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November 6,‘1978

Mr. John L. Bell

Trail Mountain Coal Company
P.0. Box 356

Orangeville, Utah 84537

Re: Culvert design
Dear Mr. Bell:

‘Enclosed is an estimate of peak flow for the small watershed which
is presently diverted away from your portal and discharges near the
bath-house. Estimated peak flow from the 10 year 24 hour storm for this
water shed is 91 cubic feet per second.

Any culvert design that can handle this flow that also discharges
in such a way that prevents erosion is acceptable. An example would be
a 4 foot diameter Culvert, that has a headwall at the entrance with at -
least 4.8 feet of head as measured from the bottom of the Pipe, and a
rip rapped discharge. A trash rack must also be installed at the entrance.

I hope this will be of some help to your operation. = = -

Sincerely,

K. MICHAEL THOMPSON

‘ENGINEERING GEOLOGIST
KMT/sp '

enc: peak flow estimate



Temporary Diversion Located Near Bath-House

Trail Mountain Mine

Time of Concentration (Tc)

Tc (hrs) = 0.00013 L 9.77 (Kirpitch)

g 0.385

Length of basin area in feet, measured along the
watercourse and in a direct line from the discharge
point to the farthest point on the basin:
2.25 inches *62,500* %ft/in = 11,719 ft.
Ratio in feet to "L" of the fall of the basin to
the length, or approximately the average slope of
the basin in dimentionless ratio:
(9600-7250)/11,719 = 0,20

Tc (hrs) = 0.00013 11,719 0.77

0.30385

= 0.33 hrs. = 20 minutes

Peék Flow Estimate

Qp (cfs.) = CiA Rational Formula

Where:
Ce=

i=

A=

Rational Coefficient estimate at 0.20, equivalent to
curve number of 72.
Rainfall intensity (in/hr) for period equal to time
of concentration.
Te= 20 minutes, i= 0.36 in/20 min.
= 1.08 in/hr.
Area in acres. c
0.66 mi 2 %640 ac/mi 2 = 422.4 acres

Peak Flow (cfs) = 0.20 * 1.08 in/hr * 422.4 acres

= 91 c¢fs.

Culvert Size Estimate

A 48 inch diameter culvert will pas 91 cubic feet per second if the
entrance has a headwall and there is 4.8 feet of head measured from the

bottom of the pipe.

This culvert size and design is one of numerous possibilities. Any
design that will pass 91 cfs will be acceptable, '
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ome influencing factors, such as storm freﬁﬁér;cy, initlal soil-moisture condition,

or example, Langhein and others [3] have shown a satisfactory relationship between
ean annual precipitation and runoff,

The initial soil-moisture condition, or antecedent moisture condition, is a parameter
hich eannot be determined directly and used reliably, For practical purposes, this
arameter is usually exprossed by an index which is so defined that it can bo roughly
epresentative of the initial soil-moisture condition and also can be easily measured,
he following are some such indexes that have been proposed: groundwater fow at
he beginning of the storm, basin evaporation, and antecedent precipitation,

When groundwater flow at the beginning of the storm is used as an index, it should
e supplemented by a weighted index of the rainfall for several days preceding because
ecent rains affect current moisture content.

Acoumulated evaporation from a standard evaporation pan has been used as an
ndex of field-moistute deficiency. Linsley and Ackermann (4] found that the defi-
iency at any time was equal to 0.9 times the accumulated pan evaporation since the
round was last saturated minus any additions due to intervening rains,

The antecedent precipitation can be used as an index because it affects the ‘soil-
oisture condition, For the correlation of annual runoff with rainfall, Butler [5]
howed an antecedent precipitaiion index (API), P, which can be expressed essen-

ially as
P. = aPo + bP1 + ch . (14'1)

here Py, P1 and P, arc the annual rainfalls for the current year, the antecedent year,
nd the second antecedent year, respectively, The weighting coefficients a, b, and ¢,
ith their sum equal to unity, are determned by trial and error in order to obtain a
est correlation between the runoff and the weighted API, For individual storms,
ohler and Linsley (8] proposed a similar API;

Po = biPy + byPy 4 - -+ biPy (14-2)

here b is & constant less than unity, and P, is the amount of precipitation which
courred ¢ days prior to the storm under consideration. The constant b, is commonly
ssumed a8 a function of {. If a day-by-day value of the index is required, b, may be
ssumed to decrease exponentially with ¢, or b, = k', where k is a recession constant.
“hus, ' "

Py = Pkt (14-3)

‘here P. is the initial value of API and P, is the reduced value ¢ days after. The
wdex after any day is related to the index of the day before as P,, = kP,osince ! = 1,
'he value of k normally ranges between 0.85 and.0.98.

By using API, weck of year, and storm duration as parameters, Kohler and Linsley
)] developed a relationship between the storm runoff and precipitation by a graphical
0thod of coaxial correlation’ (see Figs. 8-11-3 and 25-IV-2), Hopkins and Hackett
'} extended such analyses by including an index of antecedent temperature (ATI) and
10 average annual basin temperature as additional parameters.

2. The Rational Formula., The relation between rainfall and peak runofl has
een represented by many empirical or scmiempirical formulas [8]. The ralional
rmula can be taken as a representative of such formulas (see also Secs. 20, 21, and
5-1).  Although this formula is based on a number of assumptions which cannot be
adily satisfied under actual circumstances, its simplicity has won it popularity.
he origin of this formula is somewhat obscure. In American literature, the formula
a8 first mentioned in 1880 by Kuichling [9] for a determination of peak runoff for
wer design in Rochester, New York, during the period from 1877 to 1888. Some
tthors believe that the principles of the formula were explicit in the work of Mulvaney
0] in 1851. In England, the method using the rational formula is often referred to
 the Lloyd-Davis method owing to the implication ascribed to a paper of 1006 [11].

torm duration, and time of year, Using mean annual temperature as a parameter,

(l4-4)

where Q is the peak discharge in efs, C'is a runoff coefficient depending on charactez-

istics of the drainage basin, I is the rainfall intensity in in, per hr, and A is the drainnge

area in acres. The formula is called rational because the units of the quantitics R

involved are numerically consistent approximately. . : -
When using the rational formula, one must assume that the maximum rate of flow,

owing to a certain rainfall intensity over the drainage ares, is produced by that rainfakt

which is maintained for a time equal to the period of concentration of flow at the point

under consideration, Theoretically, this is the time of concentration, which is the time

required for the surface runoff from the remotest part of the drainage basin to reach

the point being considered. For udiform rainfall intensity, this would be the time

of equiltbrium at which the rate of runoff is equal to the rate of rainfall supply. For

natural drainage basins of large size and complex drainage pattern, runofl water

originating in the most remote portion may arrive at the outlet too late to contribute

to the peak flow. Accordingly, the time of concentration is generally greater than

the lag time of the peak flow, For small drainage basins with gimple drainage

patterns, the time of concentration may be very close to the lag time of the peak flow.

For small agricultural drainage basins, Ramser {12] has determined the time of

concentration by noting the time required for the water in the channel at the gaging

station to rise from the low to the maximum stage as recorded by the water-stage

recorder. . An empirical formula for the time of concentration in hours thus deter- .

* mined by Kirpich [13] is . .

. Lo."
. t = 0.00013 £ ass @

where L is the length of the basin area in feet, measured along the watercourse from
the gaging station and in a direct line from the upper end of the watercourse to the
farthest point on the drainage basin; and § is the ratio in feet to L of the fall of the

" basin from the farthest point on the basin to the outlet of runoff, or approximately
the average slope of the basin in dimensionless ratio.

Some values of the runoff coefficient C' are reported by a joint committee of the
American Society of Civil Engineers and the Water Pollution Control Federation [14]
as given in Table 14-1. These values are applicable for storms of 5 to 10-year fre-
quencies. Less frequent higher-intensity storms will require the use of higher coef-
ficients because infiltration and other abstractions have a proportionally smaller
eﬂ'esct on peak runoff. Average values of C for agricultural lands are also given
in Sec. 21,

According to. Krimgold [15], the b.saumptions involved in the rational formula are:

(1) The rate of runoff resulting from any rainfall intensity is & maximum when this
rainfall intensity lasta as long or longer than the time of concentration,

(2) The maximum runoff resulting from a rainfall intensity, with a duration equal to or
greater than the time of concentration, is a simple {raction of such rainfall intensity; that
is, it assumes a straight line relation between Q and I,and Q = 0 when I = 0,

(3) The frequency of peak discharges ia the same as that of the rainfall intensity for the
given time of concentration.

(4) The relationship batween peak discharges and sise of drainage area is the same as the
relationship between duration and intensity of rainfall.

(6) The coefficient of runoff is the same for storms of various frequencies.

(6) The coefficient of runoff is the same for all stormas on a given watershed.

It is believed that these assumptions might nearly hold for paved areas with gutters
and sewers of fixed dimensions and hydraulic characteristics. The formula has thus
been rather popular for the design of drainage systems in urban areas and airports,
The exactness and satisfaction of these assumptions in application to other drainage
basing, however, have been questioned, In fact, many hydrologists have called
attention to the inadequacy of this'method.
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Chart 2-53: HEADWATER DEPTH FOR C.M.P. CULVERTS

WITH INLET CONTROL

— 180 - 10,000 i ()
[ 168 — 8,000 EXAMPLE
[ 156 — 6,000 D=36 inches (3.0 fost) -y (2)
o — 5,000 - Q=66 cts | (3)
— 144 [ | — 6.
i i 4,000 " W 5. i
—132 | - 3,000 D (feet) - | 5. — 6.
3 ._:5 - m 1.8 5.4 =% i -
120 - ) ~ ) 5 ‘
i w = 2,000 [¢4] 2.1 6.3 - - 4. s e
« 3 3 2.2 6.6 [ 5 _ -
— |°8 a_' — = 3 |- - 4' B :: '.‘:
L 2 - *D in test A N C o
— (9 5 - 1,000 - 5. -
- S — 800 [ i ~ 3. o
I3 4+ - - - .
ot L
—84 o [~ 600 ’ L 2. - B R
B r 500 - o 3 ) )
. ]}
[~ 400 W : ;
L 72 B //A'— i 2. - 2. R .
o - 300 o-F :
Wt s / =~ B =
zr 1+ 15 |
b e - ~ z R [ o
= O £ 200 t/ ~r -
— 60 = 3 (%) — 1.5 - -
Z z E‘ C"‘“/ E, N | 1.5 . 1
tee  8f S AR 18
3 = )
E w 100 2 n . |
w at | _
> .
2 Zz 5
o % Fro B
w [l 8 |
o (] - 1.0
x o3 —.9
HW F ENTRANCGE o i ,
Lo o = ‘
w g p SCALE TYPE W - 9 D ~
2t F g ) e
g - 20 M Heodwall g .8 g | 3
, - 30 :'— (2) Mitered to conform qu ~y .
125 o to slope x I - — .8 -
o — 27 [ 10 3 Projacting -
o — : — _? L 7 - ,
é 24 - ° |
—~ - — .7 p
’4- — 6 - . D “
[ - o
- 5 To use scale (2) or {3) project | —j
- 21 - 4 horizonially to scale (1), then — .6 L 1
B use straight inclined line through -~ .6 - :
— 3 ‘D and Q scoles, or reverss os L & D)
- i8 [ illustrated. 8
. - |
- 15 s : L s |
— 1.0 .5
N N - |2 -

BUREAU OF PUBLIC ROADS JAN. 1963
f‘*‘m. 241-«4 Sdat a Dy 2. o€ /:1/4‘-«
h’l«uuat of I»v.st{ru“‘/au

Dk‘ 4 bl £

=






