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EXECUTIVE SUMMARY

This report is a design manual to guide the design engineer and/or opera-
tor in the design and maintenance of sedimentation ponds for the control of
sediment from surface mine operations.

The first chapter is an introduction presenting the present status of
sedimentation pond application. The primary concern is that sedimentation
ponds have been previously designed based on storage volume and specific
detention time requirements. However, many ponds designed according to these
criteria did not meet regulatory effluent requirements. The design methodolo-
gies presented in this manual address the meeting of effluent quality

criteria.

Before attempting the design of a sedimentation pond, it is important to
have an understanding of the watershed characteristics affecting soil erosion,
location of sediment sources associated with surface mining, and the various
types of sedimentation ponds used. The major watershed characteristics .
affecting soil erosion are climatology, geology, soils, vegetation, topography
and hydrology. There are four main sources of sediment associated with sur-
face mining: (1) haul and access roads, (2) areas of active mining, (3) areas
being cleared for mining activities, and (4) areas in process of reclamation.
There are various types and combinations of sedimentation ponds of which a dam
enbankment located on or off the main drainage is most common. Chapter II
gives a discussion of the preliminary design considerations to sedimentation
pond design.

Chapter III presents the design methodologies for meeting effluent water
quality regulations. Design for the removal of sediment is mainly based on
ideal settling. for ideal settling the main criteria is particle size or
particle size distribution. Selection of a design particle size to be removed
should be done carefully and conservatively. Although, the pénd design is
based on ideal settling several aspects of sedimentation ponds cause
variations from ideal settling resulting in reduced pond efficiency. The main
causes of variation from ideal settling are short circuiting, flow currents,
turbulence, and scour and resuspension of settled sediments. These causes
have been identified in studies evaluating the performance of sedimentation

ponds. Several publications have identified and recommended measures to



control the various conditions of nonideal settling. These control methods
are related to various components of the pond, entrance to the pond, spillway
outlet, and pond configuration. Along with these methods, proper maintenance
of sediment storage volume, inlets, and outlets is manditory to maintain
proper operating conditions. Chapters IV and V present various modifications
to pond components and proper maintenance measures.

Although several methods to improve pond performance have been recom-
mended by others and presented in this manual, there is a significant lack of
information on their proven ability to increase the removal efficiency of the
pond. .Thus, there is a definite need for further investigation and research
to evaluate the various pond components and modifications, specifically on a
comparative basis, to enable & quantitative comparison of different methods
for selection during sedimentation pond design.

The final chapter of the manual presents one possible step-by-step
procedure for the design of sedimentation ponds. It should not be considered
as the only method available but rather used as a guide. Again, even
following the steps presented, meeting effluent qualify regulations is not
guaranteed. However, following these methods will help reduce the effects of
surface mining and sedimentation on the hydrologic balance of the particular

watershed being considered.
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I. INTRODUCTION
1.1 The Purpose

The need for control of sediment eroded from areas disturbed by coal
mining operations has been well documented. Presently, several erosion and
sedimentation control measures are available to the operator. Of these
various methods, sedimentation ponds have been the most widely used and are
required by federal regulations. Sedimentation ponds are typically the last
treatment measure applied before runoff leaves the permit area. Therefore, it
is paramount that sedimentation ponds be designed, constructed, and maintained
to provide sediment removal to meet regulatory effluent limitations and main-
tain the hydrologic balance.

Previously, federal and state regulations have required design of sedi-
mentation ponds for two general criteria: (1) to provide a specific storage
capacity based on the amount of disturbed area and (2) provide a required
storage capacity to retain the runoff from a design precipitation event for a
specified period of time. Recent studies have shown that the sedimentation
ponds designed to meet the above criteria d not necessarily meet applicable
effluent limitations. This inconsistency is addressed by the regulations
currently published by the Office of Surface Mining (OSM), whereby sedimen-
tation ponds are required to meet effluent limitations and the selection of
sedimentation pond design criteria such as storage volume, pond geometry, and
detention time is left to the design engineer. Thus, the design of sedimen-
tation ponds should be based on the pond‘'s ability to achieve specific
effluent limitations.

1.2 Application of Sedimentation Ponds

As stated previously, sedimentation ponds are the last treatment measure
applied before the runoff leaves the permit area. However, it should be
understood that sedimentation ponds are not the only means of sediment and
erosion control, but simply an integral part of an overall plan. The need for
a complete sediment and erosion control plan before, during, and after mining
operations based on sound engineering knowledge is necessary to minimize
potential environmental damage from surface mining activities. Further, it is
essential that the designer realize that the drainage basin in the permit area
is only one part of a larger, more complex drainage system. The drainage
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network in the permit area interacts with other parts of the larger drainage
system in a complex fashion. Over time this complicated system has
established a state of balance or quasi-equilibrium. The mining operation, or
any other large-scale disturbance, will affect this balance or equilibrium and
can result in dynamic responses through the system. The designer must
recognize this situation in order to restore the disturbed topography and
drainage to a condition where it will again properly function as part of the
larger system.

Sedimentation ponds as referred to in this manual are used for the re-
moval of sediment due to erosion from disturbed areas during the active mining
phase and during the reclamation phase until adequate revegetation has been
established. Sedimentation ponds are used in all OSM regions, with all types
of mining methods, on natural drainageways and in conjunction-with diversions.
The major controlling factor in the application of sedimentation ponds is
topography of the specific site. Although mining in steep sloped terrain is
normally associated with eastern mines in the Appalachian Mountain range,
limited mining is conducted on steep sloped terrain in the Rocky Mountain sta-
tes. There are also rolling and flat terrain areas in southeastern parts of
the United States. Therefore, techniques for application and design of gedi-~
mentation ponds cannot be specified by region, but are very dependent on the
topography of the site being analyzed.

1.3 Scope

The procedures presented in this manual are based on a comprehensive
literature review and assessment of the best technology currently available.
Selection criteria for inclusion in the design manual for the range of design
methodologies available included consideration of the physical environment of
surface mine operations, current design procedures employed, the problems with
existing sedimentation ponds, and the level of effort required to provide
compliance with effluent limitations. Modeling methods for design of sedimen-
tation ponds are considered state-of-the-art procedures. However, based on
the capabilities and present procedures used by most operators, modeling is
not included in the manual. 1In contrast, many of the simplified procedures,

including some methods in common use, are presented in this manual.
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This manual addresses all aspects of the pond that affect the removal of
suspended solids including, but not limited to, type of mining, topography,
location soil types, pond geometry, inlet and outlet control, and maintanence.
No attempt is made to present information on structural design.

To help meet the needs of designers and operaiors, contacts were made
with appropriate agencies in states where significant active mining operations
occur. Purther, contacts were made with operators to develop & background of
their capabilities, problems in sedimentation pond performance, innovative
techniques, and present design procedures. This information provided insight

for development of a useable design manual.

1.4 Design Manual Use

The methodologies and considerations in design of sedimentation ponds
have been presented to provide the designer or operator with an understanding
~of the processes involved to remove suspended solids and what effects these
processes have. In Chapter I, preliminary considerations of watershed
characteristics and sources of sediment are discussed. In Chapter III, com-
putational methods for water routing and removal efficiency are presented
along with a discussion on the characteristics of sediment removal to meet
effluent limitations. Tﬁis chapter contains the data requirements and the
methodologies that are used to design a sedimentation pond. An important
discussion in this chapter is that pertaining to sediment data, specifically
the particle size distribution. The design of ponds to meet effluent limita-~
tions is greatly dependent on the particle size distribution. Therefore,
great care should be taken to develop an accurate représentative size distri-
bution. Chapter IV presents modifications that can be made to improve the
performance of the sedimentation pond. Chapter V deals with maintenance and
sediment removal. Maintenance of sedimentation ponds cannot be emphasized
enough. Lack of pond maintenance is one of the major problems in

the per-~-

formance of existing sedimentation ponds and the development of a maintenance
program is a significant part of pond design. Chapter VI presents how these
sections are interrelated in the design process.

To bring the information and methodology together, the final chapter pre-

sents the procedural steps for design along with a comprehensive design



1.4

example. Users of the design manual are encouraged to carefully review the
example presented in Chapter VI to better understand the design methodology.

With a little practice, the complete design process will become familiar and

straightforwarad.
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II. PRELIMINARY CONSIDERATIONS FOR APPLICATION AND USE OF SEDIMENTATION PONDS
FOR SURFACE MINING

2.1 Office of Surface Mining Regulations and Environmental Protection Agency
Water Quality Standards

Design criteria for sedimentation ponds are established through federal
and state regulations. OSM sedimentation pond design criteria are intended to
prevent, to the extent poséible, additional contributions of suspended solids
to stream flow or runoff outside the permit area and to achieve applicable
federal and state water quality standards. These minimum water quality stan-
dards include effluent limitation gquidelines for coal mining point sources
established by the Environmental Protection Agency (EPA). Therefore, the
requirements of the EPA are directly tied to the performance standards for the
design criteria of sedimentation ponds.

OSM considers sedimentatfon ponds in conjunction with alternative control
measures as the best practical technology (BPT) currently available, as
established by the EPA, for the control of sediment. A sedimentation pond is
specifically defined by OSM to include any barrier, dam, or excavated
depression which slows water runoff allowing sediment to settle.

OsM sedimentation pond design criteria must enable compliance with the
effluent limitations, water quality standards, and the safety requirements of
state and federal governments. The determination of sedimentation pond design
criteria is left up to the operators and the registered professional engineers
designing the ponds and reviewed by the regulatory authorities.

Currently, the requirements of the EPA effluent limitations are the
result of the Federal Water Pollution Control Act Amendments of 1972. In sum-
mary, point source water discharges are required to meet effluent limitations
requiring the appliéation BPT currently available by July 1, 1977, and best ~
available technology (BAT) economically achievable by July 1, 1983. The Clean
Water Act of 1977 revised the control program for nontoxic pollutants. For
detailed discussion of applicable effluent limitations, see Section 3.3.
Suggested design criteria for sedimentation ponds are based on the current
effluent limits found in many states. Exact requirements for each agency
vary; however, the state agency requirements must be taken into account by the

design engineer.
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2.2 Watérshed Characteristics

The location, design, construction, and methods of treatment used in
sedimentation ponds are dependent on the characteristics of the watershed
where mining activity takes place. Preliminary consideration for the climato-
logy, geology, séils,'vegetgtion, topography, and hyérology of the watershed
will help facilitate the design of efficient sedimentation ponds that meet
water quality standards and requlations. These characteristics do vary on a
watershed-by-watershed basis; proper consideration of this must be made in
order to design sedimentation ponds properly.

2.2.1 Climatology

Climatological elements in sedimentation pond design include temperature
and precipitation. In general, temperature can affect the amount of runoff to
be treated as well as how effectively it is treated in a pond. Variation in
ambient temperature changes the viscosity of water which changes the settling
velocity of sediment particles.  Consequently, the detention time required to
settle out a waterborne particle of a given size changes. Ambient temperature
also influences the magnitude and seasonal distribution of runoff.
Precipitation in the form of snow causes little or no erosion. However, snow
melting in the Spring on partially frozen ground is a source for higher rates
of runoff and erosion. If low temperatures exist for a significant period of
time, ice formations in sedimentation ponds may be a problem. If not taken
into consideration in pond design, ice formations may cause failure of embank-
ments or damage energy Adissipators such as baffles or riprap. low tem—
peratures for a significant period of time may disrupt, dagage, or halt
chemical treatment processes that may be used as part of water treatment in
sedimentation ponds.

Precipitation is the most important element of climate in determining the
rate of erosion. The magnitude of annual precipitation, in addition to the
frequency, intensity, duration, and seasonal distribution of precipitation
events affect the magnitude of runoff and erosion. Precipitation charac-
teristics also effect the type of outlet and operation of a sedimentation
pond. For example, gated outlets are normally used to store all of the runoff
from an event. The gates are opened to discharge the runoff after sediments

have sufficiently settled to meet water quality standards. This would be



difficult to design for a pond on a watershed in the eastern region of the
United States where annual precipitation is much greater and precipitation
events that occur are characteristically of a longer duration, lower inten-
sity, and more frequent. Gated outlets are much more suitable for ponds in
the western region where annual precipitation and.uater yield are much lower
and precipitation events are of high intensity but for a relatively short
duration. ‘ ‘

Seasonal distribution of precipitation results in a seasonal distribution
of annual erosion potential. The erosion potential is greater during the high
precipitation period such as Spring than it is during Winter. This is impor-
tant in estimating the yield and concentration of sediment in the runoff. For
further consideration of seasonal erosion potential refer to 2Surface Water

Hydrology and Sedimentology Manual®™ (OSM, 1982).
,—_-\

2.2.2 Geology

The geology of a watershéd interacts somewhat with all hydrologic charac-
teristics of the watershed. The geology has a significant effect on the
topography. Topography is a major consideration in the location and shape of
a sedimentation pond.

An important consideration of the geology is to evaluate the different
types of overburden material that will be exposed during the mining process.
Overburden erosion characteristics should be considered when estimating sedi-

ment yields and runoff concentrations.

2.2.3 Soils

Watershed soil characteristics depend to a large extent on the parent
geologic materials and the predominant weathering processes. These soil
characteristics of the watershed determine runoff and erosion from the
watershed. The magnitude of runoff and erosion is a function of soil
infiltration, soil permeability, moisture content, structure, texture, and
content of organic matter.

The sediment size distribution of the runoff is the main design criteria
in sizing a sedimentation pond. As the size of particle to be removed becomes
smaller the size of a sediment pond required becomes larger. Often times, the

size of pond is impractical and chemical treatment may be necessary to remove
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the fine particles and alleviate the high cost of constructing a very large
pond.

2.2.4 Vegetation

Vegetation plays an important role in the wa£er balance and soil stabi-
lity in a watershed. Through interception, transpiration, and evaporative
processes, vegetation can substantially reduce water yield from a watershed.
Vegetation plays an important part in prOtecting the soil from erosion.
Vegetation can reduce the amount of erosion through: interception, reduced
rainfall intensities by providing an energy—-absorbing cover, reduced landslide
hazards through binding and lowering soil water content, and reduced overland
and channel erosion by providing added roughness which retards water velocity.
Removal of vegetation exposes underlying soils to greatly increased erosive
forces. Thus, one of the more critical periods during the mining process is
when reclaimed area soils have not developed significant vegetation.

2.2.5 Topography

Topography, including land and channel slopes, aspect, and surface and
channel geometry, is an expression of the morphological, geologic, and other
erosive forces that have acted on the watershed. In turn, these factors are
modified by the topography they have created. For example, channel slope
governs water discharge rate and sediment transport rate. Conversely, the
discharge rate and the sediment transport can alter the channel form to pro-
duce 2 new slope. Channel and surface geometry affect the depth and velocity
of water flow, thus altering sediment transport. Primary topographic con-
siderations in controlling erosion are slope and length of slope. An increase
in slope increases the transport capacity of surface runoff, thus increasing
erosion. An increase in length of slope allows for concentration of sheet
flow. This concentration of sheet flow forms rills and gullies by erosion
(see Figure 2.1).

The watershed shape or geometry can also be considered part of watershed
topography. The geometry of the watershed determines the amount of area of
the waterghed where flow concentrates and the time required for flow

concentration.
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Many'times topography controls the location of a sedimentation pond or
the type of pond that is constructed. Regulations state that sedimentation
ponds should be located as close to the source of sediment as possible.
Normally the only factor that limits locating a pond is steep terrain; ponds
are usually constructed in valleys or hollows a short distance downstream to

facilitate construction.

2.2.6 Hydrology

Runoff that reaches a sedimentation pond is the result of complex
interaction of all the previously discussed watershed characteristics; clima-
tology, geology, soils, vegetation, and topography interact to make up the
hydrologic process that includes runoff from a precipitation event. Climate
includes the intensity, frequency, duration, distribution of precipitation
events, and how that precipitation occurs, either in the form of snow or rain
depending on temperature. Vegetative cover intercepts a fraction of this pre-
cipitation by evapotranspiration. The existence and degree of vegetative
cover increases with favorable climate and soil conditions. Of the remaining
fraction of precipitation, s0il conditions determine what fraction will
infiltrate and what frac;ion will become surface runoff. The remaining frac-
tion that becomes surface runoff will concentrate in a watershed according to
the geologic and topographic features of the watershed. 1In this manner the
interaction of watershed characteristics governs the magnitude and distribu-
tion of runoff from precipitation and the sediment yield. Conseguently, the
quality of runoff from the disturbed area is affected by the dynamic
equilibrium of the watershed.

2.3 location of Major Sources of Sediment

There are four categories for sources of sediment from surface mining
activities in a watershed. These are the unmined portion of the watershed,
the mined or mining portion of the watershed, spoil banks or areas where spoil
is stockpiled, and haul or access roads necessary for mining activities. Of
these four categories, the unmined portion of the watershed generally yields
the least amount of sediment and is not considered a major source of sediment
yield. The remaining three categories are a direct consequence of mining

operations. Of thesgse three, haul or access roads and spoil banks commonly



generate the greatest sediment yield per unit area. For example, a study done
on & monitored watershed in Appalachia (EPA, 1976) gave the following com-

parison for rates of erosion:

Yield

Area (tons/square mile)
Unmined watershed 28
Mined watershed 1,930
Spoil bank 27,000
Haul road 57,600

However, due to the much larger percentage of the total watershed covered by
the mined or mining portion of the watershed, these areas generally yield the

most sediment.

2.3.1 Haul and Access Roads

Both haul roads and- access roads to mine sites constitute a major source
of sediment. 1In addition, roadways generally remain as a main source
throughout the life of the mine. Roadways yield larger amounts of sediment
due to an increased rate of runoff resulting from a relatively impermeable
surface, and steep cut or fill slopes associated with roadways. Roads inter-
cept sheet runoff and act as a transport mechanism via roadside ditches.
Roadways occasionally require clearing and steepening of side slopes which
increase slope erosion. Other factors which contribute to a greater sediment
vield from roadways include:

- Poor location of roads.

- Improper construction/maintenance of roads and side slopes.

- Improper planning/construction of road drainage systems.

2.3.2 RAreas of Active Mining
The nature and extent of sediment yield from areas of active mining are-
dependent on the mining method or procedure utilized. Four common methods of

surface mining are: area mining, contour mining, boxcut mining, and mountain



top removal. In general, area mining is a lesser source of sediment than con-
tour mining due to containment of runoff on disturbed areas. Contour mines
have a long, narrow geometry with more spoil and bench area potentiality,
draining off the disturbed area directly into an_off-site drainage system. 1In
addition, the receiving waters are generally closer to the mining operations
for contour mining than for area mining.

Boxcut mining is a form of contour mining used in steeper terrain that
reduces spoil dumped downhill by moving it laterally along the boxcut and
placing it in areas where coal has been removed. This facilitates maintaining
the original grade of the hill. Boxcut mining falls somewhere between area
and contour mining as a source of sediment. |

Mountain top removal is another form of contour mining used when the eco- -
nomics of overburden removal and coal seam thickness facilitate removing the
entire hilltop. Mountain top removal is also considered a lesser source of
sediment than contour mining. This is due to the regional nature of, and the
reduction in, relief due to mountain top removal. This generalization is true
only if the surface drainage is controlled internally.

The mining methods could be ranked from the largest contxributor of sedi-

ment to the least as contour mining, boxcut mining, mountain top removal, and
area mining. This is an over generalization since the sediment yield from a
mined area is site specific and is dependent on the amount of on-site erosion

control measures that are taken.

2.3.3 Areas Being Cleared for Mining Activities

The areas being cleared and grubbed as pretreatment for surface mining
activities are one of the major sources of sediment yield. Clearing and
grubbing expose soil on steep slopes and can create a soll surface that im-
pedes infiltration and/or concentrates runoff. Other factors that increase
sediment yieid are: failure to install perimeter control measures,
overclearing or clearing too far ahead of the pit exposing the area for a
longer period, and improper placement of the salvaged topsoil.

2.3.4 Areas in Process of Reclamation
This last major source occurs from the start of grading operations and

lasts until stabilization of the soil occurs by vegetative and/or structural
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«easures. Other factors in the reclamation process that can increase sediment
yield include constructing excessively steep, long slopes or structurally
unstable drainage channels. Also, improper tillage practices, plant material
selection, seedbed preparation, and maintenance can increase sediment yield
from reclamation areas. The potential for erosion is greater just aftér
reclamation than at any other time during mining operations; therefore, recla-
mation practices such as tilling, mulching, and revegetation are very impor-

tant in the control of erosion.

2.4 Types and Applications of Sedimentation Ponds

Sedimentation ponds can be an effective way to control sediment from
leaving the mine permit area. On-site erosion protection measures can be
taken to reduce the sediment yield from the mine site, but such measures

rarely control the sediment to the extent that effluent requirements can be
r~pet. Sedimentation ponds are typically the last sediment control measure that
;n operator uses before the runoff leaves the mine permit area and enters
natural drainageways downstream. Improper control of the sediment leaving the
.mine permit area may cause severe off-gite damages.

Sedimentation ponds are generally constructed with embankments, by exca-
vation, or a combination of Soth. The sedimentation ponds presented in the
following sections categorize the types of ponds that are currently used by
the mining industry. BHowever, several combinations of the various typeslduéfif' e
exist and may be used in the sediment control plan. There are many factors
which must be considered at each site to determine which basic type of sedi-
mentation pond, or variation, will provide the maximum control of sedimént.
The following sections give a description of the various types of sedimen-
tation ponds and where their application is most practical.

2.4.1 Excavated Sedimentation Pond

Excavated sedimentation ponds are constructed by excavating a pit or
*hole™ in the ground with the use of a bulldozer or backhoe. Generally, these
types of sedimentation ponds are limited to contain surface runoff from
disturbed areas at surface mines located in rolling to flat terrain and from
small drainage areas. Sedimentation ponds which are constructed strictly by

excavation are not used in steep sloped terrain due to the large amount of



excavation that would be required toiachieve the applicable storage volume
requirements. These types of ponds are generally located off a natural
drainageway. ,

The excavated sedimentation pond has been used in conjunction with the
mine pit which serves as a preliminary settling basin. The runoff from
disturbed areas within the mine site is directed into the mine pit where
settling of the larger size particlesioccurs. From the pit, the mine drainage
is pumped into the excavated sedimentation pond where final settling occurs.
Using pumps to control the inflow int? the excavated sedimentation pond allows
control of the detention time within %he sedimentation pond. Additionally,
the storage volume within the pit cangbe utilized, thereby reducing the sedi-
mentation pond storage requirements a% long as the storage volume within the
mine pit does not interfere with minihg operations.

There are many disadvantages with the excavated sedimentation pond. It
is limited to applications in relativgly flat terrain and controlling surface
runoff from small drainage areas. In?tallation of dewatering devices in these
types of ponds is generally very expeésive and therefore; they are rarely
installed. This leads to the pond stéring water for a long period of time
thus reducing the avallable storage vblume when a storm event occurs. The
result of this will be decreased deteﬁtion times and therefore, decreased
effluent quality. In addition, it isidifficult to provide separate principal
and emergency spillways. For these r;asons, applications of the excavated

sedimentation pond are very limited.

2.4.2 Embankment and Cbmbination Embankment/Excavated
Sedimentation Ponds

An embankment sedimentation pond can be used in any type of terrain.
Generally, these types of ponds are located on a drainageway. An embankment
is constructed across the drainageway to form the sedimentation pond. When
the drainageway bed is excavated upst#eam of the embankment, a combination
embankment/excavated sedimentation po;d is formed. Excavation upstream of the
embankment provides additional storage volume capacity to an embankment sedi-
mentation pond. '



A variety of outlets may be used;with the embankment and combination
enbankment/excavated sedimentation pond. The most common method is to use a
pipe outlet for the principal spillwaf and a channel cut into the top of the
embankment as the emergency spillway.i Although, several other types of
outlets are used and are presented in Section 3.9;

As previously mentioned, embankment sedimentation ponds are generally
constructed on drainageways. The topography often dictates that this type of
pond be constructed. However, this t§pe of pond has some disadvantages.

There is a possibility of embankment failure due to poor construction or the
use of poor construction materials. Bank sloughing may occur that can
decrease the sediment removal efficiency of the pond by adding sediment to the
pond. Bank sléughing reduces the atofage volume capacity. and therefore,
increases the maintenance requirementg. The shape of the embankment sedimen-
tation pond is generally controlled bj topography.

The combination embankment/excavited sedimentation pond has the advantage
of providing additional storage volumeiwithout increasing the height or size
of the embankment. However, exposure §f the side slopes due to upstream exca-
" vation may require that the slopes beistabilized.

.

2.4.3 Sedimentation Pond SPillwa& Type

Sedimentation ponds have often he;n classified according to the type of
principal and emergency spillway usedJ OSM regulations require that a com-
bination of principal and emergency sﬁillways be provided to safely pass the
runoff from a 25-year, 24-hour precipftation event or larger event gpecified
by the regulatory authority. In addition, the elevation of the crest of the
emergency spillway shall be at least one foot above the crest of the principal
spillway. Therefore, separate outletslmnst be provided for the principal and
emergency spillways.

Principal spillways are usually constructed by using some type of pipe
outlet. Emergency spillways are generally constructed by excavating an exit
channel through the embankment or natural ground. Other types of outlets may
be used for the emergency spillway but due to the costs involved, the exca- .
vated exit channel is the most feasibie. A complete discussion of spillways
is presented in Section 3.9.
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2.4.4 Multiple Pond ‘Systems

A multiple pond system is considered to be the use of two or more sedi-
mentation ponds in a series {(one downstream of the other). The concept of
multiple ponds is also accomplished through compartmentalization of a single
pond. The concept of multiple ponds is the occurrence of staged settling.
Solids with higher settling velocities will settle in the first pond or com-
partment and the finer sediments will be settled in the final pond or compart-
ment. One particular advantage to‘this type of system is that most of the
maintenance (i.e., sediment removal) is limited to the first settling pond or
compartment. Also, field applications have shown that multiple sediment ponds
in a series are more efficient in removing finer particles than a single pond
of equal surface area. One disadvantage in the use of multiple ponds is that
more area is disturbed due to the construction of additional ponds. A
detailed discussion on the application and design of multiple pond systems is
given in Section 4.3.

2.4.5 Physical/Chemical Treatment Ponds

Physical/chemical treatment identifies the process of adding chemicals to
enhance the physical settling characteristics of the sediment particles to be
removed by gravity settliﬁg. The chemicals added are generally referred to as
coagulants or flocculant aids. Chemicals are added to the influent of the
sedimentation pond, where proper mixing must occur, and then the sediment is
flocculated and settled in the pond. Coal fines may not be flocculated when
chemicals are added due to the electrical nature of the coal fines. Other
treatment measures may be required to remove the coal fines.

Physical/chemical treatment is a standard practice in the treatment of
water for domestic use. More recently it has been applied in the mining
industry for the removal of sediment to meet effluent limitations. To meet
the existing and proposed effluent limitations will sometimes require removal
of very fine clay and silt sediments. The volume and surface area of a sedi-
mentation pond required for removal of very fine sediments are unreasonably
large. Therefore, physical/chemical treatment measures are required for re-
moval of fine sediments.

Physical/chemical treatment measures have been used in the field in
conjunction with multiple ponds in a geries. 1In this type of application, the



large sediment is settled in the first pond, reducing the sediment load to the
gsecond pond where it is only used for settling of the finer sediments. The
chemical dose required for settling is generally directly related to the
concentration of solids. Therefore, by reducing the solids concentration in
the first pond, the amount of chemical required is reduced below the amount
that would be required using only one sedimentation pond. Detailed discussion
on the actual physical/chemical treatment process and types of coagulants is
given in Section 4.3.

Some disadvantages do exist in the application of physical/chemical
treatment. The use of chemicals in settling solids adds to the volume of
material settled in the sedimentation pond; therefore, consideration must be
given to sediment storage volume and/or frequency of maintenance. Another
consideration is final disposal of the settled sediment. It should be
realized that the sediment contains the chemicals used for coagulation. The
type and/or difficulty of final disposal will depend on the type of coagula-

tion chemicals and flocculant aids used.

2.4.6 Dry Basin versus Permanent Pool

The dry basin is characterized as a basin which has a dewatering device
such that the sedimentafion pond does not store the water runoff from any one
precipitation event indefinitely. Examples of dewatering devices include
trickle tubes and perforated riser pipe outlets that dewater to the sediment
storage level in the pond.

Dry basins may be located either on or off drainageways. For dry basin
ponds, the dewatering device is designed to dewater the sediment pond at a
rate which achieves and maintains the required detention time to achieve
applicable effluent limitations. Between precipitation events this type of
pond is either dewatering or dry.

The permanent pool) sedimentation pond is designed to provide a permanent
storage volume of water after the principal spillway has stopped discharging.
The maximum permanent pobl elevation is the elevation of the principal
spillway crest. These types of ponds are often located on small drainageways
and perennial streams when approval of the requlating authority is given.
Permanent pool sedimentation ponds can also be located off drainageways.
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The main difference between dry basins and permanent pool basins is that
the permanent pool provides a constant storage volume for water while the dry
basin does not. The advantages of the permanent pool basin are that it provi-
des a water supply for dust control on haul and access roads during dry
periods and the permanent pool helps minimize resﬁspension of sediment that
has already settled. The disadvantage of the permanent pool basin is that it
needs to be designed for the additional permanent storage volume of water.

The advantage of the dry basin pond is that it does not have to be
designed for an additional storage volume and therefore, the entire storage
volume of the basin can be utilized during large runoff events. The disadvan-
tage of dry basins is that resuspension of the settled sediment may occur if

control measures at the inlet are not taken.

2.5 Summary of Preliminary Considerations

Preliminary consideration for the application and use of a sedimentation
pond in a surface mining operation is based on the pertinent regulations and
standards that outline the level of performance required. With a working
knowledge of the w&tershed characteristics, sediment transport mechanisms, and
major sediment source locations, the type of sedimentation pond and its appli-
cation can be chosen and designed to facilitate meeting requlations and stan-
dards for pond performance.

The criteria for design of sedimentation ponds is established federally
through regulations by the Office of Surface Mining, Environmental Protection
Agency, and the Mine Safety and Health Administration (MSHA). OSM design cri-
teria are intended to prevent, to the extent possible, additional contribu-
tions of suspended solids outside of the permit area and achieve water quality
standards. Sedimentation ponds are also required to meet inspection and large
dam criteria of the MSHA (30 CFR 77.216) and requirements of state and local
agencies with jurisdiction over the design, construction, or discharge of
sedimentation ponds.

The climate, geology, soils, vegetation, topography, and resultant hydro-
logy of a watershed affect the magnitude and rate of erosion and sediment
transport that must be treated by a sedimentation pond. Climatological fac-
tors include the seasonal variation and range of temperature and the magni-

tude, intensity, frequency, duration, and seasonal distribution of



precipitation. Geological processes creating long- and short-term land sur-
face adjustments affect watershed climate and hydrology. Erosion-resistant
rocks, large-scale erosive forces, and bed structure dictate the general
topography. Thus, the geology of a watershed is important because it affects
all of the other watershed characteristics.

The magnitude of runoff and erosion is a function of soil permeability,
moisture content, structure, texture, and content of organic matter. The
amount of vegetative cover, which is a function of climate and soil charac-
teristics, affects the stability of the so0il and water yield from a watershed.
Primary factors of topography are the length and steepness of slopes and the
geometry of the watershed. The complex interaction of all these watershed
characteristices determines the magnitude and distribution of runoff from a
precipitation event, which is the element of the hydrologic process of
concern.

There are four categoriés of sediment sources from surface mining activi-
ties in a watershed. These are the unmined portion of the watershed, the
mined or mining portion of the watershed, spoil banks or areas where spoil is
stockpiled, and haul or access roads necessary for mining activities. Of
these four categories, the unmined portion of the watershed generally yields
the least amount of sediment and is not considered a major source of sediment
yield. The remaining three categories are a direct consequence of mining
operations.

The type of pond can be classified into one of three general categories:
excavated ponds; embankement ponds; and combination excavated/embankment
ponds. The major factor in the selection of the type of pond is the
topography of the proposed site.

When conditions for treatment of runoff from the disturbed area warrant,
chemical treatment systems or multiple pond confiqurations are used.
Normally, chemical treatment systems are utilized when high concentrations of
colloidal size particles are present in runoff from the disturbed area and
gravity-settling methods are not sufficient. Multiple ponds are normally used
when the cost of constructing a single pond is high because of topographic
constraints, or the gravity-settling method of treatment in a single pond is
not sufficient to meet effluent limitations.



With sufficient knowledge of the preliminary considerations discussed
previously, the type and application of a sedimentation pond which will be
effective in sediment control can be selected.
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III. SEDIMENT REMOVAL THROUGE SEDIMENTATION PONDS

The design of sedimentation ponds is based upon satisfying effluent limi-
tations. These limitations are established for specified stream water quality
criteria and design precipitation runoff event. Sedimentation ponds are
usually designed in the preliminary stages of the mine plan and therefore,
there is little or no available information on base flow conditions. Because
of this, ponds are designed for the design precipitation runoff event and the
pond effluent for base flow conditions is tested after the pond becomes opera~-
tional. If base flow effluent limitations cannot be satisfied, modifications
can be made to the pond. Generally, the design runoff event will control the
sedimentat;on pond design unless sediment inflow for base flow conditions is
composed of high concentrations of fine silts and clays.

The following sections describe the information that is required for
designing a sedimentation pond to meet effluent limitations. The pond design
is based upon ideal settling conditions with conservative factors incorporated
info the design to account for nonideal settling conditions.

The design begins by selecting a particle size which must be removed in
the pond such that effluent limitations are satisfied. Determining the pond
configuration requires an interactive process which begins by assuming a
depth. The required storage volume and the available storage volume are
determined and compared to each other. When the required storage volume is
larger than the available storage volume, a new depth is assumed and the
design process is repeated. Once the available storage volume is adequate,
the pond configuration is checked based upon nonideal settling conditions.

The design procedure and exampie presented in Chapter VI show how the infor-
mation presented in the following sections is used in sedimentation pond
design.

3.1 Site Selection

3.1.1 General Considerations

Selecting a sedimentation pond location requires consideration of several
factors. In all cases, sedimentation ponds must be constructed in locations
where it will be possible to direct or divert all surface runoff from
disturbed areas into sedimentation ponds throughout the life of mining opera-
tions. Other factors which are of primary importance and should be considered
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in selecting a sedimentation pond location include the topography of the mine
site, locating major sources of sediment, accessibility of the sedimentation
pond, availability of construction materials, and the direction of mining. In
many instances these factors will limit the number of viable locations that
are available for sedimentation pond construction. In particular, availabi-
lity of suitable sites for a sedimentation pond location will be controlled,
to a large extent, by the topography of the mine site. In addition, ponds
must be constructed prior to any disturbance of the mine area. Through care-
ful planning practices and field investigation, the sedimentation pond loca-
tions which will meet this objective can be identified.

3.1.2 Topography Considerations
3.1.2.1 Steep Sloped Terrain

Throughout the United States surface mining operaions are often located
in steep sloped terrain. This is true for the Appalachian mining region, the
Récky Mount§in, and parts of northern California and Washington. 1In the
regions which are characterized by steep sloped terrain, the topography beco-
mes the most important cdntrolling factor in the site seletion for a sedimen-
tation pond location. The main problem in finding a suitable sedimentation
pond location is to determine where an adequate storage volume can be
provided.

Where surface mining operations are located in the upper paft of a
watershed, the topography is characterized by steep slopes and v-shaped
drainageways. It is usually desirable to locate the sedimentation pond as
close to the mining operation as possible; therefaore, the only site that is
often available for a sedimentation pond location is the v-shaped drainageway
directly downstream of the surface mine operation. A sedimentation pond which
incorporates the use 6f an embankment will have to be used. The storge volume
of the sedimentation pond can be increased by excavating upstream of the
embankment. Often times the storage capécity provided by the embankment
including any upstream excavation does not provide the storage volume required
to achieve effluent limitations. To overcome the problem of sedimentation
pond location in steep sloping terrain, there are two alternatives Available

to the operator.
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The first alternative is to construct a sedimentation pond at a location
farther downstream within the watershed where the slope of the drainageway
becomes milder and the shape of the drainageggy becomes u-shaped. The disad-
vantage of this alternative is that runoff from a much larger area will need
to be contained and treated, thereby requiring thé construction of a much
larger structure.

The second alternative is to construct a series of sedimentation ponds
located in the steep, narrow drainageways where the runoff from the disturbed
mining areas passes through each sedimentation pond (multiple sedimentation
ponds).

It should be noted here that there are other alternatives to sedimen-
tation ponds for sediment and erosion control. Depending on the size of the
area, several devices and techniques have been used. Refer to "Design of
Sediment Control Measures for Small Areas in Surface Coal Mining™ (0OSM, 1982)
for further consideration of alternatives to sedimentation ponds.

3.1.2.2 Mild Sloped Terrain

There is much more flexibility in selecting a sedimentation pond location
in mild sloped terrain. The physical constraints imposed by the topography
are less than for steep sloped terrain and therefore, more attention may be
directed toward the other primary factors considered in the selection of a
sedimentation pond site.

Sedimentation ponds may be located on or off drainageways. Small draina-
geways are often selected for a sedimentation pond location where an embank-
ment is used with or without e*éavation to provide the storage volume
required. Due to the milder drainageway profile and milder slopes of the
valley, the sedimentation pond located in the mild sloped terrain will nor-
mally have a greater length and width for any height of dam specified, thereby
providing more storage capacity. _

Off drainage locations are generally preferred when there is a suitable
location available for sedimentation pond construction. VNatural depression
areas are good locations for sedimentation ponds. An embankment can be
constructed across the downstream end of the depression area And the storage

volume may be increased by excavation.
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3.1.3 Sedimentation Ponds Located Sn Main Drainageways

Sedimentation ponds located on main drainageways are usually found in
surface mining operations located in steep terrain. Due to topographic
constraints, this may be the most cost-effective way to control sediment. The
main drainageway may be either an ephemeral or perennial stream. The sedimen-
tation pond located on a perennial stream will have a permanent pool, whereas
sedimentation ponds located on main drainageways which are ephemeral may be
either a dry basin or permanent pool.

The disadvantage of locating a sedimentation pond on a main drainageway
is that the surface runoff from both disturbed and undisturbed areas will have
to be detained long enough to achieve effluent limitations. This requires
amuch larger storage volume be provided and therefore, the construction of a
much larger sedimentation pond structure. In addition, chances of a sedimen-
tation pond being washed away during a major flood event are increased due to
control of runoff from a larger drainage area. Sedimentation ponds located on
drainageways which are perennial streams must be desgined to meet base flow
water quality limitations. When the sedimentation pond is removed, reclama-
tion of the drainage channel will be required. The channel will have to be
restored to iﬁs original shape, slope, and channel protection.

It is preferrable t§ select a sedimentation pond location which will not
be located in a main drainageway. However, the topographic constraints of the
mine site area may be such that the main drainageway is the only possible site
for a sedimentation pond location.

3.1.4 Sedimentation Ponds Located off Main Drainageways

Off main drainageways sedimentation ponds are generally used in rolling
and mild terrain where the topography does not restrict the location to the
exteﬁﬁ asjit éo s in steep sloped terrain. The types of sedimentation ponds
used\ main drainageway locations are embankment or some combination of
embankment and excavation. The sedimentation ponds may be constructed as
either a permanent pool or dry basin.

The off main drainageway location has several advantages over the on main
drainageway location. A sedimentation pond in an off main drainageway loca-
tion can generally be constructed closer to the sediment source and therefore,

designed for a smaller influent volume. This location avoids unnecessary

o —_—
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treatment of runoff from undisturbed areas. Essentially, the base flow is
zero, therefore the pond is generally designed based on precipitation events.
Gated outlets can be used on sedimentation ponds located in an off main
drainageway site to control the detention time between runoff events. Also,
the chances of an embankment sedimentation pond failing during a major storm
event are reduced since only the runoff from a much smaller area will have to
be controlled. However, again topography will play an important role as to
whether an off main drainageway location will be feasible for the operator to

construct.

3.1.5 Source of Sediment

During the development of a mine plan, ﬁhe locations that will be major
sources of sediment in the surface mining operation should be identified.
Major sediment sources include haul and access roads, areas being cleared,
spoil piles, and areas being reclaimed. As mining progresses the locations of
major sediment sources change. Thus, the location of sediment sources
fhroughout the life of the mine should be considered during the planning
stages.

Sedimentation ponds should be located as close to major sediment sources
as possible. Locating sedimentation ponds in this manner has several advan-
tages from both a sediment control and construction viewpoint. Controlling
the sediment as close to the source as possidble may require the construction
of several smaller sedimeﬁtation ponds as opposed to one or two larger ponds.
The smaller sedimentation ponds may be constructed directly downstream of the
major sediment sources thus requiring sediment control of only the disturbed
areas. The net effect of this is the influent volume is reduced by avoiding
collection of runoff from undisturbed areas, thereby reducing the required

storage volume to achieve effluent limitations.

3.1.6 Accessibility

Improper, or lack of, maintenance for sedimentation ponds is one of the
major reasons for poor sediment removal efficiencies. Often the lack of main-
tenance is due to inaccessibility to the location of the sedimentation pond.
Sedimentation ponds are often constructed in locations that are remote from

the surface mining operation and therefore, access roads to the sedimentation
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pond are given little regular attention and maintenance. The accessibility to
a sedimentation pond should be a primary consideration in the planning and
design of sedimentation ponds.

The access road should be designed considering the type of equipment
which will use the road. Where possible, the accéas road should be designed
such that the road drainage will be directed into the sedimentation pond.
Other sediment control measures or the construction of another sedimentation
pond will be required downstream of the access road to prevent off-site damage
if road drainage into the sedimentation pond is not possible. .

3.1.7 Mining Considerations

Throughout the life of the surface mining operations, the locations of
the major sources of sediment will constantly change due to the progression of
mining. Sedimentation pond locations should be selected considering the
direction of mining so it will be possible to direct or divert all surfce
rﬁnoff from disturbed areas into the pond throughout the life of the mining
operations. In all cases, time of exposure of cleared land should be kept to
a minimum to avoid filling of the sedimentation pond prematurely.

3.1.8 Field Investigation

Field investigation is essential in the development of an effective sedi-
ment control plan. After the operator has an understanding of the factors
that must be considered in selecting a sedimentation pond location, several
preliminary sedimentation pond locations can be selected using the most recent
topographic maps of the mine area. A field investigation should then be con-
ducted to verify information from topographic maps, survey the physical
features of each site, and identify any problems which may be encountered at
each site.

There are several surface features that should be noted at each potential
sedimentation pond location. These features include soil type, vegetative
cover, prefile and side slopes of the drainageway, channel shape, channel pro-
tection, and the capability of each site to provide the design storage volume.

The previously mentioned features are all interrelated in influencing the
erosional potential 6f the site and the suitability of the site as a sedimen-
tation pond location. An overview of each site should be conducted noting any
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problems relating to unstable soils or erosion. These features will be evi-
denced by small landslides, bank sloughing, and gqully or rill erosion.

The soil type and vegetative cover at the site should be investigated and
noted. Vegetation reduces the erosion potential and tends to stabilize the
soil. If a large area will be cleared for mining operations and the construc~
tion of the sedimentation pond, protective measures may be required to protect
the barren soil. Where some type of excavation might be required, it is not
desirable to disturb soils which would become unstable. This will happen for
soils which have little cohesion and thé-problem is increased if the sedimen-
tation pond is constructed in steep sloped terrain. Once unstable soils are
disturbed, a continous sloughing of the banks will occur which will reduce the
sediment removal efficiency of the pond as well as threaten the stability of
the embankment. However, sedimentation ponds located in soils which have a
high clay content may pose a problem in achieving effluent limitations. Due
to turbulence within the poné and wave action on the banks, high con-
centrations of colloidal particles could result and will require the addition
of coagulants or flocculants under base flow conditions.

In steep sloped areas where sedimentation ponds are often constructed on
drainageways, the drainageway channel shape and protéction should be investi-
gated. The drainageway channel protection should be noted since the channel
will have to be restored after the removal of the embankment. The channel may
have developed an armoring layer of a certain size particle or it may be pro-
tected only by vegetation. It can be expected that scouring will occur
downstream of the sedimentation pond and the magnitude of scouring will be
greater for the vegetation-lined drainageway than for the drainageway which
has already developed an armoring layer. 7

Once in the f£ield, the designer should verify the information on the
topographic maps and survey the physical features at each site. After the
field investigation, a review and comparison of the advantages and disadvan-
tages of each site can be evaluated to select the best sedimentation pond

location.
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3.2 Data Requirements

Information that is required to design a sedimentation pond can be broken
into three categroies: hydrology, sediment data, and inflow suspended solids
concentration. The following sections describe what specific information is
required for sedimentation pond design. '

3.2.1 Hydrology

Hydrologic information required to design a sedimentation pond includes
the peak inflow rate and the runoff volume for the design storm event. 1In
addition, where ponds receive the inflow from the mining pit, pumping, or are
located on a perennial stream, the inflow rate for base flow conditions must
be determined.

For the design storm event, an inflow hydrograph must be developed from
which the peak inflow rate and runoff volume can be determined. There are
several references available which describe inflow hydrograph development
(OsM, 1982; Bureau of Reclamation, 1977; Barfield, 1981; Soil Conservation

" Service, 1975).

For sedimentation ponds which receive inflow by pumping, the designer
will have to determine the inflow rate for base flow conditions. For ponds
vwhich are located on perennial streams, the designer can use historical data
if available. However, this type of information may be very limited.
Therefore, the inflow rate for base flow conditions or from pumping will
generally have to be measured after the pond has been constructed.

3.2.2 Sediment Data

The sediment data required for pond design are the particle size distri-
bution and total sediment yleld during a runoff event. The design of a pond
occurs during the planning stages before actual mining starts. Therefore,
information on the particle size distribution of the sediment runoff from the
disturbed area is not generally available for the specific site. The
following sections discuss the methods of obtaining sediment size distribution
and sediment yield.
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3.2.2.1 Influent Sediment Size Distribution

The most important sediment data required to design a sedimentation pond
to meet effluent limitations is the particle size distribution of the sediment
influent. The particle size distribution should represent the worst condition
during the life of the mine. From past and present experience, the worst con-
dition occurs during the reclamation phase. Two conditions during the recla-
mation phase must be considered.

The first condition to be considered is before the topsoil or "A" horizon
has been replaced. The soil uhiéh is eroded, and hence the influent particle

size distributg 1 be represented by the graded overburden.. The second
condition to beronsidered is after the topsoil or "A" horizon has been <3
replaced. thgg,noﬁdition, the particle size distribution of the eroded

solil will be represgpteqdyy the topsoil. Whichever condition results in a
particle size distri£;;ion with the highest percentage of particle sizes in
the silt range (0.001 to 0.074 mm) will be selected for the design influent
particle size distribution. The best way to estimate the particle size
distribution is to obtain size distribution information from previous and
nearby mining operations. When mining operations within the same area or
areas with the same soil texture exist, aetermination'of particle size distri-
butions of sediment runoff from existing analysis can be used. Before a par-
ticle size distribution from a nearby site is used, several considerations and
comparisons must be made so the information does represent the site under
consideration.

1. Soil characteristics at both sites should be very similar including
soil types below the surface which are disturbed during mining.

2. Slopes, drainage, and sediment transport characteristics of both
sites should be evaluated and compared.

3. The type of mining and amount of area disturbed at both sites should
be evaluated.

4. Data from as many samples and sites should be collected and eva-
luated to provide a good estimate.

S. The magnitude of the runoff event during which the sample was
collected should be considered.

—
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When these data do not exist, but nearby sites do exist, sampling and labora-
tory analysis should be conducted whenever possible.

Another method for developing particle size distribution information is
based on the site specific soil textural class and physical properties.
Generally, soil physical properties occurring at ; specific site can be iden-
tified using information given in standard Soil Conservation Service (SCS)
soil surveys. These investigations consist of classifying physical, chemical,
and biological characteristics of soils extending to depths of up to six feet.
The U.S. Department of Agriculture (USDA) publishes reports and maps of their
soil surveys, usually on a county basis.

A procedure for determining particle size distribution based on soil
textural class is presented for use with this manual. A textural class is
simply a name given each soil which designates the ranges of sand, silt, and
clay sizes it contains. This class can be obtained from SCS soil series
descriptions, other soil survey data in the vicinity, soil data from the mine
plgn, field estimation by a soil scientist, or laboratory analysis. After
détermining the textural classification, the corresponding particle size
groups are then determined from Table 3.1.

Where the mining area has several soil textural classifications within
the drainage boundary, a composite size distribution can be developed. For
each particular soil textural classification, the sediment size distribution
given in Table 3.1 will be multiplied times the fraction of the disturbed area
that each soil textural class covers. The values for each soil textural class

are then added together to form a representative composite size distribution.

An example of developing a representative composite size distribution is given

in the design example in Chapter VI.

The sediment size distribution based on textural class is not recommended
for use if more detailed soil data are available at the mine site. Also, it
is important that the soil data describing the material below the surface
(exposed during mining) be considered during development of the particle size
distribution. The designer should realize that the design can be no better
than the information on which it is based. To help eliminate significant
changes and modifications to the pond after construction, the particle size

distribution utilized should be a conservative estimate.
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The size distribution for base flow conditions can be significantly dif-
ferent from the size distribution based upon the surface and overburden soils.
Generally, the size distribution for base flow conditions will be composed of
smaller particle sizes. Sampling of the base flow size distribution is recom-
mended to accurately design for base flow effluent limitations.

For sedimentation ponds which receive inflow by pumping, the sediment
size distribution is very difficult to predict. 2n initial estimate of the
size distribution can be developed from the overburden soil. Once the pond is
operational, the effluent will have to be tested and pond modifications may be
required.

3.2.2.2 Sediment Yield
Sediment yield of the mining area is required to determine the sediment

storage volume of the pond and calculate the average effluent concentration
fpr the design storm event. The required sediment storage volume is dependent
upon the annual sediment yield and the frequency of sediment removal. It is
left to the designer to decide how often the sediment will be removed from the

‘pond. The annual sediment yield can be determined using the Universal Soil

Loss Equation (USLE). There are several references which are available which
describe the use of the USLE (OSM, 1982; Barfield, 1981). '

Sediment yield for the design storm event must be determined so the
average effluent concentration can be calculated. The Modified Universal Soil
Loss Equation (MUSLE) can be used to calculate the sediment yield from the
design storm event. The previously mentioned references also describe the use
of MUSLE.

3.2.3 1Inflow Suspended Solids Concentration

The inflow suspended solids concentration is required for both base flow
conditions and the design runoff event. For base flow conditions, the
influent suspended solids concentration will have to be measured since it is
very difficult to predict.

For the design runoff event, the average influent suspended solids con-
centxatioq can be computed knowing the storm runoff wvolume and sediment yield.

The average influent suspended solids concentration is computed as:

Y 6
C WX 10 (3.1)

I
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where, Cjy = average influent suspended solids concentration (mg/l),

Y = storm sediment yield (lbs),

Y unit weight of water (62.4 1lb/ft3), and
V = storm runoff volume (ft3).

It should be recognized that this concentration is the average suspended
so0lids concentration during the storm and higher suspended solids con-
centrations would be expected when the peak inflow rate occurs.

3.3 Effluent Limitations ' e

Design procedures for sedimentation ponds developed in this manual are-
based on meeting solids effluent limitations. The operator should be aware
that there are other effluent quality limitations on iron, manganese, and pH.
It is assumed that the manual will be used for design of sedimentation ponds
in the planning stages of mining and that the mining operation is controlled
by New Source Performance Standards (NSPS). The NSPS solids effluent quality
limitations are based on flow condition and the state of mining operation.

3.3.1 Suspended Solids Limitation

Solids effluent quaiity limitation during base flow for active surface
mining, underground mining, and coal preparation areas is 35 mg/l total
suspended solids (TSS) for the average of daily values for 30 consecutive days
and a maximum of 70 mg/l TSS for any one day. For post-mining conditions, ‘the
discharge from underground mine drainage is also subject to these suspended
solids limitations.

3.3.2 Settleable Solids Limitation

During any discharge or overflow resulting from a precipitation event
less than or equal to the 10-year, 24-hour precipitation event, the discharge
is subject to solids effluent quality limitations of 0.5 ml/l settleable
solids (SS). During any discharge or overflow resulting from a precipitation
event greater than the 10-year, 24-hour precipitation event the discharge is
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not subject to a solids effluent quality limitation. These alternate limita-
tions during precipitation events only apply if:
1. The treatment facility is designed, constructed, operated, and main-
tained to contain at a minimum the volume of water which would drain
into the treatment facility from active mining areas and reclamation

areas during the 10-year, 24-hour precipitation event (or snowmelt
of equivalent volume);

2. The treatment facllity is designed, constructed, operated, and main-
tained to consistently achieve the effluent limitations set by the
regulatory agencies for all effluent quality limitations;

The volume of settleable solids in the effluent from a sedimentation pond
ie determined by a simple procedure.known as the Imhoff cone test (see Figure
3.1). The Imhoff cones are filled to the one-liter mark with a thoroughly
mixed sample. Settling is allowed to occur for 45 minutes, the sides of the
cone are gently stirred with a rod to free any particles which may be clinging
to the sides of the cone, and settling is allowed to occur for an additional
15 minutes. The volume of settleable solids in the cone is then recorded as
milliliters per liter (from "Standard Methods for Examination of Water and
Wastewater," 15th edition). The test is normally performed at room tem-~
perature 25°C, 77°F) or the results are adjusted to room temperature. It
should be pointed out that some difficulty exists in reading the Imhoff cones.
When dealing with fine particles such as silt, it requires practice in
defining the volume of settleable solids. It is recommended that these
readings be taken in the presence of persons who have experience in performing
the Imhoff cone test.

Particle sizes smaller than one micron (0.001 mm) are assumed non-
settleable under gravitational forces alone. Therefore, particle sizes
smaller than one micron are not considered settleable solids in this manual.

A well—d;;;gned sedimentation pond will remove practically all of the
sand-sized particles. Therefore, the settled volume in the bottom of the
Imhoff cone will be composed primarily of silt.

The smallest particle uhich will settle through the entire height of the
Imhoff cone during the test can be computed. Based upon Stoke's Law, test
conditions, and assuming a specific gravity of the particle to be 2.65, this
particle size is computed as 0.011 mm (d,). Stokes's Law is based upon ideal

settling and there are several references available which discuss Stoke's Law
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FIGURE 3.1 IMHOFF CONE TEST APPARATUS (SAWYER, 1978)
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(Barfield, 1981; Shames, 1962). All particles larger than 0.011 mm would
settle during the test. Only a percentage of the particles smaller than 0.011
mm would be expected to settle depending upon the concentration of each par-
ticle size within the sample. The objective of this design manual is to
select a particle size of a particular size distribution that must be removed
s0 that the settleable solids concentration meets effluent limitations when
the sample is placed in the Imhoff cone.

3.4 Trapping Efficiency

To meet effluent limitations, sedimentation pond design must be based on
sediment size distribution and TSS concentration of the base flow or design
storm rﬁnoff entering the pond. Based on present state of the art, the most
common method for developing the pond design criteria to meet a specified
effluent limitation is by determining the percent of sediment removal
required. The percent of sediment removal is called the trapping efficiency
(E) and is equal to the weight of sediment flowing into the pond minus the
weight of sediment leaving the pond divided by the weight of sediment flowing
into the pond and then multiplied by 100 to obtain efficiehcy in percent.
Thus, the trapping efficiency is given by:

W, - W
z=—Ii—°x1oo (3.2)
I .

where, W = weight of sediment flowing into the pond,

wo = weight of sediment flowing out of the pond,

During base flow, the sedimentation pond will be in a steady-state
condition where the water inflow volume equals the water outflow volume. The
water volume can be changed to a weight of water. Dividing the weight of
sediment by the weight of water will yield a concentration of TSS. Therefore,
the trapping efficiency becomes

E '=—-—0 x 100 (3.3)
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where, cI = average sediment concentration into the pond,

Co = average sediment concentration out of the pond.

For base flow, effluent limitations are stated as a concentration of TSS.
Therefore, a relationship between the influent TSS concentration and the
trapping efficiency can be developed if the effluent TSS concentration is
known. Once the influent TSS concentration has been measured, the required
trapping efficiency can be determined if the effluent TSS concentration is
known. Figure 3.2 presents this relationship for a range of effluent con-~
centration limitations. Xnowing the influent TSS concentration, the required
trapping efficiency to limit the effluent concentration to a standard can be
determined from Figure 3.2.

During the design precipitation runoff event, the development of pond
design criteria is more difficult. The condition during a storm runoff is
dynamic in that the inflow to the pond is represented by a runoff hydrograph;
the outflow is based on the water surface elevation in the pond and the
discharge capacity of the outflow device. In addition, effluent limitations
for the design precipitation runoff event are stated as a concentration of
settleable sediment.

To design for the Aesign runoff event requires that a practical approach
be taken. The method used to route the inflow hydrograph through the sedimen-
tation pond is based upon the inflow volume being equal to the outflow volume.
{Water routing is discussed in Section 3.6.) Therefore, the trapping effi-
ciency for the design runoff event can also be computed using Equation 3.3.
However, for the design runoff event, the suspended solids concentration and
the trapping efficiency are both unknown. _

By definition, the trapping efficiency is the weight of sediment removed
in the pond. The influent sediment is represented by the sediment con-
centration and size distribution. 1In addition, it is assumed that the
influent sediment is evenly distributed in the water inflow. Therefore, when
a sedimentation pond is designed to remove a certain particle size (dj), the
percent of sediment removal or trapping efficiency is equal to the percent of
the size distribution that is larger than dj. Figure 3.3 presents the defi-
nition of the trapping efficiency for various particle sizes. This estimate

of trapping efficiency is conservative since it assumes none of the particles
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smaller than the selected particle size (d;) will settle in the pond.
Actually, a percentage of the particles smaller than d; will settle.
Therefore, for each particle size, a trapping efficiency can be determined
from the influent size distribution, and the suspended solids concentration
can be calculated by rearranging Equation 3.3.

E
Co (1 - 333) CI (3.4)

To determine whether the effluent requirements are satisfied, a rela-
tionship between the suspended solids concentration and the settleable solids
concentration is required. This relationship is presented in the following

section.

3.5 Settleable Solids Concentration

Effluent limitations during runoff events and post-mining reclamation are
stated in terms of a volume of settleable solids per one liter of sample. To

oy

a felationship between settleable solids apd ;otal suspended solids must be
‘considergd. agettleable solids are defined as the wolume of particles thag
.settle iﬁithe bottom of an Imhéff cone in one hour of quiescent settling.
Knowing the influent sediment size distribution, a particle size to be
settled in the pond is selected and the settleable solids concentration is
determined. If the settleable solids conéenq;ation is larger than effluent
limitations, a smaller particle size is selected and a new settleable solids
concentration is computed. Likewise, if the settleable solids concentration
is smaller than the effluent limitations, a larger particle size is selected

and the ettleable solids concentration is computed. Therefore, an

entation pond must remove so the pond effluent satisfies the settleable
solids limitation.

The first step in computing the settleable s8o0lids concentration is to
adjust the influent sediment size distribution by subtracting out the non-
settleable sizes (< 0.001 mm). Given the size distribution in Figqure 3.4, it
can be seen that ten percent of the sediment is smaller than 0.00%1 mm.
Therefore, the 90 percent of the size distribution which is settléable must be

process is required to determine the particle size that the sedi- —
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redistributed so that it makes up 100 percent of the size distribution. Table
3.2 shows how to develop a size distribution in which all particle sizes are
settleable. The settleable size distribution is presented in Figure 3.5.

A relationship between the effluent suspended solids concentration, the
settleable particle size distribution, and the settleable solids concentration
is required. Barfield (1981) developed an equation for the conversion of
suspended solids concentration to settleable solids based on discrete particle
settling and the geometry of the Imhoff cone. The volume of settleable solids

is given by
X
ss =S ((1ox)+ 1 (-d—i)GAx] (3.5)
w o =1 do i

where, SS = settleable solids concentration (mg/l),

C* = average effluent suspended solids concentration for the
settleable sizes (mg/l),

W = dry bulk density of the settled solids (mg/ml),

X, = fraction of particles in the effluent distribution smaller than
do = 0.011 mm,

d, = smallest particle which will settle through the entire height of
an Imhoff cone (0.011 mm),

d; = mean particle size of the interval AX; (mm), and

AXy = fraction of effluent sediment size distribution which has a mean
particle size of d;.

The average effluent suspended solids concentration for the settleable sizes

is given as

* = - = - .k_Y -
c0 1 13:)cI {1 E)va‘lor {(3.6)

where, E, Y V, Y are as defined previously, and

k = fraction of the particles in the influent size distribution which
are settleable.

In the previous example, k would equal 0.90 since 90 percent of the influent
size distribution is settleable.
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Development of Settleable Solids Size Distribution.

Influent

Settleable Solids

Size Distribution
Particle Size Distribution Column 3 x (100/90)

(mm) (8 f£iner) Column 2 - 10 (¢ finer)
(1) (2) {(3) (4)

0.001 10 0 0.0
0.0042 16 6 6.7

0.01 26 16 17.8

0.04 50 40 44.4

0.10 72 . 62 68.9

0.20 90 80 88.9

0.66 100 90 100.0
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The dry bulk density of the settled solids (W) should be representative
of settled silt since this is the size range that will settle during the
Imhoff cone test. A representative value of W for settled silt is 70
1b/ft3 or approximately 1120 mg/1l.

The fraction of the particles in the effluent size distribution which are
smaller than 4, (0.011 mm) is denoted as X,. When a particle size to be
removed in a pond is equal to or smaller than 0.011 mm, X, will always be
1.0 and all of the particle sizes in the effluent are equal to or smaller than
0.011mm. Ali of the particle sizes which have a diameter of 0.011 mm or
larger will settle in an Imhoff cone test. The second term in Equation 3.5
determines what percent of the particle sizes smaller than 0.011 will settle
during the test. '

When a particle size to be removed in the pond is larger than 0.011 mm,
Xo 4is equal to the.percent of the effluent size distribution which is smaller
than 0.011 mm. For this condition, the effluent will contain particle sizes
greater than 0.011 mm. All particle sizes greater than 0.011 mm will settle
in the Imhoff cone during the test. The first term in Equation 3.5 describes
the percent of the effluent size distribution which is larger than 0.011 mm
and therefore, will settle during the Imhoff cone test. For this condition,
Xo can be completed as
= 3 of settleable size distribution smaller than 0.011 mm

) % of settleable size distribution smaller than size to
be removed in sedimentation pond

X

The design of a sedimentation pond to meet effluent limitations requires
that a particle size to be removed be selected. A good starting point is to
select a particle size of 0.011 mm. This makes X, in Equation 3.5 equal to
1.0. Therefore, the effluent size distribution is made up of particles
smaller than 0.011 mm. To evaluate the second term in Equation 3.5, the par-
ticle sizes smaller than 0.011 mm must be redistributed into a size distribu-
tion in which the particle sizes smaller than 0.011 mm comprise the entire
size distribution. Using the settleable size distribution presented in Figure
3.5, it can be seen that 19.5 percent of the settleable size distribution is
smaller than 0.011 mm. This percentage of the settleable size distribution is
then redistributed to be 100 percent.
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This procedure starts by breaking up the settleable size distribution
smaller than 0.011 mm into several percentage intervals. This is shown in
Figure 3.6. The size range for each incremen; is then tabulated and the mean
size (d;) is determined. This procedure is shown.in Table 3.3. In this
example, percentage increments of 0.04 were chosen. There is no set value for
the percent incfements. However, smaller sized increments will yield a better
result. The particle size range for each increment is then tabulated (column
1, Table 3.3). The particle size (dj) in the middle of each increment is then
tabulated in column 2 of Table 3.3 as mean size. The final step is to
redistribute the size distribution smaller than 0.011 mm. This is
accomplished by dividing each percent increment (column 3) by the sum of
column 3. For this example, the first four entries in column 4 are found by
dividing 0.04 by 0.195. Column 4 is the AX; value used in Equation 3.5
corresponding to the d; value (column 2). Knowing this information, the

‘settleable solids concentration in the effluent can be determined from

Equation 3.5.

If the settleable s0lids effluent limitations are not satisfied, a par-
ticle size smaller than 0.011 mm is chosen to be removed. The value of X,
in Equation 3.5 will still be equal to 1.0. However, the particle size range
in column 1, Table 3.3 will change. The particle size range will now have the
upper limit of the selected particle size instead of 0.011 mm. Therefore, the
trapping efficiency, effleunt concentration, particle size range, increment
size, and AX; will have new values and the newrsettleable solids con-
centration can be computed.

When the computed settleable solids concentration is less than the
effluent limitations, larger sized particles will be allowed in the effluent.
Therefore, a particle size larger than 0.011 mm is selected to be removed in
the pond. In Equation 3.5, the second term will remain the same as that which
was computed for a particle size of 0.011 mm but will be reduced by a factor
of X,- This is one of the main reasons for selecting 0.011 mm as a starting
point. The value of X, will no longer be equal to 1.0. For this condition,
Xo can be computed as defined previously. With the new trapping efficiency,
effluent concentration, and value of X, the settleable solids concentration
can be computed using Equation 3.5. The settleable solids concentration will
increase rapidly as the particle size to be removed in the pond is increased
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Table 3.3. Size Distribution for Particles
Smaller than 0.011 mm.

v

(3)
Percent in Size
Range of
(1) (2) Settleable Size
Particle Mean Size Distribution (4)

Size Range (di) (xi) &x, = (xi/zxi)
0.001 - 0.0023 0.0015 0.04 0.205
0.0023 - 0.0046 0.0035 0.04 0.205
0.0064 - 0.0088 0.0075 0.04 0.205
0.0088 - 0.011 0.0100 0.035 0.180

I ' 0.195 1.0
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since all particles larger than 0.011 mm will settle in an Imhoff cone.
Therefore, when a new particle size is selected, a particle size in the range
of 0.015 mm to 0.02 mm should be tried so the designer can understand how fast
the settleable s0lids concentration increases.

When the designer has calculated the particle size which must be removed
in the sedimentation pond to meet effluent limitations, criteria for the sedi-
mentation pond design can be determined. The determination of the design par-
ticle size to meet effluent Jlimitations may seem confusing. Following through
the example given in Chapter VI will help the operator understand how to
design a sedimentation pond to satisfy séttleable solids effluent limitations.

3.6 Storage Volume Requirement

In the design process, there is an iteration procedure that is required
between the information presented in Sections 3.6, 3.7 and 3.8. Knowing the
particle size to be removed (Section 3.5), a depth is assumed and the
corresponding required detention time is determined (Section 3.8). The
available storage volume for the selected depth is determined (Section 3.7).
The required storage volume is then determined (Section 3.6) and compared to
the available storage volume. If the available storage volume is less than
the required storage volume, the depth is increased and the interation is
repeated. When the available storage volume is greater than the required
storage volume, the depth, detention time, storage volume, and outflow rate
are established. The pond surface area, length, and width are then checked to
ensure that the selected particle size is settled in the pond.

Flow routing through a sedimentation pond is determined by the rate of
inflow, storage capacity of the pond, and outflow capacity for given reservoir
levels. Numerous methods of reservoir routing have been developed which
include the Modified Puls Method, Rippl Mass Curve, and several others.
Descriptions of these methods can be found in hydrology texts and manuals.

A simplified method is used in this manual. The simplified routing
method is used to determine the required storage volume and size the principal
spillway to produce the required detention time so that effluent requirements
are met. The simplified routing procedure requires that the peak inflow rate
and runoff volume are known. The peak inflow rate and runoff wvolume can be

determined from the inflow hydrograph. This method implies two assumptions,

AN
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the shape of the inflow and outflow hydrographs are triangular and the initial
water surface elevation is at the elevatioﬁ of the principal spillway crest.
Therefore, the areas under the inflow and outflow hydrographs are equal.

Water routing through sedimentation ponds can be solved using Figures 3.7
and 3.8. Figure 3.7 is a graph showing the relationship between the time base
of the inflow hydrograph (T,) and the ratio of the required storage volume (S)
to the runoff volume (V) for a range of detention times. Figure 3.8 presents
the relationship between T, and the ratio of the peak outflow rate (Qp) to
the peak inflow rate (QI) for a range of detention times. The time base of
the inflow hydrograph is determined as:

T v

b = 7800 0, (-7

where, Ty, = time base of inflow hydrograph (hours),
V = water runoff volume (ft3),
Q1 = peak inflow rate (cfs).

The time base can be computed based on the information from the inflow
hydrograph. Knowing the time base of the inflow hydrograph and the required
detention time for a selected particle size to be settled (Section 3.8.1),
the required storage volume and peak outflow rate can bg determined using
Figures 3.7 and 3.8.

3.7 Available Storage Volume

The sedimentation pond storage volume should provide an adequate sediment
storage volume and an adequate detention storage volume so effluent limita-
tions are satisfied. At each sedimentation pond site, a relationship between
the depth and the stbrpge volume is required since the trapping efficiency
depends on depth and storage volume of the pond.

The method utilized to develop the depth and storage volume relationship
requires a topographic¢ map of the location of the pool area and embankment of
the sedimentation pond. An incremental value of storage volume between two
pool elevations can be determined using a planimeter and the scaled topography
map. For example, in Figure 3.9 the incremental storage volume between a pool

at elevation E; and a pool at elevation E; is determined by measuring (with a
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planimeter) the pool surface area at elevations E; and E3. The incremental
storage volume is then calculated as the increase in elevation (E3 = Ejp) times
the average surface area of the pool [(AEZ + A£3)/2]. Thus, a table relating
storage to stage can be developed (see Table 3.4). A graph of the stage ver-
sus storage volume is then plotted. '

It is left to the designer to decide how often sediment will be removed
from the pond. The sediment yield during the time period between sediment
removal can be computed using procedures described in Section 3.2.2.2. The
sediment yield is converted to a storage volume by dividing the yield by the
unit weight of ﬁhe deposited sediment. Lara and Pemberton (1963) developed an
equation to calculate the unit weight of the settled sediment based upon sedi-
ment size distribution and type of reservoir operation. This equation appears
in several references (Barfield, 1981; Bureau of Reclamation, 1977) and the
designer may consult these to compute the unit weight of the settled sediment.
A unit weight of 70 1bs/ft3 is suggested to simplify the design. Using this
value of unit weight, the required sediment storage volume can be computed.
The corresponding depth of the sediment in the pond can be found from the
stage-storage curve.

The characteristics of sediment deposition are such that the large sized
particles will settle near the inlet of the pond resulting in the formation of
a delta. Delta formation is described in Section 3.8.2.2. Because the larger
sized particles settle near the inlet, the sediment storage volume should be
provided near the inlet of the pond. If the sediment storage volume is not
provided at this location, accumulated sediment at the inlet will require fre-
quent removal.

The detention-storage volume is the storage volume required to produce
the required detention time. This is the volume that is used in the water
routing procedure presented in Section 3.6. The detention storage volume is
determined from the stage-storage curve and is measured as the available
storage volume above the elevation of the principal spillway crest. The ele-~
vation of the principal spillway crest is usually chosen as the maximum depth
of the sediment storage volume unless a permanent pool is provided. When a
permanent pool is provided, the permanent pool elevation will be at the eleva-
tion of the principal spillway crest.
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Stage-Storage Relationship Development.

Table 3.4.
Stage Storage
(feet) (feet3)
E1 0
e, P,
E, [(E, - E,) ( 3 )] =8,
R, * Ag,

E, s, + [(153 - Ez) - 5 )] = 5,

, A,
E4 53 + [(E4 - E3) ¢ 3 )] = 84
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3.8 Sedimentation Pond Configuration

The design of the sedimentation pond configuration is based upon ideal
settling conditions. 1In actual field situations, ideal settling conditions
are often difficult to reproduce. This necesgsitates the need to incorporate
factors into the design which account for nonideal settling conditions. The
following sections discuss the design of the pond configuration based upon
ideal settling, factors which produce nonideal settliﬂg, and what f&ctors are

used to compensate for nonideal settling conditions.

3.8.1 1Ideal Settling

Based upon ideal settling conditions, there is a direct relationship
between the detention storage depth of the pond and the detention time. This
relationship can be expressed as

D

V & e
s 3600 TD

(3.8)

where, Vg = particle settling velocity (fps),
D = detention storage depth (ft), and

Tp = detention time (hours).

The particle settling velocity is defined by Stoke's Law and is dependent
upon temperature of the water, particle size, and specific gravity of the par-
ticle. To determine the design particle size as presented in Section 3.5, the
temperature of the water was assumed 77° F, since this is part of the Imhoff
cone test and sets the criteria which must be satisfied. 1In the field, the
temperature of the water runoff will be closer to 50° F. For the same par-
ticle size, settling will take longer in the water which is 50° F than in the
water which is 77° F. Therefore, design of the sedimentation pond is based
upon the water being 50° F. Assuming a water temperature of 50° F and the
specific gravity of the particle to be 2.65, Stoke's lLaw may be written as

v_ = 2.254 a2 (3.9)

where, Vg = particle settling velocity (fps) and

d = particle diameter (mm).
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The result of combining Equations 3.8 and 3.9 is

2 D
2254 4 s-m— (3.10)
D
Figure 3.10 presents the relationship between the particle diameter and deten-
tion time for various depths using Equation 3.10. To settle any size par-
ticle, the required detention time for various depths can be found from Figure
3.10 or computed by Equation 3.10.
There 1s also a direct relationship between the flow length of the pond

and the detention time. This relationship is represented as

v L

H 3600 TD

(3.11)

where, Vy = horizontal flow velocity through the pond (fps),

‘ L = flow length of the pond (£ft), and
Tp = detention time (hours).

The horizontal flow velocity through the pond can be computed as
V & am——— N (3.12)

where, @, = peak outflow rate (cfs),
W = average width of the pond (ft), and
D4y = total depthlof the pond (ft).
Combining Equations 3.11 and 3.12 results in

3600 T, Q_

1
L =T (3.13)

where, Tps Q,, W are as defined in Equation 3.11 and
Dy = sediment storage depth plus detention storage depth, and

Tp, = detention time for depth D4 from Equation 3.10.

1
Equation 3.13 gives the required flow length of the pond to settle the design

particle size. This equation is used as a check after the pond storage volume
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and outflow rate have been established. The total depth is used in Equation
3.13 since the particle will be required to settle this depth just after the
pond construction is completed. If the required flow length cannot be
achieved, measures described in Section 4.2 can be taken to increase the flow
length of the pond. .

3.8.2 Nonideal Settling

As presented so far, the design of sedimentation ponds have been based on
ideal settling conditions. However, in the field it is difficult and often
impossible to provide ideal settling conditions. Variations from ideal
settling are caused by several factors. These factors are not independent
conditions; they are all interrelated and cause deviations from ideal settling
reducing the efficiency of the sedimentation pond. The conditions causing -
variation form ideal settling are:

-~ Flow currents within the pond

- Reservoir deposition

- = Short circuiting and turbulence

= Scour and resuspension

3.8.2.1 Flow Currents

various types of flow currents can exist within sedimentation ponds. The
most common being those caused by wind blowing over the surface of the pond.
Convection currents can also exist due to significant differences of
temperature within the pond.

Often during storm runoff events, the inflow to the pond is typically
more dense due to high suspended solids concentrations. This results in a
density current that flows along the bottom of the pond. This localized
increase in flow can cause scour and resuspension of settled solids and signi;
ficantly reduce the trap efficiency if the outlet to the pond is located near
the bottom.

All types of currents transport suspended material throughout the pond
both vertically and horizontally and distort the flow pattern from that
assumed under ideal settling. The result is a reduction in the performance of

the pond.
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3.8.2.2 Delta Formation

As the sediment-laden inflow passes from the inlet channel to the sedi-
mentation pond, the forward velcotiy of the flow is reduced due to increase in
flow width and flow depth. This results in the larger sized particles being
deposited almost immediately as flow enters the sedimentation pond.

Deposition of the larger sized particles near the inlet of the pond will
result in the formation of a delta. Figure 3.11 shows a delta formation near
the inlet of the pond. The delta will continue to grow larger and will gra-
dually migrate downstream within the pond. The consequence of a delta for-
mation is reduced detention time. Therefore, small particle sizes are not

given enough time to settle to the bottom of the pond.

3.8.2.3 Short Circuiting and Turbulence

Short circuiting is the flow of water through a sedimentation pond
directly from the inlet to the outlet resulting in dead storage areas and
feduced detention times. Figure 3.12 presents some typical sedimentation pond
shapes which have short circuiting. Short circuiting and turbulence are
caused by flow currents (as previously discussed), high inlet velocities, high
outlet flow rates, sedimentation pond geometry, and improper location of
inlets and outlets. When short circuiting occurs, the effective width of the
flow area through the pond is reduced and the flow velocity through the pond
is greater. This effect reduces the settling characteristics and increases

potential for scour and resuspension of settled sediments.

3.8.2.4 Scour and Resuspension

Scour and resuspension is caused by density currents and high flow rates
through the sedimentation pond. The scour velocity is defined as that velo-
city of flow required to initiate motion of a discrete particle. Resuspension
of the design particle size will result in effluent limitations not being
satisfied.

3.8.3 Control of Nonideal Settling
The significant factors which affect ideal settling are short circuiting,
turbulence, and scouring of the settling sediment. In the following sections

criteria areset to minimize these effects. These criteria are length-to-width
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ratio, short-circuiting factor, permissible inlet velocity, and permissible
flow-through veloéity. The sedimentation pond must meet these criteria to

ensure that the desired sediment removal is attained.

3.8.3.1 Short-Circuiting Factor

Research by Camp (1946) on various types of settling basins has resulted
in the development of a short-circuiting compensation factor based on the
shape of the basin geometry. It has been recommended that the surface area of
a settling basin be increased to account for nonideal settling conditions

according to

A = (FSC x;&) ' (3.14)
» 8

where, A = surface area of the pond at the elevation of the principal
spillway crest (ft?),

FSC = short-circuiting factor,
Qo = outflow rate ‘'(cfs), and
Vg = settling velocity of the design particle size (fps).

The value of FSC is generally 1.2. Equation 3.14 will yield the required
surface area that is needed in the pond at the elevation of the principal
spillway crest. There are three measures that can be taken if the pond sur-
face area does not meet the requirement of Equation 3.14. The pond side
slopes can be exéavated, the elevation of the principal spillway crest can be
raised, or application of multiple ponds.

3 «8e 3 . 2 Length-to-Width Ratio
The ratio between the flow length and the effective width of the sedimen-
tation pond is used as a design aid to minimize short circuiting. Specifying

a length-to-width ratio allows for utilization of the full surface area of the
sedimentation pond and helps maintain a constant horizontal wvelocity fhrough
the sedimentation pond. The length that is used is the shortest distance that
the water must flow from the inlet to the outlet of the pond. The width used
in the computation is the effective width of the sedimentation pond. This is
determined by dividing the surface area by the length from the(inlet to the
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outlet. The surface area of the pond is measured at the elevation of the
principal spillway crest.

It is general practice to specify a minimum length-to-width ratio of
2:1. lLarger length~to-width ratios will promote improved performance and
values of up to 5:1 have been recommended. The léngth-to-width ratio is
determined after the pond storage volume and outflow rate have been
established. If this ratio cannot be satisfied, the flow length can be
increased. Section 4.2 describes the measures that can be taken to increae
the flow length.

Both the short-circuiting factor and the length-to-width ratio compensate
for nonideal settling conditions. The short-circuiting factor determines only
the required surface area, whereas the length-to-width ratio defines the shape

of the surface area.

3.8.3.3 Permissible Inlet Velocity

For a sedimentation pond to be effective in sediment removal, the velo-
city of the flow into the pond must be small enough to prevent short cir-
cuiting. The criteria is used to limit the Froude number in the inlet channel

to 1.0. The Froude number is defined as
v ' .
Fr T:: (3.15)
YgD

where, Fy = Froude number,

V = velocity in the inlet channel (fps),
g = gravitational acceleration (32.2 ft/sec?), and
D = depth of flow in the inlet channel (ft).

If the Froude number in the inlet channel is greater than 1.0, inlet control

measures will be required. These measures are discussed in Section 4.2.

3.8.3.4 Permissible Flow-Through Velocity

The horizontal flow velocity through the pond must be less than the scour
velocity of the design particle size to avoid resuspension of the settled
sediment. The scour velocity for a specific particle size is determined by
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8B
Vec /F g(s, - 1 4

where, Vg, = scour velocity,

(3.16)

B = Shields' crticial shear stress parametr (0.047 for uniform

sand),

g = gravitational acceleration (32.2 ft/sec?),
8g = specific gravity of particle (usually 2.6 to 2.8),
d = diameter of spherical particle (ft),

F = Darcy-Weisbach friction factor (usually 0.02 to 0.03).

Assuming that Shields' critical shear stress parameter is equal to 0.05, the

) v = 1.67 a'/2
8sC

vhere, Vg, = scour velocity (fps) and
d = particle diameter (mm).

The horizontal velocity through the pond is

where, Vg = horizontal flow velocity (fps),

Qo = outflow rate (cfs),

W = average width of sediment pond (ft), and

D = detention storage depth (ft).

. specific gravity of the particle is 2.65, and the Darcy-Weisbach friction fac-
tor is 0.025, Equation 3.16 can be reduced to

(3.17)

(3.18)

If the horizontal velocity through the pond is greater than the scour velocity
for the particle that must be settled, the depth can be increased to reduce
the horizontal velocity which will also increase the width and decrease the

outflow rate.
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3.9 Sedimentation Pond Outlet Control Measures

Sedimentation ponds must provide a principal spillway and an emergency
spillway. Principal spillways are designed to provide sufficient detention
time during the design precipitation event to meet the effluent limitations
and dewater the pond. Emergency spillways are desiéned to work in conjunction
with the principal spillway and pond storage to safely discharge the peak
runoff resulting from the design storm. The design procedure presented in
Chapter VI develops the design discharge for sizing the principal spillway and
the elevation above the bottom of the pond. Actual design of the outlet is
not covered in this section. Several references provide design procedures for
sizing standpipe and culvert~type spillways (U.S. Department of
Transportation, 1965; Barfield 1981; Bureau of Reclamation, 1974; Soil
Conservation Service, 1969). The following discussion presents important
design considerations for principal and emergency spillways, various types and

dbnfigurations, and effectiveness.

3.9.1 Principal Spillways

The principal spillway is sized to provide a discharge rate as determined
through design of the sedimentation pond. Actual design should include eval-
uation of local drainage .conditions, water rights, economics, land~-use
constraints, and requirements of local, state and federal regulations. Design
of the principal spillway should not be independent of the design of the earth
embankment and emergency spillway.

The types of principal spillways commonly used can be classified into
three categories: open channel, drop inlet and pipe culverts. The type of
spillway used is based on local site-specific conditions.

3.9.1.1 Open Channel Spillways

Open channel spillways should only be used when all other alternatives
have been shown to be infeasible. This type of spillway provides no means of
déwatering the pond. Typically open channel spillways are located on small
drainage basins. Design of open channel spillways to meet effluent standards
during base flow and design storm conditions is very difficult. When an open
channel is used for the principal spillway it often is designed for the

emergency capacity, or the emergency spillway is also an open channel. Open
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channel spillways do not provide as much control of discharge or flexibility
to modification as drop inlets or pipe culverts. Further discussion of open

channel spillways is covered in Section 3.9.4 on emergency spillways.

3.9.1.2 Drop Inlet Spillways

Dfop inlet spillways are one of the most common types of principal
spillways used for sedimentation ponds. A drop inlet spillway is quite
flexible in design, offers good control of discharge, and is well adapted to
sedimentation ponds. A recommended minimum size for drop inlets is 12 inches
in diameter. This mimimum size provides accessibility for maintenance and
cleaning. When the design discharge for meeting effluent requirements results
in'a spillway size smaller than 12 inches in diameter, a 12-inch pipe is used
with an orifice of the required size opening affixed to the inflow end of the
drop inlet.

' Configuration of a typical drop inlet is shown in Figure 3.13. A drop
inlet has two main features, the barrel and riser. The riser and barrel can
be of concrete, reinforced concrete, polyvinyl chloride (PVC), corrugated or
smooth metal pipe. The selection of the type of material used should consider
site conditions and economics.

In designing drop inlets an important consideration is anchoring of the
riser and barrel on the bottom of the pond, and seepage along the barrel.
Failure of the riser to stay anchored is a common problem. Anchoring of
risers should consider the size of the riser, local soil type, type of pond,
and weather conditions. If the pond is a permanent pool it is susceptible to
freezing, and the forces created by the forming ice should be considered.

Seepage along the barrel is often the cause of dam embankment failure.
The problem generally occurs due to the lack of compaction around the barrel
during construction of the embankment.

3.9.1.3 Pipe Culvert Spillways

Another type of principal spillway commonly used is the pipe culvert,
also referred to as a “"trickle tube.” It consists of a pipe laid in the earth
in such a manner that the entrance elevation of the pipe (at the upstream end)
establishes the normal pool elevation in the pond. Fiqure 3.14 shows a typ-

ical pipe culvert arrangement. Pipe culvert spillways require the same con-
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gideration as drop inlet spillways do for seepage, minimum size and type of

material.

3.9.1.4 Efficiency of Principal Spillways

In this section the efficiency of principal spillways is discussed in
general. In Section 3.9.3 various modifications to principal spillways and
their effect on discharge quality are presented. The size of the principal
spillway is designed to convey the discharge required to achieve removal of
sediment. The design discharge is determined during design of the sediment
pond. Once the design discharge is properly determined, the effect of prin-
cipal spillways on discharge quality is based on location, in relation to the
geometry of the pond, and flow characteristics at the inlet end of the
spillway. _

The primary concerns in location of the principal spillway are an effec-

‘«ive surface area and short circuiting. As discussed in Sections 3.8.2 and

_28.3, the length-to-width ratio should be a minimum of 2:1, and a ratio of
5:1 is recommended. As the distance between the spillway and the pond inlet
decreases, the effective surface area decreases. As the effective surface
area decreases; the occurrence of short circuiting and turbulence is more
likely, and the overall effiéiency of the pond is reduced. The reductibn in
pond efficiency is variable and based on site-specific conditions. However,
an estimate of the reduced efficiency can be based on the reduction in effec-
tive surface area of the pond.

. The level at which the inlet of the principal spillway exists within the
pond affects the efficiency of the pond. Because the sediment settles to the
bottom of the pond, it is clear that there_will be less sediment at the sur-
face than near the bottom of the pond. Thus discharging from near the sur-
face of the pond can improve the efficiency. This characteristic has been
shown through use of floating welr devices and is dischssed further in Section
3.9.3.2.

Due to the turbulent nature at the principal spillway inlet, scour and
resuspension of settled sediment is likely. The amount of scour and resuspen-~
sion around a spillway is related to the elevation of the settled sediment.

As the level of settled sediment approaches the elevation of the inlet of the

spillway, scour and resuspension increase. Scour and resuspension are often
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associated with dewatering. When dewatering is required it is impossible to
avold some resuspension and scour at all times. Comparison of various dewa-

tering methods is presented in the following section.

3.9.2 Dewatering Devices .

Dewatering is usually required to drain the sediment pond between runoff
storms so adequate storage volume within the pond is maintained. Dewatering
devices are not necessary when draining below the principal spillway is not
required. Several methods of dewatering are used, including perforated
risers, subsurface drainage, a single perforation with associated use of a
skimmer baffle or a type of gate valve, siphon arrangement attached to the
riser and/or pumping. )

The use of perforated standpipe or riser for dewatering is required by
some states. However, sediment is carried out of the pond through the per-
forations because of resuspension of settled solids due to turbulence near the
perforations or because sediment is allowed to accumulate too high along the
riser barrel. Use of a perforated riser is not recommended.

In the subsurface drain arrangement, a (four-inch) perforated plastic
pipe network is laid in a ﬁtench in the bottom of the pond and covered with a
fabric filter and sand as shown in Figure 3.15. The pipe is connected to the
riser and the pond is dewatered through the sand filter/perforated pipe
arrangement by gravity.

There are two advantages of a subsurface drain arrangement: (1) complete
dewatering of the settled sediment is possible to aid in removal and disposal,
and (é) no turbulence or resuspension of settled sediment is associated with
this method. However, major disadvantages are clogging of the sand filter and
filter fabric due to the nature of the settled sediment; the permeability of
the settled sediment could result in exceedingly long dewatering time, and the
added expense of installing this type of pipe arrangement.

A single perforation at the sediment cleanout level with a skimmer-baffle
is shown in Figure 3.16. The single perforation method is easy to construct
and is capable of completely draining the pool to the sediment clean-out
level. With a skimmer, the perforation‘is non-clogging, fairly easy to
construct, and an efficient skimmer of surface debris. Some type of valve can

also be used to gate the perforation which allows control over the desired
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detention time before dewatering the pond. With the perforation, gated
dewatering can be done after the runoff event is over and the required removal
of sediment has occurred, thus reducing the amount of sediment discharged
during dewatering. .

With the siphon methods of dewatering, a (four-inch) pipe siphon can be
substituted for the single perforation as described previously (Figure 3.17).
The length of siphon depends on the dewatering time desired. 1In each case,
the inlet to the siphon is placed at the elevation of the sediment clean-out
level to facilitate drainage without removing sediment. The siphon is also an
efficient skimmer of surface debris, will always drain the pond to the sedi-
ment clean-out level, and has a higher discharge capacity than the single per-
foration method with the same size of opening.

For excavated ponds without a permanent pool, risers may not be prac~
tical. Therefore, a self-priming or portable pump can be used to dewater the
pond.

~ The effect of dewatering devices on the discharge quality depends greatly
on the level of sediment in the pond. When sediment is allowed to accumulate
up to the dewatering outlet, the amount of scour and resuspension of settled
sediment increases, decreasing the discharge quality. Therefore proper main-
tenance and sediment removal can decrease the effects of dewatering. It is
recommended that the sediment be cleaned out when it reaches 60 percent of the
design sediment storage. For properly designed and constructed dewatering
devices, the ability to maintain the discharge quality can be related to the
level of control at the dewatering device. Perforated risers and single per-
forations provide less control than a single perforation with a baffle skimmer
or a siphon type arrangement. A gate on the dewatering opening provides the
most control by enabling the operator to vary the detention time and physi-
cally verify that the sediment has settled before dewatering the pond.

3.9.3 Principal Spillway Modifications

The purpose of modifications to drop inlet or pipe culvert spillways is
to reduce short circuiting, eliminate turbulence, and thus increase trapping
efficiency of the pond. After proper sizing, the effectiveness of a principal
spillway is related to location within the pond, discharge point from within
the pond, and turbulent flow conditions at the outlet. As discussed in
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Section 3.8.2.3, short circuiting and turbulence can reduce the trapping
efficiency of the sedimentation pond. Studies of existing ponds have shown
poor pond performance as a result of short circuiting and turbulence at the
outlet of the pond (reference EPR, 1980; EPA, 1979; EPA, 1976). Several stu-
dies have made recommendations as to what spillwaf modifications can help
improve the sediment removal efficiency of a particular pond. The following
discussion presents some of the more commonly used modifications and their

effects on discharge quality.

3.9.3.1 Weir 'l‘roughs

Drop inlets and culvert spillways are single point outlets that usually
create short circuiting and resuspension. One modification that eliminates
the point discharge is a weir trough connected to the outlet. A weir trough

-discharges along the length of the weir and creates less turbulence than a

single discharge point. By discharging from more than a single point the
flow~through area and effective surface area are also increased. Thus, by
reducing turbulence and increasing the effective surface area, a weir trough
outlet can provide improved discharge quality over that of a single point
discharge outlet. Figure 3.18 shows a typical weir trough arrangement. In
application of a weir trough, structural integrity and maintenance are
required for effective operation and performance. Weir troughs are suscep-

tible to the same structural problems as baffles (see Section 4.2.2.2).

3.9.3.2 Floating Discharge

Typical principal spillways are generally fixed and discharge from the
same point elevation. As the water surface elevation in the pond rises above
the spillway elevation, the concentration of sediment increases due to the
settling of particles from the surface down. From this it is easy to see that
the minimum concentration within the pond will be near or at the water surface
elevation. Therefore, the discharge quality can be improved by discharging
from the surface of the pond. A variable elevation discharge orifice has been
field tested by OSM. Three tests were conducted using different outlet sizes.
The results of the test showed settleable solids concentration in the
discharge to be consistently less for the pivotal elbow type outlet as com-
pared to a typical perforated riser outlet. This device was adapted from
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floating weir spillways originally suggested for management of fish ponds.
Figure 3.19 showé the device tested by 0SM. The floating weir (or inclined
arm) allows removal of surface water regardless of surface elevation. The
floating weir consists of a riser pipe connected to the drain via a pivotal
90° elbow designed and constructed to enable quarier rotation about the axis
of the drain. Buoyancy and submerged depth of the orifice are adjusted by
weights and flotation jugs to maintain the orifice to two to four inches below
the water surface (OSM, draft report). Discharge is éontrolled by varying the
orifice size. Another advantage to this device is that it can also provide
dewatering of the pond. '

3.9.3.3 Filtering
As in municipal water treatment, filtering of the discharge can greatly

improve the quality by removing finer sediments that do not settle out in the
pond. Riser pipe filters have been used to improve trapping efficiency.
Riser pipe filters include cloth or fiberglass wraps and gravel cones placed
around the filters. The filter wraps have been found to be fairly effective
in trapping fine particles. BHowever, the filter wraps become clogged very
rapidly (Oscaryan, 1975). This clogging may cause the water level in the pond
to rise above the riser crest, thus negating the filter effect.

Another inexpensive filtering mechanism is the use of straw bales around
an outlet. This method is most applicable to pipe culverts. Straw bales,
like filter wraps, are effective in trapping fine particles; however, they

require frequent maintenance.

3.9.3.4 Gated Spillways

A gated spillway gives the operator complete control of the discharge
from the pond. With the gate closed the pond is allowed to f£ill and com-
pletelystore the runoff from a rainfall event. After an adequate time period
for settling of the sediment, the gate valve is opened and the pond allowed to
drain.

Gated spillways are applicable only to ponds that do not have a constant
base flow or ponds on ephemeral drainages. The pond should be designed to
store the entire runoff volume from the design rainfall event. Often times

ponds with gated spillways are designed to store twice the design runoff
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volume due to the nature of one or more rainfall events to occur within a
short time period.

Slide gates or butterfly valves are usually used for control at the
downstream end of the outlet conduit. Gates can also be used at the upstream
end (within the pond) of the spillway, however, access must be provided when
the pond is full. Again, proper maintenance is necessary to keep the valves
in good working condition. .

Gated spillways have an indirect effect on discharge water quality. As
stated previously, a gated spillway enables the operator to increase the
detention time within the pond. Thus, the longer the operator is able to
store the runoff in the pond, the more settling can take place, and thus
improve the discharge water quality.

3.9.3.5 Anti-Vortex Devices

An anti-vortex device is used to reduce turbulence at the outlet and to

" reduce the range of headwater depth where slug-flow action prevails and to

allow full pipe flow to occur at a lower headwater depth. Slug-flow action
results from the induction of air into the conduit by entrance drawdown and
vortices immediately upsteam of the inlet. If no anti-vortex device is usegd,
discharge efficiency values may be reduced by up to 50 percent (SCS, 1975).

Anti-vortex devices include grills, racks, vertical plates, or fixed
80lid hoods placed to break up the vortices or to prevent their formation
where they could feed air into the conduit (Figqure 3.20). In order to be
effective, the hood or grill must be placed immediately above the entrance and
the area between the inside of the anti-vortex device and the outside of the
riser must be equal to or greater than the area inside the riser.

Another anti-vortex device is a thin, vertical plate normal to the cen-
terline of the dam and firmly attached to the top of the riser. Length of the
plate must equal the diameter of the riser plus 12 inches and height must
equal the diameter of the barrel.

3.9.4 Emergency Spillways

Emergency spillwayes are used to convey large flood events safely out of
the pond without overtopping or breaching the dam. For dams less than 20 feet
in height or 20 acre-feet in active storage, OSM requirements call for design-~
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ing the combination of the principal and the emergency spillway to safely con-
vey the runoff resulting from the 25-year, 24-hour precipitation event. For
larger dams, the spillways must safely dicharge the runoff resulting from the
100~year, 24-hour precipitation event or a larger event as required by the
regulatory agency. The design of the emergency spillway should take into
account the design discharge of the principal spillways. In general,
emergency spillways consist of a crest section, a conveyance section, and a
discharge section. There are two types of emergency spillways, overflow
spillway and channel spillway.

Selection of the type of emergency spillway is dependent on the soils and
climate of the site. Vegetated emergency spillways have higher protection
from damaging erosion than earth spillways. They are applicable to sites

where a vigorous grass growth can be sustained by normal maintenance without

irrigation.

Earth spillways are used in those areas where vegetative growth cannot be

. maintained. They are similar to vegetated spillways but are designed for

lower permissible velocities and less frequent use. Normally, they will
require more maintenance after a flow event.

Rock emergency spillways are applicable on undisturbed land where parent
bedrock material is present. Allowable frequency of use and permissible ve-
locities must be ascertained for the specific site based on a knowledge of
hardness, condition, durability, weathering characteristics, and structure of

the rock formation.

Excavated open channel spillways are to have cut-and-fill slopes in earth
and rock which are stable against sliding. If the dam is to be permanent, cut
slope stability is to be evaluated for the long~term natural moisture con~
ditions. Side slopes shall be stable for the material in which the spillway
is constructed and shall not be steeper than 3 horizontal to 1 vertical in
earth and 1 horizontal to 1 vertical in rock.

The exit channel should be straight whenever possible. Slope of the
constructed exit channel should fall within the range established by discharge
requirements and permissible velocities based on spillway material (Tables
3.5 and 3.6). Riprap may be used to stabilize the spillway for higher design
velocities. Spillway discharge should be at a point downstream from any part
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Permissilbe Velocities for Vegetited Spillways1

{Soil Conservation Service, 1981).

Permissible Velocity in fps

Erosion Resistant Soils?

Easily Erodible Soils?

Slope of Exit
Channel in percent

Slope of Exit
Channel in percent

Vegetation

0 to 5

S to 10

0 to 5 S to 10

- hermudagrass

Bahiagrass

Buffalograss
Kentucky bluegrass

‘Smooth bromegrass

Tall fescue
Reed Canarygrass

Sod-forming

grass legume
mixtures

Lespedeza sericea
Weeping lovegrass
Yellow bluestem
Native grass mixtures
Annuals

3.5

N/a3

2.5 nN/a3

1 scs-TP-61

2 s defined in TR~52

3

Use on slopes steeper than § percent is not recommended.
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Table 3.6. Permissible Spillway Velocities after Agingl.

Original Material Excavated Feet per second

Fine sand, non~-colloidal 2.50
Sandy loam, non-colloidal 2.50
Silt loam, non-colloidal 3.00
Alluvial silts, non-colloidal 3.50
Ordinary firm loam 3.50
Volcanic ash 3.50
Fine gravel 5.00
Stiff clay, very colloidal 5.00
Graded, loam to cobbles, non-colloidal 5.00
Alluvial silts, colloidal 5.00
Graded, silt to cobbles, colloidal 5.50
Cobbles and shingles 5.50
Coarse gravel, non-colloidal 6.00
Shales and hardpans 6.00

!  Recommended in 1926 by Special Committee on Irrigation Research, American

Society of Civil Engineers.

2 vyalues shown apply to water transporting colloidal silts.
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of the earth embankment. If this is not practical, a wing dike should be
constructed to prevent flows from encroaching on the downstream toe of the
dam. |

Elevation of the crest of the emergency spillway is dependent upon the
type of spillway to be used. In all cases, the design depth of water over the
spillway must be & minimum of one foot below the elevation of the settled
height of the dam. The current 0OSM regulations allow discharge through the
emergency spillway for events less than the 10-year, 24-hour precipitation
event as long as effluent limitations are achieved. Therefore, the elevation
difference between the principal spillway and the emergency spillway is site
dependent. Local state requirements may specify full containment of the

design storm.

3.9.5 Eroslion Control Below Spillways

3.9.5.1 General ,

During operation, the outlet discharge from the principal spillway of a
sedimentation pond-is a highly concentrated, fast-moving jet (with its asso-
ciated turbulence) that has considerable potential for causing damage
downstream. If protective measures are not takeq, pond discharge can cause
eiosion downstream of the structure; undermine the outlet; form a wide, deep
scour hole in the outlet area; and possibly endanger the safety of the dam
embankment. Protection is necegsary to prevent the jet and its associated
turbulence from causing erosion until the jet flow has dissipated to a milder,
non-scouring flow. The most common method of protecting the channel from ero-
sive forces caused by high velocities and turbulent flow is to line the chan-
nel with riprap. In this manner, the channel is protected from erosion until
the outflow jet has dissipated to a milder flow condition of decreased ve-
locity and turbulence.

Where the pond will discharge onto an area which had not previously been
exposed to flow, there is the likelihood of severe erosion from the flow over
loose soils. On the other hand, if the pond discharges into a well-armored
natural channél, the downstream erosion affects will be minimal. Alignment of
the outlet and the channel at the outlet should be straight so discharge does
not impinge on any of the channel banks a short distance downstream. By pro-

perly choosing an outlet location and geometry, the amount of downstream ero-~
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sion is minimized. The application and design of riprap for erosion control

below principal spillways are discussed in the following sections.

3.9.5.2 Riprap
Riprap consists of a layer of discrete fragménts of durable rock

possessing sufficient size to withstand the dynamic, erosive forces generated
by the flow of water. Riprap should be hard, dense, and durable to withstand
long exposure to weathering. In surface mining operations, riprap is the most
common and economical means of preventing erosion of channel bed and banks
upstream a&nd particularly downstream of sedimentation ponds where there is a
high erosive potential due to contraction of flow, flow alignment, changes in
slope, and etc. Wwhen the material is of sufficient size, shape, gradation,
and hardness, riprap is excellent erosion protection.

The important factors to be considered in designing rock riprap protec-
tion are: rock durability, density, size, weight, shape, and angqularity;
direction and maganitude of the velocity of flow near the rock; bed or bank
siope: and angle of repose of the rock. In addition, the desired level of

_protection may not be provided by the riprap if design criteria concerning

rock gradation, placement, riprap thickness, and filter deéign are not
considered. ’

There are many means and methods by which riprap protection can be
constructed and placed. Following is a categorization of riprap materials and
methods of placement:

- Dumped riprap

- Hand-placed riprap

- Wire-enclosed riprap (gabion)

- Grouted riprap

When available in sufficient size, dumped rock riprap is usually the most
economical material for bank protection. Dumped rock riprap has many advan-
tages over other types of protection, including its flexibility and the ease
of local damage repair. Construction must be accomplished in a prescribed
manner but is not complicated. If riprap is placed during construction of the
embankment, rocks can be dumped directly from trucks from the top of the
embankment. To prevent segregation of sizes, rock should never be placed by
dropping down the slope in a chute or pushed downhill with a bulldozer.
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Dumped riprap can be placed with a minimum of expensive hand work. The
appearance of dumped riprap is natural, and after a time, vegetation will grow
between the rocks. Finally, in temporary channels when usefulness of the pro-
tection is finished, the rock is salvageable.

Dumped riprap is extensively used on surface mine sites due to the
availability of rock and the ease of placement; Sizing of riprap is important
for the proper stability and erosion control. Several references for sizing
riprap are available (Simons, Li & Associates, Inc., 1982; Barfield, 1981,
Bureau of Reclamation, 1977).

3.10 Summary
Sedimentation pond design is based upon meeting effluent limitations for

the design storm runoff event. A particle size that must be removed in the
pond is determined such that effluent limitations are satisfied. The pond
configuration is then determined to provide the required settling conditions.

\
his requires an interative process. Once the pond configuration is estab—~

lished, the principal spillway is sized to produce the required detention time
and the emergency spillway is then sized so that the combination of principal
and emergency spillways are adequate. The final step in the design process is
to check the effluent for h#se flow conditions after the pond is operational.
The design example in Chapter VI presents how the previous sections are
interrelated in the design process.
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IV. SEDIMENTATION POND MODIFICATIONS

Modifications to a sedimentation pond are done primarily to improve
settling conditions, thus improving sediment removal efficiencies. The modi-
fications are designed to control nonideal settling conditions as discussed in
Section 3.8.2. Field studies have verified the conditions and causes of non-
ideal settling in sedimentation ponds and several studies have made recommen-
dations as to modifications for controlling these conditions. Some efforts
have been made to field test the effectiveness of various modifications;
however, due to unforeseen problems, no significant data were collected (EPA,
1981). Various modifications to sedimentation ponds have been recommended.
These modifications apply to various aspects of the pond, including pond con-
figuration, inlet controls, outlet controls, multiple ponds, and physical/
chemical treatment. Outlet controls related to the principal spillway were
discussed in Section 3.9.3. The following sections describe various modifica-
fions and their application. When available, information pertaining to re-

moval efficiencies is reported.

4.1 Sedimentation Pond Configuration

Sedimentation pond shape and depth affect the performance of a pond in
sediment removal. In m&st cases, the configuration of the pond is controlled
by the topography, and therefore modifications to pond configuration are very
limited. It has become recognized that the length-to-width ratio greatly
influences the short-circuiting potential of the pond. Dye studies have shown
that a length-to-width ratio of 5:1 produced the best sediment removal effi-

.ciencies. However, length-to-width ratios of 5:1 are generally hard to

achieve due to the topography.

Specifying a length-to-width ratio does not account for or regulate the
depth of the sedimentation pond. A sedimentation pond design developed by
Bondurant et al (1975) has a varying depth through the length of the sedimen-
tation pond. This pond design is triangular shaped with a narrow inlet and a
wide exit with a skimming weir outlet. The depth is the greatest near the
inlet and continually decreases towards the outlet of the pond. Figure 4.1
presents the top view and side view of this type of pond. 1Ideally, this type
of pond would be efficient in sediment removal. This pond design provides a

sediment storage volume near the inlet, a decreasing settling depth through
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the length of the pond, and a continually decreasing horizontal velocity
through the pond. 1In addition, this type of pond would fit well into the
natural drainageways, however, excavation and protection of the inlet against
erosion and headcutting would be required. Field studies on the performance

of this type of pond are needed to improve its effectiveness.

4.2 Sedimentation Pond Inlet Control Measures

The inlet to a sedimentation pond is a section of channel where the
runoff enters the pond. The main concern at an inlet to a pond is to dissi-
pate the energy of the flow and thus reduce the velocity of the inflow. There
are several ways to do this with the use of riprap, logs, and other debris.
The operator can use any type of inlet control as long as it remains stable
near the inlet and dissipates the energy of the inflow. 1In this respect, the
operator can develop his own modifications for the control at the inlet.

Three major types of inlet control measures have been identified: chan-
ﬂel modifications, spreaders, and filtration measures. Channel modifications
work to dissipate the energy of the Qater flowing into the pond by increasing
the length of the channel, roughness of the channel, or by allowing discrete
drops in elevation at protected sections. Spreaders make use of the entire
area of the pond, thus reducing the average forward velocity of the runoff.
Filtration measures work to increase the roughness of the inlet section and
directly settle out some of the incoming sediment.

Inlet control measures should be located where they will be most effec-
tive and where there is access for maintenance. Installation and design
should take into account the entire range of design flows. The sedimentation
pond should be designed with sufficient sediment storage volume near the inlet
to take into account stage settling that often times results from inlet

control measures.

4.2.1 Channel Modification

An effective measure for controlling the flow of water into a pond is
through modification of the channel length, shape, or roughness. All channel
modification measures require a high degree of maintenance. Sediment accumu-
lated in the channel may be removed and disposed. Any aggradation or degra-
dation of the inlet section should be evaluated in terms of the effect on the
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hydraulic capacity of the channel. The most common types of channel modifica-
tions include check dams, riprap, and multiple inlets.

4.2.1.1 Channel Realignment

Channel realignment is usually used to increase the channel length, thus
reducing the channel gradient and flow velocity. The resultant lower veloci-
ties allow some suspended sediment to deposit in the inlet section. Channel
realignment usually creates channel bends which need bank protection. Channel
realignment is relatively low in cost; however, the application is usually
limited by topography.

4.2.1.2 Check Dams

A check dam is a low-head structure, usually used in series (Figure 4.2),
that reduces the gradient of the water profile by providing for discrete drops
in elevation at protected sections of the channel. The resultant lower ve-
locities allow some suspended sediment to deposit. Check daps are used in
steep channels that would otherwise have excessively high velocities. Since
check dams can be costly and require maintenance, they should only be used
when channel realignment is not possible.

The check dams should be located in a straight channel section in order
to minimize bank cutting (U.s, Forest Service, 1976). Maintenance access
should be provided to allow for clean out of accumulated sediment upstream of
the dam and repairs required for check dams.

The height of the check dam depends upon the design flow and the type of
structure. A drop height of two to three feet is common. Drop height should
not exceed four feet due to high velocity below the dam which will increase
erosion potential downstream of the dam.

Riprap or a concrete stilling basin is needed to control erosion below
the check dam. Channel bank upstream and downstream of the check dam should
be protected from erosion. Channel bank protection should extend to the
designed flow depth.

Several states require a spillway on a check dam. Usually, the spillway
is formed by lowering a section of the center of the dam by a minimum of six

inches.
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Sediment buildup behind check dams should be removed when the sediment
level is at one-half the height of the dam. Disposal should be in a manner
that will prevent sediment from being carried back into the waterways of the
mine. If displacement of riprap has occurred or if scour is present, repairs
should be made immediately. .

Check dams can be constructed of porous or nonporous material. .Porous
check dams can be built of loose rock, wire-enclosed rock, logs, and logs and
brush combination.

Since loose rock dams are not reinforced, the angle of repose of the rock
should determine the slopes of the dam sides. For the design of check dams, a
maximum side slope of 1.25 horizontal to 1 vertical for angular rock and 1.5
horizontal to 1 vertical for round rock is recommended. Hand or mechanical
placement may be necessary to achieve complete coverage of the ditch or swale.
Riprap protection or a concrete apron should be placed at the downstream toe

of the check dam in order to prevent undercutting of the structure. A typical

“loose rock check dam is given in Figure 4.3.

Wire-enclosed rock refers to rocks that are bound together in a wire
basket so that they act as a single unit. Check dams with wire-enclosed rock
can be bullt with steeper side slopes, but not steeper than 1 horizontal to 1
vertical. |

Log check dams are more economical from the standpoint of material costs
since logs can usually be salvaged from clearing operations. However, log
dams require more time and hand labor to install and remove. Iog check dams
should be constructed of four- to six~inch diameter logs, either upright or
slanted. The logs. should be driven into the streambed a minimum of 24 inches
on a line perpendicular to the stream flow. A filter cloth may be attached to
the upstream side of the dam to retard the flow and to trap additional sedi-
ment. If a filter cloth is used, it should be securely stapled to the top of
the dam and adequately anchored in the streambed. A typical log check dam is
given in Figure 4.4.

Nonporous check dams can be bullt of concrete, metal sheet pilings filled
with rock, or metal sheet pilings alone. Since check dams are low in height,
vertical drops are usually satisfactory. The check dam should extend its
depth beyond the anticipated scour depth downstream of the dam.
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Application of check dams in the field has shown that they can remove
approximately five percent of the incoming sediment load (Reed, 1978). The
portion of sediment removed is large particles and the pond must still be
designed to remove the smaller particles. However, the storage volume

required for sediment can be reduced.

4.2.1.3 Rigrag

One of the simplest control measures is the placement of loose rock at
the inlet section. This technique increases the channel roughness and effec-
tively reduces the flow velocity at the inlet.

Experience has shown that the usual causes of riprap failure are
generally undersized individual rocks, improper riprap gradation, thickness of
riprap, and bedding material. BAmong them, 80 percent of all riprap failures
are directly attributed to bedding failure. Factors that affect performance
of riprap are:

- Durability of rock

= Density of the rock

= Velocity (both magnitude and direction of the flow in the vicinity of

the rock)

- Slope of the bank or bank line being protected

= Angle of repose for the rock

- Size of the rock

- Shape and angularity of the rock

= Placement and use of filters on fine bank materials

In addition, the winnowing of fine materials from between and beneath the
riprap often causes failure. Proper installation of riprap on fine bank
material requires that a gravel or fabric filter be placed on the bank before
riprap is installed.

4.2.1.4 Multijle Inlets

Another modification for achieving decreased influent flow velocity is
use of multiple inlets. Construction of multiple inlets is more feasible in
relatively flat areas because there are no limitations of excavation capa-
bility due to topographic constraints. If branching is used (Figqure 4.5), care
must be taken to provide adequate channel erosion control in order to direct
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the flow in controlled areas. As an example, the two primary branches will
handle normal inflow to the pond. The control channel will be used only
during high flow conditions. A control device, such as a v-notch weir or a
check dam, should be used on the control channel to prevent straight-through
flow or by passing of the primary branches during low flow.

4.2.2 Spreaders

An effective means of inlet control deals with discharging the influent
over the total width of the sedimentation pond. Aprons and baffles located in
both the inlet and the pond are two most commonly used control measures.
Spreaders can significantly reduce the velocity of concentrated storm-~water
flow and spread it uniformly across the pond reducing, short circuiting
through the pond.

4.2.2.1 Aprons
An apron is an expanded section located at the downstream end of the

inlet‘channel to reduce inflow velocity and spread inflow uniformly across the
pond. Location of the apron is dependent upon the elevation of the maximum
water surface because submergence of the apron by high water will reduce the
effectiveness of the apron as a spreader. The apron should be located at
least one foot above the designed pool level. Aprons should be located
downstream of a straight inlet channel to avoid nonuniform distribution of the
inflow to the aprons. Riprap or concrete paving is required to reduce erosion
potential of the apron. No stilling basin is needed if the inlet channel is
designed to keep the Froude number in the inlet channel below a value of 2.5.
If a Froude number is greater than 2.5, a stilling basin is needed for energy
dissipation. Designs for stilling basins can be found in several publications
(Bureau of Reclamation, 1974; Chow, 1959). The bottom of the apron should be
flat with the rate of lateral expansion not to exceed 2 horizontal to 1 ver-
tical for inflow Froude number less than 2.5 and 5 horizontal to 1 vertical
for inflow Froude number greater than or egqual to 2.5. A typical apron is
shown in Figure 4.6.
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4.2.2.2 Baffles

Baffles can be used near the inlet of the pond to ensure uniform flow
distribution. 1Inlet baffles should be located approximately one-third the
distance from the inlet to the outlet to allow for velocity reduétion.

Several types of baffles can be used (Figure 4.7). Some are constructed along
the entire inlet width of the pond (overflow baffles). Other types, direc-
tional baffles, are used to direct the inflow to the sides of the pond. .

Baffles can also be used for increasing the effective length of the
basin. The length of the flow path I is the shortest distance from where
the water flow enters the normal pool to the outflow point. Baffles should be
placed midway between the inflow point and the riser. Examples of sediment
basin baffles and a baffle detail are shown in Figure 4.8. Example C is a
special case where the water is allowed to go around both ends of the baffle,
and the effective length is Lg = Ly + Ly. This special procedure for com-
puting Lo is allowable only when the two flow lengths L4 and L, are
equal.

‘Baffles are presently being used at several coal mines, using both wooden
and cloth baffles. Studies to prove the effectiveness of plywood baffles are
very limited. One of the most common problems has been the installation and
maintenance of the support post. Installation of baffles may be difficult
where pond bottom conditions are either too soft or too hard. Another problem
is due to frost-heaving action on the support post. Frost-heaving may lift
the posts and cause the baffle to collapse. Therefore, proper anchoring of
the support posts must not be overlooked. Baffles have also failed due to the
weight of sediment on the upstream side of the baffle and due to damage from
trees toppling onto the baffles. Filter fabric baffles are currently in use,
however, they too have problems. The fabric tends to deteriorate due to sun
exposure. Additional research in the use of baffles is required since they
are a viable means of improving sedimentation pond efficiency. Again, the
effectiveness of these measures needs to be documented by detailed monitoring
results.

For all baffles, the side slopes of the pond must be protected from
scour, usually through the use of riprap. Riprap should be placed from the
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base of the pond to above the elevation of the emergency spillway. Baffles
should be designed to be lower than the elevation of the emergency spillway.

4.2.2.3 Level Spreaders

Level spreaders are used at diversion ditch outlets to convert channel
flow into sheet flow. An advantage of level spreaders is that they can turn
the diversion ditch flow and spread the flow over a large inlet section of a
sedimentation pond (Figure 4.9). By uniformly spreading the flow over the
entire length of the inlet, the velocity of the water flowing into the pond
will be reduced.

Some type of erosion control should be used over the entire level lip.
Usually fiberglasss or jute matting is effective in stabilizing the lip area.
The slope of the entrance channel must be less than 0.5 to 1.0 percent for the
_last 20 feet before entering the spreader. The spreader itself is flat for
its entire length. Length of the spreader can be determined from Table 4.1.

4.2.3 Filtration Measures

Filtration measures are designed to decrease the flow velocity.
Filtration measures are'inexpensive to construct but require high maintenance.
Filtration is useful for sheet or overland flow and low-level channel flows
{less than 20 cfs). Straw bales, sandbag barriers, and vegetative filters are
the most commonly used filtration measures. Silt fences are not applicable as
inlet control measures because they cannot filter the volumes of water
generated by channel flows and many of the fabrics do not have sufficient
structural strength to support the weight of water ponded behind the fence
line. Usable life of these measures is usually three to six months.
Vegetative filters can provide long~term control for conditions with proper
slope, soils, climate, and flow volumes.

4.2.3.1 Straw Bale and Sandbag Barriers

Straw bales and sandbag barriers have been demonstrated to be fairly
effective for decreasing the flow velocity and trapping sandy sediments.
Design procedures for both straw bale and sandbag barriers are similar. The
primary objective of the design is to prevent erosion around and under the

barrier. A trench is excavated to the width of a single bale or sandbag and
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Table 4.1. Flow (Q) versus Spreader Length
(EPA, 1972).

Q in cfs L in feet
Up to 10 15
10 - 20 20
21 - 30 26
31 - 40 36

41 - 50 44

P
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the length of the proposed barrier to a minimum depth of four inches. The
bales or sandbags are placed in a single row, lengthwise and perpendicular to
the flow of the channel. 1In order to minimize flow around the barrier, the
bottoms of the end bales should be higher in elevation than the top of the
lowest middle bale (Figure 4.10). When placing the barriers, the ends of
adjacent bales or sandbags are tightly butted to one another (Figure 4.11).
After the bales are stacked, each bale is securely anchored by at least two
stakes or rebar driven through each bale. The length of the stake should be
twice the height of the bale. The first stake in each bale is driven toward
the previously laid bale to force the bales together. All gaps between bales
are to be filled with straw to prevent water from escaping between the bales.
Anchoring is required for sandbags if the structure height exceeds two bags.
Sandbags tend to mold to one another, thereby minimizing gaps.

Straw bales and sandbags are subject to extensive damage during high
water flows. Therefore, the barriers are to be inspected after each runoff
event. Repairs to damaged barriers or backfilling of eroded areas should be
made immediately. Trapped sediment should be removed after each runoff event.
The barriers must be replaced when the level of deposition reaches approxi-
mately one-halfthe height of the barrier.

Theoretically, straw has a fairly high filtering efficiency (Table 4.2).
However, observations made in Virginia, Pennsylvania, Maryland, and other
parts of the nation (OSM, draft report), noted that field application of straw
bale barriers have not been as effective as hoped. There are three major
reasons for the lack of effectiveness. Improper use of straw bale barriers
has been 2 major problem. These barriers have been used in streams and
drainageways where high water velocities and volumes have destroyed or
impaired their effectiveness. Improper placement and installation of the
barriers, such as not entrenching the barrier, has allowed undercutting and
end flow. This has resulted in additions of, rathér than removal of, sediment
from runoff waters. Finally, inadequate maintenance lowers the effectiveness
of these barriers. No information is available on the effectiveness of sand-
bag barriers; however, optimum installation for both measures must be empha-
sized. 1If such procedures are carefully followed, straw bale and sandbag

barriers can be quite effective.
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Table 4.2. Flow Rates and Filtering Efficiencies of
Various Sediment ‘Filter Materials (OSM, draft).

Flow Rate Filter Efficiency
Material (gal/ft2/min) . (percent)
Straw 5.6 67
Burlap 2.4 84
(10-ounce fabric)
Synthetic fabric 0.3* 97+

* Average
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4.2.3.2 Vegetative Filters

Vegetation can be used to form natural screens which reduce inflow ve-
locities and increase the roughness coefficient, encouraging deposition
upstream of the pond. The effectiveness of vegetative filters in reducing
sediment inflow to active storage space depends upon the size characteristics
of the pond. The effectiveness of vegetative filters in reducing sediment
inflow to active storage space depends upon the size characteristics of the
sediment, the gradient of the channel and the sediment storage space available
at the inlet of the pond. To be effective, vegetative filter strips require
flat slopes and concentrated flow must be avoided. Channel modification
measures may be needed to flatten and widen the approach channel. The maximum
steepness of slope is dependent on the soil type, climate, and vegetative
cover. For sandy solls, a slope of not greater than three percent is needed
for the filters to be effective (Robinson, et al, 1980). 1In some eastern sta-
tes, vegetative filters have been effective on ten percent slopes (OSM, draft
report).

Usually, if the slope is less than five percent and the flow velocity is
less than five feet per secoﬁd, a vegetative filﬁer is effective. Sodding can
increase the range of effectiveness for a vegetative filter.

Grasses are the most common type of vegetataive filter used. Typically,
bermuda grass, grass-lequme mixtures, or annual cereals are used to provide
dense, even cover. The choice of grass will influence the effectiveness of
the filter. Some grasses (such as bermuda grasses) exhibit higher resistance
to flow, which in turn results in a higher sediment removal (Wilson, 1967).
Growth is usually not inhibited by deposited sediment if grasses propagated by
rhizomes are used.

To maintain a good stand of vegetation, a good seedbed must be prepared.
Vegetation should not be establigshed on slopes that are unsuitable due to
inappropriate soil texture, volume of overland flow or excessive steepness.
The area should be flat enough to ensure uniform distribution of flow. The
soil surface should be clear of trash, debris, roots, branches, and stones.
Any irregularities in the soil surface should be filled or leveled in order to
prevent the formation of depressions.

Requirements for fertilizing, liming, or topsoiling need to be addressed
on a site-specific basis. Soil tests should be made to determine the exact
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requirements. Any amendments to the so0il should be spread evenly over the
area to be used and incorporated into the top three to six inches of soil by
disking, harrowing, or other acceptable means.

Vegetative filters, either as continuous areas or in strips, can be
established through a number of methods. The most Eommon and least expensive
method is to seed the area. Seed should be evenly applied with a cyclone
seeder, drill, cultipacker seeder, or hydroseeder. Seeding will usually
require a mulch application. Dépending upon location, seeding will establish
an effective vegetative filter in one or two seasons.

Where speed is essential, sprigging or sodding may be preferred.
Sprigging is a mixture of sprigs and stolons. Sprigs are small sections of
rhizome (underground stems) and stolens are above-ground stems. Both rhizomes
and stolons spread by creeping and rooting at the nodes.

Sodding can be applied to disturbed areas which require immediate wvegeta-
tive covers or where sodding is preferred to other means of grass establish-
ment. Sod strips should be layed perpendicular to the direction of flow.

Care should be taken to butt ends of strips tightly. Pegs or staples should
be used to fasten sod firmly. In critical areas, chicken wire, jute netting,
or other netting should be stapled over the sod for extra protection.

Vegetative filter tiap efficiencies are variable and dependent on site
conditions. Soll Conservation Service plot studies have achieved sediment
removal rates of 80 percent and higher (Robinson, et al, 1980), while removal
rates on farmer-managed filters ranged from nearly zero to consistent removal
efficiencies of 26 to 54 percent (Robinson, et al, 1980). Other studies range
from 95 precent with Bermuda grasses to 60 percent with alfalfa (Wilson,
1967). Many of the problems associated with vegetation filters are caused by
water channeling through the filter area and inconsistent cover density. RAlso
if the flow rates are sufficient in intensity and duration, the filters will
be submerged. Under submerged conditions, filtration efficiencies are
markedly reduced (Wilson, 1967) and grass survival is threatened.

4.2.4 Summary
Inlet control measures can substantially increase the sediment trapping

efficiencies of sedimentation ponds by reducing the forward flow velocity and
by minimizing short circuiting. Common inlet control measures include channel
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alignment, check dams, riprap, multiple inlets, aProns, baffles, level
spreaders, straw bale dikes and sandbag dikes, and vegetataive filters.
Proper placement, installation, and maintenance is the key to the effec-
tiveness of these measures. )

Channel alignment is a permanent adjustment to the length of the inlet
channel in order to reduce the channel slope, which in turn reduces the
average flow velocity. Since channel alignment is permanent, it will be
effective for a range of flows. Topographic constraints may preclude the use
of channel alignment where there is not enough space to lengthen the inlet
channel.

Check dams are simple structures used to dissipate, in controlled areas,
the energy of the water flowing into the sedimentation pond. Check dams can
be used for a range of flows; however, they are most effectiQe-for low and

moderate flows (less than 50 cfs). Check dams may be expensive to construct

‘and they require inspection and perhaps maintenance after each storm.

Riprap is perhaps the most common control used at areas where high water
velocities are expected. Riprap should be used whenever the water flow ve-
locity exceeds the maximum permissible velocity (usually three to six feet per
second). Almost all of the structures discussed in this section require some
use of riprap. Proper ﬁse and sizing of riprap is discussed in Section 3.9.5.
Riprap should be inspected after each major flow to check for displacement of
the riprap or damage to the filter cloth. Costs for riprap are usually low.

Multiple inlets are both channel modification measures as well as a
spreader. They work well for a range of flows if sediment accumulation in the
channels is kept to a minimum. If sediment starts to accumulate in one chan-
nel, the sediment will act as a dam, precluding the use of that channel during
low flows where the water flow velocity is less than approximately two feet
per second. Multiple inlets work best on shallow slopes because the flow is
easier to divert into the side channels. .

Aprons work to increase the surface area of the inlet section. The rate
of divergence of the side slopes is dependent on the flow conditions in the
inlet channel. The higher the Froude number, the narrower the apron flare.
Aprons work well to reduce the forward flow velocity of the water flowing into

the pond.
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Baffles act either to divert the water or slow the water. They can be
used either near the inlet of the pond or in the body of the pond; they can be
made of plywood or filter cloth. Problems associated with the use of baffles
are numerous. Anchoring of the posts is difficult for hard or soft bottoms.
Frost heaving is also a problem with anchoring. Filter cloths tend to clog
rapidly in waters with fine suspended solids. Despite these disadvantages,
barriers are effective in slowing the forward flow velocity and increasing the
effective length of the ponds. Baffles function best under flows with Froude
numbers under 2.5.

Level spreaders are specifically used to turn the direction of the inlet
channel and to reduce the flow velocity of the water flowing into the pond.
Proper installation and clean out of accumulated sediment of level spreaders
is necessary for them to function properly. Level spreaders work best for low
to moderate flows (less than 50 cfs).

. Straw bale and sandbag dikes function essentially the same as check dams.
However, straw bale and sandbag dikes are applicable only for low-flow
velocities. Typically, these controls need to be replaced every three to six
months. )

Vegetative filters work for low-flow velocities and where the channel is
not continuously submerged. They usually require considerable effort to
establish and require at least annual inspections to ensure complete ground
coverage. After the area is established, operating costs are usually minimal.

All of these measures will aid in increasing the sediment trapping effi-
cliency of the sedimentation pond. Choice as to which measure to use should be
based on topographic constraints, flow velocities, and costs. The actual
increase in trapping efficiency is not known. The effectiveness of these
measures needs to be documented by detailed monitoring results.

4.3 Multiple Pond Treatment Measures for Sédiment Control
4.3.1 General

Multiple pond treatment measures include both individual sedimentation
ponds in series and compartmentalization of a single larger pond. The con-
cept behind multiple ponds is to provide stage settling. In the first pond or
compartment the larger particles are settled out. Then, finer particles are
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settled out in the second pond or compartment, with the smallest particles
being settled out in the last pond or compartment.

Multiple ponds can improve sediment removal during base flow and storm
runoff conditions. However, the advantages are more significant during storm
runoff events because a larger quantity of larger particles will'be carried by
storm runoff. The advantage of multiple ponds during base flow or steady-
state pumping is simply that the size of the individual multiple ponds are
smaller than one larger pond with an equivalent surface area. Because the
size of the individual ponds is smaller, it is easier to control and promote
ideal settling conditions than it would be in the single larger pond. Smaller
ponds are subject to less wind action and generally less embankment erosion.

Along with the advantages of smaller ponds, multiple ponds during storm
runoff events have an added advantage over a single larger pond in that the
peak discharge or flow rate is reduced by each pond due to storage. This
effectively reduces the flow rate, and the surface area required for settling
in one individual pond can generally be reduced by using more than one sedi-
mentation pond.

Maintenance is also often an advantage with muliple ponds. Most of the
maintenance is required in the first pond where larger sediment particles are
removed. The frequency -of maintenance decreases for each additional pond
where the third and fourth ponds will only require sediment removal every few
years depending on the specific site conditions. 1In effect, this limits the
maintenance to a smaller area which can be advantageous over maintenance
requirements on a single larger pond. )

There are disadvantages to multiple ponds that should be realized. As
the word implies, more than one embankment is constructed for ponds in series.
Each pond requires principal and emergency spillways with adequate erosion
protection. Each site also requires reclamation and removal of the embankment
and channel stabilization when the ponds are on a drainageway. Therefore, a

major consideration in the use of multiple ponds is economics.

4.3.2 Field Application
The use of multiple ponds in actual field application has been designed
generally for one of two purposes. Most applications of multiple ponds are

used to provide for adequate storage volume. In steep sloped areas, the size
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of one embankment to provide adequate storage is often very large. The design
and structural requirements of a large embankment are quite significant and
multiple ponds reduce the size of embankments required but still provide the
required storage. _

Multiple ponds have also heén used in conjunction with physical/chemical
treatment. By removing the larger particles in the first pond or compartment,
the sediment concentration in the discharge to the second pond is less. Since
the dosage of chemical coagulant generally increases with the concentration of
the suspension, the use of multiple ponds can reduce the dosage or quantity of
chemical coagulant required. This can result in a significant cost savings.

4.3.3 Multiple Pond Design Considerations
4.3.3.1 Multiple Ponds in Series

For design of multiple ponds in series, each pond is considered as a
single pond and is designed as such. All the considerations of pond location,
éonfiguration,'and inlet and outlet design apply to multiple ponds. However,
cértain considerations for sediment storage and the design inflow rate for
sizing inlet and outlet structures are required. )

The design inflow rate to the first pond is based on the estimated runoff
hydrograph from the contributing drainage area. The inflow rate to the second
pond and subsequent ponds in a series should be based on runoff from the
incremental increase in drainage area and the outflow hydrograph from the
upstream pond. The runoff hydrograph produced by the additional drainage area
is additive to the outlet hydrograph from the upstream pond. This concept is
illustrated in Figure 4.12. For the situation presented in Figure 4.12, Pond
1 would be designed for the runoff from drainage area A4 and Pond 2 would be
designed for the runoff from drainage area A; plus the runoff from area
A4 routed through Pond 1.

Another consideration for design and maintenance of multiple ponds in
series is sediment storage volume. The first pond in a series will remove
most of tﬁe larger sediment particles depending on the pond design. The
second pond and subsequent ponds in a series will receive finer and finer
sediment particles. Thus, the sediment volume accumulation in the first pond
will occur faster than downstream ponds due to the larger size particles being
removed. Frém the illustration in Figure 4.12, the sediment storage volume
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for Pond 1 would be based on the yield from area Aq. The sediment storage for
Pond 2 should be based on the yield from area A, and a certain percentage of

the yield from area A4 based on the trap efficiency of Pond 1.

4.3.3.2 Compartmentalization

A single pond compartmentalized by baffle walls constructed of wood or
other suitable material provides the same staged settling as multiple ponds in
series. However, the design flow to each compartment is different from that
for multiple ponds in a series. The removal and storage of sediment in a com-
partmentalized pond is similar to multiple ponds in series.

For design of compartmentalized ponds, the flow rate to the first com-
partment is based on the upstream drainage basin. The flow rate to the second
compartment and subsequent compartments is based specifically on the discharge
from the upstream compartment. The flow from one compartment will be based on
the outlet device which is typically some type of weir overflow. The
discharge from each compartment can be developed the same as for any spillway
based on the characteristics of the outflow device (Section 3.9).

Most of the sediment storage for compartmentalized ponds should be pro-
vided in the first compartment. The sediment storage provided in the first
compartment can be hased on the trap efficiency, however, a conservative

storage volume should be provided to reduce the frequency of maintenance.

4.3.4 Water Quality Resulting from Multiple Ponds

Multiple ponds or compaftmentalization of a single pond has been used to
provide the required storage volume in place of one larger pond and to
increase the detention time for small particles. Data have shown that
multiple ponds, with an equivalent surface area of one pond, will remove finer
particles than the single pond and thus are more efficient (EPA, 1976).
However, even the use of multiple ponds will not provide adequate settling for
colloidal particles. Multiple ponds can provide a viable means of sediment
removal, especially in steep sloped terrain. For multiple pond systems to
perform well requires the same considerations for geometry, location, and

inlets and outlets as for a single sedimentation pond.



oV

S’

4.4 Pphysical/Chemical Treatment

4.4.1 General

As gediment particles become very small the time required under gravita-
tional settling conditions becomes very large. Sediment sizes greater than
10 microns are considered to be settleable in a sedimentation pond while sizes
between.1 micron and 10 microns are settleable but usually not in the time
available in a typical sedimentation pond. Sediment sizes between
10™3 microns and 1 micron are described as colloidal dispersions and are held
in suspension by electrical forces. Colloidal particles yielded from
disturbed lands are primarily clays. The time required to settle one foot for
each class particle is illustrated in Table 4.3.

4.4.2 Use of Coagulants and Flocculants
. The use of coagulants and flocculants to increase the settling of col-
loidal sediments can be effective provided reasonable influent conditions can
be obtained. Coagulants and flocculants are effective over a relatively
narrow range of concentration in water (Figure 4.13). A change in the coagu-
lant concentration of five times in either direction from the optimal con-
centration will completely eliminate any effect on colloidal settling. Even a
change of twice the optimal concentration of the coagulant will reduce
colloidal settling by 50 percent.

The inflow to a sedimentation pond will vary by an order of magnitude for
a single storm and will vary by several orders of magnitude for different
storm events. An appiication of a coagulant at a constant rate to this type
of inflow condition would be unacceptable since the coagulant concentration
would vary greatly.

Two approaches can be taken to controlling the coagulant concentration to
maintain effective colloid settlement. One method is to control the inflow
rate of water to be treated so that a constant application rate of coagulant
can be used. This requires that two sedimentation ponds be used. The first
pond is designed to settle coarse sediments and contain the storm volume.
Coagulants are then added to the outflow of the first pond where the outflow
structure has been designed to control the outflow rate within an acceptaable
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Table 4.3. Effect of Decreasing Particle Size on Settling.

Diameter of
Particle (microns)

Class of Particie

Time Required to
Settle One Foot

100

10

Very fine sand
Fine silt
Medium clay

Very fine clay and
colloidal particles

38 seconds
33 minutes
55 hours

> 230 days
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range. In this way, coagulant would be used only for fine-and colloidal sedi-
ments in the most effective and economical manner. The second pond is
designed to settle fine and colloidal sediments.

An alternative method is to allow an uncontrolled outflow from the first
pond and to vary the amount of coagulant based on the rate of discharge to the
second pond. In this type of system, a monitoring device is required to indi-
cate the liquid level which controls a pump delivering coagulant to the
outflow. This type of system is beneficial when large discharges are being
treated to meet stringent water quality requirements.

4.4.2 Field Application in the Use of Physical/Chemical Treatment

The use of chemical coagulants and flocculants in sedimentation ponds
varies from sophisticated rate controlled application to simplified constant
point applications. Most field hardware is fairly simple and consists of a
storage or mixing tank for dilution of the chemical, chemical feed pump, and
plastic hose to the point of application.

Sophisticated systems such as that used by Washington Irrigation and

‘Development Company at a mine site near Centralia, Washington, include flow

measurement and rate feed control of the chemical. The final set up used at
the Centralia mine was the result of significant field testing prior to appli-
cation. The final system is shown in Figure 4.14 and consisted of four major

components:
1. Liquid level capacitive probe.

2. Liquid level monitoring and control instrument with flow propor-
tional output circuit.

3. Automatic pump control.
4. Chemical metering pump.

This system was developed to prevent contamination of a salmon fisheries
stream that received the runoff from the mine site. The effluent quality was
reported in JTU turbidity units. The system reduced the turbidity from 1000 +
JTU to less than 15 JTU (McCarthy, 1973). It should be pointed out that the
application point was at the effluent of the first pond of a two pond system.
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This system is more typical of hardware used in industry and water treatment.
These types of systems required significant field investigation, design, ade-
quate power source, and clean water source.

Most mine sites are remote, and power sources and the ability to install
and maintain a sophisticated system are quite Aifficult. Thus, many of the
existing applications have been simplified to enable easier application. Very
simple applications are represented by spreading of solid coagulants in road-
side channels carrying disturbed area runoff where the flow in the channels
scour up the coagulants; or by diverting the disturbed area runoff through
barrels with solid or brickete forms of coagulants in the barrel where the
flow turbulence through the barrel dissoclves and mixes the coagulant.
Sophistication of simple systems increases with addition of a tank for chem-
ical storage, a feed pump, and a plastic feed line to the application point.

_.These systems are constant rate feed that can be adjusted manually to change

fhe dosage.

Constant coagulant feed systems work well when the flow being treated is
constant. Examples of constant flow are base flow conditions and pumping from
a collection sump at a constant rate to a sedimentation pond. A unique appli-
cation at a mine site in North Dakota has a mobile system consisting of a
storage tank, feed pump; feed line, recirculation pump, and recirculation
pipe. The system is set up on a covered flat bed truck that can move to
various sedimentation ponds with gated outlets. One major requirement of this
system is that the outlets to the ponds remain closed to store an entire
runoff event. At the pond, the recirculation pump draws water from the pond
through a recirculation line (PVC pipe). The water is routed back to tﬁe
truck where the chemical coagulant is fed into the recirculation pipe and then
pumped back to the opposite end of the pond. The coagulated sediments are
allowed to settle and the water is released from the pond when the water in
the pond has reached acceptable conditions (determined from visual
observation).

Another innovative application is being tested in the field at a mine
site in Alabama. Here, the application is a solid "gel log™ of synthetic,
high molecular weight polyacrylamide copolymers. Initial bench tests are
still required to select the most suitable flocculant. The logs are placed
directly in the flow so that maximum contact between the flow and the log
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occurs. The logs should be placed so that sufficient mixing occurs. This is
done by placing the logs in or upstream of a highly turbulent flow area. The
log requires a secure posipion in the flow so it is not washed downstream.

The exact dosage requirement requires trial and error adjustments in the field
by varying the number of logs and observing the results. They work well under
low-flow conditions, but dissolve during high runoff events. Maintenance is
required to keep leaves, twigs, and sediment from covering the log and
reducing the contact surface and thus the dosage. The logs are effective in
cold temperatures, however, the dosage is reduced due to a decrease in disso-
clation of the polymer and more logs are required.

In comparison, sophisticated control of feed rate enables treatment
during high- and low-flow conditions. Documentation of the application at the
Centralia Mine in Centralia, Washington, shows that this type of treatment
system is very efficient and can perform well during high- and low-flow
conditions. The less sophisticated and simplified applications lose a
siénificant amount of control during dynamic conditions where both flow rate
and sediment concentration vary during a storm runoff event. The simplified
methods can provide effective treatment under certain conditions, but as the
conditions change and no.adjustment is made, the effectiveness of the method
is reduced and often nullified. Also, no documentation on the results of
these methods exist. Performance information on “gel logs" is expected to be
published in the near future.

4.4.4 Types of Coaqulants
Commonly used coagulants include:
1. Metal salts

= Aluminium sulfate

- Ferrous sulfate

- Ferric chloride

2. Metal hydroxides

- Aluminum hydroxides
- Calcium hydroxides
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3. Synthetic polymers or polyelectrolytes

- Anionic
- Cationic
= Nonionic
Metal salts and hydroxides are available in g dry granular form and are
dissolved in clean water before mixing. Synthetic polymers or polyelectro-
lytes are usually available in liquid form which need not be diluted prior to
use if good mixing is available. Metal salts and hydroxides are cationic and
are useful in removing colloidal solids. Synthetic polymers and polyelectro-
lytes are either cationic, anionic, or nonionic. Settleable solids which
require a coagulant will use one which is normally anionic.
Advantages and disavantages of liquid and solid coagulant will depend on

a number of factors. The volume of solid coagulant needed is much greater

 than for liquid coagulants. Dilution of solid coagulants can be difficult

under field conditions when a clean water source is unavailable or because
mixing is slow. Both liquid and solid coagulants are extremely caustic and
may cause severe corrosion of the containers in which they are stored.

Leaking of l}quid polymers during storage can be a problem, also polymers can
be damaged if stored in freezing temperatures. Gelled polymers are presently
available which combine Several of the advantages of solid and liquid poly-
mers. They are easy to handle and transport and do not require dilutionm.
Disadvantages of gelled polyneré are the inability to control the dosage level
of the coagulant, where it will not work well during high flow events.

4.4.5. Water Quality Resulting from Physical/Chemical Treatment

The effects of coagulants on settling of colloidal particles has been
demonstrated to be effective in municipal and industrial applications. Well
monitored and controlled sedimentation ponds have also shown significant
improvement in water quality from treatment with coagulants. The treatment of
colloidal suspensions in water with coagulants is still more of an art than a
science and any application will require a significant amount of testing and
experimentation to produce good results. Overdosing and underdosing are
significant problems to be overcome in any system, as well as the problem of
adequate mixing and floc formations. Settling efficiency must be determined
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. from test data and actual pond performance will vary from one mine site to

another.

Tests on pilot scale sedimentation ponds showed that the effluent
suspended solids concentation for flocculation tests were at least one order
of magnitude lower than those from identical tests without flocculants
(Barfield, 1981). It was concluded from these tests that the use of chemical
coagulants and/or flocculants will improve the performance of sedimentation
ponds. However, the procedures to predict effluent concentrations using floc-
culants are not highly accurate (Barfield 1981).

The sediment removed from a sedimentation pond treated with coagulant
will contain flocculated sediment and the coagulant. Metallic salts and
hydroxides are stable and will remain so after they have been disposed of,
sediment containing polymers will undergo more complex interactions, possibly
with micro-organisms both in the pond and in the disposed area. No definite
information is known on the rate.of biodegradation of various polymers by
micro-organisms. Information on the toxicity of potential degradation pro-
ducts is also unknown. Caution should be exercised in the use of polymers
because of the limited knowledge concerning the biodegradation products and
their potential effects on plants, animals, and man. The proper disposal
methods of treated sediments should be obtained from local, state, and federal

regulatory agencies.

4.5 Areas In Which Future Research May Provide Improved Technology

Monitoring programs of the sedimentation pond influent and effluent need
to be implemented so it can be determined which pond configqurations, inlets,
outlets, and coagulant types are the most effective in sediment removal. From
the monitoring program it can be determined which types of inlets and outlets
work the best for a certain pond configuration. Since the pond configuration
is generally controlled by the topography, innovative techniques in the use of
inlets, outlets, and physical/chemical techniques will have to be implemented
to make the sedimentation pond more efficient in sediment removal.

Factors which produce poor sediment removal efficiencies in sedimentation
ponds have been identified and documented. These factors include untimely
removal of the settled sediment, poor construction techniques, and pond
geometries which are susceptible to short circuiting.
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V. MAINTENANCE FOR WATER QUALITY CONTROL
5.1 Pond Maintenance

The useful life of a pond is partially a function of the maintenance of
the pond and the embankment. The primary purposes of maintenance are to pre-
serve the structural integrity of the dam to ensure that essential design
features of the outlets are maintained, and to ensure adequate storage and
capacity for the pond. Minor problems should be repaired before they become
major problems. It is usually less costly to implement aregular maintenance
program than it is to make repairs after an extended period of negligence.

Written instructions for maintenance and operation of the structure (and
any required monitoring equipment) should be prepared as part of the design.
These instructions should establish the frequency, and describe the nature of,
inspections. Instructions should also be provided for routine maintenance of
inlet and outlet structures. If a spillway is controlled by manually operated
gates, specific instructions should be given regarding the operation of the
gates. .

A record of all inspections and any maintenance performed'on the pond
should be kept. The date, last major rainfall, sediment storage level, and
any problems should be noted. If maintenance has been performed, the date and )
type of repair should be noted. These two records will aid the operator in
determining if chronic problem areas exist in the pond design.

After an area has been stabilized and successfully revegetated, sedimen-
tation ponds may be removed. The decision for removal or retention of a
sedimentation pond is usually addressed in the mining and reclamation plan
submittal. The options available to the operator will be discussed later in
this chapter.

Repairs of embankments and emergency spillways are extremely important
for the proper functioning of the sedimentation pond system. In humid
regions, embankments are usually stabilized by mulching and then by
establishing a good vegetation cover. Where conditions do not allow the
establishment of a vegetative cover, riprap or mulching may be used. The use
of either a vegetative cover or riprap is not specifically required by OSM.
However, both of these measures will aid in stabilizing the embankment or
spillway and will usually reduce the required maintenance. The design
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engineer should check with the regqulatory authority to determine regionally
accepted methods to stabilize the embankment and spillway. )

Studies investigating the performance of existing sediment ponds for the
control of erosion from surface mining operations have shown that once the
pond has been constructed and operated maintenance of sediment level, inlets
and outlets is one of the main causes of poor pond performance (EPA 1980, EPA
1979).

5.1«1 Accessibility

Location of the pond is of prime importance. The pond should be
accessible for construction, ndnitoring, and maintenance. Accessibility for
maintenance should be considered during the planning of the pond. The design
engineer should consider the type of equipment used for construction and main-
tenance and the room required for this equipment to function efficiently. 1In
a:well designed pond, the heavier sediment will deposit near the inlet of the
pond. Therefore, access to the inlet end of the pond is essential. A well
constructed and regqularly maintained road is very helpful for providing proper
maintenance, including sediment removal, riprap repair, or embankment repair.
Adequate accessibility is wvital if chemical flocculation is being used.

5.1.2 Monitoring/Maintaining Sediment Storage Volume

Most sedimentation ponds are designed with sufficient annual sediment
storage volume for a number of years. However, designing for excess storage
volume does not quarantee that this storage volume will not be exceeded by a
large storm event.

In order to ensure adegquate storage volume, the available sediment
storage volume in a pond must be monitored. Pre-defining the clean-out level
is helpful for monitoring. One of the simplest means of pre~defining the
clean-out level is to install a staff gage in the pond and to determine the
sediment accumulation level that requires clean out. Most design manuals
(Virginia Soil and Water Conservation Commission, 1980) recommend clean out
when the accumulated sediment reaches 60 percent of the design sediment
storage volume. An acceptable schedule should be established by the design
engineer, operator, and regulatory agency. It is the responsibility of the

operator to ensure that the schedule is followed.



o

Clean out of sediment is usually handled by a small dragline, clamshell
bucket, or a backhoe for wet ponds and by a front-end loader for dry ponds.

If a front-end loader is used, the ponds should be sufficiently dried in order
to support the weight of equipment. For large ponds which cannot be cleaned
by draglines operating from the banks, cleaning is more difficult. In such
cases dredging may be necessary. Dredging will often require the service of
professionals experienced in this procedure.

Sediment removed from a pond is usually incorporated into the spoil
material. If the removed sediment is found to contain acid- or toxic~forming
materials, the sediment will have to be disposed of in a more controlled
manner. Sediment removed from a pond may be used as a substitute for topsoil.
Use of this material as a topsoil substitute may be very useful for
underground coal mining activities where the amount of available topsoil is
limited. If chemical flocculation is used to improve the efficiency of the
pond, use of the accumulated sediment will probably not be suitable as a top-
soil substitute because of the possible toxic effects of the chemicals.
Chemical and physical analyses are needed before any material can be used as a
substitute for topsoil.

5.1.3 Bank Stability and Maintenance

Depending on the pond surface area, location, and local climate, main-~
tenance of side slopes is important. Wave action, excavation, and removal of
vegetation will promote the erosion of side slopesand subsequent increase in
solids concentration of the pond. Several methods and maintenance procedures

are discussed.

5.1.3.1 Vegetation Stabilization

Maintenance of vegetative measures should occur on a regular basis, con-
sistent with favorable plant growth, soil, and climatic conditions. This
involves regular seasonal work for fertilizing, liming (if applicable),
pruning, fire controls, reseeding, and weed and pest control. Open channel
spillways are subject to rapid infestation of weeds and woody plants. These
should be eradicated or cut back since they often reduce drainageway effi-
ciency. Well-maintained vegetation will provide a comfortable margin of ero-

sion control .
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5.1.3.2 Riprap Stabilization

Large storms may displace the riprap and allow erosion of the underlying
material. Displacement and damage to the riprap will usually occur where flow
velocities are highest. Typically, discharge strﬁctures and spillway areas
experience the most damage. If displacement of the riprap has occurred, the
riprap filter blanket should be checked for damages. Repairs should be made
as soon as practical. These areas should be checked for erosion or silting of
the channel in order to assess the impact of the carrying capacity of the
channel.

Riprap is commonly used to control the upstream embankment of the dam
from damages due to wave action. If riprap is damaged, the size of the riprap
may have to be increased. The riprap filter blanket should be checked for
damages wherever the riprap is displaced.

5.1.3.3 Rill and Gully Control

Concentrated water flow will cause rills and gullies on the embankment
slope. Vegetation and riprap will often stop their development; however, a
certain amount of erosion is expected on any earth embankment. The size and
density at which rills and gullies become uﬁcontrollable is difficult to
define and is dependent on the soils, climate, and land use of the local area.
OSM requires rills or gullies deeper than nine inches in reclaimed areas to be
filled, graded, or otherwise stabilized (i.e., straw mulch) (30 CFR 816.106).
Use of this rule as a guideline for embankment stabilization is suggested and
will preclude the formation of large gullies. State agencies may require a

more stringent maintenance program.

S.1.4 Maintenance of Inlet and Oultet Structures

Maintenance of inlet and outlet structures is an extremely important
requirement in achieving effective sediment control. All water-handling
structures should be inspected after every major storm. Erosion damages
require prompt repair to prevent further damage and to help prevent similar
damage in the future.

Sediment buildup in the inlet section and behind check dams and filter

barriers should be checked. Sediment and other debris removed from these
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areas should be disposed of in a manner that will prevent sediment from being
carried back into the waterways at the mine. Possible use of this material as
a substitute soil medium should be considered. Straw bales and sandbag
barriers should be replaced before they become clogged or overtopped.

When vegetation is used to stabilize the area or as a vegetative filter,
top dressing with fertilizer is usually required. Fertilizer will help keep a
dense stand and provide growth of desirable plants. Areas where failures have
been experienced in the establishment of vegetative protection must be
promptly treated. Timely maintenance will reduce costs in the long run. If
the area continues to exhibit vegetation failure due to either high or pro-
longed water flow, more extensive stabilizing measures such as riprap may be
needed.

Pipe culvert spillways should be examined for structural stability both
at the inlet and at the discharge point. Trash racks should be cleaned of
debris. If gates or valves are used, they should be tested to see that they

work freely.
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VIi. DESIGN PROCEDURES AND EXAMPLE

6.1 Design Procedure

Step 1.

Step 2.

Step S.

Step 6.

Site selection (Section 3.1)

The sedimentation pond loction is selected considering the factors
presented in Section 3.1.

Hydrology (Section 3.2.1)

The peak inflow rate and runoff volume for the design storm event
are determined.

Influent sediment size distribution (Section 3.2.2.1)

The size distribution of the inflowing sediment is required. Where
existing information from the mine site or nearby mine sites is

avajilable, it sghould be used. When there is no existing data, a
size distribution can be developed using information from soll

. surveys.

Sediment yield (Section 3.2.2.2)

Determine the annual sediment yield and the storm sediment yield.

Inflow suspended solids concentration (Section 3.2.3)

Using the storm sediment yleld and the storm runoff volume, deter-
mine the average influent suspended solids concentration.

Settleable soliqs concentration (Section 3.5)

Develop the settleable sediment size distribution (particles > 0.001
mm) from the influent sediment size distribution. Select a particle
size to be removed in the pond. Determine the trapping efficiency
from the settleable sediment size distribution. Determine the
average effluent suspended solids concentration using the trapping
efficiency, sediment yield, and runoff volume (Equation 3.6).
Calculate the settleable s0lids concentration (SS) from Equation
3.5. If sS > 0.5 ml/l, select a smaller size particle and repeat
procedure. If SS £ 0.5 ml/1l, go to Step 7 and design pond to
remove selected particle size. If SS < 0.5 ml/l, select a larger
size particle and repeat procedure.
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Step 7.

Step 8.

Step 9.

Available storage volume (Section 3.7)
Develop stage~storage curve for sedimentation pond location.
Determine the required sediment storage volume and the corresponding
depth. Determine the available detention storage depth by
D = embankment height - (embankment settlement + reguired
freeboard + emergency spillway depth + sediment

storage depth)

Determine the available detention storage volume above the sediment

storage depth from the stage-storage curve.

Required storage volume (Section 3.6)

Assume a detention storage depth and determine the required deten-~
tion time for the design particle size from Figure 3.10. Calculate
the time base of the inflow hydrograph. Determine the required
storage volume from Figure 3.7. Determine the required outflow rate
from Figure 3.8. Compare the required storage volume to the
available storage volume. If the available storage volume is less
than the required storage volume, either

(a) 1Increase the embankment height and determine the new
available storage volume. Repeat Step 8.

{b) Excavate the pond side slopes and a develop new stage~
storage curve. Repeat Step 8.

(c) Construct a pond downstream and return to Step 1.

If the available storage volume is larger than the required storage
volume, check the required surface area (Section 3.8.3.1). If the
measured surface area is less than the required surface area, (1)
excavate pond side slopes or (2) raise principal spillway crest. If
the measured surface area is greater than the required surface area,
check length-width ratio {(Section 3.8.2.2) and calculate required
length to settle design particle size (Section 3.8.1). If the
length is not large enough, increase the flow length (Section 4.2).
If the length criteria is met, check scouring (Section 3.8.3.4). 1If
the scouring velocity is smaller than the horizontal velocity,
increase the depth and return to Step 7. If the scouring velocity
is greater than the horizontal velocity, go to Step 9.

Principal spillways (Section 3.9.1)

Select principal spillway type and design for the peak outflow rate
and the corresponding head.



P

Step 10.

Step 11.

Step 12.

Emergency spillway (Section 3.9.4)

Select emergency spillway type and design the spillway system to
pass the peak discharge from the 25-year, 24-hour runoff event.

Erosion control below the spillways (Section 3.9.5)

Size the riprap below the principal spillway.

Check base flow conditions after pond is operational.
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6.2 Design Example

The design example is to illustrate the procedures of sizing a detention

pond to meet the effluent standard. Design of principal spillway (Step 9),

emergency spillway (Step 10), erosion control below the spillway (step 11),

and base flow condition (Step 12) are not included because methodologies can

be found in various texts and references.

Step 1.

Step 2.

Step 3.

Step 4.

-Considerations for sedimentation pond selection have been presented

in Section 3.1. 1In this design example, a site is preselected and
presented in Pigure 6.1. '

Hydrology
Design Event QI.(cfs) V (acre-feet)
10-year, 24-hour 77 2.31
25~-year, 24-hour 91.5 3.35

Sediment size distribution

For the purpose of illustrating the methodology, develop influent
size distribution from Soil Surveys (Table 6.1).

$5 percent of area is sand
40 percent of area is sandy clay
5 percent of area is silty clay

Figure 6.2 presents the influent size distribution. The distribu-
tion is extended with a straight line to a particle size of
0.001 mm.

Sediment yield (use USLE for annual sediment yield and MUSLE for
storm sediment yield)

Annual sediment yield = 115 tons
Storm sediment yield = 50 tons (10-~year, 24-hour storm)
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Step 5. Average inflow suspended solids concentration

50 tons x 2000 lb/ton x 10°

Cc
2.31 ac-ft x 43,560 ftz/ac x 62.4 1b/ft

5 = 15,926 ng/1

I‘
Step 6. Settleable solids concentration
From Figure 6.2, 21 percent of the influent size distribution is
non~gsettleable (< 0.001 mm). The redistributed settleable size
distribution is also presented in Figure 6.2.

Start with 4 = 0.011 mm.

From Figure 6.2, trapping efficiency E = 0.82 and fraction of
settleable solids K = 0.79, using Equation 3.6.

* (1.0 -~ 0.82) x 0.79 x 50 tons x 2000 1lb/ton

c
© 2,31 ac-ft x 43,560 ft>/ac x 62.4 1b/ft>

x 10° = 2265 mg/2

The settleable solids concentration is determined as follows:

Particle Influent Effluent (61/0-011)6
Size Range  Mean Size AX; &X; x AX4
(ai)
0.001 -0.002 0.0014 0.05 0.28 1.19 x 1076
0.002 -0.0038 0.0028 0.05 0.28 7.62 x 107>
0.0038-0.0072 0.0052 0.05 0.28 3.12 x 1073
0.0072-0.011 0.0089 0.03 0.16 4.49 x 1072
0.18 1.0 0.048

From Equation 3.5, settleble solids concentration can be calculated
as

2265 mg/1

55 = 3720 mg/ml
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Step 7.

Try with a larger size of settleable solids, 4 = 0.020 mm.

£ = % of settleable gize distribution smaller than 0.011 mm
[ % of settleable size distribution smaller than 0.020 mm

0.18
-0—.-2—2- 0.818

From Figure 6.2, E = 0.78 and X = 0.79

hod (1.0 -~ 0.78) x 0.79 x 50 tons x 2000 lb/ton

C =
©  2.31 ac-ft x 43,560 £ft%/ac x 62.4 b/ft>
6
x 107 = 2768 mg/l
= 2768 mg/1 0 - . . .
$S = 1136 mg/m1L [(1.0 - 0.818) + (0.818 x 0.048)]

= 0.55 ml/1 > 0.5 ml/1

Try with a smaller size of settleable solids, 4 = 0.018 mm.

X = $ of settleable size distribution smaller than 0.011 mm
o % of settleable size distribution smaller than 0.018 mm

_ 0.18
0.215

= 0.837
From Figure 6.2, E = 0.785 and K = 0.79

® _(1.0 - 0.785) x 0.79 x 50 tons x 2000 lb/ton
© .31 ac-ft x 43,560 ft2/ac x 62.4 1b/ft>

C

x 10% = 2705 mg/1

_ 2705 mg/1 o . .
SS = T30 meyai 1(1+0 = 0-837) + (0.837 x 0.048)]

= 0.49 ml/1 £ 0.5 ml/1
In order to meet the 0.5 ml/l standard, the pond is designed to
remove all particles equal to and larger than 0.018 mm.
Available storage volume
Based on the selected site (Figure 6.1), the stage-storage curve is
obtained using the methodology described in Section 3.7 and is pre-

sented in Figure 6.3. The sediment storage volume should provide
for three times the annual sediment yield
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= 3 yr x 115 ton/yr x 2000 lb/ton

v 3 2
70 1lb/ft” x 43,560 ft /ac

= 0.23 ac-ft
s

From Figure 6.3, depth of sediment = 4.2 ft

Total maximum embankment height (assumed) = 16 ft
Allow 5 percent settlement (0.5 x 16) = 0.80 ft
Required freeboard = 1.0 ft
Allow 2.5 ft for emergency spillway = 2.5 ft
Maximum depth of sediment storage = 4.2 ft
Available detention storage depth (Dq)

16 - (0.80 + 1.0 + 2.5 + 4'2) = 7.5 £t
Stage at maximum detention storage depth

7.5 + 4.2 = 11.7 £t

The available storage volume is described by taking the difference
between the storage volume at the stage of the maximum detention
storage depth and the storage volume at the elevation of the prin-
cipal spillway.

From Figure 6.3,
available detention storage wvolume
1.71 - 0.23 = 1.48 ac-ft
Step 8. Required storage wvolume
The total depth (Dp) of the pond is used in the following com~
putations and is equal to the sum of the sediment storage depth,
detention storage depth, and the permanent pool depth (if used).

Time base of inflow hydrograph

o o2V _ 2% 231 ac-ft x 43,560 ft?/ac

b 0 3 = 0.73 hours
1 77 £t /sec x 3600 sec/hr

For d = 0.018 mm and DT = 11.70 f¢t,

Tp = 4.50 hours (From Figure 3.10)
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For T, = 0.73 hours and T, = 4.50 hours,

b D

% = 0.950 (From Figure 3.7)

%

5 = 0.05 (From Figure 3.8B)
I

S = 0.950 x 2.31 ac-ft = 2.19 ac-ft > 1.48 ac-ft

Since the pond location with an assumed 16 ft embankment height can-
not provide the required storage volume, the designer has three
alternatives.

(a) 1Increase the detention storage depth and return to Step 7
and determine the new available storage.

{b) Excavate the pond side slopes no steeper than 2 horizontal
to 1 vertical and return to Step 7 and develop new stage-
storage curve.

{c) Construct another pond downstream.

For purposes of illustrating multiple pond design, alternative (c)
is chosen. ’

Step 8c. Determine the sediment removal in the upstream pond

s —————— T
V = 2.31 ac—ft ~ °0-%4

For % = 0.64 and Tb = 0.73 hours,

Ty = 0.4 hours (Figure 3.7) )

o
~— = 0.360 (Figqure 3.8)
QI
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For TD = 0.4 hours and DT = 11.70 ft,

2 Doy
2.254 4 = m (Equation 3.10)

d=/ Doy =V/. 11.7 £t
2.254 x 3600 TD 2.254 x 0.4 hrs x 3600 sec/hr

= 0.060 mm

Therefore, only particles larger than 0.060 mm can be removed in the
first pond based upon ideal settling.

Check surface area

A (measured at depth = 4.2 ft) = 3490 £t2
Qo = 0.360 x 77 cfs = 27.7 cfs
From Equation 3.14, required surface area

3
A - 1.2 x 27.7 £t° /sec

req  2.254 x (0.060)>

= 4096 £t% > 3490 £t2

Due to nonideal settling conditions, the smallest particle which
will be removed using the available surface area is

/.z x Q /1.2 x 27.7
A= /33saxa - /3354 % 3a90 ~ 0065 mm

Check length-to-width ratio

L (measured at depth = 4.2 ft) = 130 £t

2
w = A 3490 £t

L= 330 £t - 26.8 ft

L 130
il Tararri 4.9 > 2.0
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Check Scouring

Q  27.7 ££3/sec

VH WD - 36.8 Fft x 75 ft = 0.14 fps (Equation 3.18)
v__ = 1.67 a2 = 1.67 x (0.065)Y/2 = 0.43 fps (Equation 3.17)
VB < vsc

The smallest particle which will be removed in the first pond is
0.065 mm which corresponds to a removal efficiency of 69.5 percent
(Figure 6.2).

Design of Downstream Pond (repeat Steps 1 through 8)

Step 1. Site selection (Figure 6.4). Select a second pond just downstream of
the first pond.

Step 2. Hydrology (10-year, 24~hour design event)

10-year, 24-hour

design event 0 (cfs) V (acre~feet)
First pond (Qg) 27:7 : 2.31
Additional coniributing area (Qr) 22.0 0.39
Design parameter (Q; second pond) 49.7 2.70

25~year, 24-hour

design event . Q (cfs) Vv (acre-feet)
First pond (Qp) 91.5 3.35
Additional contributing area (Qg) 26.1 0.56
Design parameter 117.6 3.91

Notes: 1. The design inflow peak flow for second pond should be deter-
mined by reservoir routing and added to the hydrograph of the
additional contributing area. For illustration of sedimen-
tation pond design, the peak outflow from the first pond is

added directly to the peak flow of the additional contributing
area.
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Step 3.

Step 4.

Step S.

Step 6.

Step 7.
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2. If there is any permanent pool storage in the first pond, the
stored volume should be subtracted from the total volume for
designing the second pond.

Sediment size distribution
Use the same sediment size distribution.as the first pond.
Sediment yleld (use USLE for annual sediment yield and MUSLE for
storm sediment yield)
From additional contributing drainage area (10 acres)
Annual sediment yield = 19 tons
Storm sediment yield = 8.3 tons
Inflow suspended solids concentration
Since the design is to remove all particles larger than 0.018 mm,

calculation of the inflow suspended solids concentration is not
required.

Settleable solids concentration

Must remove all particles larger than 0.018 mm.

Available storage wvolume

The stage—-storage curve is presented in Figure 6.5. Since the first
pond has a trapping efficiency of 69.5 percent, the sediment storage
volume required in the second pond is equal to 30.5 percent of the
upstream sediment yield plus the sediment yield from the additional
contributing drainage area.

= J(115 ton/yr x 0.305) + 19 ton/yr] x 3 yr x 2000 lb/ton

v
70 1b/ft> x 43,560 £t2/ac

s

= 0.11 ac-£ft
From Figure 6.5, depth of sediment = 1.3 ft
Using the same embankment settlement, required freeboard, and
emergency spillway depth as the first pond, the available detention
storage depth is



SURFACE AREA (FT?2)

5,000 10,000 15,000 20,000 25,000
15
4
-
/ d
VV
/ /
{0 / /
STAGE - STORAGE CURVE T '
¥ 7
- | .'/
W ” .
s T
w y
©
< / //
P Y 4 r
/ /1
5 / z
A 1
//‘ ~~t STAGE - SURFACE AREA CURVE
//
/'
L, g
V.
//
0 - ot
o) 1.0 20 - 30 40 5.0

STORAGE VOLUME (ACRE - FEET)

FIGURE 6.5 STAGE - SURFACE AREA AND STAGE -STORAGE
CURVES OF SITE NO. 2



o

Stage at maximum detention stage depth
0.4 + 1.3 = 11.7
From Figure 6.5, available storage volume is

3.75 - 0.11 = 3.64 ac-ft
Step 8. Required storage wvolume
Time base of inflow hydrograph

_ 2V _ 2 x 2.70 ac-ft x 43,560 ft’/ac
b QI 49.7 ft3/sec x 3600 sec/hr

T = 1.31 hours

For 4 = 0.018 mmm and DT = 11.7 £t,

TD = 4.5 hours

For Tb = 1.31 hours and TD = 4.5 hours,

% = 0.930, S = 0.930 x 2.70 ac-ft = 2.51 ac-ft < 3.64 ac~-ft

Q
-Q—° = 0.070, Q = 0.070 x 49.7 = 3.48 cfs
I .

Since the required storage volume is less than the available storage
volume, decrease the depth and repeat Step 8.

Assume D4y = 8.5 ft

From Fig;re 6.5, stage at maximum detention depth
8.5 + 1.3 = 9.8 ft
Available storage = 2.80 - 0.11 = 2.69 ac-ft

For 4 = 0.018 mm and DT = 9,8 ft

TD = 3.9 hours

For T

b = 1.31 hours and TD = 3.9 hours

-f; = 0.910, S = 0.910 x 2.70 = 2.46 ac-ft < 2.69 ac-ft



Q
—=2 = 0.09, Q = 0.09 x 49.7 = 4.47 cfs
QI o

Check surface area

A (measured at depth = 1.3 ft) = 5300 ft2

A = 1.2x 4.47 '2 = 6120 £t > 5300 f£t2
€q 2.254 x (0.018)

The pond must be excavated to meet the surface area requirement or
raise the principal spillway crest to elevation 2.0 ft.- This will
provide more sediment storage than is required. A permanent pool

will exist if a dewatering device is not provided.

A (measured at depth = 2.0 ft) = 6500 ££2

Check available storage volume

Available storage = 3.20 - 0.25 = 2.95 ac-ft > 2.46 ac-ft

Check length-to-width ratio

L (measured at depth = 2.0) = 250 ft

A _ 6500

W= i - -2—56— = 26 ft
L _ 250 -

check scouring

3
v Qo - 4.47 £t~ /sec

H WD, ~ 26 ft x 8.5 ft

= 0.02 fps

V= 1.67 a2 = 1.67 x.(0.018)V/2 = 0.22 £ps

VB <V8

A summary of the design is presented in Table 6.2.
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Table 6.2. Summary of Sedimentation Pond Design.

P

Description Pond No. 1 Pond No. 2
1. Design inflow (QI), cfs ' 77 49.7
2. Design runoff volume (V), ac-ft 2.31 2.7

3. Annual sediment yield, toms 115 54

4. Storm sediment yield, tons
(10~-year, 24-hour storm) S0 ———

S. Inflow suspended solids

concentration, mg/l 15,926 —
6. Minimum size of particle settled, mm 0.065 0.018
"7. Detention time, hours 0.4 4.5
8. Principal spillay elevation, ft 4.2 2.0
9. Sediment storage required, ac-ft 0.23 ' 0.11
10. Sediment storage provided, ac-ft - 0.23 0.25
11. Runoff detention depﬁh provided, ft 7.5 8.5
12. Runoff detention volume provided, ac-ft 1.48 2.95
13. Surface area required, ft2 3490 6120
14. Surface area provided, ft2 3490 6500
15. lLength-to-width ratio 4.9 9.6
16. Scour velocity (vsc)' fps 0.43 0.22
17. Flow-through velocity (vu), fps 0.14 0.02
18. 10-year, 24-hour design outflow, cfs 27.7 4.47

19. 25-year, 24-hour design outflow, cfs 63.8 113.13
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