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Attached is the department‘'s Sediment Pond Design Guideline-Procedures for
Hand Calculators. This design guideline employs simple equations and
graphical relationships to enable an engineer with the aid of a hand
calculator to design a sediment pond to meet the settleable solids effluent
limitation and to size an emergency spillway to contreol storm runoff.
Worksheets covering all essential steps in the sediment pond design process
have been included to provide a convenient means of organizing computations.
An example sediment pond design has been provided to illustrate use of the
procedures and worksheets.

The principal spillway routing and settleable solids prediction relationships
have been programmed for a Hewlett—Packard HP-41CV hand calculator. This
program can provide a significant reduction in the time required to perform
the iterative calculations associated with locating and sizing a principal
spillway.

This guideline is the result of an intensive effort by the department to
provide engineers serving the coal mining industry with procedures for
designing sediment ponds which do not require a computer. Questions
concerning the contents of this guideline should be directed to Richard Rohlf
or John Drake at (502) 564-2356.

Because of the department's commitment to release a simplified approach at the
earliest possible date, it has not been possible to include "dugout ponds" and
a wider variety of spillway configurations in this guideline. However, the
department considers this guideline an important first step in the development
of a comprehensive handbook of sediment control practices for surface coal
mining operations. The department hopes to complete the comprehensive
handbook within the next few months. The procedures contained in this
guideline will continue to be acceptable under the handbook.
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Introduction

The Kentucky Permanent Program Regulations require (1) that
sediment ponds provide sufficient sediment storage volume and
detention time so that discharges from the pond will meet applicable
effluent limitations, and (2) that an appropriate combination of
principal and emergency spillways be provided to handle a 25-year or
100~year, 24 hour precipitation event (405 KAR 16:090 and 18:090;
Sections 2, 3, and 5). This design guideline employs simple
equations and graphical relationships to enable an engineer with the
aid of a hand calculator to design a sediment pond to meet the
settleable solids effluent limitation and to size an emergency
spillway to control storm runoff. This guideline addresses only
pond sizing requirements for meeting the settleable solids effluent
limitation and for controlling storm runoff and does not consider
other design requirements contained in 405 KAR 16:090 or 18:090.

Most of the material contained in this guideline has been
adapted from existing hydrologic and pond design procedures. The
guideline assumes that the user is basically familiar with the
fields of hydrology and hydraulics as they pertain to sediment pond
design. Those desiring additional explanation beyond that contained
in this guideline may consult Applied Hydrology and Sedimentology
for Disturbed Areas by Barfield, Warner, and Haan or other

references cited in the guideline.

The department has attempted to make this guideline as flexible
as possible while providing procedures which can be used with a hand
calculator. In some cases, procedures contained in this guideline
can be eliminated without significantly affecting the size or
predicted performance of the sediment pond. Applicable short-cut
procedures are discussed in subsequent sections.

Application of these design procedures should be limited to
embankment sediment ponds with (1) a conduit and riser or trickle
tube principal spillway and (2) a maximum embankment height of 20
feet (measured from the upstream toe to the crest of the emergency
spillway). These design procedures are not applicable to dugouts
with open spillways. Specific technical limitations associated with
procedures used in this guideline are discussed in appropriate
sections.

Steps contained in the sediment pond design process include (1)
selection of sub-watersheds, (2) determination of peak discharge and
runoff volume, (3) determination of sediment load, (4) principal
spillway design, and (5) emergency spillway design. The following
sections contain a more detailed description of each of the design
steps.



Design Step 1 - Selection of Sub-watersheds

Due to the non-linear nature of rainfall-runoff and erosion
relationships, watersheds which exhibit a wide range in watershed
characteristics should be divided into sub—watersheds having uniform
runoff and ercsion characteristics. The selection of sub-watersheds
should be based primarily on (1) land slope; (2} subsurface soil
conditions (disturbed, undisturbed, soil type); and (3) surface
cover {bare, partially vegetated, fully vegetated). For the
prediction of peak discharge, soil type and surface cover conditions
are measured by the SCS runoff curve number (CN). For the
calculation of sediment load, soil type and surface cover conditions
are measured by the Universal Soil Loss Equation soil erodibility
(K) and control practice (CP) factors. The determination of peak
discharge and sediment load are described in the next two sections.
The user should be familiar with range of soil type and surface
cover conditions described by the CN, K, and CP parameters to have
an adequate background for selecting sub-watersheds.

Watershed characteristics {(CN and CP factors) representative of
a "worst-case'condition should be assumed in selecting
sub=watersheds for designing a sediment pond. A "worst-case"
condition is one which produces a maximum amount of runoff and
erosion. Depending on the wmining and reclamation schedule, a
"worst-case' condition may contain several different surface
conditions including areas which have been (1) cleared and grubbed,
(2) mined, (3) backfilled and graded, (4) seeded and mulched, or (5)
in some stage of vegetation. Dividing the sediment pond drainage
area into sub-watersheds allows the design engineer to evaluate the
effects of timely reclamation, diversions, terraces, and other
runoff and erosion control practices which can reduce the size of
the sediment pond.

Design Step 2 - Determination of Peak Discharge and Runoff Volume
(Worksheets 1 and 2)

Peak discharges are first calculated for each sub-watershed and
then combined to produce a peak inflow for the pond. Peak discharge
can be expressed as a function of time of conceantration, travel
time, rainfall excess, and drainage area. For steep slope
watersheds with a drainage area less than 40 acres, time of
concentration and travel time generally have an insignificant
effect, and the peak discharge can be expressed as a function of
rainfall excess and drainage area only. In steep slope areas where
the watershed drainage area is larger than 40 acres, it will
generally be necessary to include time of concentration in
caleculating the sub-watershed peak discharge and to calculate the
watershed peak discharge by combining sub-warershed discharges using
the graphical routing procedures discussed in this section. As the
slope of the watershed decreases, time of concentration and travel



time will increase for a given drainage area and, thus, become more
significant factors in computing peak discharge. Time of
concentration and travel time will generally be insignificant
factors in computing peak discharge and settleable solids for anmy
watershed in which the maximum combined time of concentration and
travel time is less than 0.150 hours. The design engineers should
evaluate the range of time of concentration and travel time values
which will occur for a particular watershed configuration and
determine if it is necessary to use these parameters in computing
peak discharge. A maximum sub-watershed combined time of
concentration and travel time less than 0.150 hours may be used as a
criterion for not including these parameters.

Peak sub-watershed discharge

The peak sub-watershed discharge for steep slope watersheds with
a drainage area greater than 40 acres (any watershed with a maximum
sub-watershed combined time of concentration and travel time greater
than 0.150 hours) can be calculated from (Secil Conservation Service,
1975):

Q, = (qQa)/640 (1)

where Qp is the peak discharge in cubic feet per second, q, is
the sub-watershed unit discharge per square mile of drainage area
per inch of runoff (cfs/miZ2/in), Q is the runoff in inches, and A
is the sub-watershed area in acres.

The unit peak discharge, q,, is a function of the
sub~watershed time of concentration and can be determined from
Figure 1. Time of concentration is the time required for runoff to
travel from the most remote part of the sub-—watershed to the
watershed outlet. The time of concentration can be determined by
dividing the flow path or hydraulic length into segments of uniform
surface condition (bare, grass, channel, etec.}, determining the
overland flow velocity and travel time for each of the segments, and
summing the individual segment travel times to produce the time of
concentration for the sub-watershed. The following equation can be
used to calculate time of concentration (Barfield, Warner, and Haan,
1981):

n

= z
T, (J.=1 Lh’j/vj)/ssoo (2)

where T, is time of concentration in hours, Ly, j is the segment
length in feet, V; is the segment overland flow velocity in feet
per second and n is the number of segments in the flow path. The
overland flow velocity is a function of the segment slope and
surface condition and can be obtained from Figure 2.



In steep slope areas where the watershed drainage area is less
than 40 acres (any watershed with a maximum sub-watershed combined
time of concentration and travel time less thanm 0.150 hours}, the
sub-watershed peak discharge can be calculated with the equations:

Qp ~ 1.05QA 3 (3)
for disturbed areas,

Qp = 0.875QA (4)
for revegetated or agricultural areas, and

Qp = 0.59404A (5)
for forested areas.

The sub-watershed runoff volume, Q, is determined by the U.S.
Soil Conservation Service (8CS) curve number rainfall-runoff
relationship (80il Conservation Services, 1975). This relationship
is presented in Figure 3 and expresses the runoff volume as a
function of total storm rainfall, P, and the curve number, CHN.
Table 1 contains average curve numbers for selected vegetative and
soil conditions which can be used in lieu of site specific data
collection (Department for Surface Mining Reclamation and
Enforcement, 1982). Professionals who feel that the average values
contained in Table 1 are nmot representative of their particular
situation may perform site specific data collection and analysis to
determine alternative curve numbers. Table 2 contains 10-year and
25-year, 24 hour rainfall amounts for each county in Kentucky
{Division of Water Resources, 1979) which can be used with Figure 2
to calculate the runoff volume. After the unit peak discharge and
runoff volume have been determined for the sub~watershed, the peak
discharge can be calculated with equation 1 or where time of
concentration is not included, with equations 3, 4, or 5.

Peak watershed discharge

To calculate a peak watershed discharge (peak inflow to the
sediment pond) for steep slope watersheds larger than 40 acres (any
watershed with a maximum sub-watershed combined time of
concentration and travel time greater than 0.150 hours), discharges
from sub-watersheds are combined taking into account the time of
concentration and travel time from the sub—watershed outlet to the
sediment pond. Travel time from the sub-watershed outlet to the
sediment pond is used to account for the effects of channel storage
and other factors on the sub-watershed peak discharge and to
estimate the relative time of arrival of the sub-watershed peak
discharge at the sediment pond.



Unit Peak Discharge (cfs/mi¥in)
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Figure 1 Unit peak discharge {after Soil Conservation Service, 1975).
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TABLE 1

Scil Conservation Service Curve Numbers

Hydrologic Soil Condition

Subsurface(*) Subsurface(**)

Disturbed Undisturbed

Surface Condition (Mine Spoil) (Natural Soil)

Cleared and grubbed; bare . « « ¢« « + « + & - 38

ACtiVE mining, pit L S T T S T ) 86 -

Speil, spoil with topseoil; graded, bare . . 86 -

Grass, legumes; seeded and mulched

0-2 months after seeding. « « « ¢ « + & 79 86
2-12 months after seeding « + + « + & & 74 82
Hay, pasture, grassland; fully established, 69 79
fair hydrologic condition
o,

Forest, woods; fair hydrologic condition. . = 60 73 )

Roads; dirt, gravel . + « « ¢« o v o o o & g5 95

Roads; paved « ¢« o ¢ o o o o o ¢« o « o s o 98 98

{*#) Subsurface soils or rock strata which have been fragmented by
surface mining or other similar disturbance. Curve numbers for
disturbed subsurface soils were based on the Soil Conservation
Service hydrologic soil group "B."

(**) Subsurface soils or rock strata which exist in a natural
undisturbed condition. Curve numbers for natural undisturbed
soils were based on the Soil Conservation Service hydrologic
soil group "C."



County

Adair
Allen
Anderson
Ballard
Barren
Bath
Bell
Boone
Bourbon
Boyd
Boyle
Bracken
Breathitt
Breckinridge
Bullitt
Butler
Caldwell
Calloway
Campbell
Carlisle
Carroll
Carter
Casey
Christian
Clark
Clay
Clinton
Crittenden
Cumberland
Daviess
Edmonson
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Estill
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Fleming
Floyd
Franklin
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Grant
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TABLE 2

County

Graves
Grayson
Green
Greenup
Hancock
Hardin
Harlan
Barrison
Hart
Henderson
Henry
Hickman
Hopkins
Jackson
Jefferson
Jessamine
Johnson
Kenton
Knott
Knox
Larue
Laurel
Lawrence
Lee
Leslie
Letcher
Lewis
Lincoln
Livingston
Logan
Lyon
MeCracken
McCreary
McLean
Madison
Magoffin
Marion
Marshall
Martin
Mason
Meade

10~Year and 25~Year, 24 Hour Rainfall Amounts

Frequency
(Years)
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Table 2 {continued) o—

Frequency Frequency
{Years) (Years)
County 10 25 County 10 25
Menifee 4,2 4.9 Rockcastle 4.4 5.2
Mercer h.h 5.2 Rowan 4.1 4.8
Metcalfe 4.7 5.5 Russell 4.6 5.4
Monroe 4.7 5.6 Scott 4.3 5.1
Montgomery 4.2 5.0 Shelby 4,4 5.2
Morgan 4.1 4.8 Simpson 4.8 5.6
Muhlenberg 4,8 5.5 Spencer 4.5 5.2
Nelson 4.5 5.3 Taylor 4.6 5.3
Nicholas 4.2 4.9 Todd 4.9 5.6
Ohio 4.7 5.5 Trigg 5.0 5.7
Oldham 4.4 5.2 Trimble 4.4 5.1
Owen 4.3 5.1 Union 4.8 5.5
Owsley 4.3 5.0 Warren 4.8 5.5
Pendleton 4.2 4.9 Washington 5.5 5.2
Perry 4.3 5.0 Wayne 4.6 5.4
Pike 4.2 4.8 Webster 4.8 5.5
Powell 4.3 5.0 Whitley 4,5 5.3
Pulaski 4.5 5.3 Wolfe 4.2 4.9
Robertson 4,2 4.9 Woodford &4 5.1 —

Travel time from the sub-watershed outlet to the sediment pond
is calculated in a manner similar to time of concentration
(Barfield, Warner, and Haan, 1981):

z

T, (j=1 Lh’j/vj)/3soo (6)
where Ty is the travel time in hours, Ly, j is the segment
hydraulic length in feet, Vj is the segment velocity in feet per
second, and n is the number of segments. As in the calculation of
time concentration, segments of uniform surface condition should be
selected. In most situations, travel from the sub-watershed outlet
to the sediment pond will occur through existing natural channels or
diversion ditches. Velocities for each segment can be obtained from
Figure 2.

With the travel time from the sub-watershed to the sediment pond
determined, an adjusted unit peak discharge can be calculated using
the travel time reduction factor obtained from Figure 4. The
adjusted unit peak discharge is given by:

9t = Fqy (7) -

where g; is the sub-watershed unit peak discharge adjusted for
travel time from the sub-watershed outlet to the sediment pond, and
F is the unit peak discharge travel time reduction factor from

Figure 4.
10
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Next, the adjusted sub-watershed peak discharge can be
determined from:

th = FtQp (8)

where Qpt is the sub-watershed peak discharge in cubic feet per
second adjusted for travel time from the sub-watershed outlet to the
sediment pond.

With qp and Qpt known, the peak discharge for the watershed
(peak inflow to the sediment pond) can be calculated from:

n

= 3
Q5 max( Ly By opae @ (9)

)
pt,]

where Qi is the peak watershed discharge in cubic feet per

second, Fy, is the peak discharge to hydrograph conversion factor
obtained from Figures 5 and 6, Ot is the time increment used for
computing the peak discharge, k is the number of At increments on
either side of the sub-watershed peak discharge, and n is the number
of sub-watersheds. Application of equation 9 is best understood by
using the worksheets provided in Appendix A. Use of the worksheets
is discussed in the following paragraphs.

The computation of the sub-watershed and watershed peak
discharges with equations (1) and (2) and (6)-(9) can be
accomplished by using worksheets 1 and 2 contained in Appendix A.
Worksheet 1 is designed for calculation of sub-watershed time of
concentration, T., and travel time, Ty, and worksheet 2 is
designed for calculation of sub-watershed peak discharge, Qp;
adjusted peak discharge, Qpt; and watershed peak discharge,

Q,i- Appendix B contains a sediment pond design example which
iglustrates use of worksheets 1 and 2 for equations (1) and (2) and
(6)-(9). Use of the worksheets for equations (1) and (2) and
(6)-(8) is straightforward and the user should be able to obtain an
understanding of the calculation procedure from the above
explanation and example in Appendix B. Use of worksheet 2 in
calculating the watershed peak discharge is somewhat more involved
and will be discussed in greater detail.

The relative time of arrival of sub—watershed hydrograph peaks
at the sediment pond can be obtained by adding the time
concentration, T,, and travel time, Ty. Column 9 on worksheer 1
has been provided for recording the combined T, and Ti. To
allow computations to occur at convenient times, the combined time
should be rounded to the nearest 0.05 or 0.10 hour. The time
increment selected for rounding (0.05 or 0.10 hr) is dependent on
the variation between T, + Ty for the sub-watersheds. For
sub-watersheds with a small range in T, + Ty (0.10 to 0.30 hr),
round off to the nearest 0.05 hour will probably be necessary. For
a greater range in T, + T¢ values, round off to the nearest 0.1
hour should be adequate. The rounded T, + Ty values should be
recorded in column 12 of worksheet 2.

11



<(GL6T ®0TAI9g UOTIBAIISUOD TTOS
1933Y) 10398J UCTIONPIL BWI] [BABI] a8aeyostp jead ITUn 4 2anBTg

(4u) 2L ‘uoyeUSDUOY JO BWIL

14 “ojoe UOONpaY e [eAely abieyosig ¥eed

12



) S

Lleli ﬁ

1000

..

Yy

4 ‘101084 UOISI9AUOD YdeiBolpAH 0] abieyosiq Mead

. q, (cfs/mi 2 fin)

Watershed Unit Peak Discharge

Peak discharge to hydrograph conversion factor
for the rising limb (After Soil Comservation

Service, 1975).

Figure 5

13



Peak Discharge to Hydrograph Conversion Factor, Fh

oo ' 2 3 4
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Figure 6 Peak discharge to hydrograph conversion factor
for the falling limb (After Soil Conservation

Service, 1975).
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Column 13 of worksheet 2 is for recording the peak discharge to
hydrograph conversion factors, Fp, and is divided into a positive
section and a negative section to indicate time before (negative) or
after (positive) the sub-watershed peak discharge. In the first row
of column 13, record incremental At values corresponding to the
roundoff used for the T, + T, values (At increments of 0.05 for
roundoff to the nearest 0.05 hr and 0.10 for roundoff to the nearest
0.10 hr). If a At increment of 0.05 is used, the negative side of
column 13 would read -0.25, -0.20, -0.15, -0.10, -0.05 for the five
spaces provided. The positive side of column 13 would be similarly
labeled +0.05, +0.10, +0.15, +0.20, +0.25.

In column 16 of worksheet 2, record the range of rounded T. +
Ty values, in the same time increments used for column 13.
Corresponding with the appropriate watershed and rounded T, + T¢
values also record the adjusted peak sub—-watershed discharges,
Qs in column 16. Obtain values of Fy for the appropriate time
increments from Figures 5 and 6 and record these values in column
13. Multiply the th values by the corresponding Fy values as
indicated in equation 9 to generate hydrograph ordinates surrounding
the peak discharge. An inspection of the timing of the peak
discharges in column 16 will allow the user to narrow the time range
over which the peak discharge will likely occur and probably allow
the computation to be confined to two or three T, + T, values in
column 16.

The peak watershed discharge, Qpis is obtained by summing the
discharges in column 16 for selected T, + Ty values and picking
the maximum discharge. The example in Appendix B provides
additional information for using worksheet 2 for equation 9.

For steep slope watersheds with a drainage area less than 40
acres (any watershed with a maximum sub-watershed combined time of
concentration and travel time less than 0.150 hours), the watershed
peak discharge can be calculated by simply summing the sub-watershed
peak discharge:

n

= i
Qpi j=1 Qp,j (10)

where Qpi is the watershed peak discharge, Qp is the

sub~watershed peak discharge, and n is the number of
sub~watersheds. Column 9 of worksheet 2 may be used to record the
sub-watershed and watershed peak discharges.

15



Runoff volume

The sub-watershed runoff volume is given by:
Qy = (Qa)/12 (1)
where Q, is the sub-watershed runoff volume in acre~-feet.

The total watershed runoff volume is obtained by summing the
contributions from the sub-watersheds:

n

z Q (12)

Qi Ti=1 N,

where Qyj is the watershed runoff volume in acre-feet and n is the
number of sub-watersheds. Columns 6-8 of worksheet 2 are provided
for the calculation of Qy and Qyj.

Design Step 3 — Determination of Sediment Load {(worksheet 3)

The sub-watershed sediment load can be calculated with the
Modified Universal Soil Loss Equation (Barfield, Warner, and Haan,
1981):

Y = 95 (QuQp)0+26 KLscP (13)

where Y is the sub-watershed sediment load in tons, K is the soil
erodibility factor, LS is the length slope factor, and CP is the
control practice factor. Qp and Qy are calculated from
equations (1), (3), (4) or %5) and (11), respectively.

Average values of K and CP which the department will accept in
lieu of values determined by site specific data collection are
contained in Table 3 (Department for Surface Mining Reclamation and
Enforcement, 1982). As noted previously in relation to SCS curve
numbers, professionals who feel that the average K and CP values
provided by the department are not representative of their
particular situation may perform site specific data collection and
analysis to determine alternate input parameters.

The LS factor is a function of the erosion slope length, Lg,
and the slope steepness and can be determined from Figure 7.
Measurement of the erosion slope length should be done in a manner
compatible with the data base and procedures used in the development
of the Universal Soil Loss Equation. Erosion slope lengths should
be measured along the gradient of the slope (water flow path) and
terminate at the point where the flow path enters a stabilized
channel or at a point where the slope decreases sufficiently to
cause deposition. For sub—watersheds which are irregular in shape
and have corresponding varying erosion slope lengths, an area
weighted average slope length can be used. The example in Appendix
B contains additional information on the calculation of LS factors.
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TABLE 3

Control Practice and Soil Erodibility

Surface Condition

Cleared and grubbed; bare « « v & &« &+ ¢ &+ & « « &
Active mining, pit e 8 8 & 8 B3 & 8 8 & B " " & »
Spoil, spoil with topsoil; graded, bare . . . . .
Grass, legumes; seeded and mulched(*)
0-2 months after seeding .+ « + ¢« = + o o o« »
2-12 months after seeding . « « ¢« o o o « « &
Hay, pasture, grassland; fully established. . . .

Forest, woods + « o 4 « o & o o o & o o % s + « &

Roads; dirt, gravel v ¢ ¢ o o o o ¢ o s o o & o =
Roads H paved s 4 =B 3 B2 8 2 & B 8 & B e 4 s e ow o

Disturbed 2are@ ¢ « = = + + = s ¢ o o « s s » o »

Undis turbed area L T S S T T

(*) Straw mulch at 1.5 ton per acre
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Factors

CP Factor

1.00

0.80

0.90

K Factor

0.22

0.17
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by the formula:

LS (__i_zﬁe_) (_4&2;20'*—*9“3) where a=field slope length in feet and
g -613 m=0.5if 5= 5% or greater, 0.4 if s« 4%,
and 0.3 if 5= 3% or less; and x=sing.
@ is the angle of siope in degrees.

Figure 7 Universal Soil Loss Equation LS factor
(Barfield, Warner, and Haan, 1981).
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The total watershed sediment yield can be obtained by simply
summing the contribution from each sub~watershed:

n
Yi =35 Y; (14)

where Yi is the sediment pond inflow sediment load in tons and n is
the number of sub—watersheds. Worksheet 3 in Appendix A can be used
with equations (13) and (14) to compute the sub-watershed and
watershed sediment loads.

Design Step 4 — Principal Spillway Design {worksheets & and 5)

The principal spillway should be sized and placed at an
elevation which will meet the settleable solids effluent limitation
of 0.5 ml/1 while keeping the routed 10-year, 24 hour storm maximum
water surface elevation as low as possible.

In addition to the input parameters calculated with equations
(1)-(14), sediment pond stage-area and stage-volume curves are
required for design of the principal spillway. The principal
spillway design process can be divided into the following general
steps:

(1) Determine the amount of sediment storage required and
incremental stage needed for the sediment pool,

(2) Select a spillway type and size and locate the crest or
invert of the spillway at some point above the sediment
pool elevation (the final crest or imvert elevation must be
located at an elevation above the sediment pool which is at
least 40% of the elevation difference between the sediment
pool and the maximum 10-year storm water surface),

(3) Determine the routed 1l0-year, 24 hour storm peak discharge
and corresponding water surface elevation (check to see
that the above 40% depth criterion is satisfied and raise
the spillway if the crest or invert elevation is less than
40% of the maximum stage),

(4) Calculate the settleable solids concentration for the
selected spillway size and location, and

(5) Repeat steps (2)-(4) if the settleable solids concentration
is greater than 0.5 ml/l or is sufficiently below 0.5 ml/1
to indicate that a more cost-effective pond can be designed.

The following material will provide a more detailed discussion of
the above general steps.
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Sediment storage volume

An appropriate sediment storage volume should be provided
consistent with the sediment load expected over the life of the
mining operation and a reasonable pond cleanout schedule. The
Universal Soil Loss Equation may be used to predict average annual
sediment production and to determine an approximate pond cleanout
schedule. As an alternative to using the Universal Soil Less
Equation, engineers may determine the sediment pond cleanout
elevation by sizing the sediment storage volume to contain 0.075
acre—foot per acre of disturbed area. At a minimum, the sediment
pond cleanout elevation should be located at an elevation which will
store 1.5 times the 10-year, 24 hour storm sediment volume. The
10~year, 24 hour storm sediment load in tons can be calculated with
the Modified Universal Soil Loss Equation as discussed in the
previous section.

Assuming a specific gravity of 1.25 for deposited sediment, the
sediment storage volume can be calculated from

Vg = 8.83 X 1074 v; (15)

where Vg is the sediment storage volume in acre-feet for the
10~year, 24-hour storm and Yj is the inflow sediment load in tons
for the l0-year, 24 hour storm.

The design engineer should be aware that a relatively small
sediment storage volume may commit the mining operation to a

frequent pond cleanout schedule.

Selection of a principal spillway type and size

These design procedures are applicable to coanduit and riser and
trickle tube principal spillways. The conduit and riser design
incorporates a 3 inch diameter dewatering orifice in the riser pipe
at a stage of one-half the distance between the sediment pool and
the crest of the riser. Due to the dewatering orifice, conduit and
riser principal spillways will generally produce smaller ponds than
trickle tube principal spillways.

To prevent bottom scour and to satisfy the assumption of uniform
withdrawal under which the settleable solids prediction equation was
developed, the crest or invert of the principal spillway must be
located at anm elevation above the sediment pool which is at least
40% of the elevation difference between the sediment pool and the
maximum 10-year storm water surface. This minimum stage requirement
for the principal spillway can be expressed by the following
relationship:

Ag
= e BB
Pf E + LE Z 0.40 (16)
sp pm

where Pf is the principal spillway fractional depth, pEgp is the
incremental elevation between the sediment pool and the principal

spillway crest, and AEpm is the incremental elevation between the
20



principal spillway crest or invert and the maximum water surface
elevation. Since the maximum water surface elevation is initially
unknown, the initial principal spillway elevation must be estimated.

Since the sediment pond design process is a trial and error
procedure, the user must make an initial selection of a principal
spillway configuration and then check to see that the selection was
adequate. If the initial spillway size is too large, the pond will
not provide sufficient detention time to meet the settleable solids
limitation. If the spillway is too small, the pond may produce a
settleable solids concentration significantly below 0.5 ml/l, and
the resulting water surface elevation will likely be excessive.

Galculation of a Routed 10-year, 24 hour peak discharge

The peak cutflow from the sediment pond for the 10-year, 24 hour.
storm for conduit and riser or trickle tube principal spillways can
be determined by using the routing functions contained in Figure 8
or Figure 9 in combination with the stage discharge curves contained
in Figures 10 and 11. The routing functions contained in Figures 8
and 9 were based on procedures developed by the U.S. Soil
Conservation Service and provide a relationship between the
dimensionless ratios of peak outflow from the sediment pond to peak
inflow, and the sediment pond maximum storage volume to inflow
volume. To reduce the time required for performing the iterative
calculations for determining peak outflow, two volume relationships
were used {after Soil Conservation Service, 1975):

AV
- .. Pm_
Vo o =AY (17)
vi op
and
A AE m
Vrs - Q .-AV (18)
vi op

where V., is a dimensionless volume ratio based on the incremental
sediment pond volume between the principal spillway and maximum
water surface elevation, Vpg is a dimensionless volume ratio based
on the sediment pond area at the principal spillway and the
incremental stage between the principal spillway and the maximum
water surface elevation, Ame is the incremental volume between
the principal spillway elevation and the maximum water surface in
acre-feet, A, is the sediment pond area at the principal spillway
in acres, 2Epp is the incremental elevation between the principal
spillway elevation and the maximum water surface in feet, Qyj is
the sediment pond inflow volume in acre-feet, and AVyp is the
incremental volume between the riser dewatering orifice elevation
and the principal spillway crest in acre—feet. Since the trickle
tube design procedures contained in this guideline do not
incorporate a dewatering orifice, Wop is equal to zero (0) for
trickle tube principal spillways.
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As explained in more detail in the following paragraphs, the use
of equation 18 allows an approximate routing to be performed without
using the sediment pond stage-storage curve to determine the
water-surface elevation. As a final check, the routing can be
performed using equation 17 which requires that stage values be
obtained from the stage—storage curve.

The peak outflow to peak inflow ratio used in Figures 8 and 9 is
represented by (Soil Conservation Service, 1975):

Q.= Sm (19)

where Q, is a dimensionless discharge ratio, Qpo is the peak
sediment pond outflow in cubic feet per second, and Qpj is the
peak sediment pond inflow in cubic feet per second.

The routing functions contained in Figures 8 and 9 are
applicable to full pipe flow only. Comnsequently, the head above the
riser or above the trickle tube invert must be greater than certain
minimum values to insure that weir flow does not occur for risers
and partial pipe flow does not occur for trickle tubes. The minimum
allowable heads are contained in Table 4.

TABLE 4

Minimum Allowable Heads for Full Pipe Flow

Conduit and Riser Trickle Tube
Diameter(1) H§2) Diameter H£3)

{in) (fr) (in) (ft)
12 R-18 ¢C 0.6 12 1.4
I5R-24¢C 0.7 15 2.0
183 R~-30C 0.8 18 2.5
30 R - 42 C 1.6 30 4.0

(1) 12 ¢ - 18 R - 12" conduit and 18" riser
(2) H, - Head above the riser crest, (ft.)
(3) H¢ - Head above the trickle tube invert, (ft.)

The conduit and riser stage-discharge curves contained in Figure
10 were developed using the default energy loss coefficients
contained in TRM #6 {(Department for Surface Mining Reclamation and
Enforcement, 1982) and a conduit length of 140 feet. Discharge
correction factors for lengths other than 140 feet can be obtained
from Figure 12. The stage-discharge curves are applicable to
standard corrugated metal pipe risers and conduits. The head used
in Figure 10 is total head and is computed as
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Hy = 8H + Hp (20)
where H; is the total head in feet, 2&H is the incremental elevation
between the conduit invert and the riser crest in feet, and H, is
the head zbove the riser crest in feet. As previously noted, Hy
must be greater than the minimum head for full pipe flow as
contained in Table 4, for the stage discharge curves to be
applicable.

The stage-discharge curves for trickle tubes were developed with
procedures published by the U.S. Geological Survey (Bodhaine, 1968)
for a corrugated metal pipe culvert with a length of 70 feet.
Discharge correction factors for lengths other tham 70 feet can be
obtained from Figure 13. Due to the complex nature of culvert flow,
it was necessary to use a constant slope of 5 percent for trickle
tube principal spillways. Use of a 5 percent slope for the pipe
diameters and lengths normally encountered in the design of sediment
ponds confined the flow types to (1) inlet control (critical depth
at the inlet) where Hy is less than or equal to 1.5 times the pipe
diameter, and (2) full pipe flow where Hy is greater than 1.5
times the pipe diameter. Use of trickle tube slopes greater than
5 percent could result in rapid flow at the inlet (partial pipe
flow) for relatively short pipes and large diameters where Hy is
greater than 1.5 times the pipe diawmeter.

The following steps can be used with Figures 8 and 9, and
Figures 10 and 11 to compute a routed peak discharge. Worksheet 4
in Appendix A has been provided to facilitate the computation.

(1) Assume an initial value for Hyp (compute Ht from Hy) or
Hy (the assumed head must be greater than the minimum
values contained in Table 4) and enter the value in column
2 of worksheet 4.

(2) Enter Figure 10 or 11 with Hy or Hy to determine a
discharge, Qpo, and multiply the discharge by the pipe
length correction factor from Figure 12 or Figure 13.
Record the corrected Qpo in column 3 of worksheet 4.

(3) Calculate the discharge ratio Qy = Qpo/Qpi and enter
it in column 4.

(4) Enter the appropriate routing function in Figure 8 or 9 and
obtain a value of Vyg. Record V,g in column 5.

(5) Multiply Veg by (Qui-&op)/Ap (columm 6) to
determine AEpy (AEpy is equal to Hy for riser and
conduit principal spillways or Hy for trickle tube
principal spillways) and record AEpm in column 7.
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(6)

(7

(8)

(9)

(10)

(11)

(12)

(13)

(14

(15)

Compare the value of H. or Hy determined in step 5

(column 7) with the previous value of Hy or Hg (column

2) and repeat steps 2 through 5 if the difference between
the two heads is greater than 0.2 feet. Step 6 completes
the first phase of the pond routing and provides an initial
estimate of Hp or Hy and Qpo- . Steps 7-14 provide an
improved estimate of Hy or Hy and Qpy using Vpy.

Using the previous value of Hy, or Hy (column 7 for the
first iteration or column 19 for subsequent iterations) and
Figure 10 or 11, determine Qpo- Muitiply the discharge

by the pipe length correction factor from Figure 12 or 13
and record Hp or Hy and the corrected value of Qp, in
columms 9 and 10, respectively.

Calculate the discharge ratio Q, = on/Qpi and enter
Qy in column 11.

Enter Figure 8 or 9 with Q, and obtain V.. Record
Vey in column 12.

Multiply Vyy by Qyi=4&Vy, (column 13) to determine
AVpme Enter Mpp in columm 14,

Calculate the sediment pond volume at the maximum 10-year
water surface elevation, V,, by adding AV, to the pond
volume at the principal spillway, Vj (column 15). Record
Vg in column 16.

Enter the sediment pond stage-volume curve with Vg, and
obtain the maximum 10-year water surface elevation, Ep.
Enter Ey in column 17.

Calculate H,. or Hy by subtracting the elevation at the
principal spillway, Ep, (column 18) from the maximum
water surface elevation (Hy or Hy = Ep - Ep).

Record H,. or Hy in column 19.

Compare the value of Hy or Hy determined in step 13
(column 19) with the previous value of H,. or H;

{column 9).

If the difference in head values is greater than 0.2 feet,
repeat steps 7 through 13.
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Calculation of settleable solids concentration

The maximum settleable solids concentration for conduit and
riser principal spillways is given by:

. 2,000 2.399
¢, = 6.871 x 107/ p**%% Y %o\ ¢, 2P
1250 1.189 {Q_. .
AVSP Pl

and for trickle tube principal spillways by:

2.796 2.076
cSe = 1.738 X 10 4 p 1-222 Qi ng C 0'9587(22)
1250 aw 1-54117Q su
Vsp pPL

where Cg, is the settleable solids concentration in ml/1, D is the
pond depth in feet measured from the sediment pool elevation to the
maximum water surface elevation, Qyj is the watershed runoff
volume in acre-feet, Avsp is the pond storage volume in acre-feet
at the principal spillway crest or invert {(incremental volume
between the sediment pool and principal spillway), Qo is the peak
outflow in cubic feet per second, Qpi is the peak watershed inflow
in cubic feet per second, and Cg, is the average inflow suspended
solids concentration in mg/l.

The average inflow suspended solids concentration is given by:

X,
1

€ =735
su

(23)

Q. +2.94% 104 v,

vi i

where Y is the pond inflow sediment mass in tons and Qyi 1s the
inflow runoff volume in acre-feet. All other terms in equations 21
and 22 are given by previous equations and figures or can be
obtained from the stage—area or stage-storage relationships for the
sediment pond.

Equations 21 and 22 were developed by a regression analysis of
data generated for watershed drainage areas which ranged from 23
acres to 101 acres, average inflow suspended solids concentrations
which ranged from 2,800 mg/l to 574,000 mg/l, and effluent
gsettleable solids which ranged from approximately 0.019 ml/1 to 2.8
ml/l. The R? values for equations 21 and 22 were 0.65 and 0.62,
respectively. The standard errors ranged from 0.30 ml/l to
0.82 ml/l for equation 21 and 0.27 ml/l to 0.91 ml/l for equation 22
(the standard error ranges are based on a settleable solids
concentration of 0.5 ml/Ll).
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To assist in obtaining an initial estimate of the permanent pool
storage volume and discharge reduction required to meet a settleable
solids concentration of 0.5 ml/1l a second set of regression
equations was developed by eliminating D from equations 20 and 21.
The discharge ratio prediction equations are:

Q c v " 0.6167) 1-066
po _| 1250 ’se sp (24)
Qpi 0.5132 c 0.4116 Qvi 1.954
su
for conduit and risers and
. . . 1.179 0.5405
po _|_ 1250 se sp (25)
Q . 0.007311 0.8327 Q . 2.703
pl C vi

su
for trickle tubes.

The above equations can be used in conjunction with equations 21
and 22 and the sediment pond routing procedures previously discussed
to produce a sediment pond design. Worksheet 5 has been provided
for calculating settleable solids.

(1) Determine the sediment pool elevation, Eg, sediment pool
volume,Vy, sediment pond inflow volume, Qyj, and inflow
suspended solids, Cg,, and record these parameters at the
top of worksheet 5.

(2) Estimate an initial principal spillway elevation,
E,, needed to meet the settleable solids effluent
limitation and obtain the corresponding volume, Vps from
the sediment pond stage-volume curve. Record Ej and Vj
in columns 4 and 5 of worksheet 5.

(3) For a conduit and riser principal spillway, calculate the
elevation of the dewatering orifice E, [E, = Eg +
(Ep = Eg)/2] and obtain the corresponding volume,
Vo. Record E, and V, in columms 2 and 3.

(4) Obtain the sediment pond surface area, A, at the
principal spillway from the stage-area relationship and
record AP in column 6.

(5) Calculate AVqyp (AVop = Vp - Vo) and record AV,
in columm 7. AVep 1is zero for trickle tube principal
spillways.

(6) Calculate Qyji - AVy, and record the value in column 8
(for conduit and riser principal spillways only).
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(7)

(8)

(9

(10)

(1D

(12)

(13)

(14)

(15)

(16)

(17}

(18)

Using the principal spillway incremental storage volume,
%Vsp' (AVSP=VP-YS) calculate the required

discharge reduction ratio, Q,, with equation 24 or 25.

Record 4Vg, in column 9 and Qr in column 10 of

worksheet ?.

Enter Figure 8 or 9 with the discharge reduction ratio
determined in step 7 and obtain V,g. Record V,g in
column 11.

Multiply Veg by (Qui=AVop)/Ap to determine

AEpy, (AEpy = Hp or Hy for conduit and riser or

trickle tube principal spillways, respectively). Enter
Hy or Hy in column 12.

Use equation 15 to determine if the principal spillway
fractional depth, Pg, is greater than 0.40.

If Pg is less than 0.40, increase the principal spillway
elevation and repeat steps 2-10.

Select a principal spillway size and use H, or Hg
determined in step 9, to complete steps 1-5 of the sediment
pond routing procedure discussed in the previous section.
Record the routed Hy or H¢ in column 14,

If H, or H; determined in step 5 of the sediment pond
routing procedure (column 14) is less than Hy or Hg
determined in step 9 above (column 12), the principal
spillway size may need to be reduced to meet the 0.5 ml/l
effluent limitationm.

1f H, or Hy determined in step 5 of the sediment pond
routing procedure is approximately equal to or greater than
Hp. or Hp determined in step 9 above, complete steps

7-15 of the sediment pond routing procedure. Record the
final Hy or Hy in column 15 of worksheet 5.

After the routing has been completed, use equation 15 to
make a final check on the principal spillway fractional
depth and enter the fractional depth in columm 16.

Calculate D (D = Ep +Epp = Eg) and enter D in column
17.

Record the indicated parameters in columns 18-22 and
calculate the settleable solids concentration using
equation 21 or 22. Record the settleable solids in
colum 23.

If the settleable solids concentration does not meet the
effluent limitation or is significantly below the effluent
limitation, repeat steps 2-17 with an adjusted principal
spillway elevation or spillway size.
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Design Step 3 - Emergency Spillway Design {worksheet 6)

To satisfy cumulative impact assessment flood control criteria
for new structures, the combined principal spillway and emergency
spillway peak overflow must be equal to or less than the pre-mining
peak inflow to the sediment pond (Department for Surface Mining
Reclamation and Enforcement, 1982). Consequently, in designing the
emergency spillway (1) the runoff volume and peak inflow to the
sediment pond must be determined for the 25-year, 24-hour storm, and
(2) the 25-year storm must be routed through the sediment pond to
determine the peak ocutflow. The following paragraphs describe a
graphical routing procedure which can be used to design an emergency
spillway to handle the 25-year, 24~hour storm. The graphical
routing procedure assumes that the emergency spillway crest
elevation is set at the maximum water surface elevation for the
10~year, 24-hour storm. Worksheet 6 in Appendix A has been provided
for use with the graphical routing procedure.

The 25-year, 24-hour peak discharge for the pre~mining condition
(Department for Surface Mining Reclamation and Enforcement, 1981)
can be determined using the procedures outlined in design steps 1
and 2 and worksheets 1 and 2. The 25-year discharge should be
entered in column 11 of worksheet 6. The following material
provides a step-by-step procedure for designing the emergency
spillway.

(1) Determine the difference between the 25-year and the
10~year storm inflow volumes and peak inflows as indicated
at the top of worksheet 6.

(2) Assume an emergency spillway crest elevation, (Eg), equal
to the routed 10-year, 24-hour storm maximum water surface
elevation, Ep, and enter the elevation in column 1 of
worksheet 6.

(3) From the sediment pond stage-volume curve read the volume,
Ve, at the emergency spillway crest elevation, E,, and
record Vg in column 2.

(4) Assume an emergency spillway head, Hy, for the routed
25~year, 24-hour storm and calculate the maximum water
elevation Eyps (Epe = Eg + Hg). Enter Hg in
column 3.

(5) From the stage~volume curve read the maximum storage,
Ve, at the maximum water surface elevation, Eg,, and
record Vg in column 4.

(6) Subtract Vg (column 2) from Vyo (column 4) to determine
the incremental volume AVgp. Enter AVgy in column 5.

(7) Divide AVgp by AQyi and enter the result in columm 6.

35



(8)

(9)

(10)

(11)

(12)

(13}

(14)

(15)

(16)

(17)

(18)

(19

Enter Figure 14 with AVg,/ 4Q,; and obtain the outflow
to inflow ratio (Qgqo/ AQpl) Record the outflow to
inflow ratio in column 7.

Multiply (Qeo/ AQpi) by AQp; to determine Qg and
record Qgo in column 8.

Determine the peak discharge for the principal spillway,
on, from Figure 10 or 11 u51ng Ht or Hy, where Hp =
Eem — Ep + AH and Hy = Egp = Ep.  Enter Qpo in

column 9.

Sum Qpo and Qp, to determine the total routed peak
outflow, Qpes for the prlnc1pa1 and emergency spillways
and record the peak outflow in column 10.

Compare Qpe (column 10) with the 25-year, 24~hour
pre—mlnlng peak outflow, Q pm (column 11). 1If Qpe is
greater than me, repeat steps 4~11 with a hlgher assumed
Hge

If Q pe is significantly less than me, the remaining
steps will produce a conservative design and it may be
desirable to repeat steps 4-1l with a lower assumed H,.

1f Qpe is equal to or slightly less than me, perform
steps 15-109.

Choose a side slope ratio (H:V) to insure stability of the
spillway cut and enter the side slope in column 12,

Using the emergency spillway head, He, obtain a
discharge, Qtyr, for the triangular portion of the
emergency spillway cross—section from Figure 15. Record
Q¢y in column 13.

From Figure 16 read the peak discharge, Qp, for the
rectangular portion of the emergency spillway
cross-section. Qi has units of discharge per unit foot
of width. Enter Qp in column 14.

The emergency spillway bottom width, BW, is determined by
the equation:

W = (Qeo - Qt)/Qb

Round the bottom width to the nearest 1 foot and record in
columm 15.
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WORKSHEET 6

Determination of Emergency Spillway Routed Peak

Discharge for the 25-Year, 24-Hour Storm

Myi® Qui (25-yr) ac-ft = Qyi (10-yr) ac-ft = ac~ft.
Mpi = Qpi (25-yr) cfs - Qpi (10~yr) cfs = cfs.
(1} (2) (3) (4) (5) (6) (7)
E Vv H \' Ay AV
e e e me em em eo
& . M .
(ft) (ac—ft) (ft) (ac-ft) (ac-ft) v P
s
(8) (9 (1) (12) (13 (145 - (15)
Qeo on me Side slope Qtr Qb BW
(cfs) |[(cfs) |(cfs) (cfs) (H:V) (cfs) |(cfs/ft) | (ft)
e i
Emergency Spillway Crest ft. Peak Stage ft.
Bottom Width ft. Side slopes (H:V).
Pre-mining Pischarge cfs. Pond Routed Discharge cfs.
(1) From column 17 worksheet 4. (7) From Figure 14,
(2) From sediment pond stage-volume (8) (7) x Qpj.
relationship for Eg. (9) From Figure 10 or 1l.
(3} Assumed emergency spillway head. (10} (8) + (9).
(4) From sediment pond stage—~volume. (11) Pre-mining peak discharge.
relationship for Epe. (12) Selected side slope.
(Epe = Eg + He). (13) From Figure 135,
(5) (4) - (2). (14) From Figure 16,
(6) (5)/AQy;. (15) ((c8) - (Cl3))/cCl4a).
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Example 1 - Mountaintop Removal Operation

A mountaintop removal operation is proposed for the watershed
presented in Figure B-1. The operation will generate 15.2 acres of
disturbance as a result of coal extraction and produce an additional
3.6 acres of disturbance through the construction of two valley
fills. The remaining portion of the watershed (12.3 ac) will be kept
in the original forested condition. The proposed sediment pond
location is at a drainage area of 31.1 acres.

Selection of Sub-watersheds

The 31.1 acre total watershed was divided into seven
sub-watersheds (Figure B-1) for the purpose of calculating peak
discharge and sediment load. A summary of sub-watershed information
representative of a '"worst case" condition is presented in Table
B-1. Parameter values from TRM #6 were used for all sub-watersheds.
Even though the watershed has a drainage area less than 40 acres,
travel time and time of concentration were used in determining peak
discharge to illustrate the calculation procedure.

Determination of Peak Discharge and Runoff Volume

Time of concentration, T., values were calculated first for
each of the sub-watersheds according to the following steps:

(1) Hydraulic segment lengths and slopes for each sub-watershed were
determined and entered in columns 3 and 4 of worksheet 1
(Figure B-2), respectively.

(2) The overland flow velocity for each of the segments was
determined using Figure 2 and the results were entered in columm
5 of worksheet 1 (Figure B-2).

(3) The segment length was divided by the velocity, according to
equation 2, to determine the segment travel time and the results
were recorded in column 6 of worksheet 1 (Figure B-2).

(4) When all segments within a particular sub-watershed were
completed, the individual segment T. values were summed and
entered in column 7 of worksheet 1 (eq. 2).
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In calculating the travel time, Ty, for each sub-watershed,
the channel reaches downstream from each sub-watershed were numbered
(see Figure B-1) and the reach numbers were entered in column 1 of
worksheet 1 (Table B-3). The travel time for each reach was
calculated in a manner similar to the above procedure for
calculating time of concentration. The individual reach travel
times were written on the map in Figure B-1 next to the reach
numbers to facilitate computation of the travel time, Ty, for each
sub~watershed.

The sub-watershed travel time was calculated by summing the
appropriate reach travel times contained on Figure 1. The results
were entered in column 8 of worksheet 1 (Table B-2) for each
sub-watershed.

The time of concentration and travel time values were then added
and entered in column 9 on worksheet 1 (Table B-2) and the T, +
T values were rounded to the nearest 0.05 hr. and entered in
column 12 of worksheet 2 (Table B-4).

With T, and T; determined, the peak discharge, Q,, and
runoff volume, Q,, were calculated according to the %ollowing
steps:

(1) The unit peak discharge was determined from Figure 1 and
entered in column 5 of worksheet 2 (Table B-4).

(2) A 10-year, 24-hour rainfall of 4.0 inches (Carter County)
was selected from Table 2.

(3) The runoff volume, Q, was determined from Figure 3 and
entered in column 6 of worksheet 2 (table B~4).

(4) The runoff volume in acre-feet, Qy, was determined
(eq. 7) and entered in column 8 of worksheet 2 (Table B~4).

(5) The peak sub-watershed discharge, Qp, was calculated (eq.
1) and entered in column 9 of worksgeet 2 (Table B-4).

The sub-watershed unit peak discharge was adjusted for travel
time from the sub-watershed outlet to the sediment pond by obtaining
travel time reduction factors, Fy, from Figure 4 and multiplying
the unit peak discharge, qy,, (column 5) by the reduction factor
(column 10). The adjusted peak discharge was entered in column 11
of worksheet 2 (Table B~4).

The sub-watershed peak discharge, Qp, was also adjusted for
travel time from the sub-watershed outlet to the sediment pond (eq.
5) and the adjusted discharge, Qpt, was entered in column 16 at
the appropriate rounded T, + T¢ values (the top line of column
16 was labeled according to the range of rounded T. + Ty values;
.05, .10, .15).

B-4



Inspection of column 16 of worksheet 2 revealed that the largest
sub-watershed peak discharges occurred at T, + T4 values of 0.10
and 0.15 hours. Consequently, it was only necessary to calculate
hydrograph ordinates for T, + Ty values of 0.10 and 0.15 hours.

Peak discharge to hydrograph conversion factors, Fp, were
obtained from Figures 5 and 6 for the corresponding sub-watershed
adjusted unit discharge, q¢, (column 15) and at time increments of
0.05 hour on either side of the peak discharge and entered in column
13 of worksheet 2. For example, the peak discharge for
sub-watershed 1 occurred at a To + Ty time of 0.15 hours and a
hydrograph ordinate value was needed at .05 hours before the peak
(T, + Ty = 0.10 hr.). A value of Fy was obtained from
Figure 5 at - .05 hours (rising limb of hydrograph or time prior to
the peak discharge) and placed in the corresponding section of
column 13, worksheet 2. The conversion factor, Fp, (0.93) was
then multiplied with the peak discharge for sub-watershed 1
(10.4 cfs) and the result entered under a T + T¢ time of 0.10
hour (-0.05 hr. prior to the peak) in column 16. Other hydrograph
ordinates in column 16 were determined in a similar manner.

After all hydrograph ordinates were calculated, the peak
discharge for the watershed (inflow to the sediment pond) was
determined by summing the hydrograph ordinates for T, + T; equal
to 0.10 and 0.15 hours and selecting the maximum discharge (eq. 6).

Determination of Sediment Load

Worksheet 3 (Table B-5) was used with equation 8 to calculate
the sediment load for each sub-watershed. The sub-watershed
sediment loads were summed to generate the pond inflow sediment load.

Area weighted erosion slope lengths, L,, were determined for
each sub~watershed by visually dividing the sub~watershed into
approximately equal areas and averaging the slope lengths for all
areas in the sub-watershed. The LS factors were obtained from
Figure 7 and entered in column 5 of worksheet 3 (Table B-5}. Soil
erodibility, K, and control practice, CP, factors were obtained from
Table 3 and entered in columns 6 and 7, respectively. Sediment
loads were determined with equation 8 and entered in column 8 of
worksheet 3.

Principal Spillway Design

The required sediment pool storage volume was determined first
and then worksheets 4 and 5 were used to design the principal
spillway.



Sediment Storage Volume e

"

As previously noted, the example operation has a disturbed area
of 18.8 acres. Providing a sediment pool volume of 0.075 acre-feet
per acre disturbed would yield a sediment pool storage volume of
1.41 acre-feet. However, the l0-year, 24-hour storm sediment load
is 1990 tons which converts to a sediment volume (equation 15) of
1.76 acre-feet., Using a minimum sediment storage volume of 1.5
times the 10-year, 24-hour storm sediment volume produces a sediment
storage of 2.63 acre~feet and a corresponding sediment pool
elevation of 15.0 feet (Figure B-2). For this design example the
sediment pool elevation was increased 0.5 feet above the minimum to
an elevation of 15.5 feet.

Selection of a principal spillway size and type

Worksheet 5 (Table B-7) was used to begin the principal spillway
design process. An initial principal spillway elevation of 17.5
feet was assumed for a 12"-18" conduit-riser spillway (2.0 feet
above the sediment pool) and basic information concerning the pond
was entered at the top of worksheet 5 and in columns 1-9. Equation
24 was used to calculate the discharge ratio, Qp, needed to meet
the settleable solids effluent limitation of 0.5 ml/l. The
discharge ratio of .300 (column 10) was used with Figure 8 to
produce a volume ratio, Vpg, of 0.183 (column 11) and an H, of
1.33 feet (column 12). The H, value in column 12 is the estimated
head needed to meet the effluent limitation as determined from -fﬂwx
equation 24. An H, of 1.33 yields a fractional depth, Pg, of ‘
.60. The initial H, was entered in column 2 of worksheet 4
(Figure B-6) to perform the routing using the Vyg routing
function. Two iterations produced a Epy (Hp) of 2.23 feet and
a Pg 0.47. The final routing using the V., routing function
produced an H,. of 2.62 feet (column 9-14) and a peak discharge of
6.2 cfs. The routing settleable solids concentration was 0.01lml/1
(column 23 of worksheet 5), well below the effluent limitation. The
maximum water surface elevation (pond height) was 20.1 feet (column
17 of worksheet 4).

Since the settleable solids concentration produced in the first
trial indicated that a smaller pond could possibly meet the effluent
limitation, a 18'"-30" conduit-riser spillway at an elevation of 16.5
feet was analyzed. The resulting settleable solids concentration
was 0.35 ml/1, (column 23, worksheet 5) the maximum water surface
was 18.0 feet (column 27, worksheet 4) and the peak outflow was 16.8
cfs (column 10 worksheet 4).



Emergency spillway design

Procedures summarized in worksheet 6 were used to design the
emergency spillway to control the total sediment pond outflow for
the 25-year, 24-hour storm such that the pre-mining 25-year, 24-hour
peak discharge was not exceeded. The pre-mining 25-~hour peak
discharge (37.8 cfs) was calculated for a forested condition with
equation 1 and worksheets 1 and 2 (Tables B-8 and B-9). The
resulting discharge was entered in column 11 of worksheet 6
{(Table B~10). The during mining 25~year, 24-hour storm peak
discharge was calculated using worksheet 2 (Table B-9). The same
time of concentration and travel time values initially used with the
10-year storm were used with the 25-year storm. The maximum routed
25-year discharge, (T. and T used in calculations) was 66.7 cfs
(column 16, worksheet 2, Table B~9) while the peak discharge
calculated without considering the effects of travel time and time
of concentration {equations 3-5) was 68.3 cfs, only 2 percent higher
(column 9, worksheet 2, Table B=9). The 25-year, 24-hour during
mining runoff and peak discharge were used to calculate AQy; and
AQpi (top of worksheet 6, Table B-10)}. Following the calculation
procedures summarized in worksheet 6, an initial head above the
emergency spillway crest of 0.75 feet produced a peak outflow
(principal plus emergency) of 29.1 cfs for an emergency spillway
with a bottom width of 5.8 feet and 2:1 side slopes. Since the
maximum outflow was well below the pre-mining discharge of 37.8 cfs,
a lower water surface elevation, Hg, of 0.60 feet was assumed. A
lower water surface means that less water is stored and a higher
discharge will result due to a wider spillway bottom width. The
resulting discharge was 31.9 ¢fs, still well below the pre-mining
peak discharge of 37.8 cfs, and the spillway bottom width was 10.7
feet.
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TABLE B-10

WORKSHEET 6

Determination of Emergency Spillway Routed Peak
Discharge for the 25-Year, 24-Hour Storm

8Qyvi= Qi (25-yr)_L.wo> ac—ft - Qyi (10-yr)_S .\» ac—ft = V.55 ac-ft.

Mpi = Qpi (25-yr)_1oB 3 cfs = Qpi (10-yr)_. &  cfs = \p & cfs.

(1) (2) (3) (4) (5) (6) (7)
E v H v Ay AV
e e e me em __EE __e__g
n_ . M.
(£t) (ac-ft) (ft) (ac-ft) (ac~ft) vi pi
1S o [T A oS s o D A DR Ve e
) o SN D.eo Ry = o ean o.a4a
(8) (9) (10) (11) (12) (13) (14) (15)
Qeo on Qpe me Side slope Qtr Qb BW
(cfs) |(cfs) |{(cfs) (cfs) (H:V) (cfs) |(cfs/ft) | (ft)
N V& | 290 =S 2=\ =N Vo )
VAL e [ A2 | 3V K- R - \ T Ay Wi |
Emergency Spillway Crest \'S .o ft. Peak Stage_ P .\ ft.
Bottom Width  \\_. ft. Side slopes ¢ *\ (H:V),

Pre-mining Discharge 3 1\.2 cfs.

(1) From column 17 worksheet 4.

(2) From sediment pond stage-volume
relationship for Eg.

(3) Assumed emergency spillway head.

(4} From sediment pond stage-volume.
relationship for Ege.

(Epe = Ee + Ho)e
(5) (&) - (2).
(6) (5)/MQyi.

B-21

(7) From Figure 14,
(7) x Qpi-
{(9) From Figure 10 or 11.
(8) + (9).
Pre-mining peak discharge.
Selected side slope.

From Figurel5.
From Figure 16,
((c8) - (C13))/Cl14).

(8)

(10)
(11)
(12)
(13)
(14)
(15)

Pond Routed Discharge 2 \.9 cfs.
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Introduction

The graphical routing procedures and settleable solids
prediction equations contained in design step 4 have been programmed
for a Hewlett—-Packard HP-41CV hand calculator. A listing of the
program (GRASP ~ Graphical Routing and Solids Prediction) including
all data registers which contain constants is presented in Table 1.
GRASP is composed of three main programs and several subroutines.

A listing of the abbreviated catalog program names and full program
names 1s contained in Table 2. 1In developing the program, it was
necessary to fit functions to the routing and stage-discharge
relationships. A summary of these functions is contained in

Table 3. The following material provides instructions for loading
and using GRASP.

Loading GRASP

The program including the contents of registers 31-106 and
110-115 should be loaded exactly as contained in Table 1. Two
subprograms (LDRG and VWRG) have been provided to facilitate loading

registers 31-106 and for checking the contents of all registers.

Instructions for using LDRG (Load Registers)

(1) Enter 31 into register 30.

(2) Execute (XEQ) LDRG.

(3) Key in the constant (0.5132) to be loaded into register 31
and key R/S. LDRG will load 0.5132 into register 31.

{(4) Key in the constant (0.4116) to be loaded into register 32
and key R/S.

(5) Repeat the above process until registers 31-106 have been
loaded.

Instructions for loading error messages

Registers 110-115 contain error messages 1-6 and need to be
loaded indirectly using the ALPHA register and ASTO (alpha store)
command.

Instructions for using VWRG (View Registers)

After zll registers have been loaded, the register contents
should be checked using VWRG.

(1) Enter 31 into register 30.

(2) Execute (XEQ) VWRG.

(3) The constant in register 31 will be displayed.

(4) Xey R/S and the contents of register 32 will be displayed.

(5) Repeat the above process until the contents of all the
registers have been checked.

Cc-1



Executing GRASP

GRASP has three main programs which follow the same basic
principal spillway design procedures contained in design step 4.
CSEl (calculate Settleable Solids 1) calculates the discharge ratio,
Qp, and initial water surface elevation needed to meet the
settleable solids effluent limitation for a given principal spillway
storage, AVgy and performs the pond routing using the V,g
routing function (equation 18). ROUTE2 (Route 2) performs the final
routing using the routing functiom V., (equation 17). CSE2
(calculate Settleable Solids 2) calculates the final settleable
solids concentration. To facilitate execution, the user should
assign the three main programs (CSEl, ROUTEZ, CSE2) to appropriate
keys using the ASN function. The following information provides
more detailed instructions for using GRASP.

(1) Load program input data into registers 00-12. A
description of the contents of registers 01-12 is
contained in Table 4. Register 00 contains a code for
the spillway type and size. A complete listing of
principal spillways which the program will handle is
contained in Table 5. The principal spillway code is
of the form

Xy

where x is a spillway type designation (1 for conduit
and riser spillways and 2 for trickle tubes) and y is
a size designation (1-5 for the sizes contained in
Table 5).

(2) Execute (XEQ) CSEl.

(3) On the first iteration output from CSEl includes:
(a) The initial stage (H, or H¢) needed to meet
the settleable solids limitation of 0.5 ml/l.
(b) Key R/S and the principal spillway fractional
depth, Pf, for the initial stage will be
calculated and displayed.

(4) Key R/S, and on the second and following iterations
CSE1l will perform the initial routing using the Vyg
routing relationship. Output for each iteration
includes:

(a) The routed peak stage (Hy or He)for the
10~-year stormi.

(b} Key R/S and the principal spillway fractional
depth, Pg, will be calculated and displayed.

(5) Key R/S after the fractional depth is displayed to
provide another routing iteration.



(6)

(7)

(8)

(9)

(10

(11}

(12)

The routing iteration should be continued until s p
successive stages are within 0.1 feet of each other. '

Using the final stage (AE,,) determined in Step 6
compute Ep (Ey = Ep + AEyy) and obtain

elevations and corresponding storage values from the
stage~storage curve at approximately 1 foot below and
1 foot above Eyp. The stage-storage relationship
should be linear over this approximate 2 foot range.
Enter the elevation and storage values into registers
13-16 as indicated in Table 4.

Execute (XEQ) ROUTE2 to produce the final routing
using the routing relationship Vyy.

Output from ROUTE2 includes:

(a) The routed peak stage (Hp or H;) for the
10-year storm.

(b} Key R/S And the principal spillway fractional
depth, Pg, will be calculated and displayed.

Key R/S to initiate another routing iterationm.

The routing iteration should be continued until
successive stages are within 0.1 feet of each other.

Error Messages

the

GRASP
follo

Error

Error

Error

Error

Error

Error

P
Execute (XEQ) CSE2 to calculate the final settleable '
solids concentration.
checks for selected error conditions and generates
wing messages:
1 - Qp less than minimum allowable value (RIFN}.
2 - Maximum volume, Vy, is less than Vi contained
in register l4. The program is unable to
interpolate to determine Ej (ROUTE2).
3 - The calculated maximum volume Vp, is greater
than V, contained in register 16. The program
is unable to interpolate to determine Ep
(ROUTE2).
4 - H_ is less than 6.0 feet (CR3Q).
5 - Hg is less than the minimum allowable for full
pipe flow (TTSQ).
6 - Calculated outflow, Qpos is greater than -~

inflow, Qpi-



Example

An example sediment pond evaluation is included to illustrate
the use of GRASP. The example calculations are for a 12 inch
trickle tube principal spillway set at an elevation of 14.5 feet.
Additional information on this example is contained in Appendix B.
The contents of registers 00 — 16 are:

Register Variable Contents Register Variable Contents
00 Ig 2.1 09 Eg 11.5
01 Qyi 5.13 10 Vg 1.35
02 Quvi=tVep 5.13 11 Ep, 14.5
03 Qpi 49.4 12 Vo 2.43
04 Cou 256,000 13 E1 17.0
05 Cse 0.5 14 Vi 3.85
06 Ap 0.46 15 Eg 19.0
07 AH 0 16 vy 5.10
08 ) 1.0

Executing GRASP with the above data produces the following
results. .

Step Key Qutput Description
1 XEQ CSEl 3.36 Hy

2 R/S 0.47 Ps

3 R/S 3.80 He

4 R/S 0.44 Pg

5 R/S 3.77 He

6 R/S 0.44 Ps

The difference between Hy in step 3 and H¢ in step 5 is less
than 0.1 ft (actually 0.03 ft) and the initial routing using Vyg
is complete. Also note that Pg is greater tham 0.40 and H¢ in
step 5 is greater than the initial Hg (step 1) required to meet
0.5 ml/1.

7 XEQ ROUTEZ 4.27 He
8 R/S 0.41 Pg
9 R/S 4.23 He
10 R/S 0.41 Pg

The difference between Hy in step 7 and Hy in step 9 is less

than 0.1 ft (actually .04 ft) and the final routing using V.y 1is
completed. Note that only two iterations were required for the
initial routing and only two iterations were required for the final
routing.

11 XEQ CSE2 0.19 Cse

The predicted settleable solids concentration is 0.19 ml/1.
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CAT 1
LELCSES
ENR 41 BYTES
LBLTCRGR
LBLTTTER
LBL'R
LBLTGR
LBLTROUTEL
LBL"CRSE
LBLTTTSR
LEL"CRRF1
LBLTTTRFL
LBLTRTFN
LBL"PFRACT
LBLBif
ENE 419 BYTES
LBLTROUTES
EKE 125 BYTES
LBLTRRFE
LELTTTRFZ
LBLTCRRI2
LBLTCRRZZ
LBLTTTRIZ
LBLTTTRZZ
ENI 163 BYTES
LBLTESEZ
ERD 29 BYTES
LBLTCRSS
LBLTTTSS
LBLTSLSOLID
311 117 BYTES
LBLTERL
LBLERZ
LBLTERZ
LBL ER4
LBLTERD
LELTERS
ERT 182 BYTES
LBLTLBRG
ENR 38 BYTES
LELTYRRG
EKDB 29 BYTES
.EHL. #9 BYTES

TABLE 1
GRASP Program Listing

BIeLBL “(CSEl"

6z R{L 83

83 INT

84 |

83 -

86 STO 24

87 ¥=8?

B8 XEd -CRER"
B9 RCL 24

18 Xxa?

11 ¥E@ =TTaR"
12 ¥EG “ROUTEL"
13 END

@14LBL "CRER"
82 ZE@ k-

83 31

B4 ST+ 36

85 ZEQ -QE*
85 RTH

B7eLBL °TTGR"
82 KEE R"

89 3%

18 51+ 38

11 ¥EB =GR-
12 RTH

iZelBL "R"

i4 9%

15 570 38

16 RTH

{7¢LBL =@r-
i8 RCL 85

19 1256

28 *

21 RCL IHD 38
22/

2% RCL 84

24 1585 36

25 RCL IRD 38
26 Y43

&7/

28 RCL 81

2% 156 38

J& RCL IR 36
3 Y

32/

33 RCL 12

34 RCL 18

35 -

36 15G 38

37 RCL IRD 38
38 V¥

39 *

4% 15 28

41 RCL KD 3§
42 Y1¥

43 RCL @3

44 %

45 570 17

46 RTH
47+ BL "ROUTEL"
45 GT0 B

45+ BL B2

S8 REL 24

51 X=87

52 KE& -CR58°
SIRCL 24
54 Xa?

55 WEQ -TT56"
SEeLBL 8!

57 RLL 17

55 RCL 82

55 7

62 S0 18

6l |

&2 -

£3 7

&4 HEC “ERG-
6% RCL 24

66 K=B?

67 XEG -(ERFi-
&8 PCL 24

69 Y87

78 FER “TIRFi-
71 RLL 1%

72 RCL B2

72 %

7d FCL 85
7/

76 5T 29

77 sTop

78 ¥EQ "PFRACT"
79 CTO 82
8@+[BL =CESR-
81 ¥EQ "B-

B2 HER IR~
§3 28

B =

85 39

BE +

B7 57+ 1R

8% RCL 28

85 RCL 67

9% +



51 &
92 -

- 93 K87

94 ¥EQ “ER4~
95 .7Zb

9% Y

97 RCL INE 38
9% *

9% I5G 38

188 RCL IHD 32
181 +

182 RCL 88

183 «

184 570 17

185 KTH
186eLBL “TT50"
187 g R
188 XEQ *DIR-
189 48

118 *

11} 47

112 +

113 5T+ 38

114 RCL 260

115 RCL IND 38
116 -

117 X(8?

118 ¥t@ “ERY"
119 185G 3#

128 RCL IND 38
121 Y

122 156 38

123 RCL IND 38
124 *

125 ISG 38

126 RCL IHD 38
127 +

128 RCL @2

129 *

138 570 17

13! RTN
132¢LBL “CRRFI"
133 ¥E@ R~
134 71

135 5T+ 38

136 WE@ “RIFN-
137 RTH
138¢LBL "TTRF1"
139 XE@ R
148 75

141 ST+ 38

142 XEQ "RTFN"

143 RTH
1d4eLBL “RTFH-
143 REL 18

146 RCL IND 38
147 - S,
148 X{g?

149 XEE "ERI”
158 ISC 36

151 RCL IND 38
152 ¥

153 156 38

154 RCL IND 38
195 *

136 ISG 38

157 RCL IND 38
158 2{oY

159 -

j6@ STG 19

i&1 RTH
fe2eLBL “PFRACT-
163 RCL 11

164 RCL 89

{65 -

166 510 25

167 RCL 28

168 +

169 RCL 25

ire 2O¥

i

172 570 25

173 STOP

174 RTH
175+LBL =BIR"
176 RCL &2

177 FRC

178 RTH

179 EXD

@1eLBL -ROUTEZ"
62 RCL 24

83 X=g?

84 XEQ -LRSQ-
85 RCL 24

#o K87

87 XEQ@ -TTS0"
88 RCL 17

89 RCL 83

e s

. 11 5710 18

12 RCL 24
13 #=87
14 XEQ -CRRF2-

15 RCL 24

{6 %87

17 AEG =TTRF2"
16 RCL 13

19 RCL &2
28 =

el 816 2

22 pIL 14
23 RLL 12
24 -

23 870 22
26 5¥Y°

27 XE@ “ER2"
28 RDH

23 RCL 16
38 RCL 12

It -

32 870 22
33 Biyy

34 ¥EQ “ERI"
35 REL 21

3t RLL 22
-

38 RCL 23
3% ROL 22
48 -

éi s

42 RLL 15

43 RIL 12

44 -

45 *

45 RCL 13

{7 +

45 RCL 11

45 ~

568 STD 28

3l 570P

52 XEQ ~PFRACT"
53 67D “ROUTEZ"
54 END

BieLBL =CRRFZ2-
B2 .3

83 RCL 18

84 K(=Y?

85 XEG@ -CRRi2*
86 .3

87 RCL 18

88 Xiv?

8% XEQ -CRRZ2"
18 RTH



11+LBL ~TTRF2*
12 .3

i3 ’LL 18

14 ¥(=Y?

15 ¥E@ *TIRI2"
16 .3

17 RCL 18

[

19 ¥EG “TTRZ2"
28 RTH

21¢LBL “CRRiZ"
22 BEd "R

23 79

24 57+ 3@

2% AEE “RTFM*

26 RTH

Z7¢LBL “CRE2Z"
28 ¥EG “R-

29 &3

3% 5T+ 38

31 ¥EG “RTFR"

3z BTH

33+LBL ~TTRI2"
34 EEQ "R-

35 &7

35 5T+ 38

37 HEQ -RTFH-

38 RTH

- 39eiBL "TTRZZ"

48 XE& K"

41 91

42 GT+ 38

43 XEQ “RTFN"
44 RTH

45 END

BieiBL “CSE2"
82 BLL 24

83 2=8?

84 ¥EQ *CRSS"
8% RCL 24

86 ¥8?

@7 ¥E@ -TTS5"
88 END

814LBL “CRSS"

82 ¥EQ -R"

83

84 ST+ 38

85 ¥E@ -SLS0LTD-
85 RTH

@7¢LBL “TTSE™
85 XEQ *R"

89 161

{6 §7+ 30

11 ¥F@ =SLSCLID-
12 RTH 2
13¢LBL *SLSOLID"
14 RCL 11

15 RCL 89

& -

17 RCL 28

18 +

19 RCL IND 38
28 1Y

21 RCL @l

22 156 I8

23 RCL INED 38
24 1%

5=

26 RLL 12

27 RLL 1@

28 -

29 186 38

38 RCL INE 28
K3 U £

32

I3 RCL 18

34 158G 3@

35 ROL IND 38
36 1%

7

BRIL M

39 156 38

46 RCL IND 26
41 1%

42 *

47 186 36

44 RCL IND 38
45 #

4 1258

47 7/

48 STOP

43 RTH

58 END

eielBL “ERL"
82 118

83 5T0 23

B4 VICE THD 29
#3 STOF

o 8

87 KTH

#B¢LBL “ERET
82 111

16 570 29

11 VIEW IRE 28
12 GTOP

i3 RTH

14¢LBL “ERZ”
15 {12

1& 870 29

17 VIEMW IHD 29
1§ &70F

1% RTH

28+iBL "ER4~
2l 113

22 810 23

23 YIEW IND 29
24 STO0F

25 @

26 KTH

Z7eLBL “ERY”
2t 114

2% 570 22

38 ¥IEW IND 29
1

32 STOP

33 RTH o
34eLBL “ERG"

35 G

3 570 29

37 VIEM IWE 29

38 ST0P

39 RTN

46 EXD

BleLBl “LDEG"
82 999!

93 5T+ 38
Be¢iBL Bl

85 510P

86 510 IND 38
87 158G 3¢

8% GTO 8

% END

B14LBL “VHRG
B2 99961

&3 5T+ 38

B44LBL &1

85 STOP

85 VIEW IND 39

87 15C 38

85 GT0 81 S,
89 END



A

R3i=
R32=
k33=
Rid=
R35=
R36=
R3T=
R38=
R39=
Réd=
Réi=
R42=
Ré3=
Rdé=
R43=
Réb=
Ré7=
Rét=
Ré9=
Rz
k3i=
RGz=
RS3=
R34=
k3=
kb=
Ra7=
R38=
R39=
Reg=
Rel=
R62=
R63=
Rb4=
R&3=
Ro&=
Ro?=
Rég=
R69=
R78=
R71=
Rie=
R73=
R7d=
R7S=
R76=

K78=
R79=

5.132-81
4.116-81
1.954+86
6. 167-81
1.866+88
7.311-83

g8.327-81

2.783+R8
{.179+88
5.405-81
4.386-81
3. 370480
7.748-81
6.338+88
1.227+88
1.885+81
2.525+80
2. 856481
4,368+80
3.577+81
1.586+80
7.358-81
6.335-81
3.775+88
2. BR8+84
7.948-81
9.216-81
7.218486
2.508+88
7.798-81
1.9566+68
1. 28648
3.880+80
. 16e-81
2.917+88
2.612+81
4,096+608
8.208~81
4,797+88
4,768+61
5. 888-82
6.768-81
5.718-81
4,6878-81
5.886-82
7.880-81
3.886-R1
3.858-81
5. 086-82

R28= 6.666-81
RSi= 7.888-81
Rez= 5.498-81
R83= 3.848-81.
RB4= 7.160-81
R85= 3.458-81
RBA= 2.368-81
RG7= 5.6886-82
RE8= 4.548-81
R8%= 5.668-81
R98= 6.388-81
R91= 4,808-81
R%2= 9.536-8.
R93= .4.516-81
R94= Z.878-81
R95= Z.694+08
R96= 2.886+08
R97= 1.1B89+88
R96= 2.399+88
R9%=  §.396-81
RiGB= 6.871-85
Rigi= 1,222+08
RiBZ= 2.79%+6R
Rl1B3= 1.541+68
RiB4= 2.B76+88
RiBS= 5.587-81
RiB6= 1.736-B4
Rid7= 9.808+88
Rigs= §.068+80
R169= 8.808+08
Ri18= “ERROR1"
Rili= ~ERRORZ"
Rii2= =ERRORZ"
Ri13= “ERROR4"
Rii4= "ERRORZ"
R115= "ERRORE"
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TABLE 2

Summary of Abbreviated Program and Subroutine Names

CSE1l - Calculate Settleable Solids 1

CRQR - Conduit and Riser Discharge Ratio, Q.
TTQR - Trickle Tube Discharge Ratic, Qy

R - 1Indirect Register Constant

QR - Discharge Ratio, Qg

ROUTE1 -~ 1Initial Routing Using Vi g

CRSQ - Conduit and RiserAStage—Discharge

TTSQ - Trickle Tube Stage—-Discharge

CRRF1 - Conduit and Riser Routing Function 1
TTRF1 - Trickle Tube Routing Function 1

RTFN ~ Routing Function

PFRACT - Principal Spillway Fractional Depth, Pf
DIA - Spillway Diameter

ROUTE2Z - Final Routing Using V.y

CRRF2 - Conduit and Riser Routing Function 2
TTRF2 - Trickle Tube Routing Function 2

CRR12 - Conduit and Riser Routing Function 1, 2
CRR22 - Conduit and Riser Routing Function 2, 2
TTR12Z - Trickle Tube Routing Function 1, 2
TTR22 - Trickle Tube Réuting Function 2, 2

CSEZ -~ Calculate Settleable Solids 2

CRSS - Conduit and Riser Settleable Solids
TTSS - Trickle Tube Settleable Solids

SLSOLID =+~ Settleable Scolids Calculation



ER1

ER2

ER3

ER4

ER5

ERb

LDRG

VWRG

Error

Error

Error

Error

Error

Error

Load Register

View Registers

5

6

TABLE 2 (continued)
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TABLE 3
Routing and Stage Discharge Functions

Conduit and Riser Routing Functions

Veg = 0.407 - 0.571 (Q, - .050)0.676.
Vpy = 0.549 ~ 0.788 (Q, - .050)0-666 0,050 <Q, £0.300
Vey = 0.236 = 0.345 (Q, - .300)0:716 0,300 <Q, <0.700

Conduit and Riser Stage-Discharge Relationships

Qo = 3.57 + 0.438 (H; - 6.00)0-726 12"C ~ 18"R¥*
Qg = 6.33 + 0.774 (H; - 6.00)0-726 15"C - 24"R
Qo = 10.05 + 1.227 (H, - 6.00)0-726  1g8"c — 3p"R
Qo = 20.66 + 2,525 (Hy - 6.0000-726  24"c - 36"R
Qo = 35.77 + 4.368 (H; - 6.00)0-726  30"c - 42"R

Trickle Tube Routing Functions

0.386 - 0.388 (Q - 0.050)0-700

Vey = 0.638 = 0.566 (Q, - 0.050)0-454 0,050 < Q. < 0.400

<}
i

v = 0.287 - 0.451 (Qp - 0.40000-955 0,400 < Q, < 0.800

Trickle Tube Stage Discharge Relationships

Qo = 3.77 + 0.633 (Hy - 1.5)0.738 g, > 1.5; 12" #*

Qo = 7.21 + 0.921 (Hg ~ 2.0)0.79 Hy > 2.0 ; 15"
Qo = 12.00 + 1.568 (Hy - 2.5)0-779 g\ > 2.5 ; 18"
Qo = 26.12 + 2.917 (Ht - 3,0)0.816 He > 3.0 ; 24"
Qo = 47.68 + 4.797 (Hp - 4.0)0-820 'y, > 4.0 * 30"

*]12"C -~ 18"R - 12" Conduit and 18" riser
*%]12" — 12" diameter trickle tube

Cc-11
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TABLE &

Contents of Registers 00 - 30

Register ,
Number Contents Number Contents
00 Spillway type and size 16 Vo
(See Table 5)
01 Qvi 17 Qo
02 Qui = AVop 18 Qy
03 Qpi 19 Vegs Vpy
04 Cgu 20 ﬁEpm
05 Cge 21 Mpm
A
06 Ap 22 Vol
07 AH 23 AV,
08 Cy 24 ST
09 Eg 25 Ps
10 Vg 26
11 Ep 27
12 Vp 28
13 Ep 29 Indirect Address
Register
30 Indirect Address
Register

c-12



Spillway
Designation

*  12"C - 18"R - 12" conduit and 18" riser

v

1.1

1.2

1.3

1.4

1.5

2.2

2.3

2.4

2.5

TABLE 5

Spillway Codes

Spillway
Type

Conduit
Conduit
Conduit
Conduit

Conduit

Trickle
Trickle
Trickle
Trickle

Trickle

and Riser

and Riser

and Riser

and Riser

and Riser

Tube

Tube

Tube

Tube

Tube

12" - 12" diameter trickle tube

c-13

5pillway

Size

{(in)

12 €

15 ¢

18 C

24 C

306 C

- 18 R*
- 24 R
- 30 R
- 36 R

- 42 R

1%
15
18
24

30



T

APPENDIX D

s

LIST OF SYMBOLS



SYMBOLS

Watershed area, (ac).

Sediment pond area at the pr%ncipal spillway, (ac).
Pipe length discharge correction factor.

Emergency spillway bottom width, (ft).

S8CS runoff curve number.

USLE control practice factor.

Settleable solids concentration, (ml/1).

inflow average suspended solids concentration, {(mg/l).
Emergency spillway crest elevation, (ft).

Sediment pond maximum water surface elevation for the
10-year storm, (ft).

Sediment pond depth measured from the sediment pool
elevation to the maximum water surface, (ft).

Sediment pond principal spillway elevation, (ft).
Sediment pond permanent pool elevation, (ft).
Sediment pond sediment pool elevation, (ft).

Elevation on stage-volume curve at a point less
than Ep, (ft).

Elevation on the stage-storage curve at a point greater
than Ep, (ft).

Peak discharge to hydrograph conversion factor.
Unit peak discharge travel time reduction factor.
Head above emergency spillway crest, (ft).

Head above riser crest, (ft).

Head above trickle tube invert, (ft).

Total head, (ft).

b~1



qt

qu

Qb

Qeo

Qe

Qtr

Qv

Qvi

Principal spillway type and size index.

USLE soil erodibility factor.

Erosion slope length, (ft).

Hydraulic length of a watershed or flow path, (ft).
USLE length slope factor.

Rainfall, (in).

Principal spillway fractiomal depth.

Sub-watershed unit peak discharge adjusted for travel time
(cfs/mil/in).

Sub-watershed unit peak discharge, (cfs/mi2/in).
Storm runoff volume, {in).

Emergency spillway discharge for the rectangular portiom
of a trapezordal cross-section, (cfs/ft).

Emergency spillway peak discharge, (cfs).
Principal or emergency spillway discharge, (cfs).
Sub-watershed peak discharge, (cfs).

Peak sediment pond inflow, (cfs).

Principal spillway peak discharge.

Combined principal and emergency spillway peak discharge,

(cfs).
Pre-mining 25-year, 24-hour peak discharge, (cfs).

Sub-watershed peak discharge adjusted for travel time,
(cfs).

Hydrograph ordinate, (cfs).

Emergency spillway discharge for the triangular portion
of a trapezoidal cross-section, (cfs).

Sub-watershed storm runoff volume, (ac~ft).

Sediment pond inflow storm runoff volume, (ac-ft).



BE g

AH

AQpj

Slope of flow path, (%).
Principal spillway type index.
Sub-watershed time of concentration, (hr).

Travel time from the sub-watershed outlet to the sediment
pond, (hr).

Overland flow or channel velocity (ft/sec).

Sediment pond storage volume at the emergency spillway
crest, (ac—ft).

Sediment pond maximum volume for the 10-year storm,
(ac-ft).

Sediment pond maximum volume for the 25-year, 24-hour
storm, (ac—ft).

Sediment pond volume at the principal spillway, (ac-ft).
Sediment pond volume at the permanent pool, (ac-ft).

Sediment pond storage to inflow volume ratio based on
Ap and AEpp. '

Sediment pond storage to inflow volume ratio based on
Ame-

Sediment pond volume at the sediment pool, (ac-ft).
Sediment pond volume at Ep, (ac~ft).

Sediment pond volume at Eg, (ac-ft).

Sub-watershed sediment yield, (tons).

Sediment load inflow to the sediment pond, (tons).

Incremental elevation between the principal spillway and
maximum water surface. Same as Hp or Hy (ft).

Elevation difference between the riser crest and the
conduit invert, {(ft).

Difference between the 25-year, 24-hour storm peak
discharge and the 1l0~year, 24-hour storm peak discharge,
(cfs).



T

8Qyi

AVam

AVop
BV
AVpl
Mpa

AEgp

At

Difference between the 25-year, 24-hour storm runoff
volume and the 10-year, 24-hour storm runoff volume,
(ac-ft).

Incremental sediment pond storage volume between the
emergency spillway and maximum water surface elevation,

(ac-ft).

Incremental sediment pond storage volume between the
dewatering orifice and the principal spillway.

Incremental sediment pond storage between the principal
spillway and the maximum water surface, (ac~ft).

Incremental sediment pool volume between the permanent
pool and Ey, (ac-ft).

Incremental sediment pool volume between the permanent
pool and Ep, (ft).

Incremental elevation between the sediment pool and the
principal spillway.

Time interval between hydrograph ordinates, (hr).
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