_SooMi.
Reservoirs a
£ "::5:;?“ ity ) Salt deposited
?E"E ' - gl g §§
g E _ .é E k e g% Refetr:nce
g',é : r E E & 'E% :g Remarks bibhography
&8 sl B | S | %% EaEzsl .
350l [Fled (| BE TEIsE
E3 R R | EjEe |5 | &% kR
12 | 13| 14 | 15 16 17 1 | 19 [ 20 21 22
ol .. [224] 20266 | 00473 {208 RETX . (1)
. {tezr| 1935| 78| 13016 17ee1 |02 .. (457 . oy
R T A . - 2400 | .. | .. | s8¢ - {28)
s13 [ 1024 1038] 12 " 4097 | 336-4 | 030 | 0-15 | 132 . .
. . . 1-6 284 203 61 . 8-4 . (29
229 . . 2 sot0| 400 . Jos| 17 .. (29)
. 11425130436 | 101 26,200 { 2,600 ) 4-1 33 | 116 | Same as No. 19 above (30)
401020 1027| 7 oss| 18| 46)|125| 8| .. (29) and (9)
13| 1016 | 1028 | 13-0] 13,87 | 108e| 23| 50 & .- (12)(29) & (9)
.. 1930 re35| 5 7700 | o83 |334| .. | 87 . 9)
1570 | 1008 | 3930 -3 | . 450! se7|o.88)0-22| 23 . (20} .
97 11301 1935 | 12-3| 1s601{ 1,380 | 2 20| 32.9 | 87 | Same as No. 19 above (30)
1,313 | 1895 | 1031 38| 12,040 54) 23l0o02s| 4 . (29)
20 1125 1995 | 10 3 96071 041 | 1.44 ] 28.5 | 04 | Samosa Ko, 19 above | (20)and (30)
.. |r2-10] @35 2433 13060 ra|051) .. | 42 . ®
I 8 608 6 271 .. | 58 . (29)
I v ]335 8,165 | 243-43 1 1.84 | .. [185 . o)
404 1000 | 1031{ 22 4500| 204)373|044| W - (29)
20| .. . 50| 4980 99 [ 0-08 [4-25 [ -0 . (20) -
A . . . 3621} .. | .. {350 . 3
.. |1925] 103¢| 90 1016 | 112-9 068 .. {11-4 . )
N - 142 2,808 {16776 | 10| .. {219 v )]
I . . . slo | 2-38 | .. 64 . "
L3 | .. | . 8 gio0] 101|126}011| 13 - (29)
S N 5 20| e 1) . | = . (29
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TABLE
Silting of
——— —— - — T
. i fl
1 7
Reservoir P Storage capacity '5 ‘3 1
= . ) ] Z.
" E g E E é § '
e o —_ — 2 1 ~—
R i 5 |2 %
| € 8| 2, 9 ¢ s
- 1B |8 s | 85 | = =
* | Conntry Raver Name ] kS ° 22 2 )
- 4 - ’ § 0 gc & g
) < g < g &8 = =
“ ' - - = - S‘ = e s . i |
= £ 5| 8.1 B¢l 32 |5 2
) S 3 A gel gad | 3§ 3
S S | B S R NI e =
1 2 3 4 5 6 | 7 8 E- :Il}— 11
61084 |zem .. | Zuni .} 80| 0] 18| e1| 53| 13| 40
' 1 l - !
47 | Pakustan Khushdi) Khan | 608 | 66 26,997 116-33 | 44 4 | 8 pF
reservoir, 3
| USA [ Occco .| Parlemlle . 00 15| 97000 |10-3F 1e2| 5| 960000
4
’ + ) 1 -
49 | USA. | Medma Modwa .. ( 887 | 164 | 316703 | . 5204 (29
LT S Lach .. | Rosshaupten . | 560 . 1,660,00
Bt . Aare -« | Bielor See ., | 832 . [ 1,010,000 [58:6( 1910( . | 1,710,000
4 ]
2| . Aare < | Eallnach . § 626 | 1,500 286}
53 . Sannae .+« | Perolles . 487 | . ' 8001 . : 16} R .
S e (Hesder .. |Thusome .| 41¢] .. | 520000 | s31 | 12,70 904,000
55 | US.A. . Laske Spavinaw 00 | . 31,886 78221 |
86| .. | TwolerAche |Cemges .| 302 .. |'1,700000 | 164 4570 | 11,0000
67| .. | Saalsche .. | Ssalache 36| .. 2,800 [0-28 | 725 |, .. 1,010,000
|
58 Aviss .. | Avisia " 16001 .. | 4.35) . . f
so [+ ° - Dpdovia . | 328 .. 1800 | .. | a7 .. :
€0 . Bogrenzer Bodonseo ., | 321 .. |39,400,000 | 5,070 123,000 | .. 776,000
Ol o Rewm . |vVerwala .| sm| .. 9,660,000 | 1,670 | 20,800 |, . 608,000
6| g+ OhunPowdor { Loch Raven .. | 306 .. 2800 {0z | oz f .. . 300,000
63 [ USA. | SanDiegmto | Hodges .. | 303 130,| 37460 | 1236 . .
64 . Pont Du.I‘qup Drag .. 200 .. 2,400 . ' 8 30 v .
65 | Burma . Meiktala Take 240 | .. 30,301 e 126 . "
%) .. | WallwSeo.. | Lunth el M0 20000 . | gasel' .. "
67 . Steyr .. Sbeyrdurchomeh 222 . 6,700 | 1-31 30-2 .. 510,000
— — —_—— — - . T
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XXXV —gontd.
Reservoirs .
Years of capacit; -
) surveysp v 811t depomted ‘

-t L]

0 -~

H .. 35 1§ |EE

=5 . S J 2 -

HH g2 |25 |58

£e - . o g 5 %5 |sH Reference

g< |- b B - & S Remartks. . to .

o ] 3 L 5% pibliography

g2 o %‘ & 3y g R §~5 on page 194

=3 ) 2 s |5 |58 |&x (328 X

o I T g 2% | £ | |va li2E

S8 -} @ B £%3 g 3 |u& {582

2 & 3 & 8 -3 5 - ¢
12} 138 14 15 18 11 18| 19 | 20 2 22
27} 1006 | 1932 {262 11,330 432|273 ) 24-8| 68 |Catchment m'an advanced |  (29), (10)

. A stage of - erosion and -
’ gully dovelopmentd
. * Denudation due to intense
: ) :lheep farmung. I;,ecovlg:y
t ¥
1888 1940 52 5,038 970 35 N e w,m c.(‘).'.‘.tr oL ) -
L} - i
1583 | 1012 | 1930 | 18;75) 20,800 | 1L,110| 1 14| 1-17 | 185 | Destruction of  forest (20)
! lands by fumes from
roast ovens and smelters,
. - cln-y?grlfiml and eixoesswe
: rain| 1auti -
. |1m2| 195|238 ezes| 232f00s| .. [as4], MO T whagzyed
‘ v e S, (29)
28011t .. .- 7 1,780 255 01ls 47 ot T(29)
L TR ;i
3,214 e [ 20 5.430 207|002| 02| 39 ' | ! (9
16 2,036 T R VR T I
« ol ®
. . 8 810 138} 92 ' 26 . | - (30)
. . . 14 810 62t 72 12 | .o L(2n)
- - L]

2400 | .. . 152 | 46,000 308 (0036 {0 30| 73 v, 129
A ) 11 0 L] 107fo34) .. 289 ' .. _

2,781 35 2790 |© 80 Y005 [0-07| 20 I .428)

| ,

2617 | .. . 11 2,340 38| 49{014( 36 . Sl 428
N . 8 1,620 203 | 12 7 ‘66 T 29)

. . . . v 203127 .. 62 . . - {20)

247 | .. . 24 2,510 105 [0-0002( 0-14 | - 35 S {28}

]

1804 | .. . 27 3,200 g fooor |0o19| 37 . foEn
90| .. | .. 20 1330 | e85} 41|022] 22 . e
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ASWAN, RESERVOIR
Raver . . . .« MNile—Egypt
Catohment area . . .. 620,000 square mules
Ron.off . ‘e . .. 86,000,000 foot-acres
Haight of dam . . .o 174 foet
Storage capaoity .. . .. 4,400,000 foot-acres (after aocond heighlening)
Period of capacity survey . . 1800—1927
St . . os  Nil tall 1927
Further survoys .. . .. 1820, 1030, 1931, 1935 snd 1938. 25,000,000
tons boheved to have been depomted m 1438,
Catohment Characteristics

The rainfall in this catchment occurs during the monsoon period as in
the Punjab, The time of onset of the rains in Abyssinia corresponds to the:
date of bursting of the Indian monsoon (June 15). High temperature and
heavy rains characterise the upland platesu of Uganda, where the tributaries
of the White Nile take their rise. When in flood, the Atbara and Blue Nile

a.;lanually bring down in suspension large quantities of silt from the Abyssinian
plateau,

Conditions in the ecatchment of the Nile in respect of season and intensity

of rainfall and silt are similar to those in the catchments of the Punjab rivers
bfafore they debouch into the plains.

The Aswan Dam

The first dam (%) was constructed and completed in 1902 to store 865,000
foot-acres (R.L. 106:0 m). No spillway was provided but the dam has 180
sluices to pass a maximum flood of 500,000 cusecs. It was raisad in 1907-1912
(R.L. 113. 0 m) to provide a capacity of 1,970,000 foot-acres, and raised further
to B. L. 122 0 m. giving a capacity of 4,400,000 foot-acres in 1929-31.

Nilt in the Nale and its Control

The presence of silt in the Nile limits the time during which storage
1‘6861:‘011‘8 on the Blue gnd Main Nile can be filled. To avoid aﬁy risk of silting
:f tﬂ 8 ﬁswan Reservoir, the rule in the past was to start filling after the peak of
> ﬁt o0 thhat% passed and the gauge downstream had fallen to 88-0 (roetres).
: lile A::ra i e lnclzlrease m capaciby of the reservoir due to the heightening of
the Aew dlll aénb the date at which filling comamences has been advanced to about
bl wille hc; ctober when the Aswan gauge falls to 91:00 (metres).
£ tbare dovel ve to be advanced still further to meet the programme of
Hood T;:e °Pm°?t- _ Filling in low years may have to start at the crest of the
. sihiatione mu:e of this reservoir for flood control is likely in emergency. Thus
i the gt gi:rxse When part of the silt-laden waters may have to be retained

The bed load in the stream sbove Asw i
A . ; an cennot be heavy, and what little
shere is, i carried through the eluioss. This is substontiated by the fact thet
een no rige of bed above the solid part of the Aswan Dam.
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From January to nearly the end of July there is very little suspended solid
matter in the Nile. Usually the concentration is less than 100 parts per million by
weight Towards the end of July or the beginning of August, the codcentration
increases rapidly to a maximum which is usually reached late in August.
The maximum concentration of suspended solids occurs very distinctly earlicr
than the maximum height of the flood. Iun a good flood it may reach 4,000 parts
per million for a few days. The conceniration then falls off gradually until in
December 1t again becomes less than 100 parts per million, Table XXXVIIIT
(#) is MNustrative
| TABLE XXXVIII

Suspended soluds carried in the Nile past Halfa and destribution of sand,
sult and clay

e e . P Poceentoge
Date " Average
1920 1930 1931 1936 : 1438 Sand | Sils Clay
Angust—

1—10 . 2,600 1,850 1,030 .. . 1,760 15 40 45
1120 . 2,820 2,400 2,860 a . 2,800 22 45 ?3
2131 . 2,270 | 2,340 3,840 . [ 3,190 | 2,860 26 45 an .,

September— .

1—10 .| 182 1,760 | 83201 2900 2550 2950 31 41 28
11—20 W) Lm0 157 2280} 1670) 1,840 1,830 )] 36 40 24
21—30 ‘e 1,350 1 040 1,740 1,480 1,670 1,460 41 38 21

Oetober—

1—10 | 1,060 670 | 1,3%0| 1,200 1,400 1,160| 42 34 24
1120 .. 200 510 90 810 1,180 QMJ 43 33 24
2131 . 680 .. 560 . 880 10 45 27 28

November—

1—10 . 510 . 510 . 619 540
1120 . 360 o e . 420 360 . . .
21—30 . 170 . .. . . 170

» Me:m‘ of mechanical analysis made in 1930 and 1931,
_ It will be seen from the above table that the percentages of siltand clay
diminish whereas those of sand increase with the progress of the flood.
The distribution of the total silt load on monthly basis and its sand, silt
and clay contents are disgrammatically represented in Figure 4 (Chap. 1)
end Figure 59 respectively.
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The quantities of silt loads passing Halfa which are representative of those
reaching Aswan were 136, 76 and 118 million tons in 1929, 1930 and 1938
respectively. Out of tha 118 muilion tons of suspsnded matter that passed
Halfa between August 21 and November 16, 1938, the deposit in the reservoir
18 believed to havz been 23 million tons.

]

As the storage at Aswan is only one-fificouth of the mean annual run off
and the slmces are placed at bed level capable of carrymg mexmnum ficod
diseharge of 500,000 cusecs. the deposition of silt will be only a fraction of the
total silt brought down by the striam. Fox (%) gives a possible reason for
the negligible amount of deposition. He states that the silt brought to Aswan
Rescrvoir from the Atbera (759 miles upstrea ) 1s only the very finest material
an 1 s eastly sturred and carried onwards when the Joods are travelling through,
If for hydio-electric divelopment or for irrigation expansion a steady head has
to be maintained at the reservowr, the silting will be more proncunced and
progressive,

Remarks

This is an instance perhaps the only ene—in which siit depositin the reservoir
hzs been, until recently, avoided vompletely by prowiding sluieing capacity
equal to the maximum flood diseharge hy placing the slujces at bed level and by
storing water at {imes when silt conerntration was low and on the decline. It
should, however. be noted that these provisions were made possible by the mean
annual run-off being as ngh as fifteen timas the storage capacity after the second
heightening.

" The arnual suspended silt Ioad of the Nile above Asian is nearly 15,000
tons per 100 squere miles against 150.000 tons of the Colorado above Boulder
and 157,000 tons of the Sntle) above Blickra.

BOULDER (HOOVER) RESERVOIR

Raer . . va .. Uolorade (Artzona, Nevads, U.8.A°
Catchmsnt aren . 197,200 square mules

Ranfall - ‘- . 10 mmches )
Average wnu -l mun-cff 13,290..¢0 foot-acres

Rarga of ruu-uff 23 200,000 tn 4,700,000 foot-aores
Warht 720 1 feet

Unpaeity . . 38,500,000 foot-acres

1 ska longtlh 115 mrden

Take surfises 1463, OO acres

Annuzl o.tenated enteo of 9 Tt 1 . 110,600 foot-acres

LY
Catchment Characteristics

The rocks at the dan site are of volcanic origin. The aversge rain-
fall over the drainage area is about ten inches, and over thousands of square
onles less than five inches. The main flow 1s derived from the melting of snow
on the mountains of the upper bisin  The principle characteristics of its flow
ars Jow waters during the autumn and winter moaths, with a normal fiog?
from the melting srows usually beginning late in April. reaching its meximur
m Junz and endmg bv the middle of \ugust. This flow is modified and
mtensified bv the toriential floods cf short duration which come in genera!
fromts southern tributaries and may oceur durmg almost any month of spring,
fall or winter, .
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Of the catchment of the Colorado river above the Boulder Dam, the
plateau region cc;mprismg an area of 60,000 to 65,000 square miles is said to
contribute less than ten per cent. of the water and more than 75 per cent. of the
silt load recorded at Grand Canyon [About 200 miles above the Boulder (Hoover)
Dam] gaugingstation. This area consists of Joosely cemented sandstones and
sandy friable shales and to these rocks must be attributed the origin of most of
the gilt. This region has a low rainfall of s1x to ten inches and all this ocours in
one to six storms during the year. These desert storms are torremtial in
oharacter, well adapted to corrosion of the rather finely divided weathered
material that abounds m the region. .

To the and climate may be attributed an excess of weathered material and
to the torrential character of storms, the heavy though sporadic flows of silt.
The sparseness of vegetation permits the torrential rains to do theiwr work with &
minimum of hinderance.

Estimate of Suspended Load t

Silt studies were started on the Colorado river for the Boulder Dam
1925, .

The Colorado nver above the Boulder Dam (®) carries apparently an
annus! load of 200 to 300 nulion tons of slt. For purposes of design of
dam, the annual silt deposition in the reservoir was estimated (25) to be 137,000
foot-acres per year or 82 foot-acres per 100 square wules of catchment per
year, compared with a previous Bureau estimate- of 80,000 foot-atfeﬁ.-.‘
Subsequent estimate (%), which appears to have been accepted finally, puts
it at 3,000,000 foot-acres 1 50 years or 60,000 foot-acres per year or 36 foot-
acres per year per 100 square miles of catchment. This presumably allows-
for a dam or dams to be constructed later higher up m the tributaries. i

oy

With the river unregulated, a low percentage of suspended silt ‘ecurs
usually in the early summerat the peak of the annual flood resulting from the
melting of -snows in the upper water sheds, while the river water generally
carries the highest percentage of silt in the late summer months or fail, when
erratic floods are cansed by rains in areas drained by its lower tributaries.

Estimates (%) based on the silt observations made at Yuma for a period of
207 months from January 1914 to March 1931, showed that the reservoir

mould be silted up in 200 years. The dry weight of the silt was taken 8s
85-9 1bs. per cubic foot of deposit.

Silt Discharge Relatwonship

_There 15 a lack of any relationship between percentage of silt and river
discharge of the Colorado river, during the months of May, June and July- when
the river is snow fed, but the silt concentration more or less follows the discharge
m August, September and October when eloud-bursts occur. The rain wateT

18 responsible for more silt than the snow water, This beeti
discussed in Chapter 1 (See Figure 6), aspect has already be
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Remarks :
The suspended silt load of the Colorado above the Boulder Dam is 150,000
tons per 100 square miles which is nearly the same as that of the river Sutlej
above Bhakra which is 157,000 tons. The life of the Boulder Dam as estimated
by the Bureau of Reclamation Hydrologists is 275 years (). S

The large disparity in the different parts of the catchment with regard to
silt contribution is of partioular interest in that it points to the necessity of
careful geological survey of the oatchment with & view to finding means for the
controlling of the sections which are most productive of silt.

THE GRAND COULEE RESERVOIR

River ., o e . .« Columbia, (T, 8. A.)
Catchment, area-.. . . o« 14,000 square miles
Run off. . . . e «» 80,000,000 foot-acrea
. N 53,000,000 (miaimnum)
, “Estimated annual evaporation . -+ 200,000 foot-acrea
Height of dam” .. . o .+ 550 feot
Capaoity . . e «« 9,645,000 foot-acres
Langth of I&kﬂ ' (1] e . 150 mﬂu
Areaoflake .. . . o 82,000 acres
Estimated silting. . e e .. Almost nil

Catchment Characteristics
. The headwaters of the Columbia river ’originate in Columbia Lake of the
Canadian Rockies and are augmented by the principal supply from the Western
slope of the Rocky mountains and from the Selkirk and Bitterroot mountains.
The drainage area of 74,000 square miles includes heavily timbered mountain
" regions in part of British Columbia, Idaho, Montana and Washington. Deep .
snow at high altitudes and numerous large natural lakes near the headwaters
serve to regulate the strearn flow by retarding flood peaks and supplying the

heavy run-off during the summer months,
Silt Load*of the Columbia River .

The streams tributary to thé Columbia are almost always clear, and freo
from silt. Solid matter ‘causing -slight turbidity during part of the flood

season is extremely fine and; practically all of it is carried in permanent
suspension. Silt will bave no detrimental effect on the utility of the reservoir.

Remarks )
This is a unique case. Thus the second largest reservoir in the World
will have its capacity tinimpaired by silting, perhaps, for all time.
LAKE AUSTIN

Constructed primarily for hydro-elestric power for Austin in May 1893 with
a 66 feet high dam in the river Colorado at Austin, Texas U, S, A. A Section
failed on April 7, 1900. It was rebuilt in 1911-13 with the crest of the dam
nine feet lower than the old one. + The new dam and power plant have never
been nsed owingto the_refusal of the city to accept it on account of alleged
defects, *
MsCB]I .

-

7z
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Cm‘i:‘manb e P

. vo 38,200 square miles.*
Reinfall .. " . .. 15inches at headwnters to 33 inohes af Austin
Mean snnusl runoff .. . .« 1,827,000 foot-acres (New), 2,000,000 foot-acres
{Original)
.Btorage capaoity . . 49,3&0 fo;t-acres {Origmal) 32,000 foot-acres
ew

Silt Surveys

During the interval 1900-1913, much of the silt deposited in the old
reservoir was washed out. The reservoir created by t 8 New Austin Dam has
silted upto such an extent that channel conditions prévail and the percentage

of silt in the water passing over the spillway differs very little from that in the
flow over the reservoir (19). .

The mean silt load of the Colorado for a three years “period in this
neighbourhood was 0-36 per cent. by weight. This should give approximately

8,222,000 tons of silt per year, or 21,500 tons per.100 square miles per year
which is not far different from that of the Nile above Aswan., .

The silt in the dam (1900) consisted of fine impalpable absolutely gritless
deposit. At the head of the lake there was some admixture of sand. On the
whole area, sand constituted nearly seven per cent, of the deposits.

Table XXXIX gives the dry weight of silt deposits.

v TABLE XXXIX .
Sample Original | Dry materin} por = - Ongnel |  Dry material per
No, weight cubzo foot of Sample weight cubic foot of
per deposit No per deposit
cubio m pounds cubio in pounds
. foot foot .
in pounds in pounds
1 | 109-8 83:5 8 101-5 69-8
2 109-2 84-9 9 | 9.3 67-6
8 111-6 84-6 pExposed| 10 01-6 §1-97 Exposed
deposits ab lower
4 113-8 86-9 11 92-0 §4-5 ) stages.
5 104-3 64.7) 12 79-9 29-8
é 124.2 108-0 Clay and 13 80-6 20-9
sand Not ox-
1 081 | 73 14 81-2 80-5 | posed
15 82-7 30-7
Rate of Silting

The rate of ailting is given in Table XL, and Figure 60,

)

* Pact of whioh is non-conteibuting. Approximatel inage
was caltivated w 1930, the :ammderlﬁagmg pfff:;‘fé tn{n!l)::r a:;.e Re- of the des
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TABLE XL
. Silt deposited in foot-acres .
Catch- Average silt
. . ment deposit per
Period of Roecord | Years During Per' Cumuls- | sarea 100 square
s period annnm | tive total | (square miles per
~ mules) year
(foot-acres)
Old 1893-1800 ., 87 23,569 3,490 e . 38,200 e
New 1913-1922-,." 9 26,740 2,970 . 38,200 7.8 .
1022-1924 ..:}. g - ?,460 1,230 29,200 . 32
o . 10241926 ., | . 2 1,420 710 | 30,620 . 1-9
Total ., 13 30,620 2,365 [ 90,620 | 88,200 62
- (Average)
T 40,000, - : - CB1
) __ 3820
10,000 39,200 —
. - _ L 26 740 —=
3 -4
i
i 20,000 — - -
1% =
& =
10,000 Z
I/
-
o e
1913 4 5 14 LT 48 1% 20 20 322 13 24 23 26 1527
' Y Years
Figure 60 :—Rate of silting of Lake Austin.
Remarks

Although the reservoir has almost completely filled up in 13 years, the rate
of silting per year for 10C square miles is only 62 foot-acrea. Thislow figure is
apparently due to the storage capacity (32,000 foot-acres) being emall compared
to the mean annual run off (1,827,000 foot-acres), and the silt concentration of *
the river water being low. Similar phencmencn appesrs on lle Keckuk

Reservoir (item 3 Table XXXVIL.)
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FLEPEANT BUTTE RESERVOIR
River - « Rio Grande (New Mexico, U.8. A,) The upper _end of the
reserv oir is at San Marcial New Mexico. .
COatohment ares - 26,312 square nules
Raunfall - v 10inches, 15 inches, lower areas. Head waters 25 inohes
Runoef . w  Annusl average 1,000,000 foot-acrea
Evaporation .. we 150,000 to 250,000 foot-aores
Height e .+ 308 feet ~
Lake length .. ss 41 miles
Lake gurfacs .. .« 40,008 acres
8torage . +» 2,638,860 foot-acres
Mean annual draft for
irrization .: «+ ~75,000 foot-acres
Construoted .. .+ 181 to 1918
Storage began .. Jaavrary 1915

The Elephant Butte Dam 13 one of the largest in the United States and
before construction of Boulder Dam smpounded the largeet reservoir in 'the
countrv. The lake extends to San Marcial which is 13 miles above the dam.
About 143 miles above the dam the lake gets very narrow and continues like this
to near mile 19} from thedam. This reach of nearly five miles is called the

Naorrows and is particularly mentioned as the nature of silt accumulations
above and helow is different.

Satckment Characteristios (%)

Parts of the drainage basin ave under strong erosional attack, Sheet wach

and wind erosion are very general. Large areas of alluvial fans and exposed
shale formation, are affected badly by gullying and dissection.

The lower part of the watershed is under-lain mostly by superficial
deposits of slluvium, dune sand, the Gila conglomerates and the Palomas

gravel. There are also extensive areas of quaternary and tertiary basalt and
rhyohte and mixed oretaceouy and tertiary volcanics ofseveral types. On the

headwaters and 1n higher mountains lime-stones oceupy broad areas.

o0 The e_fatirlt: lower sa;.lct&iox; of the watershed is characterised by ite aridity.
er-grazing has caused destruction of nataral .S 088
to sheet wash and wind erosion, The effos ral gragses and exposed large ar

i - t of over grazing i I ly acute
in soft shale and alluvial formations at the foot of thirmézlglt’;mfmculnr v

The Rio Grande and its Silt Load

The Rio Grande carries the lar: i ; -

- gest silt burden both in absolute maximum
percentage of silt load to discharge duri : . .
total il to tctal discharge to anrge uring any particular flood and in ratio of

results are available. y major streamn of the south-west of which

© Th he Ri . _ .
central &}:I?rgg:gir: ig;fn tghe Rio Grande in north ceniral New Mexico and south

largely by melting snowe, spsiaes tog 5 oree O 11,028 square miles are supplied

gprings, and ) .
of 10 suspended load, Toconeset. thorit T0-off. The waters carry Litil

ast, the streamg draini iles

. 0§ ﬁhe g_]epeyally barren, ‘brokgn oer:i_n_'g.l part of Ne:vmlﬁizi?c’)ﬁm;!:g;?'g I;gzids
g eavily ailt laden water detived from the erratic and often :; ctacular cloud
ursts, that oceur during sum ; o facky

met and eazly fall.  These flashy summer flood



159

wabers usually carry four-to-ten per cent. and occasionally as high as 12 to
15 per cent. by weight of silt which is characterised by a high percentage of a
colloidal argillaceous matter. On the other hand spring floods coming from the
headwater drainage carry ouly 05 to one per cent. or less of silt.

. Above the lake headwater, S8an Marcial, a considerable quantity of silt has
deposited and the aggrading of the river bed is continuing as far up as 60 wiles.
The silt deposits below San Marcial are charactaristically very fine textured
containing a high percentage of true clay and colloidal matter. Much of the
silt is 5o fine that no grit can be discovered in rubbing between the teeth. This
xs.due to the fact that for 125 miles above San Marcial, the Rio Grande and its
tributaries are draining a country underlain in large part only by shales. Sand
depostts which are common above San Marcial, fail to enter the reservoir basin
to any extent; because of the retarding influence of vegetation.

Cavacity Surveys (%) (%)

These were carried out in 1903-1908, 1916, 1920, 1925, 1935 and 1940.
Burvey of 1903-1908 and 1935 covered the entire reservoir srea.  The surveys

of 1916, 1920 and 1929, as stated by Taylor, ware made only of the upper portion
of the reservoir,

The 1935 surveys mapped the entire 21,600 acres of the silt surface with
ons foot contours. During this survey, water stage was at an extremely
low level so that all the area above the Narrows could be mapped by plane table
and stadia shots despite the soft and boggy character of the silt. The area
below the Narrows was sounded from a hoat.

Rate of Silting of the Elephant Butte Reservoir

Table XLI and Figure 61 are considered to be the latest authentic informa-
tion available.

TABLE XL1

Silt deposited

Catok- | Silt deposid
ment in foot-acres
Period of Reoord Years In foot- | Im foot- { Cumula- area per 100
. aorea sores tive m square milea
per total #q miles | of catchment
annum in per annum
ft. acrea
1915 .
1918 1-91 53,005 28,270 53,995 . 07 -
1920 567 88,015 23,437 | 140,010 26312 | - 89
1926 . 5400 91,795 | 18,345 | 231,735 . 70 |
1935 . 967 133,451 13,801 | 365,186 .. £3
1940 550 ~50,600 | . 9,200 | 415,786 .. BT
2575 o 1 16,147 | 415786 | 26,312 61
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The anhual susp
1915 to 1931 is

Figure 61 :—Rate of silting of the Elephant Butte reservoir
xamination of the data presented in Figure
o rate of silting falls off very appreciable with

ended silt carried by the Rio Grande at San Marcial from
shown in relation to annual run-off in Table XLII and

Figure 62.°
TABLE X1IT
Suspended Silt Suspended Silt
Quantity , Quantity
of water of water .
Period n thou- ar Millions | Period | in thou. Por Millions
sands of | thousand | of tong sands of | thousand | of tons
foot- of water | during foot- of water | during
deres | supply by | period acres | supply by [ period
volume volums
1915 1,350 13-8 25-0 4924 1,440 7.5 14-6
1916 1,650 13-2 300 1925, 419{ 12.0 8.6
1917 1,050 6-6 9-4 1926 1,050 7-2 10.2
1918 410 68 8- 1027 1,350 19-8 25-9
1019 1,580 22.8 45-8 1028 590 B-7 4-8
1920 2,290 10-4 31-5 1929 1460 205 686
1921 1,630 19.2 42.9 1830 731 B4 54
1022 964 10-2 13-3 1931 490 ] 18-8 - 12-6
1993 1,220 11-7 104 .. . .. .
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Figure 62
Total run off 1915-1831 . . = 19,604,000 foot-acres
Total suspended silt 1815-1931 .. . = 569,600,000 tons
Mean annual runoff ve e . = 1,153,176 foot-acrea
Mean annual silt T . . = 21,741,178 tons.
Catchment area - . . = 26,312 square miles
Mean annual mlt per 100 sq, mules of catchment = 82,628 tons of 2,000 1bs

17 samples from exposed sili beds of Elephant Butte Reservoir in
1916 gave the volume weight relationship given in Table XLIIT (2%).

TABLE XLII1
Deacription Maximum ) Minimum | Average
Weight as taken, in pounds per oubic foob e | 124-3 ' 067 i04-7
Moi’tﬂm peroentage e .. s T 20‘9 g4 11'6
Weight dry in pounds per cubic foot . e | 101:2 87-0 92-3
Specific gravity . . s ve 2468 2-59 2:64
Pamntage Of voidﬂ R -e e .e 46-6 ‘ 390 440
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Phenomenon of Under-flow

. - lon
Observations ab this dam:have revealed that silt laden water flows along
the bottom of the lake in a very thin sheet (less than five feet depth) Wmill‘l’“t
diffusing in the water already in the lake: It retainsa temperature higher t‘;]n
that of Reservoir water as it flows along beneath the clea.z: water. Wl_llinl 3
silt laden water is being discharged from the outlet gates, it carries fl" S (::?13
from two tosix per cent. by weight. The character of 'the i It': lﬂf o
" reservoir discharge 18 almost pure finely divided clay, with all'particles of g
and heavier silts completely removed. |
Its ecoriomic significance is of somewhat doubtful importauce. Thfl :;Off
volume carried through the reservoir in this manner to date is estimate L : :
only 5,000 foot-acres. This will probably ivcrease as the storage .ca%aux 15:) It
progressively depleted. The Elephant Butte Reservoir although 1t has los

16} pec cent. of-its capacity withn these 32 yeuts, it will still be good
enough for 160 years more (%) ’

Remarks

Natural rock formation, aridity and overgrazing are Tﬁ%POHSIbIB for thz
large silt load of the Rio Girande river. It would have been still worse were1l
not for the 11,028 square miles of mountainous area (out of 26, 312 Squ‘_"rﬁ
miles of total catchment area) which supplies water from melting of snow Wit
little silt charge.

The rate of silting at this reservoir nfay he considered as representative of
those on streams carrying heavy st load.

LAKE MoMILLAN

Ruver e . .- «+ Pecos, New Mexite U.B.A.
Catohment .. . .- +- 22,000 square miles.
Runoff .. .- o +« 300,000 foot-acres.
Height of dam . .. . «+ B2 feet above original channel bed.
Storage capacity  w. . +» 90,000 foot-acrea.
Storege begun e « 1883
Burveys [ . .. 1032,
Catchment Characteristics

The catchment has arid climate, with total rain fall highly erratic frous yeer
to year.

Prior to 1912 the Pecos Valley above McMillan Reservoir was parti{:ularly
devoid of vegetation other than low growing salt grass, The fow seedlings of
salt-cedur which appeared in the fall of 1912 had grown to lengths of threo 0
five feet by 1915. Since then it has bocome very dense over the whole upper
end of reservoir and exteads some 200 miles upsiream, -

Rate of Silting

Anotable fallingoffin rate of silting of the reservoir proper during the later
patt of the record points unmistakably to the influence of tamarisk or salt cedar
growth in the valley at the head of tho reservoir where it has greatly increased
valley sedimentation above the lake level sinee 1915.

Table XLIV an

d Figure 63 represent the record of..silting of Lake
McMillan g3 given by. Taylog,
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TABLE XLIV
- ——— — n -
Bilt Deposited Silt deposit
in foot.
| - acres per
Period of hundred
Record Years In foot- In foot- Cumulative | square miles
- acres a.cres per total in of satchs
. annum foot.ncres ment per
year
1893-1904 10-42 18,000 1,730 18,000 7-8
1004.1910 6-42 10,000 1,660 28,000 7:10
1820.1815 4.58 13,400 2,920 41,400 13-3
1915-1625 10-00 3,660 350 44,900 16
1925.1932 7-00 1,600 215 46,400 . 0-p8
3842 1,208 46,400 5-5
8.,
50,000 ca
— 4,400
44,960 HEH0
. . 13 -
A N T
4[,1000 T
- 40,000 I .
F Pl
- I L;‘I‘amrlsh—grmh- helds
. silt In valley - above ]
: “usalvolr
30,000
§ 28,000 X1
{ N v
S !
3 20000 i 4 y
3 {18,000
3
10,000
; ‘ -
¢
d {890 1900 . 41 i1 1920 1930 1940
Years

MSCB]

Figure 63 -=Rate of Sitting of Lake McMillan,
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The original prediction was that the reservoir would silt up solid by 1935
but the growth of salt-cedar has altered the situation. This growth induces
the river to drop most of its silt in the valley just above the reservoir.

Remarks

Lake McMillan 18 & definite indication of what can be accomplished in eilt

prevention by an increase in vegetal cover. The accidental propagation of
Egmansk provides an effective silt trap.

FOUR LARGE RESEBVOMRS (N SOUTH AFRICA
(items 19, 27, 32 and 34 of Table XXX VII).

The four reservoirs are Lake Arthur, Grassridgs, Lake Mentz, and Van
Ryvnevelds Pass. The first two are on separate tributaries of the Grea
Fish River and the remaining on the Sundays river; Van Rymevelds
Pass reservoir being abou: 120 miles above Lake Mentz.

These two rivers are the most silting rivers in South Africa.

TABLE XLV -

Mafor Features of the Four Reservoirs

o Lake Van. Grass Ridge|  Lake
Deacription Mentz | Rynevelds |- Arthur
Pass
Catohment area (square mles) | 6300 1,477 1,583 2,270
(1noludes
L4TTV.R.
Pass). i .
Mean annual rainfall over catchment, | 12 (11 ex- 135 13-5 13:5
(inches,) " olnding V.
R. Pass).
Mean anaval run-off, foot-acres— '
(o) estimated . < | 115,000 40,000 45,000 78,000
(3) actual since construotion 146,000 33,000 42,000 79,000
Origi:::uoapaoity of reservoir, foot- | 94,600 66,000 64,500 63,600
Os = 1 - . . ) i
nglnga r&{::;{byofmsmm, asratio 0-82 1-65 1-43 0-87
Aumnal evaporation in inshes (Land) 7 82 81 74-5
Date when water storage began Deo. 1922 | Feb. 19258 | Feb, 1924 | Feb. 1925
Annual rate of silt
1 ng per 100 square 57
miles of eatchment, foob-aorga - o - He

——

1
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Catchment Characteristics

The whole of this area is occupied by the karroo geological formation of
sbout Permian age, Thisformation consists generally of an immense thickness
of soft and easily erodible rocks, the material of which was laid down in
an inland sea. Shortly after deposition they were raised to a great height,
vhough the strata lie’almost horizontally.

There is practically no forest cover in the catchment area, the chief. growth
being the low stunted karroo bush on which, however, sheep thrive.

The high parts of the catchment oceasionally hold snows for very short
periods only. The rainfall over the ares varies from 20 inches at the high
slevations to less than ten inches in the plains. About 80 per cent. of the rain
falls in the summer half of the year, mostly from thunder storms of short violent
uzture. There is very little permanent flow in any of the streams which run
only for short periods after violent rains. i

Erosion, resulting in heavy charge of silt in the waters of the rivers, is
encouraged by the soft nature of the geological formation, the steep slopes, the
poor vegetal covering, the smallness, irregularity and violent nature of the
rainfall and intense sheep farming in the eatchment ares,

Rate of Silting
Table XLVI, and Figures 64-67 show the rate of silting of these four
Tokervoirs. :

TABLE XLVI .-
St
Period of Record Yeors Silt Deposzted deposit in
foot-acren
’ per 100
.Y ' ! square
- mules of
‘ catohment
In foot- In foot- Gm:fm-__ area Per
From To Y™ acrcs acrcs per lative annam
annum total.
LAKE MENTZ—(Catohment area 4,823 sq. milcs)
1.1.23 30-4.24 14 1,957 1,468 .. 30
1.5.24 *28.2.26 | 110 2,960 2,127 © 4,857 4“4
1-3-26 313271 11 807 _ 680 5,464 12
1427 28-2-29 | 1--11 10,017 . 5,226 16,481 108
1-3.29 31.5-35 63 12,985 3,038 30,466 43
" 1-1-23 31-5.36 | 12§ S 1T aeel ad4e8 o7
L e S

Rt
[ S - = =

Ly
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TABLE XLVI—conid. )

VAN RYNMEVELDS PASS—(Catohment area 1,477 sq. nules)

1-1-25 311314  6—1 5,245 874 . 59
31-1.81 30-4-35 4—3 4,462 1,035 9,607 70
1125 ‘ 30-4-35\ 104 \ 941 \ 9,697 \ 64
LAKE ARTHUR—{Catchment ares 2,270 sq. miles) .
1428} 311027 2.7 | 3,400 1,350 . 60
31.10.27 |©  81.1.31 3—8. 8,437 2,590 11,837 114
311311 30435 | 4-3-| 14,363 3,380 26,200 149
1-4.25 30-4-35 ‘ 10—1- \ \ 2,600 26,200 ‘ 18
GRASE RIDGE—{Catohment area 1,583 q. miles)
1.4-24 31.1.27| 2—10 3,046 |~ 1,050 . 87
N 1-2-87 31-1-31 4—0 3,817 054 6,863. 60
-~ 1.2:31 31.5-35 4—4 8,738 2,030 15,601 128
1.4.24 31.5.35 \ 11—2 1,380 15,601 87~
“.Uﬂ'u ‘l . - - - C._Bﬂ
- 144665\ S
910,00 1] % 30,000 ~
3 ‘l /1 - ¥ ¥ 0-
| A 3_‘ . 26j'1 i
" 20,000 i = 20,000 -
,%w.ooo I 4 & 10,0001 ll,B?'Q//
- 1957 E‘ﬁlille/s.m . 4
1923 25 27 2% 31 3% 1935 25 30 35
Years Years
g 20 oonl:lgure B4.~ "ate of sliting of fake Menez g Figure ;g .  ate of sliting of lake Arthur
s 11 32080 15,601
£ 10,009 i 9,697 210,000 ] -1
u , 245 L —4—1"] ! ] 863 =
i oo | L -] 3,046, 11T
25 L) 35 v ° 3
3 25 30 35
= Years
- Flgur * :-Rate of siltf 3 : Years
L — silting ol VanRyne Velds™ ~~  Pigure 77 1te of iiting of Grass Ridp?

- -

. Figures 64-67 :—Rate of silting of some large reservoirs of Soutf Africa,



167

Asin sther reservoirs sand deposits are found at the upperend of recervoir
gettmg to fine silt and clays fowards the dam. Sand samples weighed alouf
100 pounds (dry weight) per cubie foot and the finest deposits near the surface
if not exposed, veighed 40 pounds.

Remarks

The catchments of these four reservoirs have all the favouring features
formaximum silt production. The geological formatiors are soft, slopes steep,
vegetable cover poor, rendered worse by intense sheep farming and the rainfall
is small, irregular and violent. These reservoirs are, therefore, illustrative
of the worst type of silting. Out of these, Lake Axthur has the mazimum rate

of eilting presumably. because the tributaty of river on which it is located is
thebeaviest carrier of silt. °

ROOSEVELT RESERVOIR
« River - .. «e Salt river 55 miles on direct line from Phoenix Arizona
Catohment - . .. 5,760 square miles
Rainfall ., .. 8inches in desert sreas to 36 inches in mountaine
Mean annual run-off .. «s 840,000 foot-acres
Height of dam . oo 284 feet -
Fake ares . .« 16,320 acres
Storage capacity . .o 1,622,200 foot-acres.
Completed . -« March 1911 (1806.1911)

Year when watcr storage began:  1911.

/ L]
Range of flow . .- . From s few hundred cusecs to a maximum of 150,000
T enseos 1n February 1891,

Wa'ershed Characteristics

The-watershed-- which covers 5;760 square miles varies from desert with a
m2an annual precipitation of eight'inches to a heavily timbered mountain
region with a precipitation of 35 inches Much of the area is covered
by highly erodible sorls underlain by loosely consolidated alluvial deposits or
disinsegrated granites. Grazing in the basin under arid conditions has
generally reduced vegetal protection.of soil and resultedin greatly accelerated
gheet and gully erosion,

Capacity Surveys

The survey done during 1925 showed an accumulation of 101,000 foot-acres
of predominantly coarse grained sediment which figure worked out to an
annual rate of accumulation of 6,733 foot-acres or 116-9 foot-acres per year
per 100 sq. miles of catchment. - The later survey done by Hayden in 1935
brought out_an accumulation, of 1088 thousand foot-acres of sediment, thus
showing an increase of 7-8 thousand foot-acres during the period 1925 to 1935
t:¢., 780 foot-acres per-year or nearly 13 foot-acres per year per 100 sq. miles

of catchment as compared to the previous figure of 106+9 foot-acres per year
during the 15 years prior to 1925, ’
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This is also in contrast with 43 and 62 foot-acres respactively coming from
the neighbouring Gila and Rio Grande water sheds.

The survey of the Roosevelt Reservoir during 1935 appeared to have
been made under exceptionally favourable circumstances at a time of
extreme low water when the bottom of reservoir was dry except under a small
pool immediately above the dam, Thisshould hav® permitted direct

examination and mapping of the silt deposits to any desired standardof
accuracy.

Edgecombe has based his remark with respect to this reservoir made on
pages 8 to 10 of his book on fulting of Reservoirs on the information derived
from T.A. Hayden, Hydraulic Engineer of the Salt River Valley Water-

users’ Association, whose subsequent report on the 1935 survey have been
quoted above.

The main silt charge at the Roosevelt Reservoiris brought down by
freshets during rainfall. Thisisin keeping with the experience elsewhere, ¢1%,

that snow-fed waters carry little ailt and that the bulk of silt is hrought dewn
by rain water

Rate of Silting

This s given 1n the Table XLVII and Figure 68,

TABLE XLVII
- ot
fhit deposit
: o
Period of | Years Silt Deporited P pen 100
Record . square
males of
In foot- In foot- Comulative catchment
aores BoTes per total per ¢
annum .in foot-acres .| —anmam
) L ——
1911 .
1814 3 27,000 9,000 27,000 156
1016 p 35,000 17,500 62,000 304
1919 3 0 0 82,000
19258 ] 39,000 8,500 101,000 113
1935 10 7,800 780 108,800 T 186
1938 3 14,970 4,900 128,770 87
- - A
7
2 4,554 128,770 796
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{Figure 68 :—Rate of silf;ing of Roosevelt Reservoir
Remarks

This is anotherillustration of & high rate of silting due ro erciil le geological
formution conpled with lack of vegetable cover as a result of grazing and low
- rainfall in the derert portion of the eatchment.

LAKE WORTH RESERVOIR
On West Fork of Trinity River five miles north-west of Fort Wort h, Tex:8,

Catchment ,, . . 1,270 square miles
Rainfall . . . 32 or 33 inches
Ron off . . . 212,000 foot-acres
Height of dam .. + 36 feet

Capacity . . . 47,200 foot-acres
Year whan water storage commenced 1914
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Catchment Characleristics

The topography is rather rolling. Perhaps one-third of the area is under
cultivation, the rest being devoted to forestry and grazing. A large part of the
watershed ie composed of sandy soil and in some reaches of colloidal
clay. The flood waters enter the Lake Worth Reservoir heavily charged
with silt and of a chocolate or yellowish brown colour. :

The results of silt surveys are carried during 1925 & 1928 indicated
a3 follows :—

1925 - . ‘. .. 10,890 foot-acres

1928 . e ‘0 “ee am 13,837 fOOt-aCfes
>iean annual silt per 100 square miles of

catchment .. e . . 57 foot-acres

_ Tabie XLVIIT gives the weight of dry silt of various samples taken from
Lake Worth on April 26, 1929. The samples were creamy without the slightest
trace of grit except nine and ten which were sandy.

TABLE XLVIII
Originsl Weight Original Woeight of
Sample weight of of dry silt per | Sample . weight of dry silt per
No. Qeposit per cubic foot No. deposit per enbic foob
cubic foot of deposit cubic foot of deposit
in pounds in in n
- : pounds pounds po_unds
1 73-9 18-7 6 093-1 47-2
2 754 21-1 7 94-4 53-9
3 75-2 22-6 8 77-6 334
4 791 20-4 9 118:9 "95-2}
- . Sand
& 90-6 45-3 10 114-3° 935

Samples i to 8 were gritless colloids and passed entirely through sieves

with 300 meshes per squara inch, Sample 9 had 71 -21 per cent. retained on
200 and =ample 10 had 65 -7 per cent. retained on 65 mesh.

Remarks

The sand samples generally at the bead of the reservoir weigh from 933
to 99 -2 Ths. of dry material per cubic foot of deposit. The gritless silts in the
body of the reservoir weigh from 334 to.53+9Ibs.  Inspite of the low storage
capacity against discharge, the silting is relatively heavy due to abnormal silb
charge in the confributing stream, =~ g -
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. - ZUNI BESHRVOIR
River g o e . - w Zun river

A tributary of the Little Colorado at Black Rook, New Mexico. (U. 8. A)
Catohment L e . e e .+ 850 square miles
Mean Annnal Runoff .o o e . .« 17,400 foot-aoros
Btorage Capaocity . o e . .+ 15,811 foot-acres
Mean annual draft . .e . -+ 4,500 foot-acres

The reservoir as originally constructed in 1907 had a capacity of 15,811
foot-acres but in 1927 .e., after 20 years’ use, silting had reduced this capacity to
4,256 foot-acres or just about the mean annual draft.

The record of silting of Zuni Reservoir (Table XLIX and Figure 69) isof
particular value as capacity surveys have been made almostevery yearsince the
beginning of storage in 1910. The record subsequent to 1927 has been so
complicated by extensive wastage of silt over and through the dam aud by sil
detention in tributary valleys above the head of the reservoir that it has no
definite bearing on the general rates of erosion in the water shed. But it is
of particular significance in that it shows how the protective works for silf
detention in the tributary valleys have reduced materially the silting in the

Teservoir.

~ TABLE XLIX
i
8ilt Doposited
) | 8ilt deposit in
Period of Years foot-aares pir
Record _ 'In foot- In foot- Cumau. 100 square
aores aored lative miles of
per total oatchmont
annum in por yoar
ft. acrea
1906 . . . ‘e .
1910 40 1,800 - 450 1,800 89
1911 15 1,200 800 3,000 123
1914 2-1 1,200 570 4,200 gs
1918 4-0 1,360 340 5,660 2
1919 10 680 880 6,240 103
1920 1-0 1,250 1,260 7,490 192
1921 1-0 810 810 8,300 125
’ 28
2 . 1,820 1,470 9,920 2
%gzi { -é 380 200 10,300 , g;
1028 1-0 180 180 10,490
) . 170 170 10,860 28
%ggg i-g 170 170 10,830 gg
1927 0-0 450 500 11,280
. ~]120 —120 11,160 v
iggg H’ 800 730 1%338 lf
1932 2-8 —630 —240 11,
- 242 - 432 11,330 68
—_— —

MS0BILP R
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Figure 69 :—Rale of silting of Zuni Reservoir
Oaichment Characteristics

The drainage basin consists mainly of plateau and mesas underlain by
cretaceous sandstone and shale,

The Zuni river is an ephemeral stream carrying only flood waters and large

quantities of silt. The Nutria oreek is the most silt productive of its trihutaries.
The high rate of silting of Zuni Reservoir reflects an-advanced stage of
arasion snd gully development and severe sheet erosion in the ‘catchmént.

Sheep breeding was introduced some 55 years ago and large flocks have been
grazed on the reservation con

tinuously, ever since,
Capacity Surveys

The survey of J uly 1932 wasa topographical survey of the entire reservoir
on the u.rf.acef of the_silt. deposits.. while--thi. —:ese:voi;—was—prﬂﬁcal.ly
ewply,. Itis probably the most aceurate survey that hasbeen made. s -~
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Protection works to hold the silt on the water shed were begun in 1923
on Rio del Lios Nutrias, the principal silt producing tributary.

A sluice gate was put in 1931 and silt has been sluiced ever since, The
gain in capacity for the survey of 1929 and 1932 is partly due to sluicing and
perhaps partly to inaccuracies in the preceding surveys.

Remarks

The chief interest lies mn the fact that the rate of silting was reduced as a
result of protective measures in the most silt producing tributaries. This is a
good illustration of efficient and cheap silt control. Lake McMillan i another
lustration of such control though in this case it was due to’ the a.cctdental
growth of tamarisk in the upper part of the catchment,.

PARKSVILLE RESERVOIR
River .e .e .s . . -+ Qooes
Catchment .. .o . . .o «« 600 square milen
Rainfall . - e . e .. bGinches
Mean anuva] runoff - .w . . .+ 950,000 foot-aores
Height of dam _ __ .. .e . .- .. 125 Teet
Storage capacity . .o . .o . 97,000 foot-acres

The dam is 12 miles above the mouth of the Ocoee river at Parksville,
Tennessee,

Catchment C'hamatensucs

About 70 per cent. of the d.ra.mage area iy forest and wood lots, The
Dacktown Mining Disbrict presents a stnking example 6f destruction of foreat
lands by the fumes from smelters ‘and roast ovens. About 20 square miles
have been completely denuded. Erosion is excessive as the poisonous gases
will not permit vegetal growth, This condition and the clayey soils and
oxcessive ratnfall fo which this basin is subject, explmn the abnormal and
unnatural erosion in this catchment.

Rate of Szlting.—-ThJs is shown in Table L and Figure 70.

TABLE L
* ’ . "Silt depost in |
. 1 Silt deposited . foot—aclx)-eslpelr
* Pebiod of Years 100 square
racord .- . o miles of
. muia- catchment
Infoot. | Infoot- | tive per year
acres acres per | fotal
' annnm foot-acres
1912 ¢
1921 .9 15,600 | 1,720 15,600 282 "
1930 9-75 " 5,200 530 20,800 87

1875 . 1,125 20,800 185,
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1 Figure 70 :—Rale of silting of Parksville Reservoir
Remarks

The high rate of silting is due to clayey soils, excessive rainfall and
destruction of forest cover by poisonous gases from smelters and roast oYenﬂ-

MEDIKA RE_SER‘UOIB
. . . . % mijes Worth
ler .e - T am e N e 0%&;‘:&’03{ S&n Ant oﬂiﬂ
Texas )
Catchment .. - - . . «+ 587 square milea
R&infan LN} -0 L2 ] [ X ] a-e a8 29&““
Height of Jam . ve . - «+ 164 foob
Storage oapacity . s . . .+ 818,703 foot-acres
Storage began . e . . - 1012
Capacity Surveys ‘
The survey

done during September 1925, after 13 years of service
-showed a total silt deposit of 2,692 foot-acres or 207 foot-acres per year
or 35 foot-acres per 100 squares miles of catchment per annum, The
average dry weight of this material was 30 lhs. per cubio foot of deposit.
The silt was grey in colour and no grit could be detected in it with fingers
a8 there wera no sandy deposits. Tha survey done again during Sept. 1930

was preceded b

Y scarcity of rainfall and heavy demand of water, With the
consequent lowerin

g of reservoir level the deposits got exposed to' the sul
and- shrank considerably. In one place the st depth went down from 72
to 27 feet. The dry weight of matetial per cubio foot of deposit went UP
from 30 Ibs. to 80 Mbs,

The silt deposits according to this Iatter survey worked out to 1,270
foot-ncres againg

42,692 of September 1925 surve » (Table LI and Figure 71)
All this reduction was due to exposurs and eons);qéent shrinkage. * °
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TABLE LI -
Sil6 deposttod ?ﬂt deposit in
poal oot~-30res per

Period of Years 100 aqna.rop

record miles of

' In foot- Cumula. catchment;

In foot- |acres per tive total per year
aores | annum  |in foot.acres
1912 . .e .. .

1925 13 —2,602 207 2,692 + 3
1930 5 —1,422 . 1,270 s
1935 58 4,095 861 8,285 147-

- -
"o 238 . 283 6,265 45 4
" 7.000 . ChI
S A"
6,000 6,265 5
; 7
5,000

2 1’

8 .

= 4,000

I /
% 2,691 foot-actes silt measured In f
§_ 3,000 1925 shrank to 1,270 foot acres in
< o 1930 due to exposure f
5 2,692 f
2,000 TR
T ri
. ~, [
e 7
1,000 —G—1,270
! P :
>k )
.0 .
1910 15 20 25 3 30 35
) ) " Years 4

{ Figure 71 :»-Shewing rate qfs{u{'ng in Medina Reservoiy ~ -
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Table LIT shows the wide variation in the dry weight of silt deposit:
at the Medina reservoir. Samples were taken in May 1929, all
passed through 300 sieve.

. TABLE LII
drxgmal Weight T Onginal L
weight per of dry sl weight per Weight of dry
Sample | cubio foot of [per cubic foot| Sample No, cubic foot of 'mit per cubio foob
No, deposit. of deposit deposit of deposit
{Pounds) (Pounds) . '(Pounds) (Poundsﬂ)
1 8028 38-1 5 92 6 “49-2
2{ 889 45:0 6 i17-6 91-6
8| 883 - 48-5 B 105-2 T on2e
* 4| 1387 108-1 8 1087 | 4
GIBRALTER RESERVOIR
This prowides water supply for Sant Barbara Califorma.
River e e e '3 e Sant& Yaniz
Hoight of dam . s «s 185 feot,
Catchment ,. e «» 200 square milea
Lake area .. . s . «s 328 acres- -
Btorage Capacity .. .- . .+ 14,500 foot-ncres

The water supply is very erratic. For 1921-1922 the run-off was 65,500
foot-acres which in 1923-24 dropped to 2,000 foot-acres.

Catchment Characteristics

» The drainage area is hilly to mountainous in},opography and is charac-
terized throughout with sedimentary formations that bave formed deep

and friable soils naturally held against erosional attacks by protective cover
of vegetation, )

Forest Fires

Since the completion of the dam 11 fires have bumnt over different parts
ofi thebbasi;l. .Aiter the fire of 1932 only 345 square miles oub of 20 remain-
ed unburnt,

A N

-Capacity Survey

i{e-surveys of reservoir in 1925, 1931 and 1934 L sive
rates of pilting corresponding with a:ccelerated ave shown progressl

erosion in i ing areas O
the watershed denuded of vegetal covering by fires, n_increasing a 8

-This record is of'pa.rticular importance ta o .
‘genoral shennce of forest fires, poriance as a specific illustration “of the
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Rale of Silting
This is given in Table LIII and Figure 72.
' TABLE LIII
Silt deposited Silt deposit
in foot.acres
Period of Years — : per 100 square
record In foo Cumu- miles of
Iu foot- aores lative catchment
acres per total in per year
anpum fool-acres
1920 . e . e e o
1925 5 800 160 800 80
1931 8 1,500 250 2,300 125
1934 3 1,800 800 4,100 300
1940 ° 6:66 1,479 222 5,579 111
- 20+ 66 . o270 5,679 135
4 ]
| 4000 C.B1.
v ) | 5,155?;
5,000 hd : d
w ' 4,100 T4
.'2 4,000 L
& R . - - 7
3
- L] I
g 3.00‘0 -
2 : 2,300
» 2,000 o R 7 -
v
]
g P
1,000 :
£ T
= 800
0 E‘I/
1920 l92.5‘1 1930 1935 _ 1940
-~ LI h . .-
oo Years .

- Figure 72 :=—Showing the silt depisition in Gibralter Roservolr

Remarks

The progressively increasing rate of s'iltihg is due to denudation of Wl

»

sides a3 a.result of foresh fires. .



178

SWEET;WATER RESERVOIR
“ '

This reservoir is in the San Diego County California
River .. » . . . v . .»  Bweet wafer
Catchment e . . . . .. 181 square miles
Mean annual ron-off . . . e .+ 19,000 foot-acres
Height .. v . . . . .. 70 feet original

‘ . 80 feet present
Storage capacity .. . A S . .. 86,300 foot-acres
Built 1 .. “ . . . . .. 1888

Capacity surveys were made from time to time.

Caichment Characteristics /

i

~ The watershed comprises, for the most part, chaparral covered mountam
slopes but with some cleared land in the lower valleys. The rainfall is vgry
erratic. Total inflow for 39 years period was 740,000 foot-acres.

Rate of Silting.—
This is given in Table LIV and Figure 73.

“ -

TABLE LIV .
- ] ‘I" .
' Silt deposited Silt deposit in
- - foot-acres per
Period of Yoars 100 square
record . miles of
In foot- {Cumu- catchment
Infoot. | mores per | ' Iative peptyear
acres annum total '
. in
\ foot-acres _
1888 - - ) .. — . .s
1865 g l,_137 162 - L137 M N 90
1016 21 2,814 - 134 3,951 74
X 1027 11 1,980 173 8,850 94
39 - 150 5,869 83
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~Fizure 73 —Showing the silt deposition in Sweet Water Reservow
" Remarks

The high rate of silting 1s due o arid chmate and erratic rainfall. .
* THE YELLOW RIVER -
General—

The Yellow river is the second largest river in China next to Yangtse.
Taking its ongin in Singsu Hai and running a course of 2,878 miles through
nine provinces it drans an area of about 297,905 sq. miles. The flood ravages

“are continuous in the North China plains, where the silt load 18 very heavy.
Owing to the river being confined along dykes in the lower river course and also
due to the extension of the coast near the mouth, the slope of the mver bed is
gradually flattened, which, in turn raises the flood level and there are less
chances of the silt load bemng carried into the sea. Inthe lower course of the

‘xiver during the last 4,224 years there were 1,170 breachesof dykes and 422
overtopping. The change of river course has happened seven times and those.
wonld threaten highways, railways and lands. g

Hydrological— .
Owing to the Japanese war and also due to civil war recording of the
Hydrological data was not possible in many stations till 1945, after which

time a number of stations are recording the data repularly.
MBOBI&P ) Ao gelasly ca
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(a) Meteorology.—The basin lies between the arid N. W. and humid S. E.
and has mostly & cold steppe type of climate. The annual range of temperature
js—30° to 40°C, there being a severely cold winter and a fiercely hot summer.
The absolute maximum temperature recorded is 45-2°C ab Sian and the mini-
mum is—32-8°C at Paotan. During winter the basin is domu;ated by the
Mongolian Anticyclone. Rainfall is mostly in July and August (70%). Annual
roinfall varies from 6 inches in loop area to 30 inches in south east. Average

annual rainfall is about 16 inches. The yearly variation in rainfall is regponsible
for the droughts and floods.

(b) Run-off —The flood season is from July to October (61%) and the water
is low from November to June (39%). A comparison of the seasonal reinfall
and runoff indicates that the runoff season lags behind the rainfall season by &

month, both being wettest in August and driest in Jamary for rainfall and
February for runoff.

At Shenhsien station below the confluence of Wei Ho, the peak discharge
of 20-25 foot-acres Was recorded in August 1933 and minimum of 0-12 foot-
acres in January 1927. Compared to observation made ab other stations the
values recorded at Shenhsien station show that the average annual mean

discharge is higher, i.e., 1-1foot-acres. The following figures were recorded
at Shenhsien station.

Average annual discharge
Average annual ranoff (1919-44)
Mo ximum annual runoff (1943) ..

1-1 foot-acres
. 34,822 7103foot-acred

. .. . v BT07Z810 ,, o,
Minimum snaval ronoff (1928) . .- . .. 16,715010 ,,
TABLE LV

Mazimum and minimum discharge of Yellow tiver and dts main flood
producing trbularies

— ]

Max. dig.] Period | Min. dis-
River Station oharge in chargein | Perlod
foot.acres foot-acres

S

Yellow River .. | Shenhsien (1919.43) 20-25 1 9833

0-12] 2127

Fong Ho «« | Hotain (1934-37) 1-68 80.37 | 0-0004 | June, 38

Wei Ho ++ | Hsienyang (1934-45) 7-61 | Sept. 41 0-013 | 25-5-39

ToHo .. «+ | Chuanton (1834.45) 3-25 | 13.740| 0-0027| 19-646

Ching Ho .. | Changehia Shan. 10-125 | 88.33| o0-0016| 19645
(1932-45)

{c) Silt Load.—Rége.rding its silt carrying phenoﬁlena the river is compard-
ble to Colorado and Rio Grande in America, The Yellow river flows through

loess deposits and hence there is high silt discharge during floods. The silb
content of the river is an indication of the soil erosion.
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Table LVI gives the Average annual silt flow in foot-acres, of the Yellow
nver and its tributaries :

TABLE LVI
Period Maximum | Mipnimum Average
River of record foot-acres | foot-acres foot-aeres
Yellow river . . 1934-1945 | 1,856,000 82,000 1,328,000
(1837) -+ (1941} {9 yoars)
Tribularies .
Wei Ho . .. e 1934.1945 0-275 0-037 0 133
(1837) (1942) .
Ching Ho .. . Tes 1932-1045 1-17 0056 0-298
{1933} (1938)
Lo Ho .. . . 1934-19456 0-481 0-(n24 . 0-133

(1941) (1936)

Silt discharge in Lower course of Yellow river—

Not much data is available to estimate the magnitude of silt flow.

In Yellow river the maximum silt flow is in August and minimum in Janu-
ary. Annual variability of siltflow is 63 to 388%,. Maximum silt concentra-
tion at Shenhsien recorded is 46-149, by weight. The maximum possible
gaturation limit of the flowing water at Shenhsien is 66-7%,. Average annual
concentration is 2:02%. The ratio of vertical distribution of silt between
surface and bottom is practically zero at Shenhsien whereas at other places
upstream, it is 1 : 3or 1 : 2. Not much data is available about horizontal
distribution of silt. The meximum mean velocity iz 18-1 ft.fsec (1934-
1939). ]

The loess covered area in the basin isroughly 154,400 sq. miles or 52%
of the total area of the basin. Calculations show that if the average annual
ailt flow of 1,328,000 foot-acres would deposit in the area below Shenhsien it
means an average rising of the area of 0-85 inches per year.

Soil eroston—

The most important aspect of flood control consideration, is the
erogion of top soil of loessal land. The entire watershed of Yellow
river hes in the zone of very severe erosion The soils being highly loessal,
are rich in erosion potential. Rain is an important agency for erosion. Sheet
erosion, gully erosion and sinkhold erosion are most common. By gully
erosion and undercutting, land-falls occur which increase the sit in great
volume. According to the Yellow River Commission 77,200sq. miles of
Yellow river basin between Paoton and Chengchow are subjected to severe
erosion. The factors affecting the erosion are the high erosion potential of loess
goils, frequency of steep slopes and gullies, rainfall, frost action, and deforesta-
tion, To control erosion in slopes tree plantations were carried out by water
Conseryation Experiment Station, Most severe erosion occurs in Northern
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Shensi, where the annual loss of goil may smount to 50 tons per acre. The
annual logs of soil and erosion index in the water-sheds of some of the tributaries

-

of Yellow river are as follows for 1934 ;

- ”
Yellow river, Wei Hoat | Ching Ho Lo Ho
at Tung- | Hsienyang | at Cheng. | at Chuang-
kuan kashan ton
Lo:s of soil in tons per aero .. 95 244 9.6 48-8
Erosion index percentage 2.1 23 4-8 13-9

—— Al

GENERAL OBSERVATIONS

The salient data in connection with the various reservoirs discussed in
the foregoing pages, have been brought together in Table TVIT and the rates
of silting plottal in Figures 74 and 75. Special features regarding individual
res‘grvc'iirs Las 2 been mentioned briefly in column 15 of the tuble.

From t} e Leneral trend of curves [Figures 74 & 7 5] it will be noticed that
the rate of sil.ing falls off, as, with the advance of years, the reservoir capacity
dec eases, One of the main reasons for this is the progressive reduction in
volume of deposits due to settlement and shrinkage as a resuls of superimposed
load of additional silt and exposure to weather, Also deltas progressively
foria at the mouths of all tributaries so that g portion of the silt is trapped in
these, aboVe reservoir lavel resulting in a process of aggrading of their beds.
Simlar aggrading of bed may occur, ahove reservoir head-water, on the main
stream in course of time. "Where the capacity of the reservoir is small, the rate
of reduction will be rapid until the reservoir siltg up to

. the section required
for flood passage, beyond which there will be no further

silting,

The four reservoirs of South Africa do not conform %o the usual trend,
perhaps because they have not been in action long enough.
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TABLE
' Catoh
mend Ho::l Meanl
3 Name of Counf Biver Height area anp annus
Sgrnoz: * Retorvowr i of dam m ranfall runoff
in feet aquare in n
mulss inchea foot-acres
1 2 3 ¢ 5 (] 7 8
2 | Boulder +» | U.8. A, | Coloredo (Arizona)| 728-4 | 187,000 . 10 115,000,000
6 [ 'Now Austin .. | U.8, A, | Coloredo (Texas) 8 33,200 21 | 1,827,000
7| Elophant Butte | U.8. A. | Rio Grande ., 208 26,812 | 1028 | 1,000,000
8] Lako McMillaa ., | U.8. A. | Pasos . F.+] 22.000 " 300,000
12| SonCarlos .. [ 0.8, A. | Ban Caclos .. 203 13540 ) 1015 e
19 | Lako Montz .. { Aftica Sundays . . 4,823 12 [ 148000
16 | Hoosevolt oo | U.8. A | Salt - 284 8,760 835 | 840,000
27 | Take Arthar Africa Fish . v 2,270 18-5 79,000
32 [ Grass R.dge Afrlos | Fish .~ . 1,583 14 42,000
34 [ Van Rynovelds .. | Afnca | Sundays . 113 1477 14 [ 33,000
46 | Zuni | OB A | Zuni .- " 80 as0 13 17,400
48| Parksvile .. | U.8.A. | Ococo . 125 600 55) 960,000
Modinn oo | B.8. A, | Modma . 164 887 20 .
Meiktala «s | Barma . 240 . .
Cbralter «+ | 0.8 A, | Santayaniz .. 188 200 . 546,500
11 Smt Wai’ﬂ' .. U- Bq Ac Swu‘t W&lu .n a0 191 .. ]'glmE0
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Avera
torsge sunuat
Capacity stlt
Storage Total Annua] | depost
“?ﬂﬂty Mean silt Penod st per 100 Remarks /
oot- anoual | deposit in yeara | depomit Bquars
Boced run-off foot. foot- mtles of
sored acres | catchment
ratio foo.-
nores
i .| 137000 82
05000001 203} . - 82 estimated , 36 accepted for the

. . 60,000 38 finsl schemse,

32,000 0-017 80,620 13 2,356 8-2 | Storage only 32000 foot-acres
. agamat, 1,827,000 Soot-acres yun.ofl.

2,838,860 2-64 | 415,786 26 78 16,147 61 | Erratio and wiclent mnfall. Rio
Grande carmes the largest st
burden of any major stream 1n
the South-Wost

80,000 0-30 45,400 88-4 1,208 56 | Accdenta] Tamorwk  growth
reduces glting.

1,248,000 4-18 38,806 8-33 5,820 43 | Sovere over grez ng.

N 84,619 0-82 34,4608 12-4 2,780 57 | Soft geological formation, steep
slopes, poor vegotal covenng,
small violent and 1rregular rawne
fall, Inbenso cheep Iarming.

].522,200 1-81 ‘]23.170 27 4’584 79 6 Catchment consists of highly
erodible sorls. Over grazing under
and conditions,

03,630) 081} 26200) 10-1 2600 115 | Same as No, 1p sbove
04,500 143 | 18601 11-3 1,380 87 | Same ns No. 19 above.
06,967 1-65 9,607 10-3 2l 64 | Bame as No. 19 above.
15,811 o9 11,830 26-2 432 66 | Catohment in an advanced stage
of erosion and gully development.
Penuodation dus tontense sheep
farmng. Recovory due to silt
control works,
97,000 0-102 20,800 | 18-75 1,110 185 | Destruction of forest lands by fumes
from roast ovens and smelters,
‘ clsfruy so1, and excessive rou-
318,703 27 8,265 238 263 &4 fall,
a0201 | .. .
7001 © 1 74 | Information  obtained from
, Centra. Board of Irri-
14,500 gation and Power.
» 0'027 .
850 20-68 270 136 | Forest fires over 80 per cenl.
86,300 catchment.
2-05 5, .
atd b 150 83 | Erato mainfall, poor vegetal
oovering
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Another noteworthy fact is that the Tate of silting pep-year per 100 square
miles of catchment is more or less of the same order of magnitude in all the arid

catchments, as will be seen from Table LVIII whichis an extract from Table
LVIL

The estimated figures for Bhakes have also beon inoluded in Table LVIIT

for comparison.

TABLE LVIII

Silting of reservoirs based on capacity surveys

Catchment } -—-- —Rate of mlting per.
Namo of Reservoir ares in yoar per 100 square
square miles mules of catchment
{foot-aores)
Boulder - 167,000 _82(a)*
36 ()
Elephant Butte . . .. | 26,312 8l
Bhakra e . .. | 21,960 00(z)
Lake Mentz . . . 4,823 67
Roosevelt . .. - 6,760 80
Grassridgo . . . 1,683 87
Van Rynevelds . .e e 1,477 64
Zuni 850 (1]
Bweet Water 181 83
Mesktala (Burma) 240 7¢
Average . - . l 5

* {a) Estimated (b) Accepted.

Lake Arthur (South Africa) with catchment of 2,270 square miles has an
excessive rate of silting of 115 foot-acres although the other three neighbouring

reservoirs have rates of 57, 87 and 64 respectively per yoar per 160 sq. miles of
catchment. This is probabl

y due to the catchment of Lake Arthur being un-
usually silt productive, ;

Parksville and Gibralter are other instances of excessive rate of silting.
Both of these are typical cases of denudation, the former by destruction of

forests by fumes and the latter by fires. The graph of Gibralter shows &
reverse trend. '

Lake Austin-and Lake McMillan show abnormally low rates of silting per
100 square miles of catchment area. In the case of Lake Austin spart from the
fact that its storage capacity is smaller as compared to the mean annual run-off, —

ff,
the stream feeding the reservoir has an abnormally low silting content. Lake
MoMillan is an instance of silt prevention by vegetal cover.

Apart from these exceedingly high and exceedingly low values, the annmal
rate of siltin,

g per 100 squars miles of catchment ranges between 57 and 90
(average 75) foot-nores although the catchment areas range from 181 to
167,040 square miles,
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In Figures 76 and 77 the annusl rate of silt deposit in foot-acres has been
plotted against catchment area in square miles for reservorrs {including
Indian, Tables I and XXVII) having catchment sreas of more than
1,000 square miles. The 75 foot-acres to 100 square miles of area line has been
drawn on both the figuves. It will be noticed that there are no ., many points
above this line. The upper Iimit for the annua] sil deposit per 100 square miles,
with few éxceptions, therefore, appears to be at 75 foot-acres.

The Boulder Dam with & catchment area of 167,000 square miles has been
Plotted as an inset. Its mean annual sils yield is 81 foot-acres per 100 square
miles which is not much removed from.the 75 foot-acre line,

The annual rate of silt deposit for minor catchments (area less than 1,000
square mules, both foreign and Indian, 18 plotted in Figures 78 and 79). A line
indicating the normal maximum silt deposit has been drawn on each of the two
charts plotted to natural and logaribthmic scales, Tt will be seen that the annual
Iate of silt deposit per square mile of catchment area increases as the catchment
area decreases and if ¥ 1s the annual silt deposit in foot-acres for & reservoir of
catchment area 4 square miles, then,

If ¥, 1s the annual silt deposit per 100 square miles of catchment area then

Y,=5-194° % x %OJ

Y=5.19 4°-7% { — 519
l 40-28
f orr in Annual st deposit;
Aron of catc;l:;l:;tnc;ﬂ:seserv N 1o foot-acres per
100 square mijes
“e .n .e 272
o o e e 14
100 .e . .e . .e .e . 143
200 .., .. . . . .- . 118
300 . . . . ’e o .e
400 . . . . e - . o7
500 . .s e .s .. .e . gi.
750 .u . . .o . (X e 7__
1,000 s .s .e e T ee . ve [i]

The above discussion leads to two important conclusions.

{(a) The rate of silting falls off with years. , _

(6) The annual rate of silting per 100 square miles of catchment has an
upper average limit of 75 foot-acres for major catchments which
guve rise to heavily silt laden streams. The absolute maximum rate
for any major catchment will, perhaps, not exceed 90 foot-acres.

The lower limit for the annual rate of silting can be as low as zero as in
the case of the Grand Coulee and the Aswan Reservoirs,
MSCBI&P ’ DD
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CHAPTER 5

Summary ancg Conclusions

The silting of Reservoirs is a mabter of vital concern for sny undertaking
dependent on stored supplies, be 1t for irrigation, water supply, flocd control
or hydro-electric power. Each such project requires, for iz successful
functioning, a certain minimum storage capacity which must remain
undiminished for a mmimum specified period (generally 50 years). Heunce the
full capacity of the reservoir must not be less than this minimum plus the
probable volume of silt deposit during that period. The correct determination
of this probable silt reserve 1s therefore of the utmost importance for any storage
scheme. The rate of annval deposition of silt will largely depend on the annual
silt load brought in by the stteam and the extent to which the latter will be
retained 1n the reservoir. The problem is, thus, to determine this annual rate
and to investigate if means can be devised to reduce the original silt load of the
stream or to mimimise 1ts deposition in the reservoir.

Snow fed streams as a rule, carry little sediment. Rain fed streams carry
heavy sediments, the concentration increasing with the increase in the intensity
and the erratic nature of rainfall 1z their catchments. In the latter type of
streams the silt concentration is, on the whole, proportional to the discharge.
Flashy streams which derive most of their supphes from a few freshets only,
may carry abnormal silt concentrations during such freshets (e. g. Roosevelb
and Elephant Butte Reservoirs) but their annusl silt contribution will not be
materially different from that of streams running through similar catchments
having the same areas but with rainfall more evenly distributed. The actual
amount of total annual ranfall will not make much difference.

The catchment characteristics of the reservoir concerned can best be
ascertained by means of a general geological investigation of the water-sheds of
the main stream and its tributanes including special detailed examination of

the sections which are most productive of silt and astudy of the nature and
extent of vegetable cover. ;

Catchments vary widely in silt production. Tke Colun.bia river above
Grand Coulee Dam is supposed to be free from silt.  Qp the other hand, the
Rio Grande river above Elephant Buite Dam, the Salt mver above Roosevelt
Dam, the C9lorado river above Boulder Dam, the Sutlej river above Bhakra,
and t}ae 'i-osx carry very heavysiltloads. Therateof gilting in a reservoir on
heavily silt laden streams averages 75 foot-acres per year per 100 square miles of

catchment. The mazimum rate recorded for any major catchmoent so far is
below 90 foot-acres.

-

. Therste of silting 1n any reservoir car be estimated (a) on the basis of thet
In existing reservoirs with sumilar catchment characteristics or (b) from tke silt
load carried by the stream concerned as calculated from a series of carefully

plenned experiments carried over a sufficient number of years. These

experiments should aim at determining the various grades of the suspended

Joad and es far ae possible, the bed Joad of the atream.
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The saspended load is obtained by weight and has to be converted'to volume
in order to work out the necessary rate of silting. Opinions differ astothe
weight of dry material in a cubic foot of silt deposit in the reservoir. The
figurcs-obtained from actual tests, range from 18 -7 Ibs. to 1061 lbs. Faris
recommends 90 Ibs. for deposits subject to prolonged exposures, 70 Ibs. for those
sukject to short exposures and 30 Ibs. for those permanently submerged. In
estimating the rate of silting in the Boulder Reservoi- this weight was-taken as
85-91bs. Inthe case of the Bhakra Reservoir thishas been assumed as 90 lbs,
and for the Mahanadi and the Kosi rivers as 874 lbs.

Similarly, estimates vary widely for bed load, the figures ranging from 1 +7
to 25 per cent. of suspended load. Tt is, however, generally felt that bed Joad
in the case of large reservoirs is not of much consequence Coacse materials
hikze shingle, bajrs, efe. will normally be deposited at the headwaser of the
Teservoir, where the velocity starts getting slack on entering the reserveir, and
will progressively build up & delta, thus causing a gradual aggrading of the
stream bed and a reduction in the silt, depositing in the resarvour.

The raio of sthing decreases with age due to shrinkage ¢ exposure of the
depoeits and to the gradual formation of deltas at the mouth of tributaries
which help to hold the silt above reservoir level.

Tke relative silting of reservoirs is best measured in foot-acres per venr,
per 100 square miles of catchment. The rate of silting measured as percentage of
original capacity is highly misleading (See Columns 18 and 20 of Table XXX VII).
Thus, the new Lake Austin (item (5) Table XXX VII) is silting at the vatcof 73
per cent. of original capacity per year, whichis very high. The annual rate per
100 square miles of catchment is, however, only 6 -2 per cent. which is among
the lowest on record. On the other hand, the Elephart Butte Reservoir silts
annually at the rate of 061 per cent. of the original storage capacity and 61
foot-acres per 100 square miles of catchment. Judged as a percentage of
capacity, the silting at the Lake Austin 1s twelve times (7 -3, -61) as heavy as
that at the Elephant Butte, although, as 2 matter of fact, the latter catchment
contributes 10 times (61/6 -2) as much silt per 100 square miles as the former.
The determining factor is the catchment area and not the storage capacity, as,
the latter may be many times the annual run-off or only a small fraction of it
depending upon the requircments and limitations of eack case.

The natural rate of silting from a catchment can, to some extent, be
regulated and reduced Ly afforestation, controlling deforestation and grazing
and by suitably protecting the most silt producing portions of the catchment.
But it should be clearly recognised that these control measures can only produce
limited resutts.

A eertain smount of silt contrel is possible by means of outlet works if of
ample capacity and placed low enough, rubject to-the limitations imposed by
Tun-off, the period of storage and tke relative claimns cf irrigation and hydro-
electric power,

On 2 reservoir silting up to the exient that the capacity fails below it,

useful storage, the eonstruction of a dam or dams higher up *he main stream
ang jts tributaries may be investigated with a view to forming new reszrvoirs
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unless so.0¢ cheaper ard niore conventent means of supplementing supplies can

be found elsewhere,

Gapacity surveys of tho various reservoirs should be instituted in India on
thelines of those in America, with & view to obtaining a systematic and
contizuous record of the ailting of Indian reservoirs, due attention being paid to
the velume weight relationship of silt depesits.

-
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20. Nizery, A and : * Economical aspect of the sedimentation in Reservoirs »—Pamxr
Rousselier M, R. 83, queb. No. 14, IVth Congress on large Dains, 1951, -
21, Rao, K. L.and Ragha. * Sedimentation of Reservoirs in the state of Madras » —-Paper, '
vachari, S. R. 55, ques. No. 14, IVth Congress on large Dams, 1951, _ .

22. Raynaud, J.P. ! “ Btudy of Current of muddy water through Reservows »—Paper
g . R. 48, ques, No. 14, IVth Congress on Large Dams, 1951. -

23. Reclomatjon Era : * Solving the silt mystery *—Sept. 1950, “w
_ 24, Reminjéras and, ©  “ Some observations on sedimentation in French Reservoirs »—
Braudeau, G. . P;.per R. §0, ques._ No. 14, IVth Congreas on Large Dams,
1951

“95, Report of the Colorado Raver Board on the Boulder Dam Froject, 1928.
26 Sedlmenta.tlon of Principal Reserveirs in Japan, October, 1950, .

27 ,Simaika, Y. M. : ** The suspended Matter in the Nile-"—Mmstry of Public Works
Egypt—1940.

28. Studies on the Yellow River Project—Published by Public Works Commission, Supreme
Economie Couneil, Nanking, China, June, 1947.

26, Transactions of the Am. Soe, of Civ. Engg., Vol. 101—1936.
30. Transactions—Second Congresa on Large Dams. Vol. 5--1938.
31. U. 8. Deptt. of the interior—Bureau of Reclamation.

92. U. 8. Geologlcal Survey, water Resources branch “ Determination of loads of suspended
matter in small styeams ”? Quality of water division, 1939,

33. Vanonf A. : “ Some experiments on the trensportetion of suspendedload” Trans. Am.
*@eoph. Unton—Hydrology, 1941.

y%ebfer, C.P. : “Silt problems on the Colorado River”—Paper C-7 for the Third Int. Cong.
n Large Dams,

35, Willeocks and Creig-Egyptian Irrigation Vol. 1, ITlrd Ed. 1923.

Note.~There are a large number of publications other than those mentioned

above from which information has been extracted but as these are all entered

. 83 references iri one or more of the above noted publications, they bave been
omitted from the above list.

MGCBI, BE
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"Appendix
Resolutions and Recommendations of the Central Board of
) Irrigation and Power

, SILTING OF RESERVOIRS
1) July1939 ‘

The records from various parts of the world show that the silting of
~zeservoirs may be serious or negligible. The Committee consider that the factor
determining silting vary from site to site and must, therefore, be studied lucally..
The Committee recommend that : s
() investigations regarding silt loads should go on * pard passu * with
enquiries regarding water available for storage, o
() the main source or sources of the silt load should be determined and
steps should be taken so far as possible before dam construction to-
reduce erosion in the catchmeunt area, ' ' .
(c) every opportunity should be taken to stidy silt acctimulation ‘I
existing reservoirs with the object of obtaining information regardingy
the most cconcmical design. and methud of construction with
reference to the Iife of the reservoir, L o
(d) samples of silt in suspensicn should he taken regularly at existing
Tiver gauging sites and at or near eny possible dam site. The clay
content of the silt should be determined as this may exert an
important influence on the volume of the deposited silt,
(e} samples of deposits from reservoirs should be obtained so that an
attempt may be made to estimate the volume of the deposited
material with reference to its physical composition.

(@) July 194

The Board approved the following Notes on Factors Affecting Silting of

Reservoirs by C. C. Inglis, Esq., Dr. E. McKenzie Taylor and Rai Babadur
A. N. Khosla, '

Btorage reservoirs will, sooner or later, play an increasingly important
part in the future development of many provinces of India. In some, they
will be needed for irrigation ; 1n others, for generation of hydro-electric power
while in others they may be used for flood control. It is highly desirable,
therefore, that an early stert be made towards a systematic study of the silting
of such reservoirs with a view to securing representative and reliable data,
under aslarge a vanety of conditions and for as long a period of years as possible.
Such a study will furnish a sound basis for correctly estimating the rate of
silting of any reservoir and the height of dam required to provide the full capacity

for the necessary useful storage and the additional capacity for silt reserve
reuived to maintain the useful storage-unimpaired for the minjmum specified
rumber of years.

2. The question falls naturally into two categories :—

(a) Corrélating the volume of silt coliected in existing storage reservoirs

with various factors, and (b) Estimsting the rate of silting in
new or proposed storage reservoirs.
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3. (@) The main factors controlling silt accumulation in existing'storf;ges
are : ¢. Proportion of silt, if any,. intercepted by an upstream
. Jake or reservoit"!. L .
2. Proportion of silt reaching the'reservoir which passes out through
sluices,-ete. . ; - . .
uis Degree of consolidation—i.e., weight of silt per unit volume.
0. Total area of catchment and various zores into which it is considered:
.+ 1 desirable to dividethe' catchment 1 view of varying silt
contributions. M

L

. Type of rainfall and snowfall in each zore.
. vi. Effective monthly and annuta'lr rainfall in each zone. _
vii. Mean_mouthly and annual temperatures in each zone.
viii. Monthly and annual run-off from catchment or sub-catchments..
7z, Slope of each zone. |
#. ‘Vegetation in each zone." ]
@i, Geological formation of each zone and estimated relative rate of
weathering and erosion with due regard to climatic conditions,
zii. Total silt accunulated per year :—

(a) in acre feet per 100 square miles of catchment;
{b) in tons per square mile.

4 In the cold, arid, higher regions in the Himalayas, physical causes are
mainly responsible, for the weathering and the disintegrated rock material
1s Yransported with the melting snow. These produce the grey silt found in
the rivers fror. March until the monsoon. Tandslides, so common in the
Himalavyas, also produce disintegrated rocky matemal and little soil. Thesecond
mein source of silt is the erosion of the soil under the warmer humid conditions
in the lower levels of the catchment. This provides the red silt «during the
monsoon period. It is from this latter source that the majority of the clay is
derived, since clay is not produced by physical weathering at the higher altitudes.

5. Chemical weathering is essential for the production of clay- and this
can only take place m the lower hills where the temperatures are higher. Erosion
at the lower levels is, therefore, very importent as upon this will depend
lazgely the volume-weight relationship.

, 6, When the object is to predict the rate of silting, two lines of
investigation may be followed : .
(a) the conditions may be compared with those in other similar
catchmentsand the estimation of rate of silting be based on silting
in reservoirs in those catchments, making allowances for such
differences as exist, or !
(8) the quantity of silt movement may be measured and ax assumption
made as regards the proportion of that likely to be trapped by the
. Teservoir.
- %. It is customary to divide silt movement info—
{a) sugpended solids, and
(b) bed load, vir.. sand, shingle..efc., moving along the channel hed
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(a) Suspended Solids should be collected in'standazd silt bottles, preferabiy -
wof brass tosave breakage. Inastraightreach, whereboatscan work, the sample
should be taken at three points in a section at 3,3 and " § of the width
from either edge and at f5th the depth at each one of these points. These
‘three samples will make up one determination of silt content-and will give an
approximate n.easure of the mean silt content over the whole section.

_{b) Bed Load.—No method of observation of bed load has yet been

standardised. Experiments are being done in this connection by the Punjab
Rescarch Institute at Madhopur with promising results. -

8. During normal supplies,” if the river impinges on one side and breaks
up into boils and during floods when plying a boat may be risky and samples
have, of necessity, to be token at the river edge, such samples may be taken
from these boils. These will be representative of tke mean silt charge of the
section, - s L :
9. A suitable site for observations of silt load for a proposed reservowr

would be anywhere near the proposed dam site below the confluence of the
dowest tributary. ) )

10. In the case of an existing reservoir, sich a site will be above the head-
water of the reservoir where the water flows in a normal channel beyond the
backwater effect. The results obtained in the latter case may not be fully
representative, if any important tributary or tribufaries join the reservoir
lower down, but these will be a very near approximation. For a more detailed
study, silt observations may be made on the tributaries if and when they are
in flow. Where spillways exist it will be of interest to take silt samples

from the flow over the Jatter and compare their silt load with thatin the river
«channel, above the headwater,

11. Capacity Surveys. —In the case of existing reservoirs capacity surveys
should be done at regular interval of years. These surveys can be carried oub
by observing o series of cross sections at close intervals for the entire reservoir
srer-orasanalternative for the portion under water in conjunction with detailed
contouring of the exposed area above water. For this work, to be of valus,

it is necessary to have a basic contour plan of the reservoir area and a network
of bench marks and fraverse marks spread over this area.

12. Volume-Weight Relationship.—Samples of silt should be taken
«qccasionally from the various types of deposits in the reservoir with a view 0
determining the dry weight of these deposits. Silt depositsare of three types
{(1) those permanently submerged, (2) those subject to occasional exposure and
" {3) those subject to periodical and prolonged exposures. The first of these
"will have the least dry weight and the last will have the greatest.

13. It is recommended that each province select at least one site at which
Bystematic and comprehensive silt studies be carried out over a sufficiently

long period of time. Where reservoirs exist sich work can generally be
undertaken with httle additional cost by the existing staff. '

14. A detailed report on each existing reservoir or proposed dam site

should be prepared in respect of catchment area, rainfalland run-off and sent

to the Secretary, Central Board of Irrigation. Relevant data should be
Supphied % the form, Table appended.
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(8) December 1846

Resolved that the Board considers it desirable that all Provinces and
States which have large reservoirs may undertake a study of the silting
of the reservoirs during the course of time and bring to thezr nctlcedli_:he
following report, as accepted by the Board, of its Sub:(}?mmmtee , Tegarding
the collection and recording of data Tegarding the silting of reservoirs.

" Recommendations of the Sub-Uommittee on the collection and _ recording
of data regarding the silting of reservoirs.

- 1. The Sub-Committee do not consider it feasible, at the present stage and
in the light of present knowledge, to give any directive on the estimation o:'
rate of silting in the case of proposed reservoirs. Any such estimatke mus,h
depend on local knowledge and the skill of the estimator in selecting from: suc
recorded data as is available those relating to a catchment similar] a8 near s
may be, to the catchment he 1s considering.

2. The Sub-Committee point out that there are two components of the

silé deposited in & reservoir.

{a) The silt in suspension iu the river fseding tho reservoir ;
() Its-bed load. . '
The former can be determined only very approximately. For the latte:
1o means of determination have yet been devised. The most satisfactory
data which can be selected are, therefore, instances where the total silt of both
classes deposited in a reservoir has been measured.

3. There are several old reservoirs in Hyderabad State—the Pakhal Lake
forinstance is reported to be more than 700 years old—which are still functioning
fairly efficiently and it is possible similar instances may be found elsewhere in
India. If the life history of such old reservoirs could be reconstructed
particularly inrespect of the following, valuable information as regards overall

-average rate of sltation over long periods would be available not only for
direct application where similar catchment and rainfell conditions prevall

but also for comparison with the results obtained in other cases hy various
~ methods,

(a) Date of construction. This conld be ascertained by a aitical study
of the old records that may be available.

(%) Original storage capacity. This could be ascertained with a fair degree
of approximation by contouring the valley just below the dam and above the
water-spread of the reservoir and joining up the contour lmes, subject to
verification by noting the actual depth of silt deposit within the reservoir hmit,
as far as practicable, by means of borings during the mimmum water level stage-
Any error that might creep in, being distributed over soveral centuries, the
average annual rate is not likely to he materially affected,

(c) Present storage capacity.

The Sub-Committee, therefore, strongly recommend that the research

officers may be requested to make necessary enquiries and investigations
accordingly.

* The Sub-Committe
Ranwar Sain and Ral Ba

8 compriged Mr. S, C. ﬁ;méa-r: ﬁr. T. A W, Foy, Rai Bahadur -
kadur A. G. Maydeo, ,
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4. The Sub-Committee wish to offer a caution to engineers who owing to
lack of saitable overall measured data are compelled to utilise instances of similar
catchments where an estimate of the total silt load has been made from
measurements of silt carried in the stream. Such estimates, which lead to the
determination of the hfe of reservoir, have a very definite economic angle,
Project designers will be well advised to discount any facile optimism in the
preparation or interpretation of such estimates of the rate of silt deposition ia
& Teservoir.

5. The Sub-Committee consider that their most useful advice can be
rendered in standardisation, as far as mayk be possible, of the method of collection
and- recording of the data of silfing in actual reservoirs. They recogmse
that reservoirs vary enormously in size, shape and characteristics. The main
and most valuable information rega,rdmg the over-all silt deposit in the reservoir
Is sometimes costly and difficult to collect and the best methods of obtaining
it, under given physical and economic conditions, must be left to the judgement
of the engineer-in-charge. »

6. The main factors controlling silt accumulation in existing reservoirs are
listed below and are mainly taken from “ Factors affecting Silting of Reservoirs”
by Sir Claude Inglis, Dr. McKenzie Taylor and Rai Bahadur A. N. Khosla
to whom the Sub-Coramittee acknowledge their debt. P

{¢) Whether all silt from the catchment reaches the reservoir or a portion
is intercepted by an upstream lake or reservoir, efe. ?

(¢7) Whether all silt reaching the reservoir is trapped a.nc'[ —tf not, what
proportion passes through ?
(##1) Degree of consolidation—i.e. weight of silt per unit Voluthe,

() Total area of catchment and various zones into which it is considered
desitable to divide the catchment.

{#) Type of rainfall and snow fall in each zone.
(vi} Effective annual rainfall in each zone.
(vit) Vegetation in each zone.

{vii{) Slope of each zone.

(em) Regional geological classification of tke catchment of each zoneand
estimated relative rate of weathering and erosion, faking climate into account.

() Run-off volume and peak discharge from catchment- and
sub-catchments.

»

(Note.—Run-off is strictly speaking not a factor, depending as it does on
rainfall, catchment area, efe. but it is none the less useful and relatively easy
#0 measure as compared with the other factors, which it integrates.)

{zi) Total silt accumulated per year.
(@) in acre feet per 100 s¢nare miles of catchment,
(8} in toms per square mile,- cupsidering the degree of consolidation.
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7. The Sub-Committee consider that the recording of the dischurses
entering the reservoirshould be done in the greatest possible detail if economic
conditions permit. They recommend that a careful gauge capacity table or
diagram be prepared for the reservoir and that the daily inflow be vecorded by
the estimation from the rise in gauge reading added to the measured outilow,
They recommend daily discharge observations at the point or peints of entering.
Where this is economically not possible and the site is reasonably =table they
recommend determination anuually of the gauge ‘discharge curve by pericdic
observations and the detailed recording of the discharges as read off this curve.
Where again even this is not practicable they must leave it to the eagineer
concerned to give the best possible detailed estiruate of the inflow:

8. Of equal importance with the mecsureroent of the inflow is a daity
recording of the releases and a clear exposition for as long a term of years as -
possible of the relationship hatween inflow, live capacity of reserveir, spil aze
and releases. An indicaticn should also be given of the method of Leszase and
where this affords any special facilities, for example low level releases for
disposing of any fraction of the silt entering the reservoir or specially dusigne |
ontlets to dispose of density currents in the reservoir. '

9. The Sub-Committee now consider item (z:) of the above recorimenda-
tions quoted i para 6, which they consider the most important of al.
This. is thaf. the total silt accumulated per year should be measured and
recorded.” As stated above they prefer direct recordings of the siit quantity to
any other method of estimation. The exact method of doing so must depend
on~the type .of reserveir,

- For all rescrvoirs they recommend the laying down of permanant scetiona!
lines at suitable intervals ; the sectional lines being marked by concrete pitlar
or the flanks and the section measured annualiy cither by levelling if the
reservoir drics out or by soundings. TIn either case they recommend thot this
be done when the reservoir is at its lowest level. " A further point on which
information is desirable and probably easily obtainable in the case of leng nazrow
reservoirs is the rate of advance of the delta from the head of the reservoir
towards the dam. The fraction deposited in the live storage arcs and the dead
storage area of tle reservoir should also be recorded.

“ 10. The Sub-Comrmittee consider it desirable to determine the suspended
detritus charge and the bed load in the stieam entering the reservoir and in the
off-taking channel. It is understood that the Board is shortly issning standard
instructions in this respect. The suspended detritus chatge and the bed lead
sbould, therefore, be determined in accordance with these standard instructions,
but until the sub-committec are satisfied that the methods adopted are capable
of producing snything like sceurate results, they do not recommend the use of
the (.ht-a. 50 obtaived in the problem of silting of reservoirs. They, however,
consider t.hat it might be possible to utilize this data at some future date when -
the technique to be adopted has proved its usefulness. The methods adopted

fiort:he collection of this data should, therefore, be recorded along with the
ata.
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(4) December 1917

(a) Chief Engineer Jodhpur had raised a few points regarding the
resolution® of the Board as under :— .

(z) Due to shortage of staff Jodhpur-could not take up the observations in
aveordanee with the recommendations of the Board but if the information
pertaining to measured depths of silt deposit obtained hy digging the beds of
tanks when they were dry, the ages of which were known accurately would be
of value, the Chief Lngineer was prepared to supervise the obtaining of it
porsonally

(¢7) Regarding the advancement of delta into tank beds, he suggested
that the only satisfactory way of recording would be by means of air photos
taken at five years interval over a representative series of tanks ; this should
not be cither a difficult or costly matter to arrange.

{717) Since there was very little silt in Rajputana rivers, yearly measuremént
of silt -by levelling or soundings would not show SIgmﬁcant changes ke
suggested that the interval should be five years.

(#¢) For flashy rivers, silt sampling is difficult to arrange and the information
to be collected would not commensurate with the cost and trouble involved.

The BArd examined the points raised by the Chief Enﬂmeer, J'od}.pur

and alcEl‘ dizcussion, decided as follows :—

() The inforination so obtained would be very useful, and f‘hie" ‘Engineer,
Jedhpur, be requested to collect it. He should also be requested- to: ascertain,
if possible, the dry bulk density of silt ®in siu’, by Iayers in its.wot -(spongy)
state and whether it is possible to distinguish ‘the var'ous layers—-—yearly or
otherwise. -

(") A good suggestion which might be adopted ‘for all reservoirs. The
- pered L<t.\een two suceessive photographs would vary for each case.

{ii{} The period would va.ry for different places and must be determined
by local officers. -

(7rY Agreed.

(1) Resolved that all Provinces and States be requested that :

() As an ultimate objective, but for the present as far as possible, -ut
discharee observation sites on main and tributary streams, sediment discharge
obscrwti,mns, with analysis into prmmpal sizes, should be made corcur”*nt]y
with every water discharge-observation. The results should be correleted

ennually with erosion intensity sutveys done by the Forest Department,

e tem should contain a report

Every project for damming 8 IIVOT SY8 a rep

d tfu([ n),, 1nrgu1;nt1tatlve terms, the whole relevant sedimert data and the

cé’or .omirs of action required to protect the reservoirs from rapid loss of capacity,
and the rivers from undesirable regime changes.

-T).e Poard further recommends that soil conservation experts be appointed,
from ti}c investigation stage, to each reservoir project.

—_— ‘ ¢ Ttem (3} above,
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LIST OF PUBLICATIONS ISSUED BY THE CENTRAL BOARD OF
IRRIGATION

1. Digest of Technical Notes, 1931 (Reprint).

A semmary of views of Chicf Enginecrs on the following subjects :=-
(1} Waterlogging and Teclamation.
() Effect of dcforestation and afforestation on river floods,
(12) Design of works on sand foundations.
(1) Flumpg of capal works.
(v) Regulation at canal headworks,
(vi) Design of canal falls,

2. Digest of Technical Notes, 1932.

A summary of views of Chief Engineers on the following subjects :—
() Waterlogging.
{n) Design of works on sand foundations,
(¢ir) Design of canal falls.
{tv) Staunching of capals.

3. .Cabologue of books (upto December, 1933) in the Libra‘.“ry of the Central

» Board of Irrigation, Simla and its Ist and 2nd Annual Supplemenis
(1934-36). . '

~ 4..Hydraulic Diagrems :‘.Energy. of flow, Pressure-plus—Momentum Diagrams
. for the simple graphic solution of problems involving a change of section

i stream of water (Compiled by A.M.R. Montagu, M.I.C.E., etc.) (1934).
Revised and Enlarged Edition 1948 by Shri N. D. Gulhati.

§. Glossary of Technical and Vernacular Terms in connection with Trrigation
in India, together with Standard Netations. (1934). (Ist Revised
Edition 1941).

6. Pluming : A series of examples illustrating the use of Hydraulic Diagrams,
C.B.L. Pubn. No. 4 by AM.R. Montagu, M.I.C.E., etc. (1934).

7. The Standing Wave or Hydraulic Jump. (1934).

8. Observation and Record of Pressures below Works on Permeable
Fouadations, by Shri A. N. Khosla. (1935).

* g, Stabilization of Soils by the use of Bitumen Emulsion—by Brigadier C. H.
Haswell. (1935). ° )

10. Trrigation Canal Falls. (Compiled by A.M.R. Montagu, M.I.C.E. efc.)
. (1935). -

11. Arnual Report {(Technical) of the work of the Central Boax igati
India, 1934-35. ral Board of Irrigation,

12. Design of Weirs on Permeable Foundations—by Shri A. N. Khosla
Dr. N. K. Bose and Dr. E. McKenzie Taylor, 6936). ,

13, Annpual Report (Administrative) of the work of the Central Board of
' Irrigation, India, 1935-36. (For the use of Board Members only).
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14. Annual Report (Technical) of the work of the Central Board of Irrigation,
Tndia, 1935-36.

15. Annual Report (.Adrﬁi}xistrative) of the Central Board of Irrigation, India,
1936-37> (For the use of Board Members only).

16. Annual Report (Technical) of the work of the Central Board of Irrigation,
India, 1936-37.

17. Notes on Waterlogging and Land Reclamation in the form of o
Questionnaire. (1938). .

18. Anpual Report (Administrative) of the work of the Central Board of
"Irrigation, India, 1937-38. (For the use of Board Members only).

19. Apnual Report (Technical) of the work of the Central Board of Irrigation,
India, 1937-38. - :

20. Regime Flow in Incoherent Alluvium--by Gerald Lacev. (1939).

3. Annual Report (Administrative) of the work of the Central Board of
" Trrigation, India, 1938-39. (For the use of Board Menbeas caly).

22. Annual Report (Techaical) of the work of the Central Board of Irrigation,
India, 1938-39. . -

23. Annual Report (Administrat.ive) of the work of the Central Board of
Irrigation, India, 1939-40. (For the use of Board Members only).

24, Annual Report (Technical) of the work of the Central Board ¢f Irrigation,
India, 1939-40. ° ' e

25. Annual Report (Administrative) of the work of the Central Bosrd of
Trrigation, India, 1940-41. (For the use of Board Members, only).

26. Water Weeds and their eradication from canals,—by C. C. Inglis, and V. K-
Gokhale, with a note on Eradication of Bulrush by V. K. Gokhale and 8. N.
Pupekar. (1941). )

217. Annual Report (Technical) of the Central Board of Irrigation, India, 1941.

28. Annual Report (Administrative) of the work of the Central Board of
Irrigation, Iudia, 1941-42. (For the use of Board Members only)

29. Annual Report {Technical) of the Central Board of Irrigation, India, 1942.

30. Anrgual. Reporhb {Administrative) of the work of the Central Board of
Irrigation, India, 1942-43. (For the use of Board Members only).

31. Annual Report (Technical) of the Central Boatd of Irrigation, India, 1943,

32, Am;ual. Re_port. (Administrative) of the work of the Central Board of
Irrigation, India, 1943-44. (For the use of Board Members only).

33. Anoual Report (Technical) of the Central Board of Irrigation, India, 1944.

34 Anqual.Reporf,. (Administrative) of the work of the Central Board of
Irrigation, India, 1944-45. (For the use of Board Members only). *

35. Anpual Report (Technics i) of the Central Board of Irrigation., India, 1943,



36.
37.

38.
39.

40.
41.
42,
43.

. Annual Report (Administrative) of the work of the Central Board of
45.
46.

47.
48.
49.

o,
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Role of Glaciers and Snow on the Hydrology of Punjab Rivers—isy Shri
Kanwar Sain.

Arnual Report (Administrative) of the work of the’ Centml Board-of
Trrigation, India, 1045-46. (For the use of Board Members onlyfl.

Annual Report (Technical) of the Central Board of Irrigation, Indiz, 1946.

Annual Report (Administrative) of the work of the Central Board “of
Lrrigation, 1946-47 (For the use of Board Members only). .

Annual Report (Technical) of the Central Board of Irrigation, India, 1947,
Resolutions and recommendations (Technical) 1931-47.

Standards for testing soils—Tentative.

Land Reclamation by M. L. Mehta.

Irrigation 1947-48. (For the use of Board Membersonly).

A manual of Library procedute. (For the use of Bogrd Member s only).

Annual Report (Administrative) of the work of the Ceniral Board of
Irrigation 194849, (For the use of Board Members only). .
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