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ABSTRACT 

T HE USDA-SEA Watershed Research Unit in Col- 
umbia, Missouri, has been monitoring three agricul- 

tural reservoirs for over 7 years. Data from two of these 
reservoirs, Callahan Reservoir and Bailey Reservoir, 
were used in a verification study with the DEPOSITS 
model. The DEPOSITS model is a conceptual design 
model for predicting the sediment trapping performance 
of small impoundments. A brief outline of the model is 
presented. The model gave good estimates of the per- 
formance of two reservoirs during the 13 storm events us- 
ed in the study. An alternative predictive method, which 
is commonly used, gave much poorer estimates of the 
performance of the reservoirs. A method for developing 
the inflow sedimentgraphs to the reservoirs is incor- 
porated in the DEPOSITS model, and gave good esti- 
mates of the actual inflow sedimentgraphs for these two 
reservoirs. 

INTRODUCTION 

Estimating the trap efficiency of an impoundment is 
an important design criteria for ponds and reservoirs. 
The amount of sediment storage provided in the im- 
poundment determines its probable useful life. A poor 
estimate of the required sediment storage will generally 
result in either a much shorter active life than that de- 
sired or else the added expense of constructing a larger 
structure than necessary. On surface mines and in urban 
development areas in several states, sediment detention 
ponds are required to control sediment movement below 
drastically disturbed areas. In some cases, multipurpose 
impoundments are constructed to control floods and 
sediment. These ponds, however, are usually poorly 
sized, and either allow discharges with high sediment 
concentrations or else require frequent cleinout due to 
underestimations of the sediment depositions. The an- 
nual cost of damages associated with waterborne sedi- 
ment has been estimated to be several hundred million 
dollars IEPA. 1976). 

The major probl'em in estimating the trap efficiency 
(percent of the influent sediment-load trapped) of an im- 
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poundment is that the traditional methods for estimating 
the efficiency do not adequately account for the factors 
determining the transport of waterborne sediment (Ward 
et al., 1977). This paper describes the results of a verifi- 
cation study with a conceptual model DEPOSITS 
(Detention Performance Of Sediment In Trap Struc- 
tures). that estimates basin trap efficiency and effluent 
sediment concentrations as a function of basin hydraulic 
characteristics, sediment physical properties, sediment 
inflow-time distribution and basin inflow hydrograph. 
Analysis of over 30 storm events on 12 different im- 
poundments indicated that the DEPOSITS model is 
capable of explaining over 90 percent of the,variation in 
trap efficiency for the different events (Ward et al., 
1979). Thirteen of the storm events evaluated occurred 
on two Missouri agricultural watersheds. The data col- 
lected by the USDA-SEA Watershed Research Unit in 
Columbia, Missouri, was the best data used in the 
DEPOSITS verification studies. The results of the study 
on Callahan and Bailey reservoir are presented in this 
paper. 

THE DEPOSITS MODEL 

The DEPOSITS model was developed by the Agricul- 
tural Engineering Department a t  the University of Ken- 
tucky. One of the main objectives of this research was to 
develop a model suitable for use as a design method. In- 
puts to the model have been kept to a minimum and have 
been limited to parameters that might be readily deter- 
mined by the impoundment designer. Where only 
limited watershed data is available, default parameters, 
based on extensive literature searches, have been incor- 
porated into the model. Basin inputs into the model are: 

1 Stage-area curve for the impoundment. 
2 Stage-discharge curve for the basin spillway 

system. 
3 Withdrawal characteristics of the spillway system. 
4 Particle-size distribution and specific gravity of the 

sediment load. 
5 Inflow hydrograph to the basin. 
6 Sediment load or inflow sedimentgraph associated 

with the inflow hydrograph. 
7 Viscosity of the flow. 
8 Degree of dead storage (the storage volume that is 

not exchanged) or short-circuiting (the passage of flow 
from the inlet to the outlet at a quicker rate than that 
predicted by plug flow concept) in the pond. 

Several papers describing the model have been pub- 
lished, including a comprehensive design manual (Ward 
et al., 1979). Only a brief outline of the basic concepts in- 
corporated into the model will be described. 
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BASIC CONCEPTS 

(deceased), USDA-SEA-AR, Hydrology Laboratory. Beltsville. MD. Flow within an impoundment is idealized by plug flow. 
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Plug flow subdivides the inflow into increments of flows 
(plugs) that are routed through the impoundment on a 
first in, first out basis. The concept assumes no mixing 
within the impoundment. Ideal plug flow also assumes 
that no short-circuiting of flow contained in the im- 
poundment will occur between the inlet and outlet. Gen- 
erally, some partial mixing will occur within the pond. 
The DEPOSITS model does not attempt to model the ac- 
tual flow hydraulics within the pond. Plug flow is as- 
sumed and may then be modified through the input of 
several control variables to account for short-circuiting, 
dead storage and turbulence. The flow is routed through 
the impoundment by a numerical procedure based on the 
Four Quadrant Graph Method of Kao (1975). The 
change in storage for each increment of time is given by 
the equation: 

(S, + O2 At/2)  - (S, - 0, AtI2) = (I, + I ,  ) A t / 2 .  . . . . . [I] 
where S, and S2 are the pond capacities at times one and 
two, respectively; I, and I, are the inflow rates; O1 and 
0, are the outflow rates at times one and two; and At is 
the time increment between times one and two. In the 
model, the stage-capacity curve is computed from the 
stage-area curve of the pond. The stage-discharge curve 
is entered as an input at the same stage points as the 
stage-area curve. The accuracy of the routing method 
depends on the time increment between successive inflow 
points and the height increment between successive stage 
points. The following factors are determined for each 
plug of outflow: 

1 The plug volume. 
2 The fraction of the storm sediment load contained 

in the plug during inflow. 
3 The fraction of the storm sediment load remaining 

in the plug when discharged. 
4 The detention time of the plug. 
5 The average depth of flow of the plug during deten- 

tion. 
6 The average stage during oufflow. 

The plug-flow-routing procedure for a passive discharge 
system is illustrated in Fig. 1. Provision is provided in the 
model for simulating the routing of a storm event 
through a pond containing a permanent pool. With the 
plug flow concepts, this previously stored flow will be dis- 
charged before the discharge associated with the design 
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storm event. The detention time of the plug in the pond 
is the time required for a plug of inflow to flow from the 
inlet to the outlet of the basin and then be discharged. 

Sediment Transport 

Each plug of inflow is subdivided into four layers of 
equal depth. When the flow first enters the pond, the 
sediment load may either be specified as being uniformly 
distributed between all the layers or else as a density cur- 
rent. If the flow is specified as a density current, all the 
sediment is partitioned into the bed layer of flow. The 
amount of sediment remaining in suspension in each 
layer is calculated based on Stoke's Law, the detention 
time of the plug, the particle-size distribution of the sus- 
pended load, and the average fall depths associated with 
particles falling from layer to layer. The bed is con- 
sidered a perfect absorber of sediment, and resuspension 
or saltation of the particles is disregarded. Selective 
withdrawal from the four layers of flow is provided for at 
the outlet. Because of the short detention time of most 
flow events in sediment ponds and the small storage 
volumes of these ponds, temperature stratification is not 
modeled. 

The model requires the input of either a sediment load 
for the storm event or the input of an inflow sediment- 
graph. Characterization of the sediment load is probably 
the most important single factor in determining the per- 
formance of a sediment-detention pond. Usually an 
estimate of the inflow sedimentgraph will not be avail- 
able and an estimate of the sediment load will be deter- 
mined. Many methods exist for estimating sediment 
yields (Haan and Barfield, 1978). The sedimentgraph 
associated with the design storm event may then either be 
modeled, using one of the methods, which have recently 
been developed (Bruce et al., 1975; Williams, 1978; 
Rendon-Herrero, 1974), or it may be modeled by a 
method incorporated into the DEPOSITS model. The 
method used in the DEPOSITS model is defined by the 
equation: 

where M is the sediment load (metric tons) contained in 
the plug of flow entering at a flow rate q (m3/s). The con- 
stant k is determined by the sediment load and the coeffi- 
cient p will depend on the watershed characteristics. 
Very little information is currently available for p. An 
analysis of the modified universal soil loss equation 
would suggest a value of 1.12 for p. The results of Fogel 
et al. (1979) indicate that a value of 2.0 for p for Black 
Masa coal spoils. For the watersheds evaluated in this 
study a value of 1.6 for p gives the best estimate of the in- 
flow sedimentgraph. The model uses a default value of 
2.0 if p is unknown. 

A good estimate of the inflow sediment particle-size 
distribution is extremely important since gravity settling 
depends primarily on particle size. The distribution will 
generally vary throughout the duration of a storm event. 
As the intensity of the event increases and the runoff 
rates increase, the amount of coarse material contained 
in the sediment runoff load will become proportionately 
larger. At very high runoff rates near the peak of the 
runoff hydrograph, the distribution of the particle sizes 
will resemble that of the parent material being eroded. In 
the DEPOSITS model, the variation of particle-size 
distribution with flow rate has been modeled by the 

FIG. 1 Plug flow routing. equation: 
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PARTICLE SIZE DISTRIBUTIONS 

CALLAHAN RESERVOIR 
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FIG. 2 Particle size variation with flow rate. 

where P, is the percent finer for a given particle size 
measured at  a flow rate q,(m3/s); q is the runoff rate 
(m3/s) at  any given time during the storm event; and P,* 
is the percent finer a t  the runoff rate q. This relationship 
was developed based on data collected at Callahan Creek 
Reservoir (Rausch and Heinemann, 1975). The data are 
plotted on Fig. 2. 

I 

Short-circuiting and Dead Storage 
I 
I 

1 During most flow events, some inflow will begin to be 
1 discharged before all the previously stored flow is 

discharged. Often part of the permanent pool volume 
will not be exchanged, even though the inflow volume is 
many times the pool volume. Short-circuiting will tend to 
occur throughout a storm, and will be combined with 
some degree of mixing between the plugs of flow. The in- 
itial short-circuiting of part of the permanent pool may 
be simulated by the input of a dead storage volume into 
the DEPOSITS storm data set. This volume will be 
bypassed when the sediment is routed through the pond. 
In verification studies with the model, Ward et al. (1979) 
found that the volume of dead storage will probably 
range between 10 to 30 percent of the permanent pool 
volume for a well-designed pond with a surface 

withdrawal outlet system. For a bottom withdrawal 
system, the dead storage volume will be large if the in- 
flow occurs as a density current. During the storm event, 
short-circuiting may be simulated through use of a con- 
trol variable. If the variable is made equal to one, the 
sediment is routed as plug flow. A value of 1.1, for exam- 
ple, will deplete the inflow sedimentgraph at a rate 1.1 
times faster than the rate described by ideal plug flow. 
The detention time of each plug of flow is, therefore, 
reduced, resulting in a more rapid peak on the outflow 
sedimentgraph and a lower trap efficiency. 

MISSOURI AGRICULTURAL WATERSHEDS 

The Watershed Research Unit in Columbia, MO, have 
been monitoring three reservoirs for over 7 years (Rausch 
and Heinemann, 1975). Data from Callahan Reservoir 
and Bailey Reservoir were made available to verify the 
DEPOSITS model. Only a small sample of a very exten- 
sive data base was used and all the results from this study 
with the DEPOSITS model are presented. 

Callahan Creek Reservoir and Watershed 

Callahan Creek Reservoir is located on a 1440-ha 
agricultural watershed. About 50 percent of the gently 
rolling watershed is cropland, 36 percent is pasture, and 
24 percent is forest. These data are of excellent quality, 
except that 20 percent of the watershed was ungauged. 
The ungauged area was mostly pasture and forest and 
contributed almost no sediment. The main character- 
istics of the drainage area and reservoir are presented in 
Table 1. Fig. 3 is a map of the watershed showing the 
sampling points at  the inlet and outlet to the reservoir. 
The stage-storage and stage-discharge relationships for 
the reservoir are presented in Fig. 4. 

Bailey Reservoir and Watershed 

Bailey Reservoir is a small agricultural reservoir, 
located on a 94-ha watershed in Missouri (Fig. 5). About 
50 percent of the watershed is cultivated and the rest of 
the watershed is grasslands and forest. The main charac- 
teristics of the reservoir in 1973 are presented in Table 1. 
About 45 percent of the watershed was ungauged; how- 
ever, the ungauged area produced almost no sediment 
since it is predominantly grasslands and forest. In 
August 1975, the spillway was converted from a surface 
discharge to a bottom withdrawal system by adding 19 m 
of 46 cm corrugated metal pipe to the inlet of the hooded 
inlet pipe. This system withdrew the water from an aver- 

TABLE 1. WATERSHED AND RESERVOIR 
CHAR,ACTERISTICS 

Watershed or 
reservoir Callahan Bailey 

characteristics watershed watershed (1973) Units 

Total storage 
Permanent pool 
Principal spillway 

Length 
Width 
Pond depth 

Watershed area 
Watershed slope 
Channel slope 

560,000 
160,000 
1.2 x 2.4 m 
drop. Inlet 
Riser. 
Approx: 1200 
Average: 60 
Average: 2.0 
Maximum: 5.0 
1,440 

1-11 
1 .o 

127,000 
63,500 
46 cm Smooth 
Steel hood inlet 

360 
110 

Average: 2.0 
Maximum: 3.5 

94 
1-11 

1.1 
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FIG. 4 Callahan reservoir basin geometry and spillway rating curve. 

Sample Analysis 

The inflow was automatically sampled at each gauging 
station with a PS-66 pumping sampler developed by St. 
Anthony Falls, Inter-Agency Hydraulics Laboratory in 
Minneapolis. A 400-mlL sample was taken at intervals 
ranging from 4 min to 2.5 h, depending on the flow rate 
andwater stage. Outflow from each reservoir was sampl- 
ed at the discharge end of the spillway pipe with a Col- 
umbia spillway sampler (Rausch and Haden, 1974), 
which collects a 2-1 sample every 2 or 3 h, when the flow 
was greater than base flow. Manual samples were col- 

FIG. 3 Callahan Creek watershed reservoir C-1. lected during base flow. 

age depth of 3.3 m. The reservoir storage below this with- 
drawal elevation is only 2500 m3. The permanent pool 
water surface is, however, maintained at the original 
level, since the syphoning action is broken automatically 
by an air vent near the apex of the pipe (Rausch and 
Heinemann, 1975). The stage-storage and stage-dis- 
charge relationships for the reservoir are shown in Fig. 6. 

LEGEND - -- Wo1.rsh.d Boundoty - -- s.b.~t.r.h.d Boundary - ...- Int.rm,,l~nt st,.om . R a m  G a p e  
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FIG. 5 Bailey reservoir watershed. 
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The sediment concentrations of the samples were de- 
termined by two methods. The 400-mlL inflow samples 
were vacuum-filtered through Gooch crucibles with glass 
fiber filters that retain at  least 90 percent of the 1-pm 
particles (Dendy et al., 1979). The filters were oven dried 
and weighed, and an average tare weight for the filter 
was subtracted to find the net weight of the sediment. 
The variation in filter weight may cause a maximum con- 
centration error of 12 mg/lL in these samples. The 2-1 
outflow samples were analyzed by another method, since 
they contained high percentages of colloidal particles 
and readily plug the filters. These sample jugs were al- 
lowed to settle for 2 weeks or more. Then, the super- 
natant was decanted down to the sediment. The sedi- 
ment was then washed into a pretared 400-mlL beaker 
and then evaporated to dryness in an oven. Dissolved 
solids in the supernatant were analyzed separately and 
subtracted from the dried sample weight. The amount of 

STMC (4 

FIG. 6 Bailey reservoir basin geometry and spillway rating curves. 



dissolved solids depends on the volume of liquid left in 
the sample jug. If 100 mlL of supernatant is dried for dis- 
solved solids and 100 mlL is left in the jug with the sedi- 
ment, then the dissolved solid weight can be subtracted 
directly from the sample dry weight. 

For both sets of samples, the sediment concentration is 
the weight of sediment without the dissolved solids divid- 
ed by the total sediment volume (mg/lL). Sediment yield 
can be computed by multiplying the sediment concentra- 
tion for each sample by the volume of water it represents. 
The trap efficiency for each storm is then computed from 
the sediment mass in the inflow to the reservoir and from 
the sediment mass when the same water leaves the reser- 
voir. In the computational procedures, plug-flow routing 
of the flow was assumed. 

DEPOSITS ANALYSIS OF 
CALLAHAN RESERVOIR DATA 

Data from a 2-month period during 1973 were used for 
analysis. This data set was selected because the data were 
of a high quality with several very large events occurring 
during this period. The best particle size information was 
also collected during this period. Rausch and Heine- 
mann (1975) have reported several results based on this 
data set. The period was subdivided into six inflow 
events. The distribution of the rainfall over the watersh- 
ed varied during each event. During the end of April and 
May, most of the runoff was from the drainage area, 
which was gauged, and little error resulted in routing the 
gauged inflow through the reservoir. The three events 
that occurred at the beginning of the period being 
analyzed, resulted in a more uniform rainfall distribu- 
tion and had very significant runoff volumes from the 
ungauged pastures and forested areas. We felt that the 
sediment yields from these areas was fairly low, but some 
error occurred in routing only the gauged flow rates 
through the reservoir. Because of the reservoir's long 
length and the fact that most of the ungauged runoff 
entered the reservoir at various points along its length, 

TABLE 2. CALLA 

we felt that accuracy would not be improved by synthe- 
sizing the inflow rates to the reservoir based upon the 
observed outflow rates. 

The actual trap efficiency of the reservoir was deter- 
mined for each event based upon the procedure de- 
scribed earlier. In general, we felt that fairly good esti- 
mates of the actual efficiency were obtained, although 
the efficiency during the first storm was based upon a 
limited number of outflow samples. 

We used three methods to predict the trap efficiency 
during each event: 

1 The Environmental Protection Agency overflow 
rate method (EPA, 1976). 

2 The DEPOSITS model, using the observed inflow 
sedimentgraphs. 

3 The DEPOSITS model, using the model default 
sedimentgraphs, based on observed sediment loads. 
The EPA method is based on a method developed by 
Camp (1945) for quiescent settling and uses the equa- 
tion: 

where V is the fall velocity (m3/s); Q is the average or 
peak discharge rate (m3/s); and A is the pond surface 
area (m2). Generally, the surface area A is reduced by 0.8 
to account for dead storage. This allowance, however, 
was not made in this analysis. We estimated the particle- 
size distribution at the peak flow rate using the results 
contained in Fig. 2, and in each calculation the average 
flow rate was used for Q. We felt that the method was ap- 
plied in the most advantageous way and that estimates of 
the reservoir efficiency would be even lower if we had 
adopted any other procedures. 

The results of the three studies are presented in Table 
2. Generally, the DEPOSITS model gave very good esti- 
mates of the reservoir sediment-trapping performance. 
The efficiency of the pond was usually slightly less during 
the smaller events despite the increased detention times 
in the reservoir. The reason for this is because the small 

HAN RESERVOIR 

Sediment, Peak flow rates. 

Date of event metric tons Detention time, (h) Trap Efficiency. % 
m3 /S 

Inflow, Actual 
Inflow Outflow mm Inflow Inflow* discharge? Average$ Minimum 5 Actualll EPA* * DEPOSITS?? DEPOSITS$ $ 

March 
24-25 

March 
31 

April 
14-16 

April 
15-22 

March 3 2 355 7.9 5.9 70 15 68 58 6 7 
24-30 

March 31 33 770 17.9 6.1 57 15 7 8 68 7 3 73 
-April 5 

April 24 215 7.9 5.4 93 27 78 6 2 78 
15-21 

April 50 1524 27.5 6.5 35 10 79 7 4 76 80 
16-22 

*About 20% of the watershed drainage area is ungauged. 
?The reservoir discharge reflects the inflow from the total drainage area. 
$Volume weighted aver:,=d assuming plug flow. 
5 Minimum detention time of any plug. 
IIBased on influent and effluent sediment loads. 
**Maximum possible efficiency using V = Q/A and particle-size distribution at peak inflow rate (where V = Fall velocity, Q = average flow 
rate and A = surface area at the peak stage). 
??Using observed inflow sedimentgraphs. 
$$Using the DEPOSITS default inflow sedimentgraph. 
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1 Dead storage and short-circuiting in the reservoir. 
2 Actual flow rates through the basin were higher 

than those used in the simulation because of the contri- 

FIG. 7 Callahan reservoir inflow sedimentgraph large May storm 
event. 

events contained proportionately more finer particles. 
For the six events, the average trap efficiency is just over 
83 percent. The EPA method predicted an overall effi- 
ciency of 77 percent, whereas the two DEPOSITS 
methods estimated overall efficiencies of 81 and 82 per- 
cent. Except for the first event, there is little difference 
between the estimates made by the two different proce- 
dures using the DEPOSITS model. For this watershed, 
the calculated DEPOSITS method for predicting the in- 
flow sedimentgraphs gave good estimates of the observed 
inflow sedimentgraphs. Fig. 7 shows the predicted and 
observed sedimentgraphs for the large event of May 
26-27. The DEPOSITS method was not developed based 
upon data from this watershed. In both DEPOSITS pro- 
cedures, the inflow particle-size distribution was varied 
throughout the storm event. For the small events with 
peak inflow rates less than 11.3 m3/s, the single distribu- 
tion for a flow rate of 4 m3/s was entered into the model, 
and, for the other events, the single distribution at 11.3 
m3/s was used. The DEPOSITS model then varied these 
distributions by using equation [3]. We also conducted 
an analysis with the model using a single distribution to 
represent the whole storm event. The distribution at the 
peak flow rate was used and the results varied by 1 to 3 
percent from those obtained in the first DEPOSITS 
analysis. 

The model generally gave fairly good estimates of the 
outflows concentrations, although the peak concentra- 
tions predicted by the model occurred 2 to 6 h laters than 
those observed. Three factors contributed to the ob- 
served peaks occuring earlier than predicted. 

butions from the ungauged areas. 
3 Observed peak inflow loads occurred 20-30 min. 

earlier than the peak inflow rates. 
Calculated loads were also slightly larger than those ob- 
served because the DEPOSITS model does not account 
for mixing between the plugs, and also because the ob- 
served flow concentrations had been slightly diluted by 
the cleaner flow from the ungauged areas. Several parti- 
cle-size distributions for the sediment contained in the 
effluent were obtained during this period. 

Generally, these samples indicated that over 95 per- 
cent of the sediment being discharged was finer than 
5pm, and that over 85 percent was finer than 2 pm. The 
DEPOSITS model predicted that over 99 percent of the 
sediment would be finer than 2 pm. Apparently, the 
model makes a good estimate of the coarse-size particles 
being trapped, but has some difficulty estimating the 
fractions of finer-size particles trapped. 

BAILEY RESERVOIR ANALYSIS 
WITH THE DEPOSITS MODEL 

Using the DEPOSITS model, we could make good es- 
timates of the performance of Callahan Reservoir and we 
decided to extend the study to an analysis with some data 
from Bailey Reservoir. One of our objectives in extending 
the study was to see if the model were capable of pre- 
dicting the change in performance of Bailey Reservoir 
when it was converted from a surface-withdrawal spill- 
way to a bottom-withdrawal system. Seven different 
storm events were evaluated - five during 1973, when 
the surface-withdrawal system was in operation, and one 
in 1976 and 1977, when the bottom-withdrawal system 
was operating. 

Bailey Reservoir is much smaller than Callahan Reser- 
voir, and a much larger portion (about 45 percent) of the 
watershed was not gauged. To reasonably estimate the 
detention time of the flow in the basin, it was necessary 
to develop inflow hydrographs for each event, based 
upon observed outflow rates and changes in stage within 
the reservoir. We felt that most of the ungauged flow 
would have entered the reservoir at the southwest inlet to 
the basin and would have travelled through most of the 
body of the reservoir. The peak inflow rates, shown in 
Table 3, reflect only the gauged inflow rates. Inflow sedi- 
mentgraphs were developed based on observed concen- 
tration for the gauged portion of flow and by assuming 
that the load was negligible from the ungauged pastures 

TABLE 3. SUMMARY OF BAILEY RESERVOIR STUDY 

Sediment Peak Peak 
Runoff. inflow, inflow, outflow, Detention Trap efficiency Trap efficiency 

Date mm metric tons m3 IS* m3 /S time, h t  observed. 96 calcu1ated.t % 

March 4-10, 1973 43 12.3 0.58 0.42 295 68$ 87 
March 10-15.1973 38 20.0 0.96 0.42 358 85 87 
March 24-31.1973 64 41.8 0.89 0.43 225 89 8 7 
March 31 - April 8,1973 38 14.5 0.98 1.19 3 59 72$ 85 
April 20 -May 1.1973 86 87.3 2.55 1.07 81 92 84 
March 3-15.1976 8 38 12.3 1.11 0.28 55 59 57 
May 6-15,1976§ 6 1 11.8 1.80 0.18 50 66 64 

*Only 55 percent of the watershed is gauged. 
tcalculated with the DEPOSITS model. 
$Based on only a few samples. 
§Spillway converted to  a bed-withdrawal system. 
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FIG. 8 Idlow sediment distribution for Bailey reservoir. 

5 I 0.5 0.1 0 05 0 . 0 1  0 . 0 0 5  0 .OOI  
6 m . 1 ~  S ~ Z E  -1rnl 

and forest areas. The DEPOSITS model gave good esti- 
mates of the basin performance for all the events, except 
for the two during which only a limited amount of out- 
flow samples were obtained. 

For the surface-withdrawal system, the overall ob- 
served trap efficiency was about 87 percent, and the cal- 
culated efficiency slightly higher than 85 percent. For the 
bottom-withdrawal system, the observed efficiency was 
about 62 percent or 2 percent higher than predicted. The 
DEPOSITS model not only gave good estimates of the ef- 
ficiency during each event, but also modeled the change 
in performance due to the different systems. For the bed- 
withdrawal system, we assumed that the flow entered the 
pond as a density current and that only 2500 m3 of pre- 
viously stored flow would be discharged before the dis- 
charge of any of the storm events. (This is the same as- 
sumption used in calculating the 'actual' efficiency.) The 
rest of the permanent pool volume of about 61,000 m3 
was considered dead storage. 

The DEPOSITS sedimentgraph default option was 
tested on the two events for the bottom-withdrawal sys- 
tem and gave results similar to those obtained with the 
tests using the observed inflow sedimentgraphs. Again, 
the DEPOSITS model gave good estimates of the outflow 
concentrations and the discrepancy in time between the 
observed peak outflow concentrations and the calculated 
peak effluent concentrations was considerably less than 
that for Callahan Reservoir. No outflow sediment, parti- 
cle-size distributions were available for Bailey Reservoir 
because of the much smaller sediment loads contained in 
the effluent. 
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DISCUSSION OF RESULTS 

The DEPOSITS model gave good estimates of the per- 
formance of both Callahan and Bailey Reservoirs during 
all the storm events. The model also predicted the 
change in performance of Bailey Reservoir when the 
spillway system was changed to a bottom-withdrawal sys- 
tem. In general, the DEPOSITS model gave better esti- 
mates of the basin performance than the method cur- 
rently adopted by the EPA. For Bailey Reservoir, this 
method gave calculated trap efficiencies of less than 60 
percent for all the flow events, including those that oc- 

CLAY 

curred when the surface-withdrawal system was in oper- 
ation. Both reservoirs trapped most of the particles 
larger than 5 pm. Less variation in particle-size distribu- 
tion with flow rate seemed to occur on Bailey Reservoir, 
and a single inflow sediment distribution was used for all 
the flow events (Fig. 8). No relationship has been devel- 
oped between the flow rate and particle-size distribution 
for this watershed since only a limited data base was 
available. In general, however, the flow rates on this 
watershed were considerably smaller than those on Calla- 
han Creek Watershed, and the range in peak flow rates 
between the seven storm events evaluated was much 
smaller than that in peak rates during the six events on 
Callahan Creek watershed. The study also highlighted 
some of the difficulties in establishing an effective moni- 
toring program and of determining the actual perfor- 
mance of a reservoir. Heinemann (1978) reported that 
only about 20 reservoirs have been studied in enough 
detail to provide adequate data to evaluate reservoir 
trap-efficiency performance. One major problem with 
this type of research is the installation of an effective 
monitoring system and the ability to determine the actual 
trap-efficiency of the impoundment. Actual trap- 
efficiencies are usually calculated based on either a pro- 
cedure which assumes plug flow or else by 'tracking' the 
peak loads through the basin. With a long term, con- 
tinuous, monitoring system, such as that used in Mis- 
souri, a good estimate of the overall efficiency of the 
structure is obtained because the errors associated with 
'tracking' volumes of flow from the inlet to the outlet are 
minimized. Generally, reservoirs do not have single inlets 
and accurately monitoring inflow to the basin is difficult. 

SUMMARY AND CONCLUSIONS 

The DEPOSITS model gave good estimates of the per- 
formance of the spillway and reservoir systems evaluated. 
The results obtained were also compared with predicted 
estimates using a numerical procedure commonly used. 
This method seemed to underestimate the performance 
of the structure and gave very poor estimates for Bailey 
Reservoir. The syphon system used on Bailey Reservoir 
was very effective in reducing the efficiency of the struc- 
ture. The DEPOSITS model method for estimating the 
inflow sedimentgraphs for the different storm events 
gave good approximations of the observed inflow sedi- 
mentgraphs. 

More research is needed in evaluating different spill- 
way systems and also in characterizing waterborne sedi- 
ment loads. Predicting the performance of a structure 
using a model such as DEPOSITS, is possible and prob- 
ably presents no more of a problem than trying to mea- 
sure the actual performance of a structure. Any effective 
method for predicting impoundment performance will 
depend on a good estimate of the sedimentload charac- 
teristics. Much more research is required in this area. 
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