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CHAPTER 1

PRE-PLANNING

.-Extensive pre-planning is ﬁecessary if the conservation of soil and
water resources in surface mined areas is to be effectively undertaken.
Pre-planning must be done prior to the beginning of surface mining operations
with the aim to eliminate or reduce some of the foreseeable problems
associated with the specific area to be mined. The problems associated with
surface mining are many and varied; however, the primary aim of pre-planning
should be to arrive at a satisfactory method of site drainage; reducing
cedimentation loads, preventing acid water discharge and meeting effluent
limitations are three very important items to consider when working on a
comprehensive drainage plan.

Other areas that must be considered during the planning stage are Tand
stabilization, geology and water disposal. Consideration in pre-p]anning
should be given to total environmental affects on air, wildlife, fish, plants
and aesthetics with a desire for improved land capability upon completion of
mining. Possible detrimental effects of surface mining can be prevented if
careful pre-planning coupled with good mining practices and effective
reclamation work is carried out.

In the following sections, some of the major problem areas and their
possible solutions are discussed. Each should be considered during the
pre-planning phase.

1.1 SEDIMENT CONTROL

Sediment is one of the greatest polluters of water and causes more

offsite damages and problems than any other aspect of surface mining.

A number of factors influence erosion and sedimentation rates. Among
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these are (1) type of soil and cover, {2} erodibility of the soil, (3) degree
of slope, (4) iengtﬁ of slope, (5) amount and rate of rainfall, (6) climate,
(7) distance from source and (8) degree of filtering between source and
sampling point.

In areas with established vegetated cover, the sediment producing
potential is reduced by the absorption of raindrop impact energy and by
decreasing the amount and velocity of runoff.

Steepness affects the poten£1a1 energy that runoff has to transport
sediment and the stability of the part1c1es subject to erosion. The longer
the slope, the more likely that runoff will cause the deve1opment of rills and
gullies, thereby greatly increasing the erosion potential.

Some of the physical croperties of s0il that influence erodibility are:
Texture, percentage of coarse fragments - especially on the surface-soil
structure, mineralogy, amount and type of clay, organic content and depth of
soil.

The sediment storage value of 0.125 acre-feet per acre of disturbed area
js based on studies by the U. S. Forest Service and ‘the Soil Conservation
Service. As sediment structure is installed and monitored, more knowledge
will be gained to provide a better basis for storage values. It is imperative
thaf provisions for cleanout and maintenance of all sediment structures be
provided.

There are various methods that may be used to eliminate sediment problems
provided they are skilifully planned and applied.

1. Sediment structures chall be installed and maintained by
using the best technology currently available to remove sediment
from streams and drainageways leaving the disturbed area.

9. The smallest practical area of land should be exposed at any oné

time during the mining phase. This means progressive backfilling
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and reclamation. Exposure should be kept to the shortest practical
period of time.

Final dressing and grading shall be done progressively and
temporary vegetation and mulching shall be done where permanent
vegetation establishment is delayed.

Spoil material shall in all cases be kept out of the stream
channel. Stream relocation should be avoided if at all possible.
Adequate watertight conduits or bridges shall be used where haulage
roads must cross natural drainways. Again, care shall be taken to
ensure that spoil does not get into the stream where such
structures are built. Road banks shall be mulched or seeded
immediately as zonstruction progresses.

Diversions may be installed above the highwall fo divert upland
runoff around the disturbed area to a suitable crossing of the
disturbed areas.

Rock-1ined ditches or other suitable structures shall be provided
where necessary to convey concentrated flows down steep slopes.
Toe berms or other acceptable filter devices shall be constructed
near the toe of spoil banks to slow doﬁn sheet fiow and trap
sediment before leaving the site. Vigorous vegetation shall be
maintained on the berm;

Types of Water Management Practices may be used to assist in
sediment control. However, they will not be considered as
substitutes for sediment dams, excavated sediment ponds or other
approved storage structures.

Discharge Structures - Discharge from sediment control structures,

(temporary and permanent structures}, diversions, stream channel
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diversions, etc., shall be contrglled by energy

dissipators, riprap channels and other devices approved by the
Director to reduce erosion, to prevent deepening or enlargement of
stream channels and to minimize disturbance of the hydrologic
balance. Discharge structures shall be designed according to

standard engineering procedures.

1.2 ACID WATER

The keys to acid water formation are: pyrite or other acid-forming

compounds,

a continuous supply of oxygen and water. Remove one of the keys,

oxvgen, for example, prevents acid water generation.

Control methods for the abatement of acid water shall be as follows:

1.

Intercept surface water that may flow into the pit by constructing
diversion above the highwall.

When potentially acid-producing materials are identified, a plan
must be developed for handling these materials in order to prevent
the production of acid water.

Water treatment facilities shall be installed to treat acid

water; treatment may include chemical processes for the
neutralization of the acid such as limestone spreaders, limestone

drums, brickets, etc.

1.3 LAND STABILIZATION

Land stabilization as used here means long-term stability of soil and

rock against stides, slips and mud flows. It is only through cycles of wet,

dry, freeze and thaw periods that true stability can realistically be

Judged.

Stability is controlled by (1) establishment of vegetative cover,

(2) outer slope of regraded spoil, {3) regraded drainage, (4) bedrock

Tithology and stratigraphy and {5} soil and rock content of the spoil.
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Slips and landslides are caused by the top heavy nature of a soil mass
and usually occur when the soil becomes saturated. Uncontrolled spoil |
placements and uncontrolled drainage result in unstable conditions.

1.4 GEOLOGY

The geology of the area must be known if a satisfactory plan is to be
developed for water control and disposal, sediment pollution control, acid
drainage control and successful establishment of a productive vegetative
cover. Geologic factors indicate (1) potential acidity, (2) potential slope
stability, (3) potential stoniness of spoil and (4) dip of coal strata. The
strike and dip of the coal strata must be known in order to plan an effective
drainage plan.

Drainage plans can bc 2nhanced by taking advantage of the dip (or slope)
of coal seams in determining which way to drain the benches. This also
permits determining which natural drainways to use.

1.5 WATER DISPQOSAL

Collection and delivery of water to a safe and stable outlet is an
important aspect in developing a drainage plan. Water will always occur, and
provisions must be made to handle it at all times. Water disposal usually
will be connected with bench and diversion drainage and the methods of getting
this water to a natural drainway.

Water shall be directed to aﬁd discharged through an adequate outlet.

The outlet may be a natural drainway, a vegetated area or some other stable
constructed watercourse.

Bench drainage may be accomplished by waterways draining to an outlet
in the direction of bench slope. In no case will the water be discharged over

the bench crest unless protected against concentration of water by the use of

structural means (pipes, riprap, concrete, etc.).
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1t must be recognized that all control measures are not equally effective
at all sites. Divérsions may work well at some locations but may be
ineffective at others. Rock-Tined chutes, ditches or pipe drop spillways shall
be required at many places in lieu of natural or grassed waterways. The
methods of controlling erosion and sediment must be site specific.

Where possible sediment structures should be Tocated before drainageways
reach the main stream, a good rule to remember is to locate them as close to
the source as possibie. Where feasible, they should be of the diversion type.
This will keep sediment storage accumulations out of the main watercourses.
After reclamation is complete, the diversion may be closed and sediment
deposits isolated from further flows. Land disturbed by previous surface
mining operations that is it stabilized must be included when determining the
disturbed area above sediment structures.

1.6 SUMMARY

A11 overburden materials subject to disturbance should be classified for
potential acidity and a plan developed for handling and placing of materials
in such a manner that the resulting minesoil of the regraded surface wil}
support the planned vegetation. Massive rocks and potentially acid-producing
ctrata shall be placed wnhere il is not a part of the finished surtace.

The after-mining land use possibilities of the area affected should be
based upon the properties of the overburden, compatibiiity with adjacent land
uses and the needs and desires c¢f the landowner.

Water capable of supporting fish and other desirable aguatic life shall
be the goal whers impoundments are planned and are propused %o remain for
future land use.

Good planning, design, installation and maintenance of erosion and

sediment contrel measures utiiizing the best technology currently availabie
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will provide for effective control at all sites. However, it must be
recognized that there are locations where the physical characteristics of the
1and are such that effective erosion and sediment control system cannot be

provided. When these conditions exist, consideration for surface mining may .

be denied.
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CHAPTER 2 !

ESTIMATING RUNOFF

2.1 GENERAL
2.1.1 DEFINITION

Estimating runoff is the process of determining the volume or

peak rate of runoff, from a given watershed for the design storm, or the
_ safe yield expected from the watershed. F
2.1.2 PURPOSE

This section establishes procedures for estimating depth and
peak rates of runoff for use in designing erosion and sediment
conservation measures For surface mining operations.

2.1.3 SCOPE

1. The procedures for determining yield and peak rates are
applicable to drainage areas of 0 to 500 acres.

2. For 1argér, greater than 500 acres, or those having special
situations, reference should be made to the Soil Conservation Service
National Engineering Handbook, Section 4, Hydrology.

3. This standard establishes the minimal acceptable procedure
in estimating runoff in predominaﬁtly rural or agricultural areas in
West Virginia..

4. Tables and charts are included for a quick and reliable way
to estimate peak rates of discharge and associated runoff volumes for a

range of rainfall amounts, soil types, land use, cover conditions and

average watershed slope.
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2.2 FACTORS AFFECTING SURFACE RUNOFF

2.2.1  GENERAL

Precipitation, whether it occurs as rain or snow, is the
potential source of water that may run off the surface of small
watersheds. The kind of soil and the type of vegetative cover
have a major effect on the amount of precipitatﬁon that runs off.
Mechanical treatment on a watershed, along with its topography and
shape, affect the rate at which water runs off. The combined effect of
so0il, vegetative cover and conservation practices on the amount of
rainfall that runs off the watershed are represented by "runoff-curve
numbers” (CN's). {Exhibit 2-2).

2.2.2 PRECIPITATION

The highest rates of runoff from small watersheds are usually
caused by intense rainfall. The intensity of rainfall affects the rate
of runoff more than it does the volume of runoff. Intense rainstorms
that produce high rates of runoff in small watersheds usually do not
extend over a large area. Therefore, the same intense rainstorm that
causes flooding in a small tributary is not Jikely to be the one that
will cause major flooding in a main stream that drains several hundred
square miles.

The intensity of rainfall varies considerably duking the étorm
period. The Type 11 storm distribution is typical of the more intense
storms that occur over West Virginia which distribution was developed
from U.S. National Oceanic and Atmospheric Administration (Weather
Bureau) data.

2.2.3  ANTECEDENT MOISTURE CONDITION

The amount of precipitation occuring in the five days preceding
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the storm in question is an indication of the antecedent moisture

condition (AMC) of the soil. The runoff curve numbers (CN's) for West

Yirginia in Exhibits 2-2, are for an average antecedent moisture

condition (AMC I1).

2.2.4 HYDROLOGIC SOIL GROUPS

are:

Soils associated with West Yirginia have been classified into
four hydrologic soil groups as shown in Exhibit 2-3. The hydrologic

soil groups, according to their infiltration and transmission rates,

(Low runoff ﬁotential). Soils having high infiltration
rates even when thoroughly wetted. These consist éhief]y of
deep, wei1 to excessively drained sands or gravels. These
soils have a high rate of watér transmission in that water
readily passes through them.

Soils having moderate infiltration rates when thoroughly
wetted. These consist chiefly of moderately deep to deep,
moderately well to well drained soils with moderately fine
to moderately coarse textures. These soils have a moderate
rate of water transmission.

Soils having slow infiltration rates when thorodgh]y wetted.
These consist chiefly of soils with a layer that impedes
downward movement of water or soils with moderately fine to
fine texture. These soils have a slow rate of water
transmission.

(High runoff potential). Soils having very slow
infiltration rates when thoroughly wetted. These consist

chiefly of clay soils with a high swelling potential, soils
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with a permanent high water table, soils with a claypan or
clay layer at or near the surface, and shallow soils over
nearly impervious material. These soils have a very slow
rate of water transmission.

2.2.5 LAND USE AND TREATMENT

In the method of runoff estimating the effects of the surface
conditions of a watershed are evaluated by means of land use and
treatment classes. Land use is the ﬁatershed cover and it includes
every kind of vegetation, litter and mulch, and fallow, as well as
nonagricultural uses such as water surfaces (1akes, swamps, etc.) and
impervious surface {roads, roofs, etc.). Land treatment applies mainly
to agricultural land uses and it includes mechanical practices such as
contouring or terracfng and management practices such as grazing control
or rotation of crops. The classes consist of use and treatment
combinations actually to be found in watersheds.

2.,2.6 HYDROLOGIC CONDITIONS

The soils and its hydrologic condition, in most cases, affect
the volume of runoff more than any other single factor. The hydrologic
condition of the soil is determined by its moisture content at the time
of the storm, its humus and organic content and its temperature, and
whether or not it is frozen.

2.2.7 VEGETATIVE COVER

Yegetation affects runoff in several ways. The foliage and its
litter maintain the soil's infiltration potential by preventing the
sealing of the soil surface from the impact of the raindrops. Some of

the intercepted moisture is so long draining from the plant down to the

soil that it is withheld from the initial period of runoff. Another
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2.3

2.4

effect is the transpiration of soil moisture from previous rains leaving
a greater void in the soil to be filled. Vegetation, including its
ground litter, forms numerous barriers along the path of the water
flowing over the surface of the land.
2.2.8 TOPOGRAPHY

The stopes in a watershed have a major effect on the rate of
runoff and the peak discharge rate at downstream points.

VOLUME OF FLOOD RUNOFF

2.3.1 WATERSHED CURVE NUMBERS

The runoff curve numbers for various watershed conditions
previously described are listed in Exhibit 2-2. The CN's in this
exhibit are for an average antecedent moisture condition (AMC 11).

2.3.2 ESTIMATING DEPTH OF RUNOFF

The volume of runoff from a watershed may be expressed as the
average depth of water that would cover the entire watershed. The depth
is usually expressed in inches. Exhibit 2-6 Tists the runoff in inches
for a range of rainfall depths and CN's.

PEAK RATE OF DISCHARGE

2.4.1  RAINFALL
The average 24-hour precipitation for various frequencies by
counties in West Virginia can be obtained from Exhibit 2-1. |

2.4.2 AVERAGE WATERSHED SLOPE

The average watershed slope, which is the slope of the land and
not the watercourse, can be estimated accurately to place it in one of
the three categories - Flat, Moderate or Steep - in Table 2-1. It may
be necessary to determine the average slope of the watershed within a

greater degree of accuracy in order to obtain a closer estimate of the

peak discharge for special measures. (Exhibit 2-5)
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2.5

TABLE 2-1
SLOPE FACTORS FOR PEAK DISCHARGE

Average Slope Actual Slope Used in
Slope Factor Range in Percent Exhibit 2-4 Computations,
in Percent
Flat 1/ 0-3 1
Moderate 3-8 , 4
Steep 8 and above ' 16

1/ Level to nearly Tevel.

2.4.3 PEAK DISCHARGE

The peak discharge for a 24-hour duration can be obtained from
the peak rates for discharge, Exhibits 2-4, 2-4A.
DETERMINATION OF SURFACE RUNOFF AND PEAK DISCHARGE

Complete the surface runoff and peak discharge computation sheet
(Exhibit 2-7) by the step-by-step procedure as outlined below:

STEP 1. Determine drainage area and land use of the watershed
in acres from topographic maps (USGS), aerial photos, or other data.
Also determine average slope of watershed in percent.

STEP 2. By using selected design frequency and location of
watershed, enter Exhibit 2-1 and determine the design rainfall.

STEP 3. Determine soil types in watershed in acres for each
land use from soil maps available in pdb]ished soil maps and other
sources.

STEP 4. Using Exhibit 2-3, determine for each land use the

hydrologic soil group for the soil type summarized in Step 3.




CHAPTER 2 Page 7

STEP 5. Determine runoff curve from Exhibit 2-2. \Using land

use and hydrologic soil groups obtained in Step 1 through Step 4, enter
Exhibit 2-2 and select a curve number for each land use and hydrologic
soil group. Calculate a weighted curve number for the total drainage
area.

STEP 6. To determine the peak discharge for drainage areas of
zero to 5 acres, enter Exhibit 2-4A or drainage area 5 to 500 acres,
enter Exhibit 2-4 with the watershed slope, curve number, drainage area
and design rainfall, interpolation within sheets might be necessary to
determine peak discharge.

STEP 7. Using Exhibit 2-6 determine storm runoff (inches per
Acre) by using weighted curve number {Step 5) and rainfall {Step 2).
Interpolations within the table will be necessary to determine the

runoff (inches per Acre).




EXHIBIT 2-1

HYDROLOGY: Average 24~hour Pr601p1tatlug For
various Frequencies by founties

Fros. (Yrs.)

.County 1 2 I 10 25 50 100
Barbour 2,36 2.75 3.50 4.22 4.79 5.30 5.77
Berkeley 2,46 2.97 3.95 4.80 5.50 6.30 6.75
Boone .38 2.72 3.48 3.96 4,65 5.00 5.45
Braxton 2.36 2.70 3.44 4.10 4,70 5.10 5.65
Brooke 2.22 2.51 3.21 3.77 4.35 4,77 4.95
Cabell 2.38 2.68 3.42 3.90 4.52 4.92 5,25
Calhoun 2.32 2.63 3.37 3.88 4.56 4.91 5,40
clay 2.35 2.69 3.45 4.00 4,65 5.04 5.55
Doddridge 2.30 2.61 3.33 3.90 4.57 4,92 5. 40
Fayette 2.38 2.75 3.54 4.10 4.75 5,25 5.70
Gilmer 2.33 2.65 3.37 3,95 4.60 4.96 5.47
Grant 2,42 2.88 3.75 4.60 4,98 5.75 6.30
Greenbrier 2.45 2.85 3.75 4.40 4.92 5,60 §.00
Hampshire 2,45 2.93 3.85 4.70 5.20 5. §0 6.55
Hancock 2.20 2.50 3.19 3.74 4.30 4.72 4.85
tHardy 2.43 2.94 3.90 4.75 5,40 5.95 6.70
ijarrisen 2.32 2,66 3.37 4.00 4.65 4.98 5.55
Jackson 2.32 2,60 3.35 3,82 4.45 4.84 5.17 |
Jefferson 2,50 3.10 4.20 4.95 5.70 6.60 7.00 4J
Kanawha 2.35 2.66 3,44 3.93 4.60 4,96 5. 40 _J
Lewis ©2.35 2.67 3,40 4.10 4.68 5.10 5,60 __J
Lincolp 2.38 2.70 3.44 3.93 4.58 4.96 5.35
Logan 2,40 2.74 3.50 3,98 4.67 5.10 5.50
McDowell 2.43 2.81 3.64 4.15 4.79 5.32 5.70
Marion 2.30 2.65 3.36 ©3.99 4.63 4.97 5.50
Marshall 2.25 2.54 3.25 3.81 4.44 4.82 5.10
Mason 2.34 2.60 3,37 3,83 4.45 4.84 5.12 __J
Mercer 2.45 2.85 3.60 4.25 4.87 5.48 5.85
Mineral 2.41 2.87 3.74 4.55 4.95 5.70 6.25
Mingo 2.42 2.77 3.54 4.00 4.69 5.5 | s5.52 |
Monongalial 2,30 2.86 3.37 4,00 4.65 497 | s.50 |




HY DROLOGY:

EXHIBIT 2-1

Average 24-hour Precipitation For
Various Frequencies by Counties

Freq. (Yrs.)
County 1 2 5 10 25 50 100
Monroe 2.47 2.89 3.82 4.45 4,97 4.75 6.25
Morgan 2.43 2.93 3.88 4.70 5.10 5.95 6.60
Nicholas 2.39 2.75 3.50 4,20 4.75 5.25 5.75
ohio 2.24 2.52 3.22 3.79 4.39 4.78 5.00
Pendleton 2.46 2.83 3.85 4.70 5.30 5.85 6.55
Pleasants 2.27 2.54 3.28 3.78 4,42 4.79 5.15
Pocahontas 2.44 2.86 3.79 4.55 4.97 5.70 6.20
Preston 2.35- 2.75 3.50 4.20 4.78 5.30 5.75
Putnum 2.34 2.65 3.40 3.86 4.51 4.89 5.25
Ralqiggi 2.40 2.77 3.56 4,10 4.75 5.25 5.68
Randolph 2,40 2.84 3.61 4.45 4,90 5.55 5.96
Ritchie 2.29 | 2.58 3.31 3.82 4.50 4.86 5.30
Roane 2.33 2.64 3.37 3.87 4.54 4,89 5.30
Summers 2.43 2.83 3.6] 4.30 4,87 5.50 5.90
Taylor 2.34 2.72 3.43 4.10 4,72 5,12 5.65
Tucker 2.39 2.83 3.62 4.45 4.38 5;50 6.00
Tyler 2.28 2.55 3.28 3.80 4 .46 4,84 5.20
Upshur 2.37 2.75 3.49 4,22 4.79 5.25 5.77
Wayne 2.42 2.74 3.49 3.95 4.58 4.99 5.40
Webster 2.39 2.76 2.55 4,30 4.82 5.40 5.85
wetzel 2.28 2.08 3.28 3.85 4,50 4,86 5.25
Wirt 2.29 2.58 3.32 3.80 4.45 4,82 5.20
wWood 2.28 2.55 3.29 3.76 4.37 4,77 5.07
Wyoming 2.41 2,77 3.56 4.07 4,75 5.25 5.65




EXHIBIT 2-2

RUNOFF CURVE NUMBERS (CN'S) GENERAL AGRICULTURAL AREAS

Description Hydrologic Hydrologic Soil Group
Condition A B C D
Fallow
Straight row -—= 77 86 91 94
Row Crops : _
Strajght row : Poor 72 81 38 91
Stralght row Good 67 78 85 89
Contoured Poor 70 79 84 88
Contoured Good 65 75 32 86
Contoured & terraced Poor 66 74 80 82
Contoured & terraced Good 62 71 718 8L
Small Grain
Straight row Poor 65 76 84 88
Straight row Good 63 75 83 87
Contoured Poor 63 74 82 85
Contoured Good 61 73 81 84
.. Contoured & terraced Poor 61 72 79 82
Contoured & terraced Good 59 70 78 81

Close-Seeded Legumes OY
Rotation Meadow

Straight row Poor 66 77 85 89
Straight row Good 58 72 81 85
Contoured Poor 64 75 83 85
Contoured Good 55 69 78 83
Contoured & terraced Poor 63 73 a0 83
Contoured & terraced Good 51 67 76 80
Pasture or Range
No mechanical treatment Poor 68 79 86 89
No mechanical treatment Fair 49 6% 79 84
No mechanical treatment Good 39 61 74 80
Contoured Poor 47 67 81 88
Contoured Fair 25 59 75 83
Contoured Good 6 35 70 79
Meadow Good 30 58 71 78
Woods Poor 45 66 77 83
Fair 36 60 73 79
Good 25 55 70 .17
Farmsteads - 59 74 82 86
Roads, Including Rights-of-way
Dirt - 72 82 87 89
Hard surface —— 74 84 90 92
Disturbed Areas - 72 82 87 89

(Surface Mines, Timber Oparations,
Deep Mines, Bare Acres. . . . .)




EXHIBIT 2-2

_ RUNOFF CURVE NUMBERS (CN'S)
URBAN AREAS-DEVELOPMENT COMPLETED AND VEGETATION ESTABLISHED

Description ' | Hydrologic Soil Group
: - ‘ A B c D

Lawns, Parks, Bolf Courses _
Cemeteries, etc. . 39 61 74 80

Pavement and Roogs-Commercial
and Business Areas _ 98 98 98 98

Row Houses, Town Houses, and
Residential with Lot Sizes

1/8 Acre or Less 80 85 90 95
Residential
Lot sizes of 1/4 acre 61 75 83 87
Lot sizes of 1/2 acre 53 70 80 85
Lot sizes of 1 acre 50 68 79 84
Lot sizes of 2 acres 47 66 77 81

RUNOFF CURVE NUMBERS (CN'S)
URBAN AREAS-DEVELOPMENT UNDER WAY, NO VEGETATION ESTABLISHED

Description Hydrologic Soil Group
A B C D
Newly Graded Area 81 89 93 95

Pavement and Roofs - Commercial
and Business Areas 98 98 98 98

Row Houses, Town Houses, and
Residential with Lot Sizes

1/8 Acre or Less 93 96 97 98
Residential
Lot sizes of 1/4 acre - 88 93 95 97
Lot sizes of 1/2 acre 85 91 94 96
Lot sizes of 1 acre 82 a0 93 95

Lot sizes of 2 acres 81 89 92 94




EXHIBIT 2-3

HYDROLOGY

SOIL NAMES
and

HYDROLOGIC SOIL GROUPS

Albrights - € Elk - B
Allegheny - B Elkins - D
Andover - D ) ' Elliber - A
Armagh - D Ernest — C
Ashton - B Fauguier - B
Atkins - D Frankstown - B
Barbour - B Frederick — B
gelmont - B Gilpin - €
Benevola - B Ginat - D

Berks - C _ Guernsey - ©
Blapo = D ‘ Guthrie - D
Blairten - C Habersham — B
Braddock - B Hackers - B
Brinkerton — D ' Hagerstown - B
Broocke — € Hollywood - D
Brookside -~ C Huntington — B
Buchanan - C Kedron — C
Burgin - D Klinesville — C
Calvin - C Laidig - C

Camp — B Lakin - A

Carbo - € Landisburg - C
Cavode - C Largent — C
Chagrin - B Leetonia - B
Chavies - B Lehew — B
chilhowie (Berkeley) C Library — C
Chilo - D ' Lickdale - D
Clarksburg - C Lindisde - C
Clymer — B Litz - €
Cookport - C Loysville - C
Coolville - C McGary - €
Corydon - C Markland — C
Cotace - C Meckesville - C
Dahmer - C Melvin - D
Dekalbk - B Mench — B
Duffield - B Monongahela — €
Duncannon - B Moshannon - B
. Dunning - D Muck and Peat - D
punmore - C Murrill - B
Edgemont - C Muskingum — C
Edom - C Newark - D

Nolo - €

Opequon - C
Philo - C
Pickaway - C
pope - B

purdy - D

Rarden - C

Rayne — B
Robertsville — D
Rushtown - A
Ryder - C
Schaffenaker — A
Sciotoville — €
Seeg - C
Senecaville = C
Sequatchie - B
Shelocta — B
Summers - B

Teas - C
Tilsit -~ C
Tygart - C
Tyler - C
Ungers - B
Upshur - C

Vandalia - C

vandergrift - C

vanderlip - C

Vincent - C

vira - B

Waynesboro - B

Weikert (Ashby) - C
Wellston -~ B

Westmore - B

Westmoreland - C

Wharton - C

wheeling fine sandy loam - B
wheeling gr. sandy loam - A
woodsfield - C

wyatt - C

Zoar - C
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EXHIBIT 2-5
INTERPOLATING FACTORS

FOR VARIOUS SLOPES AND DRAINAGE AREAS

(Use discharge values from Exhibit
9.4 & 2-4b sheets labeled "Flat")
Slope Acres
% 1-50 51-500
1 A7 .43
.2 .58 .55
.3 .66 .64
iy .74 Al .
.5 .79 .77 Steep Slopes - round to
.7 .89 .88 nearest Z slope shown
1.0 1.00 1.00
2.0 L.i3 1.16 {(Use discharge values from Exhibit
2-4 & 2-4A sheets labeled"Steep")
Slope _ Acres
% 1-50 - 31-500
8 .92 .88
9 .93 .90
10 .94 .91
11 .95 .93
12 : .96 .94
13 . .97 .96
14 .98 .97
15 .99 .99
16 1.00 1,00
e 17 1.01 1.02
(Use discharge values from Exhibiy ig i-gg 1.03
224 § 2-4A sheets labeled "Moderate") 20 1'04 1.05
Slope Acres 25 » 1.08
% 1-50 51-500 -08 1.14
3 .96 .95 30 1.11 1.20
4 1.00 1.00 35 1.13 1.24
5 1.04 1.05 40 1.16 1.29
6 1.07 1.10 43 1.18 1.31
7 1,09 1,13 50 1.21 1.34
33 1.23 1.35
60 1.26 1.37
65 1.28 1.39
70 1.30 1.40
75 1.32 1.42




EXHIBIT 2-6
RUNOFF FOR INCHES OF RAINFALL

{Curve No. 55)

Inches/Tenths 0.0 0.l 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

0

1 5.00 1 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 ) 0.0l
2 5.0z | 0.03 | 0.04 | 0.05 | 0.06 | 0.08 | 0.l0 | 0.12 | 0.14 0.16
3 519 | 0.22 | 0.25 | 0.28 | 0.31 | 0.34 | 0.37 | 0.41 }.0.45 | 0.49
4 553 | 0.57 | 0.61 | 0.65 | ©0.69 | 0.73 | 0.78 | 0.83 | 0.88 ) 0.93
5 0.98 | 1.03 | 1.08 | 1.13 | 1.18 { 1.23 | 1.28 | 1.34 1.40 | 1.48
6 T2 | 1.58 | 1.63 | 1.69 | 1.75 | 1.81 | 1.87 | 1.93 | 1.99 | 2.06
7 5. 12 | z.18 | 2.24 | 2.31 | 2.38 { 2.44 | 2.51 | 2.58 | 2.64 2.71
8 > 78 | 2.85 | 2.92 | 2.99 | 3.06 | 3.13 | 3.20 | 3.27 3.34 | 3.4l
9 =45 | 3.56 | 3.63 | 3.70 | 3.78 | 3.85 | 3.92 | 3.99 | 4.07 | 4.15

10 n 22 | 4.30 | 4.38 | 4.45 | 4.53 | 4.61 | 4.69 | 4.76 | 4.84 ) 4.9l

{Curve No. 56)
Inches/Tenths 0.0 0.1 9.2 0.3 0.4 0.5 0.6 0.7 0.8 0.3

0

1 5.00 1 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.0l 0.01
2 0.02 | 0.03 | 0.04 | 0.06 | 0.08 | 0.10 | 0.12 } 0.14 | 0.16 0.19
3 5221 0.25 | 0.28 | 0.31 | 0.34 | 0.38 | 0.42 | 0.45 | 0.49 j 0.59
4 557 | 0.61 | 0.65 | 0.70 | 0.75 | 0.80 | 0.84 | 0.89 | 0.94 | 0-99
5 T oa 1 1.09 | 1.14 | 1.19 | l.25 | 1.31 | 1.37 | 1.42 | 1.48 | 1.5/
6 1.60 | 1.66 | 1.72 | t.78 | 1.84 | 1.90 | 1.96 } 2.02 } 2.08 2.15
7 > 25 | 2.28 | 2.35 | 2.42 | 2.48 | 2.55 | 2.62 | 2.65 | 2.76 | 2.83
8 5 o0 | 2.97 | 3.04 | 3.11 | 3.18 | 3.25 | 3.32 | 3.39 | 3.46 | 3.53
9 = 50 1 3.68 | 3.76 | 3.83 | 3.91 | 3.99 | 4.06 | 4.13 | 4.20 | 4.28

10 236 aaa| 452 | 4.59 | 4.67 | 4.75 | 4.83 | 4.91 | 4.98} 5.08




RUNOFF FQR INCHES OF RAINFALL
{Curve No. 59)

Inches/Tenths 0.0 0.1 0.2 . ©.3 0.4 0.5 0.6 0.7 0.8 0.9
.

0
1 0.00! 0.00 | 0.00 | 0.00 {o0.00 | 0.00 | 0.01 | 0.01 | 0.02} 0.03
2 5.04| 0.06 | 0.08 | 0.10 |o0.12 | 0.15 | 0.18 | 0.21 | 0.24 | 0.27
3 0.30| 0.33 | 0,37 | 0.41 | 0.45 | 0.49 | 0.53 | 0.57 | 0.62 | 0.67
4 0.711 0.76 | 0.81 | o.86 | 0.91 | 0.96 | 1.0l | 1l.07 {-1.12| 1.18
5 1.23] 1.29 | 1.35 | 1.41 | 1.47 | 1.53 | 1.59 | 1.65 | 1.71 | 1.77
6 1.831 1.0 | 1.97 | 2.03 | 2.10} 2.17 | 2.23 | 2.30 | 2.37 | 2.44
7 5 51| 2.58 | 2.65 | 2.72 | 2.79 | 2.86 | 2.93 | 3.00{ 3.08| 3.15
8 5 000 3.30 | 3.37 | 3.45 | 3.52 | 3.60 | 3.67 { 3.75 | 3.821 3.90

9 5.98| 4.05 | 4.13 | 4.21 | 4.29 | 4.37 | 4.45 | 4.53 | 4.60| 4.68
10 4.76| 4.84 | 4.92 | 5.00 { 5.09 | 5.17 | §.25 | 5.33 | 5.41} 5.49

{Curve No. 60)
Inches/Tenths 0.0 0.1 0.2 0.3 0.4 . 0.5 0.6 0.7 0.8 0.9

0
1 5001 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.0l | 0.02| 0.03| 0.04
2 0.06| o0.08 | 0.10 ] 0.12 | 0.14| 0.17 | 0.20 | 0.23 | 0.27} 0.30
3 0.331 0.37 | 0.41 | 0.45 | 0.49} 0.53 | 0.57 | 0.62 | 0.67 | 0.72
4 0.76] o0.81 | 0.86 | 0.91 | 0.97 | 1.03 | 1.08 | 1.13} 1.19] 1.25
5 1.30| 1.36 | 1.42 | 1.48 | 1.54 ] 1,61} 1.67 | 1.73| 1.80] 1.86
6 1.g2! 1.99 | 2.06 | 2.12 | 2.19 | 2.26 | 2.33 | 2.40 | 2.47| 2.54
7 5.61| 2.68 | 2.75 | 2.82 | 2.89 | 2.97 | 3.04 | 3.11| 3.18} 3.26
3 3.34] 3.4l | 3.49 | 3.56 | 3.4 | 3.72| 3.79 | 3.87 | 3.95| 4.03
9 2 10| 4.18 | 4.26 | 4.34 | 4.42 | 4.50 | 4.58 | 4.66 | 4.74} 4.82
10 . 4.901 4.98 | 5.07 | 5.15 | 5.23 | 5.31| 5.39 ] 5.48 | 5.56| 5.64




(Curve No. 57)

|
|
© RUNOFF FOR INCHES OF RAINFALL
|
|
|
|

Inches/Tenths 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0
1 0.00 | 0.00 }o0.00 [0.00 |o.00 ]o.o0 }c.00 | 0.00 | 0.01 | 0.02
' 2 0.03 ) 0.04 |0.05 |0.07 |0.09 |o0.11 [0.13 | 0.16 | 0.19 | 0.22
3 0.25 | 0.28 |o0.31 |0.34 |0.37 {0.41 |0.45 | 0.48 | 0.53 | 0.58
4 0.62 | 0.66 |0.70 |0.75 |0.80 |0.85 {0.90 | 0.95 | 1.00 | 1.05
5 1.10 | 1.15 |1.21 l1.27 [1.32 |1.37 |1.43 | 1.49 | 1.55 | 1.61
A 1.67 | 1.73 |1.80 {1.86 |1.92 |1l.99 |2.05 | 2.12 | 2.18 | 2.25
7 2.31 | 2.38 |2.45 |2.51 |2.58 |2.65 |2.72 | 2.79 | 2.86 | 2.93
' 8 5.00 | 3.07 |3.14 | 3.22 |3.29 |3.36 |3.44 | 3.51 | 3.58 | 3.66
9 5.73 | 3.81 |3.88 | 3.96 |4.03 |4.11 |4.18 | 4.26 | 4.34 | 4.42
10 4.50 | 4.57 |4.65 | 4.73 |4.81 |4.89 |4.97 | 5.05 | §.13 | 5.21
{Curve No. 58)
Inches/Tenths 0.0 0.1 0.z 0.3 0.4 0.5 0.6 0.7 0.8 0.9
\
1 0
| 1 0.00 | 0.00 | 0.00 | 0.00 | 0.00 |0.CO |0.00 | 0.01 | 0.02 | 0.03
i 2 0.04 | 0.05 | 0.07 | 0.08 |0.i1 |0.13 {0.15 | 0.18 { 0.21 | 0.24
} 3 0.27 | 0.30 | 0.34 | 0.38 | 0.41 | G.45 {0.49 | 0.53 | 0.57 | 0.61
i 4 0.66 ] 0.71 | 0.76 | 0.80 | 0.85 | 0.90 [ 0.95 | 1.00 | L1.05 | 1.1l
{ 5 1.17 | 1.22 | 1.27 | 1.33 | 1.39 [ 1.45 |1.51 | 1.57 | L.63 | 1.69
‘ 6 1.76 | 1.82 | 1.88 | 1.95 | 2.0l | 2.07 | 2.14 | 2.21} 2.27 | 2.54
| 7 541 | 2.48 | 2.55 | 2.61 | 2.68 | 2.75 | 2.82 | 2.90{ 2.97 | 3.04
i 8 5.11 | 3.18 | 3.26 { 3.33 | 3.40 | 3.48 | 3.55 | 3.63 | 3.70 | 3.78
i 9 3.83 | 3.93 | 4.01 | 4.08 | 4.16 | 4.24 | 4.32 | 4.39 | 4.47 | 4.55
| 10 4.63 | 4.71 | 4.79 | 4.87 | 4.95 | 5.03 | 5.11 | 5.19| 5.27 | 5.35




RUNOFF FOR INCHES OF RAINFALL
{Curve No. &l)

Inches,;Tenths 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

0]

i ) 0.01 06.02 0.03 0.04 0.05
2 0.07 6.09 0.11 0.14 0.17 0.20 0.23 0.28 0.29 0.32
3 0.36 0.40 0.44 0.43 0.52 0.57 0.62 0.67 0.71 0.76
4 0.81 | 0.86 |0.91 [0.96 |1.02 | 1.08 | 1.13 | 1.19 | 1l.25| 1.3l
5 1.37 1.43 1.49 1.55 1.6l 1.68 1.74 1.81 1.87 1,94
6 2.01 2.07 2.14 2.21 2.28 2.35 2.42 2.49 2.56 2.63
7 2.70 2.77 2.84 2.91 2.98 3.06 3.14 3.22 3.29 3.37
3 3.44 3.52 3.60 3.67 3.75 3.83 3.91 3.99 4.07 4,14
3 ) 4,22 4.30 4.38 4.46 4.54 4,62 4.71 4,79 4,87 4,95
1o i 5.03 5.11 5.20 5.28 5.36 5.44 5.53 5.61 5.70 5.78

l
(Curve No. g2)
Inches/Tenths 0.0 0.1 0.2 0.3 G.4 0.5 0.6 0.7 0.3 0.9

0

1 0.01 0.02 0.03 g.05 0.07
2 0.09 0.11 0.13 0.lé 0.19 0.22 0.25 0.28 0.32 0.36
3 0.40 0.44: 0.48 0.52 0.56 0.61 0.66 0.71 0.76 0f81
4 .86 0.91 0.96-{ 1.02 1.08 1.14 1.20 1.26 1.32 1.38
5 1.44, 1.50 1.56. l.62 1.68 1.74 1.81 1.88 1.95 2.02
6 2.09] 2.16 2.23 2.30 2.37 2.44 2.51 2.58 2.65 2.72
7 2.80 2.87 2.94 3.02 3.09 3.17 3.24 3.32 3.40 3.48
8 3.55 3.63 3.71 3.79 3.886 3.94 4,02 4.10 4.18 4.286 5
9 4.34 4.42 4,50 4.59 4,67 4.75 4,83 4,91 5.00 5.08
10 5.16 5.25 5.33 5.41 5.50 5.58 5.66 | 5.75 5.83 5.92




RUNOFF FOR INCHES OF RAINFALL
{(Curve No. 63}

Inches;Tenths 0.0 0.1 a.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
——
0
1 0.02 | 0.03 | 0.04 | 0.06) 0.08
2 ¢.10{ o0.12 | 0.15 | 0.28 | 0.21 | 0.25 | 0.28 | 0.32 | 0.35| 0.39
0.43 1 0.47 | 0.52 | 0.57 | 0.61 | 0.66 | 0.71 | 0.76 | 0.81}] 0.86
4 0.92| o0.98 | 1.03 | 1.09 | 1.15 | 1.21 { 1.26 | 1.32 | 1.38| 1.44
5 1.51| 1.58 {1.64 | 1.70 | 1.76 | 1.83 | 1.90 | 1.97 | 2.04| 2.11
& 2,181 2.25 | 2.32 | 2.39 | 2.47 | 2.84 | 2.61 | 2.68 | 2.76 ) 2.83
7 2.91| 2.98 | 3.06 | 3.13 | 3.21 | 3.28 | 3.36 | 3.44 | 3.52| 3.59
8 3.67{ 3.75 | .83 | 3.91 | 3.99 | 4.07 | 4.15 | 4.23 | 4.31| 4.39
9 4.481-4.56 | 4.64 | 4.72 | 4.80 | 4.89 | 4.97 | 5.05 | 5.14| 5.22
10 5.30| 5.39 { 5.47 | 5.56 | 5.64 | 5.73 | 5.81 | 6.90 | 5.98 6.07
{Curve No. 64)
Inches/Tenths 0.0 0.1 0.2 G.3 0.4 0.5 0.6 0.7 0.8 0.9
0
1 0.00| o0.00 | 0.00 | 0.00 {o0.01} 0.02 | 0.03 | ©0.05 | 0.07 § 0.09
2 0.11| ©0.14 ! 0.17 | 0.20 | 0.23 | 0.26 | 0.30 | 0.34 | 0.38 ] 0.42
3 .47 0.51' | 0.56 | 0.60 | 0.65 | 0.70 | 0.75 | 0.80 } 0.85 | 0.9l
4 0.97] 1.03 | 1l.09 | 1.15 |1l.21 | 1.26 | 1.32 | 1.38 | 1.451 1.5l
5 1.58| 1.64 | 1.7% | 1.77 {1.84 | 1.91 { 2,98 | 2.06 | 2.12| 2.1%
6 2.268| 2.33 | 2.40 | 2.48 | 2.55 | 2.62 | 2.70 | 2.77 | 2.85 | 2.92
7 3.00f 3.07 | 3.15 | 3.23 | 3.3G | 3.38 | 3.46 | 3.54 | 3.62 | 3.69
8 3.771 3.8% | 3.93 { 4.01 | 4.09 | 4.18 | 4.26 | 4.34 | 4,421 4.50 \
9 4.59| 4.67 | 4.75 | 4.84 | 4.92 | 5.00 | 5.09 | 5.17 | $.26 | 5.34
1o 5.431 5.51 | 5.59 | 5.68 | 5.76 | 5.85 | 5.94 | 6.02 | 6.11 | 6.20
i * i




RUNOFF FOR INCHES OF RAINFALL
(Curve No. 65)

Inches/Tenths 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0
1 6.00} 0.00 |0.00 | 0.0 }o.02 | 0.03 | 0.04 | 0.06 | 0.08 0.10
2 0.13| 0-16 | 0.19 | 0.23 |0.26 | ©0.30 0.33 | 0.37 | 0.42 | 0.46
3 0.50| 0.55 | 0.60 | 0.65 |0.70 | 0.75 | 0.80 | 0.86 0.91 | ©.97
4 Lo3| 1.o9 | 1.15 | 1.20 |1l.27 ) 1.33 | 1.39 | 1.45 | 1.52 1.58
5 1.65| 1.72 | 1.78 | 1.85 |1l.92 | 1.99 | 2.06 | 2.33 | 2.20 2,28
6 2.35| 2.42 | 2.50 | 2.57 | 2.64 9.72 | 2.80 | 2.87 | 2.94| 3.02
7 - 1ol 3.18 | 3.25 | 3.33 | 3.41 | 5.49 | 3.57 | 3.64 | 3.73 3.81
8 5 89| 3.97 | 4.05 ] 4.13 | 4.22 | 4.30 | 4.38 | 4.46 4.54 | 4.62
9 4 71| 4.80 | 4.88 | 4.96 | 5.05 | 5.13 | 5.22 | 5.30 | 5.99 5,47
10 - 56| 5.65 | 5.73 | 5.82 | 5.90 | 5.99 | 6.08 | 6.17} B 26| 6.34
{Curve No. 66)
Tnches/Tenths 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0
1 5.00] o.00 | 0.0l | 0.01°f0.02) 0.04 | 0.06 | 0.08 0.10| o0.12
2 6.15| 0.18 | 0.21 | 0.25 | 0.29 | 0.33 | 0.37 | 0.4l 0.45 | 0.50
3 0.55| 0.60- | 0.65 | 0.60 | 0.75 ] 0.80 ) D.88 0.9t | 0.97| 1.03
4 l.09] 1.i5 | 1.21 | 1.27 [1.33} 1.39 | 1.46 | 1.53 1.5 t.66
5 1.730 1.80 | 1.87 | 1.84 | 2,01 | 2.08 | 2.1 0.22 | 2.29| 2.36
5 > 42| 2.51 | 2.50 | 2.67 | 2.74 | 2.82 | 2.89 | 2.97 | 3.09 3.12
7 | 3.0001 3.28 | 3.36 | 3.44 | 3.52 | 3.60 3.68 | 3.76 | 3.84| 3.83
3 1.01| 4.09 | 4.17 | 4.26 | 4.34 ) 4.43 | 4.51 4,59 | 4.67| 4.76 3
g 2 8il 4.935 | 5.0l | s.10 | 5.18 | 5.27 | 5.35 | 5.43 ] 5.50 5.61
10 = 701 5.78 | 5.87 | 5.96 | 6.05 | 6.13 | 6.22 | 6.311 6.40 6.49




RUNOFF FOR INCIES OF RAINFALL
{Curve No. g7 )

Inches,;Tenths 0.0 0.1 0.2 ¢.3 0.4 0.5 0.6 0.7 0.8 0.9
0
1 0.00{ 0.00}{ 0.01} 0.02 | 0.03| 0.05| 0.07{ G.09| o©.12| 0.1
2 0.18{ ©0.21 ) 0.24! o0.28 | 0.32| 0.36| 0.40| 0.44} 0.49] 0.54
3 0.59| 0.64 | 0.69| 0.74 | 0.79| 0.85| 0.91| o0.97{ 1.03| 1.09
4 1.15) 1.21 ] 1.27| 1.34 | 1.40| 1.47| 1.s3| 1l.e0| l.e7| 1.74
5 1.81| 1.88 | 1l.95| 2.0z | z.09| =2.16| 2.23| 2.31| 2.39] 2.46
6 2.54| 2.6l | 2.69{ 2.76 | 2.84| =2.92| 3.00| 3.08] 3.15| 3.23
7 3.31{ 3.39| 3.47 | 3.55 | 3.64| 3.72| 3.80| 3.88| 3.96| 4.04
8 4.13 4.21 | 4.29 | 4.38 | 4.46| 4.55| 4.63} 4.71| 4.s80| 4.89
9 4.97| 5.06 | 5.14 | 5.23 | 5.31| 5.40| 5.49! 5.58| 5.66| 5.75
10 5.84| 5.92{ 6.01 | 6.10 | 6.19| 6.28 | 6.36 | 6.45| 6.54| 6.63
1
{Curve No. §¥)
Inches/Tenths 0.0 c.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0
1 0.00| 0.01 | 0.01 | 0.02 | 0.041 0.06 | 0.08 | 0.11} 0.13] 0.1
2 0.19f 0.23 | 0.26 | 0.30 { 0.34 | 0.38 | 0.43 | 0.48 | 0.53| ©.58
3 0.63| 0.68 | 0.73 | 0.78 | 0.84 | 0.80 | 0.96 | 1.02 | 1.08| 1.14
4 1.20| 1.26 | 1.33 | 1.40 | 1.47} 1.53 | 1.60 | 1.67 | 1.74| 1.8l
5 1.88| 1.95 | z.02 | 2.09 | 2.16 | 2.24 | 2.32 | 2.39 | 2.47| 2.54
6 2.62| 2.70 | 2.78 | 2.85 { 2.93 | 3.01 | 3.09 | 3.17} 3.25| 3.33
7 3.411 3.49 | 3.57 | 3.65 | 3.73 | 3.82 | 3.90 | 3.99 ] 4.07| 4.15
8 4.23] 4.32 | 4.40 | 4.40 | 4.57 | 4.66 | 4.74 | 4.83 | 4.91 | 5.00] N
9 5.09| 5.17 | 5.26 | 5.35 | 5.43 | 5.52 | 5.61 | 5.70 | 5.78{ 5.87
1o 5.96| 6.05 | 6.14 | 6.23 | 6.32 | 6.40 | 6.49 | 6.58 | 6.67 | 6.76




RUNOFF FOR INCIES OF RAINFALL
{Curve No. 69)

Inches;Tenths 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

—
0

1 0.00{ 0.0l | 0.02 | 0.03 { 0.05| ©0.07}| 0.09 | 0.12) 0©0.15} o0l8
2 0.22] ©.25 | 0.29 | 0.33 | 0.38{ 0.42 | 0.47 | 0.52| 0.57] 0.62
3 0.67| ©0.72 | 0.78 | 0.84 | 0.90| ©0.96§ 1.02 | l.08| 1l.14} 1.20
4 1.27] 1.33% 1.40| 1.47 | 1.53| 1.60| 1.67{ 1.74} 1.81| 1.88
5 1.96] =2.03 | 2.10| 2.18 | 2.25] 2.33 | 2.40 | 2.48| 2.56} 2.63
6 2.71| 2.79 | 2.87 | 2.95 | 3.03| 3.11} 3.19| 3.27 T3.35| 3.43
7 3.51| 3.60 | 3.68 | 3.76 | 3.84| 3.93| 4.0l | 4.10| 4.18| 4.26
8 4.35| 4.44 | 4.52 | 4.61 | 4.69] 4.78 | 4.86 ] 4.95| 5.04} 5.12
g 5.21 s5.30 | 5.39 | 5.48 | 5.56 | 5.65 | 5.74| 5.82}f 5.81} 6.00
10 6.09| 6.18 | 6.27 | 6.36 | 6.45| 6.54 | 6.63 | 6.72| 6.81| 6.90

(Curve Nao. 70)
Inches/Tenths 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
a

1 0.00] ©.01 | 0.02 | 0.04 | 0,06} 0.08 . 0.111 0.14; 0.17| 0.20
2 0.24! o.28 | o0.32| 0.36 | 0.40| 0.45| o0.30| ©0.55| 0.80| 0.865
3 0.71} o0.72| 0.83 | 0.89 | 0.95| l.01| l.07 | 0.13] 1.19] 1.25
4 1.33) 1.40| 1.46 | 1.53 | l.60| 1.67 | 1l.74| 1.81| 1.88} 1.96
5 2.04] 1.11 %} 2.19 | 2.28 | 2.33| =z.41| 2.49{ 2.57| 2.64} 2.72
6 2.80] 2.88 | 2.96 | 3.04 | 3.13| 3.21| 3.29| 3.37| 3.4%| 3.53
7 3.61| 3.70 | 3.79} 3.87 | 3.95] 4.041 4.12| 4.20) 4.28| 4,37
3 4.46| 4,55 | 4.64 | 4.72 | 4.81| 4.90] 4.98} 5.07 5.16| B.25
9 5.331 5.42 | 5.51 | 5.60 | 5.69| 5.78 | 5.87 | 5.96| 6.05) 6.14
10 6.23{ 6.32| 6.41 1 6.50 | 6.59| 6.68| 6.77 | 6.86| 6.95| 7.04




RUNOFF FOR INCHES OF RAINFALL
{Curve No. 71 }

Inches,/Tenths 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0 ‘ 0.00 0.00 0.00
1 0.01 0.02 0.03 0.05. {0.07 .10 0.13 Q.16 0.19 0.2
2 0.26 0.30 0.34 0.39 Q.44 0.49 0.54 G.58 0.64 0.70
3 0.76 .82 0.83 0.94 1.00 1.06 1.13 1.19 1.26 1.33
4 1.39 1.46 1.53 1.860 1.67 1.74 1.31 1.89 1.97 2.04
5 2.11 2.19 2.27 2.34 2.42 2.50 2.58 2.66 2.74 2.82
6 2.90 2.98 3.06 3.14. [3.22 3.30 3.38 3.47 3.55 3.63
7 3.72 3.80 3.88 3.97, 4,06 4.14 4,23 4,32 4.40 4.49
8 4.58 4.67 4.75 4.32 4.93 5.02 5.1¢ 5.19 5.28 5.37
9 5.46 5.55 5.64 5.73 5.82 5.90 5.99 6.08 6.17 6.27

10 6.36 6.45 6.54 6.63 6.72 6.81 6.90 6.99 7.08 17,18
]
{Curve Ne¢. 72)

Inches/Tenths 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
o 0.00 0.00
1 0.01.| 0.02 0.04 0.06 0.08 0.11 0.14 0.17 0.21 0.25
2 0.29 0.33 0.38 D0.43 0.48 0.53 Gg.58 0.63 0.69 0.75
3 0.81 0.87' | 0.893 0.89 1,05 1.12 1.19 l.26- ] 1.32 1.39
4 1.46 1.583 1.60 | 1.68 1.75 1.82 1.89 1.97 2.05 2.12
5 2.19.| 2.27 2.35 2.43 2.51 2.59 2.67 2.75 2.83 2.9]
6 2.99'] .08 3.16 3.24 3.32 3.41- | 3.49 3.57 3.66 3.75
7 3.83 3.91 4.00 4.08 4,17 4.26 4.35 4 .44 4.52 4,61
8 4.69 4.78 4,87 4.96 5.05 5.14 5.23 5.31 5.40 5.49 A
9 5.58 5.67 5.76 5.85 5.94 6.03 6.13 6.22 6.3l | 6.40
10 6.49 6.58 6.67 6.76 6.85 6.9% 7.04 7.13 7.22 | 7.31




RUNOFF FOR INCHES OF RAINFALL
(Curve No. 73 )

Inches/Tenths 0.0 0.1 0.2 0.3 0.4 0.5 0.8 0.7 0.3 0.9
0 0.00{ ©.00 | 0.00} 0.00 | 0.00| 0.00| 0.00| 0.00| 0.00| 0.0l
1 0.02] 0.03 | 0.05{ 0.07 | o.10| 0.13| 0.16| 0.20| 0.24| o0.28
2 0.32] 0.37 | 0.41 | 0.46 | 0.52] 0.57| 0.62| 0.68| 0.74! 0.80
3 0.86| ©0.92 | o0.98 | 1.04 ] 2.11]| 1.18} 1.25) 1.32] 1.39| 1.46
4 1.53[ 1.60 | 1.67 { 1.75 | 1.82| 1l.90| 1.97{ 2.04| 2.i2| 2.20
5 2.28] 2.36 | 2.44 | 2.52 | 2.60| 2.68| 2.76| 2.84| 2.92| 3.00
6 3.09 3.17 3,25 3.34 3.43 3.51 3.60 3.68 3.76 3.85
7 3.94| 4.02 | 4,11 | 4.20 | 4.29 4.37| 4.46 | 4.55| 4.64] 4.73
8 4.81| 4.90 | 4.99 | 5.08 | 5.17{ sS.26 | 5.35| 5.44! 5,531 s.62
9 5.71] 5.80 | 5.89 | 5.98 | 6.07| 6.16 | 6.25| 6.35{ 6.44] 6.53|

10 6.62! 6.7l | 6.81 | 6.90 | 6,99 | 7.08| 7.17 | 7.27| 7.36| 7.45
i
(Curve No. 74)

Inches/Tenths 9.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0 0 0.01
1 0.02| 0.04 | 0.06 | 0.09 | 0.12| c.151{ 0.18 | 0.21 | 0.27| 0.3l
2 0.35| 0.40 | 0.45 | 0.50 | 0.55 | 0.61 | 0.67 | 0.73 | 0.79| 0.85
3 0.91| 0.97 { 1L.04 | 1.11 | 1.18}| 1.25 | 1.32{ 1.38| 1.45| 1.52
4 1.60| 1.68 | 1.75 | 1.83 | 1.90 | 1.98 | 2.06 | 2.13 | 2.21| 2.29
5 2.37] 2.45 | 2.53 | 2.61 | 2.69 | 2.78 | 2.86 | 2.94 | 3.02| 3.10
6 3.19| 3.28 | 3.36 | 3.45 | 3.53 | 3.62 { 3.70 | 3.79 | 3.88| 3.96
7 4.05| 4.14 | 4.23 | 4.31 | 4.39 | 4.48 | 4.57 | 4.66 | 4.75| 4.84
8 4.93| 5.02 { 5.11 | 5.20 | 5.29{ 5.38 | 5.47 | 5.56 | 5.65| 5.75
9 5.84| 5.93 | 6.02 | 6.11 | 6.20 ] 6.29 | 6.38 | 6.47 | 6.56 ! €&.65

10 6.75| ©.84 | 6.94 ! 7,03 | 7.12] 7.21 | 7.30 | 7.40 | 7.50| 7.60




RUNOFF TOR INCHES OF RATINTALL
{Curve No. 75}

Inches,;Tenths 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
S,

0 0.00] 0.00 | 0.00 | 0.00 {0.00 | 0.00 | ©.00 } 0.00] 0.00 0.0l

1 0.03 1 0.05 | 0.07 | 0.10 |©0.13 | 0.16 | 0.20 | 0.24} 0.28} 0.33

2 0.38 | 0.43 | 0.48 |-0.53 {0.59 | 0.656 | 0.71 | 0.77 | 0.83 0.89

3 0.951 1.02 | l.09 | 1.16 |1.23 | 1.30 | 2.37 | 1.44 1.52 1.59

4 L6711 1.74 | 1.82 | 1.89 [1.97 | 2.0a | 2.12 | 2.20 } 2.28| 2.36

5 2.44| 2.52 | 2.61 | 2.69 |2.77 | 2.85 | 2.94 | 3.02 | 3.11 3.19

6 < 27 3.36 | 3.45 | 3.53 |3.62 | 3.71 | 3.79 | 3.88 | 3.97| 4.06

7 1151 a.24 | 4.32 | 4.40 | 4.49 | 4.58 | 4.67 | 4.76 | 4.86 ) 4.99

8 = 04| 5.13 |5.22 | 5.31 [8.40 | 5.49 | 5.58 | 5.67 | 5.76 5.85

9 5 94| 6.04 | 6.13 | 6.22 |6.32 | 6.41 | 6.50 | 6.59 | 6.68 6.78

10 6.87 | 6.96 | 7.05 | 7.15 |7.24 | 7.34 | 7.43 | 7.53 | 7.63 7.73

(Curve No. 76)

Inches/Tenths 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0 0.001 0.00 |0.00 | 0.00 |0.00 | 0.c0 [ 0.00 | 0.00 }{ 0.01 | 0.02

1 0.04 ! 0.06 {0.08 0,11 |0.15 | 0.19 | 0.23 | 0.27 0.31} 0.36

2 0.41 | 0.46 lo.51 lo.57 |o.63 | 0.69 | 0.75 | 0.81 } 0.88 0.95

_ 3 1.001 1.08 (1,15 [2.22 11i.29 11.36 | 1.43 1.51 | 1.58 ] 1.66
4 1.74 | 1.81 l1.89 {1.97 |[2.05 | 2.13 | 2.21 ; 2.29 | 2.37 2.46

5 9541 2.62 |2.70 |2.78 |2.87 | 2.95 | 3.04 | 3.12 | 5.2] 3.29

8 533 | 3.47 |3.55 |3.64 |3.73 | 3.81 |13.90 |3.99 | 4.08 4.17

7 4.25 ) 4.35 |4.44 {4.53 |4.62 | 4.71 | 4,80 | 4.89 | 4.98 | 5.07

8 516 | 5.25 |5.34 |5.43 |5.52 | 5.61 | 5,70 | 5.80 | 5.89 5.98

9 6.071 6.17 |6.26 16.35 |6.45 | 6.54 | 6.63 | 6.73 | 6.82 6.91

Y 7,01 | 7.10 |7.19 |7.28 }7.37 | 7.47 | 7.57 7.66 | 7.75 | 7.85




RUNOFF FOR INCHES OF RAINFALL
{Curve No. 77}

Inches;Tenths 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Y

0.00 | o0.00 |o.00 lo0.00 |0.00 | 0.00 | 0.00 { ©.00 | 0.0l { 0.03

1 0.05 | 0.07 |0.10 {0.14 [0.i8 | 0.22 | 0.26 | 0.30 { 0.34{ 0.39
2 0.45 | 0.50 |o0.56 |o0.62 [0.68 | 0.74 | 0.80 | 0.86 | 0.93 | 1.00
3 1.07 | 1.14 |1.2t [1l.28 |1.35 | 1.43 | 1.50 | 1.57 | 1.65} 1.73
4 1.81 | 1.89 |1.97 |2.05 12.13 | 2.21 | 2.29 | 2.37 | 2.45 | 2.53
5 2.62| 2.70 | 2.79 | 2.87 |2.96 | 3.04 | 3.13 | 3.22 | 3.30} 3.39
6 3.48 | 3.56 | 3.65 | 3.74 | 3.83 { 3.92 | 4.00 | 4.09 | 4.18 | 4.27
7 4.36 | 4.45 | a4.54 | 4.63 |4.72 { 4.81 | 4.90 | 5.00 | 5.09 | 5.18
8 5.27 | 5.36 | 5.45 | 5.55 | 5.64 | 5.73 | 5.82 | 5.92 | 6.01| 6.10
9 6.19 6.29 | 6.38 | 6.47 |6.57 | 6.66 | 6.76 | 6.85 | 6.94} 7.04
1o 7131 7.23 {7.32 | 7.42 |7.50 | 7.60 | 7.70 { 7.79 ] 7.89| 7.98

(Curve No. 78}

Inches/Tenths 0.0 0.1 0.2 0.3 0.4 c.5 0.6 0.7 0.8 0.9
0 0.00| 0.900 | 0.00 | 0.00 {0.00 | 0.00 | 0.00 | 0.01 | 0.02| o0.03
I3 0.06 | 0.09 |o0.12 | 0.5 |o0.19 | 0.23 } 0.27 | 0.32 | 0.37 | 0.42
2 0.48 | 0.54 | 0.60 | 0.66 | 0.72 | 0.79 | 0.86 | 0.93 | 0.99| 1.06
3 1.13 1.20 1.27 1.35 1.43 1.50 1.58 | 1.65 1.73 1.8l
4 1.39 1.97 | 2.05 | 2.13 | 2.22 | 2.30 | 2.38 | 2.46 | 2.54 | 2.63
5 2,72t 2.81 | 2.89 | 2.98 | 3.06 | 3.15 | 3.24 [ 3.32 ] 3.41 | 3.50
6 3.59 ] 3.67 | 3.76 | 3.85 | 3.94 | 4.03 | 4.12 | 4.22 | 4.31 | 4.39
7 4.48 | 4.58 | 4.67 { 4.76 | 4.85 | 4.94 | 5.03 | 5.12 | 3.22| 35.31
3 5.40| 5.49 | 5.58 | 5.67 | 5.77 | 5.86 | 5.95 | 6.05 | 6.14 | 6.24
C 6.33] 6.43 1 6.52 | 6.6 |6.71 | 6.80 | 6.90 | 6.99 | 7.09 ! 7.18

i0 7.27| 7.37 | 7.46 | 7.56 | 7.65 | 7.75 | 7.84 | 7.94 | 8.04 | 8.13




RUNOFF FOR INCHES OF RAINTALL
{(Curve No. 79}

Inches,;Tenths 0.0 0.1 0.2 0.3 0.4 0.5 0.8 0.7 0.8 0.9
|

0 0.00 | o.00 lo.00 {0.00 |o.0o0 |0.00 |0.00 (0.0l }0.03 | 0.05
! 0.07 | 0.10 lo0.13 lo.17 {o.2t |o.26 |0.31 |0.36 [0.41 | 0.48
2 052 lo.ss lo.e4a |0.70 |0.77 |0.84 |0.91 lo.98 {1.05 |1.l2
3 1.19 | 1.26 |1.32 l1.42 |{1.49 }|1.56 |1.64 }1.72 |1.80 | 1.88
4 l.96 | 2.04 |2.13 |2.21 z.29 |2.38 {2.46 |2.55 |2.63 | 2.7¢
5 580 | 2.89 |2.98 {3.07 |[3.15 |3.24 |3.32 |3.41 [3.50 | 3.59
6 568 | 3.77 1|3.86 13.95 [4.04 |4.13 |4.22 |4.31 |4.40 | 4.49
7 4.58 | 4.68 |a.77 |4.86 |4.95 |5.04 }5.13 |5.23 |5.32 | 5.42
3 551 | 5.60 |5.68 |5.78 |5.88 |5.98 |6.07 |6.16 }6.26 | 6.35
J 6.45 | 6.54 16.63 le.73 le.82 |®6.92 j7.01 |7.11 |7.20 | 7.30
10 7.39 | 7.49 |7.58 |7.88 |7.77 |7.87 {7.97 |B8.06 |[8.16 | 8.25

(Curve No. 30} ;

|

Inches/Tenths 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 ¢.9 |
0 0.00 | 0.o0 lo0.00 ]o.o0 {o6.00 |0.00 j0.00 }0.01 |0,03 | 0.05
L g.08 | 0.11 |o0.15 |o.19 {0.24 |0.29 |0.34 |0.39 |0.44 | 0.50
2 0.56 | 0.62 |o.68 |o0.75 |o0.82 ]o.8s jo.s6 |1.03 jl.i0 | 1.17
3 1.25 | 1.33 {1.40 |1.48 J1.56 |1.64 {1.72 |1.80 {1.88 | 1.96
4 204 | 2.12 |2.20 |2.29 |2.38 j2.46 |[2.55 |2.63 |=2.72 | 2.81
5 2.89 | 2.98 |3.07 |3.16 |3.25 |3.34 |3.43 |3.52 | 3.6l | 3.69
6 s 78 | 3.87 {3.96 |4.05 |4.14 |4.23 |4.32 |4.42 | 4.51 | 4.60
7 4.69 | 4.79 |4.88 |4.97 |5.06 |5.16 |5.25 [5.34 |5.44 | 5.53
3 562 | 5.72 |5.81 |s.91 [6.00 |6.09 |6.19 |6.28 | 6.38 | 6.47
E 6.57 | 6.66 |6.76 |6.85 |6.95 | 7.04 |7.14 |7.23 | 7.33 1 7.43
10 - 852 | 7.62 |7.71 17.81 |7.90 |8.00 |8.10 |8.19 | 8.29 ) 8.38




RUNOFF FOR INCHES OF RAINFALL
{Curve Ng. 81)

Inches, Tenths 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
1
0 0.00 | 0.00 }0.00 |0.00 |0.00 | 0.00 | 0.01 | 0.02 | 0.04} 0.07
1 0.10 | ©.13 lo.17 Jo0.21 |0.26 | 0.31 | 0.36 | 0.42 | 0.48 | 0.54
2 0.60 | 0.66 |0.73 lo.80 |o0.87 | 0.94 | 1.01 | 1l.09 } 1.16} 1.23
3 1.31 0 1.39 |1.47 |1.55 |1.63 | 1.71 | 1.79 | 1.87 | 1.95 | 2.03
4 2.12 | 2.20 |2.29 |2.37 |2.46 | 2.55 | 2.63 | 2.72 | 2.8l | 2.89
5 2.98 | 3.07 |3.16 ]3.25 [3.34 | 3.43 | 3.52 | 3.61 | 3.70 | 3.79
6 3.88 | 3.97 |4.06 |4.16 |4.25 | 4.34 | 4.43 | 4.52 | 4.61 | 4.71
7 4.80 | 4.90 |4.99 {35.08 |5.17 | 5.27 | 5.36 | 5.46 | 5.55 | 5.64
8 5.74 | 5.84 |5.93 l6.02 |6.11 | 6.20 | 6.29 | 6,39 | 6.49 | 6.59
9 6.69 | 6.79 |6.88 |6.97 {7.06 | 7.15 | 7.25 | 7.35 | 7.45 | 7.55
10 7.64 1 7.74 17.84 |7.93 [8.03 | 8.12 | 8.21 | 8.31 | .41} 8.5l
(Curve No. 82} ;

Inches,/Tenths 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0 0.00 | 0.00 |0.00 |o0.00 {0.00 | 0.00 |0.01 |0.03 | 0.05} 0.08
1 ¢.11 | 0.15 |0.19 |0.24 |0.29 | 0.34 |0.40 | 0.46 | 0.52 | 0.58
2 0.65 | 0.72 |0.78 |o0.85 |0.92 | CG.99 |1l.06 {1.14 | 1.22 | 1.30
3 1.38 | 1.46 |1.53 |1.61 |1.69 j1.77 |1.86 | 1.94 j2.02 | 2.11
4 2.20 } 2.29 |2.38 |2.46 |2.55 { 2.64 | 2.73 | 2.8l | 2.90 | 2.99
5 3.08{ 3.17 |3.26 }3.35 |3.44 3.53 | 3.62 | 3.71 | 3.80 | 3.89
& 3.98 | 4.07 |4.17 |4.26 |4.35 | 4.45 | 4.54 | 4.63 | 4.73 | 4.82
7 4.91 | s.01 1s5.11 }5.20 {5.29 {5.39 | 5.48 | 5.57 | 5.67 | 5.76
8 5.86 | 5.95 {6.05 |6.14 |6.24 | 6.33 | 6.43 | 6.53 | 6.62 | 6.7]
9 .81 | .91 |7.01 |7.11 |7.2v {7.30 | 7.40 | 7.49 | 7.59 | 7.68
10 7.77 | 7.87 |7.97 L8.07 {8.17 | 8.26 | 8.36 | 8.46 | 8.55 | 8.64




RUNQFF FQR INCIIES OF RAINFALL
{Curve No. 83 )

Inches,Tenths 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
.
0 0.00 | 0.00 |0.00 [0.00 |0.00 | 0.00 | 0.02 | 0.04 | 0.06 | 0.09
1 6.13 { 0.i7 {0.22 }o0.27 |0.32 } 0.38 | 0.44 | 0.50 | 0.56 } 0.63
2 0.70 | 0.76 |0.83 {o0.91 |0.98 | l.06 | 1.13 | 1.21 | 1.29 | 1.37
5 1.45 | 1.53 |1.61 |1l.69 |1.77 | 1.86 | 1.94 | 2.03 j 2.1t | 2.20
4 2.29 | 2.37 |2.46 |2.55 |[2.64 | 2.73 | 2.82 | 2.91 | 3.00 | 3.08
5 3,17 1 3.26 {3.35 {3.45 |3.54 ! 3.63 | 3.72 | 3.81 | 3.980 | 4.00
6 4.09 | 4.18 |4.28 | 4.37 |4.46 | 4.55 | 4.65 | 4.74 | 4.84 | 4.93
7 5.02 | 5.12 §5.21 |5.31 |5.40 | 5.50 | 5.60 | 5.69 | 5.78 | 5.88
8 5.908 | 6.07 |6.17 |6.26 |6.36 | 6.45 | 6.55 | 6.65 | 6.74 | ©.84
9 6.93 | 7.03 |7.13 {7.22 |7.32 | 7.42 | 7.5 | 7.61 | 7.71 | 7.80
10 7.5¢ | 8.00 |8.09 |8.19 |8.29 | 8.39 | 8.48 | 8.58 | 8.68 | 8.77
|
{(Curve No. 84 )

Inches/Tenths 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0 0.00 | 0,00 |0.00 }0.00 |0.00 j©0.01 |0.02 |0.05 | 0.08 | O0.11
1 0.15 | 0.20 |0.25 {0.30 }0.35 | 0.41 | 0.48 | 0.54 | 0.61 | 0.68
2 0.74 | 0.82 |o0.89 |0.97 |1.04 | 1.12 | 1.20 j1.28 | 1.36 | 1.44
3 1.52 | 1,60 |1.68 j1.77 |1.85 {1.94 | 2.03 | 2.11 | 2,20 | 2.29
4 2.37 | 2.46 |2.55 {2.64 |2.73 | 2.82 | 2.91 {3.00 | 3.09 | 3.18
g 3.27 { 3.37 ]3.46 |3.55 |3.64 | 3.73 | 3.82 |3.92 | 4.01 ] 4.11
6 4.20 | 4.29 |4.39 |4.48 [4.58 | 4.67 | 4.76 | 4.86 | 4.95 | 5.05
7 5.14 | 5.24 |5.33 |5.43 |5.52 | 5.62 | 5.71 |5.81 | 5.91 | 6.00
8 6.10 | 6.20 [6.30 |6.39 |6.48 | 6.58 | 6.68 | 6.77 | 6.87 | 6.97
9 7.06 | 7.16 |7.26 |7.35 {7.45 | 7.55 | 7.65 | 7.74 | 7.84 | 7.84
10 -8.03 | 8.13 |8.23 |8.33 |[8.42 | 8.52 | 8.61 | 8.71 | 8.81 | 8.6l




RUNOFF FOR INCIIES OF RAINFALL
{Curve No. 85)

Inches,;Tenths 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.3 0.9
-
0 0.00 |o0.00 |0.00 [0.00 |o.00 |[0.01 {0.03 (0.06 |0.09 |Q.l3
1 0.18 [0.22 0.28 [0.33 [0.39 |0.45 (0.52 |0.59 [0.65 | 0.73
2 0.80 | 0.87 |0.95 |1.02 |l1.10 [1.18 |1.26 [1.34 |l.42 |1.51
3 1.59 §1.68 |l.76 {1.85 ([l.%3 |(2.02 |2.11 |2.20 |=2.28 | 2.37
4 2.46 12,55 2.64 |2.73 [2.82 [2.91 |3.00 |3.09 3.19 ! 3.28
3 3.37 | 3.47 |3.56 [3.65 |3.74 }3.84 [3.93 |4.03 |4.12 |4.21
6 4,31 | 4.40 |4.30 [4.59 [5.69 4.78 [4.87 [4.97 |5.06 | 5.1d
7 5.26 |5.35 |5.45 [5.55 |5.64 {5.74 |5.84 [5.93 [6.03 | 6.12
8 6.22 | 6.32 |6.41 " |6.50 [6.60 |6.70 16.80 [6.90 |6.99 | 7.09
S 7.19 | 7.28 |7.38 |7.48 |7.57 |7.67 \l7.77 |7.87 |7.97 | 8.06
10 8.16 |8.26 [8.35 |[8.45 |8.55 |8.65 [8.75 {8.84 |8.94 | 9.04
{Curve Na. 86)

Inches/Tenths 0.0 0.1 0.2 0.3 0.4 0.9 0.6 0.7 0.8 0.9
0 0.00 |0.00 [0.00 |0.00 Jo.00 {c.02 [0.04 |0.07 Jo.11 |o0.15
1 0.20 | 0.25 |0.30 |0.36 [0.42 |0.49 [0.56 [0.63 |0.70 |0.77
2 0.85 | 0.92 |l.o0 |[l.08 [l1.16 |1.24 13.33 |[1.41 |1.49 | 1.57
3 1,66 | 1.7 1.83 |1.92 |2.00 |2.09 |2.18 }2.27 |2.36 | 2.45
4 2.54 | 2.63 |2.72 (2.8l |2.91 |3.00 |3.09 ([3.18 |3.28 | 3.37

. 3 3.46 | 3.56 |3.65 [3.74 (3.83 |[3.93 {4.02 |4.12 [4.21 | 4.31
J 4.40 | 4.50 |4.59 [4.69 |4.78 |4.88 |4.98 |[5.07 |[5.17 | 5.27
7 5.36 | 5.46 |5.55 |5.65 |[5.74 }5.84 |5.94 [6.03 |6.13 | 6.22
8 6.32 | 6.42 |6.52 l6.61 [6.71 |6.81 |6.91 [7.01 |7.10 | 7.20
3 7.30 | 7.40 |7.50 |7.60 |7.70 |7.79 |7.88 {7.98 |8.08 | 8.i8

Lo 8.27 | 8.37 |8.47 18.57 |[8.67 |8.76 [8.86 {8.96 |9.06 | 9.i6




RUNOFF FOR INCIHES OF RAINFALL
‘ (Curve No. 87)

Inches/Tenths G.0 0.1 0.2 0.3 0.4 0.5 Q.6 0.7 0.8 0.9

0 0.00| 0.00 {0.00 |0.00 |0.00| 0.02 | 0.05 | 0.08 ] 0.13} 0.17
) 53s T 035 535 940 (047 [ 054 [ o6l [ 0,68 [ 075 083
2 0.91| 0.98 | 1.06 | 1.15 |1.23 | 1.31 | 1.39 { 1,47 | 1.56 | 1.65
3 1.74 | 1.83 | 1.92 | 2.0l | 2.09 | 2.18 | 2.27 | 2.36 | 2.45 | 2.55
4 2.64| 2.73 | 2.82 | 2.91 |3.01 | 5.10 | 3.19 | 3.28 | 3.38 | 3.47
5 5.57 0 3.67 | 3.76 | 3.85 | 3.95 | 4.04 | 4.13 | 4.23 | 4.32| 4.42
6 4.51 | 4.6l | 4.71 | 4.80 | 4.90 | 5.00 | 5.09 | 5.19 | 5.29| 5.38
7 5.48 | 5.58 | 5.67 | 5.77 | 5.87 | 5.97 | 6.06 | 6.16 | 6.26 | 6.35
8 6.45| 6.55 | 6.64 | 6.74 | 6.84 | 6.94 | 7.03 | 7.13 | 7.23| 7.33
9 7.43| 7.52 | 7.62 | 7.72 | 7.8l | 7.91 | 8.0l | 8.11 ] 8.21| 8.31
10 8.51 | 8.5 | 8.61 | 8.70 | 8.80 | 8.90 | 9.00 | 9.10 | 9.20| 9.30
(Curve No. 88)

Inches/Tenths 0.0 0.1 0.2 9.3 0.4 0.5 0.6 0.7 0.8 0.9
0 0.00| 0.00 {0.00 | 0.00 | 0.01 | 0.03 | 0.06 | 0.10{ 0.15] ©.20
L 0.25| 0.31 | 0.38 | 0.44 | 0.51 | 0.58 | 0.65 | 0.73 | 0.81 | 0.88
2 0.96| 1.04 | 1.12 | 1.21 {1.30 ] 1.38 | 1.47 | 1.55 | 1.64| 1.73
3 1.82] 1.90 | 1.99 | 2z.08 | 2.17 | 2.26 | 2.35 | 2.44 | 2.54| 2.63
4 2.72| 2.82 | 2.91 | 3.00 | 35.30| 3.19| 3.20 | 3.38 ] 3.47| 3.57
5 3.66] 3.76 | 3.85 | 3.95 | 4.05 | 4.14 | 4,23 | 4.33{ 4.42] 4.52
6 4.62| 4.72 1 4.81 | 4.91 | 5.01 | 5.10} 5.20 | 5.20 | 5.33] 5.49
7 5.56| 5.68 | 5.78 | 5.88 | 5.97 | 6.07 | 6.17 | 6.27 | 6.36 | .46
8 6.56| 6.66 | 6.75 | 6.85 | 6.95 | 7.08 | 7.15 | 7.24 | 7.34| 7.44
9 7540 7.64 | 7.73 | 7.83 | 7.95 | s.03 | 8.13 | 8.23 | 8.33| 8.43

10 8.55| 8.63 | 8.73 | 8.33 | 8,03 | 9.03 | 9.1z | gs.22| 9.32| 9.42




RUNOFF FOR INCIHES QOF RAINFALL
{(Curve No. 89}

Inches,Tenths 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

£ |
0 - 0.00| ©0.00 | 0.00 | 0.00 | 0.02| 0.04 | 0.08{ 0.12} 0.17| 0.22
1 0.28] 0.35 | 0.41 | 0.48 { 0.55| 0.63 | 0.71 | 0.78 ) 0.86] 0.94
2 . 1.03{ 1.11 | .19 | 1.28 | 1.37 | 1l.46 | 1.54 | 1.63| 1.72; 1.81
3 1.90| 1.99 | 2.08 | 2.17 | 2.26 | 2.36 | 2.45| 2.54| 2.64] 2.73
4 2.82] 2.92 | 3.01 | 3.11 | 3.20| 3.30 | 3.39| 3.49] 3.58| 3.68
5 3.77| 3.87 | 3.96 | 4.06 | 4.16 | 4.25 | 4.35 | 4.45| 4.54| 4.64
6 4.74). 4.83 ] 4.93 | s.02 | 5.12| 5.22 | 5.32 | 5.42| 5.51| 5.6l
7 5.7t | 5.80 | 5.90 | 6.00 | 6.10f 6.20 | 6.30 | 6.39| 6.49| 6.59
3 6.69| 6.79 | 6.88 | 6.98 [ 7.08 | 7.18 | 7.28 | 7.38| 7.47} 7.57
9 7.67{ 7.77 | 7.87 | 7.97 { 8.06 | 8.16 | 8.26 | 8.36 | 8.46| 8.56
10 2.66| 8.76 | 8.86 | 8.95 | 9.05 | 9.15 | 9.25 | 9.35| 9.45| 8.55

, .

(Curve No. 90)

Inches/Tenths 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0 0.00| ©0.00 | 0.00 | 0.01 | 0.03 | 0.06 { 0.10 | 0.15 | 0.20]| 0.26
1 0.32| ¢.39 | 0.46 | 0.53 { 0.61 | 0.69 1 0.77 | 0.85 | 0.93| 1.01
2 1.10) 1.18 | 1.27 | 1.35 | 1.44 | 1.53 | 1.62 | 1.71 | 1.80| 1.89
3 1.99] 2.08 | 2.17 | 2.26 { 2.36 | 2.45 | 2.54 | 2.84 | 2.73! 2.83
4 2,921 3.02 | 3.11 | 3.20 | 3.30 | 3.40 | 3.49 | 3.59 | 3.69| 3.78
5 3.88| 3.97 | 4.07 | 4.17 | 4.26 | 4.36 | 4.46 | 4.56 | 4.65| 4.75
6 4.85| 4.95 | 5.04 | 5.14 { 5,24 | 5.34 | 5.44 | 5.54 | 5.63 | 5.73
7 .83 s5.92 | 6.02 | 6.12 | 6.21 | 6.31 | 6.41 | 6.51 | 6.81| 6.7l
8 6.81] 6.91 | 7.01 | 7.11 | 7.20 | 7.30 | 7.40 | 7.50 | 7.60| 7.70
9 7.79| 7.89 | 7.99 | 8.09 | 8.19 | 8.25 ; 8.39 | 8.49 | 8.58} 8.63
1o g.78| 8.83 | 8.98 ! g.08 | 9.18 | 9.28 | 9.38 | 9.48 ; 9.57 | 9.67




e

RUNOFF FOR INCHES OF RAINFALL
(Curve No. gl )

Inches,Tenths 0.0 0.1 0.2 0.3 0.4 6.5 0.6 0.7 0.8 0.9
1
0 0.00 | 0.00 (o.00 |0.01 j0.03 |0.07 | 0,12 ] 0.17 { 0.23 ) 0.29
1 0.36 | 0.43 |o0.s0 |o0.58 |0.66 | 0.74 | 0.82 | 0.91 | 0.99 | 1.08
2 1.17 | 1.25 |1.34 |1.43 |1.52 | 1.1 | 1.70 | 1.80 | 1.89 ) 1.98
3 207 | 2.16 {2.26 |2.35 |2.44 | 2.54 | 2.63 | 2.73 | 2.83 | 2.92
4 z.02 | 3.11 |3.21 |3.30 j3.40 | 3.50 | 3.59 | 3.69 | 3.79 | 3.89
S .99 | 4.08 |4.17 l4.27 |4.37 | 4.47 | 4.56 | 4.66 | 4.76 | 4.86
6 4.96 | 5.05 |5.15 |5.25 }5.34 | 5.44 | 5.54 | 5.64 5.74 | 5.84
7 5.94 | 6.04 |6.14 |6.24 |6.34 | 6.44 | 6.53 | 6.63 | 6.73 | 6.83
B 6.93 | 7.03 |7.13 |7.23 }7.33 | 7.43 | 7.52 7.62 | 7.72 | 7.82
9 7292 | 8.02 {8.,12 |8.22 |8.31 | &8.41 |{8.,5L {8.81 {8.71| 8.8
10 3.951 1 s.01 |9.11 lo.21 {9.31 | 9.41 | 9.51 | 9.61 | 9.71 | 9.80
(Curve No. 92 )
Inches/Tenths 0.0 0.1 0.2 0.3 0.4 Q.5 0.6 0.7 0.8 0.9
0 0.00 ! 0.00 }o.00 |0.02 |0.05 | 0.09 | 0.14 10.20 | 0.26 } 0.33
1 0.41 | 0.48 |o0.56 {0.64 lo.72 | o0.80 | 0.89 [0.97 | 1.06 | 1.l3
2 1.24 0 1.33 }1.42 |1.51 |i.60 {1.69 [ 1.78 {1.88 } 1.98 | 2.07
3 o.16 | 2.26 |2.35 {2.45 |2.54 | 2.64 [ 2.74 | 2.83 | 2,93 | 3.0
4 3.12 | 3.22 [3.31 |3.41 {3.51 13.60 | 3.70 | 3.80 | 3.90 § 4.00
5 4.09 | 4.19 t4.29 }a.39 la.48 | 4.58 | 4.68 | 4.78 | 4.88 | 4.97
6 s.07 | 5.17 |5.27 |8s5.37 {5.47 | 5.56 | 5.66 | 5.76 | 5.86 | 5.96
7 6.06 | 6.15 |6.25 [6.35 |6.45 | 6.55 | 6.65 | 6.75 | 6.85 | 6.95
8 205 | 7.15 {7.25 |7.34 {7.44 | 7.54 ! 7.64 | 7.74 | 7.84 | 7%.94
9 8.o4 | 8.14 |8.24 |ls8.33 |8.43 | 8.53 | 8.63 |8.73 | 8.83 | 8.93
10 9.03 ] 9.13 }9.23 {9.33 }9.43 | 9.5 | 9.63 | 9.73 } 9.83 | 9.95




RUNOFF FOR INCHES OF RAINFALL

(Curve No. 93)
Inches,;Tenzns 0.0 0.1 0.2 0.3 0.4 0.5 0.8 c.7 0.8 0.9
0 0.00 | 0.00 | 0.00 |0.03 {0.06 | 0.11 § 0.17 | 0.23 | 0.30( ©0.38
1 0.45| 0.53 0.6l |0.70 [0.78 | 0.87 | 0.96 | 1.04 | 1.13| 1l.z22
2 1.32 | 1.41 | 1.50 |1.56 |1.69 | 1.78 | 1.88 | 1,97 | 2.06 | 2.16
3 2.26 | 2.35 | 2.45 | 2.54 |2.64 | 2.74 | 2.83 | 2.93 | 3.03{ 3.12
4 3.22 3.32 3.42 3.51 3.61 3.71 3.81 3.91 4.00 4.10
5 4.20 1 4.30 | 4,40 | 4.50 | 4.59 | 4.69 | 4.79 | 4.89 | 4.99{ 35.09
6 5.18 | 5.28 | 5.38 {5.48 |5.58 | 5.68 | 5.78 | 5.88 { 5.97 | 6.07
7 6.17 1 6.27 |16.37 |6.47 |6.57 | 6.67 | 6.77 | 6.87 | 6.97 | 7.07
8 7.17 | 7.26 {7.36 | 7.46 |7.56 | 7.66 | 7.76 | 7.86 | 7.96 | 8.06
3 8.16 | 8.26 18.36 | 8.46 |8.56 | 8.66 | 8.75 | 8.85 | 8.95| 9.05
10 9.15 } 9.25 1 9.35 | 9.45 | 9.55 | 9.65 | 9.75 | 9.85 { 9.95 | 10.05
{Curve No. 94}

Inches/Tenths 0.0 0.1 0.2 0.3 0.4 0.5 0.5 0.7 0.8 0.9
0 0.00 0.00 0.01 0.04 0.08 Orlﬂ 0.20 0.27 0.34 0.42
1 0.50 | ©.58 | 0.67 | 0.76 |0.84 | 0.93 | 1.02 {2.11 | 1.20{ 1.30
2 1.39 | 1.49 {1.58 | 1.68 {1.77 | 1.87 | 1.97 | 2.06 | 2.15 ] 2.24
3 2.35 | 2.44 } 2,54 | 2.64 J2.73 | 2.83 | 2.93 | 3.03 | 3.13{ 3.22
4 3.32 | 3.42 }3.52 |3.62 }3.72 | 3.8%1 | 3,91 | 4.01 | 4.11 | 4.21
5 4.30 | 4.40 | 4.50 {4.60 |[4.70 | 4.80 | 4.90 | 5.00 | 5.10 | 5.19
6 5.29 | 5.39 | 5.49 | 5.59 {5.69 | 5.79 | 5.89 | 5.99 | 6.09 | 6.18
7 6.28 | 6.38 |6.48 | 6.58 [6.638 | 6.73 | 6.88 | 6.98 | 7.08 | 7.18
8 7.27 1 7.37 | 7.47 | 7.5v |7.67 | 7.77 1 7.87 | 7.97 | s.07 | 8.17
9 8.27 ) 8.37 |&.47 | 8.57 |s8.67 | 8,77 | 8.87 | s.97 | g.07 | 9.17
1o 9.27 | 9.37 | 9.47 | 9.57 | 9.7 | 9.77 | 2.87 | 9.97 |10.07 |l0.17




RUNGFF FOR INCHES OF RAINFALL
(Curve No. 95)

Inches/Tenths 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.3 0.9
0 0.00f 0.00 | 0.0 { 0.05 | 0.11 {.0.17 | 0.24 | 0.32 | 0.40| 0.48
1 0.56 { 0.65 {0.74 | 0.83 |0.92 | 1.01 | 1.11 | 1.20 | 1.30| 1.39
2 1.48 | 1.58 | 1.68 | 1.78 |1.87 | 1.97 | 2.07 | 2.16 | 2.26 | 2.36
3 J 2.44| 2.54 | 2.64 | 2.74 |[2.84 | 2.93 | 3.03 | 3.13 | 3.23| 3.32
4 3.42 | 3.52 | 3.62 | 3.72 {3.82 | 3.92 | 4.02 | 4.12 | 4.21 | 4.31
5. 4.41 | 4.51 | 4.61L | 4.71 |4.81 | 4.91 § 5.01 | 5.11 | 5.21 | 5.30
3 5.40 | 5.50 | 5.60 | 5.70 |[5.80 | 5.90 | 6.00 | 6.10 | 6.20| 6.30
7 i 6.40 | 6.50 | 6.60 | 6.70 |6.80 | 6.90 | 7.00 | 7.10 | 7.19 | 7.29
8 7.39 | 7.49 | 7.59 {7.69 |7.79 | 7.89 | 7.99 | 8.09 | 8.19 | 8.29
9 '8.39 | 8.49 |8.59 | 8.69 [8.79 | 8.89 | 8.99 | 9.09 | 9.19| 9.29

10 ' 9.39 | 9.49 | 9.59 | 9.69 }9.79 | 9.89 | 9.99 |10.09 [lo0.19 {1i0.29
(Curve No. 96 ) |

Inches/Tenths 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0 0.00 | 0.01 |0.04 [0C.08 {0.14 | 0.22 | 0.29 | 0.37 { 0.46 | 0.55
1 ‘0.64 | 0.73 |0.82 |0.91 |l.0t {1i.10 | 1.20 | 1,29 | 1.31 | 1.48
2 1.58 | 1.68 |1.77 {1.87 |1.97 | 2.07 | 2.17 | 2.26 | 2.36 | 2.46
3 2.56 | 2.66 [2.76 |2.86 |[2.95 | 3.05 | 3.15 [ 3.25 | 3.35 § 3.45
4 3.55 | 3.65 |3.75 |3.85 |3.95 | 4.05 | 4.14 |4.24 | 4.34 | 4.44
5 4.54 | 4.64 |4.74 [ 4.84 14,94 |5.04 |5.14 }5.24 } 5.34 | 5.44
6 5.54 | 5.64 {5.74 |5.84 15.93 | 6.03 |6.13 |6.23 | 6.33 | 6.43
7 6.53 | 6.63 |6.73 {6.83 (6.93 | 7.03 | 7.13 | 7.23 | 7.33 | 7.43
8 7.3t 7.63 | 7.73 [7.83 |7.93 | 8.03 | 8.13 | 8.23 | 8.33 | 8.43
9 8.55 | 8.63 |8.73 |8.83 {8.93 | 9.03 | 9.13 | 9.23 | 9.33 | 9.43
o 9.53 | 9.63 |9.73 | 9.83 |9.93 [l0.03 {10.13 |l0.23 |l0.32 |10.42




RUNOFF FOR INCHES OF RAINFALL
{Curve No. 97}

Inches;Tenths 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0 0.00 | 0.00 |0.04 |0.11 |©0.18 | 0.26 | 0.35 | 0.44 | 0.53 1 0.62
1 0.71| 0.8l |0.90 | 1.00 [l.i0 | 1.19 | 1.29 { 1.39 | 1.43| 1.58
2 1.68| 1.78 | 1.88 | 1.98 {2.08 | 2.17 | z.27 | 2.37 | 2.47 | 2.57
3 2.67) 2.77 | 2.87 V2.07 |3.07 | 3.16 | 5.26 | 3.36 | 5.46| 3.56
4 3.661 3.76 | 3.86 | 3.96 |4.06 | 4.16 | 4.26 | 4.36 | 4.46 | 4.56
S 4.66 | 4.76 | 4.86 | 4.96 |5.06 | 5.16 | 5.26 | 5.36 | 5.46 | 5.55
8 5.65| 5.75 | 5.85 | 5.95 {6.05 | 6.15 | 6.2 6.35 | 6.45 | 6.55
7 6.65 | 6.75 | 6.85 | 6.95 |7.05 | 7.15 | 7.25 | 7.35 | 7.45 | 7.55
8 7.65 | 7.75 | 7.85 | 7.95 [8.05 | 8.15 | 8.25 ! 8.35 | 8.45 | 8.55%
9 8.65 | 8.75 | 8.85 | 8.95 |9.05 { 9.15 { 9.25 | 9.35 { 9.45 | 9.55

10 9.6 ! 9.75 | 9.85 | 9.95 [10.05 |10.15 {l10.25 [10.35 |10.45 | 10.55
(Curve No. 98)

Inches/Tenths 0.0 0.1 0.2 0.3 0.4 0.5 0.5 0.7 0.8 0.9
0 0.00 ! 0.0l |0.07 [0.15 [0.23 | 0.32 | 0.41 { 0.51 | 0.60 | 0.69
1 0.791 0.89 lo0.99 | 1.09 [1.19 § 1.28 | 1.38 { 1.48 | 1.58 | 1.68
2 1.78 | 1.88 |1.98 | 2.08 |2.18 | 2.27 | 2.37 | 2.47 | 2.57 | 2.67
3 2.77 | 2.87 |2.97 |3.07 |3.17 { 3.27 | 3.37 | 3.47 | 3.57 | 3.67
4 3.77 | 3.87 |3.97 |4.07 |a.17 | a.27 | 4.37 | 4.a7 | 4a.57 | a.e7
5 4.77 | 4.87 | 4.97 |5.07 |5.17 | 5.27 | 5.37 | 5.47 | 5.57 | 5.67
6 5.77 | 5.87 | 5.97 | 6.07 |6.17 | 6.27 | 6.37 | 6.47 | 6.57 | 6.67
7 6.77 | 6.87 | 6.98 |7.07 |7.17 | 7.27 | 7.37 | 7.47 | 7.57 | 7.67
g 7.76 | 7.86 | 7.96 |8.06 18.16 | 8.26 | 8.36 | 8.46 | 8.56 | 8.66
9 8.76 | 8.36 | 8.96 {9.06 {9.15 | 9.26 | 9.36 | 9.46 { 9.56 | 9.66
Lo 9.76 | 9.86 | 9.96 {10.06 [L0.16 [10.26 [l0.36 |l0.46 {10.56 |10.66




Type of Structure:

EXHIBIT 2-7

SURFACE RUNOFF AND PEAK DISCHARGE COMPUTATION SHEET

Drainage Area: Number Acres
County: N Date:
Rainfall Frequency _~  Years Rainfall Inches
Average Watershed Slope Percent
HYDROLOGILC LAND USE TREATMENT RUNOFF ACRE COL. 4 X
SQIL GROUP OR CURVE (Ac.) COL. 5
PRACTICE NUMBER
1 2 3 4 5 6
TOTALS =
Weighted Runoff Curve ¥o. = Total Col. 6 = = Use

Total Col. 5

SLOPE INTERPOLATION

q{l) For RCN(1} = q(Exhibit 2-4 or 2-4A for slopes) X Slope Correction
Factor
= X = cfs
q(2) For RCN(2) = X = cfs
CURVE NUMBER INTERPOLATION
q(2) - q(L) = - = cfs
Watershed RCN Minus RCN(1)}! C q(") = q(2)-q(1) X ¢ = X = cfs
Peak Discharge = q(1) + q(') = + =
1 .2
2 4 o cfs
3 .6
4 .8 Runoff = Inches/Acre




{1}

(2}

(4)

(5)
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CHAPTER 3 Page 1
CHAPTER 3

SEDIMENT DAMS, EMBANKMENT TYPEt

3.1 DEFINITION
A barrier or dam cohstructed across a waterway or other suitable
locations to form a silt or sediment basin with a minimum of 3 feet of water
impounded against the barrier or dam at normal pool elevation, which elevation
is defined as the crest of the principal spillway.
3.2 PURPOSE
To preserve the'capacity of reservoirs, ditches, canals, diversions,
waterways and streams and to prevent undesirable deposition on bottom lands,
in channels or waterways, and other areas by providing basins for the
deposition and storage of 511t, sand, gravel, stone and other sediment.
3.3 SCOPE

This chapter establishes the minimum acceptable quality for the design ;
and construction of sediment dams, embankment type, located in predomihant1y
rural or agricu]tufa1 areas in West Virginia when:

1. Failure of the structure would not result in loss of life; in
damages to homes, commercial or industrial buildings; main highways,
or railroads; in interruption of the use of service of pubtlic
utilities; or damage existing water impoundments; and

2. The contributing drainage area does not exceed {500) acres; if
contributing drainage area exceeds 200 acres but is less than 500
acres, the principal spillway and emergency spiliway shall meet the
minimum design criteria as outlined in Charts Nos. 3-1 and 3-2; and

3. The vertical distance between the upstream toe of the embankment and
to the crest of the emergency spillway does not exceed 20 feet in

neight or storage volume does not exceed 20 acre-feet as measured at
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the emergency spillway crest elevation when the embankment height as

measured from the upstream toe to the crest of the emergency

spilliway exceeds 5 feet. Also does not present a hazard to coal
miners as determined by the Mine Safely and Health Administration.

Structures which exceed the conditions outlined in Section 3.3(3)

shall comply with the following minimum standards:

a. An appropriate combination of principal and emergency spilliways
shall be provided to discharge safely the runcff resulting from
a 100-year, 24-hour precipitation event, or a large event
specified by the Department of Natural Resources.

b. The embankment shall be designed and constructed with a static
safety factor of at 1easf 1.5, or a higher safety factor as
designated by the Department of Natural Resources to ensure
Jong-term stability.

c. Appropriate barriers shall be provided to control seepage along
the conduits that extend through the embankment.

d. The criteria of the Mine Safety and Health Administration as
published in 30 C.F.R. 77.216 shall be adhered to. All
inspection reports and approvals shall be provided to the
Director of the Department of Natural Resources.

Structures which exceed 15 feet in vertical height from the natural

bed of the watercourse to the top of the dam, as measured from the

upstream toe, and does nct have a surface area exceeding 10 acres.

Structures which exceed a surface area of 10 acres and meets the

conditions in Section 3.3(4), if utilized for erosion and sediment

control, must be approved by the Director of Zhe Department of
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Natural Resources in accordance with Chapter 20, Article 5d and the
Code of West Virginia (Dam Control Act).

3.4 DRAINAGE AREA AND SITE EVALUATION AND LIMITATIONS

The contributing watershed above the site shall have an adequate plan
for providing protection against erosion of disturbed areas. This plan shall
provide for rapid revegetation of the disturbed areas in order to stabilize
the area as quickly as possible after it has been disturbed. The plan is also
to include utilization of one Or many methods of “Natef Management Practices”
in Chapter 19 to assist the overall erosion and sedimentation control system.
1t is required to prevent excessive sedimentation from exceeding the design
capacity of the sediment dam. All areas disturbed during the mining operation
in the watershed shall be revegetated according to West Virginia Surface
Mining Regulations.

3.5  SEDIMENT

The sediment pool shall have a minimum capacity (from the lowest
elevation in the reservoir to the crest of the principal spillway)} to store
0.125 acre-feet per acre of disturbed area in the drainage area. The
disturbed area includes all land affected by previous operations that 15 not
presently stabilized, all land that will be affected during the surface mining
operations and all reclamation work and may include all other lands which
nave been disturbed by timber operations, construction operations, other
surface mining operations, etc. The basin shall be cleaned out when the
sediment accumulation approaches sixty percent (60%) of the design capacity.
The desian and construction drawings shall indicate the corresponding
~elevation. |

3.6 STRUCTURES IN SERIES

When structures are buiit in series, the principal spillway and

smergency spillway sizes for the lower structure shall be based on the total
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drainage area above the lower structure. The required storage for sediment
for any structure shall be based on the disturbed area in the uncontrolied
drainage area above that siructure.

When an upstream structure exists, a lower structure in series must be
designed considering failure of the upstream structure. The design shall
consider the principal spillway, emergency spiliway, freeboard and etc.

Construction must be completed on all downstream structures prior to
construction of an upper structure in a series.

3.7 WATER QUALITY STANDARDS

Discharges from sediment dams, embankment type, which controls areas
disturbed by surface mining operations, must meet all applicable Federal and
State laws and regulations. The minimum effluent limitations shall be
governed by the standards set forth in the NPDES ﬁrogram under the Federal
Water Pollution Control Act as amended, 33 U.S.C. 466 et. seq. and the rules
and regulations promulgated thereunder.

3.8 PRINCIPAL SPILLWAYS

3.8.1 DEFINITION

The principa1 spiliway is constructed of permanent material,
and usually is designed to proviﬂe flood protection or to reduce the
frequency of 6peration of the emergency spillway. Two types of
principal spillways are drop inlet and hooded inlet.
3.8.2 SCOPE

A drop iniet or hooded inlet principal spillway will be
required on all sediment dams, embankment type. The crest of the
principal spillway shail be located at the maximum elevation of the
sediment pool. The principal spiliway shall be located to insure

maximum travel distance between point of entry to principal spiT]way

inlets so as to prevent short-circuiting to the extent possible, see
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Chapter 19 "Water Management Practices" for procedures for
determining or altering sediment basin shape.
3.8.3 CAPACITY

The minimum size of the principal spillway and drop iniet shall
be obtained froﬁ Tabie 3-1, the minimum size of the hooded inlet shall
be obtained from Table 3-2, and which principal spiliway size shall be
pased on the total drainage area above the structure. If height of the
structure measured from the lowest point of the original ground along
the centerline to the crest of the emergehcy spillway exceeds 15 feet
but is less than 35 feet, then the principal spillway shall bypass a
minimum design storm of a 5-year, 24-hour duration.
3.8.4 LAYOUT

The principal spiliway shall be stréight in alignment when viewed
jn plan. The outiet end must extend to an elevation approximately 6
inches above the stable channel bottom and a minimum of 6 feet beyond
the downstream toe of the embankment. An adequate outlet structure such
as, but not limited to, rock rip-rap, concrete or other types of energy
dissipators, as approved by the Director of the Department of Natural
Resources; shall be provided 1o prevent damage to the toe of the
embankment. The minimum slope of the pipe conduit shall be one percent
{(1%) in order to insure free drainage.

3.8.5 PIPE CONDUITS

A11 types of conduits include steel, wrought-iron, corrugated

metal, and aluminum.

3.8.5.1 CORRUGATED METAL PIPE

3.8.5.1.1 Iron or Steel (Zinc-coated): Zinc-coated

(ga1vanized) corrugated iron or steel culverts shall
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conform to the requirements of AASHTO M 36 for Type 1
and Type Il culverts, respectively, except modified
as follows: Corrugations shall be annular, spiral
or a combination of annular and spiral. It shall _ ,
be close-riveted and asphalt-coated, which conforms to

the requirements of AASHTO M 190, or helical corrugated

with welded seam and can be used only where the pH of

the normal stream flow, existing and expected, is to be
greater than 5.0 during the 1ife of the structure.

Where the pH of the normal stream flow, existing and

expected, is to be between 4.0 to 5.0 the pipe can be

aluminized steel Type 2, which conforms to the
requirement of AASHTO M274—791. Where the pH of thé
normal stream flow, existjng and expected, is to be
between 3.0 and 5.0, the pipe shall conform to the
following requ{reménts:
A. Type A - Asbestos Bonded Full Bituminous Coated
in conformance to AASHTO M 36 and AASHTO M 190,
.Type A.
B. Type C - Asbestos Bonded Full Bituminous Coated
and paved invert in conformance to AASHTO M 36
and AASHTO M 190, Type C.
C. Pre-coated or epoxy bonded corrugated steel
pipe shall conform to the requirements of AASHTO

M 245 or other systéms of coating approved by

the Department of Natural Resources.




CHAPTER 3 Page 7
Corrugated metal pipe will not be used where the pH is
" expected to be less than 3.0. The minimum thickness of
the pipe shall be 16 guage for conduits, 18 inches or
Jess in diameter. For larger sizes, the minimum
thickhess shall be 14 guage.

Bituminous coating damaged by breaks, scuffs, or
welding shall be repaired by the appiication of two
coats of hot asphaltic paint or a coating of
cold-applied bituminous mastic.

3.8.5 1.2 Aluminum: Corrugated aluminum shall conform to the
requirements of AASHTO M 196, Type 1 and Type II.
Helically corrugated. aluminum culvert pipe shal] conform
to the requirements of AASHTO M 211. It can be used
only when the normal stream flow, existing and expected,
js to be greater than pH 5.0 and less than pH 9.0. The
miniﬁum thickness of the pipe shall be 14 gﬁage.

3.8.5.1.3 Joints: All corrugated metal pipe shall be connected
by a watertight flange-type connection or by a
watertight connecting band specifically manufactured for
a connecting band {band with rod and lugs). The area
between the pipe and connecting bands shall be treated
with an asphalt cement during installation to assure a
watertight joint.

3.8.5.2 STEEL

Steel pipe may be used where the pH of the normal
stream flow during the life of the structure is expected to be

5.0 or greater. It shall be of standard strength and be
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connected by a watertight mechanical or welded joint.

3.8.5.3 WROUGHT-IRON OR CAST IRON

Iron pipe may be used under all soil and water
conditions. It must be of standard thickness or greater and be
connected by a watertight mechanical joint.

3.8.6 DROP INLET
Tq§_m1nimum size and height is given in Table 3-1. 1In usage of the
drop iniet, all the regquirements such as base, drainpipe, anti-seep
co]}afs,,anti-vortex device and trash rack shall be considered in the
over;11 design. |
3.8.6.1 BASE
The riser shall have a base attached with a watertight
connection and shali have sufficient weight to prevent floatation
of the riser. Two approved bases are: (1) a concrete base 18
inches minimum thickness with thé riser imbedded 6 inches in the
base. The base should be extended one foot greater than the riser
d%mensipns; (2) a 1/4-inch minimum thickness steel plate welded
all around the base of the riser to form a watertight connection.
The plate shall be square with each side equal to two times the
riser diameter., The plate shall have 2 feet of stone piaced on
it to prevent floatation. |

3.8.6.2 DEWATERING DEVICE

A1l structures sha]l_haﬁe designed and installed a

dewatering device which allows draining of the structure for

periodical mainterance and safety.
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3.8.6.3 ANTI-SEEP COLLARS

- A11 conduits through the embankment are to be provided
with a minimum of three énti-seep collars, except when the
embankment is 5 feet or less. When the embankmént is 5 feet or
less, two collars will be required. The collars will be at
15-foot intervals with the middle collar at the centerline of the
dam. The anti-seep collars shall extend a minimum of 2 feet from
the conduit in all directions. The collars and their connections
to the pipe shall be watertight.
3.8.6.4 ANTI-YORTEX DEVICE

" An anti-vortex device shall be installed on the
principal spillway inlet. |
1. 1t shall consist of a thin, vertical plate
firmly attached to the top of the riser. The plate
dimehsions shall be: length = diameter of the riser
plus 12 inches; height = 1.5 feet above the crest of
the principal spillway; or
2. It shall consist of a horizontal circular plate
having a diameter 2 feet greater than the drop inlet
and to extend 1.5 feet above the crest of the
riser.
3.8.6.5 TRASH RACKS
A suitable trash rack will be provided where the
drafnage area will contribute trash to the reservoir.

HOODED INLET

The minimum size and water 1evel above the iniet (invert of the

pipe) is given in Table 3-2. For the same crest elevation, hooded pipes
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over 24 inches in diameter require a greater depth of water over the
inlet to obtain full pipe flow than a pipe drop inlet. In usage of the
hooded inlet, the requirements such as drainpipe, anti-seep collars,
anti-vortex device and trash rack shall be considered in the overall

design.

3.8.7.1 DEWATERING DEVICE

A1l structures shall have designed and installed a
dewatering device which is capable of draining the structure for
periodical maintenance and safety.

3.8.7.2 ANTI-SEEP COLLARS

Minimum requirement for anti-seep collars, see Section
3.8.6.3. _
3.8.7.3 ANTI-VORTEX DEVICE

An anti-vortex device shall be installed on the hooded
inlet. An example of an anti-vortex js shown in Exhibit 3-3.
3.8.7.4 TRASH RACKS
| A suitable trash rack will be provided where the
drainage area will contribute trash to the reservoir.

3.9 EMERGENCY SPILLWAYS

Emergency spillways are provided to convey large flows safely past an
earth embankment. They are usually open channels excavated in earth or rock
and/or protected with rock riprap or feinforced concrete.

3,9.1 CAPACITY -

The crest elevation of the emergency spillway will be located at

a minimum distance of 1.5 feet above the crest elevation of the

principal spillway, drop inlet type or a minimum distance of 1.8 times

the diameter of pipe above the invert of the pipe of the principal
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spillway, hooded inlet type. An appropriate combination of principal
and emergency spillways shall be designed to safely carry the expected
peak rate of discharge from a 25-year, 24-hour freguency storm. The |
mininum size of the emergency spillway shall at Jeast handle a 10-Year,
24-Hour frequency storm. The expected peak rate of discharge of a storm
event shall be obtained from Chapter 2, "Estimating Runoff".
3.9.2 DESIGN

The emergency spillway shall be proportioned to pass the peak
discharge as determined in Chapter 2 at a safe velocity determined for
the site for the required storm event. |

Exhibit 3-4, Emergency Spillway Design Table, shall be used Lo
determine the spillway size, bottom width and Hp, which is the
difference in elevation between the crest of the spillway at the control
section to the water surface in the impoundment in feet; velocity in
feet per second that wil]l exist in channel below control section at
design peak discharge if constructed to slope that is shown; slope in
percent allowable for channel below control section; minimum length of
channel below control section in feet; and side slope ratio.
3.9.3 LAYOUT

The emergency spillway shall be excavated in rock or in earth 6?
protected with rock rip rap, or may be constructed of reinforced
concrete. It 5ha11 consist of an inlet channel, a control section, and
an exit channel. The capacity and design of the emergency spillway
shall be as outlined under Sections 3.9.1 and 3.9.2 respectively.
Minimum bottom width shall be 10 feet.

The inlet channel shall be level for a minimum distance of 20

feet upstream from the contro} section if the Hp in the emergency
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spillway is equal to or less than 2.5 feet. The level section shall
extend 30 feet upstream from the control section if the Hp exceeds 2.5

feet.
The level part of the iniet channel shall be the same width as

the exit channel, and its centeriine shall be straight and coincident
. with the centerline of the level section. The level section of the

inlet channel shall be located so that the projected centerline of the

dam will pass through it. |

The centerline of the éxitichannel shall be straight and
perpendicular to the control section extending downstream to a point
opposite the downstream toe of the dam. Curvature may be introduced
below this point if it is certéin that the flowing water will not
impinge on the embankment shqu1d the channel fail at the curve. The
slope of the exit channel shall be determined from Exhibit 3-4.

The layout will provide that the spiliway, when cut around the
end of the dam in the abutment, be in a natural ground (cut) to a depth
equal to the maximum désign flow for at Jeast the level section and the
exit channel to a point opposite the downstream-toé of the dam. It is
preferable that the flow be confined without the use of levees, but
where site conditions are such that the exit channel will not contain
the design'flow, a levee or dike shall be constructed along the exit
channel to a height above the exit channel eqda] to the depth of flow
through the spiliway at the control section. The levee shall have a
minimum tdp width of 4 feet and side slopes not steeper than 2
horizontal to 1 vertical. The levee shall be constructed in accordance

with the requirements for embankment.

The spillway shall be trapezoidal in shape and side slopes shall
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not be steeper than 1/4 horizontal to 1 vertical in rock or 2 horizontal
to 1 vertical in earth.

3.9.4 PERMISSIBLE VELOCITIES

3.9.4.1 EARTH EMERGENCY SPILLWAYS

The maximum allowable velocity in the exit channel shall
be 6.0 feet per second for earth emergency spiliways. This
velocity must not be exceeded in the exit channel of the spiliway

| ' from the control section to a point in the exit channel opposite
the downstream toe of the dam or to a point downstream where a
channel failure would not cause the flow to impinge on the toe of
the dam. A1l earth spillways shall be seeded and mulched in

| accordance with Section 4F of the Rules and Regulations for
revegetation jmmediately after construction with the most
suitable permanent grass vegetation for the site.

Spillways excavated in earth shall be protected through
the level section and the exit channé1 with durable rock riprap
when the exit channel velocity falls between 6.0 feet per second
and 12 feet per second. Standards and specifications for rock
riprap as outlined in Chapter 19, “Water Management Practices",
section 19.19, shall be adhered to.

3.9.4.2 ROCK EMERGENCY SPILLWAYS

The maximum allowable velocity shall be 14 feet per'
second for rock emergency spiliways. A spiliway shall be classed
as a rock emergency spillway when durable bedrock occurs
throughout the level section and in the exit channel to a point

opposite the downstream ioe of the dam. Durable bedrock is

defined as a layer of continuous bedrock equal or greater in
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thickness than the depth of flow through the spiliway at the
control section. It shall be proven that the durable bedrock
will ensure that small depths of flow in friable, weathering
shale will not create downcutting enough to endanger safe
functioning of the spillway.

3.9.5 CONCRETE EMERGENCY SPILLWAYS

This standard establishes the minimum acceptab]e quality for the
design and construction of concrete emergency spillways through the
embankment when:

*x1, The contributing drainage area for the dam does not
exceed 200 acres; oOf
x2. The expected peak discharge does not exceed 660
c.f.s.; OF
3. The maximum vertical height of the dam or embankment
as measured along the centerline of the embankment
to the emergency spillway crest does not exceed 15
feet; or |
4. The maximum outlet slope (downstream slope of
embankment) does not exceed 3 horizontal to 1
vertical; or
5. The sediment control structure ig of a temporary
nature (1ffe of mining operation only}.
(*Items 1 and 2 may be neglected if the structure is
an Excavated Sediment Dam with 3 feet or less of
water to be impounded against the embankment. )

The spillway shall be proportioned in accordance with the table

on standard drawing, Expibit 3-5. In any case, the Q/B ratio shall not

exceed 21.0. The spillway shal] be constructed as detailed on the
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standard drawing, Exhibit 3-5. The £i11 beneath the spillway shall be
thoroughly comﬁacted.

3.10 EARTH EMBANKMENT

3.10.1 HEIGHT
The earth embankment shail be high enough to have 1 foot minimum
of freeboard between the maximum design flow e1evation in the emergency
spillway and the top of the_dam.
3.10.2 TOP WIDTH
The minimum top ﬁidth of earth embankments shall be a minimum of
14 feet when the embankment height is less than 35 feet measured from
the upstream toe to the top of the embankment.. 1f the embankment height
s greater than 35 feet, the minimum top width of the embankment shall
not be less than the quotient of (H+35)/5 where H is the height in
feet. -
3.10.3 SIDE SLOPES |
The side siopes of the settled embankment shall be no steeper
than 3 horizontal to 1 vertical on the upstream side and 2 horizontal to
1 vertical on the downstream side.

3.10.4 CUTOFF TRENCH

The elevation of the top of a compacted cutoff will not be Tower
than the crest of the principal spillway. The cutoff trench should have
a bottom width adequate to accommodate the construction equipment but
shall not be less than 8 feet. The trench shall have a minimum side
slopes of 1 to 1. The cutoff trench shall be located on the embankment
centerline and be of sufficient depth to extend into a relatively
impervious layer of soil or to bedrock.

3.10.5 SETTLEMENT ALLOWANCE

The design height of the embankment shall be increased by five

percent (5%) to allew for settlement.
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3.11

3.10.6 UTILITIES UNDER EMBANKMENTS

Utilities encountered at dam sites must be relocated away from
the site according to the standard criteria and procedure of the utility
company involved.

3.10.7 VEGETATIVE PROTECTION AGAINST EROSION

The embankment, spillways, borrow areas and other disturbed areas
shall be mulched and vegetated immediately after construction in
accordance with Section 4F of the rules and regulations for
revegetation. '

3.10.8 SAFETY

The embankment, pool area and vegetated spillway shall be fenced
as needed to restrict accessibility for reasons of safety. All fences
shall be constructed in accordance with good fencing practices. Warning
signs of danger chall be installed where deemed necessary.

PLANS, DESIGN DATA AND SPECIFICATIONS

In additibn to the "Proposed Drainage Plan", there Sha11 also be

submitted the following items concerning sediment dams, embankment type.

1. A ﬁStructure Proportioning Computation Sheet" to be completed for
each proposed dam. Exhibit 3-1.

2. Construction plans showing:

a. A topographic map on a 1" = 50' scale, with 4 foot contour
intervals, showing the reservoir area; embankment; principal
spillway; emergency spillway; two permanent reference points,
to include type, elevation and azimuth or bearing between
reference points; receiving stream; and north arrow.
Topographic map may be mapped using transit-stadia survey

method but nothing with less accuracy.

b. A profile view of the embankment along the centerline of the
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principal spillway showing all pertinent dimensions,
elevations, original ground limits and principal spillway
design {drawn to scale).

c. A profile view of the emergency spillway showing the entrance
slope [minimum three percent (3%)], control section and exit
channel siope.

d. A cross section view drawn to scale of the emergency
spillway showing the bottom width, side slopes, height and
type of material proposed.

e. A cross section view taken along the centerline of the dam
drawn to scale showing cutoff trench, original ground limits,
unsettled and settled embankment elevations, clean-out
elevation, water storage elevation, length of dam, emergency
spillway and other pertinent dimensions.

f. A cross section view drawn 1o scale of the entrance
channel showing the bottom width, side slopes, height, type

~of material proposed and profile, if applicable.

3. A "Stage-Area-Storage" computations sheet and "Stage-Area-Storage”

curve sheet.

4, Construction specifications.

5. Maintenance schedule to include, but not limited to, the following:
Procedures for maintenance; method of disposal of sediment;
and access to structure for maintenance.

6. Procedures and timetable for abandonment.

3.12 CONSTRUCTION SPECIFICATIONS FOR SEDIMENT DAMS, EMBANKMENT TYPE

3.12.1 SITE PREPARATION

The embankment site shall be cleared of all brush, trees, stumps,
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roots and other undesirable material, all original ground surface slopes
are to be no steeper than 1 horizontal to 1 vertical and the entire
foundation surface shall be scarified. Sod and topsoil shall be stripped
from the embankment site and borrow area and stockpiled for use on the
emergency spillway and embankment. Brush, trees and other undesiréb1e

material shall be cleared from the sediment pool area.

3.12.2 CUTOFF_TRENCH

The cutoff trench shall be excavated along the centerline
of the embankment. The cutoff trench shall extend into both abutments
to an elevation no lower than the crest of the principal spillway. It
shall be of sufficient depth to extend into & relatively impervious
layer of soil or to bedrock and shall be backfilled with the most
impervious material available at the site. The trench shall be kept
free of standing water during the backfilling operations. The cutoff
trench should have a bottom width adequate to accommodate the
.construction equipment but shall not be less than 8 feet. The trench
shall have minimum side slopes of 1 horizontal to 1 vertical.
Compaction requirements shall be the same as those fbr the embankment.

3.12.3 EXCAVATION AND BACKFILL OF STREAM CHANNEL

Existing stream channels crossing the foundation area shall be
deepened and widened as necessary to remove all stones, gravel, sand,
stumps, roots and other objectionable material, and to accommodate
compaction equ{pment. Such channels shall then be backfilled with
suitable material as specified for earth embankments. The excavated
channels shall be kept free of standing water during backfill

operations.




CHAPTER 3 _ Page 19
3.12.4 PIPE CONDUIT

The pipe conduit shall be placed in a trench excavated in solid
undisturbed ground or formed by compacted earth. The conduit shall be
imbedded in a formed trench to a depth no less than 1/10 the
outside diameter of the pipe. Trench sides shall be sloped back no
steeper than 1 horizontal to 1 vertical. Selected impervious back i1l
material shall be placed around the conduit in 4-inch layers and
thoroughly compacted to at least the same density as the adjacent
embankment by means of hand tamping or manually directed power tahpers
or plate vibrators.

A1l pipe joints and anti-seep collar connections to the conduit
shall be watertight.

3.12.5 EMERGENCY SPILLWAY

The emergency spillway shall conform to the lines, grades, bottom
width and side slopes as shown on the plans. |

3.12.6 BORROW AREAS

Al1 borrow excavation will have side slopes no steeper than 2
horizontal to 1 vertical and shall be graded and left in such a manner
as to provide suitable drainage.

3.12.7 SELECTION AND PLACEMENT OF EMBANKMENT MATERIALS

The most impervious material shall be used in the cutoff trench
and center portion of the dam. When sandy or gravelly material is
encountered, it should be placed in the outer shel]lpreferably in the
downstream portion of the dam. The distribution and gradation of
materials throughout the fill sha11 be such that there will be no

Jenses, pockets, streaks, or layers of material differing substantially

in texture or gradation from the surrounding material. Where it is
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necessary to use materials of varying texture and gradation, the more
impervious material shall be placed in the upstream and center portions
of the dam. Very dry or wet material shall not be used. The fill

_ material shall be free of all sod, roots, stones over 6 inches in
diameter and other quectionab1e material such as large vegetative
materials, frozen soil or coal processing wastes. The moisture content
of the material should be such that when~kne§ded in the hand, it will
just form a ball that will not readily separate.

The embankment shall be brought up on uni form 6-8 inch layers of
approximate uniform elevation over its entire area. Each layer shall be
thoroughly compacted by making at least 4 complete passes with a tamping
roller or by applying equal compactive effort with rubber-tired
equipment.

If the height of the structure, measured from the lTowest point of
the original ground along the centeriine to the crest of the emergency
spiliway, exceeds 15 feet, the embankment shall be brought up on uniform
6-8 inch layers of approximate unifofm elevation over its entire area.
Each layer shall be thoroughly compacted to achieve ninety percent {90%)
standard proctor dry density utilizing sheeps foot roller, tamping
roller or other approved compaction equipment.

3.13.8 PROTECTION AGAINST EROSION

The earth embankment, sp111ways'and borrow areas above the
sediment pool shall be seeded and mulched immediately after construction
in accordance with Section 4F of the rules and regulations for

revegetation.
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SEDIMENT DAMS, EMBANKMENT TYPE

Structure Proportioning Computation Sheet

Dam Number

SEDIMENT STORAGE REQUIREMENTS

Drainage Area = Ac.

Area Disturbed = Ac.

Sediment Volume = 0.123 Ac. Ft./Acre Times Disturbed Area Controlled

by Dam Number = Ac. Ft.

Sediment Pool Elevatiom = = Principal Spillway Crest

PRINCIPAL SPILLWAY AND DROP INLET DESIGN, IF APPLICABLE

Principal Spillway Design

Principal Spillway Diameter = ' in.

Type ___ pH

Principal Spillway Length 7 Ft.

Principal Spillway Slope %

Drop Inlet

Type Base pH

Type Base

Dimension of Riser In. Diameter

Height of Riser = Ft.

Perforated Yes No

Hooded Inlet, Lf Applicable

Pipe Conduit Diameter = | In.
Type _ pH

Hooded Inlet Length Ft.
Hooded Inlet Slope _ %

Minimum Freeboard Above Invert of Pipe = In.
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- EMERGENCY SPILLWAY DESIGN

Emergency Spillwéy Elevation ( - ) = Principal Spillway
Elevation ( ‘ ) = Minimum Freeboard ( Fr.)
Peak Discharge (Exhibit 2-7)y = . L cfs

Emergency Spillway Proportions

Bottom Width, b = N 7 Ft.-

Emergency Spillway Stage, Hp - Ft.

Velocity, V = __ fps

Slope of Chénnel Below Control Section, S = N pA
Minimum Length of Channel Below Control Section, X = Ft.
Side Slopes _ __ _ Horizontal to Vertical

Spillway Material

Allowable Velocity fps :
~ Top of Embankment Elevation [Constructed] { : } = Emergency A i
Spillway Elevation ( ) + Emergency |
Spillway Stage, Hp ( Ft.) + Freéboard ‘

(Minimum 1 Ft.)

DISCHARGE SUMMATIONS

Principal Spillway Discharge ( ) + Emergency Spillway
Discharge ( } = Peak Discharge of a 25-year, 24-hour stoxm
Event ( )
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PRINCIPAL SPILLWAY

Drainage Area Effective Height* Minimum Design Storm
(Acres) - (Feet)
200 to 500 15 or Less 5 Year, 24 Hour
More Than 15 Through 20 10 Year, 24 Hour
More Than 20 Through 33 25 Year, 24 Hour
- CHART RO. 3-2
EMERGENCY SPILLWAY
Drainage Area Effective Height* Minimum Design Storm Freeboard
(Acres) _(Feet) Frequency(Yrs.) Duration (Hrs) (Feet)
200 to 500 35 or Less 50 24 2.0

(feet) between the low point of the
to the crest of the Emergency

is the difference in elevation
e of the structure

#*Effective Height
original ground along the centerlin

Spillway.




ANTI—- VORTEX - TRASH AND SAFETY GUARD

Drill Holes ond
Space Angles Opposite
sach ather.

Round or Square
Plgte may be used

4-172"x 2" Bolt
Nut & Washer
Weld Nut to Botlom

Filet Weid 2x 2 e 2w 1A
Angle lron to Vertical

Side of Angle lron % .. Angle Iron
2d ﬁ inlet & Borrel H
f __n/ Dia. inches |Dia. inches inches
G — ] i 12 6 6
] 5 12 8 6
1/a" Stesl Plate o x| 5 5
b
) \ } ! 15 T
i 1 -, 18 6
. ) i H o
i —'m',— H- 1 24 Tz
8-/ 2" Codmium } |24 o
Plated Bolts & N Riser Pipe * 30 L 1
Nufs and Woshers yi ¥ 30 13 /2
/ X 36 12

% Use Angle lron Stiffeners on Plale

SECTION AT CENTER
as Specified.

DROP INLET

EXHIBIT _3-2




METAL BAFFLE SHALL HAVE THE SAME COATING AS THE PIPE TO
WHICH IT 5 ATTACHED, WHERE METAL BAFFLE 15 FABRIGATED OF
MORE THAN ONE PIECE OF METAL, THE SEPERATE PIECES SHALL
BE SECURELY FASTENED TO EACH OTHER. SHARP CORMNERS SHALL
BE REMOVED, METAL BAFFLE MAY BE MADE OF CORRUGATED OR
SMOGTH SHEET METAL AND SHAPED CIRCULAR, SQUARE OR AS SHOWN,

STEEL ANGLE 1W/2'n! 2 x V4 d
/4" SQUARE BUTT JOINT
WELDED ON ONE SIDE

ANGLE_BRACE DETAIL "
{1} LEFT AND | RIGHT REQUIRED EACH BAFFLE)

STEEL ANGLE(S}
Vi ka2 e
(SEE FRONT ELEVATION}

METAL BAFFLE

Ve 1R R e
STEEL ANGLE
BRACE

G PIPE

FABRICATE INLET
END OF C.M. PIPE

0I5
ALONG THIS LINE. \
{ }

0.750
SIDE ELEVATION

FRONT ELEVATION

NOTES!
ALL BOLTS SHALL BE 38" 11/2" w/NUT AND gPIIT WASHERS.

ALL HOLES FOR BOLTS SHALL BE DRILLED 716" DIA.
ALL NUTS, BOLTS AND WASHERS SHALL BE GALVANIZED, CADMIUM PLATED, OR STAINLESS STEEL.

ALL CUTS SHALL BE SAW OR SHEAR CUTS.
HOLES N ANGLE ARACE SHALL BE SPAGED AND LOCATED TO MATCH CORRUGATIONS N PIPE AND BAFFLE.

STEEL ANGLES SHALL BE GALVAMNIZED.
ALL GALVANIZING DAMAGED BY CUTTlNG,DRILLING OR WELDING SHALL gE REPAIRED BY PAINTING WITH

Twa (2} COATS OF ZING DUST-ZINC OXIDE PRIMER.

HOOD INLET WITH BAFFLE CORRUGATED METAL

EXHIBIT _3-3

i a————

DESIGNED BY SOIL CONSERVATION SERVICE
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\ EXHIBIT 3-4

EMERGENCY SPILLWAY DESIGN TABLE

Exhibit charts shall be based on the methods and procedures as outliged
{n the "Handbook of Hydraulics”, Brater and King, 6th edition.

Charts shall indicate a varlety of bottom (b) widths, stages (Hp} in
feet with given side slopes {z) and ﬂannings Number (n) which then will show
Q (total discharge, in cfs), v (velocity, in feet per second), S {flattest
glope, in %), X (minimum length of channel flow below control section in feet)

and z (side slope).

'z : | EXHIBIT 11-4 & 11-5

TRIANGULAR AND TRAPEZOIDAL DIVERSION DESIGN TABLES

Exhibit charts shall be based on the methods and procedures as outlined
in the fHandbook of Hydraulies”, Brater and King, 6th edition.
Charts shall indicate Q (peak discharge, in cfs), z (side slopes, 1

(Mannings Number), b (bottom width) and s (slopes) which then will indicate d

(depth, in feet), v (velocity, in feet/sec.)
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TABLE 3-1

~—
MINIMUM REQUIRED PRINCIPAL SPILLWAY AND DROP INLET SIZE
Drainage Pipe Conduit Drop Inlet Square Drop Minimum Drop
Area Diameter Diameter Inlet Dimensions Inlet Height
(Ft.) (Fr.)
0 - 49 12 18 2% 2 2.5
50 - 74 15 24 2 x 2 2.5
75 - 99 18 30 2x2 3.0
100 - 149 24 36 2.5 x 2.5 4.0
150 - 200 30 _ 42 Ix3 5.0
S
TABLE 3-2

MINIMUM REQUIRED HOODED INLET SIZE

Drainage Pipe Conduit Minimum Freeboard Above
Area Diameter The Invert of The Pipe
(Ac.) (In.) : (In.)

0 - 29 10 18

30 - 49 12 21.6

50 - 74 15 27

75 - 99 18 32.4

100 - 149 24 43.2

150 -~ 200 30 54,
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CHAPTER 4
EXCAVATED SEDIMENT DAM, EMBANKMENT TYPE

4,1 DEFINITION

A water impoundment constructed by excavating a pit or "dugout"” which
utilizes an earth embankment to increase the storage potential of the
structure to a maximum of 3 feet of water impounded against the earth
embankment at normal pool elevation. The pool elevation is defined as the
crest of the principal spillway and/or the crest of the emergency spillway.
Consideration will be given to an increase in embankment height if design of
spillway is based on a 50-year, 24-hour frequency storm.
4,2 PURPOSE

To preserve the capacity of reservoirs, ditches, canals, diversions,
waterways and streams and to prevent undesirabie deposition on bottom lands,
in channels or waterways, and other areas by providing basins for the
deposition and storage of silt, sand, gravel, stone and other detritus.
4.3 SCOPE

This chapter establishes the minimum acceptable guality for the design
and construction of excavated sediment dams, embankment type, in predominantly
rural or agricultural areas in West Virginia, when:

1. The contributing watershed does not exceed 500 acres.

2. The vertical distance between the upstream toe of the embankment and
to the crest of the emergency spillway does exceed 5 feet in height
and does not have a storage volume greater than 20 acre-feet as
measured at normal pool elevation. Also does not present a hazard

to coal miners as determined by the Mine Safety and Health

Administration. Structures which exceed the conditions outlined
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CHAPTER 4
EXCAYATED SEDIMENT DAM, EMBANKMENT TYPE

4.1 DEFINITION

A water impoundment constructed by excavating a pit of "dugout" which
utilizes an earth embankment to increase the étorage potential of the -
structure to a maximum of 3 feet of water impounded against the earth
embankment at nofmal pool elevation. fhe pool elevation is defined as the
crest of the principal spiliway and/or the crest of the emergency Spi]]way.
Consideration will be given to an increase in embankment height if design of
' spillway is based on a 50-year, 24-hour frequency storm.
4.2 PURPOSE

To preserve the capacity of reservoirs, ditches, canals, diversions,
waterways and streams and to prevent undesirable deposition on bottom lands,
in channels or waterways, and other areas by providing basins for the
deposition and storage of silt, sand, gravel, stone and other detritus.
4.3 SCOPE

This chapter establishes the minimum acceptable quality for the design
and construction of excavated sediment dams, embankment type, in predominantly
rural or agricultural areas in West Virginia, when:

1. The contributing watershed does not exceed 500 acres.

2. The vertical distance between the upstream toe of the embankment and
to the crest of the emergency spillway does exceed 5 feet in height
and does not have a storage volume greater than 20 acre-feet as
measured at normal pool elevation. Alsc does not present a hazard

to coal miners as determined by the Mine Safety and Health

Administration. Structures which exceed the conditions outlined
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in Section 4.3(2) shall comply with the following minimum standards:

a. An appropriate combination of principal and emergency spiliways
shall be provided to discharge safely the runoff resulting from
a 100-year, 24-hour precipitation event or a large event
specified by the Department of Natural Resources.

b. The embankment shall be designed and constructed with a static
safety factor of at least 1.570r a higher safety factor as
designated by the Department of Natural Resources to ensure
stability. |

¢. Appropriate barriers shall be provided to control seepage along
the conduits that extend through the embankment.

d. The criteria of the Mine Safety and Health Administration as
published in 30 C.F.R. 77.216 shall be adhered to. All
inspection reports and approvals shall be provided to the
Director of the Department of Natural Resources.

3. Failure of the structure would not result in loss of life; in
damage to homes, commercié] or industrial buildings, main highways,
or railroads; or in interruption of the use or service of public
utilities.
4,4 LOCATION
Excavated sediment dams fed by surface runoff may be located on almost
any type of topography; however, they are most satisfactory in areas with
relatively flat terrain. An excavated sediment dam may be located in a
natural or constructed drainway or preferably to one side of a natural or
constfucted drainway if the runoff can be directed into the structure.

4.5 DRAINAGE AREA AND SITE EVALUATION AND LIMITATIONS

The contributing watershed above the site shall have an adequate plan

for providing protection against erosion of disturbed areas. This plan shall

provide for rapid revegetation of. the disturbed areas in order to stabilize
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the area as quickly as possible after it has been disturbed. The plan is also
to include utilization of one or many methods of "Water Managemewnt Practices"
included in Chapter 19 to assiét the overall erosion and sedimentation controt
system. It is required to prevent axcessive sediment from exceeding the
design capacity of the sediment dam. All areas disturbed during”this mining
operation in the watershed shall be revegetated according to West Virginia
Surface Mining Regulations.
4.6  SEDIMENT

The sediment dam shall have a mihimum capacity from the lowest elevation
in the reservoir to the crest of the emergency spillway or 1o the crest of the
principal spillway, if applicable, to store 0.125 acre—féet per acre of
disturbed area in the drainage area. The disturbed area includes all land
affected by previous operations that is not presently stabilized, all land
that will be affected during the surface mining operations and all reclamation
work and may include all other lands which have been disturbed by timber
operations, construction operations, other surface mining operations, etc.
The basin shall be cleaned out when the sediment accumulation approéches sixty
percent (60%) of the design capacity. The design and construction drawings
shall indicate the corresponding elevation.

4.7 STRUCTURES IN SERIES

When structures are built in series, the principal spillway, if
applicable, and emergency spillway sizes for the lower structure shall be
based on the total drainage area above the lower structure. The required
storage for sediment for any structure shall be based on the disturbed area in
the uncontroiled drainage area above that structure.

when an upstream structure exists, a lower structure in series must be

designed considering failure of the upstream structure. The design shall
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consider principal spillway, emergency spillway, freeboard and etc.
Construction must be completed on all downstream structures prior to
construction of an upper structure in a series.

4.8 WATER QUALITY STANDARDS

Discharges from sediment dams, embankment type, which control areas
disturbed by surface mining operations, must meet all applicable Federal and
State laws and regulations. The minimum effluent limitations shall be
governed by the standards set forth in the NPDES Program under the Federal
Water Pollution Control Act as amended, 33 U.S.C. 466 et.seq. and the rules
and regulations promul gated thereunder.

4.9 SEDIMENT DAM DIMENSIONS

Excavated sediment dams, embankment type, may be constructed to any
desired shape that will meet sediment storége capacity requirements. The
width and depth of excavated sediment dams are not 1imi ted.

Side slopes of excavated sediment dams shall be such that they will be
stable and shall not be steeper than 2 horizontal to 1 vertical in earth and ;

1/4 horizontal to 1 vertical in rock.

4310 ENTRANCE CHANNEL

The entrance chaﬁne1 shall not exceed 2 horizontal to 1 vertical in
earth and 1 horizontal to 1 vertical in rock, and extend from the bottom of the
excavated sediment dam upstream to the original stream bed. The entrance
channel shall be protected with rock riprap in accordance with the standard
specifications for rock riprap as outlined in Chapter 19, "Water Management
Practices", Section 19.19. Minimum side slopes shall be 2 horizontal to 1
vertical and shall also be protected with rock rip rap for a vertical height of
of 2 feet.

The minimum bottom width of the entrance channel shall be 5 feet and

shall never have a width less than that of the natural channel.
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4,11 EMERGENCY SPILLWAY

An earth embankment shall be used to increase the capacity of the
excavated sediment dam provided that the depth of water impounded against any
embankment at normal pool elevation is less than 3 feet. A1l excavated
sediment dams will be required to have an emergency spiliway to convey normal
and large flows safely past the embankment. They are usually open channels
either excavated in earth, rock or constructed over the constructed embankment
and/or protected with rock riprap or reinforced concrete.

4.11.1 CAPACITY

An appropriate combination of principal spillway, if applicable, and
emergency spillway shall be designed to safely carry the expected peak rate of
discharge from a 25-year, 24-hour frequency storm. The minimum size of the
emergency spillway shall at least handle a 10-year, 24-hour frequency storm if
a principal spillway js utilized in combination.

4,11.2 DESIGN

The design of the emergency spillway shall conform to that given
under Chapter 3, "Sediment Dams; Embankment Type", Section 3.9.2.

The emergency spillway or principal spillway, if applicable,
should be located to insure maximum flow path from the inlet to the
outlet so as to prevent short-circuiting to the extent possible, see
Chapter 19, "Water Management Practices", for procedures for determining
or altering sediment basin shape.

4.11.3 LAYOUT

The emergency spillway shall be either excavated in earth, rock
or constructed over the constructed embankment and protected rock riprap

or may be constructed of reinforced concrete. It shall consist of an

inlet channel, a control section, and a exit channel. The capacity and
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design of the emergency spillway shall be as outlined under Sections
4,11.1 and 4.11.2, respectively. Minimum bottom width shall be 10
feet.
The inlet channel shall be level for a minimum distance of 20
feet from the control section of the Hp when the emergency spillway is
equal to or less than 2.5 feet. The level section shall extend 30 feet
upstream from the control section if the Hp exceeds 2.5 feet.
The level part of the inletlchannel shall be the same width as
the exit channel, and its centerline shall be straight and coincide
‘with the centerline of the level section. The level section of the
inlet channel shall be located so that the projected centerline of the
dam will pass through it.
The centerline of the exit channel shall be straight and
perpendicular to the control section extending downstream to a point
opposite the downstream toe of the dam. Curvature may be introduced
below this point if it js certain that the flowing water will not
impinge on the embankment should the channel fail at the curve.
The spillway shail be trapezoidal in shape and the side slope
shall not be steeper than 1/4 horizontal to 1 vertical in rock or 2
horizontal to 1 vertical in earth.

4.11.4 PERMISSIBLE VELOCITIES

Permissible velocities for earth, rock riprap or rock emergency
spillway shall be in acéordance with Chapter 3, "Sediment Dams,
Embankment Type", Sections 3.9.4.1 and 3.9.4.2, respectfve]y.

4.11.5 CONCRETE EMERGENCY SPILLWAY

Minimum concrete emergency spillway plans, design data and
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4.12

specifications shall be in accordance to Chapter 3, "Sediment Dams,
Embankment Type", Section 3.9.5.
EARTH EMBANKMENT

4,12.1 HEIGHT

The earth embankment shall be high enough to have 1 foot minimum
of freeboard between the maximum design flow elevation in the emergency
spillway and the top of the embankment.
4.12.2 TOP WIDTH

The top width of earth embankments shall be a minimum of 14
feet.
4.12.3 SIDE SLOPES

The side s]opes'of the settled embankment shall be no steeper

‘than 3 horizontal to 1 vertical on the upstream side and Z horizontal

and 1 vertical on the downstream side.

4,12.4 CUTOFF TRENCH

A cutoff trench may be required depending on specific site
conditions.

4.12.5 SETTLEMENT ALLOWANCE

The design height of the embankment shall be increased by ten
percent (10%) to allow for settlement.

4.12.6 UTILITIES UNDER EMBANKMENTS

Utilities encountered at embankment sites must be relocated away

from the site according to the standard criteria and procedure of the

utility company involved.

4.12.7 DISPOSAL OF WASTE MATERIAL

The waste material from the excavated sediment dam may be

spread, used in the embankment or removed from the site as conditions

warrant.
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4.13

The waste material, when not removed from the site, shall be
placed in a manner that its weight will not endanger the stability of
the pond side slopes and the rainfall will not wash the material back
into the pond. Not less than 12 feet should be left between the toe of
the waste material and the edge of the pond.

If the waste material is spread, it should be to a height of no
more than 3 feet with the surface graded to a uniform slope away from
the pond. The pond side slope of the spread material should be no
steeper than 2 horizontal to 1 vertical.

| 1f the waste material is to be used in an embankment, it shall
be free of all sod, roots, stones over 6 inches in diameter, and other
objectionable material.
4,12.8 SAFETY

The embankment, pool area and emergency spillway shall be fenced
as needed to restrict accessibility forlreasons of safety. A1l fences ‘ 3
shall be constructed in accordance with good fencing practices. Warning
signs of dahger shall be‘insta11ed where deemed necessary.

4.12.9 VEGETATIVE PROTECTION AGAINST EROSION

The waste material, spiliway, embankment and any other afeas
disturbed during construction shall be mulched and vegetated immediately
upon completion of the pond in accordance with Section 4F of the rules
and regulations for revegetation.

PRINCIPAL SPILLWAYS

Principal spillways @gz_gg_utilized on excavated sediment dams'for the

purpose of having a dewatering device installed to assist’ the structure in

erosion and sediment control, to provide additional flood protection or
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to reduce the frequency of operation of the emergency spillway so as td
possibly utilize a vegetated earth spillway.
Chapter 3, "Sediment Dams, Embankment Type," Section 3.8, will be
adhered to in incorporating principal spillways for excavated sediment dams.
If principal spillways are utilized, then additional,requirements
for emérgency spillways shall be required, such as the following:
The crest elevation of the emergency spillway will be
located at a minimum distance of 1.5 feet above the crest
elevation of the.principal spillway, drop inlet type, or a
minimum distance of 1.8 times the diameter of pipe above the
invert of the pipe of the principal spiliway, hooded inlet
type.
4.14 PLANS, DESIGN DATA AND SPECIFICATIONS

In addition to "The Drainage Plan" there shall also be submitted the
following items concerning éxcavated sediment dams, embankment type:
1. A "Structuré Proportioning Computation Sheet" to be
completed for each excavated sediment dém. Exhibit 4-1.
2. Construction plans showing a planview drawn to scale, with
planview indicating the following: entrance channel;
emergency spillway; bottom limits and dimensions; top of
pool elevation limits and dimensions; embankments; iwo
permanent reference points to include type, elevation and
azimuth or bearing between points; location of centerline
profile and location of 50 foot stations on centeriine
profile.
3. A centerline profile drawn to scale indicating the

following: original ground limits; proposed finished 1imits

such as side slopes, water depth, clean-out elevation, water
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surface elevation, embankment details and 50 foot stations.

4. Cross sections plotted at 5Q foot intervals from the
centerline profile and drawn to scale with section to
indicate the following: original ground 1imits, prqposed
finished limits, side slopes, water depth, water surface
elevation, embankment details and other pertinent
information.

5. Cross section of entrance channel and entrance channel
profile, all drawn to scale and showing all pertinent
information.

6. Cross section of emergency spillway drawn to scale and the
emergency spillway profile showing all pertinent
information.

7. 1If applicable, Principal Spiliway Plans, design data and
specifications as outlined in Chapter 3, "Sediment Dams,
Embankment Type", Section 3.1l. f

g. Maintenance schedule to include, but not Iimitéd to, the |
following: Procedures for maintenance, method of disposal of
sediment and access 10 structure for maintenance.

9. Construction specifications.

10. Procedures and timetable for abandonment..

4.15 CONSTRUCTION SPECIFICATIONS

4.15.1 SITE PREPARATION

The pond site and waste areas shall first be cleared of all
woody vegetation. The 1imits of the excavation and spoil placement

areas shall be staked, and the depth of cut from the ground surface to

the pond bottom should be indicated on the stakes.
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1f an embankment is to be constructed, the embankment site shall
be cleared of all prush, trees, stumps, roots and other undesirable
material, all original ground surface slopes are to be no steeper than 1
horizontal to 1 vertical and the entire foundation surface shall be
scarified. Sod and topsoil shall be stripped from the embankment site.
4.15.2 EXCAVATION

Excavation and placement of the waste material shall be done as
near to the staked lines and grades as skillful operation of the
equipment will permit. Side slopes of the excavated pond will be no
steeper than 2 horizontal to 1 vertiba] in earth and 1.4 horizontal to 1
vertical to rock.

4.15.3 SELECTION AND PLACEMENT OF EMBANKMENT MATERIALS

If an embankment is constructed, the most impervious material
will be used in the center portion. When sandy or gravelly material 1is
ancountered, it shall be placed in the outer shell, preferably in the
downstream portion of the embankment. The fill material shall be taken
from approved designated borrow areas. It shall be free of roots, woody
vegetation, oversized stones, rocks, or other objectionable material.
Areas on which fill is to be placed shall be scarified prior to
placement of £i11. - The fill material should contain sufficient moisture
so that it can be formed into a ball without crumbling. If water can be
squeezed out of the ball, it is too wet for proper compaction.

Fi1l material will be placed in 6-8 inch layers and shall be
continuous over the entire length of the fill. Compaction will be
obtained by routing the hauling equipment over the fi1l so that the

entire sufrace of the fill is traversed by at least one tread track of

the equipment, or compaction shall be achieved by the use of a
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compactor. The embankment shall be constructed to an elevation of ten
percent (10%) higher t
action is obtained with haul
n, the overbuild may be redu

4.15.4 VEGETATIVE PROTECTION AGAINST EROSION
kment and any other area
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EXHIBIT 4-1

EXCAVATED SEDIMENT DAM, EMBANKMENT TYPE

Structure Proportioning Computation Sheet

Excavated Dam Nunber

SEDIMENT STORAGE REQUIREMENT

Drainage Area = _ . hAe.

Ac.

et

Area Disturbed = ___ .

Sediment Volume = 0.125 Ac. Ft./AcTe Times Disturbed Area Controlled

by Excavated Dam Numbert I R — Ac. Ft.
Sediment Pool Elevation = |
PRINCIPAL SPILLWAY AND DROF INLET DESIGN, IF APPLICABLE
Principal Spillway Design
" In.

Principal Spillway Diametexr =

Type i pH

Principal Spillway Length o Ft.

%

Principal Spillway Slope

Drop Inlet

Type Base B

Type Base

Dimension of Riser Inches Diameter

Height of Riser = ___ __ Ft.
Perforated Yes No
Hooded Inlet, If Applicable
Pipe Conduit Diameter = In.
Type — o pH_ _ -
Ft.

Hooded Inlet Length I .

Hooded Inlet Slope pA

e

Minimum Freeboard Above Invert of Plpe = In.




EXHIBLT 4-1  (page 2)

EMERGENGY $PILLWAY DESIGN

Emergency Spillway Elevation {___ - ) = Principal Spillway

Elevation ( _ y = Minimum Freeboard { __Fta)

Peak Discharge (Exhibit 2-7) = ] cfs

Emergency Spillway Proportions

Bottom Width, b = _ . _ Ft.

Emergency Sﬁillway Stage, Hp = _ Ft.

Velocity, V = fps

Slope of Channel Below Control Section, 5 = %
Minimum Length of Channel Below Control Section, X= Ft.
Side Slopes ____ _. Horizontal to Vertical

Spillway Material

Allowable Velocity __ fps

Top of Embankment Elevation {Constructed] (__ .___._,_____) = Emergency
$pillway Elevation { ) + Emergency
Spillway Stage, Hp ( Ft.) + Freeboard

(Minimom 1 Fta)

DISCHARGE SUMMATIONS

Principal Spillway Discharge ( } + Emergency Spilliway
Discharge ( ) = Peak Discharge of a 25~year, 24~hour StOXm
Event ( _ )

EXCAVATED DAM DIMENSIONS AND VOLUME DETERMINATION

NOTE: If dam is to be regular shape and constructed on relatively flat terraln.

pottom Length = _ . Ft.

Bottom Width = Ft.

Water Depth = ___ ‘ Ft.

gside Slopes = _ Horizontal to Vertical

Volume = ' Cubic Ft. = Ac. Ft.

(1 Ac. Ft. - 43,560 Cublc Ft.)

NOTE: If dam 1s to be irregular shape and constructed on relatively flat Lrerrain,
complete a Storage—Stage Computation Sheet and Storage~Curve as ghown in
Chapter 3.
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CHAPTER 5
EXCAVATED SEDIMENT POND, DUGOUT TYPE

5.1 DEFINITION

A water impoundment made by excavating a pit or “dugout”. At normal
pool elevation, there will be no water impounded against fill material or
embankment. Normal pool elevation is defined as the elevation of the crest of
exit channel.
5.2 PURPOSE

To preserve the capacity of reservoirs, ditches, canals, diversions,
waterways and streams and to prevent undesirable deposition on bottom lands,
in channels or waterways, and other areas by providing basins for the
deposition and storage of silt, sand, stone, gravel and other detritus.
5.3 SCOPE |

This chapter establishes the minimum acceptable quality for the design
and construction of excavated sediment ponds in predominantly rural or
agricultural areas in West Virginia, when the contributing watershed does not
exceed 500 acres.
5.4 LOCATION

Excavated sediment ponds fed by surface runoff may be located on almost
any type of topography; however, they are most satisfactory in areas with
relatively flat terrain. An excavated pond may be located in a natural or
constructed drainway or preferably to one side of a natural or constructed
drainway if the runoff can be directed into the pond.

5.5 DRAINAGE AREA AND SITE EVALUATION AND LIMITATIONS

The contributing watershed above the site shall have an adeguate plan

for providing protection against erosion of disturbed areas. This plan shall
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provide for rapid revegetation of the disturbed areas in order to stabilize
the area as quick]j as possible after it has been disturbed. The plan is also
to include utilization of one or many methods of "Water Management Practices”
included in Chapter 19 to assist the overal! erosion and sediment contral
system. It is required to prevent excessive sedimentation from exceeding the
design capacity of the sediment dam. A1l disturbed areas in the watershed
chall be revegetated according to West Yirginia Surface Mine Regulations.
5.6 SEDIMENT

The excavated sediment pond shall have a minimum capaciﬁy from the
Jowest elevation in the dugout to the crest of the exit channel to store 0.125
acre-feet per acre of disturbed area in the watershed. The disturbed area
includes all land affected vy previous operations that is not presently
stabilized, all land that will be affected during the surface mining
operations and all reclamation work, and may include all other lands which
have been disturbed by timber operations, construction operations, other
surface mining operations, etc. The sediment pond shall be cleaned out when
the sediment accumulation approaches sixty percent {60%) of the design
capacity. The design and construction drawings shall indicate the
corresponding elevation.

5.7 STRUCTURES IN SERIES

when excavated sediment ponds are constructed in series, the required
storage of sediment for any pond shall be based on the uncontrolled drainage
area above that pond. Construction must be completed on all downstream
structures prior to consiruction of an upper structure in series.

5.8 WATER QUALITY STANDARDS

Discharges from excavated sediment ponds, dugout type, which controls the

area disturbed by surface mining operations must meet all applicable Federal
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and State laws and regulations. The winimum effluent 1imitations shall be
governed by the standards set forth in the NPDES Program under the Federal
Water Pollution Control Act as amended, 33 U.S.C. 466 et. seq., and the rules
and regulatiéns promulgated thereunder.

5.9 SEDIMENT POND DIMENSIONS

Excavated sediment ponds may be constructed to any desired shape that
will meet sediment capacity requirements. The width and depth of sediment
ponds are not limited.

Side slopes of excavated sediment ponds shall be such that they will be
<table and shall not be steeper than 2 horizontal to 1 vertical in earth and
1/4 horizontal to 1 vertical in rock.

5.10 ENTRANCE CHANNEL

The entrance channel profile shall not exceed 2 horizontal to 1 vertical
in earth and 1 horizontal to 1 vertical in rock, extended from the bottom of
the excavated sediment pond upstream to the original stream bed. The entrance
channel shall be protected with a rock riprap in accordance with the standard
specifications for rock riprap as outlined in Chapter 19, "Water Management
Practices”, Section 19.19. Minimum side slopes shall be 2 horizontal to 1
vertical and shall also be protected with rock riprap for a vertical height of
2 feet.

The minimum bottom width of the entrance channel shall be 5 feet and
shall never have a width less than that of the natural channel.

5.11 EXIT CHANNEL

Pipe principal spillways shall not be required for excavated sediment
ponds. The exit channel shail be protected with rock riprap in accordance to

standards and specifications for rock riprap as outlined in Chapter 19, "Water

Management Practices", Section 19.19.
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The exit channel should be tocated to insure maximum travel distance
between point of entry 1o exit channel so as to prevent short-circuiting to
the extent possible, see Chapter 19, "Water Management Practices" for
procedures for determining or altering sediment basin shape.

The minimum width of exit channels shall be 10 feet but shall never
have a width less than that of the natural stream channel. Minimum side
slopes shall be 2 horizontal to 1 vertical and shall also be protected with
rock riprap for vertical height of 2 feet.

5.12 EMBANKMENTS

An embankment may be used only to assist in bypassing any runoff through
an exit channel; at normal water pool elevation there will be water impounded
against the embankment.

The minimum top width shall be 14 feet and have side slopes no steeper
than 2 horizontal to 1 vertical on the upstream and downstream slope. A
cutoff trench will not be required.

5.13 DISPOSAL OF WASTE MATERIAL

The waste material from the excavated sediment pond may be spread, used
in the embankment or removed from the site as conditions warrant.

The waste material, when not removed from the site, shall be placed in a
manner that its weight will not endanger the stability of the pond side slopes
and the rainfall will not wash the material back into the pond. Not less than
12 feet should be Teft between the toe of the waste material and the edge of
the pond.

1f the waste material is spread, it should be to a height of no more
than 3 feet with the surface graded to a uniform slope away from the pond.

The pond side slope of the spread material should be no steeper than 2

horizontal to 1 vertical.
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If the waste material is to be used in an embankment, it shall be free
of all sod, roots, stones over & inches in diameter, and other objectionable
material.
5.14 SAFETY

The embankment, pool area and exit channel shall be fenced as needed to
restrict accessibility for reasons of safety. All fences shall be constructed
in accordance with good fencing practices. Warning signs of danger shall be
installed where deemed necessary.

5,15 VEGETATIVE PROTECTION AGAINST EROSION

The waste material, exit channel, embankment and any other area
disturbed during construction shall be mulched and vegetated immediately upon

completion of the pond in accordance with Section 4F of the rules and

regulations for revegetation.

5,16 PLANS, DESIGN DATA AND SPECIFICATIONS

In addition to "The Drainage Plan", there shall also be submitted the
following items concerning excavated sediment ponds, dugout type:

1. A "Structure Proportioning Computation Sheet" to be completed for
each excavated sediment pond. Exhibit 5-1.

2. Construction plans showing a planview drawn to scale, with
planview indicating the following: entrance channel; exit
channel; bottom 1imits and dimensions; top of pool elevation
1imits and dimensions; embankments; two permanent reference
points to include type, elevation and azimuth or bearing between
points; location of centerline profile and location of 50 foot

stations on the centerline profile.

3. A centerline profile drawn to scale indicating the following:

original ground 1imits; proposed finished 1imits such as, side
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slopes, water depth, clean-out elevation, water surface
elevaﬁion, embankment details and 50 foot stations.

4. Cross sections plotted at 50 foot intervals from the centerline
profile and drawn to scale with section to indicate the
following: original ground 1imits, proposed finished 1{mits, side
slopes, water depth, water surface elevation, embankment details
and other pertinent information.

5. Cross section of entrance channel and entrance channel profile,
all drawn to scale and showihg all pertinent information.

6. Cross section of exit channel drawn to scale showing ail
pertinent information.

7. Maintenance scnedule to include, but not limited to, the
following: Procedures for maintenance, method of disposal of
sediment and access to structure for maintenance.

8. Construction specifications.

9, Procedures and timetable for abandonment.

5.17 CONSTRUCTION SPECIFICATIONS

5.17.1 SITE PREPARATION

The pond site and waste areas shall first be cleared of all
woody vegetation. The limits of the excavation and spoil placement
areas shall be staked, and the depth of cut from the ground surface to
‘the pond bottom should be indicated on the stakes.

1f an embankment is to be constructed, the embankment site shall

be cleared of all brush, trees, stumps, roots and other undesirable

material. Sod and topsoil shall be stripped from the embankment site.
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5.17.2 EXCAVATION
Excavation and placement of the waste material shall be done as
near to the stéked lines and grades as skillful operation of the
equipment will permit. Side slopes of the excavated pond will be no
steeper than 2 horizontal to 1 vertical in earth and'1/4 horizonta] to 1l
vertical to rock.

5.17.3 SELECTION AND PLACEMENT OF EMBANKMENT MATERIALS

1f an embankment is constructed, the most impervious material
will be used in the center portion. When sandy or gravelly material is
encountered, it shall be placed in the outer shell, preferably in the
downstream portion of the embankment. The fill material shall be taken
from approved designated borrow areas. 1t shall be free of roots, woody
vegetation, oversized stones, rocks, or other objectionable material.
Areas on which fi1l is to be placed shall be scarified prior to
placement of fill. The fill material should contain sufficient moisture
so that it can be formed into a ball without crumbling. If water can be
squeezed out of the ball, it is too wet for proper compaction.

F111 material will be placed in 6-8-inch layers and shall be
continuous over the entire length of the fill. Compaction will be
obtained by routing the hauling equipment over the fill s¢ that the
entire surface of the fill is traversed by at least one tread track of
the equipment, or compaction shall be achieved by the use of a
compactor. The embankment shall be constructed to an elevation ten
percent {10%) higher than the design height to allow for settlement if

compaction is obtained with hauling equipment. If compactors are used

for compaction, the overbuild may be reduced to five percent (5%).
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5.17.4 VEGETATIVE PROTECTION AGAINST EROSION

The wéste material, spillway, embankment and any other area
disturbed during construction shall be mulched and vegetated immediately
upon completion of the pond in accordance with Section 4F of the rules
and regulations for revegetation.

5.15.5 EROSION AND POLLUTION CONTROL

Construction operations will be carried out in such a manner

that erosion and water pollution will be minimized. State and local

laws concerning pollution abatement sha]T be complied with.




EXHIBIT 5-1

EXCAVATED SEDIMENT POND, DUGOUT TYPE

Structure Proportioning Computation Sheet

Pond Number _ _

i e

SEDIMENT STORAGE REQUIREMENT

Drainage Area = Ac.

—_— — ———

Area Disturbed = _ Ac.

. — —— ——————— —

Sediment Volume = 0.125 Ac. Ft./Acre Times Disturbed Area Controlled by

Pond Number = Ac.Ft.

Sediment Pool Elevation =

Top of Embankment Settled Elevation Sediment Pool

Elevation __ + 2.0 Ft. or Height of Exit

Channel _ Ft.

SEDIMENT POND DIMENSIONS AND YOLUME DETERMINATION

NOTE: If pond is to be regular shape and constructed on relatively
flat terrain.

Bottom Length

= - Ft.
Bottom Width = _ _ . Ft.
Water Depth = _ Ft.
Side Slopes = Horizontal to __ _ _ _____VYertical
Volume = Cubic Ft. = Ac.Ft.

et ——— i i

[T Ac. Ft. = 43,560 Cubic Ft.)

NOTE: If pond is to be irregular shape and constructed on relatively flat
terrain, complete a Storage-Stage Computation Sheet and Storage-5tage
Curve as shown in Chapter 3.
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CHAPTER 6
GABION SEDIMENT DAM

6.1 DEFINITION

A barrier or dam composed of rock-filled wire baskets constructed across
a waterway to form a silt or sediment basin.
6.2 PURPOSE

To preserve the capacity of reservoirs, ditches, canals, diversions,
waterways and streams and to prevent undesirable deposition on bottom lands,
in channels or waterways, and other areas by providing basins for the |
deposition and storage of silt, sand, gravel, stone and other sediment.
6.3 SCOPE

This chapter established the minimum acceptable quality for the design
and construction of gabion sediment dams Tocated in predominantly rural or
agricultural areas in West Virginia when:

1. Failure of the structure would nct result in loss of life, in
damages to homes, commercial or industrial buildings, main highways,
or railroads, in interruption of the use of service of public
utilities;

2. The contributing area does not exceed 500 acres; and

3. The vertical distance between the lowest point along the centertine
of the dam and the crest of the spillway does not exceed 10 feetl;

4. The vertical distance between the upstream toe of the embankment and
to the crest of the emergency spiliway does exceed 5 feet in heignt

and does not have a storage volume greater than 20 acre-feet as

measured at normal pool elevation. Also does not present a hazard




CHAPTER 6 Page 2

to coal miners as determined by the Mine Safety and Health

Administration. Structures which exceed the conditions outlined in

Chapter 6.4(4) shall comply with the following minimum standards:

a. An appropriate combination of principal and emergency spiliways
shall be provided to discharge safely the runoff resulting from
a 100-year, 24-hour precipitation event or a large event
specified by the Depariment of Natural Resources.

b, The embankment shall be designed and constructed with a static
safety factor or at least 1.5 or a higher safety factor as |
designated by the Department of Natural Resources to ensure
stability. |

c. Appropriate barriers shall be provided to control seepage along
the conduits that extend through the embankment.

d. The criteria of the Mine Safety and Health Administration as
published in 30 C.F.R. 77.216 shall be adhered to. All
inspection reports and approvals shall be provided to the
Director of the Department of Natural Resources.; and

4. Gabions can be used only where the pH of the normal stream flow,
existing and expected, is to be greater than 5.0 during the life of
the structure.

6.4 DRAINAGE AREA AND SITE EVALUATION AND LIMITATIONS

The contributing watershed above the site shall have an adequate plan
for providing protection against erosion of disturbed areas. This plan shall
provide for rapid revegetation of the disturbed areas in order to stabilize
the area as quickly as possible after it has been disturbed. The plan 1s also to
include utilization of one or many methods of "Water Management Practices” in
Chapter 19 to assist the overall erosion and sediment control system.

1t is required to prevent excessive sedimentation from exceeding the design

capacity of the sediment dam. All areas disturbed during the mining operation
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in the watershed shall be revegetated according to West Virginia Division of
Reclamation regulations.
6.5 SEDIMENT

The sediment pool shall have a minimum capacity from the lowest
elevation in the reservoir to the spillway elevation to store 0.125 acre-feet
per acre of disturbed area in the watershed. The disturbed area includes all
land affected by previous operations that is not presently stabilized, all
land that will be affected during the surface mining operations and all
reclamation work, and may include all other lands which have been
disturbed by timber operations, construction operations, other surface mining
operations, etc. The basin shall be cleaned out when the sediment
accumulation approaches sixty percent (60%) of the design capacity, ciean out
elevation shall be indicated on plans submitted for structure.

6.6 STRUCTURES IN SERIES

when structures are built in series, the spiliway size for the lower
structure shall be based on the total drainage area above the lower structure.
The required storage for sediment for any structure shall be based on the
disturbed area in the uncontrolled drainage area above that structure.

When an existing upstream structure is not considered adequate or safe
according to the specification herein, a lower structure in series must be
. designed considering failure of the upstream structure. This means that the
sediment and spillway shall be based on the total drainage area above the
lower structure.

Construction must be completed on all downstream structures prior to
construction of an upper structure-in a series.

6.7 WATER QUALITY STANDARDS

Discharge from Gabjon Sediment Dams which controls areas disturbed by

surface mining operations must meet all applicable Federal and State Taws and
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regulations. The minimum effiuent limitations shall be governed by the
standards set forth in the NPDES Program under the Federal Water Pollution Act
as amended, 33 U.S.C. 466 et. §eq. and the rules and regulations promulgated
thereunder.

6.8 EMERGENCY SPILLWAY

An emergency spillway will be required 6n all gabion structures and will
be designed to safely carry the expected discharge from a 25-year, 24-hour
frequency storm. The crest of the spillway shall be Jocated at the maximum
alevation of the sediment pool.

A1l spillways shall have a rectangular cross-section as viewed along the
centerline of the structure.

There shall be 1/2 foot of freeboard between the maximum design flow
elevation in the spillway and the top of the dam. The expected peak rate of
discharge of a storm event shall be obtained from Chapter 2, "Estimating
Runoff". The spillway shall be proportioned to carry the peak discharge by
the formula Q = CLh3/2, where Q is the peak discharge, L is the longitudinal
Jength of the spillway, and h is height of the spillway opening minus 0.5
feet. C is a coefficient of discharge which may be found in Exhibit 6.2.

In no case shall the total design head on the structure exceed 13.0 feet
(the sum of maximum distance from the original ground to spillway elevation
plus h must be less than or equal to 13.0 feet).

The Emergency Spillway shail be located to insure maximum travel
distance between point of entry to spillway so as to prevent short-circuiting
to the extent possible, see Chapter 19, "Water Management Practices" for
determining or altering sediment basin shape.

6.9 GABION CROSS-SECTIOMN

In order to establish a uniform yet stable cross-section for this type

structure, all gabion sediment dams shall have a step-like cross-section with
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a 12 inch gabfon or a 3 foot thick rock mattress covering the downstream
channel and embankment, see Exhibit 6-3.

See Exhibit 6-3, for acceptable gabion sediment dam crosé-section of
3 feet 3 inches by 3 feet 3 inches.

The gabion or rock mattress shall extend out from the downstream toe of
structure for the minimum distances shown in Exhibit 6-3. The botiom width
of the mattress shall be equal to the length of the spillway and in line with
it. The channel sides shall be covered by the mattress to a minimum vertical
depth of 4 feet.

The upstream face of all gabion structures may be backfilled with
material from the pool area. The backfill shall be on a slope of 3 horizontal
to 1 vertical.

Cross-sections of additional width other than those shown and without
backfill against the upstream face may be used if approved by the Director of
the Department of Natural Resources.

6.10 KEY-IN OF FOUNDATION

The gabion dam shall be keyed into the abutment with the channel or
valley to a minimum depth of 3 feet at any point. The bottom of the
gabion may be keyed into the channel bottom. After the gabion structure is in
place, the key into the abutment shall be backfilled to the embankment's
ariginal contour with compactible material. The material shall be
mechanically tamped in maximum Jifts of 6 inches.

§.11 FILLING AND BINDING GABION WIRE BASKETS

The gabion baskets shall be Fi1led with durable limestone, river rock or
sandstone of 3-7 inches in size. The stone shall be hand or machine placed in

the baskets in such a manner as to prevent sagging or bulging of the basket or

baskets. All edges of the baskets must be secured or bounded to the adjacent
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basket by lacing wire in and out of the mesh openings. The maximum distance
between each coil shail not exceed 4 inches.

6.12 MATERIAL SPECIFICATIONS

A1l perimeter edges of the ﬁesh forming each unit shall be securely
selvedged with wire of not less than 0.150-inch diameter soO that the joints
formed by tying the selvedges have at least the same strength as the body of
the mesh.

Lacing wire shall be suppiied in sufficient quantity for securing all
edges of the gabion baskets and diaphragms and to provide for the necessary
:aternal connection wires in each cell. The wire lacing shall meet or exceed
the same specification as the wire used in the mesh. |

The wire mesh shall be made of galvanized stée1 wire having a minimum
size of U.S. Steel Wire Gauge No. 14. The tensile strength of the wire shall
be in the range of 60,000 to 85,000 p.s.i. The minimum zinc coating of the
wire shall be 0.80 ounces per square foot of uncoated wire surface as
determined by tést conducted in accordance with A.5.T.M. Designation A-90.
The maximum linear dimension of the mesh opening shall not exceed 3-1/2 inches
and the area of the mesh opening shall not exceed 6 square inches.

Gabions shall be fabricated in such a manner that the sides, ends, 1id,
and diaphragms can be assembled at the construction site into a rectangular
basket of the specified sizes. Gabions shall be of single unit construction -
the base, 1id and sides shall be woven into a single unit and the ends shall
be connected to the base section of the gabion in such a manner that strength
and flexibility at the point of connection is at least equal to that of the
mesh.

where the iength of the gabion exceeds 5 feet, the gabion shall be

divided by diaphragms, of the same mesh and gauge as the body of the gabions,
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into cells of equal Tength and width. The gabion shall be furnished with the

necessary diaphragms secured in proper position on the base in such a manner
that no additional tying at this juncture will be necessary.

6.13 PLANS, DESIGN DATA AND SPECIFICATIONS

In addition to the "Proposed Drainage Map”, there shall also be
submitted the following items concerning gabion sediment déms:
1. A “Structure Proportioning Computations Sheet" to be completed for

each proposed gabion sediment dam. Exhibit 6-1

2. Construction Plans showing:

a. A topographic map on a 1" = 50' scale and 4 foot contour
intervals showing the reservoir area, structure, two permanent
reference points, showing type, elevation and azimuth or bearing
between reference points, relieving stream and north arrow.
Topographic map is to be made using transit-stadia survey
method.

b. A scaled cross-section view of gabion structure at the point
where the maximum depth of water will be impounded against the
structure showing all pertinent dimensions and elevations.

c. A scaled cross-section view taken along the centerline of the
dam showing all pertinent dimensions and elevations.

3. Ar“Stage-Area—Storage Computations Sheet” and "Stage-Area
Storage Curves".
4. Construction Specifications.
5. Maintenance schedule to include, but not Timited to, the following:
Procedures for maintenance, method of disposal of sediment and

access to structure for maintenance.

6. Procedures and timetable for abandonment.
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6.14 CONSTRUCTION SPECIFICATIONS

6.14.1

6.14.2

6.14.3

SITE PREPARATION

Brush, trees and other undesirable material shall be
cleared from the sediment pool and dam areas. Sod and topsoil
shall be striped from gabions foundation area.

PREPARATION OF FOUNDATION

Proper excavation shall be made along the foundation of and
sides of the gabion structure as shown on the construction
plans to assure that the gabion structure will be placed on the
planned 1ine and grade.

The key into the abutments shall be excavated as shown on
the construction plans. The gabion structure must be keyed
into the abutment a minimum of 3 feet at any point as measured
in any direction.

The fill material beneath the gabion units along the sides
of the structure shall be placed in 6 inch maximum 1ifts and
mechanically tamped.

FILL AND BINDING

Backfilling of the key into the abutments and against the
upstream face of the gabion shall progress simul taneously with
the filling and binding of the baskets. The key into the
embankment shall be backf111ed with compactible material to the
embankment's original contour. This material shall be placed
in 6 inch maximum 1ifts and mechanically tamped.

Each gabion unit shall be bound together by a continuous

piece of connecting wire stitched around the vertical edges

with a coil about every 4 inches.. Lacing wire shall be used
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6.14.4

6.14.5
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to join the units together in the same manner. Empty gabion
unfts shall be set to line and grade as shown on the plans.

A standard fence stretcher, chain fall, or steel rod may be
used to stretch the wire baskets and hold alignment.

The gabions shall be filled with stone carefully placed by
hand or machine to assure alignment and void bulges with a
minimum of voids. After a gabion has been filled, the 1id
shall be bent over until it meets the sides and edges. The 1id
shall then be secured to the sides, ends and diaphragms with
the lacing wire in the manner described above for assembling.

BACKFILLING UPSTREAM FACE

The ups.ceam face of the cribbing may be backfilled with
material from the pool area up to the sediment pool elevation
behind the spillway and up to the top of dam elevation for the
remainder on a slope of 3 horizontal to 1 vertical.

Very dry or wet material shall not be used. The fill
material shall be free of all sod, roots, stones over & inches
in diameter and other objectionabie material. The moisture
content of the material should be such that when kneaded in the
hand, it will just form a ball that will not readily separate.

The embankment shall be brought up on uniform 6-8 inch
layers of approximate uniform elevation over its entire area.
Each layer shall be thoroughly compacted by making at least 4
complete passes with a tamping rolier or by applying compactive
effort with rubber-tired equipment.

SPILLWAY

The spillway shall conform to the alignment and dimensions

shown on the plans.
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6.14.6 DOWNSTREAM CHANNEL PROTECTION

6.14.6.1 GABION MATTRESS

The gabion mattress or apron shall conform to the
alignment and grade shown on the plans. The mattress shall
be bound in the same manner prescribed for the gabion
baskets. Also, the edge of the mattress agéinst the toe of
the dam shall be bound to the dam in the same manner
prescribed for the gabion baskets.

6.14.6.2 ROCK MATTRESS

The channel bottom and sides downstream of the
structure shall be covered to a minimum depth of 3 feet
with durable rock of which fifty percent (50%) is 3 feet or
larger and the remainder sized to fii1 the voids with a
minimum size of 6 inches. The rock shall not contain more
than ten percent {10%) earth, sand, or soft shale as
determined by visual inspection. The rock shall extend out
from the toe of the crib structure for & minimum distance
of twice the height of the structure. The dumped rock
shall form a trapezoidal channel with a bottom width equal
or greater than the length of the spillway. The rock shall
extend up the embankment sides to a minimum vertical depth
of 4 feet.

6.14.7 VEGETATIVE PROTECTION AGAINST ERQSION

A1l disturbed areas outside the pool area shall be seeded

and mulched immediately after construction in accordance with

Section 4F of the rules and regulations for revegetation.




EXHIBIT 6-1

GABION SEDIMENT DAM

Structure Proportioning Computation Sheet

Gabion Number

SEDIMENT STORAGE REQUIREMENTS

Drainage Area = Ac.

Area Disturbed = Ac.

Sediment Volume = 0.125 Ac. Ft./Acre Times Disturbed Area Controlled by

Gabion Number = Ac., Ft.

Sediment Pool Elevation = Fmergency Spillway Elevation

FMERGENCY SPILLWAY DESIGN

Peak Discharge {Q){Exhibit 2-7) = cfs

Spillway Breath = Ft.

Spillway Height Mirus 0.5 Ft.; h = ( ) Spillway Breath
(=) 0.5 Ft. = , Ft.

Coefficient of Discharge (C)(Exhibit ) =

Minimum Spillway Length [L = Q/Ch (3/3)] = Ft.

*The three-halves power of h may be obtained fram Table No. 1

Plamned Spillway Length Ft.

Top of Gabion Elevation ( } = Emergency Spillway

Elevation ( ) + Spillway Height ( )




TABLE 6-1

THREE-HALVES POWERS OF NUMBERS

No. .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
15 1.837 1.856 1.874 1.892 1,911 1,930  1.948 1,967  1.986  2.00°
1'e 2024 2,083 2.062 2.081 2.100 2,120 2.139  2.158  2.178  2.197
17 2216  2.236  2.256  2.276  2.295  2.315  2.335  2.385  2.375 2.3
1.8 - 2.415 2.435 2.455 2,476  2.496  2.516  2.537  2.%57 2.578  2.598

109 2,619  2.640  2.660  2.681  2.702  2.723  2.744  2.765  2.786 2.807

)
>0 2.828  2.850 2.871 2.892  2.914  2.935 2,967  2.978  3.000 3.0z
. 3043 3065 3.087 3.109 3.131 3.153 3.174  3.197  3.219  3.2]
Ss 3263 3.285 3.308 3.330  3.352 3,375  3.398  3.420  3.M43  3.465
53 3488 3.511 3.53  3.557  3.580  3.602  3.62F  3.649  3.672  3.69%
52 3718 3.741 3.765 3.788  3.811  3.835  3.858  3.882  3.906  3.925
.5 3.053 3.977 4.000 4.024 4.048 4,072 4096 4720 4144 4.168
e 2192  4.217  4.241  4.265  4.290  4.314  4.338  4.363  4.387 4412
5> 443 4.461  4.486  4.511  4.536  4.560 4,585  4.610  4.635  4.660
58 4635  4.710 4.736  4.761  4.786  4.811  4.8%7 4,862  4.888 4913
°'s 493  4.964 4.090 5.015 5.041 4.067 4.093 5118 5.144  5.170
20 5.196 5.222 5.248 5.274  5.300 5.327  5.353 5.379  5.404 5,43 &
33 iiss  s5.481  5.511 5.538  5.564 5591  5.617  5.644  5.671  5.698
32  5.724 8.751 5.778 5.805 5.832  5.859  5.886  5.913  5.940  5.968
35 2995 6.022 6.049 6.077 6.104 6.132 6.159  6.186  6.214 6.2
37 o269 6297 6.325 6.352  6.380  6.408 6.43  6.464  6.492  6.520

3.5 6.548 6.576 6.604 6.632 6.660 6.689 6.717  6.745 6.774 6.802
3.6 6.830 6.859 6.888 6.916 6.945 6.973 7.002 7.031 7.060 7.086
3.7 7.117 7.146 7.175 7.204 7.233 7.262 7.291 7.320 7.349 6.37¢
3.8 7.408 7.437 7.466 7.496 7.525 7.554 7.584 7.613 7.643 7.672
3.9 7.702 7.732 7.761 7.791 7.821 7.850 7.880 7.910 7.940 7.970




TABLE 6-1

THREE-HALVES POWERS OF NUMBERS

No. .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
4.0 8.000 8.030 8.060 8.090 8.120 8.150 8.181 8.211 8.241 8.272
4.1 8.302 8.332 8.363 8.393 8.424 8.454 8.485  8.515 8.546 8.577
4.2 8.607 8.638 8.669 8.700 8.731 8.762 8.793 8.824 8.855 8,83t
4.3 8.917 8,948 8.979 9.010 9.041 9.073 9.104 G.135 g.167 9.138
4.4 5.230 9.261 9.292 9.324 9.356 9.387 9.419 9.451 9.482 9.514
4.5 9.546 9.578 9.610 9.642 9.674 9.706 9.738 9,770 9.802 $.834
4.6 9.866 9.898 9.930 9.963 9.995 10.03 10.06 10.09 10.12 10,15
4,7 10.19 10.22 10.25 10.29 10.32 10,35 10.39 10,42 10.45 10.43
4.8 10.52 10.55 10.58 10.62 10.65 10.68 10.71 10.75 10.78 10.81
4,9 1u.25 10.88 10,91 10.95 10.98 11.01 11.05 11.08 11.11 11.15
5.0 11.18 11.21 11.25 11.28 11.31 11.35 11.38 11.42 11.45 11.48
5.1  11.52 11.55 11.59 11.62 11.65 11.69 11.72 11.76 11.79 11.82
5.2 11.86 11.89 11.93 11.96 11.99 12.03 12.06 12,10 12.13 12,17
5.3 12.20 12.24 12.27 12.31 12.34 12.37 12.41 12.44 12,48 12.51
5.4 12.5b 12.58 12.62 12.865 12.69 12.72 12.76 12,79 12.83 12.36
5.5 12.90 12.93 12.97 13.00 13.04 13.07 13.1% 13.15 13.18 13.22
5.6 13.25 13.29 13.32 13.36 13.39 13.43 13.47 13.50 . 13.54 13.57
5.7  13.61 13.64 13.68 13.72 13.75 13.7% 13.82 13.86 13.90 13.33
5.8  13.97 14.00 14.01 14.08 14.11 14,15 14.19 14,22 14.26 14.2%
5.9 14.33 14.37 14.40 14.44 14.48 14,51 14.55 14.59 14.62 14,56
6.0 14,70 14.73 14,77 14,81 14,84 14.88 14,92 14.95 14.99 15.33
6.1 15,07 15,10 15.14 15.18 15.21 14,25 15,29 15.33 15.36 15.40
6.2 15.44 15.48 15.51 15,55 15.59 15.62 15.66 15.70 15,74 15,78
6.3 15,81 15.85 15.89 15.93 15.96 16.00 16.04 16.08 16.12 16.15
6.4 16.19 16.23 16.27 16.30 16.34 16.38 16.42 16.46 16.50 16.53




EXHIBIT 6-2

VALUES OF C IN THE FORMULA O = cLhd/?

*Heiﬁht ' Braadth of weir in feet . |

Ng;r 3.25 4.00 5.00 6.00 10.00 15.00

1.0 2.65 2.67 2.68 | 2.68 2.68 2.63

1.2 2.65 2.67 2.66 2.67 2.69 2.64

1.4 2.64 2.65 2.65 2.65 2.67 - 2.64

1.6 2.66 2.66 2.65 2.65 2.64 2.63

1.8 2.66 2.66 2.65 2.65 2,64 2.63

2.0 2.71 2.68 2.65 2.65 2.64 2.63

2.5 2.79 | 2.72 2.67 2.66 2.64 2.63

3.0 2.77 2.73 2.66 2.66 2.64 2.63

3.5 2.92 2.76 2.68 2.67 2.64 2.63 | |
4.0 3.00 2.79 | 2.70 2.69 2.64 2.63 %
4.5 3.21 2.88 | 2.74 2.72 2.64 2.63 E
5.0 3.26 3.07 2.79 | 2.76 2.64 2.63 |
5.5 3.32 3.32 2.88 2.85 2.64 2.63

*h = Planned height of spillway minus 0.5 feet.
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CHAPTER 7

CRIB SEDIMENT DAM

7.1 DEFINITION

A barrier or dam composed of rock-filled concrete cribbing constructed
across a waterway to form a silt or sediment basin.
7.2  PURPOSE

To preserve the capacity of reservoirs, ditches, canals, diversions,
waterways, and streams and to prevent undesirabie deposition of bottom lands,
in channels or waterways, and other areas by providing basins for the
deposition and storage of silt, sand, gravel, stone and other detritus.
7.3 SCOPE

This chapter establishes the minimum acceptable quality for the design
and construction of crib sediment dams located in predominantly rural or
agricultural areas in West Virginia when:

1. Failure of the structure would not result in loss of life; in
damages to homes, commercial or industrial buildings; main
highways, or railroads; in interruption of the use of service of
public utilities; and

2. The contributing area does not exceed 500 acres;

3. The vertical distance between the upstream toe of the
embankment énd to the crest of the ehergency spillway
does exceed 5 feet in height and does not have a storage
volume greater than 20 acre-feet as measured at normal
pool elevation. Also does not present a hazard to coal

miners as determined by the Mine Safety and Health

Administration. Structures which exceed the conditions outlined
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in Chapter 7.3(3) shall comply with the following minimum
standards:

a. An appropriate combination of principal and emergency
spillways shall be provided to discharge safely the runoff
resulting from a 100-year, 24-hour precipitation event or a
large event specified by the Department of Natural
Resources.

b. The embankment shall be designed and constructed with a
static safety factor or at least 1.5 or a higher safety
factor as designated by the Department of Natural Resources
to ensure stability.

c. Appropriate barriers shall be provided to control seepage
along the conduits that extend through the embankment.

d. The criteria of the Mine Safety and Health Administration
as published in 30 C.F.R. 77.216 shall be adhered to. AN
inspection Reports and apprdva1s shall be provided to the
Director of the Department of Natural Resources.

4. The vertical distancé between the lowest point along the
centerline of the dam and the crest of the spillway does not
exceed 10 feet.

7.4 DRAINAGE AREA AND SITE EVALUATION AND LIMITATIONS

The contributing watershed above the site shall have an adequate plan for
providing protection against erosion of disturbed areas. This ptan shalil
provide for rapid revegetation of the disturbed areas in order to stabilize the
area as quickly as possible after it has been disturbed. The plan is alsc to
include utilization of one or many methods of water management practices in
Chapter 19 to assist the overall erosion and sedimentation control system. It

is required to prevent excessive sedimentation from exceeding the design
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Capacity of the sediment dam. A1l disturbed areas in the watershed shall be
revegetated according to West Virginia Division of Reclamation regulations.
7.5  SEDIMENT

The sediment pool shall have a minimum capacity (from the lowest
elevation in the reservoir to the spillway elevation) to store 0.125 acre-feet:
per acre of disturbed area in the watershed. The disturbed area includes all
1and affected by previous operations that is not presently stabilized, all
land that will be affected during the surface mining operations and all
reclamation work, and may include all other lands which have been
disturbed by timber operations, construction operations, other surface mining
operations, etc. The basin shall be cleaned out when the sediment
accumulation approaches sixty percent (60%) of the design capacity. The
design and construction drawing shall indicate the corresponding elevation.

7.6  STRUCTURES IN SERIES

when structures are built in series, the spiliway size for the lower
structure shall be based on the total drainage area above the lower structure.
The required storage for sediment for any structure shall be based on the
disturbed area in the uncontrolled drainage area above that structure.

when an existing upstream structure is not considered adequate or safe
according to the specification herein, a lower structure in series must be
designed considering failure of the upstream structure; This means that the
sediment and spiliway shall be based on the total drainage area above the
lower structure.

Construction must be completed on all downstream structures prior to
construction of an upper structure in a series.

7.7 WATER QUALITY STANDARDS

Discharge from crib sediment dam which controls areas disturbed by
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surface mining operations must meet all applicable Federal and State laws and

regulations. Ihe.minimum effluent limitations shall be governed by the
standards set forth in the NPDES Program under Federal Water Pollution Control
Act as amended, 33 U.S.C. 466 et. seq., and the rules and regulations
promulgated thereunder.

7.8  EMLCRGENCY SPILLWAY

An emergency spillway will be required on all crib structures and will
be designed to safely carry the expected peak discharge from a 25-year,
24-hour frequency storm. The crest of the spillway shall be located at the
maximum elevation of the sediment pool.

A1l spillways shall have a rectangular cross-section as viewed along the
centerline of the structure.

There shall be 1/2 fodt of freeboard between the maximum design flow
elevation in the spiliway and the top of the dam. The expected peak rate of
discharge of a storm event shall be obtained from Chapter 2, "Estimating |
Runoff". The spi]]wgy shall be proportioned to carry the peak discharge by |
the formula, Q = CLh3/2, where Q is the peak discharge, . is the longitudinal
length of the spillway, and h is height of the spillway opening minus 0.5
feet. C is a coefficient of discharge which may be found in Exhibit 6.2.

In no case shall the total design head on the structure exceed 13.0 feet
(the sum of the maximum distance from original ground to the spillway
elevation plus h must be less than or equal to 13.0 feet).

The emergency spillway shall be located to insure maximum travel
distance between point of entry to spillway so as to prevent short-circuiting
to the extent possible, see Chapter 19, "Water Management Practices”, for
procedures for determining or altering sediment basin shape.

7.9 CRIB DAM CROSS-SECTION

In order to establish a uniform, yet stable cross-section, See Exhibit
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7-2 for this type structure, all crib sediment dams shall:

1. Be a‘minimum of 6 feet in width; that is, the distance from
inside to inside of headers must be 6 feet or more.

2. May be backfilled with material from the pool area on the
upstream face. The slope of the backfill shall be a minimum of
3 horizontai to i vertical.

3. Have the channel bottom and sides downstream of the structure
covered to a minimum depth of 3 feet with durable rock mattress
of which fifty percent (50%) is 3 feet or larger and the
remainder sized to fill the voids with a minimum size of 6
inches; or have the channel bottom and sides downstream of the
structure covered with a 12 inch gabion mattress. The rock or
gabion mattress shall extend out from the toe of the structure

for a minimum distance of twice the height of the structure.

7.10 KEY-IN ABUTMENTS

The.crib dam shall be keyed into the abutments with the channel or
valley to a minimum depth of 3 feet at any point. The foundation of the crib
dam shall be keyed into the channel bottom to a minimum depth of 1 foot.
After the crib structure is in place, the key into the abutments shall be
backfilled to the embankment's original contour with compactible material.
The material shall be mechanically tamped in maximum 1ifts to 6 inches.

7:11 FILLING OF CRIB UNIT

Crib fill material shall consist of durable limestone, sandstone or
river rock. The stone shall be hand or machine placed inside the cribbing in
such a manner as to minimize the void space. If open-faced cribbing is used,

the stone fi1l shall have a minimum size of 1 inch greater than that of the

crib's vertical opening. 1f closed-faced cribbing is used, the stone fill
shall be 3-7 inches in size.
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1.12

7.13

MATERIAL SPECIFICATIONS

7.12.1 CRIB FABRICATION

Reinforced concrete cribbing shall be manufactured of dense,
impermeable concrete, developing a compressive strength of not léss than
4000 pounds per square inch in 78 days. Crib units shall be made in
rigid steel forms and compacted by vibration. The surfaces of all
members shall contain no recesses or depressions. Mesh or bar
reinforcing shall be used with the steel placed such as to act
integrally with the concrete in resisting design stresses.

7.12.2 CRIB INTERLOCKING

Headers shall be made with reinforced projecting lugs to serve
as the locking device. [If other types of locking devices are employed,
the manufacturer shall furnish proof of strength of such device based on
test results from a qualified laboratory.

Concrete crib dams covered by these specifications shall be of
the true crib type héving stretchers running longitudinally with the
wall at both the front and rear, and headers 1ying transversely to
support the ends of the stretchers and tie the structure together.

7.12.3 GROSS VOLUME OF CRIB UNIT

The total volume of concrete contained in all crib units shall
represent at least sixteen percent {16%) of the gross volume of the crib
wall with the filling in place.

PLANS, DESIGN DATA AND SPECIFICATIONS

In addition to the “Proposed Drainage Map", there shall also be

submitted the following items concerning crib sediment dams:

1. A "Structure Proportioning Computations Sheet" to be completed

for each proposed crib sediment dam. Exhibit 7-1
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2. Construction Plans showing.

a. A topographic map on a 1" -50' scale and 4 foot contour
intervals showing the reservoir area, structure, two
permanent reference points showing type, elevation and
azimuth or bearing between reference points, relieving
stream, and north arrow. Topographic map is to be made using
transit-stadia survey method.

'b. A scaled cross-section view of gabion structure at the point
where the material depth of water will be impounded against
the structure showing all pertinent dimensions and
elevations.

¢c. A scaled cross section viéw taken along the centerline of the
dam showing all pertinent dimensions and elevations.

3. A "Stage-Area-Storage Computations Sheet" and "Stage-Area-Storage
Curves".

4. Construction Specifications.

5. Maintenance schedule to include, but not limited to, the
following: Procedures for maintenance, method of disposal of
sediment and access to structure for maintenance

6. Procedures and timetabie for abandonment.

7.14 CONSTRUCTION SPECIFICATIONS

7.14.1 SITE PREPARATION

Brush, trees and other undesirable material shall be cleared
from the sediment pool and dam areas. Sod and topsoil shall be stripped
from crib’s foundation area.

7.14.2 PREPARATION OF FOUNDATION

Proper excavation shall be made along the foundation and sides

of the crib structure as shown on the construction plans to assure that
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the crib structure will be placed on the planned line and grade.

The key into the abutments shall be excavated as shown on the
construction plans. The crib structure must be keyed into the abutments
to a minimum of 3 feet at any point. The crib structure will be keyed
into the channel bottom to a minimum depth of 1 foot.

When the cribbing is on the fill materials, the fill material
beneath the cribbing shall be placed in 6 inch maximum Tifts and
mechanically tamped.

7.14.3 PLACING CRIB MEMBERS

The prepared foundation bed for the cribbing shall be firm and
normal to the face of the cribbing. The c¢rib members shall be taken to
insure the correct atignment.

The crib members shall be handled carefully and members that
become cracked or otherwise damaged shall be removed and new members
substituted.

7.14.4 FILLING CRIB

The filling of the interior, backfilling against the upstream
face, backfilling key into embankment, and dumped rock against
downstream face shall progress simultaneously with the erection of the
cribbing. The interior of the cribbing shall be filled with durable
1imestone, sandstone, or river bedrock which shall be hand or machine
placed inside the cribbing in such a manner as to minimize the void
space. If open-faced cribbing is used, the stone ffl] shall have a
minimum size of 1 inch greater than that of the crib's vertical opening.
1f closed cribbing is used, the stone fill shall be 3-7 inches in size.

7.14.5 BACKFILLING UPSTREAM FACE

The upstream face of the cribbing may be backfilled with

material from the pool area up %o the sediment pool elevation behind the
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spiliway and up to the top of the dam elevation for the remainder on a
maximum slope of 3 horizontal to 1 vertical.

Very dry or wet material shall not be used. The fill material
shall be free of all sod, roots, stones over 6 inches in diameter and
other objectionable materia1. The moisture content of the material
should be such that when kneaded in the hand, it will just form a ball
that will not readily separate.

The embankment shall be brought up on uniform 6-8 inch layers of
approximate uniform elevation over its entire area. Each layer shall be
thoroughly compacted by making at least 4 complete passes with a tamping
roller or by app}ying equal compactive effort with rubber-tired

equipment.

7.14.6 BACKFILLING KEY INTO ABUTMENTS

The key intb the abutments shall be backfilled to the
embankment's original contour with compactible material. This material
shall be p]aced in 6 inch maximum 1ifts and mechanically tamped.

7.14.7 DOWNSTREAM CHANNEL PROTECTION

7.14.7.1 ROCK MATTRESS

The channel bottom and sides downstream of the structure
shall be covered to a minimum depth of 3 feet with durable rock
of which fifty percent (50%) is 3 feet or larger and the
remainder sized to fill the voids with minimum size of 6 inches.
The rock shall not contain more than ten percent (10%}.earth,
sand or soft shale as determined by visual inspection. The rock
shall extend out from the toe of the crib structure. The dumped
rock shall form a trapezoidal channel with a bottom width equal

or greater thar the length of the spillway. The rock shall
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extend up the embankment sides for a minimum vertical depth of 4
feet.

7.14.7.2 GABION MATTRESS

The channel bottom and sides downstream of the structure
‘shall be covered with a 12 inch gabion matiress. The mattress
shall form a trapezoidal channel with a bottom length equal to
or greater than the length of the spillway. The mattress shall
extend up the embankment to a minimum distance of twice the
height of the structure.

Material specifications, binding and filling of gabion
mattress baskets shall be as outlined under GABION SEDIMENT
DAMS, |

7.14.8 VEGETATIVE PROTECTION AGAINST ERQSION

A1l disturbed areas outside the pool area shall be mulched and

vegetated in accordance with Section 4F of the rules and regulations for

revegetation.




EXHIBIT 7-1

CRIB SEDIMENT DAM

Structure Proportioning Cdnputation Sheet

Crib Number

SEDIMENT STORAGE REQUIREMENTS

Drainage Area = Ac.

Area Disturbed = ' Ac.
.Sediment Volume = 0.125 Ac. Ft./Acre Times Disturbed Area Controlled

by Crib NMumber .= | Ac. Ft.

Sediment Pool Elevation = Emergency Spillway
) Elevation

EMERGENCY SPILLWAY DESIGH

Peak Discharge (Q)(Exhibit 2-7) = cfs

Spillway Breath = Ft.

Spillway Height Minus 0.5 Ft.; h = ( ) Spillway
Breath (<) 0.5 Ft. = _ Ft.

Coefficient of Discharge (C)(Exhibit ) =

Minimum Spillway Length [L = Q/Ck (3/2)] = Ft.

*The three-halves power of h may be cbtained from Table No. 1

Plarmed Spillway Length Ft.

Top of Crib Elevation ( ) = Emergency Spillway

Elevation ( Y} + Spillway Height ( )
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CHAPTER 8
VALLEY OR HEAD-OF-HOLLOW FILLS

8.1 DEFINITION

A fill structure consisting of any material, other than coal processing
waste and organic material, placed across or through the head of a valley or
hollow where side slopes of the existing hollow measured at the steepest point
are greater than 20 degrees or the average slope of the profile of the hollow
from the toe of the fill to the top of the fill is greater than 10 degrees,
known as "Valley Fill".

8.2 PURPOSE

The valley or head-or-hollow fi11 method was developed to improve
aesthetics, reduce landslides, allow for full recovery of one or more coal
seams, and produce rolling land that is suitable for the postmining land
use.

This method provides permanent storage space for excess spoil, which is
not required to achieve the approximate original contour, to be transported to
and placed in a controlled manner.

This method provides temporary space for excess spoil or overburden,
which shall be used for backfilling and regrading, to be transported to and
placed in a controlled manner.

Areas which are free of underground mine openings or wet weather springs
should be selected for valley or head-of-hollow fills. The size of the
selected hollow must be such that the excess overburden generated by the
mining operation will be utilized in the fill.

Instead of unstable outslope with its pctential for slides and erosion,

or islands of isolated land with no access; a large, stable, fairly Tevel area
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can be constructed with this method.
8.3 LOCATION

The valley fill area sha11 be located on the most moderate slopes and
naturally stable areas available. Where possible, fill materials suitable for
disposal shall be placed upon or above a natural terrace, bench, or berm, if
such placement provides additional stability and prevents mass movement.

8.4  STABILIZATION

A1l organic material shall be removed from the disposal area, and the
topsoil must be removed and segregated before the material is placed in the
area. Suitable organic material way be used as mulch or may be included in
the topsoil. The spoil shall be transported and placed in a controlled
manner, concurrently compacted as necessary to insure long-term mass stability
and prevent mass movement. In all cases, rock toe buttress of sufficient size
to prevent mass movement shall be designed and constructed. The fill shall be T
drained and graded to allow surface and subsurface drainage to be compatibie
with the natural surroundings. i
8.5 DRAINAGE
Drainage for valley fills shall consist of a rock drain constructed
through the fil1 from the original valley floor up to the finished ground 11ne_
to provide a permanent means of conveying surface runoff past the fill area.
The rock core shall be progressively brought up with the remainder of the
£i11. The rock shall consist of non-degradable, non-acid or toxic forming
rock such as natural sand and gravel, sandstone, limestone cor other durable
rock that will not slake in water and will be free of coal, clay or shale.
During and after construction, the top of the fill shall be graded to

drain back to the head of the fill and tc the rock core. Maximum slope of the

top of the fill shall be three percent (3%). At no time during and after
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construction sha11_runoff from the top of fill be discharged over the face of
the fill.

A drainage pocket shall be maintained at the head of the fill during and
after construction to intercept surface runoff and discharge the runoff |
through or over the rock core. In no case saall this pocket or sump have a
potential for impounding more than 10,000 cubic feet of water.

The top of the rock drain shall form a trapezoidal channel for possible
flows over the core instead of through it in the event the pores of the core
‘become blocked by debris or sediment. The minimum base width of the channel
shall be 8 feet and the minimum depth of the channel shall be 2 feet, but in
all cases the drainage system shall be able to pass a 100-year, 24-hour
precipitation event.

The valley fill area should not contain springs, natural water courses
or wet weather seeps unless lateral drains are constructed from the wet areas
to the rock core in such a manner that infiltration of the water into the fill
will be prevented. If springs, natural water courses oOr wet weather seeps are
encountered, a system of under drains shall be constructed from each spring or
seepage area as lateral drains to the rock core. If no filter is designed for
the underdrain or rock core sufficient capacity shall be provided to allow for
partial plugging of the drain and/or rock core. Rock used in the underdrain
shall consist of non-degradable, non-acid or toxic forming rock such as a
natural sand and gravel, sandstone, limestone or other durable rock that will
not slake in water and will be free of coal, clay or shale. No single
rock utilized in the underdrain and/or rock core may occupy more than 25
percent of the width of the drain and/or core.

8.6 GEOTECHNICAL INVESTIGATION

Each application shall contain the results of a geotechnical

investigation of the proposed disposal site. The investigation shall include
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such factors as adverse geologic conditions, soi1 characteristics and depth in
foundation zones, bedrock, springs, seeps and groundwater flow, potential
effects of subsidence and a description of the materials to be placed in rock
cores and drains. The level of such geotechnicé1 investigation shall be
determined by a Registered Professional Engineer based upon specific Site
conditions, available site information, additional engineering data required
for design and the history of similar facilities in nearby areas.

8.7 MINIMUM DESIGN REQUIREMENTS

A1l valley fills shall be desighed by a Registered Professional Engineer.
The following minimum design requirements must be met:

1. The foundation of the fill shall be designed to assure that the
valley fi1l will have a long-term static factor of safety of 1.5.

2. The outer slope of the fill shall be no steeper than 2 horizontal to
1 vertical. A minimum 20-foot wide bench, or greater as approved by
the Director of the Depaftment of Natural Resources, shall be
installed at a maximum of every 50 feet in vertical height of the
£i11 with a 3 percent to 5 percent slope towards the fill, normal to
such and 1 percent towards the rock core.

3. A rock core shall be designed with a minimum width of 16 feet and
composed of durable rock with a minimum dimension of 12 inches. The
rock cbre shall consist of no more than 10 percent fines {fines
being a dimension less than 12 inches.)

8.8 PLANS, DESIGN DATA AND CONSTRUCTION SPECIFICATIONS

1. A pfofi1e view of the valley fill showing the original ground line
as surveyed with 100-foot stations and proposed constructed 1imits.

2. A cross-section located through the midpoint of the bench showing the

original ground line as surveyed and proposed constructed 1imits.
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3. A cross-section located through the intersection of the top
and the face of the proposed valley fill showing the original
ground1ine as surveyed and proposed constructéd limits.

4, A cross-section of the rock core.

5. A planview and cross-sections of designed rock toe buttress.

6. Design of foundation to insure a long-term static safety factor of
1.5.

7. Details of foundation preparations; keyways, etc.

8. Construction Specifications

8.9  CONSTRUCTION SPECIFICATIONS

Construction of the fi11 shall be as follows:

1. A1l areas upon which a valley fill is to be placed shall first be
cleared progressively of all trees, brush, shrubs, and other organic
material. This material shall be removed from the fill area. No
more than 3.0 acres, excluding roadway for construction of fill,
shall be cleared in the valley fill site until the first 1ift
is completed;

2. A rock core shall be progressively constructed as the layers are
brought up through the valley fill.

3. Depositing and compacting valley fill in layers shail
begin at the toe of the fill. The layers shall be censtructed
approximately parallel with proposed finish grade. All
material shall be deposited in uniform horizontal layers and
compacted with haulage equipment;

4. The thickness of the layers shall not exceed 4 feet;

5, During and after construction, the top of the fi11 shall

be graded to drain back to the head of the fil1 on a slope no

greater than three percent {(3%). A drainage pocket shall be
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maintained at the head of the fill at all times to intercept surface
runoff. Maximum size of the drainage pocket shall be 10,000 cubic
feet;
when construction of each 1ift (maximum of every 50 feet in
vertical height) of the valley fiil is completed, topsoil or other
suitable material which will support vegetation shall be spread
over the completed slope and bench excluding the rock core. The
compieted slope and bench shall then be seeded and mulched
immediately in accordance with the approved revegetation plan; and

Specifications of proposed rock toe buttress.

8.10 CERTIFICATION

Certification of tne fill shall be as follows:

1.

The fill shall be designed using recognized professional standards
and certified by an approved registered professional engineer, and
The fi11 shall be inspected for stability by an approved registered
professional engineer, or other qualified professional specialist
experienced in the construction of earth and rock fill embankments
approved by the Director of the Department of Natural Resources,
quarterly throughout construction and during the critical
construction periods such as removal of all organic material;
topsoil; placement of underdrain system; installation of surface
drainage systems; and revegetation in accordance with the approved
Plans, Design Data and Specifications. After completion of the
inspection by the approved registered professional enginear or
approved qualified professional specialist, a certified report shall
be submitted to the Division of Reclamation within 2 weeks after

conducting inspection. A copy of the certified report shall be

maintained at the mine site.
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3. After total completion of the valley fill, a DR-13 {Certification

Form) shall be completed in accordance with Chapter 16 of the
Technical Handbook and submitted to the Division of Reclamation.

8.11 SEDIMENT CONTROL REQUIREMENT

A sediment control structure(s) will be required to have a storage
volume of 0.125 acre-foot per acre of the proposed disturbance of the valley
or head-of-holiow fill area and proposed mining operation above fill. A
variance may be granted to the required storage volume of the valley or
head-of-hollow only if a registered professional engineer can insure that
all applicable water quality standards and effluent limitations can be met.
Then the sediment control structure{s) will have a storage volume of 0.125
acre-foot per acre of disturbance of the minimum face area will be disturbed.

8.11.1 DISTURBANCE WITHIN FILL SITE

At no time shall the disturbance in the valley fill area be
greater than the sediment storage requirement provided by the sediment

structure untii two or more 1ifts of the fill have been installed.

8.11.2 LOCATION OF SEDIMENT STRUCTURES

A1) sediment control structures for fill areas shall be
contiguous with the fill area but not in such proximinity so as to
affect mass stability.

8.12 TEMPORARY STORAGE OF OVERBURDEN TO BE USED FOR BACKFILLING & REGRADING

1. All material to be used in final regrading must be placed within the
permit area as specified in the approved pre-plan in a manner which
will ensure mass stabilization and adhered to all applicable rules
and regulations governing excess spoil disposal.

2. All sections of this chapter in the Technical Handbook shall be

adhered to.
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CHAPTER 9

SIDE HILL FILLS

9.1 DEFINITION

A controlled earth and rock fill other than a valley of head-of-holiow
£i11 to form a stable, permanent storage space for excess surface mining
overburden, known as “"Side Hi1l Fil1."

9.2 PURPOSE

The side hill fi1l method was developed to improve aesthetics, reduce
1andslides, aliow for full recovery of one or more coal seams, produce rolling
land that is suitable for the postmining land use.

This method provides permanent storage space for excess speil, which is not
requiredlto échieve the approximate original contour, to be transported to and
placed ih a controlled manner.

This method provides temporary storage space for excess spoil or
overburden, which shall be used for backfilling and regrading, to be transported
to and placed in a controlled manner. |

Instead of unstable outslopes with its potential for slides. and erosion
or islands of isolated land with no access, a large, stable, fairly jevel area
can be constructed with this method.

9.3 LOCATION

The side hill fill shall be located on the most moderate slopes and
naturally stable areas available. Where possible, fill materials suitable for
disposal shall be placed upon or above a natural terrace, bench, or berm, if
such pfacement provides additional stability and prevents mass movement.

The proposed fill area ground slopes will exceed twenty percent (20%} or

a lesser amount determined by the Department of Natural Resources.
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9.4 STABILIZATION

A1l organic material shall be removed from the disposal area and the
topsoil must be removed and Segregated before the overburden is placed in the
disposal area.

Suitable organic material may be used as mulch or may be included in
the topsoil. The spoil shall be transported and placed in a controlied
manner, concurfent1y compacted as necessary to insure long-term mass stability
and prevent mass movement. In all cases, rock toe buttress of sufficient size
to prevent mass movement shall be desgined and constructed. The fill shall be
drained and graded-to allow surface and subsurface drainage to be compatible
with the natural surroundings. |
9.5 DRAINAGE

The disposal area side hill fi11 should not contain springs, natural
water courses or wet weather seeps unless lateral drains are constructed from
the wet areas (and disposed) in such a manner that infiltration of the water
into the fill shall be prevented. The drains shall be designed and
constructed of coarse rock. If no filter is designed for the underdrain,
sufficient capacity shall be provided to allow for partial plugging of the
drain. Rock used in the underdrain shall consist of non-degradab1e, non-acid
or toxic forming rock such as natural sand and gravel, sandstone, 1imestone or
other durable rock that will not slake in water and will be free of coal, clay
or shale. No single rock utilized in the underdrain may occupy more than 25
percent of the width of the drain.

Surface water runoff from and around the §ide hi11 111 surface shall be
diverted away from the fill and into stabilized channels designed to pass
safely the runoff from a 100-year, 24-hour precipitation event - See Chapter
11, "Diversion" unless other acceptable method(s) is approved by the Division

of Reclamation.
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9.6 GEOTECHNICAL INVESTIGATION

Each application shall contain the results of a geotechnical
investigation of the proposed disposal area. The investigation shall include
such factors as adverse geologic conditions, soil characteristics and depth,
bedrock, springs, seeps and groundwater flow, potential effects of subsidence,
and a description of materials to be placed in the fill and drains. The level
of such geotechnical investigation shall be determined by a Registered
Professioné1 Engineer based upon specific site conditions, available site
information, the history of similar fills in nearby areas and additional
engineering data required for design.

9.7 MINIMUM DESIGN REQUIREMENTS

A1l side hill fills snall be designed by é Registered Professional
Engineer. The following minimum design requirements must be met:

1. The foundation of the fill shall be designed to assure that the
ya]]ey fi11 will have a long-term static factor of safety of 1.5.

2. The outer slope of the fill shall be no steeper than 2 horizontal to
1 vertical. A minimum 20 foot wide bench, or greater as approved by
the Director of the Department of Natural Resources, shall be
installed at a maximum of every 50 feet in vertical height of the

"~ £i11 with a 3 percent to 5 percent slope towards the‘fi11, normal to
such, and 1 percent towards a stabilized channel capable of safely
passing a 100-year, 24-hour precipitation event.

3. A subsurface drainage system shall be provided to safely collect and
transport water from springs and seeps to the surface where it cannot
affect the stability of the fill. Underdrains shall be constructed

of durable rock and shall be provided with a filter unless the drain

is designed of a sufficient capacity to allow for partial plugging.
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9.8 PLANS, DESIGN DATA AND CONSTRUCTION SPECIFICATIONS

1. A cross-section of the side hill fill showing the original ground
1ine and proposed finished grade at 200 foot stations.

2. Submit plans, design data and construction specifications for
diversion in accordance to Chapter 11, “Diversion".,

3. A planview and cross section of designed rock toe buttress.

4. Design of foundation to insure a long-term static safety factor of
1.5, if applicable.

5. Details of foundation preparation; keyways, etc.

6. Construction specifications.

9.9 CONSTRUCTION

Construction of the t1i1 shall be as follows:

1. All areas upon which the fill is to be placed shall first be
progressively cleared of all trees, brush, shrubs and other organic
material. This material shall be removed from the fill area;

2. Depositing and compacting of the fill-in layers shall begin at
the toe of the fill. The layers shall be constructed approximately
parallel with proposed finish grade. A1l material shall be deposited
in uniform horizontal layers and compacted with haulage equipment;

3. The thickness of the-layers shall not exceed 4 feet;

4. When construction of each 1ift {maximum of every 50 feet in
vertical height) of the fill is completed, topsoil or other
suitable material which wili support vegetation shall be spread
over the completed slope and bench. The slopes and benches shall
then be seeded and wulched immediately in accordance with the

approved revegetation plans.

5. Specifications of proposed rock toe buttress.
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9,10 CERTIFICATION

Certification of the fill shall be as follows:

1.

The fi1l shall be designed using recognized professional standards
and certified by an approved registered professional engineer. |
The fi11 shall be inspected for stability by an approved registered
professionai engineer, or other qualified professional specialist
experienced in the construction of earth and rock fill embankments
approved by the Director of the Department of Natural Resources,
quarterly throughout construction and during the criticai
construction periods such as removal of all organic material;
topsoil; placement of underdrain system; installation of surface
drainage systems; and revegetation in accordance with the approved
Pians, Design Data and Specifications. ‘After completion of the
inspection by the approved registered professional engineer or
approved qualified professional specialist, 2 certified report shall
be submitted to the Division of Reclamation within 2 weeks after
conducting inspection. A copy of the certified report shall be
maintained at the mine site. |

After total completion of the valley fill, a DR-13 (Certification

Form) shail be completed in accordance with Chapter 16 of the
Technical Handbook and submitted to the Division of Reciamation.

Where fills are placed on slopes greater than twenty percent (20%),

a certification shall be required.

9.11 SEDIMENT CONTROL REQUIREMENTS

A sediment control structure(s} will be required to have a storage volume

of 0.125 acre-foot per acre of the proposed disturbance of the side hill fill

area and proposed mining operation above fill.

9,11.1 LOCATION OF SEDIMENT CONTROL STRUCTURES

continguous

All sediment control structures for fill areas shall be
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9.10 CERTIFICATION

Certification of the fill shall be as follows:

1. The i1l shall be designed using recognized professional standards
and certified by an approved registered professional engineer.

2. The fill shall be inspected for stability by an approved registered
professional engineer, or other qualified professional specialist
experienced in the construction of earth and rock fill embankments
approved by the Director of the Department of Natural Resources,
quarterly throughout construction and during the critical

.construction periods such as removal of all organic material;
topsoil; placement of underdrain system; installation of surface
drainage systems; and revegetation in accordance with the approved
Plans, Design Data and Specifications. After completion of the
inspection by the approved registered professional engineer or
approved qualified professional specia]isf, gz certified report shall
be submitted to the Division of Reclamation within 2 weeks after
conducting inspection. A copy of the certified report shall be
maintained at the mine site.

3. After total completion of the valley fill, a DR-13 (Certification

Form) shail be completed in accordance with Chapter 16 of the

Technical Handbook and submitted to the Division of Recliamation.

4. Where fills are placed on slopes greater than twenty percent (20%),
a certification shall be required.

9.11 SEDIMENT CONTROL REQUIREMENTS

A sediment control structure(s) will be required to have a storage volume
of 0.125 acre-foot per acre of the proposed disturbance of the side hill fill
area and proposed mining operation above fill.

9.11.1 LOCATION OF SEDIMENT CONTROL STRUCTURES.

A1l sediment control structures for fill areas shall be continguous
R R T




CHAPTER 9 : Page 6
with the fill area but not in such proximity so as to affect mass
stability.

9.12 TEMPORARY STORAGE OF OVERBURDEN TO BE USED FOR BACKFILLING AND REGRADING

1. A1l material tb be used in final regrading must be placed within the
permit area as specified in the approved pre-plan in a manner which
will ensure mass stabilization and adhere to all applicable rules and
regulations governing excess spoil disposai.

2. A1l sections of this chapter in the Technical Handbook shall be
adhered to.
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CHAPTER 10

ROCKFILL

10.1 DEFINITION

A controlled rockfill across or through the head of a valley or hollow
to form a stable, permanent storage space for excess surface mine overburden,
{excess spoil shall consist of at Teast eighty percent (80%) by volume;
sandstone, 11mestone,_or other rocks that do not slake in water), known as
"Rockfill".

10.2 PURPOSE

The rockfill method was developed to improve aesthetics, reduce
landslides, allow for fuli recovery of one or more coal seams and produce
rolling land that is suitable for the postmining land use.

This method provides permanent storage space for excess spoil, which is
not required to achieve the approximate original contour, to be handled and
placed in a controlled manner.

This method provides for temporary storage space for excess spoil or
overburden, which shall be used for backfilling and regrading, to be
transported to and placed in a controlled manner.

Areas which are free of underground mine openings or wet weather
springs, should be selected for rockfills. The size of the selected hollow
must be such that the excess overburden generated by the mining operation wi][
be utilized in the fill.

Instead of unstable outslope with its potential for slides and arosion,
or islands of isolated Tand with no access, a large, stable, fairly level area
can be constructed with this method.

10.3 LOCATION

The rockfill area shall be located on the most moderate slopes and
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naturally stable areas available. Where possibie, fill materials suitable for
disposal shall be placed upon or above a natural terrace, bench, or berm, if
such placement provides additional stability and prevents mass movement.

10.4 GENERAL REQUIREMENTS

Special excess spoil fill placement by dumping in a single 1ift may be
approved based upon specific site conditions provided that the excess spoil
fill consists'of at least eighty percent (80%) by volurie; sandstone,
limestone, or other rocks that do not slake in water. Loads of noncemented
clay shale and/or clay spoil in the fill shall be mixed with hard rock spoiT
in a controlled manner to limit on a unit basis concentrations of noncemented
cjay shale and clay in the fill. Such materials shall comprise no more than
twenty percent (20%) of the £i11 volume. Any such fill must be designed by a
registered professional engineer experienced in the design and construction of
earth and rockfill embankments. For purposes of this section, rock shall be
defined as material greater than 5 inches in diameter and soil shall be
defined as material less than 6 inches in diameter.

10.5 STABILITY
10.5.1 SURFACE EVALUATION

A field evaluation must be conducted to locate springs, seeps,
mine drainage, deep soil deposits, Jandslides, etc., which could
adversely affect the stability of the proposed fill area and drainage
structures.

10.5.2 SUBSURFACE INVESTIGATION

A subsurface investigation shall be conducted to define type and
quantity of rock and soil to be placed in the fi11, depth and types of
soil in the foundation of the progosed fill, determination of

groundwater Tocation, a soil profile for critical locations in the
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structure, insitu testing, and material sampling for laboratory
analysis. Tﬁe number, location and depth of borings, test pits and
trenches shall be reasonable for the size and location of the
structure.

10.5.3 LABORATORY ANALYSIS

Laboratory tests shall be conducted on all foundation and
embankment materials to include rock and soil classification and
gradation, dénsity, water content, shear strength, consolidation,
permeability and durability.

10.5.4 INTERNAL DRAINAGE SYSTEM

An internal drainage system shail be designed based upon measured-
or anticipated flows rrom all springs, seeps and mine dréinage areas. All
internal drains shall be constructed of durable rock and shall be properly
filtered by a designed filter or by selected placement of durable rock to
form a filter. If no filter is designed for the internal drain(s),
sufficient capacity shall be provided to ailow for partial plugging of the
drain. The rock in the drains shall consist of non-degradable, non-acid
or toxic forming rock such as natural sand and gravel, sandstone,
Jimestone or other durable rock that will not slake in waler and will be
free of coal, clay or shale.

10.5.5 SLOPE STABILITY

The fi1l shall be designed for a minimum static factor of safety
of 1.5 and a seismic factor of safety of 1.1 under full hydrostatic
conditions.

10.5.6 MAXIMUM SLOPES

The finished slope shall be no steeper than 2 horizontal to 1

vertical and shall contain at least one 20 foot minimum width bench or
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0.6

greater as approved by the Director of the Department of Natural Resources
for every 50 feet in vertical interval.
10.5.7 SETTLEMENT

Settlement computations shall be provided to estimate the
consolidation of the fill.

10,5,8 INSTRUMERTATION

Instrumentation such as plezometers, settlement markers and
slope indicators, .may be required to evaluate present and future
groﬁndwater levels, construction'pore pressures and general performance
of the fill.

DRAINAGE

10.6.1 DIVERSION W)1ILCHES

Diversion ditches shall be provided around the rockfill
constructed in natural ground to prevent surfacerwater from infiltrating
the rockfill area. Diversions shall be designed in accordance to
Chapter 11, "Diversion” except diversions shall safely bypass a
100-year, 24-hour precipitation event and have considered permanent
channel protection based upon design flow veloclties. All diversion
ditches shall exit safely beyond the toe of the fill in a natural
drainway or constructed drainway capable of carrying design flow withoﬁt
excessive erosion.

10,6.2 BENCH AND EDGE DITCH DRAINAGE

Benches shall be graded inward towards the fill and shall drain
into edge ditches. All henches and edge ditches shall be designed in
accordance to the above Section 10.6.1 with ditches having a maximum of
5 percent slcpe toward the embankment. Bench ditches across rockfill

areas shall be provided with an impervious seal to prevent infiltration

of water from the ditches into the fill. Edge ditches shall be
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constructed im natural ground completely.

10,7 PLACEMENT REQUIREMENTS

10.7.1 CLEARING, GRUBBING AND TOPSOIL REMOVAL

Clearing, grubbing and topsoil removal shall be done on all £ill
areas. Stockpiling of topsoil shall be done in accordance with the
rules and regulations.

10.7.2 FOUNDATION PREPARATION

All keyways, internal drainage systems, etc., must be completed
and certified by a registered professional engineer prior to fill
placement.
10.7.3 PLACEMENT
Dumping of spoil shall be.done in such a manner as to maximize
the natural segregation process. Slopes, benches aﬁd edge ditches shall
S be cénstfucted as fill progresses. The final top of fill shall be
graded to the diversion ditchess Soil ﬁaterials shall be compacted to a
degree as to meet the design densities and design shear strength. The
sequence of cperation shall be such that no impounding capabilities
exist at any time during construction.
10.7.4 RECLAMATION
Slopes shall be covered with topsoil and shall be seeded and ‘ yl H%
mulched immediately as each bench 1is completed in accordance with the |

approved reveggtatian plan.

10.8 CONSTRUCTION CONTROL
1. A registered professional engineer or qualified person under the
direct supervision of a registered professional engineer shall be retalned at

the site during constructica to supervise the operation in accordance with the

approved plan.
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2. The fill and drainage system shall be inspected at least weekly for
factors which affect the stability of the £i11 and performance of drainage
structures.

3., If a hazardous condition is detected such as potential failure of
the fill or failure of the drainage system, the department shall be
immediately informed. Immediate action shall be taken to alleviate the
hazardous condition.

4. The fiﬁl placement operation shall be certified every ninety (90)
days as to whether the work is being done in accordance with the approved plan
and at the completion of the fill.

10.9 CERTIFICATION

Certification of the fill shall be as follows:

1. The fill shall be designed using recognized professional standards
and certified by an approved registered professional engineer.

2. The fill shall be inspected for stability by an approved registered
professional engineer, or other qualified professional specialist
experienced in the construction of earth and rock fill embankments
approved by the Director of the Department of Natural Resources,
quarteriy throughout construction and during the critical
construction periods such as removal of all organic material;
topsoil; ptacement of underdrain system; installation of surface
drainage systems; and revegetation in accordance with the approved
Plans, Design Data and Specifications. After completion of the
inspection by the approved regiétered professional engineer or
approved qualified professional specialist, a certified report shall
be submitted to the Division of Reclamation within 2 weeks after
conducting inspection. A copy of the certified report shall be

maintained at the mine site.

3. After total completion of the valiey fiil, a DR-13 (Certification
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Form) shall be completed in accordance with Chapter 16 of the
Technical Handbook and submitted to the Division of Reclamation.

10,10 PLANS, DESIGN DATA AND CONSTRUCTION SPECIFICATIONS

1. A profile view of the rockfill showing the criginal ground liﬁe as
surveyed with 100 foot statlons and proposed construction limits.

2. A cross—-section located through the midpoint of a bench and the top
of the proposed rockfill showing the original ground line as surveyed and
proposed construction limits.

3. Stability requirements, submit the following data:

a. Surface Evaluation |
b. Subsurface Investigation
c. Laboratory Analysis
d. Slope Stabilility
e. Settlement Consideratiom
4, Drainage requirements for the following:
a. Bench and Edge Ditches
b. Diversion Ditches, Subsections (a) and (b) shall be submitted in
accordance to Chapter 11, "Diversion”
¢. Internal Drainage System

5, Sequence of Construction

6. Sequence of Certification of Drainage

7. Construction Specifications

a. Site Preparation
b. Placement of Overburden
¢, Drainage Systems

d. Operation Current

e. Keclamation
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10.11 SEDIMENT CONTROL REQUIREMENTS
A sediment control structure(s) will be required to have a storage
volume of 0.125 acre—-foot per acre of the proposed disturbance of this

rockfill area and proposed mining operation above fill.

' 10.11.1 LOCATION OF SEDIMENT CONTROL STRUCTURE

A1l sediment control structures for fill areas shall be
continguous with the £111 area but not in such proximity so as to affect
mass stability.

- 10.12 TEMPORARY STORAGE OF OVERBURDEN TO BE USED FOR BACKFILLING AND REGRADING

i, All material to.be ﬁsed in final regrading must be placed within the
permit area as specified in the approved pre—plan in a ranner which
will ensure mass stabilization and adhere to all épplicable rules and
regulations governing excess spoil disposal.

2, All sections of this chapter in the Technical Handbook shall be

adhered to.
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CHAPTER 11
DIVERSIONS

11.1  DEFINITION

A graded channel constructed across the slope with or without a
supporting ridge on the Tower side to divert water or runoff from one area to
another, |
11.2  PURPOSE

1. To divert a runoff away from sufface mining operations and thereby
reducing the volume of water to be treated and to prevent or remove water -
from contact with acid-forming and toxic—forming,materia]s.

2. To direct runoft from disturbed areas to.sediment structures.

11.3  SCOPE

This chapter establishes the minimum acceptable quality for the design
and construction of diversions located in predominantly rural or agricultural
areas in West Virginia.

A11 diversions shall be designed, constructed, and maintained in a
manner which prevents additional contributions of suspended solids toc stream
flow and to runoff outside permit area to the extent possible using the best
technology currently available.

Diversions shall not be located so as to increase the potential for
landslides. Also, diversions shall not be constructed on existing land slides
unless approved by the Department of Natural Resources;

11.4 DESIGN CRITERIA

11.4.1 CAPACITY
Diversion shall have the capacity to pass safely the peak

discharge from the contributing watershed from a 10-year, 24-hour
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precipitation event. In determining required peak discharge, see
Chapter 2, "Estimating Runoff".

11.4.2 YELOCITY

Diversions should be tailored to fit the conditions of a
particular field and local soil type(s). The velocities sha]] be kept
as such as will be safe for the planned type of cover and the expected

ﬁaintenance schedule. Maximum permissible velocities of flow shall be

as follows:
TABLE 11-1
MAXIMUM PERMISSIBLE VELOCITIES
FEET PER SECOND (fps)

: As-built Vegetated Rock

Soil Texture Channel Channel Riprap
Sandy, silt, sandy 1.5 ‘ 2.5 12
Joam and silty '
1o0am
Silty clay loam 2.0 | 3.5 12
and sandy clay _
1oam
Clay 2.5 : 4.5 12

As-built channel is a diversion constructed in earth which will
be seeded and mulched immediately after completion.
Vegetated channel is a diversion constructed in earth which

will be seeded and mulched immediately after completion with
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utilization of fiber mulches, mulch blankets or nettings, see Chapter
19, "Hater.Management Practicesﬁ, or the establishment of permanent
vegetated cover prior to utilization of channel as approved by the
Division of Reclamation.

Rock riprap, when required, will be placed in accordance with
the standard and specifications for rock riprap as outlined in Chapter
19, "Water Management Practices", Section 19.19.
11.4.3 DESIGN

'11.4.3.1 PARABOLIC DIVERSIONS

Exhibit 11-3 will be used to proportion parabolic diversions
when the grade of the diversion lies between 0.25% through 10.0%. It
is recommended not to exceed an orfginal ground'slope of fifteen
pércent (15%) in utiTizing‘this type of diversion.

11.4.3.2 TRIANGULAR DIVERSIONS

Exhibit 11-4 wil) be used to proportion triangular diversion
when the grade of the diversion lies between zero perceni (0%) through
twenty percent {20%). It is recommended not to exceed an origina]
ground siope of twenty-five percent (25%) in utilizing and constructing
this type of diversion unless it can be shown that the complete
diversion will be constructed in durable rock, then a greater s]ope may
be approved.

11.4.3.3 TRAPEZOIDAL DIVERSIONS

Exhibit 11-5 will be used to proportion trapezoidal diversion
when the grade of the diversion lies between zero percent {0%) through
twenty percent (20%)}. It is recommended not to exceed an original

ground slope of twenty-five percent (25%) in utilizing the type of

diversion unless it can be shown that the complete diversion will be




CHAPTER 11 Page 4

constructed in durable rock, then a greater slope may be approved.

11.4,4 CROSS SECTION
The channel shall be approximately parabolic, triangular or
trapezoidal with side slopes no steeper than 1.5:1. When a ridge is
used, it shall have a minimum width of 4 feet at the design water
e1evation; All diversion ditches must provide a minimum of 0.5 feet
for freeboard and settlement above the design water elevation.
Protection shall be provided for transition of flows and for critical
areas such as swales and curves. Typical cross sections are shown in
Exhibit 11-2.
11.4.5 GRADE
Channel grades may be uniform or variable. The allowable
velocity for the particular soil type and vegetal cover will determine
the maximum grade.
11.4.6 LOCATION
Diversiod 10ca£10n shall be determined by outlet conditions,
topogréphy, land use, scil type, and 1ength of slope.
If the diversion is propesed to divert runoff from disturbed
areas to sediment structures, then channels shall be located as near to
:the disturbance as possible.

11.4.7 PROTECTION AGAINST SEDIMENTATION

When movement of sediment into the channel is a significant
problem, a vegetated filter strip shall be.used above the diversion.
11.4.8 OUTLETS
Diversions must have adequate outlets that will convey runoff

without causing damaging erosion. The outlets may be a natural

drainway, grassed waterways, grade stabilization structures, stable
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watercourses, energy dissipators or other approved methods of the
Departmentrof Natural Resources. In all cases, the outlets must
convey runoff to a point where outfiow will not cause damage.
Vegetative outlets shall be installed prior to diversion construction,
if needed, to insure establishment of vegetation cover in the outlet
channels.

11.4.9 EXCESS EXCAVATED MATERIAL

A1l excavated material incurred in the construction of a
diversion which'is not necessary for diversion geometry or regrading of
the channel shall be disposed in accordance to sections of Excess Spoil
Disposal of the rules and regulations.
11.5  MAINTENANCE |

The success or failure of a properly designed and constructed diversion
depends on two things; the outlets and proper maintenance. All pre-plans must
include a detailed maintenance schedule and procedures for initiating the
maintenance schedule. The vegetation on the diversion and filter strip should
receive regular treatments of fertilizer to maintain good growth. If
excessive scouring or erosion occurs, the ditch shall immediately be p1aced
with rock riprap or placement of jute netting in accordance to Chapter 19,
"Water Management Practices”.

A1l diversions shall be kept free of sediment and other debris so that
the flow of water will remain uninterrupted.

11.6  PLANS, DESIGN DATA AND SPECIFICATIONS

In addition to the "Proposed Drainage Plan“, there shali also be
submitted the following items concerning diversions:
1. A "Diversion Design Computation Sheet" to be completed for- each

proposed diversion. See Exhibit 11-1.
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2. Construction plans showing:
a. A surveyed profile along the centerline of the diversion
showing drigina] ground line and proposed diversion bottom.
b. Channe] cross section showing the original
ground line, bottom width, side slopes, depth of flow,
freeboard and other pertinent information. Draw to scale.
¢. Type of soil in which diversion will be excavated. The soil
shall be sampled and classified at intervals not exceeding 500
feet.
d. Type and design, if applicable, the out]et proposed for
each diversion.
3. Maintenance scnedule and procedures for maintenance.'
4, Construction and vegetation specifications.

11.7 CONSTRUCTION SPECIFICATIONS

11.7.1 SITE PREPARATION

Obstructions will be removed, as necessary, for construction of
the diversion.

11.7.2 EXCAVATING AND SHAPING

The completed diversion shall conform to the line, grade, and
cross-section as shown on the plans. The top of the constructed ridge
_ or low bank shall not be lower at any.point than the designed
elevaticn, inciuding freeboard and fhe sett]ementrfactor; The
constructed channel shall be generally free draining, and low spots
shall not exceed 0.2 feet in depth. AI1 portions of the diversion
shall be finished and smoothed as needed for the establishment of

vegetative cover.




CHAPTER 11 Page 7 - e

11.7.3 INSTALLATION OF FIBER MULCHES, MULCH BLANKETS OR NETTINGS, IF

APPLICABLE

11.7.4 PROTECTION AGAINST EROSION
The completed diversion shall be seeded and mulched immediately
after construction in accordance with Section 4F of the rules and

regulations for revegetation.
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EXHIBIT 11-3

PARABOLIC DIVERSION 3

ADE Q v 2,0 v 2.5 v = 3.0 vV = 3.5 v 4.0 V = 4.5 V 5.0 v 5.5 v 6.0
% cfs { T D T D T D T D 1 ] T D T D T D T N
25 15

20

25 {10 2.4

30 {11 2.3

3% |13 2.3

40 |15 2.3 10 2.7

45 | 17 2.2 iz 2.6

50 |19 2.2 13 2.6

55 |20 2.2 14 2.6

60 |22 2.2 15 2.5

65 | 24 2.2 17 2.5

70 126 2.2 18 2.9 13 3.1

75 | 28 2.2 1¢ 2.5 13 3.0

80 | 2% 2.2 20 2.5 14 3.0

90 133 2.2 23 2.2 16 3.0

100 | 38 2.2 25 2.5 18 3.0
.50 15 9 1.6

20 11 1.6

25 | 14 1.6 9 1.9

30 |17 1.6 11 1.9 8 2.2

35 |20 1.6 12 1.9 9 2.1

40 | 22 1.6 14 1.8 11 2.1

45 |25 1.5 16 1.8 12 2.0

50 | 28 1.5 18 1.8 13 2.0 |10 2.4

55 131 1.5 19 1.8 15 2.0 111 2.4

60 133 1.5 21 1.8 16 2.0 {11 2.4

65 | 36 1.5 23 1.8 17 2.0 |12 2.4

70 | 39 1.5 24 1.8 18 2.0 |13 2,3 :

75 |42 1.5 26 1.8 20 2.0 |14 2.3 {11 2.7

80 |44 1.5 28 1.8 21 2,0 |15 2.3 {12 2.7

90 |50 1.5 31 1,8 24 2.0 117 2.3 113 2.7

100 | 55 1.5 35 1.8 26 2.0 119 2.3 115 2.6 |12 3.0

Flow in Cubi¢ Feet per second
Depth in Feet

V= <mdonmﬂw in Feet per Second

»

T = Top Width in Feet




’ oo —
T .o . ﬂ§
~J [on]
) =
52 i |
= = |
- OO~~~ U U D BWWNN- QWERSNSNOD
= oD UOoOOoONOoOUOIonoWw, oo%momo$%‘$8$‘é’@8$ 9.,,@
- 5 N (%)
=
=)
O ETST N Oh 0 1= 1o = Lo Go TN DD = O N U O N S B G0 L) G NP b e e
A=A I P O NI AW RN RN OW OEFENWOONOUENWWOON |1~
D =
ot 0
H
-
m P b et et g et b et et el el et e b e -
g L ] [ 2 . L) . L) [ ] . [ ] - » - - [ ] » [ ] :“r:“dr:—.’-‘:—‘r‘r“r:ﬂ:—.:—l ~
s i i e b e b S e WWWWWWWWWWWWWWWW cle
o
]
=5
[ - AN AR AR SN N el e B L L L MNP N N RS e
0 MO PROAWOLROIN DI D wwmwcma\bmcmmwﬁmw =]
0
Q 1
=
j =¥ i ek et i e el
il el ol aubanl el el eulb aull aeb SbanP P el imbalalalelelalelioteteb N RN ™~
L0 Lo G G0 L0 Lo GO L) W L) W 4 LI (o W W mmcﬁmmmmmmmmmmmmm O'u.,
! -
H G L0 PO PO P P P PO b et et et b G PO P RN PO PO et b e e e =
- IO ERN OO~ WHO® MO BN WOOORWEOE |
)
p ]
=)
3]
i s ok et ol o el ot et et ot et b b ek el ek b et Gt et ek Jet el b e et et b L)
; ‘—'- » L] ] L ] L] L] [ ] - L ] L] L[ ] - L ] L ] . L] L ] » L ] Ll [ ] L] L] . ] L ] - L ] - L)
! Lol SPhbbaDRRODOIONOO mmmmmmmmmuquu o|o
|
H md y
= NI‘\JNHF—"—‘I—'HI—'H!—I
‘ o CNRRRBESLDREee W ONOONoUswmeee <
4]
)
.ot ]
-
| Q oooou_al.o:_.:_.:-.'»?&r HH:-‘F:-.H:-‘HHH:-JHH ‘DO
i o Tt haoioo 00 00 06 00 €O €O 00 €O 00 00 'O\ W ol
{ T
O
o PO TN = = e b e et e Pt et B pd b e b S
=S MNOE~NOMBMN-OWD 0O h U ) N = WD -
al
|
bt et e pd e b e
— o ol alalolalafalal el PPN >
" ) S 00 0 00 00 0 b et b b e b RO ole
;‘ oy 2aa « s e e oA
‘ [=] T T e e e L S N P - F ¥ §
T ' 1
= WP WRN O OW T vy e agay _,l
= |
—de
, e "
i bl
= HHNNNNNNN LI S I
L] L3 - L] L]
;- mmooocccc ww‘wlual--
Z nal ST SRR
‘ . n:
S 1] ot et et ek et -
; t B G e OO [ =
n
RN MNMN ™M o
" & & 8 = ® . @ .
PRI RPN o O Lol L
[ ]
[
o = =i} =]
]
L hd
o o O
e B
1
o
*
|

¢ NOISWIAIQ OT10dVEvd
AT T TTOITIENTT

A}

/ , .




3994 ul yidsg =

puodas 4ad 1934 21qNJ UL MOYd =

puoﬁag Jad‘zaag uL A112019A

A

1994 ul yipim dog = |

e
. - a&g
[4y] ™
o ol m
p— et
OO0~ OV OD LN AT B B G G TN D COWE~~ DU Fa bW MNP s €
codrnomoionouGionou ooduUucUoOoEmoUoTod,m w.o
e =
e €0 00 00 ~J D O AN O B b g T PO WO~~~ DN DI L2 PR =<
o--omwoowwmma—-mo-hoomw coomcmcm_omr—nmwmcm
I
[y
OOOOOOQOOQOOOOQQ Pk et b ok st et ok ped ot el pd b et ek ok et .
* & a L] * a. 8 8 3 & ¢ 3 5 & 3 2 « v = [ ] ]
WO WD WW WO WWWW P WWWwo COoO0OOODOoOOOOoOOOOO0Q
N N R R - R SUN SR e e i vl G GRS A G G G TN P RO e e e b | e
wmmmwmawwwommmmw mw»—nmm-—-commnomwmmwc
]
™
b e b et it b et Bk b e b b ek Gt e e P et et et e ek et et e et b Bk Bt e e e .
- [ ] - . * [ ] » L] - - » L] L[] [ ] L] L@ L] L] L] [ 2 » L] [ ] » [ ] » L - L] - L] UU"
COoOO0OODOOODOOOCUOUOOM et b e et et ) et b e gt b e B TN
P RY AR REARARAE IR R Kl ol el G0 G G L PO TN P N ek b peh et —f)
kO-hLDM-bND‘-IU’!NO*-JmN'OOO MNMOEMOOA WO ~UIW WO
]
bk b ek e e b b Pt et b e et e P o pd b bk et e b et Rl b Bt e ek b et L
- . L] L] » L ] [ ] - L ] » - - - L] » L3 . - * [ ] L] L > L ] L} - L ] L] - L] cq
b e ok b b b et ped e = PO PO PO PO P W WW W WWWwW W Wwwwwin P
GO W R TI DI P N b et bt et bk 2 L3 2 P2 B D3 PO = ok bt pord et ek o —l
uO\.IUI-PhNDlD\JU!&NOkDN MO IO W O™
i
n--r—u--n-—n—u-u—n—n-—u—u—-u—u—-n—-*v—- e b ek et ek e et et e et el B e “
» L] L ] a - » - a L] » . a L] L] » L] L] . L] L] L ] L] »
wwwwmuwwwwuwwb-ﬁ e REaERRRRBRROWM =1
PN RO PSP b e bt o o b et PO M2 T b B b bt ot b3 et —lf =<
wmmn—-mmmm.hm»-ooc-qc\ mm-—ammum#wmwmmu
1
b md i et et P et et e b e b et ph i et b ot pd b et ek e b b b o
L ] L ] L] L] - L] L L ] . L] L ] - L ] - - * - » - [ ] L ] L] - - L ] L . - - .
DhEabBLAABERBAEBOOO Ui, OO
P T bt b b ek b i et b D pmed ot bk ad Gt il ek b
MO~ PR =W~ OO BN O W0t
]
r-u-ar-aa—-n--o-u-n-'m:n--wwzw wwwc—-ﬂw—*:-—bww!—-ﬁn—awﬂb—ﬂ 2
L] L] L] -] -3 a o L] o 2 o - 9 Ll
mmmmmmmmmmmmm wmwwwwwwwumm T3 A
b ek b fusd ek B et Lk pond ok frad ek b et [ =
-~ L PO = OO 00~ GG L) TN e s OO D
u
w
et ek B et ek puad = A e et wa-»a-a-ar-aa-n-udm N
. L] [ ] L] L ] L] L ] L] - L] * L] - L] L] DO
R R N R e e s on) tomxo\o\cnototoo
-
ot o ok et ed b Jomt el e pd -
MwNR OO W LW M P O WO D
1]
5
e ek b b b Pl MNNNNS\: .
. - . 4+ ® L] . N » el
WO WO D D W WO W brﬁt—ﬂh—%l-ﬂi‘ol‘a
Pt et et |
P = WO W b D \G =
]
PO PO P T P3P I S
» » - L] * k-3 & L] ’-
N 59:1’\:3”

(TR

%
g
= B
C B
L
g =
% -
'_-l
[92] |
= (W8
]
-
%]
;txw,.\
T
Iy
7
.5 “‘




a
)

1334 uL yadaq =

puodas 4ad 3294 31qn) UL MOL4 =

puooaé-Jad 1894 uL A1100[8)

A

1994 UL yjptM dol = |

(%]
. e ug
[ ~J
o o m
o~ —
© 10 00 ~J i Y OO LN U0 £ B o Lo PO R = O\ogwwc\mmmhbwwwmw O
Soonmocmonmounoanouom ocotbnocoomononomo ! oo
e : - =
mmcomgmqmc\mahwmm Nc\owgwuc\mmhhwwmh—- —it -
PR umomuom o OO O 0L~ N = U WO
1
ol
CO00o0DOOOOOOOO0 OO o0oOOoDOO00Oo O .
. * 2 @ LI ¢ & 0 s, . [} L] | ] )
00 CoCOCO 0o 0e 0o 00 0O 0000 DuoD oo VOO OUWWYWWOWWOWYOWOWOoWY W
00~ 00 OV AT AN O B £ (0 Lo Lo DY PN N TN O G G PP R —)
N ~NWBN=EANOROO W wwwmmmwaommmhcam
' fl
OOOOOOOODODODODO HHHﬁHHl—*!—*t—'HHl—'!—'I—'I—'H E\:
[ ] - L] - - L ] L] L - L] + » L - - UU-I
wmmwmwo&omwmmmmww NOOOCCOoOO00oDOOQ O
N B fa B W W NI NN e O P G ) G W B N R RO = e | ez
onmmuouaummmmmmm mo-bmxoc\wwoommow.hwm
i
i-ll-ll-—'l-—'r-dl—ll--'l—ll—lb-'l—'h—'i—‘t—llv-ll—l HHHP‘!—'D—‘O—'HHHHHHH!—IH :“‘"
- - - L] L] L] [ ] L ] L] L ] L ] - L] - L) . - - - L . L ] - L ] L ] - » - - UD
DOOOODDOOOQOOOOO I—'l-—ll—'l—'l-m‘l—'l—‘l—-‘h—‘t—'t—'l-—'l—'l—*i—lt—'
00 W W W PRI R NI R = L W P N PO P R = s e et b -
WONMNOOOARNOCROWHON oo-hoowmwwrwwmwmooom
1]
— e b o b Gk b b et b e b e ek ot b bt e b b e e el b b et e b
L) L] - [ ] L] . . - » L] L] - - » » L] L - L] [ ] - [ ] - a L L ] » L ] [ 2 L] L] »
N e Lt sl ol oMM DN W W =
G B PO I PO PN et bt b b 2 et O B R PO PO Ty = e b et e —fﬁ
NSRS O~NO R WO PR RNANPP OO B WK OB

u

s b gk fd it et ek B b et e b e B e b et b e e et B e b et et b e )
» L] - L] L] . - L] L] L ] - L] L] L ] L] - L] - - - - » L ] L ] L] [ ] L] L ] L ] .
NN MR RN R AR DWW G0 G L G0 L 0 W W W W W L o)
NN B P PO bt bt 4 el et et b PO T I b et dt el et el b ] =]
RO~ BWMRhHWOONG MWoOWE~NNARWRNOWK N

1
R e el el ol el el el e l-‘l—'l-li-dl—'t—'l—"lt—'.—'i—'l—'l—'t—‘l—l -
L ] - L ] - - [ ] L] » . L ] - - a [ ] - - L]
G (0 L) G L W G0 L W0 W W W P -ha--n-.b-n--ha--b-h-n-.p-h-hm ol N
N b bt b e P et et b D b b b b b et R ]
— OO MW O W~ OMN N BWNEOWD

]

5y
R el et sl el ol el andi o et et et et b e et et et eE .

- L ] L ] . L] L ] - L - [ ] - - L] L ] L] - [ ] . L) L ] . L) DO
) S N N - A A R GO
.

ok ok ot et b b b Pt et b et b et =t | ]
O L R O WD AV W MM = DWW

"
b—‘l—-‘!—ll—-‘b—ll—ﬂ’—-’l—'b—ll—'l—' n—ir--n--lb-r--n—n--v—lr-r-l ,U-'

- L L ] L] L ] L]

mmmmmmmmmmw R RN PR TR =
b b et b e et et e ek b b -
W= OOWo® W OO W

t—'l——'l—'b—'r—‘!—-‘l—‘l—-ll—-i
- » L] L]

‘-l"d"-.l‘-l‘\J\l"-J‘-d‘-l

)—'D—')—-'!-"-'D—-'b—'l-—'
\O\DLD\D&D\O\D\Q

€ NOISWAAIQ DITOHVHVd

¢-T1 ITSIHKE




1994 u} y3dsg = o\

puodas uad 3934 d1qngy ul mo{d = 0

pdodag 40d 1994 ut A1L00(3A = A

4394 uL yipip dog = L

ha b R%
(=] o =
= —
ommuwmmmmhpuummw ommuﬂmmmmapwwmmw o
SoSnomonoucmonow cocmomcmomomomom ?D
Fod bbb Bk ok Bt pt Bt : [ Ly
P Y R R - R Al A~ Mo © O W0~y P ) —l| =
mmummwwowmwammwm Nwmmwcwmqommwmah
]
~
Pppocooopocccoco ccoococppoccooco Db
L] i a s @
mmmmmmmmmmmmmmmm wwﬂuququwwuuwwuw
= . oy
Nwommmwwmmmaammm ommwuqmmmb&mwmmw — | !
mmwwohmmmmmmcmﬂo mmmmho&mhmwmmwmm
n
™o
Ppoooocppcoccoao oooooooococoocco .
. o
qwquwuuﬂuuuwwuﬂw mmmmmmmmmmmmmmmm ©
WO CE ~ O O LT LN O B Lo G DS PO E wmmmmb&#wwwNNHHH )
cwmmummcmwwmmwmn pummmmmwm&omwmww
"
cppocoopcococooo occocoopoaopcccc had
- . a » -
NN NN N NN N NN NN o 0o ¢ 0 00 00 £0 00 00 00 0 00 0o 0 00 @ o
o\mmm-b-hhwwwmmmn—w—n- mm#ahwwwNNNNHHH )
mchN#GNhOﬂhDNhO uwmuowmmwmwcummm
i
ocpcocopooocccoo ooococooooooocoo “
- L ] - L ] [ ] L] L : ]
b0 60 80 0o o 00 £0 00 00 00 00 00 0 G0 D & mwmmmmwmmmmmmmmm =Ly
S RE RS RN RN LS E il el el et B 00 G G G0 I PO PO NI bt i i b 4=
HmH\DGﬁ-bH\DU\meU\me Noo-hmcmmwn—-m-dmwr-mu
I
OQOOGDOOOCOOOOQO HHHHH!—'!—'HF‘HHH#—'HI—II—‘ :P'
[ ] - - L] » L] - - L ] L] » - - . [ ] L] -
mmmmmmmmmmmmmwmm oocccoooocooooco oo
PR R R L L R A vt e el e wNNNNNwwHHHHH -
YO rRONwWEOLNT WO Nwmamwmmmmwwomqm
"
ODOOQOOOOOOOOGOO HH!—‘H'—‘HI—‘WHHHI—'HHHD—' 4=
» - L ] L] L ] - L ] L] [ ] L] [ ] L ] - « - L ] . - - [ ] » - -
wmmwmmmmmwmmmmwm wwwwwwuwwwwwwowm ooy
wNNNNNHHHHHHH A RS R B R = bt b b b e
Hmmamomwmhwwommm mmwwomwmawwcmum
]
HH}-—‘H’—‘HH—'I—JI—‘HHHHHI—'H Hl—‘h—‘r—'l—lt—lb—'r—'b—'!—'l—‘i—'!—lk‘l—' :ﬁ
L ] [ ] [ ] L] L] . [ ] . L ] L] [ ] L] L ] ] L ] - L] . L L ] - [ ] L] L] L] » - Do
ODOOOOOOOOOOQOQH HH?—'D—';—'HI—'HP—‘H‘Q—'I—‘NNN
L]
PO R T IS bbb b et ot e = PO B 3=t b et b fed e et |
R RmocuwumoUviAeNERO®NO wwmwmmammwmmum
"
HHHHI—‘HMHHHHHHHW HHHI—'HHH!—‘HI—'HD—'!—'P‘ f’"
- L] L) - L] L ] * L ] - - - L] L ] [ ] . [ ] L E - * a - » [ ] Ll - - OU_L
COOOCOOOHHOK M NNNNNNNNNNNNNw
PO RN pmt s b b e e b R b b b ek el b b ]
OB WRNEOoOWwR N D~ U1 B 3 PO e QWD O BN
"
HHHHHHHHHHMHHH u—in—-lp—u—n—u—n—n—-l—lr—-nt—'l-u-l o
L[] » . L] [ ] L] L] L] - ) - L] » . L] -* - L] L) -
HHHHHHHHHHHNNN mwmwmwwhwwb#h p

£ NOIS¥ANIA OI’@W&

¢-11 LI9IHKZ




=0
r

1994 ut yidag

puo3as Jad 1934 2iqn] UL MOl4 =

A

puodag J42d 3893 ut A1100]13A

1234 ut yipiy doy =

o
4]
4 & e D
« o =
m
[ et
cmgwwmmmmhawwwww 00 00 = ~d On SN A LT B P G ) TN DN 2]
COoORONONCOOoOUVOPOoUr COoOOQUuoUIoUTOUoIodm -;.D
P ed et b b fab ek Band e gud el b Gt Tt ol ket fomnd
MO LA B WR - OWUEMUELW OO WNOWENGHMSEwn o] =z
OO MUONBPRWRFEOWD~GMET ~JORNRWBRCITOSNOD W WO
i
: : %)
OCOOoOOoCoOOOOOOOQOOTOE OOCOOOOODOO0ODOoOOoOLOOCO .
lll.l.l..'-l‘t?l L I | L] * ® L] LI L] co
UMM UIGUIORUUIOae oo
NN R el il Pk et Pt et
PWHOOWOMm~NMUOMAHWEWN WROQWOE O BN et
BOWIN Do Pt P U~ AN ORONADWRH VW OMRNRE
i
COOOCO0OoOCOOOOTMDO QOO DOLOODOOOOO0O ro
s & 4 5 8 3 & = » % ¢ 3T B @ - a L DU-.I
RO ONTOAORGOTTTRONT AN G
| ot
LMoo~ O P L0 PR e 00 g~ OO LT T o L T DN .
S NO MO PO WM - N RWO WD R OROMO OO
It
DOOPOOO0.0.0000000 COOoOOOODOOOQOo OO OO0O 5“"‘
” e = » & @ = * & & & = a L I
P A = N R . e R = - SR RN B R e A B e B oo
COSNGIMOMUIUT L £ R PP R = Sl = O U720 U0 B B b 2 40 T2 PO D s
NS BRO S NWWRN W WHWWOHNX RO &HOD fj
il
.OO'OOOPP.OOOQD‘CDOOD OOOOQOOOC‘OOOO@OO SAJ
» * 9 4« =« ¥ 4 . &
N e N e e B B B B B e Y ww-quwquwmw-quuww o
O U B B B G0 A G0 G BN PO P et et bt O LT 5 B B ) 42 G G PN P D 4l ek Bd =l =
BONOUOINWONRWOOWONWO WO a3 = B e 0O 0 G WO S B b OO ORI D
H
POPPPDPOOPODGOGO OQOOGODQOQOC&@GO-D £
. L] ® " & @® & @ L] *
L R N o e T B B B B e B mmmmmmmmmmmmrsmmm Laend K
Ot G0 G a2 TN P PR b fed e [t e P L0 Lt wm, \;\aoi ) b [ e ) et —]]
PO~ PG =] F» P D O Pt D O (o= (0 o P et GF1 ) e {XY TTY o bt 4D P NS O ]
1t
oocooocopocooooo ccoooooooomc@wc N
a2 L]
L R B e B B R R B e e L7 mmmmmmmmmmmmmmmm alen
-hgwwwmmmml—-l—w—-o—u-n G a3 BN PO PO PO DO b ford foat ok st et ed] ez
MO BRO0 S RN U W e D~ OO PN O~ Ny == O oM
"
OO0 OOOCOOOOOOOOOoOOD OO0 OO0OoOOODOODROOO .Ln
* & ¢ & ® v 3 » 3 s @ & =« @ 2 » _B *« & ¢ & ¢ & = » » & 2 @ o * & DD
0O OEEMMEEE  OL0LW LD WOW W OW W0 WD W
.
WM™ N ft el fed et A b wi) TN TN fod frowd i Gtd foed G fond ]
oo Ty . S SR RN L R e TR Vw T N R & o =t > = mmwmh.awmmmm
i
oopoococoooooomm ,_.caczcsc:}ocae:)ocac:}c:w»«ww U"
* » & B s =® L] L I ] a s @ * > "
O L0 WD 00 WO W 00 (0 W0 W0 W0 WD DS WD lnsnuntoxnznxnxmtuzn«ococatalD«: ot
™Y PN PO O pd e Bf b =3 ot e ek ”\,\)Nb—ipﬂb—«\t—-ﬂ»* o pmed el
COF IO = A0 00~ WN 3 003 0 0D 00 ™ O Ha IR 2 20 00 wi AT B L P DD 00 U —dp =
1
a3 o 0w I I i S0 o 2w mas I e i i e 00 e i Seed jomd fed Pand Duwd Jord feeh fomah Db pued b e G fumd peh
s =« 8 e O - L I - & © 2 L N F * 92 L] * L @& ® 9 o ¥ L LI ) » 0'1
P— P N N e O . W e W e W i O i, WY e B i W i O T i

¢—11 ITHIHXH

€ NOTS¥AATQ J1109vivd




a
0

1994 ui yidag =

€ NOLSTIATA DT 10avavd

" 2 TS
- o o ==
e |
o
= — p=d
e RN N N R P R R R P CE~N~NO O U &R O
; oo omomomoomow ooomomomcmomomom ?D
o
= R N e el el ol el = PO IO et b = et et e
(= mmmucmwmhmwomwma wwmwmmpwmcwmumbw b Rt
vy N mRooONDRONOTG LR UuawRONMwW 0O~
e] "
iy
P Nl
s cocooocooococooo oocacocpoooooooo cb
- - L] -
] bhhhh#hbbhhhhhbh mmmmmmmmmwmmmmmm
)
- P bt et b — ot Gt Pl et ek Pt
w R U M= W Rl mmmmmwowmwwmmbum =
m ErRmoucaandoausbuw mmmmonmﬂmowwhmu
a i
=
a ™o
opcpooocccoccooo ocooooccoooooocc .
L ] L] - U‘]
TR AL L R R RN LR R R mmmmmmmmmmmmmmmm ©
[
I [l ol ol U
PRI OWHE OG0 Wl RO~ U AW e "
w MR ~NRNENOLWUNOOW AR el PR R T RV R ;
id "
o
a 7%
: OO oCoOORO0000eo oooooopcpooooooo .
- - - . [ ] - . -
< e R LR L R LR R LR R R R T R URLRE RLRL R ELE AR Qe
v 4]
=1 = .
=\ 0000 i~ O O T B B L L PP O 00~ ~ O Ch O LN U S e Qo L I R -
,? OO OMO WA Wwdn™ EheromOoOoOOoCoOWm
ﬁ "
=]
L oocooccaoooooooo CCoOoODO000O0O00O00D w
- "I « 8 8 & 4 ® & « 8 = 9 - % .
o Mmoo ;o oGO GOMad o
®
8
S 00 ~d'CY OO0 U 1 B e G0 L3 TN P e ~ G OY U U B e G G G P3P e i b
o RO - RO NN W NN WODNRNERO R ~WWOOaM
. H
— cCooCoOO0OoOo0DCoo0O cooocooopoooccoc 1
L] L] L] L] - -
" - X=Xl XA R R R AR P, . W - N W N R R R oo
—y
S
mmmm#hbwwmmmm:—ah—-w mmbbbbwwummmwr—-r—a —f =
= SR MM G RIS TR o oo uwo~NR~TONOIWLW
el
fall "
=
cCOoOCOOoCDOoOoDOOOOeo0 cpmoooopoooooocc £=
al - [ ] [ ] . - ] » [ ] - L ] -
pot P N - N R N R R R MO N NNNNO OO NN (O
-
m
‘3. mm-h-bhmwwwmmm-—-w-—- mabwwwwmmmm»—-ww»—a ]
mmwhwmmmownHmmNm R wrmr OO WHRROWO® :
H
ooocooooooopococ Pooooocooooooooo b
-» - - L]
P N - - N N W N R A ﬂﬂwﬂwﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂm o
L]
P RYREATRE ST N R A il sk el FAPRERERY T RSN N el =S o
cownom-hqu-hmc'ummow Hﬂwv-noﬁ-lmwv-\o-qmwr—-ﬂ\om
I
Y= =1=R=E~ =i =E=E=~E =R R oooococoooococcc o
- - ] L] L ] L] - - * -
MNNHNHHO\‘JHM\JO\'\IN\J NN‘JN‘JNNN\JNNN\J\JMN =
-ﬁ-wwwNNNNNHHHHH wWNNNNNHI—‘HHHH "
ommcmmbmommbmomm Vel moRwRO~NORMNE OO
]
ocoaccoooooccooc oocoooocccoooooo o
NNHNMNNNNHMNHNHN mmmmmmmmmmmmmmmm cb

=TT TTOTLIV




EXHIBIT 3-4

EMERGENCY SPILLWAY DESIGN TABLE

Exhibit charts shall be based on the methods and procedures as outlined
ia the "Handbook of Hydraulilcs", Brater and King, 6th edition.

Charts shall indicate a variety of bottom (b) widths, stages (Hp) in
feet with given side slopes (z) and Mannings Number (n) which then will show
Q (total discharge, in cfs), v (velocity, in feet per second), s {flattest
slope, in %), x (minimum length of channel flow below control section in feet)

and z (side slope).

EXHIBIT 1l-4 & 11-5

TRIANGULAR AND TRAPEZOIDAL DIVERSION DESIGN TABLES

Exhibit charts shall be based on the methods and procedures as outlined
in the "Handbook of Hydraulics", Brater and King, 6th edition.
Charts shall indicate Q (peak discharge, in cfs), z (side slopes, n

(Mannings Number), b (bbttom width) and s (slopes) which then will indicate d

(depth, in feet), v (velocity, in feet/sec.)
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CHAPTER 12

STREAM CHANNEL DIVERSIONS

(STREAM LOCATION)

12.1 DEFINITION

A graded temporary or permanent channel constructed to divert flow from
a perennial or intermittent stream. The permanent channel is a channel
remaining after surface coal mining and reclamaticn Opefations are complete and
a temporary channel will be used during only surface coal mining and
reclamation operations.
12.2  PURPOSE

To permit relocation of perennial and intermittent stream so as to
authorize surface mining activities closer to or‘through the stream.

12.3  SCOPE

This chapter establishes the minimum acceptable quality for the design
and construction of stream channel diversions in predominantly rural or
agricultural areas in West Virginia.

During and after mining, the water quantity and qua]ify from the stream
section within 100 feet of the surface mining operation shall not be adversely
affected.

The constructed channel shall equally enhance any existing aquatic
resource.

12.4 DESIGN CAPACITY

A1l applicable sections in Chaster 11, "oiversion", shall apply for
stream channel diversion except for the following requirements:
12.4.1 CAPACITY

The combination of channel bank and flood-plain configurations

shall be adequate to pass safely the peak runoff of a minimum of a




CHAPTER 12 Page 2

10-year, 24-hour precipitation event for a temporary stream channel
diversion and a 100-year, 24-hour precipitation event for a permanent
stream channel diversion. However, the capacity of the permanent
stream channel itself may be at least equal to the capacity of the
unmodified stream channel immediately upsiream and downstream of the
proposed diversion, if approved by the Director of the Department of
Natural Resources. In determining required peak discharge, see Chapter
2, "Estimating Runoff®.
12.4.2 VELOCITY

A1l temporary and permanent stream channel diversions shall De
protected with rock riprap in accordance to standard and specifications
for rock »iprap as outlined in Chapter 19, "Water Management
Practices®, Section 19.19 or in accordance to Table 11-1 of Chapter 11,
if approved by the Director of the Department of Natural Resources.
The above rock riprap specifications allow a maximum permissible
velocity of 12 feet per second {fps). |
12.4.3 CROSS SECTION

The 10ngitudiné1 profile of the stream, the channel and the
' floodptain shall be designed and constructed to remain stable and to

prevent, to the extent possible using the best technology currently
available, additional contributions of suspended solids to streamflow
or to runoff outside the permit area. These contributions shall not be
in excess of requirements of State or Federal law.
12.4.4 GRADE

The average stream gradient shall bg maintained and the channel

designed, constructed and maintained to -remain stable and to minimize

additional contributicns of suspended solids to stream flow.




CHAPTER 12 , Page 3
12.5 EROSION CONTROL

Erosion control structures such as retention basins, water management

practices and artificial channel roughness structures shall be used in

channels only when approved by the Director as being necessary to control
erosion. : o i

12.6  TEMPORARY CHANNEL DIVERSION

When the channel has achieved its intended purpose, then the channe]
shall be removed and the affected area regraded and revegetated in accordance -
to the rules and regulations. At the time the channel is removad, downstream
water facilities previously protected by the channel shall be modified or
removed.

12.7  PERMANENT CHANNEL DIVERSIONS

When the permanent channel is constructed or a streamrthanne1 is
restored after a temporary channel diversion, the operator shall:
1. Restore, enhance where practicable or maintain natural riparian

vegetation on the banks of the stream;

2. Establish or restore the stream to its natura)l meandering shape of
an en#ironmenta11y acceptable gradient, as determined by the
Director of the Department of Natural Resources; and

3. Establish or restore the stream to a longitudinal profile and
cross-section, including aquatic habitats (usually a pattern of
riffles, pools and drops rather than uniform depth) that
approximates premining stream channel characteristics.

12.8  PLANS, DESIGN DATA AND SPECIFICATIONS

1. A "stream channel design computation sheet" to be completed for

each proposed temporary or permanent stream channel. Exhibit 12-1

2. Constructicn plans showing:
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" a. A planview of the area showing centerline surveyed profiles of

existing stream channel and proposed location of the temporary
or permanent stream channel (drawn to scale).

b. Surveyed profiles along the centerline of the existing and
temporary or permanent stream channel showing original ground
and proposed or existing stream bottom. {drawn to scale)

¢. A cross-section ét 50 foot intervals of the profile showing
original ground limits, bottom width, side slopes, depth
of flow, flood-plain configuration and etc.

Show detailed sequence of installation of temporary or permahent

stream channel.

Construction specifications.

Maintenance schedule and procedures for maintenance.
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CHAPTER-13

HAULAGEWAY OR ACCESS ROADS

13.1 DEFINITION

Haulageway or access road means any road constructed, improved,
maintained or used by the surface mining operation with tae exception of state
owned and maintained roads.

13.2 PURPOSE

1. Haulageway or access and to be located, insofar as possible, on
ridges or on the most stable available slopes to minimize erosion and
sedimentation.

2. Haulageway or access road shall be constructed and maintained into
and across the surface mining operation to prevent erosion, pollution of
water, damage.to fish or wildlife or their habitat or public private
property.

13.3 SCOPE -

1. This chapter establishes the minimum acceptable quality for the
design and construction of haulageway or access roads in predominately rural
or agricultural areas in West Virginia.

13.4 GRADING
13.4.1 The grading of the haulageway or access roads shall be such
that:
1. The overall grade shall not exceed ten percent (10%};
2. The maximum pitch grade shall not exceed fifteen percent
{(15%) for 300 feet in each 1,000 feet of road construction;
and

3. The surface shall pitch toward the ditchline at the minimum

rate of 1/2 inch per foot of surface width or crowned at the
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minimum rate df 1/2 inch per foot of surface width as

measured from the centerline of the haulageway or access

road;
13.4.2 Road Embankment - Embankment sections shall be constructed in
accordance with the following provisions:

1. Where an.embankment is to be placed on side slopes exceeding
thirty-six percent (36%), the following conditions shall be
required: |
a. A1l vegetative material and topsoil shall be removed

from the embankment foundation to increase stability,
and no vegetative material or topsoil shall be placed
beneath or in any embankment.

b. A keyway cut shall be required al the proposed toe of
the fill so as to increase stability; said keyway shall
be at a minimum 10 feet in width and shall be sloped
inward.

c. The embankment shall be constructed in uniform compacted
Tayers not to exceed 24 inches.

d. The embankment siopes shall be no steeper than.l.s
horizontal to 1 vertical.

2. wWhere an embankment is to be placed on side slopes less than
thirty-six percent (36%), the following conditions shall be
required:

a. All vegetative material and topsail shall be removed
from the embankment foundation to increase stability,

and no vegetative material or topsoil shall be placed

beneath or in any embankment.
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b. Embankments shall be constructed to conform to compaction,
stabilization and techniques as required in the controlled
placement of the rules and regulations.

c. The embankment slopes shall be no steeper than 2 horizontal

to 1 vertical.
13.5 CURVES

The grade on switchback curves shall be reduced to less than the

‘approach grade and should not be greater than ten percent (10%).
13.6 CUT SLOPES

Cut clopes should not be more than 1:1 in soils or 1/4:1 in rock.
13.7 DITCHES '

A ditch shall be provided on both sides of a throughcut and on the
inside shoulder of a cut-fill section, with ditch relief culverts being spaced
according to grade. Water shall be intercepted or directed around and away
from a switchback. A1l ditchlines shall be designed to pass a peak discharge
capacity of a l-year, 24-hour precipitation event. For design assistance, see
Chapter 11, "Diversion".

13.8 CULVERTS

Ditch relief culverts shall be installed wherever necessary to insure
.proper drainage of surface water beneath or through the haulageway Or access

road, according to the following provisions:

1. Road Grade in Percent Spacing of Culverts in Feet
0-5 300-800
6-10 200-300
11-15 166-200

2. The culvert shall cross the haulageway or accCess road at a 30 degree
angle downgrade with a winfmum grade of three percent {3%) from

inlet to outlet, except in intermittent or perennial streams where

the pipe shail be straight and coincide with the normal flow;
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3. The inlet end shall be protected by a headwall of stable nonerodible
material as approved by the director and the slope at the outlet end
shall be protected with an apron of rock riprap, energy dissipator or
other material approved by the director :

4. The culvert shall be covered by compacted fill to a depth of 1 foot
or half the culvert diameter, whichever is greater; and

5. Design of culverts may be submitted where the aforementioned design
criteria is not practical or necessary.

13.9 CULVERT OPENINGS

Culvert openings installed on haulageways or access roads shall not be
Jess than one hundred (100) square inches in area, but, in any event, all
culvert openings siall be adequate to carry storm runoff of a peak discharge
capacity of a 1-year, 24-hour precipitation event from the contributing
watershed and shall receive necessary maintenance to function properly at all
times.

13.10 SEEDING OF SLOPES

A1l disturbed area including fill and cut slopes, shall be seeded and
mulched immediately after the construction .of a haulageway or access road and
maintained thereafter in accordance with Section 4F of the rules and
regulations for revegetation.

13.11 HAULAGEWAY OR ACCESS ROAD SURFACING

Haulageways or access roads shall not be surfaced with any
acid-producing or toxic material or with any material which will produce a
concentration of suspended solids in surface drainage.

13.12 DUST CONTROL

A1l reasonable means shall be emplioyed to control dust from the surface

of haulageways or access roads.
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13.13 TOLERANCE

A1 grades referred to in this section shall be subject to a tolerance
of two percent (2%) grade. A1l linear measurements referred to in this
section shall be subject to a tolerance of ten percent {10%) of measurement.
A1l angles referred to in this section shall be measured from the horizontal
and shall be subject to a tolerance of five percent (5%).

13.14 REMOVAL OF DRAINAGE STRUCTURES

Bridges, culverts, stream crossings, etc., necessary to provide access
to the operation, shall not be removed until reclamation is completed and
approved by the director. The same precautions as to water quality are to be
taken during removal of drainage structures as those taken during construction
and use.

13.15 INTERMITTENT OR PERENNIAL STREAM CROSSING

Culverts, bridges or other drainage structures shall be used to Cross
intermittent or perennial streams. Consideration shall be given to such
factors as weather conditions, season of the year, time period for
construction, etc., with regard to using measures to minimize adverse effects
to the water quality and stream channel. In no event shall the sediment load
of the stream be significantly increased or the water quality be
significantly decreased during the construction period. Water control
structures shall be designed with a discharge capacity capablie of passing the
runoff for a 10-year, 24-hour precipitation event from the contributing
watershed.

However, if approved by the director, the capacity of the water control
structure itself can be at Jeast equal to or greater than stream channel
discharge capacity jmmediately upstream and downstream of the crossing.

The culvert, whether inlet or outlet control, shall be unsubmerged at

the entrance. )
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13.16 DESIGN CRITERIA FOR CULVERTS

13.16.1 CAPACITY

The size of culverts used shall be adequate to by-pass the
expected peak discharge from the required frequency storm. The
peak discharge shall be obtained from the procedures outlined
in Chapter 2, "Estimating Runoff", with the determination of
culvert size to be in accordance to Exhibits 13-1 and 13-2,
"Injet Control”, and Exhibits 13-3 and 13—4,.“0ut1et.Contro1."

Inlet control means the discharge éapacity of a culvert
controlled at a culvert entrance by the depth of headwater (HW)
and the entrance geomeiry, 1nc1uding the area, shape and type
of inlet edge. Type of inlet controlied fiow for an
unsubmerged and submerged entrance are shown in Figure 13-1.

Qutlet control involves the addition and consideration of
the elevation of the tailwater in the outlet channel and the
slope, roughness and length of the culvert barrel. Types of
outlet controlled flow are shown in Figure 13-2.

13.17 SEDIMENT CONTROL

A sediment storage volume must be provided equal to 0.125 acre-foot for
each acre of disturbed area or a lesser value as approved by the director.
Temporary erosion and sedimentation control measures as outlined in Chapter 19
of this handbook shall be implemented during construction until permanent
control can be established.

13.18 TYPE OF CULVERTS PROPOSED

In determining the type of culverts to De proposed, the pH of the normal

stream flow existing and expected shall be considered, see Chapter 3, Section

3.8.5 for different type of culverts for different levels of pH.
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13.19 EXISTING HAULAGEWAYS OR ACCESS ROADS

Where existing roads are to be used for access-or haulage and 1t can be
demonst;ated that reconstruction to meet the above requirements would result
in greater environmental harm and the drainage and sediment control
requirements of this section can otherwise be met, Chapter 13.4.1(1) & (23},
13.5, 13,6 and 13.8(}) & (2) will be exempt for these existing roads.

13.20 INFREQUENTLY USED ACCESS ROADS

Access roads constructed for and used only to provide infrequent service
to surface facilities such as ventilators, monitoring devices and fans shall
be exempt from the requirements of the above sections with the exceptiom of

Chapter 13.10 and 13.22.

13,21 PLAN, DESICN DATA AND CONSTRUCTION SPECIFICATIONS

l. A plan view drawn to scale showing: haulroad station baseline,
location and sizé of culverts; flow directions; intermittent or perennial
streams; and other pertinent data.

2. A surveyed profile drawn to scale {scale should be no greater than
1" = 100' horizontal, 1" = 50' vertical) showing but not limited to: road
surface; ditchline; locaiioa and size of culverts; st:tion; elevationsg;
original ground; and percent grades.

3. Cross-section of haulroad showing culvert, slope of culvert, fill
material, original ground, ditches and sediment control device, if
applicable.

4., Intermittent or perennial stream crossings, submit the following:

a. Structure computation sheet (Exhibit 13-3).
b. Cross-section showing all pertinent informatiom.

5. Maintenance schedule and procedure for maintenance.




CHAPTER 13

ds

Ce

d.

Page 8
Roadside ditches and culverts should be periodically inspected
and cleaned to insure that no obstructiouns are present. Lt not
cleared, the drainage facilities may overflow in wet weather
and cause erosion of the road surface or saturation of subbase
materials. Maintenance crews equipped with_hand tools or
machinery such as dozers, loaders and scrapers should be
deployed at predetermined intervals to see that all ditch flow
lines are free of debris.
During periods of dry weather, of in consistently dry
envirbnments, dust may become a problem, especlally on gravel or
crushed stone surfaces. To alleviate this situation, water
truecks fitted with special sprinkler systems should be employed.
1f dust problems are severe, the operator should consider
applying chemical additivies. The incorporation of chloride
salts with gravel or crushed stome surfaces will enhance
moisture retention and eliminate the need for frequent road
wetting.
Adherence to the preventative measures discussed can
significantly reduce haulage road malntenance problems.
However, they are not a complete solution. Abnormal sutface
conditions will occur periodically that require additional road
maintenance procedures.
A motor grader should be used continually to maintain cross
slopes, remove spills and to fill and smooth surface depressions
as they occur. Whenever the motor grader is used, care must be

taken to avoid pushing waste into drainage facilities and the

protective faces of safety berms. Accumulated material from the
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procedure should be removed to specially designated areas.

—
e. 1Ice and snow, whenever they occur, must be completely removed
i
from the haulageway using a motor grader or other appropriate i
equipment. Special attention to the removal of snow and ice is
required on asphaltic concrete and other smooth surfaces.
6. Construction specific;fion, include a description of the following:
a. $ite Preparation
b. Excavation
Ce Selection and Placement of Materials
d. Vepetative Protection Against Erosion
e Haulageway or Access Road Surfacing
f. Erosion and Pollution Control ;
2. Procedures and Timetable for Abandonment |
S 13.22 ABANDONMENT OF HAULAGEWAYS OR ACCESS ROADS

Haulageways of access roads shall be abandoned in accordance with the

rules and regulations in addition to the following requirements:

a. Upon abandonment of haulageways or access roads, every effort
shall be made to prevent erosion by the use of culverts, water
bars or other devices. Water bars or earth berms shall be
installed according to the following table of spacings in
terms of percent of haulageway or access road grade, prior

to the abandonment.

FERCENT OF HAULAGEWAY SPACING OF WATER BARS IN FEET
2 250
5 135
10 80
15 60
20 45
Above 20 25
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b. Upon abandonment of haulageways or access roads, they shall be

seeded and mulched immediately in accordance with Section 4F of

the rules and regulations for revegetation.
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EXHIBIT 13~5

STRUCTURE PROPORTIONING COMPUTATION SHEET
CULVERT NO.

. § (Exhibit 2-7) = cfs

Stream pH =

Type of Culvert =

INLET CONTROL
Type of inlet: 7 (headwall, projecting, mitered to

conform to slope and so forth)

Diameter of Culvert (D) = ft.
Headwater (HW) = _ ft.
{HW/D) =
¢ {Exhibit 13-1, 13-2}) = cfs
Culvert Slope (So) ; ) %
Type of discharge protection =

QUTLET CONTROL
Diameter of Culvert (D) = ) ft.
Headwater.(Hw) = ft.
Length (L) = - ‘ ft.
Culvert slope(s) 9%

Mannings Number (N)

Concrete N = 0.012
CMP N = 0.024

Entrance Loss Coefficient (Table 13-1) (Ke} =

Free Water Surface (ho = 3/4D) =

HW = H + h - L5 =
o] o

Q (Exhibit 13-3, 13-4) cfs.




Table 13-1 Entrance Loss Coefficients

Type of Structure and Design of Entrance Coefficient Ke

Pipe, Concrete

Projecting from fill, socket end (groove-end) ———————=———== C.
Projecting from fill, sq. cut end
Headwall or headwall and wingwalls

@]
o1

Socket end of pipe (groove-end) - 0.2
Square—-end —- ' 0.5
Rounded (radius = 1/12D) 0.2
Mitered to conform to fill slope 0.7
*End—section conforming to fill slope 0.5
Pipe, or Pipe-Arch, Corrugated Metal
Projecting from fill (no headwall) 0.9
Headwall or headwall and wingwalls
Square-edge 0.5
Mitered to conform to fill slope 0.7
*End—-section conforming to fill slope -——- 0.5

Note: *"End-section conforming to fill slope," made of either metal
or concrete, are the sections commonly available from manu-
facturers. From limited hydraulic tests they are equivalent
in operation to a headwall in both inlet and outlet control.

‘
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CHAPTER 14
BENCH CONTROL SYSTEMS

14.1 DEFINITION

A sediment control structure located on a solid bench at or near the
backfill material (disturbed area) to form an erosion and sedimentaion cdntro1
system for steep slope mining, area mining, haulback mining and mountain top
removal mining.
14.2 PURPOSE

To preserve the capacity of reservoirs, ditches, canals, diversions,
waterways and streams and to prevent undesirable deposition on bottom 1ands,
in channels or watavways and other areas by providing basins for the
deposition and storage of silt, sand, gravel, stdne and other sediment.
14,3 SCOPE

This chapter establishes the minimum acceptable quality for the design
and construction of a bench control system in predominantly rural or
agricultural areas in West Virginia when:

1. Failure of the systems would not result in loss of 1ife; in damages
to homes, commercial or industrial buildings; main highways or
railroads; in interruption of the use of service of'public
utilities.

14.4 DRAINAGE AREA AND SITE EVALUATION AND LIMITATIONS

The contributing watershed above the site shall have an adequate pian

for providing protection against erosion of disturbed areas. This plan shaill

provide for rapid revegetation of the disturbed areas in order to stabijlize
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the area as quickly as possible after it has been disturbed. The plan is also
to include utilization of one or many methods of“Water Management Practices"
in Chapter 19 to assist the overall erosion and sedimentation control system.
A1l areas disturbed during the mining operation in the watershed shall be
revegetated according to West Virginia Division of Reclamation regulations.
14.5 SEDIMENT

The bench control system shall form a structure with a capacity to store
0.125 acre-foot per acre of disturbed area at normal pool elevation in the
drainage area, the system may store only the runoff from a 10-year, 24-hour
precipitation event as appfoved by the Director of the Department of Natural
kesources. Consideration may be given for reduced storage volume where the
pre-plan reflects the following:

a. Controlled Placement

b. Concurrent Reclamation Practices

c. On-site Sediment Control Measures

d. Access and availability of all structures for maintenance.

The disturbed area includes all Tand affected by previous operations
that is not presently stabilized, all land that will be affected during the
surface mining operations and all reclamation work, and may include all other
Jands which have been disturbed by timber operations, construction
" operations, other surface mining operations, etc.

The structure shall be cleaned out when the sediment accumulation
approachés sixty percent (60%) of.the design capacity. The design and

construction drawings shall indicate the corresponding elevations.




CHAPTER 14 Page 3

14.6 WATER QUALITY STANDARDS

Discharges from bench control system., if classified as primary
structures, which control areas disturbed by surface mining operations must
meet all applicable Federal and State laws and reQu]atibns. The minimum
effluent limitations shall be governed by the standards set forth in the NPDES
Program under the Federal Water Pollution Control Act as amended, 33 U.5.C.
466 et. 5€q., énd the rules and regulations,promu1gated thereunder.

14.7 PERMANENT SYSTEMS

The permanent bench control system incorporatihg ditch storage shall be
built on an approximate level grade, minimum zero percent (0%) to a maximum of
two percent (2%) to insure that complete storage volume will be maintained and
system shall be constructed on a solid bench.

The types of systems cross-sections view can be either triangular or
trapezoidal with side slopes no steeper than 2 horizontal to 1 vertical
constructed with earth and 1/4 horizontal to 1. vertical constructed with
rock.

A barrier may be installed across the channel or ditches at intervals
no more than 500 feet to assure meeting the above grade and storagé
requirements. Final outlet device shall carry at all times the flow
considering failure of one or all barriers. P]ahs, design data and
specifications for types of barriers are in Chapter 19, "Water Management
Practices" such as Stone Check Dams in Section 19.2, Log and Pole Structures
in Section 19.4 and Earthen Barriers as outlined in Chapter 15, "Excavated
Sediment Channel".

14.7.1 OUTLET DEVICES

The outlet devices shall be installed at any intervals which

will assure the following requirements:

Storage volume, grade limitations, safety outlet protection




CHAPTER 14 : Page 4

or any other conditions that may be required. Outlet devices shall be
constructed and operable and shall be kept current with the actual
overburden removal area.

A1l outlet control devices may be required to bypass safely a
10-year, 24-hour precipitation event and/or meet or exceed the minimum
standards for an open exit channel or pipe spillway. A minimum of 1

foot of freeboard will be required on all drainage outlet devices.

14.7.1.1 OPEN EXIT CHANNEL
| Open eiit channels shall be thoroughly protected with

a rock riprap blanket in accordance to standards and |

- specifications for rock riprap as outlined in Chapter 19, "Water
Managoment_Practices“, Section 19.19. The minimum width shall
be 5 feet, minimum side slopes of 2 horizontal to 1 vertical and
shall also be protected with rock riprap for a vertical height
of 2 feet.

14.7.1.2 PIPE SPILLWAY

Pipe spillway shall be a minimum of 12 inches diameter
with or without a vertical riser attached and may be perforated
in accordance to Chapter 19, “Water Management Practices" to
allow for a gradual draw down of water in the system.

14.% TEMPORARY DRAINAGE SYSTEM

The objective of the temporary drainage system is to provide sediment
control measures on mining operations until the final permanent drainage

system can be installed as designed and certified in the mining and

reclamation plian.




CHAPTER 14 Page §

a

The temporary drainage control system shall be installed and maintained
at Jeast 200 feet in advance of any disturbance of the mining operation. All
temporary drainage systems shali be maintained until finalization of the
permanent drainage system.

The temporary drainage system installation and maintenance shall be kept
current with the drill bench disturbance and approved by the Direc;or or his
authorized agent of the'Department of Natural Resources as being installed
according to the approved mining and reclamation pian at least once every
thirty (30) days or 500 feet, whichever comes first.

A1l areas of temporary drainage system shall be indjcated in the
approved prejp1an as disturbed area and may be required to be seeded and
mulched in accordazce to the revegetation plan if systems will be utilized in
excess of sixty (60) days.

The systems shall prevent, to the extent possible, additional
contribution of sediment to stream flow or to runoff outside the permit érea,
and all discharges from the disturbed area must meet the effluent limitations
as set forth in Section 14.6.

Types of temporary drainage systems such as, but not limited fo: ‘Toe

berms, filter fences, outcrop roadways, temporary diversion ditches or other
sediment traps are outlined in Chapter 19, "Water Mangement Practices”.

14.9 PLANS, DESIGN DATA AND SPECIFICATIONS

In addition to the "Proposed Drainage Plan", there will also be
submitted the following items concerning bench control systems.
1. A "Structure Proportioning Computation Sheet" to be completed for

each type of system proposed.
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2. Construction plans showing:

de.

b.

Planview and profile view of the system.

Cross-section view through thé system showing all pertinent
information.

Cross-section of barrier and outlet devices.

Maintenance schedule and procedures for maintenance.

Construction specifications.

3. If applicable, temporary drainage control system construction plans

showing:

a.

b.

cl

d.

4, Procedures and Timetable for Abandonment.

Planview and profile view of system.

Cross-section through the system showing all pertinent
1nformapion.

Mainteﬁance schedule and procedures for maintenance.

Construction specifications.
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CHAPTER 15

EXCAVATED SEDIMENT CHANNEL

15,1 DEFINITION

A channel excavated below the toe of the spoll to form a silt or
éediméqt,basin for control of sediment from the outslope.
15.2 PURPOSE |

To preserve the capacity of reservoirs, ditches, canals, diversions,
waterways aund streams and to prevent undesirable.deposition on hottom lands,
in channelg or waterways, and other areas by providing basins for the
deposition and storage of silt, sand, gravel, stone and other sediment.
15.3 SCOFE

This chapter establishes the minimum acceptable quality for the design -
and construction of an excavated sediment channel in predominantly rural or
agricultural areas Ln West Virginia when:

1. Failure of the embankment for the channel would not result in loss
of 1ife; in damages to homes, commercial or industrial buildings;
main highways or railroads; in interruption of the use of service of
public utilities.

2. The slope of the original ground on which the channel is construcﬁed
does not exceed thirty percent (30%Z).

15.4 SEDIMENT

The excavated sediment channel shall form a basin with a capacity to
store 0.125 acre—feet per acre of disturbed area formed by the outslope of the
spoil bank. The outslope area shall be based upon the maximum expected lengfh
of spoil slope. An outline of the predicted outslope area shall be shown on

the proposed drainage plan.
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The sediment in the channel shall be cleaned out when accumulation
approaches sixty percent (60%)'of the désign capacity. The construction
drawings shall indicate the corresponding elevation.

15.5 WATER QUALITY STANDARDS

Discharges from an excavated sediment channel which controls areas
disturbed by surface mining operations must meet all applicable Federal and
State Taws and regulations. The minimum effluent Timitations shall be
governed by the standards set forth in the NPDES Program under the Federal
Water Pollution Control Act as amended, 33 U.S.C. 466 et. seq., and the rules
and regulations promuigated thereunder.

15,6 DESIGN CRITERIA .

The excavatad sediment channel shall be built on a level grade around
the hi1l or mountainside. Adequate space shall be provided between the toe of
the spoil bank and the channel to assure that sluffage from the spoil slope
will not fill the channel.

Precaution shall be taken to assure that there is no overburden or spoil
spillage over the outsiope into the channel,

The excavated sediment channel shall have a V-notch cross-sectional
appearance. The vertical depth of the inside cut or highwall shall not exceed
5 feet, and the slope of the cut shall not exceed 2 horizontal to 1 vertical.

The bench formed by the channel shall be a minimum of 14 feet wide and
on a slope of no flatter than 5 horizontal to 1 vertical or steeper than 2:1
towards the cut slope. |

The channel fill slope shall be no greater than 2 horizontal to 1
vertical. All trees and waste material shall be removed from beneath or

through the fil1l slope.
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An earthen barrier shall be instalied across the channel at 100 foot
intervals or less to assure that failure of the embankment or fill portion of

the channel would result in release of water or sediment from only a 200 foot

segment of the channel at any one time. The top or crest width of the barrier

shall be 5 feet. Barrier height shall be 1 foot below the embankment or fill
portion of the channel. The side slope of the barrier shall be no steeper
than 2 horizontal to 1 Vertical.. |

Drainage from an area other than the spoil outsliope shall not be allowed
to enter the channel at any time.

An outlet device from the excavated sediment channel must be maintained
at all times to handle a 10-year, 24-hour storm event and outlet to & natural
drainage or a properly designed outlet. The minimum requirement for ocutlet
devices can be located in Chapter 14, "Bench Control System"”, Section 14.7.1.

15.7 PLANS, DESIGN DATA AND SPECIFICATIONS

In addition to the "Proposed Drainage Plan", there aiso will be
submitted the following items:
1. A "Structure Proportioning Computations Sheet" to be compieted for
each excavatéd sediment channelg (Exhibit 15-1)
2. Constructfon plans showing:
a. Plan view drawn to scale of the channel and the outiet device.
b. Profile view drawn to scale of the channel with profile showing
all pertinent data.
c. Cross-section view drawn to scale through the channel showing
the maximum existing ground slope oh which the channel is to be
constructed and other information.

d. Cross-section of barrier as located in channel.

3. Construction specifications.
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15.8

4, Maintenance schedule to imnclude, but not limited to, the following:
Procedures for maintenance, method of disposal of sediment and
access to structure for maintenance.

5. Procedures and Timetable for Abandonment.

CONSTRUCTION SPECIFICATIONS
15.8.1 STAKE-dUT

Prior to beginning the excavation of the channel, alignment and
grade controls shall be established every 100 feet along the channel.
Care shall be taken to establish a level, zero percent (0%) grade.
15.8.2 EXCAVATION

The channel shall be excavated as shown on the constructiom
plans. A harrier with a 5 foot crest width shall be piaced through the
channel every 200 feet or less. The channel may be discontinued and
restarted above or below the point where discontinued to avoid rock
formations. In no case shall the channel be planned or built on a slope
which exceeds thirty percent (30%).

15.8.3 SURFACE RUNOFF

Surface runoff from an area other than the spoil outslope shall
not be allowed to enter the chamnel at any time.

15.8.4 VEGETATIVE PROTECTION AGAINST EROSION

All disturbed areas created during the construction of the
channel shall be seeded and mulched immediately after construction in

accordance with Section 4F of the rules and regulations for

revegetation.
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CHAPTER 16
CERTIFICATION & INSPECTION

16.1 SCOPE

| All erosion and sedimentation control systems such as, but not Timited
to, Sediment Dams, Embankment Type; Excavated Sediment Dams; Excavated
Sediment Ponds; Gabion Sediment Dams, Crib Sediment Dam; Valley Fills; Side
Hil1l Fills; Rock Fills; Diversion; Stream Channel Systems; Haulageway and
Access Roads (temporary and ﬁermanent), for which have been submitted for
technical review and approval shall be certified after construction and/or
installation.

After completion of the required certifications, an inspection process

shall be initiated by the operator.

16.2 PROCEDURE FOR CERTIFICATION

| A certification form, Exhibit 16-1, shall be submitted to the Departmenf
of Natural Resources, Division of Reclamation, for each component drainage
area éystem as it is completed and prior to any disturbance of operation in
that component drainage area. |

The certification form shall be hereby certified by a person approved by
the Director of the Department of Natural Resources; except that Valley Fills,
Side Hi1l Fills and Rock Fills shall be certified by a Registered‘Professiona1
Engineer; that theerosion and sediment control system is {are) constructed
and installed in accordance with the technical aspects of the approved

pre-plan and any modifications thereto, as approved by the Department of

Natural Resaurces.
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Any minor changes which equal or exceed the approved system occurring
during construction such as, but not limited to, increased width of emergency
spillway or entrance channel, increased size of storage volume, increase top
width of embankment; etc.; shall be indicated on "As-built" plans showing
approved‘design; amount of minor change, and reference points shall be
submitted along with Exhibit 16-1 to the department.
16.3 VARIANCE OF CERTIFICATION PROCEDURES

16.3.1 CERTIFICATION OF BENCH CONTROL SYSTEM

If utilizing of a bench control system, outlined in
Chapter 14, is the primary sediment control structure for the operation,
then the permanent system shall be certified as follows:

1. Tf the system is constructed tota]]y.prior to mining, then the
system shall be certified prior to conducting mining
operations.

2. If the system is constructed progressively with the mining
operation, then the system shall be .constructed and certified
(Exhibit 16-1) in sections of 1,000 linear feet {maximum}
measured from the active mineral removal area, this
certification must include a map showing exact Jocation of
certified section.

16.3.2 CERTIFICATION OF VALLEY FILL, SIDE FILL & ROCKFILL

In the utilization of an excess spoil disposal area outlined in
Chapters 8, 9 and 10, the above fills shall be certified upon.
completion of construction by a registered professional engineer.

16.4 PROCEDURES FOR INSPECTIONS

After completion and approval of the certification as required in the

above sections, a quarterly inspection shall be initiated on all erosion and
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sedimentation control systems such as, but not limited to, Sediment Dams,
Embankment Type; Excavated Sediment Dams; Excavated Sediment Ponds; Gabion
Sediment Dams; Crib Sediment Dams; Bench Control Systems; and Excavated
Sediment Channels. Each structure at a minimum shall be examined for
structural weakness, erosion patterns and other hazardous conditions. An
inspection report shall be submitted to the Division of Reclamation within‘two
weeks after the inspection. The report shall be certified by a person
approved by the Director of the Department of Natural Resources.

16.5 VARIANCE OF INSPECTION REPORT

An inspection report will not be required on erosion and sedimentation

control systems such as, but not limited to, Haulageway and Access Roads;

Dijversions; and Temnorary and Permanent Stream Diversions.




FORM DR-13 ¢ . , SMRI i

REVISED 4/80: Date :
- SMRS
Date 5
, | STATE OF WEST VIRGINIA
pr DEPARTMENT OF NATURAL RESOURCES
’ CHARLESTON 25308 ' ;
Exhibit 16-1 }
1
CERTIFICATION OF DRAINAGE SYSTEM '%
i
On the day of ,» 19, at or near

, West Virginia, in

District of County, West Virginia, operation under . ' :

(RS S ——

(Surface Mining Permit No., Quarry Permit No. or Underground Operation Approval No.)

Company ' , I, \:

(a registered professional engineer or person

approved’by the Director), hereby certify that the erosion and sediment control

system(s)

is (are) constructed and installed im accordance with the technical aspects of the
pre—plﬁn and any modifications thereto, as approved by the Department of Natural

Resources.

PLACE SEAL Signature
HERE

Date

If you do not have a seal, this certificate will have to be notarized or witnessed.
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CHAPTER 17 .

ABANDONMENT PROCEDURES FOR SEDIMENT CONTROL STRUCTURES

17.1 SCOPE
This chapter shall cover the minimum requirements for abandoning
sediment control structures prior to total release of band for the particular

permit. These abandonment procedures may be waived if the structure or

. 8tructures are to be immediately utilized under another permit or the special

lénd use requirements of the rules and regulations are adhered to and approved
by the Director of the Department of Natural Resources.

All abandonment procedures shall be completed before the total bond is
released.

17.2 ABANDONMENT PROCEDURES

17.2.1 EXCAVATED SEDIMENT POND, DUGOUT TYPE

There is no required abandonment procedure for excavéted
sediment ponds unless they have an embankment. If they have an
embankment, they shali follow the abandonment procedures outlined in
Section 17.2.2.

17.2.2 SEDIMENT DAMS, EMBANKMENT TYPE AND EXCAVATED SEDIMENT DAM, EM~

BANKMENT TYPE

Sediment dams and all accumulated sediment above the dam shall

be removed from the natural drainway 1if they are built across it. Dams

ad jacent to natural drainways shall be abandoned by diverting the
entrance channel to the natural drainways,; thus preventing any future
surface runoff from entering the impoundment.

When sediment dams are removed, the natural drainway shall be

returned to its original profile and cross—section as near as practical.




CHAPTER 17 Page 2

\ ‘ An original profile and cross-section view for the channel shall be
submitted with the drainage plan. The channel sides and bottom shall be
rock riprap in accbrdance to the standard and.specifications for rock
riprap as outlined in Chapter 19, "Water Management Practices”, Section
19.19. The riprap shall extend up to the top of the channel. The riprap
requirement may be waived where the bottom and sides of the channel
consist of bedrock.

17.2.3 CRIB OR GABION SEDIMENT CONTROL STRUCTURES

Crib or gabion sediment control structuresrand all accumulated

sediment above the structure shall be removed from the natural drainway

for abandonment.. The natural drainway shall be returned to its original
profile anrd cross-section. An original profile and cross—section view
of the channel shall be submitted with the drainage plan. The channel

p— shall be rock riprap in accordance to the standard and specifications
for rock riprap as outlined in Chapter 19, "Water Managemeut Practices",
Section 19.19. The.riprap requirement may be waived where the channel
bottom and sides consist of bedrock.

17.2.4 BENCH CONTROL SYSTEMS

There is no required abandonment procedure for bench contrel
systems.

17.3 REVEGETATION OF DISTURBED AREAS

All areas disturbed during abandonment of a sediment control structure
shall be seeded and mulched immediately in accordance with Reclamation rules
and regulations for revegetation as outlined in Section 4F.

17.4 DISPOSAL OF WASTE MATERIAL

Waste material shall be spread continuously over an area designated on

the drainage plan in accordance with these specifications.
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Provisions shall be made for the diversion or safe passage of surface
water concentrating on the land side of the spoil bank.

The spoil shall be placed so as not to endanger the stability of the
stream bank and shall aot exceed 3 feet in helght above the natural ground
surface, except by specilal design. _Séecial designs shall be submitted with
the drainage plan. The finished surface shall slope away from the edge of the
stream ér drainway insofar as feasible.

Surfaces of spoil shall not be steeper than 2 horizontal to 1 vertical.

If the spoil is spread to the edgé of the stream bank, the stream éide

slope of the spoil shall be shaped to join the side slope of the stream bank

so loose spoil will not siide or erode into the channel.




CHAPTER 18 ' Page 1

CHAPTER 18
REGRADED DRAINAGE CONTROL

18.1 DEFINITION

A regraded drainage control system is one which assists in maintaining
stability, aides in the retentioh of soil moisture, controls erosion and
enhances establishment of vegetation.
18.2 PURPOSE |

The purpose of regrading drainage control systems includes one or more of

the following:
1. To preserve the capacity of reservoirs, ditches, canals, diversions,
waterways and to prevent undesirable deposition on bottom lands, in
channels, streams or waterways. |
2. Prevents rill and gully development.
3. Intercepts and conducts surface runoff at a non-érosive velocity to
a stable outlet.
4. Reduces sediment content in water.
18.3 SCOPE

This chapter establishes the minimum acceptable quality for the design
ahd construction of these systems located in predominantly rural or
agricultural areas in West Yirginia. |

18.4 METHODS OF REGRADED DRAINAGE CONTROL

In completing a pre-plan for a mining operation, there shall be included
a detailed regraded drainage control plan incorporating different systems
necessary to maintain stability, decrease velocities, retain soil moisture and

prevent additional contributions of suspended solids to the stream flow. The

pre-plan shail indicate when; how and where the System will be constructed.
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18.4.1 CONTINUOUS FLOW AREAS

In areas of probable flows of water such as springs, natural
seeps, natural drainways or constructed waterways, a channel must be
designed and constructed in accordance to Chapter 11, "Diversion".

18.4.2 CONSTRUCTED DRAINAGE FACILITY

In the case of haulback mining in steep slopes and centour
mining; the constructed drainage facility must intercept and convey
runoff without erosion of a backfiil area and direct all upland flow to
proper.design outlet devices such as rock riprap, flumes, diversions,
channels, french drains, cuiverts, level spreaders and etc.

A constructed drainage facility may be established near the top
of the backfilled highwall. The drainage facility shall be utilized
only, and shall be no larger than necessary, to prevent erosion of a
backfill area. The drainage facility shall:

1. Eliminate the highwall remaining as a result of construction of

the drainage facility by backfilling or shaving, which means a

reduction of a vertical cut of soft or unconsolidated material

in such a manner as to assume a slope in conformance with the
approximate original contour of the soft or unconsolidated
material (shale, soil) in a manner which blends into the natural
ground and compliments existing drainage patterns. No vertical
rise of the highwall shall be retained except for occasional”
short segments in hard or consolidated rock which cannot be
reduced mechanically.

2. Be rock rip-rap, vegetated or otherwise protected as approved
by the Direcfor to prevent excessive erosion;

3. Maintain a positive gradient so aé to eliminate any potential

impounding of water in the ditch; and
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4. Neot discharge over the outslope of the backfill in areas other
than those protected by proper erosion and sedimentation control.

18.4.3 REGRADED DITCHES

A regraded ditch is constructed on the final backfilling slopes
as to direct all surface runoff to proper design outlet devices for the
prevention 6f'ri1ls and guliies and to enhance the establishment of
vegetation. Regraded ditches shall be designed and submitted in
accordance with Chapter 11, "Diversion”, except for the following:
Submittal of survey profile and pertinent information.

Ditches shall have the capacity to handle a l-year, 24-hour
precipitation event instead of a 10-year, 24-hour precipitation event.

Side slopes of ditches will be no steeper than 2 horizontal to 1
vertical and no flatter than 4 horizontal to 1l vertical.

18.5 GENERAL &

The pre-plan, being as practical as possib]e, shall include all plans,
design data and specifications as indicated in the above section for the
anticipated regraded drainage control plan.. The information required shall
include a detailed set of construction specifications and also a detai]ed

maintenance schedule.
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CHAPTER 19

WATER MANAGEMENT PRACTICES

Deternining or Altering Sediment Basin Shape
Stone Check Dams
Straw Bale Dike

Log and Pole Structures

Filter Fence

Sediment Trap
Toe Berm

Level Spreader
Skimmer Device

Perforation

Pumped Water Management
Excelsion Blanket

Mulch Blankets

Jute Netting

Netting

Rock Riprap Flume - Table
French Drains

Rock Riprap
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19.1

DETERMINING OR ALTERING SEDIMENT BASIN SHAPE

19.1.1 DEFINITION

Method to increase the effectiveness of the sediment basin by
minimizing the “"short-circuiting” sediment-laden inflow to the outlet
device.
19.1.2 PURPOSE

The purpose is to increase the effectiﬁe flow length from the
inflow to the outflow. The normal pool area (storage elevation) shall
have a length to width ratio of at least 2.0 to 1.
19.1.3 CONDITION WHERE PRACTICE APPLIES

Altering sediment basin shape shall be utilized in the
sediment control structure plans so_as to assist in meeting the water:
quality standards as outlined in the Technicé] Handbook by increasing
detention time and decreasing velocity of inflow.

19.1.4 DESIGN CRITERIA

The following procedure is used to determine shape of the.basin.
The length of this flow path (L)} is the distance from the point of
inflow to the outflow point. The pool area (A) is the area of the
normal pool, sediment storage elevation. The effective width W(e) is
found by this equation:
| Wle) = A/L
L:W Ratio = L/W(e)

In the event there is more than one inflow point, any ihf]ow

point which conveys more than thiriy percent (30%) of the total peak

inflow rate shall meet the length -width (L:W) ratio criteria.

The required basin shape may be obtained by proper site

selection, by excavation or by congtructing a baffle in the basin.
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The purpose of the baffle is to increase the effective flow length path.
The baffle lgcation and 1ehgth will be such that a minimum 2:1 length
-width ratio is obtained.

The effective length L(e) shall be the shortést distance the
water must flow from the inflow point to the outflow point. The
equation shall be: |

W{e) = A/L(e)
L:W Ratio = L{e)/wW(e)

Examples of these procedures are the following:




EXAMPLE OF DETERMINING OR ALTERING
SEDIMENT BASIN SHAPE

b —
A, o
Inflow
Riser { outlet)
Normal Pogl
[e= Total distonce from the point of
inflow around the baoffle to the riser,
Normal Pool
B.
Riser Inflow
C.

Inflow
BAFFLE DETAIL "
—Sheets of 4'x 8’ ext. plywood &
or aqual. L
L. T

f |
{ 1
| |

i
I e POSTS—Min. SizE 4 SQUare Of 5" round.
| Set at least 3 into ground.

-8 Cc-C

ELEVATION
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19.2 STONE CHECK DAMS

19.2.1 DEFINITION

A barrier composed of large stone constructe& across a
drainway.
19.2.2 PURPOSE

To retard streaﬁ flow and form a small sediment basin in order
to assist In sediment control;

19.2.3 CONDITIONS WHERE PRACTICE APPLIES

Stone check dams may be used only to assist in sediment control.

They ARE NOT SUBSTITUTES for sediment dams or excavated sediment ponds.
If used above such structures, stone.check dams will in no way reduce
the required sediment capacity (0.125 acre-feet/acre of disturbed area)
of sediment cont;ol structures.
Stone check dams will not be used when the drainage area above
them exceeds 30 acres. They may be used in locations such as:
1. In natural or constructed drainways close to the disturbed
area in order to catch initial sediment loads.
2. In channels carrying water off the bench toward a natural
drainway.
3. Other locations where small localized sedimentation problems
- exist. |

19.2.4 DESIGN CRITERIA

A design is not required for stone check dams; however, the
following standard criteria will be use:
1. Twenty-five percent (25%) of the rock will be 18 inches or
larger. The remaining seveuty-five percent (75%) shall be

well graded material consisting of sufficient rock small
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enough to fill the voids between the larger rocks.

i. The dam will be keyed into the sides and bottom of the
channel a minimum depth of 3 feet. Minimum width of the key
will be 3 feet.

3. Upstream slope and downstream slope will be 3 horizontal to
1 vertical.

4. A weir the average width of the stream channel and a minimum
of 1 foot deep will be positioned at the center of the dam.

5. Maximum height will be 4 feet (from lowest point along
centerline of dam to crest of weir).

6. Minimum top width shall be 5 feet.

19.2.5 MAINTENANCE

Stone check dams shall be cleaned when sediment capacity is

approached.




STONE CHECK DAM

N
N
e
)T
\'l

|‘“B:§—§ \
Vail
e

3
3 3
! Il
. 4 M4x, 4
SR
_JJ-O
B
3-0
SECTION A-A

—_——




CHAPTER 19 K SBDIKE Page 1
19.3 STRAW BALE DIKE

19,3.1 DEFINITION

A temporary barrier or structure with a 1ife expectancy of three
months or less, installed across or at the toe of a slope of the
disturbed area.
19.3.2 PURPOSE

To intercept ahd detain small amounts of sediment from
unprotected disturbed areas and to assist the overall sediment control
ptan.
19.3.3 CONDITIONS WHERE PRACTICE APPLIES

Dikes may be used only to assist in sediment control. They ARE

NOT SUBSTITUTES for sediment control structures. Dikes will in no way

reduce the required sediment capacity of sediment control structures.
The temporary straw bale dike may be used when:
1. There is no concentration of water in a channel or other
drainagewéy above the dike.
2. Erosion would occur in the form of sheet and rill erosion.
3. The 1eng£h of slope in the contributing drainage area above
the dike is less than 200 feet. The slope should be fifteen
percent (15%) or less. If the slope is greater than fifteen
percent {15%}, bales should be located on 100 foot spacing.
19.3.4 DESIGN CRITERIA

A11 bales shall be placed on the contour and should be tied with
either wire or nylon string, if available.

19.3.5 CONSTRUCTION SPECIFICATIONS

1. Bales shall be placed in a row with ends tightly abutting
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2.

6.

the adjacent bales.

1f bales are so constructed {curved ends) that a tight f£it
cannot be attained, the bales shall be embedded in the soil
a minimum of 4 inches or bales covered with a fiber mat.
Bales shall be securely anchored in place by stakes or
re~bars driven through the bales. The first stake in each
bale shall be driven toward previously laid bale to force
bales together. |

Inspection shall be frequéﬁt, and repair or replacement
shall be made promptly as needed.

Bales shall be removed when they have served their

usefulness.

Maintenance will be required on all structures to insure

proper function of this intended purpose.
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19.4 TLOG AND POLE STRUCTURES

19.4.1 DEFINITION

Albarrier composed of logs aﬁd poles constructed dcross a
natural or constructed drainway.
19.4.2 PURPQSE

To retard stream flow and catch small sedimént loads;

19.4,3 CONDITIONS WHERE PRACTICE APPLIES

Log and pole structures are to be used only to assist in

sediment control and ARE NOT SUBSTITUTES for sediment control

structures. When used, log and pole structures will not reduce the
required sediment capacity (0.125 acre-feet/acre of disturbed area) of
sediment control structures.
They may be used in locations such as:
1. In natural drainways close to the disturbed area to catch
initial sediment loads.
2. In channels carrying water off the bench toward a natural
drainway.
3. Other locations where small localized sedimentation problems
exit.

19.4.4 DESIGN CRITERIA

A design is not needed for log and pole structures. Generally,
they will follow the standard as shown on the illustration. Log and

pole structures will not be used on a drainway whose normal discharge is

greater than 5 cubic feet per second.
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19.5 FILTER FENCE

19.5.1 DEFINITION

A temporary structure with a life expectancy of six (6) months
or less. Installation shall be below a small disturbed area or at the
toe of a slope.
19.5.2 PURPOSE

To intercept and detain sediment from small unprotected
disturbed areas and to assist the overall sediment control plan.

19.5.3 CONDITIONS WHERE PRACTICE APPLIES

Filter fences may be used only to assist in sediment control.

They ARE NOT SUBSTITUTES for sediment control structures. If used above

such structures, fences will in no way reduce the required sediment
capacity of sediment control structures. |
Filter fences will not be used when the drainage area above them
exceeds 50 acres. They may be used in locations such as:
1. Areas ofrno concentration of water in a channel or other
&rainage way above the fence.
2. Areas where erosion will occur in the form of sheet and rill
erosion.
3. If disturbed 510pes'are greater than twenty-five percent
(25%), fence should be Jocated on 100 foot spacings. If
slopes are less than twenty-five percent (25%), fence will
be located on 200 foot spacings.
19.5.4 DESIGN CRITERIA

Design computations are not required. All filter fences shall

be placed as close to the contour as possible. A detail of the filter

fence shall be shown, on the plan, and contain the following minimum
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requirements:
l. Tye type, size and spacing of fence posts.
2. The size of woven wire support fence.
3. The type of filter cloth used.
4. The method of anchoring the filter cloth.
19.5.5 MATERIALS
1. Filter Fence Cloth: Filter X, Poly-filter X, Mirafi 100X,
Erosion Control Cloth, Bidim, or approved equal, which is -
resistant to the sun's rays.
2. Fence Posts: The length shall be a minimﬁm of 48 inches
long. Wood posts will be of sound quélity hardwood with a
minimum diameter of 2 inches or as approved. Steel posts
will be standard T or U section weighing not less than 1.33
pounds per linear foot.
3. Wire Fence: Woven wire fencing shall be a minimum 14-1/2
gage with a maximum & inch mesh opening, or as approved.

19.5.6 CONSTRUCTION SPECIFICATIONS

1. The fence posts shall be spaced a maximum distance of 10
feet center—-to-center.

2. Woven wire fenée shall be fastened securely to the upstream
side of the fence posts by staples or wire tiles. :

3. Staple or fasten securely the filter cloth to the upstream
side of the woven wire, allow sufficient filter cloth for
anchor at the bottom.

4. The filter cloth shall be embedded in the soil a minimum of
4 inches and have compact soil to hold it in place.

5. The inspection shall be fréquent, and the filter cloth shall
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be replaced promptly as needed if it is torn.

6. Maintenance will be required on all structures to ensure

- proper function of the intended purpose.




SILT FENCE DETAIL

WOVEN WIRE FENCE { MiN. 14 GAUGE, 6" MAX.
MESH SPACING)

48" MIN. FENCE POSTS DRIVEN A
MIN. OF 14" IN GROUND.

10 MAX. c.c.

HEIGHT OF FILTER
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PERSPECTIVE VIEW

48" MiN, FENCE POST

W.W. FENCE 4 GA. MIN——=

&' MAX. MESH SPACING —
W/FILTER CLOTH COVER i

'l

EMBED FILTER CLOTH IN GROUND 4" MIN.

SECTION

CONSTRUCTION NOTES °

POSTS: STEEL EITHER T or U TYPE
OR 2" HARDOOD

I. WOVEN WIRE FENCE TO BE FASTENED SECURELY

TO FENCE #POSTS WITH WIRE TIES OR STAPLES.
FENCE : WOVEN WIRE, |14 GA,

2 FILTER CLOTH TO BE FASTENED SECURELY TO
WOVEN WIRE FENCE WITH WIiRE TIES SPACED MAX, 8" MESH OPENING
EVERY 24" AT TOP AND MID SECTION.

_ FILTER GLOTH: FILTER X
3. SEE STEP BY STEP PROCEDURE ON NEXT SHEET.
ZDURE ON NEXT SHEE MIRIFI 100X,
t AUREL EROSION CONTROL CLOTH

BIDIM OR EQUAL
POLYFILTER X
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19.6 SEDIMENT TRAP

19.6.1 DEFINITION

A small temporary basin formed by excavation to intercept
sediment laden runoff and to trap and retain the sediment.
19.6.2 PURPOSE

The purpose of a sedimenﬁ trap is to intercept sediment laden
runoff and trap the sediment in order to protect drainageways,‘ditches
and streams below the sediment trap from sedimentation.

19.6.3 CONDITIONS WHERE PRACTICE APPLIES

A sediment trap is usually installed in a drainageway at a
culvert inlet or at other points of discharge from a disturbed area.
Sediment traps may be used only to assist in sediment control for the

mining operation areas. They ARE NOT SUBSTITUTES for sediment control

structures for mining operation areas. Traps will in no way reduce the
required sediment capacity of sediment control structure. Traps may be
approved for erosion and sediment control for haulageways, access roads
and temporary bench control systems.

19.6.4 DESIGN CRITERIA

The drainage area for a sediment trap shall be less thén 5
acres. The trap should be iocated to obtain the maximum storage benefit
from the terrain for ease of cleanout and disposal of the’trapped'
sediment and to minimize interference with activities proposed.

The sediment trap size shall have a minimum capacity of 80 Fubfc
feet per acre of disturbance within the drainage area. The sediment
shall be cleaned out when it reaches forty pércent (40%) of the design
sediment requirement.

A1l excavation for construction of traps shall be carried out in
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such a mannef that erosion and water pollution shall be minimal. Any
excavation portion of traps shall have a 2 horizontal to 1l vertical in
earth and 1/4 horizontal to ! vertical in rock.
An adequate outlet shall be maintained for all sediment traps,
such as, but not limited to: Culvert, vertical riser, rock riprap open
channels and . « « « « .« .

19.6.5 CONSTRUCTION SPECIFICATIONS

Construction operations shall be carried out Iin such a manner

that erosion and water pollution are minimized. Also, the structure

shall be inspected after each rain and repairs made immediately.
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19,7 TOE BERM

19.7.1 DEFINITION

A berm or "bench" of compacted and vegetated soil constructed
to act as a temporary sediment control system for bench control systems,
haulageway construction, sediment structure construction and etc.
19.7.2 PURPOSE

To control sheet and gully erosion from the disturbed areas by
diminishing the velocity of the runoff and making it possible for
sediment to deposit.

19.7.3 CONDITIONS WHERE PRACTICE APPLIES

The toe berm can be used at the toe of the outer spoil slope to
control excessive erosion until the slope has been properly revegetated
and stabilized. The toe berm should be constructed as soon as spoil
slope is established. This shall be done as mining progresses. The
berm shall not be built where concentrated flows from the bench area or
other areas occur; it shall be built only where runoff is from spoil
slope. A temporary control system can be used for bench control systems
and for temporary sediment control during construction of haulageways,
sediment structures, etc.

19.7.4 DESIGN CRITERIA

A design is not required for toe berms; however, the following

standard criteria will be used:

1. Toe berm will be sloped a minimum of one percent (1%) and a
maximum of three percent (3%) away from the toe of spoil,
inside s16pe or other conditions.

2, Quter slope of the toe berm will be 2 horizontal to 1

vertical or flatter.
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Toe berm will be seeded and mulched immediately after

. construction and shall cover the outer slope of the berm and

shall extend a minimum of 10 feet up the spoil slope. The
pH and nutrient level of the soil shall be such that a

vigorous stand of vegetation can be established.




TOE BERM

TYPE I (CUT)

ORIGINAL SLOPE

VARIES

1% MIN. SLOPE

\ SLOPE
' VARIES 1

TYPE I (FILL)

ORIGINAL SLOPE

2:1 MiN.
1% MIN. SLOPE

TYPE IO (FILL ON SPOIL)

SLOPE

VARIES 1

ORIGINAL SLOPE

i% MIN. SLOPE
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16.8 LEVEL SPREADER

19.8.1 DEFINITION

An outlet constructed at zero percent (0%Z) grade across the
slope where concentrated runoff may be spread at non-erosive velocities
over undisturbed areas stabilized by éxisting vegetationm.
19.8.2 PURPOSE

The purpose of the level spreader is to convert a concentrated.
flow of storm runoff into sheet flow and to outlet it onto areas
stabilized by existing vegetation without causing erosion.

19.8.3 CONDITIONS WHERE PRACTICE APPLIES

Level spreaders may be used where storm runoff is concentrated
and diverted fram surface mined areas onto undisturbed areas {(i.e., at
diversion outlets, etc.). This practice applies only in those
situations where the spreader can be constructed omn undisturbed soil and
where the area directly below the level lip is stabilized by existing
revegetation.

19.8.4 DESIGN CRITERIA

A specific design for level spreaders will not be réquired.
However, spreader length will be determined by knowing the peak rate of
discharge (Q) Chapter 2, “Estimating Runoff” and utilizing Table
selecting the appropriate length.

19.8.5 OUTLETS
Final discharge will be over the level lip onto an area already

stabilized by existing vegetation.
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Undisturbed Slope

2:1 or Flatter
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LEVEL SPREADER

Undisturbed soil stabilized
by existing vegetation

| 6 min.

SECTION A-A
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stabilized area.
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compacied earthfill berm

PLAN VIEW
TABLE |

Designed Q Minimum Length

(cfs) {"L" in feet)
up to 10 15

it o 20 20
21 to 30 26
3! to 40 36
4t to 50 44

General Notes:

All drawings Not_to_Scale.

Construct level lip on zero percent grade to insure uniform spreading of storm runoff
(converting channe! flow to sheet flow), )
Level spreaders must be constructed on undisturbed soil {not on Fiil},

Entrance to spreader must be graded in o manner to insure that runoff enters directly
onto the zero percent graded chanrels.

Storm runoff converted fo sheet flow must outlef onto areas already siabilized by

existing vegetation.

Periodic inspegtion and maintenance must be provided to insurg intended purpose is

accomplished.
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19,9 SKIMMER DEVICE

0 19.9,1 DEFINITION
Method or device which may be used on sediment control
structures to prevent discharge during base flow conditions of coal
fines, oil residue or other floating pollutants.
19.9.2 PURPOSE
A dewatering device preventing pollutants from entering
reservoirs, ditches, diversions, waterways and streams.

19.9.3 CONDITIONS WHERE PRACTICE APPLIES

Usage of skimmer devices will only be utilized in those areas
where there is a possibility that coal fines, oil residue or other
floating poliutants will be in runoff entering sediment control
structures.

19.9.4 DESIGN CRITERIA

The minimum design criteria for sediment control structures are
as follows:

1. Drainage area less than 10 acres, the skimmer device shall
be able to safely bypass a 10-year, 24-hour precipitation
event in lieu of required exit channels on Excavated
Sediment Pond, Dugout Type and Excavated Sediment Dam,
Embankment Type.

2. Drainage areas larger than 10 acres, the skimmer device
shall be able to safely bypass a l-year, 24-hour
precipitation event and provide an emergency spillway if
structure is classified as an Excavated Sediment Dém,
Embankment Type. If structure is classified as an Excavated

Sediment Pond, Dugout Type, then a minimum of a 12 inch

skimmer device will be required along with the minimum exit
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channel design.
3. Storage elevation of all structures shall be at the Invert
of the skimmer device.
4. It may be required to have anti-seep collars and trash racks
installed on skimmer devices.
To determine what size corrugated steel pipe will be required to
meet the standards set forth above, see Exhibit 13=3 of this handbook
and given: K(e) = .9, head in feet (H) measured from the centerline of

the outlet end to the top of water at the inlet side and minimum slope

(S) of one percent (1%) to a maximum slope of three percent (3%).
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19.10 PERFQORATION

19.10.1 DEFINITION

A method which can be utilized on drop inlet, principal
spi11ways; vertical riser, etc., to act as a dewatering device.
19.10.2 PURPOSE

Dewatering device of this type will allow additional detention
for the structure, regulate the pool elevation during base flow
conditions and allow for excess storage of runoff during storm events.

19.10.3 CONDITIONS WHERE PRACTICE APPLIES

- Dewatering device such as perforation may be required on many
erosion and sediment control systems such as the following:

1. Drop Inlet Type, principal spiliways on Sediment Dams,
Embankment Type of Excavated Sediment Dams, Embankment
Type.

2. Vertical risers utilized on haulageways, bench'control
systems and regraded drainage control.

3. Types of drainpipe apparatus on sediment control
structures so as to conduct periodical maintenance.

19.10.4 DESIGN CRITERIA

Drop Inlets, vertical risers or other methods when perforated
shall be done so throughout the top two-thirds {2/3) of their Tength

with 3/4 inch diameter holes spaced 8 inches vertically and 12 inches

horizontally center to center.
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19.12 PUMPED WATER MANAGEMENT

19.12,1 DEFINITION

Pumped water management is the control of water being pumped

on mining operations so that it will not be deleterious to the
environment by eroding soil and providing sediment to downstream

areds.

19.12.2 PURPOSE

When there is a probable usage of a pumping system on a mining
operation with a discharge either in diversion ditches, sediment
structures, disturbed areas and fill slopes. Proper management of
these systems must be considered to prevent additional contribution of
suspended solids to the stream and in assisting the operation in
meeting all existing State and Federal Water Quality Standards.

19.12.3 DESIGN CRITERIA

Discharge of hose from pumping system may be outlet to the

following:
1. Rock riprap structure
2. Dissipators
3. Level spreaders

4. Any other methods for which will decrease the velocity to

a safe, acceptable limit.
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19.13 EXCELSION BLANKET

19.13.1 DEFINITION

The excelsion blanket is a protective blanket used in the
establishment of vegetation in critical areas.
19.13.2 PURPOSE

The ﬁse of a reinforcing weave, the intertwined nature of the
excelsion and the fact that the blanket is secured to the soil by metal
staples makes this product resistant to erosion by concentrated storm
cunoff. As a mulching product, it conserves soil moisture, serves as
an insulator against solar radiation, dissipates energy from fallen
raindrops and reduces arosion caused by overland fiow.

19.13.3 CONDITIONS WHERE PRACTICE APPLIES i

The excelsion blanket may be used in critical areas such as
swales, diversion, steep slopes, highly erodible soil, etc.

19.13.4 DESIGN CRITERIA

In general, the blanket is rolled out on the seeded area to be
protected and is stapted into place. Staple application rate under
normal conditions is five staples per six linear feet of blanket,
p\aced two along each side and one in the middle. ﬁhere more than one
b)anket is required, they are butt- -joined and securely stapled.

19.13.5 DESCRIPTION i

The Erosion Control Excelsior Blanket consists of a machine
produced mat of curled wood excelsior of eighty percent (80%) 8 inch or
longer fiber length. It is of consistent thickness and the fiber is
evenly distributed over the entire area of the Blanket. The top side

of each Blanket is covered with 3 inch by 1 inch weave of twisted Kraft

paper or biodegradable plastic mesh that has a high wet strength.
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Blankets are mold resistant and contain no chemical additives. The
Blankets are available in 3 foot by 150 foot roils and in 4 foot by 180

foot rolls. They are secured to the soil by the use of heavy duty wire

staples.
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19.14 MULCH BLANKETS

19.14.1 DEFINITION

Mulch blankets are used in the establishment of vegetation i
critical areas such as diversion waferways, and etc.
19.14.2 PURPOSE

As a mulch1ng product they conserve soil moisture, serve as |
insulators against 1ntense solar radiations, dissipate energy from !
falling rain and reduce erosion caused by overland flow. After | |
application and saﬁuration by rain, the fibroué blanket loosens to form
a thick mulch cover. This cover and the underlying seed and soil are
then held in place by the mesh plastic net. The fiber mulch blanket
conforms to the surface to prevent erosion by wind and water.

19.14.3 CONDITIONS WHERE PRACTICE APPLIES

Mulch blankets may be used on areas such as, but not Timited
to: Diversion ditches, stream channels, waterways, steep slope
conveyanées and flumes to protect the structure from erosion by wind and

water until establishment of vegetation.

19.14.4 DESIGN CRITERIA ;

Specific sites may require some modification or variation from
the general criteria listed below. Manufacturer technical
representatives or conservation specialists experienced in the use of
this product should be consﬁ]ted for guidance. Both materials are
designed to be unrolled and stapled over prepared, seeded soil
surfaces. Where more than one roll of material is required, sufficient
overlap should be provided to ensure against separation at these seams.

Neither material should be stretched tight. They should be applied so

as to conform to surface irregularities and must be in continuous




CHAPTER 19 E MB ‘ Page 2

contact with the soil surface. Material should be secured in
depressions with additional staples. When used in areas that
experlence concentrated overland flow, fabric blankets must be extended

laterally to an elevation that is several inches above the elevation of

the design high fiow.
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19.15 JUTE NETTING

19.15.1 DEFINITION

Jute Netting is used in the establishment of vegetation in
critical areas. Jute is a coarsly woven material of jute yarn which
can be used to control soil erosion in waterways, diversion and on
steep slopes.
19.15.2 PURPOSE

As a mulching product, it conserves soil moisture, serves as
an insulator against intense solar radiations, dissipates energy from
falling raindrops and reduces erosion caused by overland flow. The
thick strands and heavy weave enable this product to withstand the
higher flow velocities associated with critical swales, diversion
ditches, waterways, and etc.'

19.15.3 DESIGN CRITERIA

Prepare seedbed according to local specifications. Seeding
may be split so that one-half of seed is sown after the jute has been
applied. Each specific site may require some modification or variation
from the general criteria listed below. Manufacturer technical
Eepresentatives or conservationists experienced in the use of this
material should be consulted for specific guidance.

In general, start laying the thatching from the top of the
channel and unroll downgrade so that one edge of the strip coincides
with the channel center. Lay a second strip parallel to the first on
the other side of the channel and allow a 2 inch overlap. If one roll
of thatching does not extend the length of the channel, continue

downhill with additional rolis.

Bury the top end of the jute strip in a trench 4 inches or
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contact with the soil surface. Material should be secured in
depressions with additional staples. When used in areas that
experience concentrated overland flow, fabric blankets must be extended

laterally to an elevation that is several inches above the elevation of

the design high flow.
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19.15 JUTE NETTING

19.15.1 DEFINITION
Jute Netting is used in the establishment of vegetation in

critical areas. Jute is a coarsly woven material of jute yarn which
can be used to control soil erosion in waterways, diversion and on
steep slopes.
19.15.2 PURPOSE

| As a mulching product, it conserves soil moisture, serves as
an insulator against intense solar radiations, dissipates energy from
falling raindrops'and reduces erosibﬁ caused by overland flow. The
thick strands and heavy weave enable this product to withstand the
higher flow velocities associated with critical swales, diversion
ditches, waterways, and etc.

19.15.3 DESIGN CRITERIA

Prepare seedbed according to local specifications. Seeding
may be split so that one-half of seed is sown after the jute has been
applied. Each specific site may require some modification or variation
from the general criteria listed below. Manufacturer technical
representatives or conservationists experienced in the use of this
material should be consulted for specific guidance. _

In general, start laying the thatching from the top of the
channel and unroll downgrade so that one edge of the strip coincides
with the channel center. Lay a second strip parallel to the first on
the other side of the channel and allow a 2 inch overlap, If one roll
of thatching does not extend the length of the channel, continue
downhill with additional rolls.

Bury the top end of the jute strip in a trench 4 inches or
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more deep. Tamp the trench full of soil. Reinforce with a row of
staples driven through the jute about 4 inches downhill from the
trench. These stap]és should be about 10 inches apart. Then staple
the overlap in the channel center. These staples should be 4 to 10
feet apart. The outside edges may be stapled similarly at any time
after the center has been stapled. Closer stapling along the sides is
required where concentrated water may flow into the channel.
19.15.4 DESCRIPTION

Jute Neeting is a heavy woven jute mesh of rugged
construction. It is constructed of undyed and unbleached twisted jute
fibers. It can be treated to be mold resistant. It is commonly
available in individual rolls, 225 feet long and 4 feet wide. Each

roll contains 100 square yards and weighs approximately 90 pounds.
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19.16 NETTING

19.16.1 DEFINITION

Netting is used as a means by which natural or synthetic fiber
mulch can be securely anchored to seeded areas or areas temporarily
stabilized with mulch on which conventional mulch tacking products are
judged to be insufficient.
19.16.2 PURPOSE

Nettings are used to reinforce newly placed turf that may be
subjected to severe runoff velocities before the root zone has matured
to the point where turf structure above can withstand the anticipated
stress.

19.16.3 CONDITIONS WHERE PRACTICE APPLIES

Nettings may be used on areas such as, but not limited to:
Diversions, stream channels, waterways, steep slope conveyances, and
flumes to protect the structure from erosion by wind and water until
establishment of vegetation. |

19.16.4 DESIGN CRITERIA

Generally, these products are unrolled and stapled on areas
that have been mulched with natural and synthetic fiber muich.
Guidance can be secured from manufacturer's technical representatives
or conservation specialists familiar with the use of these products.

When used to anchor newly placed sod, stapling becomes more:
critical and stapie placement on 36 inch centers is often used.
Netting with small openings is susceptible to heaving as the turf
matures.

19.16.5 DESCRIPTION

Several products are on the market, and compositions range
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from tightly twisted Kraft paper yarns to polypropylene oriented
plastic to fiber glass scrim. All are lightweight. The Kraft paper
yarns are biodegradable. The polypropylene is ultraviolet semsitive
and gradually disintegrates in tﬁe presence of sunlight. The
polypropylene net and fiber glaés scrim will not support combustion.

All products are marketed in rolls. Roll widths range from 3.75 to 15

feet. Lengths range to 2500 feet.
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TABLE 1

ROCK RIPRAP FLUME REQUIRED DIMENSIONS

BOTTOM SIDE CHUTE DEPTH

DISCHARGE INLET & EXIT
{(cfs) (ft.) SLOPE (ft.) DEPTH (ft.)
0 - 30 . 301 1.5 3.0

30 - 50 6 3:1 1.5 3.0

50 - 65 8 3:1 1.5 3.0

65 ~ 80 10 3:1 1.5 3.0

80 - 100 12 3:1 1.5 3.0
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19.18 FRENCH DRAINS

19.18.1 DEFINITION

A method of conveying runoff through a backfill area and
discharging it safely on natural undisturbed .ground.
A constructed rock drain used in interception and conveyance of runoff
from above the operations through the backfill area.
19.18.2 PURPOSE

A method to be utilized with the mining operation which could:be
incorporated in the regraded drainage control plan as required in
Chapter 18.
19.18.3 CONDITIONS WHERE PRACTICE APPLIES

Mining operation areas can utilize this method in natural
drainways or other areas where runoff above the operation can
be conveyed through the backfill area safely.
19.18.4 DESIGN

French drain shall be a minimum of 12 feet in width and
composed of rock with a minimum dimension of 12 inches. Rock drains
cannot consist of more than ten percent (10%} fines as determined by
visual inspection {fines being a material with a dimension_bf Tess -than

12 inches). MWhen french drains are used in near horizontal positions

of the bench, the drain will be a minimum of 12 feet in height and
extend safely through the backfill area and discharged safely. Also,
when used in near vertical position of the highwall, there will be
a minimum 12 feet square drain extended to the top of the backfill
to the near horizontal draiﬁ.

Rock material shall not consist of any coal waste, toxic forming

or potential toxic forming materials.
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Before construction of french drains located on the pit

floor, special care shall be taken to insure that the floor is

completely clean.
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CHAPTER 19
ROCK RIPRAP

19.19.1 DEFINITION

A layer of loose rock or aggregate placed over an erodible soil surface
to prevent erosion, scour or sloughing of a structure. Rock shall consist of
non-degradable, non-acid or toxic forming rock such as natural sand and
gravel, sandstone, limestone or other durable rock ‘that will not slake in
water and will be free of coal, clay or shale.
19.19.2 PURPOSE

The purpose of riprap is to protéct the soil surfaces from the erosion
forces of water.

19.19.3 CONDITIONS WHERE PRACTICE APPLIES

This practice applies to soil-water interfaces where soil conditions,
water turbulence and velocity, expected vegetative cover and groundwater
conditions are such that the soil may erode under the design flow conditions.
Riprap may be used, as appropriate, at such places as culvert outlets,
diversion ditches, stream channels, emergency spilliways, roadside ditches,
embankment protections, entrance channels, etc.

19.19.4 SPECIFICATIONS

Rock riprap will be placed in a 1.5 foot thick blanket on the structure.
Twenty-five percent {25%) of the rock will be of 18 inches, the remaining
seventy-five percent (75%) shall be well graded material (minimum 3 inches to
maximum 18 inches) with sufficient amounts of rock small enough to fill the

voids between the larger rocks. The size of rock will not be larger than the

thickness of the rock riprap blanket. SHALE OR OTHER ROCK TYPES WHICH HAS
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A HIGH WEATHERING POTENTIAL SHALL NOT BE USED FOR RIPRAP.

19.19.5 DESIGN, IF APPLICABLE

This section shall apply to the designing of rock riprap size and criteria
if the above specifications are not applicable.

The minimum design discharge for channeis, spillway, ditches, and eté.,
shall be the peak discharge from the design storm, based on maximum watershed
development during the life of the structure. The roughness coefficient, n, is
ﬁsed for determining f1ow on the constructured riprap surface as shown in
Tabie 1.

In design of riprap-lined channels, The National Cooperative Highway
Research Program Report No. 108, “"Tentative Design Procedure for Riprap-Lined
Channels", details the procedure for determining a design stone size such that
the stone is stable under the design flow conditions with a reasonable factor
of safety. The design stone size used is the d(50), or median stone diameter,
defined as that stone size which is exceeded in weight by fifty percent {50%)
of the mixture.

Erosive forces of flowing water are greater in bends than in straight

channels. Therefore, riprap size for bends and straights in the channel must

" be computed. If the riprap size [d(50)] computed for bends is less than ten
percent (10%) greater than the riprap size for straight channels, then the
riprap size for straight channels shall be considered to be of adequate size;
otherwise, the larger riprap size shall be used in the bend. This is done in .
order to minimize the number of riprap sizes required. No more than two
riprap sizes should be used on any single contract, in order to minimize
construction problems caused by too many sizes. The riprap size to be used in

a bend shall extend upstream from the point of curvature and downstream from

the point of tangency a distance equal to five times the cheznnel bottom width
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(length = 5b). This riprap size shall extend across the ‘bottom and up both
sized of the channel.

19.19.5.1 RIPRAP

The ripraprsha11 be composed of a well-graded mixture down to
the 1 inch size particle, such that fifty percent (50%) of fhe
mixture by weight shall be larger than the d(50) size. A well-graded
mixture is defined as a mixture composed primarily of the larger °
stone sizes but with a sufficient mixture of other sizes to fill the
progressively smaller voids between the stohes. The diameter of the
1érgest stone size in such a mixture shall be considered to be 1.5
times the d(50) size. The riprap size as shown on the plans and
specifications or for other construction purposes shall be the size
of the largest stone in the mixture, i.e., 1.5 x d(50).. The minimum
thickness of the riprap layer shall be 1.5 times the maximum stone
diameter but not less than 6 inches. The riprap shall extend up the
banks to a height equal to maximum depth of flow or to a point where
vegetation can be established to adequately protect the channel.

In channels where there is no riprap or paving in the bottom,
the toe of the bank riprap shall extend below the channel bottom a
distance at least 1.5 times the maximum stone size, but in no case
less than 1 foot. The only exception to this would be in the event
that there is a non-erodible hard rock bottom. The channel bank-
shall not be steeper than 2.0 horizontal to 1.0 vertical.

After determining the riprap size that will be stable under
the flow conditions, the engineer shall consider that size to be a
minimum size and then, based on riprap gradations actually available

in the area, shall select the size or sizes that equal or exceed the

minimum size.
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19.19.5.2 FILTER

A filter is a layer of material placed between the riprap and
the underlying soil surface to prevent soil movement into and through
the riprap. |

Riprap shall have a filter placed under it when either of the

following conditions exist: | |

1. The riprap is not well graded down to the 1 inch size
particle.

2, Riprap is placed on the side slopes of a channel and the
s0il is sand size or finer with a plasticity index, PI,
less than 10. This requifement applies to slopes having
this soil in lenses or layers greater than 3 inches in |

thickness.

A filter can be of two general forms. One is a single 1aye;
of plastic filter cloth manufactured for that express purpose.
Another is a properly graded layer of sand, gravel, or stone.

The criteria for the design of an aggregate filter are as

follows:

d(15) Riprap d(15) Filter
d(85) Filter d(85) Base

in which d{15) or d(85) is the size of base, filter or riprap

_ material. In these equations, fifteen and eighty-five percent (15% -
85%), respectively, are finer. The base is the soij }ayer underneath
the filter. The filter shall be graded down to sand size particles.
Riprap 12 inches and Targer shall not be dumped directly onto the
ptastic filter cloth, since it may tear or disp1acelthe filter ciéth.
Instead, a 4 inch minimum thickness blanket of gravel shall be placed

over the filter cloth or the riprap shall be placed directly on the
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£ilter cloth by hand or by the bucket of the equipment. Side slopes
shall be 1l:1 or flatter to prevent the gravel from sliding down the
filter cloth before placing the riprap.

19.19.5.3 SOIL SIZE CLASSIFICATION

Soil sizes given herein are according to the Unified Soil

Classification as indicated:

Soil Sieve Size
Gravel smaller than 3 inch and larger than #4
(Approximately 1/4 inch) -
Sand Smaller than #4 and larger than #200
(0.074 mm)

19.19.5.4 QUALITY

Stone for riprap shall consist of field stone or rough unhewn
quarry stone of approximately rectangular shape. The stone shall be
hard and angular and of such quality that it will not disintegrate on

exposure to water or weathering, and it shall be suitable in ali

other respects for the purpose intended. The specific gravity of the

individual stones shall be least 2.5.

Rubble concrete may be used, provided it has a density of at

!
{
;
E

least 150 pounds per cubic foot and otherwise meets the requirements

specified herein.

19.19.5.5 DESIGN PROCEDURES

The design of riprap-]ined channels {National Cooperative
Highway Research Program Report No. 108, "Tentative Design Procedure
for Riprap-Lined Channels") is based on the tractive force
method and covers the design of riprap in two basic channel shapes:

trapezoidal and triangular.
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NOTE: This procedure is for the uniform flow in channels and is not
to be used for design of riprap de-energizing devices
immediately downstream from such high velocity devices as
pipes andicu1verts.

Report No. 108 gives a simpie and direct solution to the
design of trapezoida] channels inciuding channel carrying capacity,
channel geometry, and riprap 1ining. The publication is a very good
reference and design aid.

The procedure presented in this section is based on the
assumption that the channel is already designed and the remaining -
problem is to determine the riprap size that would be stable in the
channel. The designer would first determine the channel dimensions
by the use of Manning's equation. The n value in Manning's
équation is derived by estimating a riprap size and then determining
the corresponding n value for the riprapped channel from Tabie 1.-

when the channel dimensions are known, the riprap can be
designed (or on already completed design may be checked) as follows:

19.19.5.6 TRAPEZOIDAL CHANNELS

1. Calculate the b/d ratio and find the'P/r on Figure 2.

2. From Table 1, using S(b), Q, and P/r, find the median
riprap diameter, d{50), for straight channels.

3. On Table 1, find the actual n value corresponding to the
d(50) from step 2. If the estimated and actual n values
are not in reasonable agreement, another trial must be
made. ‘ ,

4. For channels with bends, calculate the ration B{s)/R{o)

where B{s) is the channel surface width and R(o) is the
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radius of the bend. Use Table 4 to find the bend
feactor, F(B). Multiply the d(50) for straight channels
by the bend factor to determine riprap size to be used in
bends. If the d{50) for the bend is less than 1.1 times
the d(50) for the straight channel, then the size for
straight channel may be used in the bend; otherwise, the
larger stone size calculated for the bend shall be used.
The riprap shall extend across the full channel section
and shall extend upstream and downstream from the ends of
the curve a distance equal to five times the bottom
width.

5. From Table 5, determine the maximum stabie side slope
of riprap surface.

19.19.5.7 TRIANGULAR CHANNELS

1. From Table 3A, using S(b), Q and z, find the median

riprap diameter, d{50) for straight channels.

2. From Table 1, find the actual n value. If the

estimated and actual n value are not in reasonable
agreeement, another trial must be made.

3. For channels with bends, see step 4 under Trapezoidal

Channels.

The riprap size to be specified on the plans shall be the
maximum stone size in the mixture which shall be 1.5 times the d(:50).
The thickness of the riprap Jayer is 1.5 times the maximum stone
size, but not less than 6 inches. Freeboard shall be added to the
channel depth and shall be not less than 0.2 times the depth of flow,

or 0.3 feet, whichever is greater.
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Given:

Trapezoidal channel

Q = 100 cfs

S = 0.01 ft./ft.

Side Slopes = 2.5:1

Mean bend radius, R{o) = 25 ft.

n = .033 (estimated and used to design the channel to find
that b = 6 ft., and d = 1.8 ft) '

nou

'Type of rock available is crushed stone:

Solution:

Straight channel reach

Channel bend

b/d = 6/18 = 3.3

From Table 2, P/r = 13.0

From Table 3, d{50) = 3.4 in.

From Table 1, n (actual) = 0.032, which is reasonable
close to the estimated n of 0.033.

Maximum riprap size = 1.5 x 3.4 = 5.1 in.

Riprap thickness = 1.5 x 5.1 = 7.7 in.

Use 5 in. as maximum riprap size and 8 in. as riprap layer
thickness. '

B{s) = b + 2zd = 6 + (2){2.5)(1.8) = 15 ft.

B(s)/R(o) = 15/25 = 0.60

From Table &4, F(B) - 1.33

F(B) = 1.33 -- 1.1; therefore, the bend factor must be
used. -

Riprap size in bend, d(50) = 3.4 x 1.33 = 4.52 in.

Maximum riprap size in bend = 4.52 x 1.5 = 6.78 in.

Riprap thickness = 6.78 x 1.5 = 10.2 in. SRR
Use 7 inch for maximum riprap size and 10 inch for riprap

Jayer thickness.

.The heavier riprap for the bend shall extend upstream and
downstream from the ends of the bend a distance of

(5)(6) = 30 ft.

- The riprap for d(50) = 3.4 in. and 4.52 in., which will
both be stable on a 2.5:1 side slope (Table 5}.

-

Freeboard = {0.2)(1.8) = .36 ft. which is not less than

0.3 ft.
Therefore, minimum freeboard is 0.36 ft. Use 0.4 ft.
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CONSTRUCTION SPECIFICATIONS

The subgrade for the riprap or filter shall be prepared to
the required lines and grades. Any fill required in the
subgrade shall be compacted to a density approximating
that of the surrouﬁding undisturbed material.

The rock or gravel shall conform to the specified grading
1imits when installed, respectively, in the riprap or
filter. .
Plastic filter cloth shall be protected from punching, -
cutting or tearing. Any damage other than an occasional
small hole shall be repaired by placing another piece of
cloth over the damaged part or by compTeteiy replacing the
cloth. A1l overlaps, whether for repairs.or for joining
two pieces of cloth, shall be a minimum of 1 foot.

The stone for the filter and riprap may be placed by
equipment. Both filter and riprap shall each be
constructed to the full course thickness in one operation
and in such a manner to avoid displacement of the
underlying material. The stone for filter and riprap
shall be delivered and placed in a manner that will insure

that the filter and riprap each shall be reasonably

_ homogeneous with the smalier stones and spalls filling the

voids between the larger stones. Riprap shall be placed
in a manner to prevent damage to the filter blanket. - Hand

placing will be required t¢ the extent necessary to

prevent damage to the permanent works.
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TABLE-4 RIPRAP SIZE CORRECTION FRACTOR FOR FLOW IN CHANNEL BENDS
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CHAPTER 20
MODIFICATION OF SEDIMENT CONTROL STRUCTURES

20.1 No modification of existing sediment control structures after their
completion and approval by the Reclamation Division of the Depariment of
Natural Resources shall be allowed without their approval. In no case will it
~ be allowable to increase the capacity of an earthen, crib or gabion dam by
increasing the height of the embankment, ¢cribbing or gabion above the

structures designed height unless prior approval is given by the Division of

Reclamation.
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CHAPTER 21

: ACCEPTANCE OF EXISTING STRUCTURES
' FOR SEDIMENT CONTROL STRUCTURES, VALLEY OR HEAD OF HOLLOW FILLS

21.1 Acceptance of existing structures which were constructed prior to the
effective date of the West Virginia Surface Coal Mining and Reclamation Act
for sedfment control shall be based upon the ability of the structure{s) to
meet or exceed the environmental performance standards of Section 13 of the
Act of the Code of West Virginia and the minimum effluent Yimitations as set
forth in the NPDES Prdgram under the Federal Water Pollution Control Act as
amended, 33 U.S.C. 466 et. seq., and the rules and regulations promulgated |
thereunder. 7
If existing structures for sediment control and/or valley or head of

hojTow fills can not comp1y with these standards set forth above, then
structure(s) shall meet or exceed the criteria as outlined in this Technical

Handbook for Surface Mining and approved by the Director of the Department of

Natural Resources .




APPENDIX

Table No. 1 Conversion Factors and Formulas for English System
and Metric System '

Table No. 2 Conversion of Slope Ratioc to Degrees and Percent Slope

Table No. 3 Conversion of Degrees of Slope to Percent of Slope -
Supplement to Table No. 2 '

Illustration No. 1 Drainage Tables and Charts




To reduce units in column 1 to units in column 4,

TABLE 1

CONVERSION FACTORS AND FORMULAS

multiply column 1 by column

To reduce units in column 4 to units in column 1, multiply column 4 by columh

b I )

CONVERSION FACTORS
COLUMN 1 COLUMN 2 COLUMN 3 COLUMN 4
LENGTH
In . . . 2.54 0.3937 Cm.
0.0254 39.37 M.
Ft 0.30438 3.2808 M.
Miles. 1.609 0.621 Km.
AREA
5g: in . 6.4516 0.1550 Sq. cm.
S5q. m. 10.764 .0929 Sq. ft.
6 7
27 .8784x10 0.3587x10- Sq. ft.
s les 640.0 .15625x10g Acres (1 section)
q- MIZES. - 30.976x10 .3228x10- 3g. yd.
' 2.59 .3386 Sq. km.
. 4 .
Acre . . . . 43,560.0 0.2&957x103 Sq. ft.
4,046.9 .2471x10~ Sq. m.
4,840.0 .2066x10- sq. yd.




TABLE 1

CONVERSION FACTORS AND FORMULAS

7o reduce units in column 1. to units in column 4, multiply column 1 by column 2

To reduce units in column 4 to units in column 1,

multiply column 4 by column 3

CONVERSION FACTORS

COLUMN 1 COLUMN 2 COLUMN 3 COLUMN 4
FLOW
60.0 0.016667 Cu. ft./min.
86,400.0 .11574x10- cu. ft/day.
31.536x10 .31709x10§ Cu. ft./yr.
448 .83 ,2228x10~ Gal./min.
646,317.0 .15472x10- Gal./day.
1.98347 .50417 Acre-ft./day.
723.98 .13813x10- Acre-ft. /365 days.
?E;C(fﬁafiiia 725.78 .13778x10- Acre-ft./366 days.
(sec.-Ft.) 55.54 .018005 Acre-ft./28 days.
) ) 57.52 .017385 Acre-ft./29 days.
59.50 .016806 Acre-ft./30 days.
61.49 .016262 Acre-ft./31 days.
50.0 020 Miner's inch in
1daho, Kans.,
Nebr., N. Mex.,
N. Dak., S. Dak.,
and Utah
40.0 .025 Miner's.inch in
Ariz., Calif.,
Mont., Nev., and
Oreg. '
38.4 .026042 Miner's inch in
Colo.
35.7 .028011 Miner's inch in
British Columbia
0.028317 35.31 Cu.m./sec.
1.699 .5886 Cu.m./min.
0.99173 1.0083 Acre-in. /hr.




TABLE 1

CONVERSION FACTORS

COLUMN 1 COLUMN 2 COLUMN 3 COLUMN 4
FLOW cont'd
Cu, ft/min - - - 7.4805 0.13368 Gal./min.
10,772.0 .92834x10- Gal./day.
1.5472 0.64632 cu. ft./sec.
6 694.44 .1440x10- Gal./min.
10" galyday - - - 3.0689 .32585 Acre-ft./day.
In. depth/hr - - 645.33 0.15496x10—2 Sec.,-ft/sg.mile
In. depth/day- - 26.889 0.03719 Sec.-ft/sq.mile
53.33 .01878 Acre-ft/sq.mile
1.0413 0.96032 In.depth/28days
1.0785 .92720 In.depth/29days
' 1.1157 -889630 In.depth/30days
sec.-ft/sq.mile- 1.1529 .86738 . In.depth/31ldays
: 13.574 073663 In.depth/365days
13.612 073467 In.depth/366days
2 .
226,24 0.442x10-  Gal./min
20.17 L0496 Miner's inch in
Acre-ft,/day - - Califernia
19.36 L0517 Miner's inch in
Colorade
Gal./se¢c - — - 5,347 0.187 Miner's inch in
California
5.128 .19% Miner's inch in
Colorado




TABLE 1

CONVERSION FACTORS AND FORMULAS

To reduce units in column 1 to units in column 4, multiply column 1 by column 2
To reduce units in column 4 to units in column 1, multiply column 4 by column 3

CONVERSION FACTORS
COLUMN 1 COLUMN 2 COLUMN 3 COLUMN 4
VELOCITY AND GRADE
Miles/hr . 1.4667 0.68182 Ft./sec.
M./s€c .+ « « 3.2808 . 3048 Ft./sec.
: 2.2369 .44704 Miles/hr.
. . 6 3
Fall in ft./mile 189.39x10- 5.28x10 Fall/ft.
PRESSURE
Ft. water at max. 62.425 0.01602 Lb./sq./ft.
density 0.4335 2.3087 Lb./sq. in.
0295 33.93 Atm. o
.88286 1.133 In. Hg at 30 g.
773.3 0.1293x10- Ft. air at 32
F. and atm.
pressure
Ft. avg. sea water 1.026 0.9746 Ft. pure water
Atm.6 sea level,
32 F. 14.697 .06804 Lb./sq.1in.
caq 4
Millibars . . . 295.299x10—2 33.863 In. Hg.
75.008x10- 1.3331 Mm. Hg.
3
Atm . 29.92 33.48x10- In.Hg.




TABLE 1

CONVERSION FACTORS AND FORMULAS

To reduce units in column 1 to units in celumn 4, multiply column 1 by column

2
To reduyce units in column 4 to units in column 1, multiply column 4 by column 3

. CONVERSION FACTORS
COLUMN 1 COLUMN 2 COLUMN 3 COLUMN 4
i
VOLUME |
' 3 . |
Cu. ft . . . 1,728.0 0.5787x10- Cu. in. 3
7.4805 .13368 .| Gal. 1
6.2321 .160486 Imperial gal.
Cu. m . . . 35.3145 0.028317 Cu. ft.
1.3079 .76456 Cu. yd.
. 2 .
Gal, . . . . 231.0 0.4329x10- Cu. in.
3.7854 .26417 Liters.
Million gal . 133,681.0 0.74805x10-~5 Cu. ft.
: 3.0689 .32585 } Acre-ft.
Imperial gal . 1.2003 0.83311 Gal.
. 3 f
Acre-in . . . . 3,630.0 .27548x10- Cu. ft. 5
i
3 |
Acre-ft . . . . 1,233.5 0.81071x10-, Cu. m, :
43 ,560.0 .22957x10- Cu. ft.
4 6 . ﬁ
In. on 1 sq. 232.32x10 0.43044x10- Cu. ft.
mile 53.33 .01875 Acre-ft.
' 5 . i
Ft. on 1 sq. 278.784x10 0.3587x10~_ Cu. ft.
mile 6540.0 .15625x10 2 Acre-ft. :




TABLE 1

FORMULAS

VOLUME

Average depth in inches, or acre-inch per acre

{cu. ft./sec.) (hr.)

acres

(gal./mil.} {hr.}

450 {acres)

(Miner's in.) (hr.)}

| (40*) (acres)

*Wwhere 1 miner's in. - 1/40 sec. ft.

Use 50 where 1 miner's in. — 1/50 sec. ft.

Conversion of inches depth on area to sec. ft.

sec. ft. - (645) (sq. miles) (in. on area)

(time in hr.)

SEDIMENTATION

Tons/acre-ft. = (unit weight/cu. ft.) (21.78)

Tons/day - (sec.-ft.) (p.p.m.) (0.0027)

TEMPERATURE

5 o) 0
C.=g3 (F.=-327) F.=%°C-+32




TABLE 1

CONVERSION FACTORS '
COLUMN 1 COLUMN 2 COLUMN 3 COLUMN 4
WEIGHT
p.p.m - — — — — 0.00136 733.29 Tons/acre—ft.
.0584 17.123 Gr./ga%.
8.345 0.1198 Lb./10 gal.
3. ' 3 .
[, = = = - = =~ 7.0x10 0.14286x10- Gr.
j
|
Gm - — — - — — 15.432 .064799 Gr. 1
|
g — ~ — — ~ = 2.2046 .45359 Lb. !
27.6812 0.03612 Cu.in.
0.11983 8.345 Gal.
Lb. yater at ~.09983 10.016 Imperial gal.
39.1 F - - = = .453617 2.204 | Liters.
.01602 62.425 Cu.ft.pure water
.01560 64.048 Cu.ft.sea water. _ !
Lbé water at
62 F - = = = 0.01604 62.355 ' Cu.ft.pure water _
.01563 ' 63.976 Cu.ft.sea water E




TABLE 2

CONVERSION OF SLOPE RATIO TO DEGREES AND PERCENT SLOPE

Horizontal Vertical Ratio Fraction (e) Degrees - % Slope

| 1 1 1:1 1/1 | 4° 100
| 1.5 1 1.5:1 1/1.5 33° 65
3 2 1 | 2:1 1/2 27° 50
o 2.5 1 2.5:1 1/2.5 21° | 38
i 2.8 1 2.8:1 1/2.8 20° 36
E 3 1 311 1/3 18° 32
B 3.5 1 3.5:1 1/3.5 160 | 29
i 4 1 4:1 1/4 14° 25
§r 4.5 1 4.5:1 1/4.5 12° 21
;- 5 1 5:1 1/5 11° 19
| 5.5 1 5.5:1 1/5.5 10° 18
? 6 1 6:1 1/6 9° 16

7 1 7:1 1/7 & 14




e
TR

TABLE 3

CONVERSION OF DEGREE OF SLOPE TO PERCENT OF SLOFPE

DEGREES PERCENT DEGREES PERCENT

0 0 19 3b

1 2 20 36

2 3 21 38

3 5 22 Lo

L T 23 42

5 9 oh 45

6 11 25 W7

T 12 30 58

8 1k 35 70

9 16 Lo 8l

10 18 45 100

11 19 50 119

12 21 55 143

13 23 60 173

1k 25 65 21k

15 27 70 275

16 29 75 373

17 31 80 56T
18 32

*Supplement to Table 2 _ Conversion of Slope Ratic to Degree and Percent Slope




DRAINAGE TABLES AND CHARTS

All Drainage Plans to include,

and Charts:

but not limited to, the following Tables

Drainage Area

COMPONENT DRAINAGE AREAS

.

s
Acres

Acres Disturbed

o~ B

TOTALS

SEDIMENT STRUCTURES

Type of Sediment Total Contributing Disturbed Acreage
Control Structure Drainage Area Controlled by
No. © " (Acres) '

(Acres)

Total Disturbance  Storage
in Drainage Area Capacity|
(Acres) (Ac-Ft)

Dam Ho 1

Crib Sediment No. 1

Excavated Sedlment
Pond No, 1

TOTALS

Test No.

I

WATER TEST RESULTS

Iron

‘Suspended Solids




DNR . .
Adm. Reg. 20-5E Section 8.12.07
Series XV : '
(3)"In makingla demonstration ﬁnder this paragraph, thé-pwner.
or operator may use field teéts,'greenhouse studies, available.-
data, or, in the case of existing units, operating data, and musfﬁ
(i). Base the demonstration on conditions similar to
those present iﬁ the treatment zone, including soil
characteristics (e.g., pH, catioﬁ exchange -capacity),
specific wastes, application rates, application methods,
and crops to be groﬁn; and
(ii) Describé the pfocedures used in conducting any tests;
inéluding the sample selection. criteria, sample size,

analytical methods, and statistical procedures.

(4) If the owner or operator intends to conduct field tests
or greenhouse studies in order to make the demonstration required
under this_paragraph, he must obtain a permit for cbnduéting sgch
actiﬁities.

(b} The owner Qf-operator must comply with tﬁe following:
conditions if cadmium is conﬁaihed in wastes applied to the treat-
ment zone: |

(1) (i) The pH of the waste and soil mixture must be 6.5

or greater at the time of each waste application, except
for waste containing cadmium at concentrations of 2 mg/kg

(dry weight} or less;

(1i) The annual application from cadmium from waste
must not exceed .44 lbs/per acre on land used for

production of tobacco, leafy vegetables, or root
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DNR’

Adm. Reg. 20~5E

Section 8.12.07
"Series XV ‘

~crops grown for human consumption. For other -food chain

crops, the annual cadmium application rdte must not

exceed:
_ _ Annual Cd
Time Period application rate
_ . _ - lbs/per acre
Present to June 30, 1984........ crsrscscanasl.?8
July 1, 1984 to Dec. 31, 1986..cicvcnunn. caeelall |

tesecsennsaaranss 44

Beginning Jan., 1, 1987.....
(iii) The cumulative application of cadmium from waste
must not exceed 4.46 lbs/acre if the waste and"séil

mixture has a pH of less than 6.5; and |
(iv) If the waste and soil mixture has a pH of 6.5 or
greater or is maintained at a pi{ of 6.5 or greater’
during corp groﬁth, the cumulative application of
cadmium from waste must not exceed: 4.46 lbs/acre if.
soil cation exchange capacity (CEC) is less than S
_meq/lOOg; 8.92 lbs/acre if soil CEC is 5-15 meq/lOOg;l

| énd 17.48 lbs/acre if:soil CEC is greater than 15 meq/
100g; or

(2) (1} Animal feed must be the only food chain crop

produced; |

(i1) The pH of the waste and soil mixture must 5é 6.5
or greater at the time of waste application or at ﬁhe
time the crop islplanted, whichever occurs later, and
this »Il level must be maintaihéd whenever food chain
cropé are grownj; |
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DNR
Adm. Reg. 20-5E Section 8.12.07
Series XV. :

(11i) There must be an operating plan which demonstrates
how the animal feed will be distributed to preclude
ingestion by humans. The operating plan must describe
the.measures to be taken to safeéuard against possible
health hazards from cadmium entering the food chain,
which may result from altefnative land‘usés;,and
(iv) Future property owners must be notified by a
stipulation in the land record or property deed which
statgs that the property has received waste at high
cadmium éﬁplication rates and that food chain crops must
not bé grown except in compiiance with paragraph (b){2)
of this section. ”

8.12.08 [ Reserved ]

8.12.09 Unsaturated zonexqonitoring._

An owner or operator Subjeét ﬁo.this‘section must establish
an unsaturated zone monitorihg program to dischafge the following
responsibilities:

(a) The owner or operator must monitor the soil and soil-
-Pore‘liquid to determine whether hazardouleOnstituents migrate out
of the treatment zone.

{1) The Chief will speéify the hazardous constituents to
be monitoreﬁ iﬂ the facility permit. The hazardous constituents .
to be monitored are those specified unde; Section 8.12.02.

(2) The Chief may require monitoring for principal hazardous

constituents (PHCs) in lieu of the constituents specified under

Pq¥3216




%gi. Reg. 20-5E L Secoion 8.12.09
Series XV A : '
Section 8.12.02(b). PHCs are hazardous constituents contained in
the wastes ﬁo be applied at the unit that are the most difficult
to treét, considering tne'combined effects of degradation, t;ans-
formation, and immobilization. The Regional Administraﬁor, EPA;
Region IIT or the Director will establish PHCs if he finds, baséd
on waste énalyses, treatﬁent demonstrations, or other data, that
effective degradation, transformation, or immobilization of the.
PHCs will assure treatment to at least equivalent levels: for the
other hazardous constltuents in the wastes.

(b) The owner or oporator must install an unéaturated zone
monitoring syétem thaﬁ includes scil monitoring using soil cores
and soil-pore liquid monitoring using devices such as lysiméters;‘
The unsaturated zone monitoring system must consist of a sufficient
number of sampling points at appropriate locations and depths to
yield samples that:

(1} Represent the gquality of background soil—pore_liquid
guality and the chemical make-np of soil that has not been pffécted
by leakagé from the treatment zone; and |

{2) Indicate the quaiity of soil-pore liquid and the ¢hemical

make~up of the soil below the treatment zone.

(c) The owner or operator must establish a background value
for eacn hazardous constituent to be monitored under paragraph
{a) of this section. The permit will specify_the background values.
for each constituent or specify the procedures tofbe used to

calculate the background values.
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DNR

Adm. Reg. 20-5E Section 8.12.09
Series XV ' '

(l) The background soil values may be based on a one-time
sampling at a background plot having characteristicé similar to
those of the treatment zoné.

{2) Background soil-pore liquid values must be b&sed on at
least quarterly sampling for oné year at a background plot having
characteristics similar to those of the treatment zone.

(3)- The owner or.operator must express all background values
in a form necessary for the determination of statistically
significant increases ﬁnder patagraph (f) of this section.

(4) 1In téking saméleé used in the determination of all back-
ground values, the owner or operator must use an unsaturated zone
monitoring”systém tha£ complies with paragraph (b} (1) of this |
section. | |

fd) The owner or operétor must conduct sdil monitoring and
soil-pore liqﬁid monitbring immediately below the treatment zone.
The Chief will specify the frequency and timing of soil and soii—.
pore liquid mohitoring in fhe facility permit after considering
‘the frequency, timing, and rate of wasté application; and.the
éoil permeébility. The owner or operator must express the results
of soil and soil-pore liquid monitoring in a form necessary for
the determination of statistically significant-incréases.under-
paragraph (f} of this section. ‘

(e) The owner or operator must use consistent sampling and
analysis procedures that are designed to enéure sampling results

that provide a reliable indication of soil-pore liquid quality
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