ANALYSIS AND USE OF RESERVOIR SEDIMENTATION DATA

by L. C. Gottschalk *

Introduction

Prior to 193k about 40 reservoirs in the United States had been surveyed to determine rates
of sedimentation. In that year the Soil Conservation Service began a nation-wide survey to
evaluate the effects of accelerated scll erosion on reservoir sedimentetion.  To date detailed
sedimentation surveys have been made on about 200 representative resexrvoirs and reconnaissance-
type surveys on approximately 300 more.. In addition, results from nearly 100 surveys made by
other Federal, State, and local agencies are availeble. Thus, sedimentation data now exist on
nearly 600 reservoirs in 36 States, more than 5 percent of the total number of larger reservoirs
in the country.

Factors Consldered in Analysis of Data

Since the begimning of its program, the Soil Conservation Service has been concerned with
analyzing these data: First, to obtain a better understanding of the basic factors controlling
retes of sediment transportation and deposition; and, secondly, to develop procedures for useful
application of the data to determine sedimentation demages and methods of control of sedimenta-
tion in existjing and proposed reservoirs. Much work still remains to be done. Different methods
of analysis are still being tested. From the results so far obtalned, however, certain conclu-
gions can be drawn. It is the purpose of this paper to point out the relative effects of some
of the more important factors that need to be considered in the analysis and interpretation of
reservoir sedimentation data and to outline briefly methods for applying the results.

The rate of silting of a reservoir depends upon its capacity, the quantity and nature of
sediment delivered to it, and its ability to retain sediment. Some wetersheds produce an abund-
ance of sediment, while others of equal size do not. In some cases, sediment remains in suspen-
sion for long periods of time and is carried entirely through the reservoir and over the spill-
way. In others, it may be deposited almost immediately near the head of the reservoir. Some
sediment deposite compact reddily whereas others compact slowly. Reservoirs of equal size but of
different use mey trap sediment at different rates.

In anslyzing reservoir sedimentation data, such factors as period of record, nature of reser-
volr operation, occurrence of density flows, watershed characteristics, ceapacity-watershed ratio
of the reservoir, nature and specific weight of sediment, and precipitation and runoff should be
considered. It is desirable, of course, to have long periods of records. Estimated long-term
rates from sedimentation records of less than ten years generally are not dependable unless ade-
quate inflow or precipltation records are available for making adjustments.

It is essential that the period of record be continumous. If gates in a dam have been kept
open for long periods of tims or if the deam has been breached so that conslderable sediment has
been sluiced out of the reservoir, the sediment that remains will not give a reliable measure of
the total emount of sediment brought into the reservoir. Some operators mske it a practice to
open bottom slulces during periods of heavy sediment inflow. Plans are being made at present to
develop operating schedules at some reservoirs to vent the meximum quantity of density flows in
order to reduce the rate of sediment accumulation. Some operators draw down their reservoirs
completely in attempts to desilt them. This not only sluices sediment from the reservoir but
also increases the specific weight of remaining sedimsnt by exposing it to seration. Normal
reservoir operation and seasonsl draw-down cause minor redistribution and exposure of sediment
to aeration. This, however, does not appreciably increase the density of sediment except in
delta areas. The results of sedimentation surveys of reservoirs from which sediment has been
partially removed by desilting practices or breaching of the dam are not comparable to results
from surveys of reservoirs where no sediment has been removed other than by normel spillway
losses, and cannot be considered on the same basis unless a.d.Justment can be made for the quantity
of sediment removed.

* Head, Sedimentation Section, Office of Research, Soil Conservation Service, Washington, D. C.
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Density flows have been observed in a number of reservoirs in the United States, particu-
larly in the Southwest. It is suspected that they occur in many reservolrs. Usually they are
not taken into account in analyses because of lack of gquantitative data. In some reservoirs the
amount of sediment transferred out by density flows may represent a significant proportion of
the incoming load. :

The quantity of sediment delivered to a reservoir depends on the rate of gross or absolute
erosion in the watershed and the ability of the streem system to transport eroded materisl to
the reservoir. The rate of gross erosion depends on climatic conditions, nature of the solls,
slopes, topography, and land use. The ability of a stream system to transport eroded meterial
to a reservoir depends on the hydrophysical conditions of its watershed. Not all of the material
eroded from upland areas in a watershed is delivered to the reservoir. Part of it comes to rest
at the base of slopes, on the stream flood plains, in upstream reservoirs, in stream channels,
and as above-crest deposits within the reservoir aree itself. In the analysis of reservoir
sedimentation data only the net erosion, or quantity delivsered to the reservoir, is considered.
This 1s determined by measuring the volume of sediment in the reservoir and measuring or esti-
mating the amount lost over the spillwey. The annual net erosion is popularly referred to as
the rate of sediment production.

- In most of the analyses made by the Soil Conservation Service, the data are grouped accord-
ing to & problem area., This 1s done in an effort to keep soil, slope, and topogrephy, which are
difficult to measure, more or less constant. Generally it has been found that on this basis the
two measurable factors, net dralnage area and land use, are the most important watershed factors
affecting rates of sediment production. ‘

The net drainage area is the sediment-contributing area. A‘Exclud.ed. are areas above upsiream
reservoirs that intercept the sediment loed and the main reservoir area, which does not contri-
bute sediment to the reservoir.
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Figure 1.--Sediment-production rates in the Western Gulf Drainage Region.

Rates of sediment production per unit of ares vary with the size of the net drainage area., As a
general rule, the average rate of sediment production decréases as the size of the drainage area
increases (See Figure 1).Also, the larger the watershed, the less is the variation between rates.
The mean rate of sediment production decreases in much the ssme menner as runoff per unit of
area decreases with increase in size of watershed. Also the larger the watershed, the greater
the opportunity for deposition between the point of origin and the reservoir. Very high and
very low rates of sediment production per unit area are found generelly on very small watersheds.
This 1s because a shorter distance of transportation gives lesser opportunity for deposition
above the reservolr and because land use becomes increasingly important the smeller the water-
shed. A very small watershed may be entirely in forest or as mmch ss 80 to nearly 100 percent
in cultivation. The forested watersheds may produce extremely low rates of sediment produbtion
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while the cultivated watersheds may produce extremely high rates. In larger watersheds land use
tends toward greater uniformity with less variation between rates of sediment production.

Not much study has been given to the effects of land use on sediment production from areas
larger than plot size. Effects of land use on rates of silting show up in reservoir sedimenta-
tion data but ere often masked by other factors and have not yet been critically evaluated. In
order to evaluate these effects, resurveys are needed on a number of reservoirs where land use
ad justments have been made in the watersheds since the original sedimentation surveys were made.

The ratio between the capacity of a reservoir and the size of drainage area has an important
bearing on the rate of silting of a reservoir. It is obvious that with a given sediment volume,
a reservolr having twice the capacity of another will have only half the rate of capacity loss
due to sedimentation. The smaller the capacity-watershed ratio, the greater the rate of silting,
all other conditions belng equal, .

The cepacity-watershed ratio also provides a clue to the trap efflciency of the reservoir.
The trap efficiency, or effectiveness of a reservoir to retain sediment, has been found to be one

of the moet important factors involved in sedimentation.
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Figure 2,~--Relation of reservolr trap efficiency to the capacity-watershed ratio.

By plotting all the measured soll-loss data in various watersheds against rate of sllting of
reservoirs in these seme watersheds and by analyzing sediment-outflow records of various reser-
volrs, a genmeral trap-efficiency curve has been developed which is useful for estimating the per-
centage of total sediment trapped in a reservoir, depending on its capacity-watershed ratio _l_/ .

In generel, & reservoir with a capacity~watershed ratio of 100 acre-feet or more per square mile
will trap 96 percent or more of the incoming load. The trap efficiency gradually decreeses in the
range of 100 down to about 30 acre-feet per square mile, and from this point it diminishes rapid-
ly to zero. On the average, a reservoir with only 30 acre-feet of storage per square mile will
trap about 75 percent of the incoming load; one with 15 acre-feet per square mile will trap about
60 percent; and one with 5 acre-feet will trap only about 30 percent of the total incoming load.

The capaclty-watershed ratio of a reservoir is used in place of capacity-inflow ratio be-
cause inflow date ave usually avallable only for larger streams and major reservoirs. The assump~
tion that the two are comparable is not strictly velid. For cxample, a reservolr in an arid or
seml-arid reglon may have a low-capacity-watershed ratio yet not receive enough inflow in any one
year to cause water to be dlscharged over the spillwey. In contrest, the volume of mean annual

lf See "References" at close of comments.
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flow from a watershed of equal size in a humid eresa may be equivalent to 25 times that of a
reservoir having the same capaclty-watershed ratio. In the drier region 100 percent of the in-
coming sediment load is trapped, whereas in the humid area possibly only 70 percent 1s trapped.

Geology, topogrephy, soll, and climatic conditlons affect the nature as well as the gquantity
of sediment delivered to a reservoir. Where parent materials are shales or limestons, sand con-
tent of sediment is low. Where parent material is mainly sandstone, sand content may be high.
Some igneous and metamorphic rocks produce fine sediment under some climatic condltions and
coarse materlal under others. Sediments derived from Piedmont areas in the southeastern United
States contaln mch clay and colloldsal material. Sediments derived from loessal solls in the
Midwest have a high s8ilt content. The West Cross Timbers aree of Teras, with sandy soils and
poorly consollidated sandstone substrata, provides sediment with high sand content. Sand and
s8ilt settle out rapidly in reservoirs. Clay may settle out rapidly or be held in suspension
for long perlods because of the temperature or chemical nature of the water in which it is sus-~
pended. Its envirommental origin has a definite bearing on the nature of the sediment trans-
ported to a reservoir, and the nature of the sediment has a direct hearing on the percentage of
total load deposited in the reservolr and on the ultimate volume of deposited material.

The specific weight of sediment is an important factor in estimating the life of an existing
reservolr and in estimating rates of sediment production which are generally expressed on a
weight baslis. Laboratory analyses have been made by the Soil Conservation Service to determine
the specific welght of sediment in numerous reservoirs throughout the country. These analyses
show variations in the dry weight of sediment ranging from 20 to 117 pounds per cubic foot,
depending on the nature of the sediment and whether or not it had been exposed to aeration.
Factors affecting the specific weight of sediment in a reservoir, including age, nature of sedi-
ment, and reservoir operation, have been discussed in detail by Lane and Koelzer _2_/ . In previous
studlies of the specific weight of sediment, sediment thickness as a factor has not been ade-
quately evaluated because of lack of gquentitative informstion. This is due mainly to lack of

sultable equipment for teking undisturbed core samples of more than the upper two or three feet
of sediment in a reservolr.

The relationship of the specific welght of sediment to depth is illustrated by an experiment
conducted by the Soil Conservation Service at Greenville, S, Car., in 1939-1940. A measured
quantity of sediment, about 2,700 grams, was allowed to settle in a 22%—foot, transparent, cali-
brated, water-filled Lucite tube 6 inches in diameter. Each second or third day an equal portion
was added and each successive layer separated from the preceding layer by a marker strata of fine

' sand. Over & period of 126 days, 36 separate layers of sediment were added to the tube, result-

ing in a total depth of sediment of
nearly 135 feet. By knowing the approx-
L imate dry weight of each layer of sedi-
[ B R B -~ ment and measuring the volume occupied
/ in the calibrated tube, the approximate
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<

specific weight of each layer could be
determined. The relationship between

specific welght and depth of sediment

° is shown in Figure 3., This relation-

P ship may be expressed by the empirical
-~ Te formula: - '
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An analysis of reservoir sedimentation data, particularly where the period of record is
short, should include an anelysis of precipitation or discharge data to determine the adequacy
of the sedimentatlion data for estimating long-term rates. If the period of record is short the
results might be misleading, particularly if sedimentation occurred during a period when inflow
was abnormal, either above or below average. Discharge records should be used when available.
Accumulative-difference curves may be plotted to determine the position of the sedimentation
record in relation to cyclic changes in discharge. Graphs showing departure of monthly dis-
charge from the mean are helpful in estimaeting long-term rates since seasonal variations are
readily apparent from these charts. Where discharge records are not available, 1t becomes neces-
sary to use precipitation records instead. The use of either precipitation or discharge records
for forecasting rates of sedimentation is only approximate, but they are helpful in extrapolating
data from short records. Considerable work remains to be done in development and refinement of
methods for adjusting short-term sedimentation records in terms of the longer runoff and preceip-
itation records for a particular watershed or locale. Studies made to date indicate that sedi-
mentation rates, in gemeral, will be accelerated in the next 40 or 50 years.

Presentation of Results of Analyses

When an analysis of a mass of complex reservoir sedimentation data is completed the results
should be presented in some simple usable form for practical application. This may be in the
form of curves, nomographs, charts, or formulas. Because of the lack of refinement of data and
the numerous variable factors involved in sedimentation, it 1s difficult to develop single curves
or formulas to adequately express sedimentation on & watershsd or regional basls. Often envelope
curves are drawn for this purpose. These show certain well-defined minimum and maximum expected
rates for various watershed areas. From these the mean and design curves may be interpolated.

Attempts have been made from time to time to develop empirical formmlas for expressing
rates of silting of reservoirs on a watershed or regional basis. Reasoning indicates that the
compound discount formule might be used to explain rates of sediment accumulation in reservoirs.
Not enough work has yet been done, however, to evaluate the relative effects of such factors as
density currents, capacliy-watershed ratio, specific weight of sediment, and watershed character-
istics in order to fit them into this type of formula.

Some progress has been made in analyzing sedimentation data by multiple-linear and curvilin-
ear regressions, The use of multiple regression to estimate rates of sedimentation in a number
of Govermment-owned stock-water ponds and reservoirs in a 327-square-mile ares nsar Pierre,

S. Dak., showed very good results _3/ . In this study it was necessary to determine sedimentation.
damages to 43 Govermment-owned stock ponds. In the time allotted for field investigation, de-
tailed sedimentation surveys could be made on only 18 ponds. A multiple regression was made to
determine the function of various factors related directly or indirectly to sediment accumla-
tion. Analysis of the results provided a formmla which covered 93 percent of variability in
sediment accumulation as expressed by the standard deviation. This formmla was used for esti-
mating the sedimsntation damages to the other ponds in the area.

Use of Reservoir Sedimentation Data

The results obtained from a sedimentation survey'of a particular reservoir are used: (1)
For determining the prevailing and probeble future sedimentation damages to that reservoir, (2)
for determining the most effective and ecomomical control measures needed to reduce the rate of
sedimentation of the reservoir, and (3) in combination with results from other reservoir sedi-
mentatlon surveys and suspended-load mpasurements, for preparing regional indices of sediment
production. ’

The measurement of the volume of sediment in a particular reservoir provides the basis for
determining the rate of silting of that reservoir up to the date of survey. To projJect thia rate
into the future requires adjustment for changing trap efficiency and the specific weight of de-
posits. Progressive deposition of sediment reduces the trap efficlency of the reservoir until
it approaches zero when the cepacity of the reservoir is exhausted., On the other hand, progres-
sive increase in thickness of superincumbent deposits increases the specific weight of underlying
sediment, thus reducing the volume occupled by a given weight of sediment. More research on both
trap efficiency and specific weight of sediment is needed to better ensble us to approximate the
expected rate of silting of an existing reservoir in sey 10, 50, or 100 years. Heretofore it has
been necessary to assume that trap efficiency and changing specific weight counter-balance each
other and, consequently, the rate of silting progx-ésaea at a constant rate until the storage

3/ See "References” at close of comments.
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capacity is depleted.

Maximum depletion of the storage capacity of a reservoir varies from one reglon to another
in accordance with the relation of the original capacity to the channel volume required to carry
the normel base flow of the stream through the reservoir reach. When the originel cepacity 1s
reduced to this volums, no further net loss occurs and the capacity, in effect; is exhausted.
Studies by the Soil Conservation Service indicate tha% the residual volume ranges from 1 or 2
percent to about 20 percent of the original capacity except for reservoirs of very. low capaclty-
watershed ratio. Often a reservoir loses most or all of its usefulness long before maximm
depletion of total storage occurs.

Although it is of interest to know the approximate date of meximum depletion of storage, it
is more important, from the standpoint of evaluating sedimentation damages, to determine when
sedimentation begins to encroach on the dependable storage capacity. The dependable storage
capacity of a reservoir is that part of the usable capacity which is needed during periods of
sustalned low flow to offset consumption requirements and seepage and evaporation losses. De-
termination of the dependable storage capacity requires an analysis of rumoff, evaporation, and
seepage data as well as an analysis of water-consumption records. An economic study of damage
by sedimentetion to reservoirs in the Trinlty River Basin in Texas &/ showed that the dependable

storage capacity of 23 reservolrs, built mostly for water-supply purposes, ranged from 38 to 85
percent of the total storage capacity.

Analysis of water-consumption records in many cities in the United States shows progressively
increasing demands for water resulting from increase in area and population served and industrial
expansion, To meet these demends & progressively increasing dependable storage cepacity is re-
quired. When sedimentation reduces the capacity of a reservoir so that the dependable storage is
not sufficient to supply primery seérvices, then new sources must be developed to avert a serious
water shortege. A recent analysis of water-consumption records at Decatur, Ill, 5/, for example,
showed that, as of 1946, the dependable storage capacity of the water-supply reservoir for that
city amounted to about 48 percent of the original storage capacity. At the 1936-1946 average
rate of silting determined by & recent survey, loss of usable storage will becoms critical by
1956. After that dete, the usable storage will becoms. progressively less then the dependadle
storage required. If no sedimentetion had occurred, the present lske would have been adequate
to meet the needs of increased consumption until the year 2000. This type of analysis has been
used to determine sedimentation damages to other water-supply reservoirs and to stock ponds and

in principle can be epplied to reservoirs designed for irrigation, power, and flood control
storace as well.

The results of & sedimentation survey of a particular reservolr msy be used for determining
the control measures justified for reducing the rate of sedimentation of the reservoir. Reduc-’
tion in the rate of sedimentation of certain types of reservoirs can be effected solely by con-
servation practices. In others, because of the rapid rate of silting apd delay in installing
conservation programs, by-pass channels, slulcing, dredging, etc., are required. In still others,
where rates of silting are low, negligible benefits accrue, according to conventional economic
thinking, from either conservation practices or other methods. The method of determining proper

control measures has been discussed by C. B, Brown §/ elswhere., It includes an analysis of the
following conditions: ‘

1. The rate » character, and sources of sediment prod.uctioh from the watershed.
2. The effect of capacity-watershed ratio on rate of gilting.

3. The relative value of dam sites as determined by thelr sbundance and demand for the ser-
vices which their utilizatlion can produce.

4, The economic pressure of the discount rate in camputing benefits from sedimentation
control.

5. The time required for application of soil conservation practices, the costs involved,
and results to be expected from watershed treatment.

By proper analysis of data and using the criteris established by Brown, determination can

be made of the proper type of measures to use for reduction in the rate of sedimentation of a
reservolr.

4/, 5/, 6/ See "References" at close of comments.
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Regional indices of sediment-production rates useful for estimating sedimentation damages to
reservoirs, canals, ditches, etc., can be developed by combining all known sedimentation data,
including suspendad-load measurements, from a perticular watershed or region. The importance of
reservoir sedimentation surveys for determining regional indices has not been fully realized.
Where investigations are made specifically to determine regional indices, emphasis is placed on
selecting reservoirs for survey which provide representetive sempling of the principal varisnts
within the region. Reservoir surveys have an advantage over suspended-load measurements in that
sedimentation data covering longer periods of record can be obtained. The average period of
record for reservoirs on which the Soil Conservation Service has made detalled sedimentation sur-
veys is about 14 years. It is not possible to measure past rates of sediment production with
current suspended-load measurements. Except on a very few of the larger streams in this country,
suspended-load measuvements usually cover only a few years of record.
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Indices of rates of sediment production are usually prepared in the form of envelope curves
from which the minimum, maximm, snd mesn rates and the design curve can be determined (See
Figure 4). Such curves have been widely used for estimating extent of sedimentation damage in
existing and proposed reservoirs in connection with U. S. Department of Agriculture flood-con-
trol surveys. They have been supplied to other agencies and to privete organizetions for determ-
ining silting factors in connection with the design and maintensnce of flood channels, dralnage
ditches, and other water-control developments.

Conclusions

_ There is & definite need for additional reservoir sedimentation data in many parts of the
country for determining rates of sediment production undsr different climatic, watershed, and
reservoir conditions. Particulerly there is & meed for additional research on such factors as
trap-efficiency, specific weight of sediment, and land use. By proper anslysis, 'mterpretation,
and correlation of reservolr sedimentation data with other determinable information, rates of
sedimentation can be predicted for exlsting and proposed reservoirs, the effects of such sedi-
mentation on dependent developments evaluated, and the best methods of comtrol determined.
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DISCUSSION

M. G. BARCLAY.* Mr., Gottschalk has presented & very interesting and informative paper on the
enalysis and use of reservoir sedimentation data., He has emphasized the need for additional
studies, particularly of such factors as trap efficiency, specific welght of sediment, and land
use. These are points upon which we can reedily agree.

Today, most engineers and conservationiuscs recognize the probasble effects and damages that
will result from reservoir construction on sediment laden streams. Depletion of effective reser-
volr cepacity by sediment deposition is the outstanding example recognized by both laymen end
engineers. Fallure to recognize the importence of sediment depletion in the design of reservoirs
has resulted in the construction of many with uneconomicel life speans. This has reduced the con-
fidence of the general public in reservoir projJects as effective and desirable flood conbtrol and
water conservation measures.

Recognizing the importance of sedimentation, it 1s paramount that adequate basic data be

obtained. As has been pointed out by Mr. Gottschalk, reservolr sedimentation datum is a basic
step.

The effect of soll conservation and land management measures upon the reduction of sediment
burden of streams has been demonstrated to date on only amall watershed areas, but has not been
definitely evaluated for larger watersheds. Reliable information on thils project is needed so
that effects of watershed treatment can be recognized in the deslgn of reservoirs in the future.

Next to knowlng how much sediment will accumulete in & reservoir, it is lmportant to know
where it will be deposited. It 1s important from the standpoint of location of recreational areas,
and. possible relocation of railroads and highways upstream from the reservolr. Also in irrigation
and weter supply projects, it is important to know if deposition of sediment in a reservolr is
likely to change 1ts area-~capacity relationship over a period of years of operation. Since evap-
oretion is & function of the surface area of a reservoir, it 1s essential to be able to antici-
pate such changes so that reliable forecasts of reservoir yields can be made.

It is only through intensive study of sediment deposition, based upon acourate surveys of
reservoirs and upstream areas made at appropriate intervals, that such information can be obtain-
ed. In this comnection, it is highly essentlal that accurate maps on an appropriately large
scale be made of reservoir sites and upstream areas where sediment deposition may occur prior to
or at the time of reservolr construction. Such surveys should be properly referenced by both
vertical and horizontal control. Range lines at strategic points should also be established.
Although considerable headway has been made in this direction, many reservoirs in the past were
either improperly mapped or not mapped at all at the time of construction. Thie no doubt led to
difficulty in obtaining reservoir sodimntation data, and has often resulted in such data being
none too relieble. .

* Area Planning Engineer, Bureau of Reclamation, Oklehoma City, Okla.
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Since accurate basic date is fundamental, steps neceassary for obtaining them should be
recognized and carried out according to plan., Thls applies to reservoir sedimentation data as

well as any others.

M. A, CHURCHILL.* A considerable portion of Mr. Gottschalk's excellent paper is concermed with
the analysis and use of sedimentation data obtained from smell reservoirs. As he has stated,
stream flow date for these small reservoira are, in many ceses, not avallable. In such cases,
Mr. Gottschalk has used the capacity-watershed ratio of a pool as an index to its trap efficiency
in as much as the lack of flow data prevents the use of the capacity-inflow ratio for this pur-
pose. ,

A somewhat different method of analyzing reservoir sedimentation date has been used by the
Termessee Valley Authority in arriving at a basis for estimating probable future rates of reser-
voir silting. The majority of Authority reservoirs are relatively large and stream-flow data
are rathsr complete in each case. In an attempt to add to the value of Mr. Gottschalk's paper,
the approach used by the Authority will be outlined briefly.

Two sizable reservoirs, Hales Bar and Wilson, were in existence on the Tennessee River for
& number of years prior to the creation of the Authority in 1933. The trap efficlencies of these
two pools under varying stream-flow conditions have been used as the principal basis for esti-
mating trap efficlences of the other reservoirs in the Temnnessee Valley. A certain amount of
data on percentage depositions in several other relatively now reservoirs has also been included
with the Hales Bar and Wilson information as supporting evidence.

It is epparent thaet the greater the period of retention in a given pool, and the lower the
trensit velocity and turbulence, the higher will be the percentege deposition of incoming sedi-
ment. The ratio of these two reservoir characteristics, period of retention to transit velocity,
hes been used by the Authority as a measure of the sedimentation efficiency of a reservoir. This
ratio is termed the Sedimentation Index. °
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It should be recognized that the Sedimentation Index of a pool is not the same as the cap-
acity-inflow ratio but is this ratio divided by the mean velocity. The capacity-inflow ratio is
nothing more or less than the period of retention. Regardless of the period of retention in e
basin, if the velocity and resulting turbulence are too high, no sedimentation will take place.

Computed values of the Sedimentation Index for successive periods of time were limited
against the measured percentage of incoming silt that passed through Hales Ber and Wilson reser-
vairs for & number of years, as shown by the lower of the two lines on the accompanying diagram,
The upper line on the diagram applies to that portion of the total incoming silt load which is
discharged from a main-river reservoir into the one next downstream, Any silt that passes one
main-river dam is obviously finer grained that locel silt from the seme general ares but which
has not passed through a desilting basin. The TVA asystem of main-river reservoirs is unijue in
the respect that the nine pools, one immediately below emother, form a chain of lakes some 650
miles in total length, In this system the desilting action of the upstresm pools must be taken
into account in estimating silting rates for the downstream reservoirs.

As a pool becomss filled with sediment, its Sedimentation Index value is reduced and &
greater percent of the incoming load is passed on through. Thus a reservoir is filled with sedi-

ment at a continually decreasing rate, assuming that incoming silt loads and stream flows remain
unchanged.

In view of the fact that inflows to the reservoir are included in the Sedimentation Index,
there is no necessity for flows to be normal during the period when the suspended loads above and

below the pools under study for the establishment of the relationship shown on the diagram are
being determined.

The method of analysis outlined above has been used to estimate future silting rates for
all TVA reservolrsa,

The relationship shown between the Sedimentation Index and the percentage of incoming silt
that will pass through a reservoir has been established for the relatively fine-grained sediment
found in the Tennessee Valley. While the method of analysis is of course applicable to eny
reservoir, coarser or finer silt will result in a &ifferent relationship between the Sedimenta-
tion Index and the percentage of silt carried through a reservoir.

GAIL A, HATHAWAY.* Mr. Chairman, Mr. Churchill touched on a question that I feel is somewhat
confusing when he mentioned. that Mr. Gottschalk's very excellent paper concerned primarily small
stock ponds. I would like to raise the question, when does a reservoir cease to be a reservoir
and become a stock pond? I personally feel that perhaps the laws of sedlment deposition in stock
ponds and reservoirs may be somewhat different, and I think that question is something that the
Inter-agency Sub-cormittee should establish a definition for, i.e., define & reservoir and de-

fine a stock pond and try to draw a line between the two. Do you cere to comment on thet,
Mr. Gottschalk?

MR. GOTTSCHALK., I am sorry if I implied that all of our data are on stock ponds. Actually of
the 600 reservoirs on which we have data not over 5 percent asre stock ponds. We have msde sur-
veys on some. very large reservoirs such as Elephant Butte, San Carlos, snd a number of others.
A stock pond is considered to Ve a special type of reservolr Just as a water supply reservoir ls
a special type designed for a perticular purpose. The laws of sediment deposition are the same
for all types of reservoirs, including stock ponds, but the rates vary in accordance with method

of operation and the relative effects of reservoir,. watershed and climatic conditions as pointed
out in my paper.

VICTOR H. JONES.¥* I would like to add a brief comment on this gquestion of Mr. Hathaway's about
the relationship betwsen stock ponds and reservoirs. I think we can look at this problem as an
extension of the curve, or the relationship of variability in sedimentation rates as shown on one
of the diagrams that Mr. Gottschalk showed on the screen; nemely, the one in which a greater

% Office, Chief of Engineers, Corps of Engineers, Department of the Army, Washington, D. C.
** Soil Conservation Service, Ft. Worth, Tex.
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variability of sedimentation range is shown for the smaller reservoirs. If we discount the im-
portent factor of capacity drainage-area relationship, assuming that may run uniformly in the
smaller reservoirs, we should expect to find much greater variability on the seme scale as we
find greater quantities of sediment production from smsller unit drainages. We are moving up
towards the head of the smaller drainage areas and should include more sediment which has moved
& relatively short distance. In the larger reservoirs, where the capacity-drainage-area rele-
tionship is favorable, we generally find that the range of the sediment contribution annually
per square mils of drainage runs from a fraction of unity up to possibly one or two acre-feet
per square mile annually, which would be a fairly high rate. In the small reservolrs with a

drainege area from a few acres up to a few hundred or thousand acres, we might expect to find, in

some cases, four or five acre-feet of sediment contridution per squere mile, or conversely, if
the drainage ares was under good control we would find a low rate. The main polint I want to
stress is that the smalier the reservolr and unit drainage area the greater variability we may
expect. We may find under bad conditions very high rates, and under good conditions very low
rates. .
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