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Se.diments, P.D. Trask, ed., Abstract--Forty-four records of reservoir trap efficiency and the factors affecting

trap efficiency are analyzed. The capacity-inflow (C/1) ratio is found to offer a much
closer correlation with trap efficiency than the capacity-watershed (C/W) ratio hereto-
fore widely used. It appears likely from the cases studied that accurate timing of vent-
ing or sluicing operations to intercept gravity underflows can treble or quadruple the
amount of sediment discharged from a reservoir. Desilting basins, because of their
shape and method of operation, may have trap efficiencies above 90 pct even with very
low C/I ratios.

Semi-dry reservoirs with high C/1 ratios, like John Martin Reservoir, may have
trap efficiencies as low as 60 pct. Truly ‘“dry’”’ reservoirs, such as those in the Miami
Conservancy District, probably have trap efficiencies in the 10 to 40 pct range, depend-
ing upon C/I ratio.
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1 The trap efficiency of a reservoir depends upon a number of factors. Among these are the

. ratio between storage capacity and inflow, age of the reservoir, shape of the reservoir basin, the
. type of outlets and method of operation, the grade-size characteristics of the sediment, and the

i behavior of the finer sediment fractions under various conditions. A number of attempts have

I peen made to correlate trap efficiency with one or more of these factors.
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Fig. 1--Percentage of eroded soil caught in reservoir as related
to capacity per square mile of drainage area
407




R B S

4 (Hydrology] TRAP ]

o

90

408 GUNNAR M. BRUNE [Trans. AGU, V. 34 - 3]

One of the earlier studies of trap efficiency was made by BRUNE and ALLEN [1941}, who
developed a curve relating percentage of eroded soil caught in the reservoir with capacity per :
square mile of drainage area. This curve is shown in Figure 1. The rate of soil erosion in each
watershed was estimated by surveys and compared with the rate of reservoir sedimentation. The
trap-efficiency values given in this curve, however, are necessarily low, because they are based |
upon rates of erosion rather than rates of sediment production to the reservoir. As GLYMPH | .
[1951] has pointed out, the rate of sediment production is usually lower than the rate of erosion, } 3 70
and increasingly so the larger the drainage area because of the deposition of some of the eroded ] :
material on flood plains and in stream channels.
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In the past, the ratio between storage capacity and inflow has been expressed in a general way

SEDIMENT TRAPPED, IN PERCENT

by the capacity~watershed (C/W) ratio. BROWN [1943] first developed a curve relating C/W ratio § o 1
and true trap efficiency. This curve, shown in Figure 2, with some additional records, is repre- }
sented by 40
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Fig. 2--Trap efficiency as related to capacity-watershed ratio

One difficulty with plotting this type of data on graph paper is that in the low C/W ratio range
(under ten acre feet per square mile, the points are crowded, while in the high range (over 250) 1
they cannot be plotted at all withoutgreatly extending the abscissa. The pointsalso follow a curved
line, which approaches a trap efficiency of 100 pct asymptotically as the C/W ratio increases, In -§
order to simplify plotting and to obtain a straighter line, the same data have been plotted on semi=~$
log paper in Figure 3. The plotting of points is simplified, and the hyperbolic relationship results
in a plot which is closer to a straight line on semi-log paper. .

TRAP EFFICIENCY

>
o

The main reason for the spread of points in this curve is that reservoirs having the same C/:
ratio may have very different capacity-inflow ratios, as previously stated by GOTTSCHALK [1948

A reservoir in an arid or semi-arid region may have a low capacity~watershed ratio yet 4
not receive enough inflow in any one year to cause water to be discharged over the spillway, ‘\
In contrast, the volume of mean annual flow from a watershed of equal size in a humid area -
may be equivalent to 25 times that of a reservoir having the same capacity-watershed ratio, 4
In the drier region 100 pct of the incoming sediment load is trapped, whereas in the humid
area possibly only 70 pct is trapped.

Fig. 4--Trap effi
Imperial Da
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HAZEN [1914] first introduced the storage, or capacity-inflow, ratio in 1914. He used it for
REsebREstron " s determining reservoir storage requirements, however, and not as an index of sediment trap effi-
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Fig. 5-~Per cent of incoming silt passing through reservoir as
related to sedimentation index, TVA reservoirs

CHURCHILL [1948] has taken into account both detention time and velocity of flow through th
reservoir. He has developed a ‘‘sedimentation index’’ which represents the period of retention ]
divided by mean velocity. His curve, relating trap efficiency to the sedimentation index for sev= i
eral TVA reservoirs, is shown in Figure 5. While this curve is very satisfactory where the data §
are available, such information as period of retention and mean velocity are not readily available :
for most reservoirs. )

Methods used in the present study ‘5 4

For the present study a thorough search was made for all reliable records of reservoir trap 3
efficiency, canvassing all of the agencies of the Federal Inter-Agency River Basin Committee ;
known to be interested in this subject. Information was also gathered on capacity, annual inflow,
shape of reservoir basin, type of outlets and method of operation, observed gravity underflows or 3
‘‘density’’ currents, and any other pertinent data.

Some 44 records were gathered, and are summarized in Table 1. Of these, 40 are for normaf
ponded reservoirs, with information on the effect of sluicing and venting operatxons on three. Twe
records are for desdtmg basins, and two for semi~dry reservoirs.

It is possible to study trap efficiency ‘of reservoirs by a number of different methods, and it
was necessary to use practically all of them in this study. The methods used are descrlbed brie ‘
in the following paragraphs. 3

(1) Reservoir surveys with suspended-load measurements downstream-~In this type of study
the annual sediment accumulation in the reservoir is measured, and sediment passing over the
dam or through outlets is sampled. The sum of the two yields the total sediment load of the
stream. This method was used on most of the records, including Senecaville, Keokuk, Lake of the 4
Ozarks, Taneycomo, Denison, Buchanan, Lexington, Lloyd Shoals, Williams, Issaqueena Conchas, ]
San Carlos Mead, Imperlal Dam Possum Kingdom, Guernsey, Pardee Bullard’s Bar, and John
Martin Reservoirs.

(2) Reservoir surveys with suspended-load measurements upstream=~~-Suspended-sediment
measurements upstream, corrected to include bed load, provide an index of the total rate of sedi~ :
ment production. The reservoir survey shows what proportion of this is trapped. This type of study §
was used for Corpus Christi Reservoir during the 1934-1942 period and for Hadley Creek Desilt~
ing Basin. ]

(3) Reservoir surveys with suspended-load measurements up and downstream-~In these cases |
the method used is similar to that described under (1). The suspended-load measurements up~
stream from the reservoir provide an additional check on the total sediment load of the stream,
and (when corrected to include bed load) should equal the sum of the sediment deposited in the res=
ervoir and that measured as passing the dam. This method was used for Marinuka, Wilson, Norrls
Hiwassee, T and P, Corpus Christi (1942-1948), Arrowrock, and Hales Bar Reservou's.

(4) Sus ended-load measurements up and downstream w1th no reservoir survey--Suspended-
load measurements upstream from the reservoir provide a measure of the total sediment load.
Suspended-load measurements downstream show what proportion of the sediment passes the dam, ,
and the difference is what is trapped. This method was used for Fort Peck Reservoir. 1 4

(5) Reservoir surveys with turbidity measurements downstream~~-This method is similar to -
that described under (1), except that turbidity records are substituted for suspended load records,

‘system, Texas.
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For the fine sediment which is carried over a dam or through outlets in suspension, turbidity
measurements are often of sufficient accuracy for use in determining sediment load. A number
of simultaneous suspended-load and turbidity measurements are usually taken, in order to estab-
lish a correction factor for use with turbidity records. This type of study was made on Decatur,
Rockwell, Michie, and White Rock Reservoirs.

(6) Reservoir survey and observation of outlet~~In this type of measurement it is known by
observation that no water or sediment has ever been discharged over the spillway or through out-
lets in the dam. The only water losses have been through evaporation and seepage. In such cases
the sediment measured in the reservoir represents the total load of the stream, and the trap effi-
ciency is 100 pct. This method of study was used on the H. Lage Pond, Iowa.

(7) Comparative reservoir surveys--This method is typified by the Lake Halbert reservoir
system, Texas. Lake Halbert lies at the lower end of a drainage area in which are located 11
small reservoirs. Lake Halbert has a very high capacity-watershed ratio and capacity-inflow
ratio, and undoubtedly has a trap efficiency close to 100 pct. In addition, some sediment is trapped
in the upstream reservoirs. The system of reservoirs as a whole may therefore be assumed to
trap virtually all of the sediment that reaches it. By comparing the annual rate of sediment accu~
mulation per square mile for a particular reservoir with that for the whole system of reservoirs,
and assuming that the rates of sediment production are uniform throughout the system, its trap
efficiency may be determined.

It is necessary, in taking suspended-load measurements downstream from a dam, to take them
as near the dam as possible, because streams tend to pick up a new sediment load quickly down-
stream from reservoirs by scouring and degrading their channels, For example, as BROWN [1950b]
has pointed out, the average sediment concentration in the Colorado River below Hoover Dam as of
1947 increases from 0.006 pct 12.8 miles below the dam to 0.091 pct 98.6 miles below the dam, or
15 times. Such a change can cause grave errors in computations of trap efficiency if suspended-
load measurements far downstream from the dam are used.

It is also necessasy to take dredging into account in computing trap efficiency. Since areas

; dredged in a reservoir usually fill with sediment again in a short time, dredging tends to increase
. the amount of sediment trapped in a reservoif. In studying Lake Marinuka, Wisconsin, for ex-
E ample, amounts of sediment dredged from the lake were excluded from the computations of sedi~

ment trapped.

Note in Table 1 that reservoirs and ponds of all sizes have been used, ranging from a farm

. pond with 0.038 sq mi drainage to Imperial Dam Reservoir, draining 184 ,600 sq mi. The chief
f criteria in selecting reliable records were accuracy with which trap efficiency could be deter~
i mined and the availability of information on the various factors which affect trap efficiency. As
. GOTTSCHALK [1948] has stated, the laws of sediment deposition are the same for all types of

reservoirs, including stock ponds. Likewise, the trap efficiency of reservoirs is affected by the

same factors, regardless of the size of the reservoir.

It has long been recognized [BROWN, 1950b] that capacity-inflow (C/I) ratio would be a more

- accurate index of trap efficiency than the capacity-watershed (C/W) ratio which has heretofore

been so widely used. The C/W ratio must be used within definite hydrologic regions, and not as
an index of comparison over the country as a whole, for, as is obvious, with the same C/W ratio
the trap efficiency will increase as the runoff per unit area decreases.

The main objection in the past to the use of the capacity-inflow ratio has been that records of

inflow are lacking for some existing reservoirs. In an effort to get around this difficulty, the an-
i nual runoff map shown in Circular 52 of the U. S. Geological Survey was used to estimate the run-
: off from the few reservoir watersheds where detailed inflow records are lacking. The capacity~

inflow {(C/1) ratio was then computed in terms of acre feet of storage capacity per acre foot of an-

mal water inflow. C/I ratios are shown in Table 1 along with other pertinent data for the reser-

| voirs used in this study.

Discussion of results

Normal Ponded Reservoirs--The records from Table 1 have been plotted in Figure 6. Note
that the correlation for normal ponded reservoirs (conventional reservoirs as distinguished from

| desilting basins and dry reservoirs), operated without any special efforts at sluicing sediment, is
| much better using the C/I ratio than using the C/W ratio, as was done in Figure 3.

Records 32-37a represent reservoirs such as Fort Peck Reservoir and Lake Mead which have

C/I ratios greater than 1.0. In other words, these reservoirs have a capacity larger than the annual







