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- INTRODUCTION

Upon recommendation from Vaughn Hansen Associates [V.H.A.] a design storm
of_Z5_xggrg_frggggﬂgy‘_ﬁ_hnur duration was used to compute peak flows.

This is the event used by V.H.A. in designing spillways for sediment ponds
for UNC Plateau Mining [UNC P.M.C. - Runoff Control Plan, 1979]. It is felt
that using this event for design purposes is adequate because most of the
culverts are located in small canyons and drains with shallow cover and
should they be washed out, they can easily be replaced. In the case of the
60"CMP culvert in drainage area G [refer to Exhibit G-37] the culvert is in

a deep canyon with deep cover and therefore it was designed with a large
safety factor to assure that it would not impound runoff.

RESULTS AND DISCUSSION

Drainage Area A

This area comprises the South half of Lion Deck and extends to the ridges
on the North and South and to Areas D and H-2 on the East. Runoff from the
entire Lion Deck located in Area A and in Area H-1 will be diverted thru a
sediment-pond located within this area. The runoff from the North half of
Lion Deck was not added to the runoff from this area. Since the entire
runoff from Lion Deck will be passing through a sediment pond, this runoff
will be eliminated from the peak runoff flow as calculated until after the
event is ov§r and then released some 14 days later [V.H.A. Runoff Control
Plan, 1979.

The runoff from this area passes through an existing 30 inch CMP culver under
the new road. - Runoff was calculated to be 25.6.C.F.S. 42" CMP @ 25.6 C.F.S.=
Headwater Depth of 0.64 diameter.  From:this 25.6 C.F.S. can be subtracted

the runoff from the entire Lion Deck. -

Drainage Area B

This area comprises the hillside above the North leg of the New Road. Runoff
from this area will collect in a ditch on the up-hill side of the road and
flow Eastward to the Switch Back at the East end. The ditch was constructed
along with the road and is complete at this time. It is 1.5 feet deep with
side slopes of 1.5:1 on the road side and 1:1 on the hill side. Runoff

was calculated to be 8.3 C.F.S.

Drainage»Area}C

This area includes a small area between legs of the new road on the North
side of the Main Canyon. Runoff from the area will collect in a ditch on
the up~hill side of the road and run to an 18 inch diameter CMP under the
new road. Runoff from this area was calculated to be 1.4 C.F.S. 18" CMP
@ 1.4 C.F.S. = Headwater Depth of .49 diameter.
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Drainage Area D

This area includes a small canyon above the road on the South side of the

Main Canyon. Runoff will collect in a ditch on the up-hill side of the

road and run into an existing 30 inch CMP under the road. Runoff was

ga]cu]ated to be 5.9 C.F.S. 30" CMP @ 5.9 C.F.S. = Headwater Depth of .43
iameter. '

Drainage Area E

This area includes a small drainage above the road on the South side of the
Main Canyon. Runoff will collect in a ditch on the up-hill side of the road
and run into an existing 30 inch CMP under the road. Runoff was calculated
to be 7.4 C.F.S. 30" CMP @ 7.4 C.F.S. = Headwater Depth of .52 diameter.

Drainage Area F

This area includes a small canyon above the road on the South side of the
Main Canyon. Runoff will collect in a ditch on the up~-hill side of the road
and flow into an existing 30 inch CMP under the road. Runoff was calculated
to be 2.8 C.F.S. 30" CMP @ 2.8 C.F.S. = Headwater Depth of .63 diameter.

Drainage Area G

This area includes the left fork of the Main Canyon which includes the No. 1
and No. 2 Mine Portal areas and the Raw Coal Truck Loading area. [Refer

to Exhibit 6-3] Runoff from these three areas just mentioned will pass
through a sediment pond [V.H.A. Runoff Control Plan, 19797, and will be
eliminated from the total runoff peak flow as calculated. After the event
is over the runoff detained in the sediment pond will be released {14 days
later]. The runoff will flow down the main drainage channel and into a
ditch on the up-hill side of the road and into an existing 60 inch CMP under
the road. Runoff was calculated to be 37.4 C.F.S. 60" CMP @ 37.4 C.F.S. =
Headwater Depth .48 diameter. Because this culvert is in a deep fill it

was oversized by more than three times the actual capacity required to assure
that it would not impound water. The existing 60 inch CMP will pass a peak
flow of 125 C.F.S. '

Drainage Area H-1

This area includes the hillside above the North half of Lion Deck and a small
portion of the New Road. A diversion ditch has been constructed above Lion
Deck to divert runoff from the hillside above the Deck away from the Deck.
This runoff according to V.H.A. Runoff Control Plan, 1979, is to be diverted
into the main drainage and would pass through the 42 inch CMP for Drainage
Area A; this 42 inch CMP has the capacity to accept this additional flow -
Area A runoff 25.6 C.F.S. plus Area H-1 runoff [65% only would be diverted
to the 42 inch CMP] 2.73 equals 28.33 C.F.S. 42 inch CMP @ 28.33 C.F.S. =
.69 diameter. An altervative to doing this would be to divert the entire
runoff through the proposed 18 inch CMP for Area H-1 lTocated at the East end
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of the drainage area. Runoff was calculated to be 4.2 C.F.S. 18 inch CMP ™.
@ 4.2 C.F.S. = Headwater Depth .85 diameter.

Drainage Area H-2

This area includes a portion of the hillside between the upper leg and the
middle leg of the New Road. Runoff will pass through a 24 inch CMP under
the road at the West end of the area. Runoff was calculated to be 6.0 C.F.S.
The entire runoff from Area-H-1 was added to the runoff from this area in
sizing the culvert for this area. Runoff Area H-2 = 6.0 C.F.S. plus runeff
Area H-1 - 4.2 C.F.S. equals 10.2 C.F.S. 24 inch CMP @ 10.2 C.F.S. =
Headwater Depth .85 diameter. '

METHODS

The runoff volume resulting from a particular rainfall depth was determined
using the runoff curve number technique, as defined by the U.S. Soil Conser-
vation Service [1972]. According to the curve number methodology, the
algebraic and hydrologic relations between storm rainfall, soil moisture
storage, and runoff can be expressed by the equations

[P-0.25] 2 |
Q= PF0.8S5 [1]
and
1000
CN = TO+S [2]

where Q is the direct runoff volume, in inches; P is the storm rainfall

depth, in inches; S is a watershed storage factor, in inches, defined as

the maximum possible difference between P and Q; and CN is a dimensionless
expression of S referred to as the curve number. Curve number values were
chosen using information supplied by the U.S. Soil Conservation Service [1972],
Hawkins [1973], and personal hydrologic judgement following field observations.
Values of P were obtained for selected durations and return periods from
Miller et. al. [1973].

Estimates of the peak discharge to be expected from various precipitation
events were made using the dimensionless hydrograph method illustrated in
Figure 1 which was developed by the U.S. Soil Conservation Service [1972].

In this figure, D is the duration of excess rainfall; T¢ is the time of.
conventration, Tp is the time of peak; Ty is the time of recession;va is

the time of base, with all time units in hours; and gp is the peak discharge,
. in cubic feet per second. Five separate hydrograph families have been .
developed by the U.S. Soil Conservation Service [1972], with the selection

of the family of curves to be used based on the curve number and*rainfall
depth as given in Figure 2. According to the dimensionless hydrograph method,



Q.

7 A
L 7/
/1 ’
54— EXCESS RAINFALL
L V' A
— _LAG ———— o
o7 — :
. \\ MASS CURVE] .-~
B % i JI N\ OF TRIANGLE [~
;,/5 / 7 \\ 4K "—MASS CURVE
V
N7 / \ |  OF HYDROGRAPH
: /I, \/
'7 , 4
/ / \\
6 ! v \
A VAN i
5 ]
; i T \ X POINT OF INFLECTION
c
A 7 N
/e, \
3 ! A\

/ 7 \
1 II l[,’ \\
1/ N Y
o =1 __ 1 ] ' 1 ! ' ) A\
0._ T, 1 T ¢ 3
P — r
l T
YT
Figure 1. Dimensionless curvilinear unit hydrograph and equivalent

triangular hydrograph [from U.S. Soil Conservation Service, 1972].




one discharge and two time constants are determined from empirical equations
and storm distributions. The constants are multiplied by increments of
discharge and time from the dimensionless hydrograph to obtain the plotting
points of the synthetic hydrograph. Hydrographs were not plotted for this
report because only peak flows are needed to design culver sizes.

The discharge constant used in the dimension]ess‘hydrograph method is deter-
mined according to the equation

- 484-A Q .
q= Tp [3]

where q is the peak discharge constant, in cubic feet per second; A is the
drainage area, in square miles; Q is the runoff volume, in inches [as
determined by equation 1]; T, is the time elapsed from the beginning of
runoff to the hydrograph peaE, in hours; and 484 is a constant. T, is
assumed to be a function of watershed lag, which is determined according to
the equation '

0.8 0.7
0 1 0s+11
0.5

1900 Y [4]

where L is the watershed lag, in hours; £ is the hydraulic length, or the

length of the mainstream to the farthest divide, in feet; S is as previously

defined; and Y is the average watershed slope, in percent. Values of Y

were obtained by measuring the lengths [in feet] of selected contour lines

within the drainage boundary, multiplying by the selected contour interval

[in feet], dividing by the drainage area [in square feet], and multiplying

by 100. The hydraulic length was taken from an appropriate topographic

map while S was determined from equation 2 once the runoff curve number had

been estimated. '
]

According to the U.S. Soil Conservation Service [1972], the watershed lag

is equal to 0.6 T. and the time to peak is equal to 0.7 Tc. Combining these

two expressions it can be seen that .

where both variables are as previously defined.

FolTowing the determination of given peak discharge, design sizes for
culverts used for runoff diversions and conveyance were determined using
methods derived by the U.S. Bureau of Public Roads as presented by the
U.S. Soil Conservation Service [1972] and illustrated in Figure 3. Inlet
control was assumed in all cases. ‘
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