APPENDIX A

SEDCAD+ Computer Runs

(10-Year, 6-Hour Event)



CIVIL SOFTWARE DESIGN

SEDCAD+ Version 3

REED VALLEY DIVERSION & J-19 HAUL ROAD CMP, 10~YR.,6-HR.STORM

by

Name: JGS

Company Name: Peabody Coal Company
File Name: E:\SEDCAD3\K-MINE\RVDIV10

Date: 05-15-1992



Civil Software Design -- SEDCAD+ Version 3.1
Copyright (C) 1987-1992. Pamela J. Schwab. All rights reserved.

Company Name: Peabody Coal Company
Filename: E:\SEDCAD3\K-MINE\RVDIV10 User: JGS
Date: 05-15-1992 Time: 12:02:22
REED VALLEY DIVERSION & J-19 HAUL ROAD CMP, 10-YR.,6-HR.STORM
Storm: 1.60 inches, 10 year~ 6 hour, SCS Type II
Hydrograph Conveolution Interval: 0.1 hr

-Hydrology-
Base-~ Runoff Peak
JBS SWS Area CN UHS Tc K X Flow Volume Discharge
{ac) {hrs} (hrs) {cfs) (ac-ft) (cfs)
111 1 2340.47 78 M 1.010 0.000 0.000 0.0 54.27 271.12
Type: Null Label: RV DIV.& J-19 H.RD.
111 Structure 2340.47 54.27

A ——— — —— — — T ———————— D S T — ——— — — N f —————————— Y T T T S . T S S S i f— ————

111 Total IN/OUT 2340.47 54.27 271.12




APPENDIX B

SEDCAD+ Computer Runs

{100-Year, 6-Hour Event)



CIVIL SOFTWARE DESIGN

SEDCAD+ Version 3

REED VALLEY DIVERSION & J-19 HAUL ROAD CMP,100-YR.,6-HR. STORM

by

Name: JGS

Company Name: Peabody Coal Company
File Name: E:\SEDCAD3\K-MINE\RVDIV100

Date: 05-15-1992



Civil Software Design -- SEDCAD+ Version 3.1
Copyright (C) 1987-1992. Pamela J. Schwab. All rights reserved.

Company Name: Peabody Coal Company
Filename: E:\SEDCAD3\K-MINE\RVDIV100 User: JGS
Date: 05-15-1992 Time: 12:02:25
REED VALLEY DIVERSION & J-1% HAUL ROAD CMP,100-YR.,6-HR. STORM
Storm: 2.40 inches, 100 year- 6 hour, SCS Type II
Hydrograph Convolution Interval: 0.1 hr

SUBWATERSHED/STRUCTURE INPUT/OUTPUT TABLE

-Hydrology-
Base- Runoff Peak
JBS SWS Area CN UHS Tc K X Flow Volume Discharge
(ac) {hrs) (hrs) (cfs) (ac-ft) (cfs)
111 1 2340.47 78 M 1.010 0.000 0.000 0.0 141.18 795.59
Type: Null Label: RV DIV. & J-19 H.RD.
111 Structure 2340.,47 141.18

S D s T . . T T i  — — — —————— . —————— — — — ——— —— . S S S S S S R N .  —————— -

111 Total IN/OUT 2340.47 141.18 795.59




APPENDIX C

Hydraulic Calculations

(10-Year, &-Hour Event)



TRAPEZOIDAL CHANNEL ANALYSIS
CRITICAL DEPTH COMPUTATION

May 11, 1992
REED VALLEY DIVERSION

PROGRAM INPUT DATA:

DESCRIPTION VALUE
Flow Rate (cubic feet per second).......cveeeerrnnnennen 271.1
Manning‘'s Roughness Coefficient (n-value)......ceouveu.. 0.0300
Channel Side Slope - Left Side (horizontal/vertical).... 3.00
Channel Side Slope - Right Side (horizontal/vertical)... 3.00
Channel Bottom Width (feet).......viinitieinncnnnrnnnnes 30.0
PROGRAM RESULTS:

DESCRIPTION VALUE
Critical Depth (feet)...uciiieereeneennennnnnnecononnns 1.30
Critical Slope (feet per foot).....vvevuvenn 500006 B800000 0.0126
Flow Velocity (feet per second)............ Gessrecasasaa 6.13
Froude Number...... s e e e e e s e e unn e e et et e et te e 1.000
Velocity Head (feet) ... vvineininreennenennsoonecnceneas 0.58
Energy Head (feet).....uieiiinriiertenernnnnnnenennnacenes 1.89
Cross-Sectional Area of Flow (square feet).............. 44.20
Top Width of Flow (feet) ..u.iniinereeennenesncnnsens veas 37.82
TRAPEZOIDAL CHANNEL ANALYSIS COMPUTER PROGRAM, Version 1.3 {c) 1986

Dodson & Associates, Inc., 7015 W. Tidwell, #107, Houston, TX 77092
(713) 895-8322. A manual with equations & flow chart is available.



SEDCAD+ RIPRAP CHANNEL DESIGN

L o e  — —— — —— — ———————— e o

REED VALLEY DIVERSION

INPUT VALUES:

Shape TRAPEZOIDAL
Discharge 271.10 cfs
Slope 1.00 %
Sideslopes (L and R) 3.00:1 3.00:1
Bottom Width 30.00 feet
Freeboard 1 £t

RESULTS:

Mild Slope Design

Depth 1.59 ft
with Freeboard 2.59 ft
Top Width 39.54 ft
with Freeboard 45.54 ft
Velocity 4.91 fps
Cross Sectional Area 55.27 sqg ft
Hydraulic Radius 1.38 ft
Manning’s n 0.038
Froude Number 0.73
Dmax 1.500 ft (18.00 in)
D50 0.750 £t ( 9.00 in)

D10 0.250 ft ( 3.00 in)



SEDCAD+ CHANNEL DESIGN
REED VALLEY DIVERSION

Tt fﬁg,

Riprapyr — Mild Slope Design

. w/ Freekoanrd
stchar% = 271.10 cfs Depth Cd> = 1.39 (D = 2.99
Bottom (k) = 30.80 rt f width (t> = 39.54 (T = 435 .54
Side slopes (Z> = 3.8:1CL)> 3.8:1<(R> ocity . = 4.91 fgs
Bed ope = 1.8 x gdraullc Radius = 1.38
Hann:ng S hn = 0.038 Froude numkber = 0.73

Dmax = 1.50 £t (18.00 in)
DS@ = 8.25 £t ¢ 9.90 in)
DI = @.25 £t ( 3.9¥0 in)



SEDCAD+ NONERODIBLE CHANNEL DESIGN

S e —— — — o —— T — ) o —————

REED VALLEY DIVERSION

INPUT VALUES:

Shape TRAPEZOIDAL
Discharge 271.10 cfs
Slope 1.00 %
Sideslopes 3.00:1 (L)
Bottom Width 30.00 £t
Manning’s n 0.030
Material OTHER
Freeboard 1 ft
RESULTS:
Depth 1.39 ft
with Freeboard 2.39 ft
Top Width 38.36 ft
with Freeboard 44.36 ft
Velocity 5.69 fps
Cross Sectional Area 47.62 sq ft
Hydraulic Radius 1.23 ft
Froude Number 0.90

3.00:1 (R)



SEDCAD+ CHANNEL DESIGHN
REED VALLEY DIVERSION |
L
T
/ I D
z d
b T |
MATERIAL: OTHER
) w/ Freeboard
Discharge = 271.108 cfs Depth_(d) = 1.39 (D = 2.
Bottom (L) = 30.680 ft Top width (t) = 38.36 (T = 44, 36
Side _slopes (Z) = 3.8:1<L> 3.0:1(R) Uelocity ) = 3.69 fgs
Bed Slope = 1.080 x Hydraulic Radius = 1.22
Manning' s n = 8.838 Froude number = 0.90



SEDCAD+ RIPRAP CHANNEL DESIGN

—— — ——— — S -

REED VALLEY DIVERSION

INPUT VALUES:

Shape TRAPEZOIDAL
Discharge 271.10 cfs
Slope 5.00 %
Sideslopes (L and R) 3.00:1 3.00:1
Bottom Width 30.00 feet
Freeboard 1 ft

RESULTS:

Steep Slope Design - PADER Method

Depth 1.15 ft
with Freeboard 2.15 ft
Top Width 36.88 ft
with Freeboard 42.88 ft
Velocity 7.07 fps
Cross Sectional Area 38.32 sq ft
Hydraulic Radius 1.03 ft
Manning’s n 0.048
Froude Number 1.22
Dmax 0.625 ft ( 7.50 in)
D50 0.500 ft ( 6.00 in)

D10 0.167 £t ( 2.00 in)
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SEDCAD+ RIPRAP CHANNEL DESIGN

—— M — —— S ————— i ———— T — — ——— — —

REED VALLEY DIVERSION

INPUT VALUES:

Shape TRAPEZOIDAL
Discharge 271.10 cfs
Slope 50.00 %
Sideslopes (L and R) 3.00:1 3.00:1
Bottom Width 30.00 feet
Freeboard 1.0 ft

RESULTS:

Steep Slope Design - PADER Method

Depth 0.73 ft
with Freeboard 1.73 ft
Top Width 34.36 ft
with Freeboard 40.36 ft
Velocity 11.59 fps
Cross Sectional Area 23.39 sq ft
Hydraulic Radius 0.68 ft
Manning’s n 0.070
Froude Number 2.48
Dmax 1.250 ft (15.00 in)
D50 1.000 ft (12.00 in)

D10 0.333 £t ( 4.00 in)



SEDCAD+ CHANNEL DESIGH
REED VALLEY DIVERSION
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SEDCAD+ RIPRAP CHANNEL DESIGN

RECLAIMED #P0266

INPUT VALUES:

Shape TRAPEZOIDAL
Discharge 271.10 cfs
Slope 3.00 %
Sideslopes (L and R) 3.00:1 3.00:1
Bottom Width 30.00 feet
Freeboard 1 ft

RESULTS:

Steep Slope Design - PADER Method

Depth 1.23 ft
with Freeboard 2.23 ft
Top Width 37.38 ft
with Freeboard 43.38 ft
Velccity 6.54 fps
Cross Sectional Area 41.47 sq ft
Hydraulic Radius 1.10 ft
Manning’s n 0.042
Froude Number 1.09
Dmax 0.625 ft ( 7.50 in)
D50 0.500 £t ( 6.00 in)

D10 0.167 ft ( 2.00 in)



SEDCAD+ CHANNEL
RECLAIMED #FPO

T t Hdﬁiéﬁp
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Riprap — Steep Slope Design — PADER Me thod

/ Freeboanrd

W

Discharge = 271.18 cfs Depth_(d4d) = 1.23 <D = 2.23
Bottom_ (kL) = _390.80 ToY width (t) = 37.38 (T = 43.38
Side slopes (2Z) = 3.0:1C(L) 3.8:1C(R> Velocity ) = 6.94 fgs
Bed Slope = 3. “ Hudraulic Radius = 1.18 £
Manning’s n = 8.0812 Froude number = 1.89

Dmax = B.63 £t ¢ 7.98 in)

DB = 0.99 ft ¢ 6.U0 in}

Dl = B.17 ft ( 2.40 in)



APPENDIX D

Hydraulic Calculations

(100-Year, 6-Hour Event)



TRAPEZOIDAL CHANNEL ANALYSIS
CRITICAL DEPTH COMPUTATION

May 11, 1992
REED VALLEY DIVERSION

PROGRAM INPUT DATA:
DESCRIPTION

Flow Rate (cubic feet per second).......veeeveeenecennan
Manning‘s Roughness Coefficient (n-value)...............
Channel Side Slope - Left Side (horizontal/vertical)....
Channel Side Slope - Right Side (horizontal/vertical)...
Channel Bottom Width (feet)....vurnrntonenieenenenennnns

795.6
0.0300
3.00
3.00

30.0

PROGRAM RESULTS:
DESCRIPTION

Critical Depth (feet) .u.uiriiieieinernnenrnnnnscnaeens Sooe s
Critical Slope (feet per fOoOt) .u.uiieeeeeereeeensnnnnns .
Flow Velocity (feet per Second) .. u..eueeeereneonsnneenns
Froude NUMber. ...t . ittt tinereenareneenenensnscecannsnns
Velocity Head (feet)...c..vrrrnn i ninnnnneneenanaenens
Energy Head (feel) ... it eetieenaenennoenoaaansnn
Cross-Sectional Area of Flow (square feet)..............
Top Width of Flow (feet) .. u.iurinreneeerenenseoeeanaeennns

—— ey v ——

TRAPEZOIDAL CHANNEL ANALYSIS COMPUTER PROGRAM, Version 1.

3 (c) 1986

Dodson & Associates, Inc., 7015 W. Tidwell, #107, Houston, TX 77092
(713) 895-8322. A manual with equations & flow chart is available.



SEDCAD+ RIPRAP CHANNEL DESIGN

REED VALLEY DIVERSION

INPUT VALUES:

Shape TRAPEZOIDAL
Discharge 795.60 cfs
Slope 1.00 %
Sideslopes (L and R) 3.00:1 3.00:1
Bottom Width 30.00 feet
Freeboard 1 ft

RESULTS:

Mild Slope Design

Depth 2.93 ft
with Freeboard 3.93 ft
Top Width 47.61 ft
with Freeboard 53.61 ft
Velocity 6.99 fps
Cross Sectional Area 113.89 sq ft
Hydraulic Radius 2.35 ft
Manning’s n 0.038
Froude Number 0.80
Dmax 1.500 ft (18.00 in)
D50 0.750 ft ( 9.00 in)

D10 0.250 ft ( 3.00 in)



Riprap -
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of width (t)
elocity
ydraulic Radius

Froude number

(18.48040 in?
.88 in)




SEDCAD+ NONERODIBLE CHANNEL DESIGN

REED VALLEY DIVERSION

INPUT VALUES:

Shape TRAPEZOIDAL
Discharge 795.60 cfs
Slope 1.00 %
Sideslopes 3.00:1 (L)
Bottom Width 30.00 £t
Manning’s n 0.030
Material OTHER
Freeboard 1 ft
RESULTS:
Depth 2.58 ft
with Freeboard 3.58 ft
Top Width 45.50 ft
with Freeboard 51.50 ft
Velocity 8.16 fps
Cross Sectional Area 97.53 sq ft
Hydraulic Radius 2.10 £t
Froude Number 0.98

3.00:1 (R)



SEDCAD+ CHANNEL
REED UVALLEY DIV
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MATERIAL: OTHER

Depth Cd)
width (t)
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Froude nunben
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SEDCAD+ RIPRAP CHANNEL DESIGN

REED VALLEY DIVERSION

INPUT VALUES:

Shape TRAPEZQOIDAL
Discharge 795.60 cfs
Slope 5.00 %
Sideslopes (L and R) 3.00:1 3.00:1
Bottom Width 30.00 feet
Freeboard 1.0 ft

RESULTS:

Steep Slope Design - PADER Method

Depth 2.16 ft
with Freeboard 3.16 ft
Top Width 42.97 ft
with Freeboard 48.97 ft
Velocity 10.08 fps
Cross Sectional Area 78.89 sq ft
Hydraulic Radius 1.81 ft
Manning’s n 0.049
Froude Number 1.31
Dmax 0.938 ft (11.25 in)
D50 0.750 ft ( 9.00 in)

D10 0.250 ft ( 3.00 in)



SEDCAD+_ CH
REED VALLE
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Depth Cd)
Touldth (t)

g raullc Radius
Froude numben

(11.23 in)

{ 9.880 in)

{ 3.80 in)



SEDCAD+ RIPRAP CHANNEL DESIGN

e — —  — — ————— " i T ——

REED VALLEY DIVERSION

INPUT VALUES:

Shape TRAPEZOIDAL
Discharge 795.60 cfs
Slope 50.00 %
Sideslopes (L and R) 3.00:1 3.00:1
Bottom Width 30.00 feet
Freeboard 1.0 £t

RESULTS:

Steep Slope Design -~ PADER Method

Depth l1.46 ft
with Freeboard 2.46 ft
Top Width 38.74 ft
with Freeboard 44.74 ft
Velocity 15.90 fps
Cross Sectional Area 50.05 sg ft
Hydraulic Radius 1.28 ft
Manning’s n 0.078
Froude Number 2.46
Dmax 1.875 £t (22.50 in)
D50 1.500 ft (18.00 in)

D10 0.500 ft ( 6.00 in)



Riprap - Steep Slope Design — PADER Method
) w/” Freeboard
Dis char% = 795.608 cfs Depth <d) = 1.46 (D = 2.46
Bottom (L) = 30.080 ft f Hldth (t) = 38.74 (T = 44 .74
Side slopes (Z) = 3.8:1CL)> 3.8:1<R) oc = 15.99 fgs
Bed Slo = 50.088 ¥ g raullc Radius = l1.28
Manning s n = B.078 Froude numbepr = 2.46
Dmax = 1.88 £t (22.9598 in)
D@ = 1.50 ft (18.069 in)
D18 = 0.50 ft ¢ 6.00 in)



SEDCAD+ RIPRAP CHANNEL DESIGN

RECLAIMED #P0266

INPUT VALUES:

Shape TRAPEZOIDAL

Discharge 785.60 cfs

Slope 3.00 %

Sideslopes (L and R) 3.00:1 3.00:1
Bottom Width 30.00 feet
Freeboard 1 ft

RESULTS:

Steep Slope Design - PADER Method

Depth

with Freeboard
Top Width

with Freeboard
Velocity
Cross Sectional Area
Hydraulic Radius
Manning’s n
Froude Number
Dmax
D50
D10

2.

g
44,
50.

9.
87.
.94
.044
.14
.938
.750
.250

COOKHORK

315
35
11
11
13
14

ft
ft
ft
ft
fps
sq ft
ft

ft (11.25 in)
ft ( 9.00 in)
ft ( 3.00 in)



SEDCAD+ CHANNE
RECLAIMED #

L _DESIGHN
FO266

»

; w/ Freeboanrd
stchar%e = 795.68 cfs Depth_ (d4d) = 2.35 (D = 3.35
Bottom_ (b = 3J38.009 ft To? width (t) = 44.11 (T = 50.11
Side slopes (2Z) = 32.08:1(L) 3.0:1<¢(R) Uelocity = 92.13 fgs
Bed Slope = 3.d0 ¥ Hydxraulie Radius = 1.94 ¢
Manning' s n =i 2.64144 Froude numben = l1.14

Dmax = 8.94 £t (11.29 1n>
DO = 0.75 £t ¢ 9.808 in)
Pid = 8.29 £t ( 3.80 in>



Culvert: Dutlet Channel

Riprap Drop Structure

Design Calculations

Date: (see Chapter &, Attachment C, Figure 6)

Q = 5.6
100 79 cfs
b = 30 feet
Z=3:1
d = 2.55¢
c

Drop Height = B

Channel Slope = 50%
Downstream dd = 2.93 fr.
Downstream Channel Slope = 1%

Downstream Channel Velocity = 6.99 {ps

Solution:
- Use a trapezoidal section drop. The cross-section is the same as the channel
cross-section.

- Use a 50% slope at the drop. Assume no head loss through the sloped drop.

Determined by d,:

1
2
H = d2 + V2_ = 2,93 + ;6.99)2 = 3,697
2g 2(32.2)

Head available at toe of slope:
87 + 3,69 = 11,49

Let d1 be at the toe of slope:

b = 30! d1 = 1,467
s = 50% V1 = 15.9 fps
n = 0.078 (Sedcad+ Calc.) F1 = 2.46

Determine dz:

d2 z/ 2
TTTT o= 0.5 (V1 + 8 F -1
1
d1 1/ - —Z
0.5 (71 + 8 (2.46) -1) = 3.01°’

3.01 (d1) = 3.01 (1.46)

[« 8
"

4.39¢



Determine the jump length from Figure 7 (Length of jump in terms of d2

d_ = 4.85

~

L = 4.85 (dz) = 4,B5 (4.39) = 21.3 ft.

Use 30 ft.

The basin should be set at

d2 = dd = depth below downstream channel

4,39 - 2.93' = 1,467 use 2’

below the downstream channel bed.

Upstream and downstream length of structure
Lu = 2H = 2 (3.69') = 7.4' Use 10’

Ld = Zd2 =2 (4.85') = 9.7 Use 20/

Riprap Size (Sedcad+ Calc.):
D = 22.5 in.
max

b =18 in.
50 in

b =6 in.
10 n

Thickness 2 (050) =3 fr, thick

Let cutoff riprap wall upstream and downstream be the same size.

d

Cutoff Wall Depth
cH

=%
]

1/2(d_) = 1/2 (4.397) = 2.2' Use 3¢
cHW 2

Ref: Surface Water Hydrology and Sedimentology Manual, by J.F. Sato,

Shepherd, HMarch 1981

(Basin I)

Simons,

and
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HYDRAULIC DESIGN OF STILLING BASINS AND ENERGY DISSIPATORS
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FiaURe 7.—Length of jump in terma of D, (Basin ).
Reference:

U.S. Bureau of Reclamation, Hydraulic Design of Stilling Basins and
Energy Dissipators, 1983.



Riprap Crep Structure

Design Calculatiaons

Data: (See Chapter &, Attachment €, Figure 9)

Q 95.6 cf
100 795 cfs

b

307

z = 3:1

Orop Height = 3¢
Channel Slope = 5%
Downstream d = 2.93/

Downstream Channel Slope = 1%

Solution:
tength of Structure:

L =L +L +1L
u s d

Lu = 5 x Downstream d
=5 x 2.93 = 14.6 Use 15¢
L5 = H/S = 37/0.05 = 60¢
L, =1L u = 20!
a"te MYy
L =157 + 60 + 20/ = 957
Ri izi for Q = 795.6 cfs:
iprap sizing fo 100 c
D = 12n
max
D = Qu
50
D = 3n
10
Riprap thickness = 2 (DSO) = 2(0.75) = 1.5 Use 2/
Reference: Surface Mining Water Diversion Design Manual, Simons, Li & Associates,

September, 1982.



