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Preface

This research report results from work on a research project entitled‘
"Evaluation of Detention Basins for Controlling Urban Runoff and
Sedimentation." The work on which this report is based was supported in
part by the Kentucky Agricultural Experiment Station and by funds
provided by the 0ffice of Water Research and Technology, The United
States Department of the Interior as authorized under the Water

Resources Act of 1964, Public Law 88-379, as amended.



ABSTRACT

Sediment detention basins are a widely used means of controlling
downstream sediment pollution resulting from stripmining and construc-
tion activities. A mathematical model for describing the sedimentation
characteristics of detention basins has been developed. This model re-
quires as inputs the inflow hydrograph, inflow sediment graph, sediment
particle size distribution, detention basin stage-area relationship and
detention basin stage-discharge relationship. Based on this information
the model routes the water and sediment through the basin. In this rout-
ing process the ocutflow sediment concentration graph, the pattern of
sediment deposition in the basin and the sediment trapping efficiency
are estimated. Comparison of predicted results with measured sediment
basin performance indicates the model accurately represents the sedi-
mentation process in detention basins.

This report details the model, illustrates its use in design, ex-
plains how to process the model on a digital computer and presents a
program listing of the model.

Descriptors: Detention basin, sediment, urban hydrology
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CHAPTER I
INTRODUCTION

In 1966 the annual cost of damages associated with waterborne
sediment was estimated to be $262 million (EPA, 1976a). One of the
major causes of increased sedimentation is the removal of the natural
vegetative cover of soils. The rate of erosion from construction sites
and strip mining areas has been estimated as two thousand times that
from a forest area (EPA, 1973). Loss of storage space in reservoirs
and an increased emphasis on water quality and pollution control has
led to much legislation and research on the control of erosion and
sedimentation.

Soil erosion from denuded areas occurs due to the detachment
and transport of soil particles by the energy of wind and water.

The rate of removal is dependent on the susceptibility of the soil
particles to detachment and the erosive energy of the wind or water.
In construction and strip mining areas, therefore, sediment transport
may be reduced by stabilizing the denuded soil and controlling the
rqnoff.

Erosion due to rainfall is the most frequently encountered
problem and occurs as either sheet, rill or gully erosion (USDA, 1975).
Stream channel erosion may also occur. The most frequently used
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onsite sediment control measures are outlined below (EPA,

1976a):

1)

2)

3)

Soil Stabilization. Stabilization is achieved by the use of
chemical bonds, mulching, revegetation, stone surfacing or
the replacement of the original cover with impervious sur-
faces such as roads, pavements and'parking lots in urban
areas.

Runoff Control. Detached particles may be controlled by the
use of vegetative filters and by terracing and reduction

of slope steepness. Small Sediment pits and ditches are also
frequently employed.

Site Practices. Construction or mining activities may be
carefully controlled to disturb a minimum area at any one
time. Construction activities may also be planned for periods
of low rainfall and/or quick germination of seeding.

Onsite sediment control practices are usually not successful

in removing all sediment from the runoff. Recent legislation in many

states requires provision of a sediment detention structure downstream

of mining and construction activities (EPA, 1976). Sediment detention

basins are small reservoirs designed specifically to trap sediment.

In urban areas sediment storage is sometimes provided in flood deten-

tion basin so that they may serve the dual purpose of both a flood

control structure and a sediment basin.



Current legislation normally specifies a minimum size for the
basin and limits the sediment concentrations in the effluent. Design
guidelines are limited and theory on the performance of sediment
basins is scant.

Tables 1 and 2 give the basin size requirements for strip
mining detention basins in several states and the effluent quality
standards in those states (EPA, 1976). Sediment basin design usually
requires the use of a riser outlet as the principal spillway. The
riser may have perforations along part of its length but the desiga of
these perforations is very restricted, by state codes, and at present
they are not designed to provide a specific sediment concentration in
the effluent. A typical riser design requirement for strip mines in
Kentucky is shown in Figure 1 (SCS, 1977).

The purpose of this research was to review the methods that
have been developed to predict sediment deposition in reservoirs and
to develop a mathematical model which simulates sedimentation in
sediment detention basins. The model which has been developed also
simulates the change in geometry of the basin due to sediment deposi-
tion. The model is not restricted to any specific basin gecmetry or
spillway design and may be utilized in the design of any reservoir.
The performance of the model has been compared on several sediment:
basins studied by the Environmental Protection Agency (EPA, 1976). The
model predicts a performance in close agreement to those observed in

these sediment basins. The results of this comparison and a study of



TABLE 1

DESIGN STORAGE CAPACITY REQUIREMENTS

State

Requirement

5CS (Maryland)

Kentucky

Pennsylvania

West Virginia

Site should be selected to provide adequate stor-
age for not less than 0.5 in. per acre of drainage
area. '

Volume for trap efficiency calculations shall be
the volume below the emergency spillway crest or
pipe spillway crest if there is no emergency spill-
way.

Sediment pool shall have a minimum capacity (from
the lowest elevation in the reservoir of the crest
of the principal spillway) of 0.2 acre~ft per acre
of disturbed area in the watershed.

The disturbed area includes all land affected by
previous operations that are not presently stabi-
lized and all land that will be affected throughout
the life of the structure.

V = (AIC) + (AIC/3)

= volume in cu ft

maximum area draining to the pit in sq ft
rainfall (in.) per 24 hr detentlon time Chr)

= constant = % of rainfall not absorbed by solls
(runoff)

)

OB
il

The sediment pool shall have a minimum capacity
(from the lowest elevation in the reservoir to the
crest of the principal spillway) to store 0.125
acre-ft per acre of disturbed area in the watershed.

The disturbed area includes all land affected by
previous operations that is not presently stabi-
lized and all land that will be affected during sur-
face mining and reclamation work.




TABLE 2

EFFLUENT STANDARDS FOR THE SURFACE MINING INDUSTRY

Turbidity or Toxic
State Suspended Solids . pH Total Iron Alkalinity Materials
Federal 30-100 mg/1 6.0-9.0 4.0-7.0 mg/1 Greater than !
acidity
Kentucky 150 JTU's 2 6.0-9.0 7.0 mg/1 or '.Greater than ——
less acidity
Pennsylvania 3 6.,0-9.0 7.0 mg/1 or e —_
less
West Virginia 1000 JTU's 5.5-9.0 10 mg/1 or -— -—
or less * less

No toxic or hazardous material as designated under the provisions of Section 12 of the Federal
Water Pollution Control Act or known to be hazardous or toxic by the permittee except with the
approval of the Regional Administrator (WPA) or his authorized representative,

The discharge shall contain no settleable matter, nor shall it contain suspended matter in excess
of 150 Jackson Turbidity Units, except during a precipitation event, which the operator must show
to have occurred, in which case 1000 Jackson Turbidity Units may not be exceeded.

No silt, coal mine solids, rock debris, dirt, and clay shall be washed, conveyed, or otherwise
deposited into the waters of the Commonwealth.

Turbidity - not more than 1000 Jackson Units (JU) of turbidity 4 hours following a major precipi-
tation event and not more than 200 JU after 24 hours (major precipitation event = % inch of rain-
fall in 30 minutes).
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the factors affecting sedimentation in a reservoir are contained
in the report. A listing of the computer program and a guide to its

ugse is provided in the appendices,






CHAPTER TIT
LITERATURE REVIEW

The control of waterborne sediment is not a recent concern of
mankind; settling basins were probably first employed by the Romans
{Brown, 1943):

The intake of New Anio is on the Sublacesion

Way at the forty-second milestone, in the

Simbiunum, and from the river; which flows muddy

and discolored even without the effects of rainstorms,
and, as a result, loose banks, for this reason a
settling reservoir was built upstream from the intake,
80 that in it and between the river and the conduit
the water might come to rest and clarify itself.

Cur knowledge of Roman techniques is, however, very limited
and it is not until the 1400's that any significant theory was
developed. Leonarde da Vinci (1452) was one of the earliest re-
searchers in the field of hydraulics but perhaps the most significant
early research was presented by Brahms (1753}, Chezy (1775), and
duBuat (1796). The early research by most of these famous Europeans
was mainly concerned with river and chanmel flow.

In 1889 Seddon (1889) presented a paper on the St. Louis
Settling Basins and in 1904 Hazen developed the first real theory on
the trap efficiency of a reservoir (Hazen, 1904). Hazen considered
the settling of soil particles under different hydraulic conditions and

obtained the trap efficiency based on detention time, fall velocity,
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particle size and the prevailing conditions. His research has become
the base upon which several of the more widely used concepts were
developed and does not appear to receive the credit it deserves.

Brown (1943) developed a curve relating the trap efficiency
to the capacity-watershed ratio (C/W). His curve was based on data
collected from over twenty five reservoirs and is represented by the
equation:

Ct=100 (1.0-1.0/{(1.0+C/10W)) (L)
where Ct = reservoir trap efficiency (Z), and C/W = reservoir
capacity (acre-feet per square mile of drainage area). Brown's curve
plus some additional data plotted by Brune is shown in Figure 2
(Brune, 1953). There is considerable scatter in the points, indicating
that there is very little correlation between the capacity-watershed
ratio and trap efficiency. The method saw very little use as several
other methods were being developed in the 40's and 50's. The most
notable contributions being made by Camp, Borland, Churchill and
Brune. In Brune's excellent paper "Trap Efficiency of Reservoirs" he
describes some of the more notable methods and develops a series of
empirical curves which are still widely used today (Brune, 1953).

Brune's trap efficiency curves were based on data collected
from forty-four reservoirs. He related trap efficiency to the
capacity-inflow ratio (a term first used by Hazen in 1914). Brune's
curves are shown in Figure 3 (Brune, 1953). The reservoirs were

located in twenty different states and the results gave a much better
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correlation with trap efficiency than the C/W ratio proposed by Brown.
There is, however, still considerable scatter in the points and there
appears to be no correlation for semi-dry reservoirs. The short-
comings of both the C/W and C/I ratios can best be exemplified by
first amplifying on the mechanics of sediment deposition.

Stokes (1880) studied the drag on small spheres falling freely
in a fluid and found by neglecting inertia forces that

F = 3mudv (2)
where F is the drag fqrce, U the dynamic viscosity, v the fall veloc-
ity of the particle, and d the particle diameter. In the region of
viscous settling the drag coefficient is 24/R, where R is the
Reynolds number. Later research has shown Stokes' Law to be valid for
values of R from 10~* to about 0.5 (Camp, 1945). At higher Reynolds
numbers inertia forces cannot be ignored. Stokes only studied the
motion of an isolated sphere. Later research has found that the con-
centration of particles and their shape influence the fall velocity.
Clay particles have been fo;nd to be disc shaped and based on studies
by Pettyjohn and Christiansen (1948) and McNown and Malaiki (1951)
equation 2 should be:

F = K(3mudv) (3)
where the correction factor K varies from 0.5-~1.0., A further correc-
tion of (1 - C)-m has been proposed by Durand (1972) and by Maude and
Whitemore (1958) to account for the hinderance of several particles
falling in close proximity. C is the sediment concentration and m
varies from 2.2 to 4.5 depending on the flow conditions and Reynolds

number.
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It can be seen that the deposition of sediment in reservoirs
will be dependent on the soil characteristics, the detention time in
the basin, the depth of fall and the sediment concentration of the
flow. The detention time and depth of flow in the basin are dependent
on the geometry of the basin, the inflow and ouvtlet design and the in-
flow hydrograph. The sediment concentration variation with flow is
dependent on the intensity of the rainfall, the vegetative cover on
the watershed, the permeability and characteristics of the soil, and
the slopes and distanégs of transport on the watershed. Turbulence
will tend to keep particles in suspension or will resuspend them by
removal from the reservoir bed (Sayre, 1969). Turbulence will occur
depending on the inflow geometry and design and the shape of the basin.

The C/W and C/T ratios used by Brown and Brune, respectively,
give only a limited account of the watershed hydrology and basin
geometry, and are independent of soil characteristics. Brune appears
to have been very aware of the shortcomings of his curves and perhaps
if his paper had been more carefully read these curves would have seen
less extensive use. Brune's curves have been modified by the U. S.
Soil Conservation Service to account for the particle characteristics
and have been used extensively in the design of the sediment storage
capacity required in small reservoirs (deiger, 1963).

Churchill (1948) developed a method of relating the trap ef-
ficiency to the sedimentation index of a reservoir. The sedimentation

index is the detention time divided by the mean velocity. The curve
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was based on results obtained from several TVA reservoirs and is shown
in Figure 4 (Brune, 1953). The method has little use in design as the
detention time and mean velocity of flow are difficult to determine
and no account is made of the sediment characteristics. An attempt
however, has been made to modify the curves to allow for the particle
characteristics as shown in Figure 5. It can be seen that because

the detention time and mean velocity are dependent on the reservoir
geometry, the inflow and outflow rates and the watershed hydrology,
there is very little scatter in the points and a high correlation be-
tween trap efficiency and sedimentation index results.

Borland (1951) presented a method which can probably be best
used to help predict sediment accumulations based on monitoring the
performance of the basin after construction. He plotted a curve of
trap efficiency with detention time for Imperial Dam Reservoir in
Arizona. Brune (1953) in his paper "Trap Efficiency of Reservoirs"
made the following comment on the curve:

Such curves are quite satisfactory for

specific reservoirs, since other factors such as

sediment characteristics, shape the reservoir,

and method of operation tend to remain constant.
This statement is only true for very large reservoirs and dams in
which the volume of deposited sediment is small and the land uses on
the reservoir remain essentially the same during the life of the
reservoir. TImperial Dam Reservoir's capacity was reduced by two thirds
between 1938-1947, a very clear demonstration of how the reservoir

shape will change with time. The sediment characteristics are depend-

ent on the intensity of the rainfall, bedscour and the watershed land
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uses, All these factors are likely to change with time. It is even
questionable whether the method of operation remains the same during
the life of a reservoir. The curve developed by Borland (1951) is
shown in Figure 6.

While Borland, Churchill, Brown and Brune were develop-
ing their respective ideas on the trap efficiency of reservoirs Dobbins
(1944), was studying the effect of turbulence on sedimentation and
Camp (1945) was developing a method which was suitable for the design
of settling tanks. With the exception of some of Hazen's ideas, all
the methods mentioned have been of an empirical nature. During the
same era considerable theory was developed on sediment transport. As
with the early theory of Brahm, the theory was developed primarily for
flow in channels, pipes and rivers. Dupuit (1865), Einstein (1950),
Schoklitsch (1933), Meyer-Peter and Muller (1969), duBoys (1879)
and Vanoni (1946), are but a few of the major contributors in this
field. Although much of this theory would be applicable in develop-
ing a method to determine trap efficiency of large reservoirs located
on large well established rivers, very little research was done on
mathematical methods of determining trap efficiency. Camp, however,
did develop a method based on Stokes' Law of Settling.

Camp (1945) states in his paper that Stokes' law is valid
for values of Reynolds number between 10_4 and about 0.5 and that in

this range

v = (g/18y ) (s-1)d° (4)
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where v is the terminal settling velocity, s the specific gravity
of the particle, g the acceleration due to gravity and ¥ the kinematic
viscosity of water. Camp made a very thorough study of the factors
affecting sedimentation. He considered irregularities in shape,
hindered settling due to particles settling in close proximity, bed-
load movement scour, turbulence, short-circuiting and flocculation.
His development is fairly lengthy and will only be discussed
here in part. It should be noted however that much of the theory
upon which it was based is still widely used today. 1In part he
incorporated some of Hazen's (1904) concepts with Shields' theory
of bed-load movement, (Vanoni, 1946), Nikuradse's (1939) theory
of mixing in pipes, von Karman's velocity distribution and
Dobbin's (1944) theory on turbulent flow and incorporated them in
modifications of settling in ideal basins. Camp defined an ideal
basin in the following way.
Since an 'ideal basin' has been defined as a hypo-
thetical settling tank in which settling takes place in
exactly the same manner as in quiescent settling container
of the same depth, an "ideal rectangular continuous flow basin’
for unhindered settling has the following characteristics:
1. The direction of flow is horizontal and the velocity
is the same in all parts of the settling zone (hence,
each particle of water is assumed to remain in the
settling zone for a time equal to the detention periocd--
namely, the volume of the settling zone divided by the
discharge rate);
2, The concentration of suspended particles of each size
is the same at all poimts in the vertical cross sec—
tion at the inlet end of the settling zome; and
3. A particle is removed from suspension when it reaches
the bottom of the settling =zone.

Camp showed that the trap efficiency, E, of all particles

having settling velocity, v, is:
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E = vA/Q (5)
where A is the surface area of the basin (width, B, times the
length, L) and Q is the discharge rate. This result was first ob-
tained by Hazen. Q/A is known as the overflow velocity or "surface
loading" of a basin. All particles having settling velocities less
than the overflow rate will not be trapped. This method has been
modified slightly by making A the wetted surface area of a reservoir
and is one method currently employed by the EPA (1976a). Although
gimple in appearance, phe method is very difficult to use because
the discharge rate and wetted area tend to vary considerably
during storm events, particularly in small reservoirs and sediment
detention basins.

Based upon the assumption that the fluid velocity is uniform
in the basin, and that the mixing coefficient, e, is the same at every
point in the basin, Camp and Dobbins developed an analytical relation
between E (vA/Q) and vy/2e where y is the depth of the basin. This
relationship is shown in Figure 7. A modification of this method by
Brown is shown in Figure 8 (Browm, 1950). Figure 8 demonstrates the
effect of turbulence on reducing trap efficiency. It should also be
noted that trap efficiency has now become dependent on the basin depth
which was not the case in quiescent settling. Although the effect
of the basin depth is small, it becomes significant if the basin is
made too shallow and bed scour occurs, Camp showed that the critical

non scour mean velocity, V¢, is given by;
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Ve = [( 88/ £)(s-1)gd]? ®)
where ﬁ is the Shield's critical shear stress parameter and f
the Darcy-~Weisbach friction factor. For uniform sandﬁg ranges from
0.04 to 0.06 and tends to be higher for sticky and flocculent material.
When high turbulent flow conditions occur, the trap efficiency
can be related to vA/Q by the equation;
E = l-exp(-vA/Q). (7
This relation was used by the Bureau of Reclamation for the design
of the settling basins of the All-American Canal project (Vetter,
1940). As illustrated by this description of the All-American Canal
at Imperial Dam (Brown, 1943), the curve seems well suited to the
design of settling basins.
. « .these desilting works consist of 6 settling

basins arranged in pairs., Each basin is approximately

269 feet wide, 769 feet long and has an average depth

of 12.5 feet. The basins are set at an angle of 60°

with the inflow chamnels. Each basin has a rated flow

capacity of 2000 second-feet . . . . The maximum flow across

the channel is 0.22 foot per second. At this wvelocity the

detention period is 21 minutes. It is estimated that with

this velocity approximately 80 percent of the maximum

income sediment will be deposited on the floor of the basin.

The design of the basin is based on a total inflow of 12,000

second-feet, or 80 percent of the capacity of the canal. The

average sediment load for a flow of 12,000 second-feet was

estimated to be 60,000 tons dry weight per day.
Figure 9 shows a plot of the curve for high turbulent flow and for
quiescent flow as plotted by Chen (1975). He recommends that Brown's
plot be used for flow conditions between high turbulence and

quiescent'flow. However, Brown's plot has the same pitfalls as the

equation for quiescent flow in that the overflow rate is not a constant
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fof a given basin. A is also a poor indicator of the effect of the
basin geometry and is not readily defined for non linear geometric

shapes. Some account of these limitations is made both by the EPA

and Bureau of Reclamation by using Q as the peak discharge and A as
the wetted surface area at this peak discharge. The assumption is

made that the basin will be as efficient or more efficient at lower
flow rates.

During the past twenty years much of the research has been
focused on determining ;he nature of the so0il erosion on a watershed,
predicting the sediment yield to a reservoir and modeling the hydroloegy
of the watershed. In a study conducted by Glymph (1954) on data
compiled from 113 watersheds varying in size from sixty-four acres
to 300,000 acres, it was found that the dominent source of erosion
was sheet erosion. The watersheds were located primarily in humid
agricultural areas and in seventy-three of ;he watersheds sheet
erosion accounted for more than seventh-five percent of the sediment.
Predictive equations such as those developed by Graf (1971), Bagnold
(1966) and Einstein (1950), for detérmining the total load in a stream
do not account for the washload and cannot therefore be used to de-
termine sediment yields to most reservoirs. In 1947 Musgrave (19%47)
developed an equation for predicting the sediment yield from sheet
and rill erosion on a watershed. His equation was widely used until
the early 1960's when Wischmeier and Smith (1965) developed what is

now known as the Universal Soil-Less Equation (USLE). The USLE was
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originally developed for use on agricultural watersheds but has

been widely adopted for use on urban watersheds. The USLE and many

of the predictive equations based on it tend to give very poor estimates
of the sediment yield to a downstream point on the watershed. The USLE
was developed to give the sediment movement from a single watershed
slope. In order to obtain the sediment yield downstream a delivery
ratio is required. Much of the detached sediment may be redeposited
before it reaches the control structure. Kuo (1975), for example,
found in an urban development study at Cedar Hill, Virginia, that the
USLE, in a modified form, over-predicted the sediment vield to a dowm-
stream point on the watershed by 5-200 times. One of the biggest
problems today in determining the performance of sediment detention
structures is the difficulty in determining the amount of sediment
entering the structure.

Several researchers have studied the relationship between the
amount of effective precipitation and the sediment discharge. Herrero
(1974), has developed a method of estimating the washload on a storm
basis for small watersheds. He found that the shape of the sediment
concentration-time curve was very similar to that of the hydrograph
for the watershed. This result has been substantiated by several other
researchers. An example of this relationship is shown in Figures 10 and
11. It can be seen from Curtis's (1976) curves (Figure 11) that

the intensity of the storm and its duration are major factors in estab-

lishing the sediment discharge.
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Since Brune developed his trap efficiency curves, very

few trap efficiency methods of note have been developed. 1In 1953
Fair and Geyer (1954) developed a method which has seen occasional
use in water treatment facilities and Wolman (1966) developed a
method for determining the trap efficigncy of welr ponds (USDA, 1972):

TE = I RS (8)
where TE = trap efficiency in perﬁent, R is the decimal fraction of
the material size range that is trapped. R =1 if r is not 1.0;
R=0.51f r = 1,0; R = 0.0 if r = 0.0 where

percent of material trapped in weir pond
percent of material in deposits downstream

and & is the percent of the material trapped in the weir pond that is

in the size range considered. The method has not been widely used

and is not suitable as a design method. It is also restricted to use

in very small control structures. Some of the more prominent work on

trap efficiency methods and mathematical modeling of these methods was
done by Chen, C. (1975), and Chen, Y. (1976) respectively.

Figure 12 shows a plot Chen, C. (1975) developed for comparing
the methods of Brume and Churchill to that of Camp for high turbulent
flow. Although this is hardly a valid comparison of the different meth-
ods, as high turbulent flow is not the typical flow situation in sedi-
ment detention basins, it does illustrate several valid'points. The
curves indicate as Chen noted, that Churchill's and Brune's curves over-
estimate the trap efficiency for finer sedimeﬁés and underestimate the

trap efficiency for coarser material. The entrapment of clay size
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particles can usually only be obtained by chemical flocculants or
basins with large dimensions. It is felt, however, that this last
observation is not strictly true. Removal of clay particles may be
obtained in small basins if the outlet design provides for a severe
restriction in discharge and hence gives a long detention time in the
basin. Size and nature of the outlet are, however, very dependent on
the hydrology and size of the watershed.

Chen (1976) has done considerable research into mathematical
modelling of sediment transport in rivers and reservoirs. He has
attempted to develop solutions to the three basic equations determin-
ing sediment transport:

Sediment continuity equation:

2Q 24 dAC
S apL 4 T -q =0 (9
9 x at at s
Flow continuity equation:
A
20 . a4 _ 2%a-q,-0 (10)
? X 2t at :
Flow momentum equation:
2pQ 4 @BpQV 4 o 20Y = pgaA (5, = S+ Dp) (11)
r 2x ?x
where:
x = horizontal distance along the channel
t = time
Qs = sediment discharge
p = Volume of sediment in a unit volume of bed

layer given by pb/DS
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Py = bulk density of sediment forming the bed
p_ = density of sediment

A, = volume of sediment deposited on channel bed per unit of length
of channel, the value is negative for bed erosion

A = water ctross-sectional area
€ _ = mean sediment concentration on a volume basis given by AS/Q
Q = flow discharge

q = lateral sediment flow per umit length of channel, a positive
quantity indicates inflow

= lateral water flow per unit length of channel, a positive
., ) P
quantity indicates inflow

= lateral flow per unit length of channel, given by dg + q,
p = density of sediment-laden water given by p, + Cg (ps - pw)

B = momentum coefficient

V = mean flow veleocity ¢

v = flow depth

g = acceleration of gravity
So = bed slope

sg = friction slope )
D, = dynamic contribution of lateral discharge given by qiVL/Ag
V£ = yelocity component of lateral inflow in the main flow direction
P, = density of water

Chen's solutions have been incorporated into a watershed model
developed by the Colorado State University to simulate the hydrolegy
and water-sediment movement on small watersheds. ZExtensive knowledge
of the basin geometry, land uses and soil types, infiltration rates,

hydrology, etc., are required to utilize the model.
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Several other models of note have been developed in recent
years. The Corps of Engineers, Hydrologic Engineering Center (1967
and 1968) have developed models for predicting sediment deposition,
trap efficiency and delta sedimentation in reserveoirs. The models,
however, cannot be used as design criteria. They require extensive
collection of suspended sediment concentrations and flow rates. in the
reservoir following construction. The main value of the models is
in the monitoring of the performance of a reservoir during its life,

A plug flow model has recently been developed by Pemmell and
Larson (1976) at the University of Minnesota. The model assumes an
ideal basin, the Universal Soil Loss Equation, a 100% delivery ratio,
complete mixing and instantaneous inflow and discharge. The model
provides a<useful tool in evaluating some of the factors affecting
trap efficiency but its application is very limited. Several models
have been developed on delta sedimentation but they give little insight
into simulation techniques for sediment laden flow.

It can be seen from the preceeding review of scme of the
literature pertaining to reservoir-sedimentation that although’extensve
research has been conducted, many questions remain unanswered. No
single trap efficiency method has been developéd which is suitable in
the design of reservoirs and sediment detention basins. Most of the
methods in fact can only be utilized following construction and do
not give good results. One of the biggest problems in developing
better design methods has been a lack of data on the performance of

sediment basins.
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Sedimentation surveys have been conducted by many state and
federal authorities during the past 100 years (Ohio State Department of
Natural Resources, 1948 and 1955). Unfortunately the nature of the sur-
veys has provided researchers wvery little data of wvalue in developing
better design methods. Most sedimentation surveys are done by the range
method and only determine the volume of sediment deposited over a peri-
od of several months or years. The type of surveys that are required
should include monitoring of suspended sediment concentration varia-
tions with time, inflow and outflow variations with time and riser stage,
and collection of inflow so0il size characteristics. A few studies of
this nature have been conducted by Hittman Associates (1974 and 1976)
for the Environmental Protectigﬁ Agency.

In one study (Hittman, 1976) nine sediment detention basins in
either Pennsylvania, Kentucky or West Virginia, were monitored during
a storm event and a baseline condition. Although these studies are
probably the best that have been conducted, they are still inadequate
in several ways. Only part of each storm event was monitored and the
data on inflow rates are incomplete. The initial stage at the riser
and the variation in stage depth during the storm events were not re-
corded. In future studies of this nature it would be advantageous if
more than one storm event was monitored. Determining the actual trap
efficiency of a basin during a storm event is not easy and it is felt
that the method employed in the Hittman studies is not completely cor-
rect.

The actual trap efficiency was determined by using the mass
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balance equation (Mallory and Nawrocki, 1974):

—~
lO6
-1
R (% solids removed) = |1 - —~—%;————— 100 {(12)
10 1
e -
| 2

where Cl is the solids concentration of influent (mg/l) and C2 is the
solids concentration of the effluent (mg/l). Influent and effluent
readings however were taken simultaneously over a short period of time.
Their use in equation 12 implies instantaneous flow through the basin.
There is a time lag approximately equal to the average detention time
between corresponding influent and effluent readings. 1If the entire
storm event had been monitored the average influent and effluent read-
ings could have been used in equatiom 12.

A better conceptual knowledge of the entire sedimentation pro-
cess is needed before a good understanding of inlet and outlet designs,
particle flocculation and aggregation can be obtained to maximize sedi-
ment trap efficiencies in detention structures. Flocculating agents
are frequently used in waste water treatment facilities to remove col-
loidal particles (Weber, 1972). Their use on a large scale in sediment
basins would prove to be very costly but with a better understanding
of the sedimentation process, selective use may prove very beneficial.
Strip mine sediment basins are frequently poorly sized due to the natural
aggregation and flocculation on strip mine watersheds. Monitoring of
the chemical composition of the influent might show that a small change

in the electrokinetic balance could greatly increase deposition.



31

Many of the ideas expressed in this review have been incorporated
in the conceptual model described in this report. Although the focus of
the research is on sediment detention basins the concepts discussed and
developed within the report are also applicable to the design of sedi-

ment storage space in large reservoirs.



CHAPTER IIT
DESCRIPTION OF THE DEPOSITS MODEL

Introduction

As has been noted, the severe problems associated with the
transport of sediment by water has led teo the comnstruction of small
control reservoirs designed specifically to trap sediment. The
mechanics of sediment laden flow is very complex, but the major
factors governing the efficiency of sediment retention basins are
the geometry of the basin, thé inflow hydrograph, the inflow sediment
graph, the outlet design, the hydraulic behavior of the flow within
the basin, the characteristics of the sediment and the settling be-
havior of the suspended sediment particles. Most trap efficiency
methods discussed previously are based only on a few of the above
factors. If a mathematical model can be developed that considers
these governing parameters, a better description of basin performance
and design methods can be obtained.

The following is a description of a model for describing
sediment basin performance. The ﬁodel is named DEPOSITS, which is
an abbreviation for DEposition Performance QOf Sediment In Trap
Structures. The model estimates basin trapping efficiency, concentra-

tion of sediment in the water discharging from the basin, and the

32
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change in basin geometry due to sediment accumulation in the

basin.

Basic Concepts

In order to develop a model sufficiently general to be
applicable to most sediment detention basins, the flow within the
basin was idealized by the PLUG flow concept. Plug flow assumes
no mixing between plugs and routes the flow on a first in, first
out basis. Although this type of flow does not allow for turbulence
or short circuiting, ﬁrovision for a correction factor has been in-
corporated in the model. As most sediment basins are designed to
contain runoff for periods of less than 1-5 days, the effects of
temperature fluctuations are considered to be insignificant,

Settling of the sediment particles is described by Stokes'
Law of Settling and particles are considered "trapped" as soon as
they reach the reservoir bed. The bed is considered a perfect
absorber of sediment and resuspension or saltation of the particles
is disregarded. The model accounts for the variation in sediment
concentration with depth by subdividing each plug into four lavers.
Selective withdrawal, at the basin outlet, from these layers is
provided for in the model.

The basic inputs are few and are typical of those required for
the design of any hydraulic structure to detain sediment:

1) Stage-area curve for the basin.

2} Inflow hydrograph.
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3) Particle size distribution and specific gravity of
suspended sediment.

4) Stage-discharge curve for the basin.

5) Sediment inflow graph.

6) Viscosity of the fluid.

7) Stage-discharge distribution curve.

The basin geometry is completely defined by the stage-area
curve. The stage is defined in the model as the depth of water at
the riser. Such factors as the basin length, slope, width or cross-
sections along the basin's length are not required.

If a stage-discharge distribution curve is not specified,
the model assumes that the outflow rate is uniform with depth.
Normally the outflow rate for a given stage varies with the depth of
the outflow surface, For example, if there is two feet of water
above a six foot drop inlet it might be assumed that most of the .
outflow is drawn from the two feet of water at the surface. For a
riser pipe with uniform perforations along its length the outflow
is dependent on the head of water above each perforation. The out-
flow rates through the lower perforations will be greater than the
rates through the perforations near the surface.

If a sedimentgraph is not available for the basin inflow,
sediment concentration is taken as proportiocnal to the water inflow
rate. The total mass of sediment entering the basin during the design
storm event or the inflow sediment graph must be specified if ef-

fluent sediment concentrations are required as an output. The
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model can also determine changes in basin geometry due to deposition
provided the total mass of sediment in the inflow is known.

As has been indicated the model is capable of predicting the
sediment concentration of the effluent and the sediment deposition
pattern in the reservoir. The model determines the volume of sedi-
ment deposited in each plug layer and makes a corresponding adjustment
in the stage-area curve. If this option is desired, the specific
weight of the sediment deposits is required. The model assumes the
same unit weight of deposits throughout the basin and does not provide
for later comsolidation of the deposits. 1If consolidation is a design
criteria an adjustment to the initial specific weight should be
made. A listing of the program and a glossary of terms used

are contained in the Appendices.
Model Theory and Mathematics

Basin Geometry

The basin geometry is defined by the input of a stage-area
curve., The capacity and average depth for each stage point is deter-
mined from the stage-area curve. The stage is defined in the model
as the depth of water at the outlet structure. If the deposition
option is employed, the stage is defined as the height of flow,
above the initial basin bed, at the riser. As the basin bed is
redefined due to deposition the depth of flow at the riser is re-
defined in the model as the depth. The capacity of the basin at any

given stage point is determined by the trapezoidal method described

by :
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CAPAC(N) =;§;1AREA(J)+AREA(J—1)XSTAGE(J)-STAGE(J-l))/2 (13)

Where CAPAC(J} is the capacity, in acre-feet, and AREA(J) is the
surface area, in acres, at the stage point (J). This method is
illustrated in Figure 13, Stage-area determinations are usually
made from topographic maps or from field measurements. It was
felt that the accuracy of these methods did not warrant the use of
some of the more sophisticated conic procedures for arriving-at the
stage-area relationship.

The average depth of water is.defined as the average depth
of the water surface from the reservoir bed. Tt is a volume weighted

average of the water depth throughoué the basin. The average depth
for each stage point is given by: !
J=TI 2.0
DEPO  *(AREA(J)—-AREA(J-1))
AVDPTH(I) = J= (14)
J=1
DEPQ * (AREA(J)-AREA(J-1))

J=2
where DEPQO = STAGE(I)-(STAGE(J)} + STAGE(J-1))/2.0
This procedure is shown in Figures 15 and 16. Equation 14 may not
‘be used in situations where there is no increase in surface area with
depth. In practice this is only likely to occur in the design of a
retangular settling tank. The model contains an.alternative method

of computation which gives good results for any shape of basin.
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AVDPTH(J) = (STAGE{J) - AVDEP(J))*2.0 (15)
where
AVDEP(J) = (CAPAC(J-1) * AVDEP(J-1) +

(CAPAC{J)-CAPAC(J-1)XSTAGE(J)-STAGE(J-1))
2,0%CAPAC(J)

The mathematical validity of equation (15) has not been determined and
it is only used when two consecutive areas on the stage-area curve

are the same,

Inflow Routing

The inflow of water to the basin is defined by an inflow
hydrograph. The number of inflow points and the time increment between
points must be specified. If the inflow hydrograph is not known,
there are many methods available to simulate a given design hydrograph.
In simulation runs in this study the procedure described by Mynear
and Haan (1977) was used for developing inflow hydrographs.

The flow was routed through the reservoir by a computer
method based on Kao's (1975) Four-Quadrant Graph-Method.

The change in storage for each increment of time is given by
"the equation:

(s2 + 02 zStlz) - (si - 0 At/2) = (I2 + 1) At/2 ....08)
where Sl and 82 are the basin capacities at times one and two
respectively. I and I, are the inflows rates and 0y and 02 are

‘the outflow rates at times one and two. At is the time increment

between times one and two. 1In the model the stage-capacity curve is
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computed from the stage-area curve of the basin. The stage-discharge
curve must be defined at the same stage points as the stage-area curve.
The accuracy of the routing method is dependent on the time increment
between successive inflow points and the height increment between
successive stage points. To adequately represent the inflow hydrograph,
the increment should not exceed one quarter of the time to peak

of the hydrograph. The increment between stage points does not

have to be constant and its magnitude depends on the basin size. For
basins with a capacity less than thirty acre-feet, the stage increment
should not exceed two feet. If the deposition buildup in the basin is

required, it is desirable to make the stage increment constant,

Sediment Concentration

As previously indicated, the sediment concentration variation
may either be specified as an input or estimated by the program. If
specified, the concentrations must be given for the same time points
as the inflow hydrograph.

The volume of sediment inflow for each increment of time is
determined by:

SEDMNT (J) =(CONCED (J)+CONCED (J-1) ) (VOLUME (J) / 2000SG) {17
where VOLUME (J) is the incremental inflow at time J, in acre-
feet, CONCED(J) is the concentration (mg/l) and SG the specific
gravity of the inflowing sediment particles. The concentration is
specified in milligrams per liter and the equation is divided by
2000 to obtain the average volume of sediment in acre-feet during

the time increment.
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If the influent concentrations are not specified, the sediment
concentration variation is assumed proportional to VOLUME(J) for each
time increment. If the total mass of sediment inflow is specified,
influent concentrations are determined by:

SEDMNT (JS) *SG*MASS*735.48

VOLUME (JS)*SEDTOT (M) (18)

NFLNT(JS) =

where NFLNT(JS) is the influent sediment concentration (mg/l) at time
JS5, SEDMNT(JS} = VOLUME(JS)z’O, MASS = mass of sediment in tons and
SEDTOT(M) is the sum of the M values of SEDMNT(JS). M is the number
of inflow points specified in the input of the inflow hydrograph. The
equation is multiplied by 735.48 to convert the mass in tons and volume
in acre-feet to a concentration in mg/l.

Several studies have shown a correlation between the inflow
rate and the sediment concentration. Based on studies by Land and
Koelzier (1963), Curtis (1976), Kuo (1975), Herrero (1974), Oscanyan
(1975) and the USDA (1975), it appears that considering the sediment
concentrations proportional to the flow rate gives a reasonahble approxi-
mation for most small watersheds. The actual correlation is dependent
on the rainfall intensity, the particle characteristics and watershed
factors. It has also been shown that the peak of the sediment concen-
tration curve may preceed the peak of the inflow hydrograph (Graf, 1971).
On small watersheds with moderate slopes the peaks usually coincide.

Effluent concentrations are determined by:

EFLNT (NN} = (SEDPLG{NN)/ PLGVOL(NN))*MASS*7.3548 (19)

where EFLNT(NN) is the average effluent concentration for plug (NN),
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SEDPLG(NN) is the percent of the total sediment volume contained in
the plug outflow and PLGVOL(NN) is the volume of the plug. The

effluent concentration is determined only if the mass of sediment is
specified either by the input of influent concentrations or a total

mass of sediment. All influent and effluent values are in mg/l.

Plug Routing

The flow is subdivided into separate plugs of flowrof equal
time increment. The time length of the plug on the outflow hydrograph
must be specified in the input and must be an integer multiple of
the inflow hydrograph time increment. It is recommended that the
plug time increment not exceed one hour or half the time to peak
on the inflow hydrograph. The plug time increment is denoted by
DELPLG, and must be specified in hours. FEach plug is subsequently
subdivided into four layers or strata of equal depth.

The following factors are determined for each plug:

1) The plug volume.
2) The fraction of the total sediment inflow initially
contained in the plug.
3) The detention time.
4) The average stage during outflow.
5) The average depth of flow of the plug during detention.
A description of how each of these factors is determined will now be

given.
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Plug Volume

The initial routing of the inflow by the Four Quadrant method
gives the discharge rate for each time increment DELTAT. The ac-
cumulated outflow is then given by:

ACOUT (L) =ACOUT (L-1)+(DISCHA (L-1)+DISCHA(L) ) *DELTAT*. 0413 (20)
where ACOUT(L) is the accumulated outflow at time L and DISCHA(L} is
the discharge at time L. The factor 0.04132 converts the average
discharge in cfs and the time DELTAT in hours into an accumulated
volume expressed in acre-feet.

The inflow and outflow points of each plug are determined from
the initial outflow hydrograph points. The volume-of each plug is:

PLGVOL(NN) = ACOUT(P) - ACOUT(P-LR) (21)
where LR=DELPLG/DELTAT, P=LR*(NN-1)+1 and the plug volume in acre-
feet is PLGVOL(NN). Because the plug points P are multiples of the
initial routing points MR, it is necessary for the ratio DELPLG/DELTAT
to be an integer value. The number of plugs is MR where MR=MS/LR.

MS is the number of outflow increments and must be selected as a
multiple of LR not exceeding 400. MR may not exceed 100 and is the
maximum value of NN. Higher values of MR and MS are permissible if

the model arrays are redimensioned.

Initial Sediment Content of the Plug

The sediment content, average depth and detention time of
each plug are dependent on the location of the plug on the inflow

hydrograph. The initial point of entry to the basin of each plug is
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determined. by first ascertaining the points at which the aeccumulated:
inflow is equal to. the-accumulated outflow on  the. respectiwve hydro-
graphs as shown in Figure 14. The times at which these ‘points occur
on the inflow hydrograph are determined by linear interpolation be—-
tween: the accumulated.inflow points used in the initial routing. The
sediment volumes:. at each of these points is determined by interpola-
tion between the valuesrfound:oﬁ the sediment wvolume: curve described
by equation 17. The average inflow time and the fractiom of sediment
in each plug is calculated from:
VOLTME(NN) = (TMEIN(NN) + TMEIN(NN - 1))/2.0 _ (22)

and

SEDOUT(NN) =- (SEDT(NN) -- SEDT(NN ~-1))/SEDTOT{(N) (23)
where VOLTME(NN) is the average time of inflow, TMEIN(NN - 1) is the
initial inflow time: and. TMEIN(NN) is the final inflow time for plug
(NN}. SEDOUT(NN) is the fraction of the total sediment (for the entire
storm event) contained in inflow plut (NN) and SEDT(NN) is the accu-—

mulated fraction, occurring up to time NN, of SEDTOT(M).

Detention Time

The average outflow is given by:

PLGCEN(NN) = (PLGIME(NN) + PLGTME(NN — 1))/2.0 (24)
where PLGTME{NN) = PLGTIME{NN - 1} +-DELPLG. PLGTME(l) =0.0. The
average detention time is then:

DETTME(NN) = PLGCEN(NN) - VOLTME(NN) (25)

where DETTME(NN) is the detention. time of the plug (NN).
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Outflow Stage and Average Depth

Figure 16 illustrates hoy the stage in the basin varies with
time. The average stage during the outflow of plug (NN) is determined
as the stage at time PLGCEN(NN) by linear interpolation on the stage-
time curve developed during computations based on the Four Quadrant
Routing Method.

The average stage during the inflow of the plug (NN) is
determined in a similar fashion at the time VOLTME(NN). The average
depth, experienced by plug (NN) while in the basin is then computed by
determining the area, under the average depth-time curve, contained
between VOLTME(NN) and PLGCEN(NN) and then dividing this area by the
detention time. The average depth-time curve is determined in the
initial routing and gives a volume weighted average depth of the flow
from the basin-bed during the storm event. The average depth-time
curve is obtained by linear interpolation on the average depth-stage

curve defined by equation 14.

J=1

DEPO 2’0*(AREA(J)-AREA(J-1))
AVDPTH(I) = J=2 S (14)
J=T
5 DEPO * (AREA(J)-AREA(J-1))

J=2

where DEPO = STAGE(I)-(STAGE(J) + STAGE(J-1)})/2.0 .
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Plug Stratification

Each plug is subdivided inte four layers of equal depthras
shown in Figure 17. The sediment remaining in suspension within each
strata is computed and the percentage of the total outflow assbciated
with each plug is calculated. The fraction of the initial sediment
content that is removed by each plug is determined. The sum of‘these
incremental sediment discharges gives the total removal during the

storm event. The basis of these computations is described below.

Sediment Concentration Profile

The sediment distribution in each plug is assumed uniform
when the flow first enters the basin. The amount of sediment re-
maining in suspension, in each layer, is calculated by Stokes' Law.
The method of computation is outlined in the description accompanying
Figure 17. The percent of particles that will fall 0.125, 0.375,
0.625 and 0.875 of the average depth (DEPTH) is calculated by deter-
mining the fall velocity required for the particles to fall each of
these distances.

2.°
= Fall distance/{(detention time x (1-C) ) (26)

Vea11
where C is 507 of the initial sediment concentration expressed as a
fraction. The factor (1-—C)2.5 accounts for hinderance due to several
small particles falling in close proximity (Shen, 1972), The fall
velocity Vearg 8 multiplied by a correction factor (FIX)} to account

for short-circuiting and flocculation. Once the fall velocity is

determined, the particle size associated with this velocity is
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determined from Stokes' Law as:

D=[Vxu /(51.5«x (sc-l))]l/2 (27)
where D I1s the particle size (mm), V the corrected fall velocity
(feet/hour), SG the particle specific gravity, U the water viscosity
(cmzlseé) and the factor 51.5 is 0.8 times the acceleration due to
gravity (32.2 ft/sec) times a conversion factor to account for the
different units used in the equation. The factor 0.8 is used to
correct for the non-spherical nature of clay and colloidal particles.

Stokes' Law is only valid for particles with a Reynolds
number less tham 1. The assumption is made that if some of the fine
particles satisfying Stokes' Law are trapped, all the coarse particles
will automatically be trapped. The concentration C was selected as
half the original concentration because a large percent of the
particles are usually coarse and settle very rapidly.

Figure 18 demonstrates the typical changes in sediment
concentration with time as a function of the particle size distribution
and the average depth. It can be seen that unless the percent of
fines is very large, the values of C should probably be less than
50% of the original concentration. Hinderance, however, is unlikely
to be a major factor unless the model is adopted for use in the
design of settling tanks.

The percent of the initial concentration, PCT(I,NN), remaining
in the Ith layer depends on how much sediment enters and leaves the

layer. TFor the top layer, I=1, sediment must fall an average distance
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0.123 DEPTH to leave the layer and none enters. TFor the second
layer, I=2, sediment must also fall an average distance of 0.125
DEPTH to leave the layer; however, sediment from layer 1 is meanwhile
entering layer 2. For sediment from layer 1 to pass through layer
2, it must fall an average of 0.125 DEPTH + 0.250 DEPTH. The per-
cent of particles falling 0.250 DEPTH is taken as the difference in
those falling 0.125 DEPTH and those falling 0.375 DEPTH. Figure 18
" indicates that not all particles in this latter category can fall
through the second layer since some of the particles will strike the
basin sides before falling the required distance. These particles are
considered trapped. The percent of particles being trapped in this
fashion is:
((VOL(2,NN)-VOLC(2,NN}) /VOL{2,NN) ) * (PERCT (3,NN)~PERCT (4,NN))  (28)
This same process occurs in layers 3 and 4. '
Therefore, the percent of the initial concentration remain-
ing in the Ith layer, PCT(I,NN), is given by
Top Layer
PCT(1,NN) = PERCT(4,NN) (29)

Second Laver

PCT(2,NN) = PERCT(4,NN) + VOLC(1,NN)* (PERCT(3,NN) -
PERCT (4,NN)) /VOL(2,NN) (30)

Third Layer

PCT(3NN) = PERCT(4,NN) + VOLC(2,NN)* (PERCT(2,NN)-
PERCT (4,NN)) /VOL(3,NN) (31)
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Bottom Laver

PCT{4,NN) = PERCT(4,NN) + VOLC(3,MN)* (PERCT(1,NN} -

PERCT (4 ,NN))/ VOL (4 ,NN) (32)
where:

PERCT(1,NN) = % finer with diameter of size smaller than those
particles falling 0.875 DEPTH

PERCT(2,NN) = % finer with diaméter smaller than those
particles falling 0.625 DEPTH

PERCT(3,NN) = % finer with diameter smaller than
particles falling 0.375 DEPTH

PERCT(4,NN) = % fine? with diameter smaller than those
particles falling 0.125 DEPTH

VOL (T ,NN) = the volume of layer I.

The volumes VOLC(I,NN) I=1,4 are shown by the shaded areas

on Figure 18 and are determined from

VOLC(1,NN) = VOL{1,NN)*(AREA B(NN)/AREA A(NN)) (33)
VOLC(2,NN) = VOL(2,NN)*(AREA C(NN)/AREA B(NN)) (34)
VOLC(3,NN) = VOL(3,NN)*(AREA D{NN)/AREA C(NN)) (35)

The values PCT(1,NN), PCT{2,NN}, PCT(3,NN) and PCT(4,NN)
determined in Figure 17 are the percent of the initial wvolume of
sediment contained in the plug which remain suspended in each layer.
The actual fraction of the total sediment volume that is discharged

from each layer is given by the equation:

(36)

. P * SED *
dis lay total Qlay

where Sdis is the fraction of the total sediment volume associated

with the storm event that is discharged by each layer of each plug,

5
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Play is PCT(1,NN), PCT(2,NN) etc., SEDtotal is the fraction of the
total sediment volume initially contained in the plug (the value
SEDOUT(NN) that was described earlier), and'Qlay is the percent of
the total discharge associated with each layer. TFigures 19 and

19 8ive typical distributions of Qlay for a drop outlet and a riser
cutlet. If Qlay is not specified, it is assumed to be 25% for each
strata. For a riser outlet with uniformly spaced perforations

of a constant diameter, this assumption produces an error of less

than 2% in the trap efficiency.

Sediment Deposition

Figure 17, used in the development of the sediment concentra-
tions exiting in each layer at the time of outflow, gives a conceptual
picture of the average parameters existing in each plug of flow
during detention. The typical geometry of each plug will probably vary
considerably as it flows through the basin. In the model the average
depth geometry is employed only to determine ;he suspended sediment
concentrations remaining at outflow. The volume of outflow associated
with each layer is determined from the outflow distribution obtained
from the average stage at the riser during outflow.

Equation 29 gives the fraction of the initial sediment
concentration that is trapped on the sides of each layer. The volume
of sediment actually deposited on the basin sides from each layer is:

DEPvol = MASS x .000736 x (lOOnPlay) X SEDtotaleIay (37)

10000.0 x DENSITY
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where DEP_vol is the volume of the sediment deposit, MASS is the
total sediment mass (tons) during the storm event and DENSTY is
the specific gravity of the sediment deposit.

The changes'in volume and area due to deposition are calcu-
lated by assuming the sediment deposited as uniformly distributed
in each layer. The capacity of the basin is reduced at each stage
point corresponding to the average depth point at which the incre-
ment of deposition occurs. This accounting eycle is repeated for
each plug. Physically this procedure does not give the actual
location of deposition in the basin. It does however'give a con-
ceptual idea of how the capacity-stage and area=-stage curves will
be altered due to the deposition of sediment.

The area-stage curve is then determined from the new capacity-
stage curve. The model is based upon the assumption that the area
increases with an increase in stage. When the area-stage curve is
determined numerically from the capacity-stage curve, this condition
may be violated. If this occurs the area-stage curve is smoothed
out by maintaining the criteria that the area increase with depth
and that the new area at each stage will either be the same as that
prior to deposition or will have been reduced by deposition. A
further correction is then made to both curves to ensure that the
"smoothing” has not altered the volume of deposition. It can be
seen from the above assumptions on the basin geometry that the

model may be applied to most normal situations but would not be
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applicable, for example, to a shape like a goldfish bowl where the
area decreases with stage.
The specific gravity of the sediment deposits may be determined
by a method obtained by Lara and Pemberton (1963):
W=WP +WP +WP (38)
cc m m 5 8
where W is the unit weight of the sediment, Wc, Wm, and Ws are the unit
weights of clay, silt and sand respectively. Lara and Pemberton recom-

mend that these wvalues be selected as 6Q, 73, and 97 1b/ft3. P, P,

¢’ "m
and Ps are the fractiops of clay, silt and sand contained in the depos-
its. Although coarser material is likely to be deposited at the inlet,
" the model does not account for the physical location of the deposits.
The fraction to be used in equation 38 should be the initial particle
size distribution of the suspended sediment. For more accurate compu-
tations, a second calculation can bé made after the trap efficiency has
been determined. Further corrections to allow for compactibn may be
made by referring to the work of Miller (1953) and Heinemann (1962).
The unit weight must be divided by the unit weight of water to obtain
the specific weight. The choice of theAvalues WC, Wﬁ, and ws is
dependent on the normal operating conditions of the reservoir. A list
of suitable values is given in Table 3.

It is recommended that if the deposition option is used, that
the stage points be defined every 0.5 feet in a shallow basin and
every 1.0 feet in a deep basin (riser length greater than 10 feet).

The stage interval should be kept constant for depths where deposition

is likely to occur.
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Trap Efficiency

The trap efficiency of the basin is determined from

TRAP = (100.0 - SEDEND(NN-1)) (39)
where TRAP 1s the percent of sediment trapped by the basin and
SEDEND(NN-1) is the percent of sediment flowing out of NN-1 plugs.
Normally the amount of sediment not accounted for in the monitor-
ing of the (NN-1) plugs is very small. The model has been pro-
gramed to stop computations when 99.95% of the initial sediment
content has been accoupted for. ' This measure has been incorporated

to reduce the cost of using the model program.

Short—circuiting and Turbulence

As mentioned earlier the plug flow concept does not allow for
turbulence or short-circuiting of the flow. These factors will vary
depending on the inflow rate, inflow strucfure and the basin geometry.
It is expected that the effects of turbulence will be reduced by

the design of a suitable inlét structure. Short-circuiting for
uniform flow in a rectangular basin has been shown to be primarily

a function of the basin geometry (EPA, 1976a). It is recommended

that a value of 1.0 be used for the correction factor FIX although
the values in Table 4 may be used with caution if short-circuiting

is present.
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TABLE 3

MODIFIED VALUES OF COEFFICIENTS IN EQUATION 38 FOR RESERVOIR TYPES

Values of Coefficients in

Type of Regervoir Observations Equation 38
Operation W W W
c m S

Number

I 262 26 70 97
IT 462 35 71 97
IIT 405 40 72 97
Vv 187 60 73 97

I. Sediment always submerged or nearly submerged

IT. Normally moderate to considerable drawdown

III. Reservoir normally empty

IV. Riverbed sediments

TABLE 4

SHORT CIRCUITING FOR SETTLING TANKS

Type of Tank

Sheort Circuiting
Factor FIX

Radial flow circular

Wide rectangular
(length = 2.4 x width)

Narrow rectangular
(length = 17 x width)

Baffled mixing chamber
(length - 528 x width)

Ideal basin

1,20

1.08

1.11

1.01

1.00
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Flocculation and Apgregation

Aggregation is the physical cementing or binding of small
particles into a larger particle. Aggregates are not dispersed by
water and occur in suspension so that the effective particle diameters
determined in a mechanical analysis will include those of the aggre-—
gates. Care should be taken in the laboratory testing not to transform
the aggregated particles back into their primary composite particles.

Flocculation is a phenomenon which occurs due to the electro-
kinetic potential of Fhé particles. It may occur by the chemical
separation of a dispersed phase, by "flocculating agents" in the water
and by the collision of rapidly settling particles with slower particles.
The latter process always occurs and the degree to which it occurs
depends primarily on the lattice structure and chemical composition
of the clay fraction and the water.

The model does not account for these factors. Chemical
flocculation may occur either by the introduction of flocculating
agents or by the natural chemical composition of the runoff. Table
5 gives a list of chemicals that will induce flocculation. If
flocculation is expected to occur to any high degree, the correction
factor, FIX, may be reduced to account for this behavior. Laboratory
experiments measuring the fall velocity of the suspended particles in
the anticipated runoff would give the magnitude of the required
reduction. It is envisioned that FIX will vary between 0.8 and 1.2
and a value of 1.0 should normally be used. Experimentél data however

is limited and the range of 0.8 - 1.2 for FIX is intuitive only.



TABLE 5

SETTLEMENT BY THE USE QF FLOCCULATING AGENTS

Type of Suspension

Treatmentl

1)

High Colloid Concentration
Low Alkalinity

Easiest systems to treat
Use pogitively hydroxometal
at- acidic pH levels 4-6.

2)

High Colloid Concentration
High Alkalinity

Destabilization by adsorption
at neutral and acid pH levels.
Lower coagulant dosages

(at lower pH) may be used if the
alkalinity is reduced.

3)

Low Colloid (oncentration
High Alkalinity

Coagulation obtained with high
dosage by enmeshment of Colloid
particles in a '"sweep floc",

4)

Low Colloid Concentration
Low Alkalinity

Difficult to treat. Metal salts
ineffective unless alkalinity
is increased.

lFlocculating Agents:
Metal Salts Al2 (804)3 or FeCl3

Metal Oxide or Hydroxide Lime (Ca0 or Ca(OH);) or soda ash (N32C03)

09



61

Model Qutput

An example of the model output is given in Appendix D.
If the deposition pattern is not specified, the columns headed
"DEPTH" and "NEW CAPACITY" are omitted. If the mass of sediment
or the influent concentrations are not specified, the influent and
efluent columns are omitted. All the inflow and outflow values are
given for the time increment of the plugs. The time related output
is terminated when 99.95% of the sediment has been accounted for
by the outflow computaﬁions.

A listing of all the input variables is incorporated in the
output. A definition of each of these terms is provided in a
glossary of terms contained in Appendix A. The output has been
arranged to give the variables that are of most value in determining
the design of a sediment detention structure. Additional output
may easily be obtained and a complete list of all the variables

evaluated in the model is contained in the glossary.



CHAPTER IV
MODEL VERIFICATICN

Introduction

Although many studies have been conducted on the performance
of sediment detention structures very little data suitable for é
simulation study are available. Through the kind cooperation of the
Envirommental Protection Agency (EPA) it was poSsible, however, to
simulate the performance of several detention basins described in the
EPA report "Effectiveness of Surface Mine Sedimentation Ponds" (1976a).
The descriptione of the basins contained in this report are insuf-
ficient for simulation studies but the unpublished reports on each
basin were made availlable by the EPA and provided enough information
to make simulation studies. Despite the vast amount of iwmformation
collected on each basin, several basic assumptions and approximations
had_to be made.

The results of the comparisons are presented in Table 6.
A brief description of each basin and the assumptions made in obtain-
ing the results in Tabie 6 are presented below. In general the draw-
backs cof the studies, conducted by Hittman Associates, were:

1) Only part of each storm event was monitored,

62
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2) The period of monitoring of inflow and outflow conditions
was usually only 2-4 hours.

3) 1Inflow rates were not obtained in all the basins.

4) The initial riser depth and subsequent changes in depth
were not recorded.

5) Although soundings were taken to determine the buildup of
sediment deposits in the basin the data were not sufficient
to determine accurately the prevailing stage-area curve.

6) The actual coqdition of the riser was not availablé and ﬁhe
stage discharge curve could only be approximated by the |
discharge conditions described during the period monitored.

7) The method of determining the actual performance of the basin
dbes not appear valid.

As noted in (7) above, the method used to determine the performance

of the basin was probably in error. The mass balance equation (12)
‘described earlier was=used. In the Hittman studies utilization of

this equation assumes instantaneous flow through the basin. An
alternative method based on the smallest particles likely to be trapped
is contained in Table 6. Based on the detention time and average

depth of flow, tﬁe sizes of the smallest particle which will be
completely trapped may be established. A similar procedure is followed
to détermine the largest size of particles which will not be trapped.
The percent finmer corresponding to tﬁese two values gives the likely

range of the basin trap efficiency.



TABLE 6

RESULTS OF VERIFICATION STUDY

. Trap Efficiency (Percent)

Principal Flow EPA 1) DEPOSITS 2)
Location Spillway Condition Method Model Actual
Breathitt Co. Perforated Baseline 95 A 97.5
Kentucky 14" diameter 0.7 cfs 9 < 97 3)
(EPA Pond 4) riser
Kanawaha Co. Drop Inlet Storm 92.3
West Virginia 3 ft. square 0.47 cfs 97 95
(EPA Pond 8) < 97 3)
Monongalia Co. Perforated Storm 67 91.3
West Virginia 24" diameter Peak 1.01 cfs 83 82
(EPA Pond 7) riser < 90 3)
Perry Co. Perforated Bageline 89.3
Kentucky 24" diameter 0.99 cfs. 90 a0
(EPA Pond 3) riser < 93 3)
Columbia 15" Perforated | Storm Not
Maryland 4) riser & 42" Peak Measured 95 95+
diameter drop 5.4 cfs

inlet.

1) Using equation 5
2) Using equatiom 12

3) Based on % finer of smallest particles trapped.

4) Source.

Joint Construction Sediment Control Project. EPA-660/2-73-035.
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Because of the necessity to make several assumptions, the
sensitivity of the model to variatioms in these assumptions was
tested. Based on these studies it is felt that model simulations of
the trap efficiency are within 2% of the results that would have been
obtained had no assumptions been necessary. The particle size dis-

tributions for each basin are shown in Figure 20.

EPA Pond 3

Pond 3 is a small strip-mining detention basin located in
Kentucky. Considerable sediment accumulation had occurred during a
year of operation and the basin geometry could only be approximated
based on sedimenﬁ accumulations measured at several places in the
basin. Although the basin was monitored during a baseline and storm
event, it was felt a valid simulation could only be made for the
baseline condition. During the storm event there was flow through
the emergency spillway and the survey indicates that considerable
scour occurred on the spillway. A whirlpool action was also observed
around the riser causing resuspension of deposited sediment.

The above factors did not occcur during the baseline event
making it suitable for a simulation comparison. No inflow rates
were available and the simulation was made to conform with the outlet
conditions. The influent and effluent concentrations were monitored
every fifteen minutes over a two-hour period. Although most of the
influent readings were fairly constant, two readings were considerably

higher than the others. As the detention time of flow in the basin
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is longer than 10 hours these two high readings are not reflected
in the effluent concentrations. The actual basin performance pre-
dicted by equation (12) may therefore be high although it is the
opinion of the author that there is no correlation between the
influent and the effluent readings observed during the two-hour
period.

Because of the approximations necessary in simulating the
basin geometry and inflow and outflow conditions several simulations
were made. The trap efficiency varied between 88-91%. The simula-
tion that appeared to most closely approximate the actual conditioms
gave a result of 90%. Based on the particle size distribution and the
observed detention time the actual trap efficiency of the basin might

be expected to be between 88-83%.

EPA Pond 4

Pond 4 is a very small structure located in Kentucky. Con-
siderable deposition had occurred making simulation conditions similar
to those in Pond 3. The pond was found to perform very poorly during
storm events due to high inflow velocities and high outflow rates
over the emergency spillway. Because of these factors, only the base-
line event was simulated.

The baseline event which was monitored occurred shortly after
a period of high rainfall. It appears that the effluent readings
observed during a two-hour period reflect the high sediment concentra-

tion associated with a storm event while the influent readings
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reflect the low concentrations associated with the end of a storm
event. The trap efficiency determined by equation 12 is therefore
probably low.

Simulation results gave a trap efficiency of 93~967% and
based on the particle size distribution and a detention time of 3

hours the actual efficiency is probably 94-97%.

EPA Pond 7

Pond 7 is a small detention structure located in West
Virginia. Sediment depositions were fairly uniform and did no£
exceed 1.5 feet. It was possible therefore, to accurately simulate
the basin geome;ry. Because of algae on the riser during the
baseline event no valid results were collected for this event. During
the storm event however, the algae was removed by the higher discharge
rates and conditions were favorable for simulation. As well as re-
cording inflow and ocutflow rates and concentrations over a four-hour
period, an additional reading was made the following morning. This
basin is probably the best documented and the event monitored most
closely follows the pattern of a typical storm event.

The trap efficiency predicted by equation 12 for the four-
hour pericd is 91.3%. This value is probably higher because the
high concentrations associated with the influent take 8-11 hours
to reach the outlet. A simulation was made for the entire 16 hour
period and the model predicted an effluent reading, based on the

observed influent readings, of 17 mg/l at 6.00 am on May 16. The

actual reading recorded was 20 mg/l. Considering the lack of
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information on flow conditions between 6.00 p.m. and 6:00 a.m. it is
felt that the model simulates the performance of the basin to a high
degree.

The model predicts a trap efficiency of 82% and the particle
size distribution indicates a performance between 79-90%. It may
be observed that the results on this basin highlight the difficulty
in using the EPA method based on Camp's (1945 ) trap efficiency method.
The discharge during the storm event varied between 0.43-3.3 cfs
and the EPA method gives a trap efficiency for the lowest discharge
rate of 837 and an efficiency of 67% for the peak discharge rate.
In the semi-dry detention structures normally found 4n urban areas
the changing condition of a very low flow to a high flow is the
normal operating event for these structures. A composite trap
efficiency for the design storm is required and as indicated, is not
readily available with the EPA method. DEPOSITS was used on
several other storm events and the model method of predicting
sediment concentrations were tested on this basin and gave trapping

efficiencies between 79-84%.

EPA Pond 8

Pond 8 is located in West Virginia and is a larger structure
than the other ponds described. It differs alsc in that it has a
square drop inlet spillway. Sediment depositions were fairly uniform
and did not exceed 1.0 foot in much of the basin. A valid comparison

could not be made for the baseline event because pumping close to the
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outlet riser caused considerable disturbance of deposited sediment
giving an observed negative trap efficiency. During the storm event
no disturbance was observed.

The storm event was monitored for a period of 5 1/2 hours
and both the influent and effluent concentrations were observed to
be very low. Equation 12 predicted a trap efficiency of 92.3%. In
simulation studies, a trap efficiency of 94-97% was predicted.
Because of the nature of the outlet structure, an actual efficiency
based on the particle gize distribution cannot be cobtained. The
maximum efficiency however, will probably not exceed 97% as observ-
ations indicate continuocus flow intc the basin even during dry
periods and a maximum detention time of 200 hours. Three percent of
the particle have a grain size of two microns and require nearly 60
days to fall a depth of one foot. The average depth of flow was

cbserved to he over 7.0 feet.

Urban Development Pond

This pond is located in Columbia, Maryland and is described
in the EPA report "Joint Construction Sediment Control Project”
(1973). The pond is different from those described earlier in that
both the watershed and basin do not have steep slopes and the basin
capacity is considerably larger. The strip-mine basins described
earlier vary in capacity from 1-10 acre-feet while this basin has

a maximum design capacity of nearly 14 acre-feet,
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The principal spillway is comprised of a drop inlet and a
perforated drawdown device. Although many storms were monitored,
insufficient data is included in the report for valid simulations on
each event. It is indicated in the report that the overall per-
formance of the basin is probably 95%Z. A storm event was simulated
using the drawdown device and a 95% efficiency was predicted. Simu-
lation studies indicate that for baseline conditions or small storm
events, the efficiency will exceed 95% and during very large storms
the efficiency will be less than 90%. The report indicates that
during several storm events efficiencies of 82-86Z were observed.
Unfortunately, no information is provided on these events. The pond
includes a forebay area and the simulation studies were done on the

combined structure.

Discussion

Although the model has only been compared to the performance
of five basins, it appears to give a good prediction of the per-
formance of sediment detention basins. The events used in the model
verification provide a representative sample of the types of basin
geometry, outlet structures, and flow events normally encountered.
Results are comparable to those predicted by the EPA method for steady
flow conditions (baseline events) and appear to present better pre—
dictions for events with widely varying flow conditions. In addition

to determining the trap efficiency, the model also provides an
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estimate of the outflow sediment concentrations and the accumulation
of sediment deposits in the basin,

It should be noted that in the EPA report "Effectiveness of
Surface Mine Sedimentation Ponds", nine basins are described. Only
those basins that would present a valid simulation ccmparison have
been presented in this report. Pond 6, a large flood control and
recreation structure, may also be suitable although it is indicated
that considerable deposition occurs at the inlet due to the upstream
vegetation. The mode; will be further tested as data on studies

currently being conducted become available.
Model Application

Introduction

In addition to the simulation tests described earlier, a
study was canduﬁted to determine the importance of some of the para-
meters which effect the performance of sediment basins. The factors
studied were:

1) Particle size.
2) outlet design.
3) Basin geometry.
4) Magnitude éf the storm event.

All of the studies were performed using the method described

by Mynear and Haan (1977). A 100 acre watershed with a 6% slope

and a curve number of 85 was used. All rainfall was simulated over a
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10-hour period. An example of some of the hydrographs used is

given in Figure 21.

Particle Size

Figure 22 shows the results of simulation studies on the
effect of particle size on trap efficiency with two basins. The same
storm event was used in each test and both ponds had identical risers.
It can be seen that by keeping all factors the same except the particle
size distribution the trap efficiency is closely related. to the
particle size. The results also illustrate the effect of basin
geometry on trap efficiency. The larger basin is less susceptible
to variations in particle size and also has a much higher trap
efficiency. In all studies conducted with the model it was found
that the particle size distribution and specifically the percent
finer than 20 microns were the most critical in determining the per-
formance of a sediment basins. Except in cases where the inflow
velocity is very high, the distribution above 20 microns has little
effect on trap efficiency. This means that a standard hydrometer
analysis is sufficient to give the particle size distributions.

In the tests performed to obtain Figure 22 the distribution
below 20 microns was uniform when plotted on semi-log paper (as is
customary for mechanical analysis results). Tests runs were per-
formed for distributions with 20, 40, 60 and 80 percent by weight

of the particles less than 20 microns.
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In the large basin approximately 50% of the particles less
than 20 microns were trapped. While in the small basin, only about

25% were trapped.

Basin Geometry and Storm Magnitude

Figure 23 shows the effect of storm magnitude and basin
gecmetry on pond efficiency. An identical riser was used in each
basin. The stage-discharge curve for this riser is shown in Figure 24
(curve A) and is the riser used in the particle size study. It should
be noted that no attempt was made to make the riser conform to any
particular state code. The trap efficiency has been plotted against
the maximum stage at the riser during the storm events. Two storm
events which were used in all the basins have also been plotted. The
plots indicate that for a large basin the riser can be designed to
give a fairly consistent performance which is independent of the
storm event.

Basins are usually designed for a particular storm event.

The criteria suggested by the EPA and several states is the l0-year,
24-hour storm (EPA, 1976). The performance of these basins during
other storm events has seen little attention. If the storm corres-
ponding to a maximum stage at the riser crest was considered the
design storm for each basin, it can be seen that the two small bains
are probably undersized. Studies have shown that most strip nining
detention basins are undersized. They tend to f£ill up very quickly

with sediment yet have poor trap efficiencies during storm events.
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Qutlet Design

The effect of changing the size of the outlet riser and the num-
ber of perforations in the riser is shown in Figures 25 and 26. It
can be seen that on a small basin of this nature there is considerable
variation in performance regardless of the riser design. The reason
however, is not solely in the size of the basin, but in the nature
of the stage-area curve. In small shallow basins, it was found
that there was considerably less variation than in the steeply sloping
strip mine basins used in the simulations. It should be noted that
the small strip mine bésins used in all these studies were based on
the basins used in the verification studies. Their geometry is
therefore not untypical. The construction site basin is similar to

that found in the verification study as well.

Sediment Accumulation

The effect of loss in capacity due to sediment deposition
is illustrated in Figure 25. Sediment accumulation was simulated
by using three different sizes of storm events in a 2l~storm cycle.,
A similar process was followed on the larger basin except four
storms in a 32-storm cycle were used. The results on the small basin
indicate a gradual decrease in efficiency with reduced capacity. This
is probably typical of most small basins with steep slopes and indi-
cates that the design criteria should be based on some future basin
geometry rather than that existing at construction. Alternatively,
the basin should be designed to initially give sediment concentra-

tions lower than the maximum design concentrations.
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The large basin indicates a pgradual increase in efficiency
followed by a steady decrease in efficiency. The increase is due to
the shallower depths required for the same storage as the basin
"channel"” is filled. However, as deposition continues the dis-
charge rates for the same size storms are increased resulting in
shorter detention times. A point is reached where the efficiency
begins to decrease. Omne of the advantages of the model is that it
can be used to indicate at which capacity the basin should be
cleaned. The results described above assumed the use of a gravel
filter around the riser preventing clogging of the riser perfora-
tions. TFigures 25 and 26 also show the results obtained allowing for
clogging as the sediment accumulated. It may appear at first glance
that clogging is desirable; both basins show improved trap efficiency
with sediment accumulatioﬁs. This result however, is deceptive. 1In
the smaller basin for example, safe passage of the 6.7 acre-ft storm
event was possible through the principal spillway, after a 45% reduc-
tion in capacity, when using a filter. Without the use of a filter
flow through the emergency spillway would have occurred after a 357%
reduction in capacity. The improved trap efficiency is provided by
the increased detention time obtained through the reduced hydraulic
performance of the riser.

Figures 27 and 28 show the effect of sediment accumulation on
the stage-area and stage-capacity curves. In this example sediment

accumulation of nearly 4 feet have occurred at the bottom of the
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basin. _The stage-area curved has been "smoothed" according to the
criteria described in the model description. Deposition however, is
not uniform across the basin-bed as indicated by the wavy nature of
the stage-area curve. Three distinct areas of deposition are indi-
cated and.correspond to the three storms used in the deposition
simulation. The model maintains the deposition pattern associated
with each storm event within 3% of the incremental volume change pre-
dicted by the model in the trap efficiency and effluent concentration
calculations. On the four sediment accumulation cycles described
previously the volume of sediment deposited was within 1.0% of that

predicted by the trap efficiency computations.

Influent and Effluent Sedimentgraphs.

Much of’the current legislation associated with waterborne
sediment transport is written in terms of allowable sediment concen-
trations. The DEPOSITS model provides for the prediction of effluent
sediment concentrations. Figure 29 shows the inflow and outflow
hydrographs of a typical storm routing and their associated sediment-
graphs. It should be noted that the model provides an average sedi-
ment concentration for each outflow routing increment. .In the basic
output this value at each plug time is given. Some smoothing.due to
the values not being instantaneous and not all being provided in the
output is required. Normally the peak sediment concentrations rather
than the actual shape of the curves are of importance. The curves

however, do provide a guide to the use of chemical flocculating agents
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and drawdown devices. The rate of reduction in high concentrations
is also of importance. High concentrations over a small time peried

may be acceptable but continuous high values indicate the need of a

better design.






CHAPTER V
CONCLUSIONS AND RECOMMENDATIONS

Conclusions

The study of the methods available to determine the ef-
ficiency of sediment detention structures indicated a need for a
better method., Most of the methods available were either developed
for large reservoirs or basins with steady flow rates. HNone of the
current methods provide a knowledge of effluent sediment concentra-
tions. Most of the current federal and state legislation pertaining
to sediment pollution are written in terms of allowable sediment
conceﬁtrations rather than trap efficiencies. The current methods
are also unable to predict the variation of efficiency in sediment
basins due to the loss of capacity resulting from sediment deposi-
tion. DEPOSITS, the conceptual model déveloped in this report,
has the ability to ascertain the trap efficiency, sediment concentra-
tions and the effect of sediment depositions on the basin performance.

Based on the available data, it appears that the model offers
a good indicator of a basin's performance. The model will not work
well for poorly designed basins with highly turbulent flow and short-
circuiting. It is anticipated however, that most basins are designed
to eliminate or greatly reduce these factors. The model is not

87
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limited by a particular basin geometry or outlet structure and ac-
counts for the inflow sediment graph and the sediment particle
characteristics.

Based on simulation tests with the model, the following
factors were found to be important in the design of a sediment
detention structure:

1) Basin geometry

2) TIuflow hydrograph

3) Sedimentgraph

4) Particle characteristics
5} Discharge curve

6) Outlet design

7) Sediment accumulation.

As Indicated in the report, these factors have been ascertained
by other research but no method has been available to determine their
importance. In predicting tﬁe performance of a basin, knowledge of
the sediment faction less than 20 microns is essential.

When monitoring sediment basins, care should be taken in
selecting sampling points. If samples are taken upstream of.the
structure, the course fraction will be considerably higher than that
obtained near the inlef. Representative samples should be collected
for a variety of storm conditions. On a given watershed the sediment
concéntrations and particle size distribution will vary with the

intensity of the storm event.
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Determining the size of sediment particles is very difficult.
Aggregation and flocculation are both likely to occur. The degree
to which they occur depends on the storm event, watershed conditions
and the chemical composition of the inflow and the colloidal particles.
If the flow contains a high amount of colloidal material, the vis-
cosity of the flow is altered (Kac, 1976).

The performance of a basin can be altered considerably by
the outlet design. Preliminary results indicate that for large basins
an optimum discharge curve can be developed to give a constant trap
efficiency for the basin. The riser is usually designed based on the
magnitude of the design storm with little regard to the required
water quality. Provision of a gravel envelop around the riser or
redesign of the riser perforations can greatly improve the basin per-
formance. Current legislation usually requires a uniform spacing of
identically sized perforations. Preliminary studies indicate that the
basin efficiency may be improved by 2-37 by altering the spacing or
perforation sizes to allow more withdrawal from the cleaner surface
flow. The model provides for selective withdrawal from four stratas
with different sediment concentrations. Unless highly turbulent flow
occurs, stratification normally takes place in a reservoir.

Although directed towards the design of sediment basins, the
model may be applied to flood control and water supply reservoirs.
In water supply and recreation facilities, the objectives, however,
would be different. Normally, the main design .criteria in these

structures is to determine the minimum sediment storage required
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and to improve the design to reduce the trap efficiency. In such
structures it may be desirable to allow selective withdrawal from
near the basin bed. It 1is felt that the objectives of the research
have been accomplished and that the conceptual model provides not
only a means for studying the factors affecting a basin's performance,
but is also a viable design method. Considerable research is still

required as indicated in the following recommendations.

Recommendations

More studies similar to those conducted by Hittman Associates
(EPA, 1976) are required. The basin needs to be monitored for longer
periods (continuously if possible) and several storm events of dif-
ferent intensity need to be monitored. Knowledge of the volume of
sediment reaching reservoirs and detention structures is still very
limited and is probably the biggest drawback in developing a suitable
design criteria. The Universal Soil Loss Equation (USDA, 1975)
may be modified for local conditions but a considerable collection of
data over a long period is required. More research is required in
developing better predictive equations.

Sizing of sediment particles remains a major problem. The
volume of sediment reaching a detention structure and the rate of
settlement is dependent on the particle sizes, aggregation and
flocculation, Considerable research is required in this area.

Research into the improvement of inlet and outlet structures

is needed. Inlets should be designed to dissipate the flow thus
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reducing turbulence, bed scour and the likelihood of short-circuiting.
Cutlets need to be designed to provide selective withdrawal and to
prevent clogging of the perforations. Algae often form on the

riser and greatly affect the basin performance. Methods to control
the development of algae are required. It appears that current
regulations on riser design need to be made sufficiently flexible

to allow for the control of sediment concentrations as well as the
design hydraulics.

Further studigs into the effect of the colloidal content of
sediment flow are require&. Perhaps a Theory of Colloidal Settling
and Colleidal Flow needs to be developed. Chemical manipulation of
sediment deposition on a mass scale appears economically unfeasible
but further research may show that selective use of chemicals is
economically beneficial.

The collection of data is of prime importance but experience
indicates it is not an easy task. More research is required into
better sampling methods. With better data, better methods can more
readily be developed.

A better design method is still required. The model presented
in this paper is of wider scope and presents a better design method
than those methods currently available, but does not adequately describe
the flow conditions within the basin. A model which allows for partial
mixing within the basin is required. It is felt that development of
such a model will be very difficult and will probably require extensive

field studies on a number of basins.
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GLOSSARY OF TERM

ACOUT = ACCUMULATED DISCHARGE FROM THE RESERVOIR. (ACRE~FEET)

AREA = BASIN SURFACE AREﬁ AT EACH STAGE POINT. [ACRES}

AREAS = DESIGN BASIN SURFACE AREA AT EACH STAGE POINT, [ACRES)

AREAA = SURFACE AREA OF EACH PLUG. (ACRES)

AREAB = SURFACE AREA‘GF SECOND PLUG LAYERS. [ACRES)

AREAC = SURFACE AREA OF THIRD PLUG LAYER., (ACRES})

AREAb = SURFACE AREA OF BOTTOM PLUG LAYER. {ACRES)

AROLD = SURFACE AREA AT EACH STAGSE PUINT PRIOR TO CEPOSITION. !ACRES)

AVDPTH = AVERAGE DEPTH AT EACH STAGE PCINT. (FEET)

AVSTG

AVERAGE DEPTH AT EACH INFLOW TIitEc (FEET)

CAPACA = BASIN CAPACITY AT EACH INFLOW TIMEe (ACRE-FEET)

CAPAC = DESIGN CAPACITY OF THE BASIN AT EACH STAGE YALUE. [ACKE-FEFT)
CAPCO = DESIGN CAPACITY OF THE BASIN AT EACH STAGE VALUE,. (ACRE"FEETI
CAPAC = BASIN CAPACITY AT THE BEGTANNING OF EACH STGRM CYEMT. (ACRE~FT)

CAPNW = BASIN CAPACITY AFTER DEPDSITICN. (ACRE-FEET)

COMSED = CONTROL VARIABLE DETERMIMNING THE TNPUT 0F A OQUTFLUW DEFTH
DISTRIBUTION

CONSED = CONTROL VARIABLE DETERMINING THE INPUT OF IHFLUENT CONCENTRATIONS.
DELPLG = PLUG TIME INCREMEMT. (MCUAS)

DELTAT = INFLOW HYDROGRAPH TIME INCKREMENT. [HOURS),.

DENST? = DENSITY OF THE SEDIMENT DEPOSITS.

DEPOST = CONTROL VARIABLE DETERMINING USE DF THE DEPOSITION QPTfUH.

DEPTH = AVERAGE DEPTH DURIKG DETENTICH GF EACH PLUG. [FEET)

DEPTHI DEPTH OF THE SECOND PLUG LAYZIRe (FRETY

DEPTH2 DEPTH OF THE THIRND PLUG LAYER. (FEET)

]
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DEPTH3 = DEPTH OF THE BUTTOM PLUG LAYER. {FEET}

CETTME = DETENTION TIME OF EACH PLUGe [(HDURS)

DISCH = DISCHARGE RATE AT EACH STAGE VALUE, (CFS)

DISCHA = DESIGN OISCHARGE RATE AT EACH STAGE VALUE:VICFSI

DIAMTR = PARTICLE SIZE HWITH A FALL VELOCITY VELDC. {MM)

DPTH = DEPTH YALUES ON THE QUTFLOW DEISTRIBUTION CURVE. (FEET}
EFLNT = EFFLUENT CONCENTRATION FOR FACH CUTFLOW INCREMENT, (MG/L}
FALL= REQUIRED DEPTH ﬁF SETTLING, (FEET)

FILTER = CONTROL VARIABLE DETERMINING THE USE OF A FILTER ON THE OUTLET
STRUCTURE

FIX = CORRECTION FACTOR TO ALLOW FDR SHORT=CIRCUITIMNG AND FLOCCULATIONM.

FLOW = CONTROL VARIABLE DETERMINING THE INPUT GOF A DUTFLOW DEPTH
DISTRIDUTION,

INFLOW = INFLOW RATES AT EACH INFLOW TIME. (CFS)

M = NUMBER OF IMNFLOW VALUES

MASS = MASS OF SEDIMENT ENTERING THE BASIN, iTOMS)

MP = NUMBER OF OUTFLGW DISTRIGBUTION WITH DEPTH VALUES.

N = NUMBER OF STAGE VALUES.

n

Ms NUMBER OF OUTFLOW ROUTING VALUES.

NS NUM3IER OF PARYTICLE SIZE DISTRIBUTION VALUES,

I3

NFLRT = THE INFLUENT CONCENTRATINNS AT FACH IMFLDY AQUTING POINT. {MGAL)

NSTOAM = COMTROL VARIABLE DETERMINING THE NUMBER OF STORM EYENTS.

CQUTFL1 = QUTFLOW DISTRIGUTION FOR THE TOP PLUG LAYER AT £aCH DEPTH, (2}
QUTFLZ = QUTFLOW DISTRIBUTION FOR THE 3%COMND PLUG NEPTHL (X)
OUTFL3 = GUTFLOW OISTRIBUTICN DR THE THIRD FLUG LAYER, [4)
CUTFL4 = QUTFLOYW DISTRIBUTION FOR THE BOTTOM PLUG LAYER, {¥

PCT = PERCENT DF SEDIMENT REMAIMING IM IJUSPENSION TN TACH LAYER. (%)
PEAKIN = PEAX IHFLOW RATE. (CFSH
PERCNT = % FINER AT EACH PARTECLE SIIE DiAHTR. (23

PERCT = PERCENT OF PARTICLES LAPANLE OF FALLING THE RESPECTIVE IMDICATED
DEPTH DURING THE PLUG DCTSHTINN TIME,

PLGCEM = THE AVERAGE TIME DURTNG THE PLUO GLIFLOW. {HOURS)
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PLGTME THE TIME OF DUTFLmi FOR EACH PLUG. {HOURS)

"

PLGVOL = THE VOLUME OF EACH PLUG, [ACRE-FEET)
SED = PERCENT OF THE TOTAL SEDIMENT INFLOW CONTAINED IHN EACH PLUG LAYER

SEDEND = TOTAL PERCENT OF SEDIMENT DISCHARGED AFTER £ACH PLUGC KAS BCEN
DISCHARGEDS (%)

SEDMNT = PROPORTION DOF SEDIMENT ASSOCTATED WITH EACH INFLOW INCREMENTS
SEDOUT = FRACTION OF SEDIMENT CONTAINED IN FACH PLUG.

SEOPLG = PERCENT dF SEDIMENT DISCHARGED IN EACH PLUG. (2}

SEDTOT = ACCUMULATED VOLUME OF SECIMENT FLODWING INTQ THE RESERVOIR.
SEDT = ACCUMULATED VOLUME OF SEDIMENT ASSDCIATED WITit THE OUTFLUOW,

$G = SPECIFIC GRAVITY OF THE SEDIMENT PARTICLES,

SIZE = PARTICLE SIZE. (MM)

STAGE = DEPTH OF FLDW AT THE RISER. (FEET}

STAGEA = STAGE AT EACH ROUTING TIMEe (FEET)

STAGD = STAGE AT CUTFLOW » (FEST)

STAG = STAGE VALUES PRIDR TD EACH STORM EVEWT. (FEET)
STARZA = AREA UNDER THE AVERAGE DEPTH-TIME CURVE,
STARTV = VOLUME OF INFLOW AT THE START OF THE ROUTING CYCLE. (ACRE-FEET)
STGIN = STAGE DURING INFLOW OF THE PLUGS {(FEET)

STGCUT = STAGE DURING THE PLUGC OUTFLOW. (FCET:

$TGL = DESIGN STAGE VALUES. [FEET)

$TP = ACCUMULATED VCLUHME OF DUTFLOW. (ACRE-FCET)

STPV = ACCUMULATED INFLOW AT TIME  Tla (ACRE~FEET)

THEIN = TIME DURING INFLOW. {HOURS}

TRAP = TRAP EFFICIENCY. ()

TRP = CONTROL. VARTABLE SPECIFYING A DESIRED TRP EFFTCIENCY . (2)
Tl = INFLOW TIME. (HQURS)

VELDC = FALL VELOCITY. (FEET/HOUR)

VISCOS = VISCOSITY OF THE FLOMa (CH, SQ./SEC)

YOL = YOLUME DF EACH PLUG LAYERW {ACRE-~FEET)

VOLA = VOLUME OF EACH PLUG. {ACRE-FEET)
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VOLB = VOLUME OF FLOW BELOW THE SECOND PLUSG LAYER. (ACRE-FEET)
VOLE = VOLUME BELOW THE THIRD PLUG LAYER. (ACRE-FEET}
VOLC = VOLUME OF EACH LAYER ALLOWING SETTLING INTQ THE NEXT LAYER.

VOLIN = VOLUME OF INFLON ACCOUNTED FOR AFTER EACH PLUG DISCHARGE.

VOLOUT = FRACTION OF SEDIMENT ACCOUNTED FOR AFTER EACH PLUG DISCHARGE
VOLTHE = AVERAGE TIME DURING INFLOW.

TMEIN = THE TIME OF INFLOW OF EACH PLUG. (HDURS)

VOLUME = VOLUME OF INFLOW DURING EACH INFLOW TIME INCREMENT, {(ACRE~FEET)
X1CJI=CAPACIJI-DISCHIJ)/2 O0FDELTAT*0Q.,0B256%

X2(J)=CAPACLJ)+DISEH{J)}/2 LO%DELTAT*0.0826%
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User's Guide to the DEPOSITS Computer Program

General

The purpose of this guide is to facilitate use of the DEPOSITS
Model. With a view to meeting most design criteria, considerable
flexibility has been incorporated into the use of the program. Options
are made available to the user through the use of several control
variables. A glossary of terms is contained in Appendix A and a
listing of the program is given Iin Appendix C. An outline of each

data card is provided in this section.

Card 1

The first data card contains most of the control variables
required in the model. fhe folibﬁing variables should be entered
in the appropriate columns.

NSTORM (Columns 1-8)

NSTORM is the number of inflow events required. It has been
incorporated into the model to provide for sediment accumulation in
a basin through routing of multiple storm events. NSTORM is a real
number and, if only one storm event is to be routed through the basin,
a value of 1.0 should be entered in columns 1-8,

CONSED (Columns 9-16)

CONSED is a control variable determining the calculation
of the inflow sediment concentrations. If the influent sediment

concentrations are to be entered on data cards, a value of 2.0 should
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be entered in columns 9-17. If the concentrations are to be ap-
proximated by the model, a value other than 2.0 must be entered.

DEPOST (Columns 17-24)

DEPOST is the control variable determining the use of the
deposition option. If the change in basin geometry due to sediment
deposition is required, a value of 2.0 should be entered. The
deposition option may only be selected if the mass of sediment enter-
ing the structure is entered in the input data.

MASS (Columns 25-32)

MASS is the total mass of sediment (tons) entering the basin
during each storm event. If no estimate is known, a value of 0.0
may be entered. In this event the model cannot determine sediment
accumulations and will only determine effluent concentrations if the
influent concentrations are entered on the appropriate data cards.

FLOW (Columns 33-40)

FLOW is the control variable determining the desired outflow
conditions. If the discharge distribution with depth is entered as
an input on the appropriate data cards, a value of 2.0 should be
entered for the FLOW value. |

TRP (Columns 41-48)

TRP is a control variable providing simultaneous testing of
several outlet structures. If a desired trap efficiencf is required,
it should be entered as the TRF value (%). If the model determines
a trap efficiency less than this value, it will seek additional input

data beginning with the discharge curve. The model will continue to
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seek such data until either the value of TRP is reached or until no
further data are provided. TIf TRP has a value less than or equal to
1.0, it will not seek additional data. It should be noted that
NSTORM and TRP may not exceed 1.0 simultaneously. If the performance
of several outlet structures are to be tested, a value of 100.0

for TRP will automatically'initiate reading of all data cards.

FILTER (Columns 49-56)

Deposition accumulations may be determined either by assuming
clogging of riser perfprations with sediment or else the use of a
gravel filter. 1If a filter is used, a value of 2.0 should be entered.
In this case the model assumes the initial stage-discharge curve is
not affected by deposition. Entering of another value for FILTER
will give a new stage-discharge curve dependent on the actual depth
of water at the riser.

DENSTY (Columns 57-64)

The density of the sediment depositions should be entered
for the value of DENSTY. A guide to the choice of a suitable value
for the.density of sediment deposits is contained in the Model
description,

5G (Columns 65-72)

SG is the specific gravity of the sediment particles. The
value of SG will usually range from 2.6 - 2.8.

VISCOS (Columns 72-80

VISCOS is the viscosity of the flow in cm®/sec. All the

values entered on this card are real and may be entered anywhere within
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the defined eolumn range. If no value is specified for a control
variable (CONSED, DEPOST, FLOW, TRP, FILTER) in the above description,
any value may be chosen but it is recommended that the value 1.0 be

employed.

Card 2

The second card contains the remaining control variables and
the variables determining the imput of the remaining data. Care
should be taken in the entry of values on this card. The first five
values are all integers and must be entered such that the last digit
of each number is entered in the last column of the defined column
range.

MP (Columns 1-8)

MP is the number of outflow distribution points. If no out-
flow distribution values are to be entered, MP should be made equal
to N (the number of stage points).

M (Columns 9-16)

M is the number of inflow hydrograph values.

¥ (Columns 17-24)

N is the number of stage-area and stage-discharge points.

NS (Columns 25-32

NS is the number of particle size distribution peints. NS may
not exceed 12 for correct listing in the output.

MS (Columns 25-32)

MS is the number of outflow hydrograph points. The value of

MS may not exceed 400.
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DELTAT (Columns 33-40)

DELTAT is the time increment (hours) of the inflow values.

DELPLG (Columns 41-48)

DELPLG is the time increment of the outflow plug routing.
The following restrictions are placed on the selection of MS,
DELTAT, and DELPLG:
1) MS less than 400.
2) DELPLG divided by DELTAT is an integer.
3) MS divided by the ratio given by (2) is also an integer.

FIX (Columns 49-56)

FIX is a correction factor to account for short-circuiting
and flocculation. WNormally a value of 1.0 should be entered. Choice

of another walue is described in the model description.

Card 3

Card 3 contains the input of the % finer values (PERCHT)
determined from the particle size distribution. Entery of all subse-
quent input has the same input format and provides for entry of 10
values on each card. Each value may be entered in a field of 8 columns
as described for the first two cards. All values however, are real.
The order of input must be the same as that contained in this descrip-
tion. Because subsequent input of each variable may necessitate the
use of several cards, input will no longer be described by the card

number.
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Particle Size (SIZE)

The particles sizes corresponding to the values of PERCNT are
entered on the next card (or cards). Ten values may be contained on
each card. Values are in millimeters,

Stage Values (STGI)

The stage values at the riser determining the stage-area
and stage-discharge curves are entered on the next cards. Stage
values are in feet and the smaller the stage interval the better the
accuracy.

Area Values (AREA)

The area values (acres) corresponding to the stage values
entered on the previous cards should now be entered.

Discharge Values (DISCHB)

The values of the outflow rates (cfs) corresponding to the
defined stage points are entered. It should be remembered that a
maximum of 10 values may be entered on each card.

Inflow Hydrograph Values (INFLOW)

Prior to entering the inflow values, cards 1 and 2 must be
duplicated. The duplication is necessary because of the provision
of the NSTORM option. When multiple storms are routed through the
reservoir, some of the values on cards 1 and 2 may vary with each
storm.

The inflow rates {cfs) should now be entered. The interval

between each point has previocusly been specified by the wvalue DELTAT.
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The above description completes the entry of required input.
The following input depends on the choice of the contrel variables
previously described.

Influent Sediment Concentrations (CONCED)

If the control walue CONSED is 2.0, values for the inflow
sediment concentrations corresponding to each inflow point must be
entered. Values must be given in mg/l.

Qutflow Distribution with Depth (OUTFL)

If FLOW equals 2.0, values of the outflow distribution
associated with each layer and the depths for which they are defined
rust be entered. The values of the depth (DEPTH) must be entered.
The maximum and minimum values of the depth must be the same as the
maximum and minimum value of the stage wvalue.

The number of points, MP, has previously been entered on card 2. The
order of entry of the outflow distributions is as follows:

1) OUTFL 1 - values for the top plug layer.

2) OUTFL 2 - values for the second plug layer.

3) OUTFL 3 - values for the third plug layer.

4)y OUTFL 4 - values for the bottom layer.

A more detailed description of these variables may be found
in the Model description.

If TRP has a value greater than 1.0, the required output
‘cards starting with the discharge values (DISCHB) must be repeated

using the desired input events. If NSTORM is greater than 1.0,
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only the desired input starting with the repetition of cards 1 and
2 is required. This procedure is probably better understood by
studying the program listing.

A sample of the output is contained in Appendix D. Only
those options which appeared most suitable in utilizing the DEPOSITS
Model as a design method have been incorporated in the program.
Additional output data and simulation of basin conditions can easily

be obtained by the addition of appropriate logic statements in the

program.
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LIST OF THE DEPOSITS COMPUTER PROGRAM

THE DEPOSIYS COMPUTER PROGRAM IS A SIMULATION MODEL TO DETERMINMNE THE
PERFURMANCE OF A SECLIMENT DETEHTION BASING THE MODEL wWitt DETERMEINE T
BASIN TRAP EFFICIENCY, SEDIMEMNT DEPOSITION PATTERN 1IN THE RESERVOIR
AND THE EFFLUENT SEQIMENT CCONCEMTRATIONS FOR A GIVEN STORM EVENT.

DIMENSION PERCHNTI100),X1{4001},%2(400),SEDPLGI1CO)

DIMENSION DEPTHI{100),DEPTHZ {100} DEPTH2(100}

DIMENSION AREAL(100) ,ARGLDEIGO),CAPHYI100)

DIMENSTION STP{400) JAVDEPIADD Y, SERT (4001 ,SEDFMNDII0S) REPTHL LGO}
DIMENSION ACTNFL(4CD ), VOLUME(SA0 ), STARTVIA001 s STPVILI0) ,STAGEAL#ROQO)
1Y+ CAPACACAGD Yy T11400) DISCHALSGODY STAGE(I00) CAPAC{ATO ),D! SCHEANO)
DIMENSION NFLNT(4A00)Y yEFLNTII00) dAREASI S0} CAPCOIA00i »CONCEDISNO)
DIMEMSTION AREAALLOO) ,AREAB{YCOY ARFACIL1O0) (AR ADELICO)

DIMENSION VOL(4,100)4SEDI4,100)VELDC(A,100)  FALLL4A, 100 ,VGLC(a,100
100 yDEP (44 100)4PCT (4,100} ,PERCT {4,109}

DIMENSION SIZE(SO0Y «OUTFLIISO Y OTRL 250, CUTFLIIA0T , IMITFLAIS0)
DIMENSTION STGLI50)4DISCHRIS0 I 4ARCATH0! fDETHISO ), IAFLOA{G0D) ,VELCESD
10}

DIMENSTON AVDPTHI400Y yAYSTGILDC), STRINTACO) STEOUTIADC Y, STAGOI/CDY,
DIMEMSION STAREA(LODY ,STCAREAOD) ,aCuT LAtO Y, VLCUT (400, PLGVOL {100
1),PLGTNE(100)  VOLINII0Q)» THETHNIICAYLOETTNELIN0Y,PLGCEN(1D0)
DIMENSION VOLTHME(LOC) SECHNT {4301, SEDTOTLAGO) , SYPLUTISC0)

DIMEMNSION VOLALI00,VOLRLIGO) ,WULECIOC ), vOLD{ 100}

DIMENSICN DIAMTRI 44200} ,8TAGLLICO)

REAL CUTFLY OUTFLZ,0UTFL3,DUTFLS

REAL NELMT MASS,THFLGYW ,NSTORM : 7
READISBO0INSTIORY s CONSED DEPOST 2 HMASS s FLOWe TRP FILTER [ OENSTY 156G VIS
1CQSs

READIS y TS1IMP M N NSy MSeDELTAT,, DELPLGFIX

FORMAT{51I8,3F8,0)

READISBCOY{PERCHNTIHL)Y sHuL=1,NM5}

READ(S,BC0}{SIZEINL)  NL=] 135}

READ{S5,800VISTGI(I},I=1,N)

READIS 4 8COYLAREASIIY  1=1, )

READ(S,3003(DISCHBITI}I=1,)

FORMAT [ JOF3 0O}

DO 7 I=1,N

AREALT }=AREAS(I)

DISCHIT)=DEISCHATT)

STAGCLTIY=STG1LI}

CONTIMUE

NNN=NSTORM

CO 777 IM=1,KNN

A AL IS BOOIHST RN CONSE D p D EN A T ASS PN e T2, FILTOR ,OTNSTY sS04V IS
1cos

READIS p TSP M NGNS s MGy GELTAT DFLPLG  FIX

READ{S ;800 Y IHFLOWAT Y 912188}
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37 00 12 1=1.N

3n CAROLOCI ¥ =AREA{(T)

39 STAGITI=STAGE(1}

40 12 COMTIMNIE

41 CAPCO{13=0.0

4“2 TFICONLEDEQe2.0) GO TD 17
43 G} 10 &1}

4Gy 17 READ(S,BO0MICONCEDIT ), I=1,M)
45 611 COMTINUE

45 PEAX [1I=0 .0
47 B0 8 Sx1,M
48 TP UTHFLOWID) oGT oPEAXINIFEAKIN=THFLOW( J)
49 8 CONTINUE
50 00 11 I=1.,N
51 DPTHITIY=STGLIT)D
52 11 CONTINUE
53 IFIFLOY «EQe2.0) GO TO 34
54 DN & I=1,Mp
55 GUTFLI(I)=25,0
56 QUTFLZ{1)=725.0
57 CUTFL3tI)I=25,0
58 CUTFLA(T)=254.0
59 b CONTLIHUE :
60 GO THO 31
61 34 CONTINUE
62 READ(G,800)(DPTHLIY,I=1,MP)
63 READ(S,0COY{OUTFLYI(T) ,1=1,MP)
Gh READ(S,BO0VA0OUTFLZ{I) ;I=1,MP)
&5 READIS5, 800 1{0UTFLSII) ;I=1,02)
b6 READIS yROOI{OUTFLA (L), I=L, HP?
&7 31 CONTILUE
68 AYUEP{1)=0.0
69 H1(1)=0.0
70 X2(11=0.0
T1 CAPACIT) =040
72 CAPMNUI 1) 20,40
73 AVODRTHIL =060
T4 Do 10 J=2,.N .
5 CAPACIJI=(AREACIY+AREA[J-1 1)} #{STAGC{ ) -STACE(J-11}/2.C+CAPALT2~1)
T CAPMWL{ D) =CARPACTY)
C AVDPTH= AYCERAGE DEPTH FOR A GIVEN STAGE,
77 XL{J)=CAPACTJ)N—(DISCHII) /20 1*0ELTAT#.03264
78 E2L0=CAPAC LI v IDISCHIJI /2,002 FLTAT*,08254
7% CAPCO{ I ) =L AREASIJI*AREASI G~ I {STGI (I I~5TGL{J=-1}}/2 .0+CAPCDLJ-1)
80 10 COHTIiUE
8l AVSTG{11=0.0

C SEDMuT= SEDENENT COMCEHMTRATION FRR EACH TIME JHCREMENT (VOLUMETRIC)A
B2 SERDHHNTI1 1=0.0

a3 SEOTOT(1)1=0.0

ah SEOOUT{11=0.0

85"’ STPI1)=0,0

a6 AOITHMIFLI1 =000

87 MMz ]

a3 L 20 1=2,M

39 SUMl=0.0

G0 SUME=0,0

91 no an J=2,I

92 TFLAREAT JY EQAREALI~LY) GO T 15

93 DEMO=STAGELF)~(STAGE(J)+5TAGEUJ-1Y) /2.0
Q4 SUNMI=DFPO*32 a0 AREALII-ARCA [ -1 1) +5UM1

95 SUNZ=DEPOY{AREA(J)~AREALD -1 3 +SUH2
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96 30 CONT TNUE

97 TFISUMZ o LEL0Q) GO TQ 63
28 AVOPTHIT Y=5UM1/5UM2
99 GO TO &9
1¢0 63 AVDPTHI I }=0.0
101 59 CONTINUE
102 20 CONTINUE
103 GO T 21
104 15 00 16 J=24N
105 AVDEP{II=(CAPACTII-1)%AVDEP (J~1 1+ {CAPAC(J)-CAPACTU=-1)} I *(STAGEL JI+5T
LAGE(J=1))/2.0}/7CAPACLY)
106 AVDPTHIJI=SISTAGEIJ)-AVDEP(J))#2,0
i07 16 CONTIRUE
108 21 CONTINUE
109 LA 99 I=M4,MS
110 IMFLOWT I }=0.0
111 99 COMNTINUE
112 YOLUNE[1}=0.0
113 DO 40 I=2.M5
114 ) ACINFLET)=ACINFLIT=1 ) #{{IHFLOUIL-1 Y+ INFLOW{T}) /2,Q1¥DELTAT*,082564
115 VOLUME (L Y=ACINFLIII-ACINFL{L-1}
116 40 CONTIMUE .
117 STAREAL1)=040
112 STGAR{11=0.0
119 STARTVI1 }=0.0
120 STAGEA{1)=000
121 CAPACALIL1)=040
122 DISCHA{1)=0.0
123 T1{1}1=040
124 MR=(HSY/{DELPLG/DELTAT)
125 PEAK=0.0
126 00 35 1=MiM5
“1Z27 CONCEDI1)=0.0
128 95 CONTINUE
129 N0 60 J=2.+H45
130 IF(COHSED »EQu2.0) GO TN 632
131 SEOMNT ()= (VOLUMEL LI *82,0])
132 GO 7O 23
132 432 SEDMNTIJ)={CONCEDLJ) #CONCEDL S=1Y 1% VOLUNE( IV A {SGE2020,0)
134 23 CONTIRUE
135 SEOTOTUJ)=SEDTOT{J~L1+SEDMNT v b}
126 STPIN=STP{J-11+YDLURE(J}
127 STPY(J=1)=STARTVIJ=1)+VOLURE(J) -
C DO AN ITFRATIOM TO FIND STAGE FROM STFY
138 DO 70 K=24N
132 IFISTPYII=-10LTaX2{K)ICO TO 73
140 IFISTPY{J-1)GToX2(N)} GG TC 17
141 70 CONTIHUE
142 75 STAGEAL 2 1=STAGEL=1 b+ L (STPVIJ-1 ) =X 2{K=13 3/ 020K~ A2(K=10 )i #(5TAGES
' 1XI=STAGE{K~-11)
143 ANMSTGLII=AVOPTHIE=1) ¢ { {STFV{J=T1)~X2{K-11 /(X2 EXI-XZ4K-17 D)% AVDPTH
TE)=AVODTHI~-1) )
las CONTINUE
C DO AN ITERATION TO FIMND VOLUME FOR S—(N/2)*DELTA T Faf¥1 STAGE FGUND FO
145 00 P01} KK=2,H
146 IF{STAGEATJIALT-STAGE(KK}] ¢0 TO 105
147 IF(STALLALI=1)aGTLSTAGEINY § GO TO 17

148 100 CONTINUE
149 105 CAPACATJI=X LR =LV 0 {STAGSA( ) =STAGF LK Y Y/ {STACT IXU: -5TAC
LHIEAXIOI=NT{RKIC-1))
C DD AN ITERATION TO FIND DISCHARGE FOR STAGEA

m

LK1 )
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151
152
153
154
155
156
157

158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
17T
178
179
180
181
182
183
184
165
1846
137
186
189
190
191
192
193

194 °

195
196
1+t
1983
199
200
201
202
203
204
205

110

DISCHATIITDISCHIKK=E) s {ISTAGEALJI-STAGE (KX =1 ) ZUSTAGC KX} ~STAGE(XY
1-1 1) )5 tDISCHIKKI-DISCHIXKK-1) )

IF{OTSCHALIY «GToPEAKIPEAK=DTISCHALY)

COKTINUE

STARTYIJI=CAPACALJY

IF{STARTV(.) L TL0,0) STARTV(JS)=0,0

TLI2Y={J=1)+DELTAT

STAREAL JI=ADSELAVSTG LU +AVSTOIJ-11 } . CUELTAT/ 2401}
STCAR{JIY=STAREALS)+STGAR{I=-11}

C THIS PART OF THE PROGRAM DIVIDES THE DUTLFT HYDARMGRAPY [NTO PLUGS OF EQUAL
C TIME IMCRENMENT DELPLG. THE PLUG IS THEN ROUTED THRCUGH THE RESERYDIR AND

C THE DETENTION TIME,STAGE AT OUTFLOYW, AVERAGE DEPTH AND THE YOLUME CF

C THE PLUG T35 DETEARNINED.

T84
705
49

771
772
883

166

25

60 CONTINUE

IF(CONSEDEQW240) GO TO 771

DO 49 JS=2.H4

TRFIVOLUMFI U5} 4EQL00) GO TO T84

NELHT U S =(SEDMNTLIS PASGEMASS 75, 48) A (VOLUMELJSERSEDTOTN))

GO TQ 785

NELMT(35)=0.0

COMTINVE

CONTINUE

G0 TD 883

DO TT2 JS=1,M

HFLNTEJS1=CONCEDLLS)

COMTTIMUE

CONTINUE

00 ToH6 JJd=MMMS

MELNTUJJ)=0.0

COMNTIMUE

O 25 1I=1,4

J=1

SFDI1,0)=0.0

DIA”TRII!J):UQD

VELOC{TI,J1=0.0

FALLIT J)=0.0

VOLII»J)=0.0

PCTHT,J)=0.0

VOGLCtT yJ =040

COMTINUE

SEDNPLGY{1 )=

SENENDLL )=

DEPTHIL1)} =0

ACQUT (LY =

PLGYOL{1)=0

PLGTHE(L})=0

VOLOUT(E =G

VOLIN{L)=0

THEIN{1) =0

SEOTI1)=0.

DETTHIL(L )=

PLGCEMI T}

VOLTHE(Y

ARCAN 1)

ARVGADCLY
)
|\

a
o]

AREAC ST
SEADLL
VOLALLY
VOILR[I)=
YOLF(Y) =0
VULDIL)Y=0



204
207
208
209
210
211
212
213
214
215

217
218

219
220
221
222

223
224
225
226
227

228
229
220
231

222

234

241

245
LY,

24T -

248
249
250
251

252

253
254

255
LTS

200

c Do

400
500

C DO
710
750

c nO
900
T60

1200
1300

1400

111

DERTHIY)=0.0

DEPIMZ2I1)=0.0

DERTHI(1)=0.0

00 200 L=2.HS
ACOUTILY=ACUUTIL-1)+((DISCHAIL=1)+DISCHA{L))/2.,0)#0ELTAT*,08264
CONTINUE

00 300 KN=2,MR

PLGTHE{HN)=PLGTHE{NN=1) + DELPLG

LR={DELPLG)/DELTAT

P=LRB{MM=-1)+1]

PLGYDL (HMI=ACQUT(DP)-ACOUTLP-LR)

VOLININND = VOLTIHINH=1) + PLGVOL{NN)

PLGCENINNY = {PLGTMEINN) + PLGTHEINN=1))/2.0
AM ITERATION TO FIND THMEIHN FROM VOLIN

00 400 NP=2,M

IEIVOLIHINNY LT2STP{NP))Y GD TO 500

COMTINUE
THEIN(NMNI=TLIINP~1 ) #{ { VOLININN)=STP[NF=1}}/{STP(NO}-STO{NP~11) J*DELY
1TAT

VOLTHEIRMI={THEININN)+THMEIN{NN-1)) /2.0

DETTHE {NNY=PLGCEN{NN) =VOLTME [ NN}

IFIOETTMEINND o LTe0eG) DETTHE{HNI=O,0
TE(DETTMEINN) 21 Ta0s0 AHD LN LGT,1I0) GO TO 312
SEDTINNY=SIDTOTING =1 )+ ({VOLININN)I=STPINP=1})}/{STPINP }=STPINP-1})}
1 {SEOTOTIHP)-SEDTOT{NP -1}

SEOOUTINN) =(SEDTINNI=-SEQOTINN-=-1)}/SEDTOT(M}

STGIHE1)=0.0

STGOUT1)=0.0

STAGDL11)=0,0

no 710 11=2,M%

TFIVOLTHE(HMNT L TLTILITYY S50 TD 750

IF(VOLTHEINT) oGELT1(MS)) GO TQ 371
AN ITERATICN 7O FIND DEPTH FOKR VOLTHE

COHTINUE

STGIM(MM)=STGAR [IT~1)+ABRS{{LVOLTHI (M) =T4LIT~-I ) A TULLID)-TLLIT=1))
LI (STGARLII I -STGAR{II-1)))

CONTINUE

NN 200 II=2.M5

TF{PLGCEMIMND LLTLTIIIT1)) GO TO 160
A TTERATION TQ FIND DEPTH FUR PLATME

COMNTINUE

STGOUTINNI=STGAREIT-1) P{(PLGCENIMII=-TIEII-2 33/ 0TUITTI-TU{TL-1 35} %d
LSTGAR(CTI T I=STGAALII~1))
STAGDINNI=STAGEA{ ITI=1 3+ {{PLGCENIMNI~TI(II=1) b /0TLLIT)=TY(2I~102D02(
1STAGEA{ T T Y -STAGEA(II-1)})

IFIDETTHE(NNY &E0.0,0) GO TO 381

DFPTHIHN Y= (STQOUTIHN)Y=STGINI MNP ZDETTEE (HN)
REPTHLINNI=0,T52DEPTHINI)

DEPTHZ INNI=0L53DEPTHINN D

DEPTHA NI =02 5¢DEPTHL NN}

CO 1200 LHM=2.M

IFIDEPTHININ) «LTLSTAGEILHY) } GO TO 1300

COMTINUE

VOLAIHNY= CAPACTLM-1 1+ { (D SPTH{MN)~STAGE{LM-T) ) F{STAGF(LM}-STAGEI LM~
1-1 M)A EAPACHLMI—CAPACLLY -1 } b
AREAA UMY =AREA LM -1+ [ {OIPTH NI ~STAGSELLM-1 Y b/ STAGE (LM =STAGE (LM~
TLP ) P R{ AR EA{LM) ~AREA LMY}

COMTLINUE

00 1400 LM=2,N

IFIDEPTHLIINMY LLTSSTAGEILM))Y CO ¥O 1560

COMTINUE



257

263
26%

265

2h5
247
268
269
270

271
272

213
274

112

COHTTHUE
1500 VOLGEHM)SCAPAC{LM-1)+((DEPTHIIRNI-STAGE(LM=1))/{STAGE{LM)-STAGE{LM
1-11 1) % (CAPACILMI-CAPAC(LM-1})
AREABINNIZAREA{LH-1)+ [ (DEPTHLIINN)~STAGE{LM~1 1 /{STAGE (LM} =STAGE{ LM~
1-1}1R20AREA(LM) ~AREAILM~1)}
CONTINUE
DD 1600 LM=2,H
TF{DEPTH2ZINN) LTLSTAGEILMKI)Y GO TO 1700
1400 CONTINUE
1700 VOLEINNT= CAPACILK=L)+ ((DEPTHZ(NN)=STAGF{LM=11)}/ {STAGE(L¥)I=STAGE(L
IM=11 1 (CAPACHL M) -CAPACILM~T )]
ARCACINMI=AREA(LM=11+ 1 {DEPTH2 (NN ~STAGE{LM =1V} A{STAGE(LMI~-STAGE(L
1= P} 2 {AREA(ILMI-AREA{LM~1)}]}
CONTIMUE :
DO LBCO Ln=2,N
IEIDEPTHR{NND «LTLSTAGEILM)Y) GO TO 1500
1800  CONTINUE
1900 VYOLGIMHI= CAPACILM-1)+{(DFPTHIINY)~STAGE (LM~1Y )} {STAGEILMI-STAGE(L
IM=11) ) * {CAPAC{LA}-CAPACILH-1)})
AREADINMY=AREATLM-1) +{ (DEPTHIINN)~STAGE (LM=1) )/ (STAGE{LMI-STAGE(L
1-133 ) *(AREAILA) ~AREALK=1)1
COMTINUE
VOLL L sNH IS VLA CNN) ~VOLB NN
VOLE2 yMHISVOLB MY -YOLE{NN}
VOL (3 NHI=YDLE (NH) =VYOLD{KRM}
VOLGAL,MNHI=VOLD NN
FALLITaNRI=OLOTOHDEPTHINN I XFIX
FALL(Z2 3 HNYI=0,6254DEPTH(NNYISFIX
FALLE2 NNIS0LITSS0EP THINN Y AFTX
FALLGA MY =01 25508 PTHIHH )7 T
TF{PLGYULINM] 2LT««001} GO TS 371
VELDCAYL RN E=FALLG L o NHPA{DETTMEANNY 211 0= {SEDIUT (HN) XA SS*0,C00133
1/77LGYOLEMNNTII¥32,5)
VELOCI? yMHISFALLIZ 8N A{DETTHE(NNI& (1 ,0={SEDQU TN #MASSH0.000133
1/PLGYOLERIIIY) 122,51
VELOCT I M I=FALL (3, MNY/(DETTHEINMNI A L] O~ ISEDQUTEXNN)2MA 8820 ,2001 33
1APLGYOL (MY ¥52,5)
VELOC 4 g N F=FALL (4, MN Y A{DETTHEINNI* {10~ [SEDOUT[MN)I*HASS+0,000133
L/PLGYOLINNY ) A 2,.5)
DIAMTREY pMHI=SORTIVELOCI L NHIEYISCOS/ 151 5%{SG~-1)))
DIAMTR (2 NM)=SOATEVELOCI 2,83 4VISI0S/In1 .59 5h=111))
DIAMTR (3, MHI=SURTEVELOCI 3, M) *VISCOS /{51 252 [SG-F1))
DIAMIRI A HH}=SORT{VELOCTI4, NI} HYISCOS (553 (5C~10)1)
COHTINUE
LD 2000 LP=2,M5
TF{DTANTRILSNN) oLTLSIZEILPYY GO TO 2100
2000 CONTINUE
2100 PERCTOY ¢ NMI=PERCMNTILP—1 +§iDTANMTRIOL NN )~SI2EELP=-1) ) A (ST2E{LP}-ST2E
LILP=11 )} )M {PERCHT{LM)~FERCHTILP=1)1}
DO 2240 LP=2;NS
TFIDTANTREZZNNDY LLTLSIZE(LPY) GO 7O 2300
2200 CONTTIMUE
2300 PLERLTLZ, M =PERCHIILP=1 {0 P HIREI NI -SIZEfL P~V Y UL LITIE(LPY=ST2E
LILP-13) )& (PERCHTILPY~PERCHTLILP=1F]
5N 2150 LP=2.N%
TF(GIANTRIIZNN) LT LSIZE(LPY) GIF TQ 2400
2250 CONTIHUE
2400  PESCT LA, RAY=PERACHT (LP =)+ LIDTAMTRL A, MY =S LIE(LP-EM}/ 1S 1EEILP)Y--517E
IT4LP~=11) ) FLPCRCNTILP ) ~PERCHTILF-14)
D0 2450 1L.P=2.H5
TEIDTANMTR{A NN oL T&STZELLTYY S0 TO 2600



305
306

307
308
309
310
311
312
313

31a
315

3146
a7
3148
319

320
izl
3z2

323
324
25
az4
327
328
329
As0
331
332
333
3234
335
336
337
a3l
339
340
aal
342
343
3Ing
345

346

347

348

349

350

2450
2600

3600
3700

321

4352

CE: DY

4451

1110
1111

113

COMNTINUE

PERCT LA M =PERCHTILP=11+ (D TAMTAT &4, NN =ST2E(LP=1 )}/ (SIZEI{LP)}~SIZE
LILP=1)) ) #{PERCHTILP)}-PERCHTILP-1Y)

MOLCT I M =Y0LLT W NNYPAREADINNT ZJAREAA(NN)

VOLCE2 yNN) =VOLEZLHNIPARFACINN) FAREAR (Y)Y

VULCI3 e HNY=VDL L3, HN) 4 ARCADTHH)Y JAREACINH)

VOLC{ Ay 1) =VOLEG, NHY A AREA L2 ) /AREAD INN)

ITF(VOLIZ,M) W LEL0LO) GO TO 321

PCTLYLyHNY=PERCT L4, MM

PCTIZ2yMNHISIVOLL 2 NMHI*PERCT 4 (MY +VOLCE L T (PERCTEI NN =P ERLCT (4, M
INIIYZVOL{ 2,8

PCTU3 MM ={VOLI3 W NMIHPERCT (4 yKHY»WALC {24 NNI*(PERCII2 ,HM)=PERC T4, N
LHY Y)Y AQU A3, M)

PCTIASHNY = {VOL {4 MM APERCT {4 N +VOLC{ A KN Y S (PERCTIL NNI=PERCTIJ, N
THY Y /ZYOL 04 ,NR) :

DI} 3600 LH=2Z,NS

ITFISTAGOIHM)Y 4L TLOPTHILMYY G TO 3700

COMTTINUE

SEQIT,NMI=PCT{L HNYFSEDOUTINNI A ICUTFLLILM=1 + L ISTAGO(NNI-DPTHILM=]
PiyZ00PTHd LM =0DPTHILH =1 Y b2 {OUTFLIELIDY -0HTEL 1T ELM-T Y)Y

SEOL2yNN)=PCT{2 NN IESENNUTINN IR (NUTFL2{LM=1) ¢ LESTAGOINN)-DPTHILM~1
11V Z10PTH LM =0OPTHILA~1 01 )% {OUTFL2ILMI-NUTFL2(LH=-1})}

SED{3 NN Y=PCT{3MNIFSEODUT (NI GUTRLI (L -1+ ( (STAGDIMNY-DPTHIL -1
1M ADPTHALM)I -OPTHILM=1 ) b ¥ {OUTFLA{ LM =CUTFL 3L~ }

SELH4 MR =RPCT U4 NN P SEDOUTENNI MG TF LA LN =1+ [ [STASH (NAY=DPTHILM -1
LHYAOPTHHULMI-DPTHILM=1} 1) 5 (ODTELA{ LM =QUTFLGLLM=1)Y)

SEDPLGINR)I =1 SED{L yNN)+SEQ(2, NN+ SEDI3,NMI+SED{ 4, MM 1 /100,00

G TQ 4352

SEDPLG{MN] =0,0

LTI NRNI=0L0

PETIZ4HMY=0.0

PCTIA NN )=0 .0

FCT (4 ,Ni1Y=04.0

CONTINUE

G TQ 4451

SEDPLGIMNN) =100 .0*SEDQUTINNY}

PCTIL,MNI=100,0

PLT(24NHI=100,4,0

PCTI3 MM )I=100,0

PLCT(4,MA)=100.0

COGNTINUE

SEDENDANM)=SEDENOINN~1i+SEDOPLGINN]

VOLOUT (NNY=SERDUT{MN) +VOLOUY (-1}

TFAVOLOUTINND oG 05,9995} GO TD 312

IFIPLGYOLINNDY o EQeN 20} D 10 1110

EFEMTAMN ) ={SEDPLSINNI/ZFLGYOL (N} )R MASSXT7 03544

GD T 1111

EFLHTINF =000

CONTINUE

IFIDEPOSTLNELZ2-0) GO TO 300

DEPHLyNMN)=HASS F0o000T3602 {10OC0-PETL] WY STOCUT IR e (UTFLY (LN-1
LY+ STAGOQINNI=NPTHILN=1) 1 ZINPTHILEY—DPTHILM -1 P+ IOUTSLLILN =T TFEL
TLILM=1) )} /020000 . 0%DENSTY ]

DEPEZ2,NH=MASSA0.C00T7306N %100, 0~PCTI2 MY YYSCOOUT Y« inUTILZILH-)
Ly L STAGOUUHNI=DP TH LA -1 Y /{0 PTHI LA ~DPTIHHILM=1) V) 2 {SDTEL2 (LMY =UTFL
12{LN=11 Y 010000,02DFN5TY)

DEPAL3 W NMI=HMASS 000073608 1020-PCT{S, M aLEn0UT LN OUTELI (LN -2
TIrUASTAGOINUI~DPTHILA=11 /70D ML =DP TR LS =1 I S DATELI LMY = GLTE
I3tLM=12) /70100000 DENSTY §

GEP L4 MM ) -HASSH 0,000 TAMOE (LN 0-PC T 4 Y S I0T Y Y [T At L1
LI+ CESTAGO{NINI =DRETHILH-2 Y ¢ A1 THOLM Y =D PR Lid=1 Y 1y i DU TFLG (LM I ~OUTEL



114

14(LN=13 13/ (10CO0.0¥DENSTY)

c THIS PART OF THE PROGRAM DETERMINES THE CHANGE IN DASIN CAPACITY DUE
c DEFOSITION

351 OO 77T I=14N

352 TF(AVDPTHIL) LLTLOEPTHI(NNY} GO TO 301

353 IF(AVDPTHIT) WL TLDEPTH2(NNY)Y GO TO 302

354 TFIAVOPTH(I1.LTLOEPTHLI(NNY) GO TO 303

355 IE{AVDPTHITI)aLTLDEPTH (MN)})} GO TO 304

A58 CAPNWIT I=CAPNWI L) ={NEP {4+ NN +DEP I3 ,NN)+DEP {2 NN1+DEP (1 ,NN))

asT GO To 7

358 a0l Caphyl{T I=CAPNW{T)~DEPI 4 NNI*AYDPTHIT)} /DEPTH3(NN)

359 GO 10 77

340 302 CAPMW(I) CAPNHII)’{DEPI%,JN!+DEP{3,NN)*(AVDPTH(I}-DEPTHBiNN)l/DEPT

THZ(KN) )
sl GO 7O IT

362 303 CAPMN(I P=CAPNW{L)—~(DEP {4 ,NN}+DEP L3 NNY+DEP (2 ,NN)+(DEP {2, NN1*CAVOPT
1H{TJ-DEPTHZ{NN} ) /DEPTHLINNI})

363 G0 10 TT

364 304 CAPNW{I)=CAPNW(I)—{DEP {4, NNI+DEP (3NN +DEP{ 2 NN} +{DEP(14NNIXLAVDPY
) IHIT)-DEPYHL(NMNY)/DEPTHINND DY)

365 77 COMNTINUE

346 300 CONTINUE

367 a1z IFIDEPOSTNEW2.0) GO TD 84]

368 DEPCAP=CAPACINI-CAPNWIN]

369 CAPHAX=CAPACINY

370 DO 157 ¥=1,N

371 CAaPACITI=CAPNY(I}

372 157 CONTINUE

373 ML=l~240

374 DO 61 IK=1,NL

375 AREA(N=IN-1)1=2 o OX (CAPACIN-IK )=CAPAC{MN-=iK=1) I/ (STGIIN-TK}-STGLIN~IK
1-1)}-AREAIN-IK}

376 CHECK=14001*AROLDIN-IX=1a0]}

377 IF{AREA{N-TIX~1.0)GT+CHECK} GC TC 223

a7s IS(AREA{N=-TK=1.0)4GT-AREAIN-TIK}} GO TO 203

319 IFIAREA{N=-IK=140),LTaD0) GO TO 207

380 GO Ta 311

agl 203 AREA(N~IK-1)=0,995%ARALDIN-TIK~1}

382 IF{IN-IK)aEQe2aC) GO TO 61

383 CAPACIN-TK—1e0)=CAPACIN=IX)={AREAIN=-IX~1 a2 +2RATAIN-THI IR {STOCLIN-IX
1)-STGLIN=TK-1.0}1/2.0

394 CAPACIN=IK~2.0)=CAPACIN=-IK-1.0)-{AREA(N-IN=-2.0)¢AREA(N-IK~- I‘OIJ*IS

ITGEIIN=-IX=1.0}-=STGLIN-1K~2,.01)./ 2.0
ins 31 COMNTINUE

2ese 61 CONTIKUE

3A7T GO T 208

308 209 AREAIF-TK~1401=0.0

e CAPACIN-1K=~1.0}=0.0

90 AREALM~TK)=CQ9FARCAIN-IK)

391 AREA(H—IK+1}=0,.953AREA{N=TK+1)

392 IF{AREAIM=TIX~1) GTJAREA{M=IR}]) AREALM-T4 V=Y DL HAREA{N~IK-1)

393 CAFAC!N—IK)=CAPAClN—IK+1a0)—£AREAIN—TK+I.OI1AREA(N—I£)}*!STﬁl{N“IK
1+1,0)=STGL(N-IK)}}/2-0 :

394 IF{CAPACIMN=IK) oLE«CoD) CAPACIN-IK)=0.0

395 203 CONTIMNUE

3956 CAPACIL1)=D.0

397 DN 351 TP=1,4

398 IF{CAPAC[IP)EQ.0.,0) ®MD=[P

359 IF{CAPAC(IP)GTa0L0) GO TO 34T

400 351 CONTINUE
401 347 DO 253 IM=1,N



402
403
404
405
H4n0s
H07
4+08
409
410
411
412
H13
414
415
416
417
418
419
4290
421
422
423
H24

425

426
427
428
429
430
431
432
433
454
435
436
437
438
439
440
44}
b4
H43
dptydy
445
L
447
448

449

450
451
452
453
H54
455
454
457
H50
459
&H60

216
215
353

463

HT3

663

661

783

348

734

344
551

431

i15

STG2=STAGE(IMD)
STAGE{IM)I=STAGIIM)~STG2

IFISTAGF (IMILLT.0.0) STAGE{IN)I=0,0
TELSTAGE{IM)4EQa00) CAPAC(TIMI=0L.O
IFISTAGEIIM)2EQW0.0aANDWIMLGTLle0} GO TO 214
GO YO 2t5

IF{STAGELIM=1) sEQue0u0} AREA(TIM-1)=0,0
CONTIHNUE

CONTINUE

DO 463 MI=24N
IFCAREA{MIYLLEGAREA(MI=1,0)3G00 TD 473
CONTIHUE

GO TO 471

AREA(HI Y =0,993AROLOIMI)
AREAIMI=1)=0,99%AREA(MI-1]
IF(MI.LE.2} GO TO 661
IF{AREAIMI=1.0) Wl TLAREA{MI~Z}IGO TO 663
GO TO 661

ARE=AREA(MI-1)

AREA(MI-1)=AREA(MI-2)

AREALMI~-2 VY=ARE

CONTINUE :

CAPACIMI )=CAPACIMI +1,0)~[AREA(MI+1 OV +AREA{MTIIIH(STGLINTI+] 0)~STGL
1(MI}1 /2.0

CAPACIMI =1 o0)=CAPACIMI)={ 2REAIMII+ARCA(MI=140)I*{STGIIMII~-STGY (MI~
11:0)1/2.0

IFICAPACIMT }uLT 4000 GO TO 7863
IF{CAPACIMI-1,0).LTa04,0) GO 7O 734

GO Ta 732

DO 343 1P=1,MI1

STGA=STAGE{MI)

LS=MIT

ARC=AREA(MI)

CAPAC(IP =040

STAGE{LIP)=0,0

ARCA[IP)}I=0a0

AREA(MI)=ARC

IF{FILTEREQ«2,0}) GO TO 243
DISCHIIP)I=0,0

CONTINUE

GO TO 551

MT=i1l-1e0

DO 344 1P=1,MT

STG3=STAGE {MT)

LS=MT

ARC=AREAINTY)

CAPAC(IPI=0.0

STAGELIP }=0.0

AREALIP)Y=0,0

AREA(MTY=ARC

IFIFILTEREQ 20} GO TO 244

DISCH{TIP }=0.0

CONTIMUIE

CONTINUE

00 431 IS=1,N

STAGE(IS I=STAGE[ISY~5TG3
IF{STAGENIS)LLTL0L.0) STAGRE{1S)}=0.0
IFESTAGE (1S} el T U0 ANDSFILTERMIE «240) DISCHIISI=0LG
IF{FILTEREQL24C) CO TC 431
DISCHILS~1+TS}=0ISCHB{ IS

COMTINUE
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461 Te2 CONTIRUE
462 471 CONTINUE

b3 IFIHILGE MY GD TO 808

L h DO 583 HL=HI . N

465 SHONTH=3 ,02AREA ML)

466 SHOTIHIZ=1 &5 2AREA (ML) :

467 IF{SMOOTHLLTLAREA{ML=11) GO TO 589

448 IF{SHOTHZ JLTLAREATML~T)) GO TC 587

Heay IFTAREAIMLYuLTLAREAIML=1}) GO TN 5921

&T70 IF(AREA (ML Y oEQL AREAIML=2)) AREAIML=1)=0.95%ARECA(ML=1])
A4T1 GO 10 503

472 587 IF(HL «LEL[MN=1)) AREA(ML+I}I=DIFAREA{NL+1)
%73 AREAIMLY=05952AREA (ML-L)

L4 AREALMU=~1)50,B%AREALNL-1)

475 GO TO 533 '

Hh1s 589 IF(HL oLE {t=13) AREA{HL+1) D85 3CA0AL+1)
HT7 AREATHLY=0L2%AREAIML=-1)

473 AREA{ML—-1)=0.8%AREA(ML-1)

419 GO T 503

480 591 AR=AREA{I ML)

481 ARFAIML)Y=AREAIML-1)

482 AREA{ML=1)=AR

483 583 COMTINUE
404 808 DO 791 J=2,.N

485 CAPACTJY=tAREALJI+AREALI~LI) 2 (STAGE(JI=STAGE[J-11) /2 0+CAPACLI~1)
486 791 COMTIMUE

487 DO 3001 [T=1410

488 IFIITAEQ.T) GO TO 3021

489 CAPC=ABS{ICAPMAX—CAPACINI) )

499 CAPCH =ABS{CAPHMAX-CAPACIN}I 1,02}

491 DEFG=ARS (OEPCAR)

497 DEPOC=1 4 032NEPD

493 DEPT=CAPAC (H)-CAPNWIN)

494 IF{CAPC «GTLDEPGL) GO TO 3002

435 IF{CAPCHLLTSOEPD) GD TO 3002

496 GO TO 3011

497 3002 HO=H-2 0

h98 00 2004 I1J=14NO

499 ARA=0.99EXARALD {{I~TJ)

500 IFIARFAIN~IJ}cLT<ARA} GO 70 2005

501 3004 CONTINUE

502 G TO 3Aco3

503 3005 NE=[J : -
504 COR=(CAPAL [}/ CAPACIN-TI+1))

505 00 3007 I1S=HELND

506 AREALH-TST2AREA(N~IS)# {10~ DEPIACORY ALAPHAX]

507 ACoT  CONTIMUE
504 3003 COMTIMUE

509 D10

510 0O 3008 J=2,N

511 CAPACT Y=L AREA LI PAREACI=13I # (S0 (J]=STGLIY-11) /2,040 AP LO-1)
512 TF(STAGE (1) 26Qa0.0) CAPACLII =00
513 IF{STAGE {J}aEQa0a0) HD=J

514 3008 CONTINUE

515 BO 3A3 TL=1,N

5164 STAGEIMO -1 ILI=STCLIILY

517 FELFILTERGENL2.0) GO TO 383

518 TE{STAGE (1LY oEQ«0.0) DTSCHIILI=0.0
519 DESCH{ID=2rIL)=DISCHIIL}

52 383 CONTINUE

521 3001 COMTINUE



528

531
532
533
534
535
534
537
538
539
540
541
542
543
544
545
£46

54T
548
545
550

551
552
553
554
555
556
557
558
559
560

561
562

563
564
565

566

567
568

569
570

571
572
573

574

aoll

3021
3220
3300
B4l
70
930
40
960
5000
850
860

650

660

570

600

4700

4750

4500

4505

450
550
4000

5600

5500
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CONTIMUE

CAPACI1)=0.0

GO 103 3300

ERROR=CAPACIMNY-CAPNW{N]}

HRITE{(S+32Z0YERROR

FORMATEZ/p15% P THE BASIN CAPACITY IS IN ERRCR BY!',3X,F1Ga3+54y YACR
1E-FT)

CONTINUE

NE=NN—1

TRAP={100LO~SEDENDINN=-1})

WRITELS,870)

FORMAT{ 1H1)

HRITELS,93031STPIM)

FORMATLE// /915X, *VOLUME INFLOW? p3Xy *=?4F1002,5X+*ACRE~FT*)
WRITEIG+940)PEAKIN

FORMATI/Z/ ¢Ll5X, "PEAK THFLOW® 35X '=1 (FlOo2sH5X 4 "CFS*}
HWRITELHF60IPEAK

FORMATL //7410X,*PEAX DISCHARGFE = 1 ,F10,245X'CF5')
WRITEL &, S0COVTRAP

FORMATEZ Y/ 215X, "TRAP CEFFICIENCY = *4F10.2¢5X:'2")

WRITE(&,:850)

FORNATU// 415X "MP P, B, "MY a3 X, EN?, T OX, INSH ,TX, "NSt,T7X)
WRITEEOHBH0IMP y M N NS MS

FORMATI/ /27Xy 5110)

WRITCE(SH 9650}

FORNAT{ /7 /74 15Xy "NSTORM y4X, YCONSED " p4X+ POEPOST " 14X "FLOH ;6X, *TRP Y,
17X *FILTER 441, "FIX?)

HAITELL 660 INSTORM ,COMNSED DEPOSTFLOW, TRP»FILTER L FIX
FCRMATI//,9%X,TIF10.1)

WRITE(6,6T70)

FORMATOA/ 415K "MASS  p TX s "WISCOS Yy 5X, 'DELTAT Y yAX *DELPLG S, 4%, YDENS
1TY 66X, 205G

VWRITELS, 6B0IMASS,VISCOSDELTAT\DELPLG¢DENSTY SG

FORMATU/ /2929101 43%X ,F1045, 4F1042)

WOATTELG 24700 {STZELT ) I=1,4N8)

FORMATL /77 4154 "STZE (M) 9,10F8:4)

HRITE{S6 s 4TSO){PERCNTII) ;T=14N3)

FORMATI/Z 415X, %% FIMER®;1X,10F8,.1})
TFIDEPOST oENe? s 0 AMND LHMASS aNE o040) G0 TN 4100

IFIBASS eNTL060) GO 10 9000

WRITE (6 ,454500)

FORMATU/ /773 15X s "STAGEY 210X ANEAY Ty VAVERAGE DEPTH Yy 5 Y DTISCHAACGE
LEY ) TX 4 "CLPACTTY ?)

WRITELS ¢ 4505) .
FORMATI/Z 106X "IFT) " OX s *{ACRES)I Y LOX " {FTYI Y, 10X, Y{CFES) T, 9%, Y [ACRES
1-FT14)

DO 550 ILz=1.N

WRITE{ S 450)STGLLILY fAREASITIU LAVOPTHIIL Y, DTSCHALIL: - SAPACTIL)
FORMATL/S J10XsFl0afy S5XaF10.2430,Fl0eZ 3% FlUa2,3%4710:3:5%)
COMTIMUE

HRITE(& 44000}

FORMATU/ /7730 "TIHE Y yBX s tINFLOGI 1, TN, IDTSCHARGE Y 6%, *DETENTION TIH
1E7, 33X, "STAGE Y yBX, *DEPTH? , aX, *SEDIMERNTE)

WRITE(S.H5500)

FORMATI/ o AXy "THRSI Yy BX 2 P{CEST 32Xy "{CFSI¥, T1X, PINHRSY P L9, YIFTY *yaX
1, 0FT) 834,100 )

OO 600 LL=2,HE

M=A{DELPLGZOELTATIS{LL-1)

WRITEL G, 5500 PLOTHELLL Y pINFLDH E) s DISCHAL A LUETTAR{LLY  STAGDILL Y
LaDEPTHLLL) , SEQENDILL)

FORMAT L/ 0o R e i T o 29Xy FT a2 Ry FT W2 iR 3 FTud s T 2 F Tl s TN, F T2 X F Ta2)
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575 600 COMNTINUE

576 GO T 4110

51T 4100 WRITE(S,4800)

578 4500 FORMAT{//46Xy "STAGE', 9X,'DEPTH!, 56X, 'DESTGHN AREA*+5X s 'NEW AREA',
15X, YAVERAGE DEPTHY5X, "DISCHARGE *33X, *DESIGN LAPACITY'" 43X, *MEW CaP
1ACITY!')

579 WRITE{6,4850)

530 4850 FORMATL/, 6Xe S UFET) #p 1%, "(FT)*,2X, FLACRES) 48X, Y (ACRES) ', 10X "{FTI*,1
19, 1LX, YICFRSIP 4 TXy Y (ACRE~FT}*, 74, " {ACRE~-FTI ")

501 0C 1200 1i=1,N

582 WRITELG,6000) STGI{EL) o STAGETIL) JAREAS(ILY yAREA(ILY,AVOPTHIIL},0IS
1CH{IL )y CAPCO{IL}.CAPACIILY) .

583 6000 FORMAT FlOeZy5XsF10a235KsFl0a2,5XsF104+2,5X3Fi0a2:5XsF1042+5

1X,F10.245%X,F10,.,2)

584 7200 CONTIRUE

585 HRITE{6,4020)

86 4020 FORMATL/ 43X, *TIME® 48X, *INFLCWY TR, "DISCHARGE ', 5X *DETENTION TIMET,
14X g VSTAGEN 4 BX, PDEPTHY 4 By " SEDIMENT*, 8Xy TINFLUCNT 'y TX s *EFFLUENT ")

537 WRITELS,5650)

589 5650 FORMATI/ 93X (HRS Y 948X, *{CFSI? 29X tICFSY 11X, "IHRS) * 0%, P (FT}?,10
IXy PUETHY Q10X P g 21X, VEMOCALY V99X, PLMG/LT Y

539 DO B000 LL=2.NE

540 JHS(DELPLG/DELTATI*{LL=-1)

591 WRITElb,TOGOIPLGTME!LL}pINFLCNIJHI'DISCHAIJMi'DETTHE{LLI.STLGO(LLI
1 DEPTHILLY fSECEMDILL) s MFLNTI UMY EFLNTILL)

592 TG0 FORMATHL FTe216X 1 FlaZe B FTeZeAX g F 702 T FTa2yiXeFTa23TXFTe2,9

1X, F3el1+8XeFT7ol}

593 8000 C(OMTIRUE

594 4110 CONTINUE

575 GO TN A75S5

596 9CU0 WRITELL,9200)

597 9260 FORMAT(/ /915X, "STAGE? s 10:, SAREAY , PXy YAVERAGE DEPTH®y 53¢, * DT SCHARGE"
1:7X:'CAPACITY )

5983 HWRITE[6,4510)

599 4510 FGRMATI/,I&X.'(FT)"QX,'(ACRES)',EGX.'(FT)',IOX"ICFS)',QI.'(ACRES
1-FT)1") -

500 DD 7300 IL=14N

6401 HRITE{6,4053STG1(ILY yAREAS (11D AVDPTHIIL ) W DISCHBIILY ,CAPACLTIL)

£02 405 FORMATL/ +10X3F10uwhy S5XyF10a245N:51042¢5%XsF104295X¢F1043,5X])

603 73200 CONTINUE

604 WRITE(E 4005} :

605 L005 FORMATI/+3X.'TIME® p8X s *THELOHY o TX ¢ TOTSCHARGE Y Sty "DEFENTION TINES,
14X|'STAGE'yGX.'DEPTH'.BK.‘SED[HFNT‘;BX,'INFLUEMT'.?X,'EFFLUENT‘?

506 WRITC{&,5670])

507 5670 FﬂRHATl/.BK,‘(HRS)'.BX,'(CFSI',QX.'(CFS)',llxy'(HRS)'g9X¢'IFTI'le
IXy MUETY 10X 2 {R) V52 LA VEHGAL) ¥ 90 P (HG/LY )

508 DO 8550 LL=2,.NE
509 M= INELPLG/DELTATI#(LL-1)
610 HRITE 64 75001 PLOGTMEILLY ; INFLOWISM) 2 DTSCHATINY fDETIME(LLT «3TAGOILL)

1,DEPTHILL) pSEDSHBILL )Y yKELHTOSNIZEFLNTILLY
611 7500 FORMATE/, FTa2bXgFTo2 8%y FTaZ o X 7T 429 TX s FTaZ s TX s FT el e TXsFTa2,8
1XsFdol0XsFTL1) -
612 gs50 CONTINUE
613 4755 CONTINUE

614 GO TD 43

615 19 WA1TE(6 47000

516 4900  FORMAT(///,20%,% THE RESERVOIR CAPACITY MAS BEEN EXCEFOED *)
617 43 CONFINUE

618 G99 CnHINYE
519 77 COMTIMUE
620 a5 FORMATL LHL)
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621 HRITE(6,875)
622 IFITRPLGTala0) GO TO 420
623 GO 10 410

6246 420 IF{TRAP o.GT.TRP) GO TQ 50
625 410 CONTIMUE

626 sTOP

627 EHD

SENTRY



APPENDIX D
Example of the DEPOSITS Computer Output

The first and last storm event
in a six event cycle is shown

120



VOLUME INFLDW =

PEAK

up

25

INFLOW =

. DISCMARSGE =

EEFICIENLY =

30

NSTCRM CONSED

G0

MASS

5040

SIZE

1.0

VISCOS

0.01140

(MM) 0.002%

% FINER 1C,.0

6.73 ACRE~FT
97.82 CES .
11.16 ¢Es
Theh? x‘
N ' NS us.
25 8 200
DEPOST FLOW TRE
2.0 1.0 1.0
DELTAT BELPLS DENSTY
0.20 0.40 1.20

FILTER

00050 0.0060 0.0100 0.0120 0.0170

16,0 20«0

28.0

320

36.0

FIX

Ca0200

40ad

0.1000

ac.0

TZ1



DEPTH DESIGN AREA NEW AREA AVERAGE DEPTH DISCHARGE DESIGN CAPACITY NEW CARPACITY

{FT) tacrzsy [ACRES) (FT} {CF5) (ACRE~ET) {ACRZ=FT)
c.20 002 0.02 0.00 G.05 Q.00 0.0
0,50 .06 0l.0C5 Gu25 .11 Ca02. 0,02
1.0 CalD 0.10 062 0.22 0alé .06
1.50 .15 0415 0.5% G.37 . 0.12 0.12
2.09 0.20 0u2C 1.27 0,53 Dall 0.20
2.50 L.25 0.25 A .92 0.52 0a32
2.3 0,20 0.50 1.%2 1,35 [ S Q.48
3,38 0-35 0.34 2.25 1,84 0.62 Cabl
4,00 Ge 0 a4l Ze57 . 2a39 0.81 0,83
4450 0.55 0.45 2.90 295 1.02 .01
5.G0 (3] Ca50 3,23 3.60 l.26 1.2
5.50 0.55 0.55 5.56 4,30 1.2 1.51
4400 C.60 a0 3,37 5.0 Te%1 1.6
6¢58 Qabd ) Ooha 4e23 5.72 2012 Z.l1
Te0 Gab8 0.468 £,57 6450 - 2o4d,
Tes 0n72 0.72 4e$2 ‘ Te2? Felin Pa%
2,00 075 C.7% © 542D 1,10 2.17 .35
R.50 0.79 0.7 5.84 £.00 355 3,54
LA A ‘ .92 0.82 ©B.9% 16.09 Tu0s 3.94
9.50, G387 0.87 6,35 10,99 : 4o R 4e34
15465 9.92 0.92 6,70 12.00 4,03 LoR1
15,53 0a94 973 T.05 20.C0 .30 £.25
1ial3 1.56 1.00 Tobl S0.0S 5.79 5.%7
11530 1.03 1.03 T7.75 24,00 6u20 £.23
12,50 1.07 1.07 E.10 40400 LLR2 &£.50

[4AY



TIVE ISFLOW CISCHARGE CETEMNTION YIME STEGE DEPTH " SEDIMENT INFLUENT EFFLUENT
[ ¥R {CFS) {CEo) {HRS) (FT) {FT) (%) (MGrL) {MGFL )
C.40 Ce23 C.C1 .18 0.0% Ga01 0.00 3z,5 o.2
.20 D68 0,09 IS Gatl 0,09 .00 177.7 2.7
1.20 1.53 0.19 0.b64 0.36 . 026 0.00 305.3 &0
sl EPLY- Ga3z 0.87 1,34 e 0.00 &618,9 10,8
Z.ih ToE4 0.1 1.02 2.10 G786 0.00 1648 21,9
2. 40 7482 4.17 0.52 5441 1,82 0.03 1R242.7 Tl.7
240 L1402 997 0.79 ) E.58 3.59 Qakd 2006240 LS5,
3.20 14489 10.95 0.95 9.52 5405 2447 E2GE,.B 2054 ,1
3.0 12.53 1lala 1.30 9.62 5.61 4e58 3595 ,2 P105.2
LelD Gaf 11.G9 1.63 9.58 5493 buoT 273%.¢ 2113 .4
4ail 2.20 10,50 1,47 9.50 6.09 9.63 2515.9% C1.5
4.3 565 10.71 2,33 9.l b5.17 12.40 2248.9 zeez, |

£20 4427 10.26 2.68 9.23 6,20 14,58 1513.1 27768
£ .00 0.556 S.85 3,04 B.53 .21 17434 LES LS 2684.0
G.CL 9.1¢ 3450 8.55 £.19 19.17 16,3 2237.9

G.50 das2 3.75 .18 6,12 25.47 Gl 17162

Celd TaT3 4,10 T.82 6,05 21.42 [} 1848 ,8

55 T.1d 4ol 7.58 . 5.98 22,5 .0 155012

CuCO 6472 babi2 Te16 5.87 23.58 0.0 1538 .4

DD &u28 5.1% bolia 5.77 23,96 Ce0 6FC &

(e Tv B .72 5a4b baSk L PRV 24,31 G0 662.1

.00 S35 5480 L4258 5.55 24,57 0.0 547 .5

Gols 4.6 £.1D Se$7 .43 24,73 C.0 252,

[ <11 A &L.3% 549 5.31 24,86 0,0 317.2

S.00 4,21 PN Seitd 5.19 24457 0.0 279.3

000 BT 6.%5 5.18 .07 25,086 0.0 253,48

[ sle} 353 Ta2s eSS 405 25.13 [«F] 240 .5

1 C.30 3.22 T.53 L2 £.312 25.19 .0 2CE .6
. Celid - 2,94 7.81 4.50 4. T 25.74 c.0 134 .6
12003 C.05 TG £.13 et LIty .28 0.0 155.8
17w LL0l 2457 §.39 46T .48 : 25,31 [+18+} 1£3.5
YEJRG 0.0 2.25 g.48 3.88 437 25.34 0.0 144,5
7.3 3a03 2,05 258 3249 4,26 25.37 .0 125,2
1360 ¢.25 . 1.346 §.29 2.8 4.16 25.39 [ ] 124,0
14,03 L.00 1,628 . %ol 3,135 4.03 15,41 0.0 132,77
1a a0 2e00 1452 3.53 . 3.17 3.95 25,43 0.0 121.7
14,85 0.00 1.3% 10.27 2.02 ) 2.37 25 .44 0.0 1285

CARL2S 0,60 la24 10.61 ) 2.84 3.78 235 446 0.0 1158.0
18 68 060 1a12 10,75 273 A.59 25.47 .0 166.0

€T



VOLUME INFLOW =

PEAK INFLCW =

PEAK DISCHARGE =

TRAP EEFICIENCY =

M2 M

25 H

NETORM CONSED

1.0 1.0
MASS viIscos
€09 0.01140

S1ZE (XM) 0.0025

T FINER 10,0

[+J9.1:] ACRE~FT
11.05 ¢Fs "
1.29 ces
B1.48 %
N NS nS
25 e 200
DEPDST  FLOW R FILTER  FIX
2.0 1.0 1.0 2.0 1.2
DELTAT  DGLPLG  DENSTY 56
0.20 8eat 1420 2.70

DL0050 - 0,004

16.0 | 2040

0 0a0100 040120 0.0170 CL0200

28,0 32.0 15.0 4l .0

«1009

8040

LAl



Y

Fb g ©

STAGE DEPTH DESIGN AREA NEW AREA AVERAGE DEPTH BISCHARGE DESIGN CAPACITY NEW CAPACITY

[ET} (FT) [ACRES} LACRES) {FT) ICFS) . UACRE-FT) [ACRE~FTY
00 0.00 0e02 G 00 o 1] 0.50 0.00 a.0o
0.50 0ed0 ! 0a06 04 0.00 0400 002 0.0
1.C0 050 C.l0 0ul4% 0.50 .11 0,06 0.02
1.50 1.00 Cels 0409 N 0.73 Q.22 Del2 0.05
L0 l.50 0.20 0.18 1.02 0.37 0.21 012
250 2.00 0.25 020 1.40 0,52 De32 Dezl
3,00 2-50 Ca30 De2? 174 Ce%2 Cotb Ce33
«5C 2400 Da35 0a22 2.07 1.35 D62 0448
4,00 350 0440 .35 2a42 1,84 0.21 - Ceb5
4.50 4el0 0445 Catrte 2.75 2e39 T2 085
5.5 L1} C.50 [ 2.07 2495 1626 1.08
5.5C 5400 DaSh Cn 54 3.39 ERY-Ye) 1e52 134
6050 550 T4 0.59 A.72 £,30 A I.r2
5430 5.00 [N Q.62 L 04 5e00 Ze37 1.92
T.30 650 Q.48 (S Laul SeT2 2.25
T2 720 CaT2 0.70 47T £.50 2,59
8 Te5D 0.75 C.74 alld T?0 2.95
a5 2.0 0.79 0e?6 Sa50 [ 1) 3,32
CeuD 9.50 G.53 Gel7 5,08 .00 2,71
L0 G.00 G.BY [ 9928 5.24 10.00 4,11
L.80 958 C.92 0,92 Sah 10.90 4,55
PRy 10,00 J.06 CaSh L2935 12.00 4
1.60 10.50 1.00 1.00 T.2% 2000 .5t
150 il.CO 1.03 1.032 Teb3d - 30.00 .02
2.C0 11.50 1a0G7 1.C7 C Te9d 34,00 [P%-2)

AN



TIVE INFLOW DISCHARGE DETENTIDN TINME STAGE DEPTH SEDIMENT INFLUENT EFFLUENT
{HRS) tLFS) {CF53 {HRS) {FT} (FT [ (G701 (MG
Gzl 11.05 Gu37 ' Cel® 1.469 © 0.51 C.79 2528486.1 25513 .8
GubD 3.00 Lel5 De5s 2atl la1b 2.52 127137.3 22184,3
1.2C Zuh3 1.03 0.%2 263 l1.05 ot 735%3,4 21213.1
Tatd 177 l.12 ’ 1.27 275 leb2 &os8 5955445 19251432
P 140 1.18 lab2 2480 1.73 £asd 4T2B2.9 TEGCL 4
Zaud 1.10 1.20 l.94 2482 l.79 | 10,41 3842242 17398 8t
la20 Tadd 1.18 2.21 280 l.83 12.22 27191.1 17inE .0
3.20 0.20C 1.13 2ab5 2aTh 1.84 13.89 13743.3 16499,.7
Satl t.o3 1,53 2.59 2.62 1.B7 15.02 Ua0 12092.3
L .50 [P d.31 2452 1.87 1571 0.0 EQ0RM]
ErE G.00 Q.83 2eb4 Zeil 1.86 15.31 0.0 TOTRL2
4030 0.00 D76 2.95 2«20 leGd 1645 0.0 LEGD LA
5.20 0.00 C.53 4a25 2420 1.32 1594 0.0 &T11.7
FISEN] 0.00 D2 La5b 2.11 1.79 17215 <3 ¢] ZE4AL L0
0400 055 LPY-1-} 2403 l.76 17.33 C.D 344608
0.30 0.E1 518 let 1.73 1748 Ca0 3200 .1
G.0D 048 549 1.84 la70 17,42 0.0 3182 .0
0.00 Cabb 21 1.78 167 17.74 0.0 293443
DGO Ge3 13 1.70 labh Tar4 0.0 25761
Te0 Oual Gabh 1eb2 1.60 1Tev4 G.0 JFEGRLA
Gul0 De29 LuT5 1.55 1.57 lP.01 C.0 20A0 .4
Cel0 «27 TalT let3 1.53 207 c.0 19C3 8
Cud CaSth ’ Ta38B Lodl 130 18.13 Ca0 1874,2
000 Ga32 TT0 1a3d TetT 2,18 0.0 16C% a5
©.:037 023 Fa02 127 ledt 13.22 Gl 176002
c.cR 0.23 Bu3d 1.21 .40 18,27 ] 1685620
c.Ch 0,27 ST 1.15 1.37 2.3 0.0 1556 .2
oW C.25 P00 1.10 la24 1625 C.0 15280
T.30 Ou.23 F.32 1.G5 1.31 le.2D 0.0 134007
CulD Qu22 Futih 0.99 1.73 1f.40 0.0 121%.3
5 Qa23 16.00 .31 . la28 1442 0.0 1le7.2
GO 0.1% 10.33 D.55 .23 - 1844 0.0 18c4a3
DLl Qul? Cehh C.77 1.22 12426 Cul 007,28
Oe20 0.10 11,00 0.1 lui® 17447 Cal S
G.2G Ouls Il1a23 Q.55 1.5 1h.4g Q.0 LHL Y4
Da00 0.13 TOllutkY : Ot I.13 18.49 0.0 L A
D00 Qui2 12.02 G535 1.10 1k.50 0.0 LiCuh
ja et 0.11 12.30 Dl 1.o0n 18,51 Gal 477 .7
0.0 G.39 ' 12.71 042 la06 &bl 2.0 LT el
Q2.0 0.C8 12.07 Galls 1.C3 18.52 0.0 L7332
D.C0G B.C6 1243 Ca23 ©1.01 16.52 0.0 6T07
Dol 0.05 iJaG0 D.24 0.7% 1852 0.0 557.2
(VIR ] 0.G4 laeid Q.20 [P 1352 0.0 SEH N9
Ua58 Calty : LE P Cal7 G4 : 1g.52 0.0 AR50

9zt
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