ATTACHMENT |

Typical SEDIMOT 11 Inputs

For Life-of-Mine Sedimentation Ponds



Typical SEDIMOT I Input

Sediment Ponds {Life-of-Mine)

Card

Code Parameter Input

1 Watershed ldentification -

2 Storm Type 2 {SCS Type |l Storm)
No. of Depth Time Values 2

3 Rainfall Depth (inch} 2.10 (10-yr, 24-hr storm)
Storm Duration (hr} 24,0
Storm Time [ncrement 0.1
Max, 30 Min. Intensity 1.0

& Number of Junctions 1
Hydrolegy and Sedimentology 2 (Hydrology and Sedimentology)

5 Number of Hranches per Junction 1

[ Specific Gravity 2.5
Ceeff. for Distributing
Sediment Load 1.5
Submerged Bulk Specific Gravity 1.5

7 No. of Particle Size Distributions 1
No. of Data Values per Distribution 15

8 Particle Size (1) - -
Particle Size (2) - -
Particle Size (3} - -
Particle Size (&) - -
Particle Size (5) - -
Particle Size (6) - -
Particle Size (7) - -
Particle Size (8} - -
Particle Size (9) - -
Particie Size (10) - -
Particle S5ize (11) - -
Particle Size (1Z) - -
Particle Size (13} - -
Particle Size (1%) - -

Particle Size

(15}



Card

Code

Paramete

r

Typical SEDIMOT 1]

Input

Sediment Ponds (Life-of-Mine)

10

11

12

13

Percent Finer (1)

Percent
Percent
Percent
Percent
Percent
Percent
Fercent
Percent
Percent
Percent
Percent
Percent
Percent

Percent

Finer
Finer
Finer
Finer
Finer
Finer
Finer
Finer
Finer
Finer
Finer
Finer
finer

Finer

(2)
(3)
(4)
(5)
{6)
{7)
(8)
{9)
(10)
{11}
(12)
(13)
(1%)
(15)

Number of Structures per Branch

Travel Time Between Structures {hr)

Muskingums k Between Structures (hr)

Muskingums X Between Structures (hr)

Number of Subwatersheds per Structure

Type of Sediment Control Structure

Print Control Variable for Total

Drainage

Print Control Variable for Between

Structur

es

Print Option for Subwatershed

Subwatershed Area (Acres)

Curve HNu

mber

Time of Cencentration

Travel Time (to Structure)

Muskingum's k (to Structure)

0.0

0.0

(Null Structure)

(Hydrograph)

{Hydrograph)
(Input Tables)



Typical SEDIMOT 11

Input

Sediment Ponds (Life-cf-Mine)

Card
Code Parameter Input
13 Muskingum's X (to Structure) 0.0

Hydrolegy Print Option
Hydrauwiiec Surface Conditions

Number of Flow Segments

1.0 (Input Tables)

0.0
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INTRODUCTION

Sedimentation Structure NI4-F 1s a zoned earthen embankment,
designed and constructed by Peabody Coal Company. This report reviews the

hydrology and hydraulics of the structure. Geotechnical aspects were not

assessed.

INSPECTION

Structure N14-F was not inspected by Dames & Moore.

SITE DESCRIPTION

LAND USE

Strucrure N14-F has a 376-acre tributary drainage area and is

located near Moenkopi Wash at the Kayenta Mine. The watershed is classified

as 100% reclaimed.

EMBANKMENT

Structure N14-F i1s a zoned earthen embankment classified as an

MSHA structure. Physical characteristics of the embankment were not

measured.



ANALYSES

STABILITY

The stability of Structure N14-F was not analyzed.

HYDROLOGY

The hydrologic analysis was completed using the U.S. Army Corps of
Engineers generalized computer program HEC-1, Flood Hydrograph Package.
Structure Nl4-F is not in series with any other structure. However, it is
an MSHA structure and therefore the spillway was analyzed wusing the
100-vear, 6-hour storm. The storage capacity of Structure N14—F was

analyzed using the 10-year, 24-hour storm.

The following parameters were used in the hydrologic analysis:

1. Water Course lemgth, L . . . . . . . . . 0.871 mi

2. Elevation Difference, H . . . . . . . . 230 ft

3. Time of Concentration, T " e e e e e 0.272 h

4. Lag time, 0.6T . . . .5 . . . . ... 0.164h

5. SCS Curve Numbér . . + « « + » o . . . . 81

6. Rainfall Depth, l0-year, 24-hour storm . 2.1 in.
100-year, 6-hour storm. . 2.4 in.

7. Drainage Area . . . + 4 4 4 ¢ v o - - . 376 acres

-
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HYDRAULICS

The HEC-1 program was used to evaluate inflow to the sedimentation
structure, outflow from the structure and the resulting water surface eleva-
tions. The initial conditions and results of the analysis are summarized in

the following table.

N14-F HYDRAULICS

10-year 100-year
24-hour 6-hour
Unics Storm Storm
Initial Reservoir Volume
Condition Empty 6655.00
Inflow
Peak Flow . . . . . . cfs 310 617
Volume . . . . . . ., . acre-ft 20.37 26.01
Storage
Peak Stage « + « « 4« & ft 6650.14 6659.73
Spillway Elevation . . ft 6659.70 -
Peak Storage . . . . . acre—ft 20.37 -
Storage Capacity . . . acre-ft 61.11 -
Outflow
Peak Flow . . + &+ « . cfs 0 o
Embankment Crest
Elevation . . . . . ft - 6661.20
Peak Stage . . « « & ft - 6659.73
Freeboard . . . . . . ft - 1.47
Spillway Channel
Flow Depth . . . . . . ft -— 0.03
Manning's "n" . . . . - 0.040




Spillway Channel

The existing spillway for N14-F has a trapezoidal channel with the

following dimensions:

Channel depth o . « ¢ & v v v v & & « . 1.5 ft
Channel width . . . . . . . . .+ . « . 350 ft
Channel length . . . . . . « + « « » . 110 ft

Side slopes (horizontal to vertical). . 50:1

Average exit slope . & « 4 & v & « . 0 percent

STORAGE CAPACITY

The impoundment volume-elevation curve is based on site specific
surveys conducted for Peabody Coal Company's August 1984 inspection, and

1985 resurveys, where available. Additionally, the most current topographic

maps available were used.

The calculations for the sediment load entering Structure N14-F

were made utilizing the Universal Soil Loss Equation with the following

parameters:

I. Rainfall Factor, R . v ¢« &+ « & « o o« » o 40

2. Soil Erodibility Factor, X . . « « . . . 0.042

3. Slope Factor, LS . . . .« &+ + +» « « « « « 1,69

4, Cover Factor, C . & v 4 =« ¢ v o o« « « o 0.15

5. Erosion Control Factor, P . . . . « . . 1.0

The hydrologic analysis gives the storage volume required to
contain the 10-year, 24-hour storm, and the remaining storage volume avail-

able for storing sediment. The existing storage capacity of N14-F and the

results of the sediment inflow analysis are summarized in the Ffollowing

table.

7



N14-F STORAGE

Total Storage Capacity

10-vear, 24-hour Storm Inflow . ., .,

Available Sediment Storage Capacity

Sediment Inflow Rate .
Sediment Storage Life .

61.11
20,37
40,74

.23
33

acre-ft
acre-ft
acra-ft
acre-ft/vr
yrs

The following appendix is attached and completes this report.

Appendix A - Hydrology and Hydraulic Calculations



APPENDIX A

HYDROLOGY AND HYDRAULIC CALCULATIONS
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ATTACHMENT K

1985 Peabody Inspection of
MSHA-Sized Dams



Sediment Impou

INSPECTION CHECK

ndment Name: 5-'7 DAM

page: dTD 1zll-A=-T

LIST

-00073

REMARKS

1. CREST ﬁ
S
a. Any visual settlements? X

ITEM TESTNO

b. Misalignment? ¢

c. Cracking? ' X

2. UPSTREAM SLOPE

. Any erosion?

Are trees growing on slope?

»

|

. Adequate grass cover? L X }
\
{

Longitudinal cracks?

Transverse cracks? | !

Adequate riprap protecticn? | i

A

Any stone deterioration? |

AA

Vigual depressions or bulges?:

b - T [rn] o [ O O T R

Animal burrows?

.

X
. Visual settlements? , | X
x '

3. DOWNSTREAM SLOPE

. Adequate grass cover? . ¥

. Any erosion?

. Are trees growing on slope? 1
Longitudinal cracks? i

Transverse cracks?

Visual depressions or bulges?;

. Visual settlements?

. Is the toe drain dry? "

. Are the relief wells flowing?

#A

. Are boils present at the toe?

el Wt by Vo R I SR R o REs R g

X
. 15 seepage present? : L X
. Animal burreows? X

4. ABUTMENT CONTACT. RIGHT _

i

a. Any erosion? J X

b. Visual differential movement? | X

c. Any cracks noted? o X

d. Is seepage present? L X | L g Meap

e. Type of Material? ! | Sand<stosc et paD

5. ABUTMENT CONTACT. LEFT
i
\

. Any erosion?

. Visual differential movement’}

. Any cracks noted? . |

P P} P

Is seepage present?

= 10 gpsq Cleap

o0 oW

\
._Type of Material? |

SAMAGbAz Out(rog




Sediment Impoundment Name: S-'1 DAM
Page: SID®|7([-p2-9-J003

ITEM YES!NO' REMARKS

. SPILLWAY, NCRMAL

Left alutment? S 7 CMPS

Right abutment?

Y

|
a. Location: [
|
L
Crest of Embankments? f

li

b. Apprcach Channel: X

Are side siopes eroding? Wi

Are side slopes sloughing? l

Bottom of channel eroding? e

Obstructed? Y4

Erosion protection?

c. Spillway Channel: AA

Are side slopes eroding?

Are side slopes sloughing?

Bottom gf channel eroding?

Chstructed? |

Erosion protection? P

d. OQutflow Channel: . ¢

Are side slopes eroding? {

Are side slcpes sloughing?

Chstructed?

X
X
Bottom of channel ercding? : e - K
e
X

Ercsion protection?

e. weir: A A

Condition?

. SPILLWAY /EMERCENCY

a. Location: : Aone

Left abutment?

Right abutment? -

Crest of Embankments?

b. Approach Channel:

Are side slopes eroding?

Are side slopes sloughing?

Bottom of channel ercding?

Obstructed?

Erosion protection?

c. Spillway Channel:

Are side slopes eroding?

Are side slopes sioughing?

Bottom of channel eroding?

Cbhstructed?

Erosion protection?

d. Outflow Channel:

Are side slopes eroding?

Are side slopes sloughing?

Bottom of channel ercding?

Ohstructed?

Erosion protection?

e, Weir:

Condition?




Sediment Impoundment Name: U7 D/AAA
Page: 6IL.I7|{-A=~3-0003

ITEM ' "YES[NO REMARKS

8. IMPCUNDMENT

a, Sinkheles? ¥ [{Elev,} feat

b. Water present? 4 {Elev.} o % {niy, ) feat

¢. Siltation? 7 MR X o AS all Q”\CE {a aee QxC eqcnlt/
d, Watershed matches ser} map? X

9. GENERAL COMMENTS
ML Fan levos)  ioem




Ca e
PRI TN AN

it iamen \//é - '4 )
Bages S 21/ Az -9 oD

EM LEMAERS
L. TRESY
a. Any visual settlements? D T
b. Misalignment? > _
c. Cracking? N
2. UPSTREAM SLOPE
a. Adequate grass cover? M4 ; x?guﬁ%%wwv,//
b, Any erosion? N
c. Are trees growing on slope? S
d. Longitudinal cracks? >
e. Transverse cracks? ST
£. Adequate riprap protection? &
g. Any stcone detericration? ]
h. Visual depressions or bulges? e
L. Visual settlements? S
1. Animal burrows? :w§
3. DOWNSTREAM SLOPE
a. Adequate grass cover? iz i /’zvjﬂgﬁfﬁafﬂ/
b. Any erosion? >
c. Are trees growing on slope? P
d. Longitudinal cracks? e
e. Transverse cracks? pad
£. visual depressions or bulges?. e
g. Visual settlements? P
h. Is the toe drain dry? >
1. Are the relief wells flowing? . A
j. Are poils present at the tee? >
k. Is seepage present? ey
1. Animal CUrrowss? rad
P
4., ABUTMENT CONTACT. RIGHT | }
a. Any erosion? ‘ e
b. Visual differential movement? ST
C. Any cracks notedr e
d. Is seepage present? s

e. Type of Material?

T4

5. ABUTMENT CONTACT. LEFT

a. Any ercsien?

X__

iy el wfS St s Eeni
7

b. Visual differential movements ><
¢. Any cracks noted? 1<
- d. Is seepage present? >

e. Type of Material?

- A

1 é—_ﬁ”/w‘d;:—, \(/ 1’"";‘ :
/



A

sediment Impounrdhens Mame: kj/ é '-/"'J

Location:

Lofr amtment?

Right abutment?

rage: 5/2/,‘, Az - G D009

aBkg T T

X-?’24 ' ngh’hpfﬁea
>_. .

Crest of Erbankments? S
b. Approach ~Channel: L |
Are side slopes eroding? ,
Are side slopes sloughing? i
Bottom of channel eroding? ;
Obstructed? |
Erosion protection? i
c. Spillway Channel: VA
Are side slopes eroding? !
Are side slopes sloughing? L
Bottom of channel eroding? !
Obstructed?.
Ercsion pretection? \ :
d. Outflow Channel: |
Are side slopes eroding? =4
Are side siopes sloughing? >
Bottcom of channel eroding? :
Obstructed? i i
Ercsion protection? A4l
e. Weir: 7
Condition? 1
| o
. SPILLWAY /EMERGENCY |
a. Location: | Qyorhepten Sy
Left abutment? v '
Right abutment? - Y
Crest of Embanxments? <
b. Approach Channel: A& R
Are side slopes eroding? !
Are side slopes sloughing? |
Bottom of channel eroding? ! B
Obstructed? [
Erosion protection? ' |
c. Spillway Channel: l ‘
Are side slopes eroding? <,
Are side slopes sloughing? Tl
Bottom of channel eroding? !
Cbstructed? T
Erosicn protection? )
d. Outflow Channel:
Are side slopes eroding? |
Are side slopes sloughing? l
Bottom of channel eroding? b
Obstructed? e
Erosion protection?
e. Weir: N A
Condition?




sediment Impoundment Name: J/é -4

Page: b ;2”,#53 ‘"%“0{'}09

TTIH T jmfﬁ”u INO REMARKS
3, IMPCUNDMENT ‘
a. Sinkholes? >/ {Elev.] feat
b, Water presenc? (Elev.) lobhob.5 feet

Snall prittezass od tllcopacitn -

>
c. Siltation? g0 o
d. Watershed matches seid map? TH<

9. GENERAL COMMENTS

Carera, SZovict yood weensl dom,




por

R RIEH

CREST

a. Any visual settlements?

o lippenn ent Name:

Je-L

Page: 4'/2//_;),?.3_';,%')}@&/0

b. Misalignment?

c. Cracking?

[$8)

UPSTREAM SLOPE

Adecuate grass _cover?

Any erosion?

L
L 1??9 é%@pyDecf
\>(‘

Are trees growing on slope?

L X

Longitudinal cracks?

e

. Transverse cracks?

Adequate riprap protecticn?

Any stone deterioration?

|
1
1
i
|

|

Visual depressions or bulges?

.

Visual settlements?

, Animal burrows?

bad -l ben| o [0 ([Tl

PRI

DOWNSTREAM SLOPE

. Adequate grass cover?

.

Any erosien?

. Are trees growing on sicpe?

Lengitudinal cracks?

. Transverse cracks?

Visual depressions or bulges?.

Visual settlements?

Is the toe drain dry?

. Are the relief wells flowing?

Are boils present at the tce?

Is seepage present?

o ema ool o jofe,

. Animal burrows?

. ABUTMENT CONTACT. RIGHT

a. Any erosion?

b, Visual differential movement? .

c. Any cracks noted?

d. Is seepage present?

KX

e. Type of Material?

Tarede SaF WStme (amels onk

ABUTMENT CONTACT. LEFT

a. Any ercsion?

b. Visual differential movement?

c. Any cracks noted?

d. Is seepage present?

XA

e. Type of Material?

Sﬂh’fél 5;/?‘{




e
(SR

AL

sediwent. Impovndment fame:  Jll-L DAM

N L TR
[V A U RV A ¥

Location:

Left amitment?

Paze: STD#m|-RE-F00I0

S 187 Driscopie (Decant)

Right abutment?

Crest of Embankments?

> Alead Br _Abulment

. Apprcach Channel: FAR -

b
\

are side slopes eroding? *

Are side slopes sloughing?

Bottom of channel eroding?

i
Obstructed? i

Erosion protection?

. Spillway Channel: pj#-L

Are side slopes eroding?

Are side slopes sloughing?

JO S SR S—

I
]
v
Bottom of channel eroding?
Obstructed? ]

Erosion protection?

. Cutflow Channel:

S tandt. (BAS I

Are side slopes ercding?

Are side slopes sloughing?

Bottom of channel eroding?

Obstructed?

N
s

CPRKIX

—t 1

Ergsion protection?

. Weir: AUA L

b

—_3

Cendition? i

7. SPILLWAY/EMERGENCY |

a.

Location:

Left abutment?

Right abutment? el

Crest of Embankments?

Truptr oldel BockCul (28 . de)

Approach Channel:

Are side slopes ereding?

Are side slopes sloughing? 1

Bottom of channel eroding? j

Obstructed? |

X< X

Erosion protection? i X

. Spililway Channel:

Are side slopes eroding?

Are side slopes sloughing?

Chstructed?

XXX

Erosion protection?

|
Bottom of channel. eroding? !
|
|
|

Outflow Channel:

Are side slopes eroding?

Are side slopes sloughing?

Bottom of channel ercding?

Obstructed?

XXX

Erosicn protection?

Welir: NA |

Condition? {




Sediment Impoundment Name: Tl -L DAM
Page: ST.DHgy-AZ-7-0010

”_— ITEM T T YRS | REMARKS
- —- ]
3. IMPOUNDMENT
a. Sinkholes? P HiElev.) feet
b. Water present? e (Elev.) 6550.3 feet
c. Siltation? BB X 5!}’/@///5@(%/&;@ ol élowafe_dﬁpac,'r‘y
d. Watershed matches sext mdap? P

. GENERAL COMMENTS




Fediment Impoundment Name: /%i¢{ I P OAL
Page: 4 ID =/z/r-AR-F-O00!

[NSPECTICN CHECK LIST

TTEM VES NO REMARKS

i
. CREST |
|

a. Any visual settlements?

b. Misalignment?

e

c. Cracking?

. UPSTREAM SLOPE b

. Adequate grass cover? | X E

Any erosion? '

Are trees growing on slope? | |

X
. X
. Longitudinal cracks? F o
. Transverse cracks? N

. Adequate riprap protection? | | s

. Any stone deterioration? o AL A

. Visual depressions or bulges?i |

. Visunal settlements? | |

SRYEE by ToRIo I -REeH el fng g

. Animal burrows? o

;
%

. Adequate grass cover? A

. Any ercsion? ; L

. Are trees growing on slope? !

Lengitudinal cracks?

X
. X
, Transverse cracks? ! w
. Visual depressions or bulges?, %
. Visual settlements? i

Is the toe drain dry? <

. Are the relief wells flowing? LN
. Are Doils present at the toe?

bt R e TR | R IOL O [ O

X
. Is seepage present? L X
. Animal burrows? X

. ABUTMENT CONTACT. RIGHT

a. Any erosion? |

b. Visual differential movement?l

X
X
c. Any cracks noted? X
X

d. Is seepage present? i
e. Type of Material? %

&>
Pitetid ot 7

I
g\

. ABUTMENT CONTACT. LEFT y

. Any erosion? ; X

. Visual differential movement’»

. Any cracks noted?

Is seepage present?

® |G OO

Type of Material?

1 - I
! Zdnay ool



Sediment Impcundment Name: KM - F W/ Loy
Page: SIU# )2/ ~fdE-9-0001

ITEM YES! NOI REMARKS

6. SPILLWAY, NORMAL

Left abutment?

I
|
a. Location: |
|
]
!

Right abutment?

Crest of Embankments? Lol L 2” oM~

b. Approach Channel: NS

Are side slopes eroding?

Are side slopes sloughing?

Bottom of channel eroding?

Obstructed?

Erosion protection?

c. Spillway Channel: AH

Are side slopes eroding?

Are side slopes sloughing?

Bottom of channel eroding?

Obstructed?

Erosion protection?

d, Outflow Channel:

Are side slopes ercding?

Are side slopes sloughing?

KX K

Bottom of channel eroding?

Obstructed?

Erosion protection? X

e, Weir: M

Condition?

7. SPILLWAY/EMERGENCY

a, Location: Aloare

Left abutment?

Right abutment?

Crest of Embankments?

b. Approach Channel:

Are side slopes eroding?

Are side slopes sloughing?

Bottom of channel eroding?

Obstructed?

Erosion protection?

c. Spillway Channel:

Are side slopes etoding?

Are side slopes sloughing?

Bottom of channel eroding?

Cbhstructed?

Erosion protection?

d. Outflow Channel:

Are side slopes eroding?

Are side slopes sloughing?

Bottom of channel eroding?

Obstructed?

Erosion protection?

e, Weir:

Condition?




Sediment Impoundment Name: A - £Af FoniD

Page: O6ID = p(-Ae- 90001

ITEM YES |NO REMARKS
8. IMPOUNDMENT
Sinkholes? Elev.) ‘ feet
Water present? o (Elev.) /A4/%.6 feet

Siltation?

[aF o RinaFuy

Gt
watershed matches sext map?

9. GENERAL

COMMENTS
I, omq/;mf/a( /-m Py,




Sadiirent Impoundment Name:

[NSPECTICH

“HE

N14-D DAM _

Page: 4T D®{Zi[-Ae-F-0004

¢K LIST

ES

NO REMARKS

. CREST

a. dny visual settlements?

b. Misalignment?

c. Lrackingz

b b

. UPSTREAM SLOPE

Adequate grass covery

Ep Palnpecf

MA,
. Any ercsion?

. Are trees growing on slope?

Longitudinal cracks?

. Transverse cracks?

. Adequate riprap protection?

<

. Any stone deterioration?

. Visual depressions or bulges?
Visual settlements? A

A RO | B Qg O [T

. Animal burrows?

x DR Pix kkxg

. DOWNSTREAM SLOPE

Adequate grass cover?

Kirp

£apped.

| NA.
. Any erosion?

. Are trees growing on slope?

Longitudinal cracks?

Transverse cracks?

. Visual depressions or bulges?;

. Visual settlements?

R

. Is the toe drain dry?

X

. Are the relief wells flowing?

2|
>

. Are boils present at the tce’
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1.0 INTRODUCTION

This report presents the results of a dam break analysls performed
for Sedimentation Structures J28-B, J28-C, J28-D and J28-G at Peabody Coal
Company's Kayenta Coal Mine in Navajo County, Arizona. The purpose of the
analysis was (o determine whether the downstream Mine Safety and Health
Administration (MSHA) dams, J16-A and Reed Valley, could safely pass the
floodwater resulting from postulated accidental breaches in the embankments

of the respective upstream sedimentation structures.

Sedimentation Structures J28-B, J28-C, and J28-D are located
upstream of MSHA Dam J16-A, and J28-G is located upstream of the Reed Valley
MSHA Dam. The locations of these structures are shown on Figure 1, Vieinity
Map. The MSHA structures were designed and are maintained under the regu-
lations set forth in the Office of Surface Mining (0SM) Indian Lands
Regulations, 30 CFR, Part 77. The sedimentation structures have been
inspected by Dames & Moore according to regulations 30 CFR, Parts 780 and

816.

1-1



2.0 POSTULATIONS FOR DAM-BREAK ANALYSES

2.1 BREACH CHARACTERISTICS

Accidental breaches in the sedimentation structures may result from
overtopping, plping, earthquakes, or foundation failure. Available
techniques for dam-break analyses require information regarding the
geometric and temporal characteristics of the breach. At the present time,
there are no definite standards or regulations defining these characteris-—
tics of postulated breaches. For the present study, certain postulations
and assumptions have been made to obtain conservative estimates of the
impacts of dawm-breaks on the respective MSHA structures. These are

described in the following paragraphs.

The fully formed breach in an earthen dam tends to have an average
width, b, in the following range (Fread, 1983):

H<Db < 3H
where H = height of the dam. A value of b = 2H is sgupported by case
histories of past breaches (Fread, 1983; Johnson and Illes, 1976). In view
of this, two trapezoidal breaches with the following average widths have

been analyzed for each sedimentation structure:

(1) b=
b =

H
(11) 2H

The side slopes of breaches in earthen embankments have been found
to be in the following range (Fread, 1983; MacDonald and Monopolis, 1984),

0 <z <2



where z is the horizontal component of slope. A reasonable value of z for a
full-depth breach is 0.5 (MacDonald and Monopolis, 1984). Accordingly, a
value of z = 0.5 has been used for breaches in all the sedimentation

structures in this study.

The time of breach development, t, in earthen dams is reported to
be in the following range (Research Institute of Colorado, 1984):

10 minutes < t < 3 heours.
Since the time of breach development is a function of the size of the
breach, different failure times have been used for different sedimentation
structures in this study (MacDonald and Monopolis, 1984). The times are

shown in Table 2-1.



Table 2-1

PARAMETERS USED IN DAM-BREAK ANALYSES
(Side slopes of breach 0.5H:1V)

J28-B J28-C J28-D
Crest El. Crest El. Crest El.
Parameters 6860.50 ft 6815.64 ft 6791.10 ft

J28-G
Crest El.
6805.00 ft

Scenario 1

100-year, 24-hour Inflow Hydrograph, Negligible Spillway Discharge

Bottom elevation of 6838.5 ft 6802.5 ft 6774.50 ft

breach

Water surface elevation

at which breach occurs 6860.0 ft 6815.0 ft  6790.60 ft
Bottom width of breach 10 fe 6.5 ft 8 ft
Failure time 30 min 15 min 20 min
Initial channel condition  Dry bed Dry bed Dry bed

Scenario 2

6782.5 ft

6804.0 ft
10 ft
30 min

Dry bed

10-year, 24-hour Inflow Hydrograph, Negligible Spillway Discharge

Bottom elevation of 6838.5 ft 6802.5 ft 6774.50 ft

breach

Water surface elevation

at which breach occurs 6960.5 ft 6815.64 £t 6791.10 fr
Bottom width of breach#* 33 ft 19.71 ft 24,90 ft
Failure time** 15 min 10 min 12 min

Initial water depth in
channels 1 ft 1 ft 1 ft

6782.5 fr

6805.0 ft

33.75 £t

15 min

l fc

*Based on average breach width (b) = 2 x height of dam.
**From Figure 2, MacDonald and Monopolis, 1984.



2.2 INITIAL RESERVOIR AND CHANNEL CONDITIONS

A preliminary review of the storage and spillway capacities of
Sedimentation Structures J28-B, J28-C, J28-D, and J28-G indicated that an
overtopping failure of these structures up to a 100-year, 24-hour event 1is
not possible. For the probable maximum precipitation event, overtopping
failure may be postulated if the spillway 1ls assumed to be blocked. In view
of this, the following two scenarios for initial reservoir conditions have
been analyzed:

1} Non-overtopping failure with 100-year, 24-hour inflow hydro-

graph, negligible spillway discharge, and failure commencing
when the water surface elevation is less than 1.0} foot below
the crest of the embankment with b = H.
In this case, the downstream channel is assumed to be dry at
the time of occurrence of the postulated breaches. This
appears to be a reasonable assumption for non—overtopping,
clear day breaches In structures located on ephemeral streams.

2) Overtopping fallure with negligible spillway discharge and
failure commencing when water surface in the reserveoir is at
the crest of the embankment with b = 2H. This 1s an extremely
conservative assumption. For convenience of modeling, a
l0-year, 24-hour storm is assumed to occur over the watershed
of each sedimentation structure at the time of occurrences of
the postulated breach.

It is unlikely that the dam—break flood wave will arrive at a
particular location along the downstream channel at the same time when the
runoff hydrograph from the contributing drainage area reaches that location.
However, it is reasonable to expect some pre—existing flow in the downstream
channel for postulated overtopping failures of dams. The annual flooding
conditions of the ephemeral channels in che area indicate that the average

annual floodwater depths in these channels may be approximately 1 foot. In

view of this and for the sake of computational simplicity, it 1is assumed



that all downstream channel reaches will have a flow depth of 1 Ffoot at the

time of arrival of the dam—break flood wave.

2.3 PARAMETERS USED IN DAM-BREAK ANALYSES

The numerical values of the breach parameters and hydrologic/
hydraulie conditions used in the dam-break analyses are abstracted in Table

2-1.



3.0 DAM-BREAK ANALYSES

3.1 METHODS OF ANALYSES

The HEC-1 computer program of the U.S. Army Corps of Engineers
(USACE, 1981) has been used to develop the dam-break flood hydrographs for
different sedimentation structures and to combine and route these hydro-

graphs through stream channels and through the respective MSHA structures,

i.e., J16-A and Reed Valley Dams.

As a conservative estimate of the peak stage and peak outflow
discharge for MSHA Dam J16-A resulting from postulated breaches in
Sedimentation Structures J28-B, J28~C, and J28-D, it is assumed that all the
breaches occur simultaneously. Also, 1t is assumed that the combined
dam~break flcod hydrograph reaches the Jl6-A Reserveir at a time when the
reservolr water surface elevation 1s at the crest of 1ts spillway (El.

6635.0 ftr). A flow chart indicating the sequence of computations for this

analysis is shown in Table 3-1.
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Table 3-1

SEQUENCE OF COMPUTATIONS FOR
SEDIMENTATION STRUCTURES J28-B, J28-C, AND J28-D
(J16-A WATERSHED)

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12}

13)

Develop 100-year, 24-hour (Scenario l) or LO-year, 24-hour (Scenario 2)
hydrograph for the watershed of Sedimentation Structure J28-B.

Route this hydrograph through Sedimentation Structure J28-B with the
parameters shown in Table 2-1 assuming negligible spillway outflow
(i.e. a blocked spillway).

Route the outflow hydrograph through the natural channel (Reach 1)
between Sedimentation Structure J28-B and the outlet channel for
Sedimentation Structure J28-C.

Develop the 100-year, 24-hour or 10-year, 24~hour hydrograph for the
watershed of Sedimentation Structure J28-C.

Route this hydrograph through Sedimentation Structure J28-C with the
parameters shown in Table 2-1 assuming negligible spillway outflow
(i.e. a blocked spillway).

Combine the two hydrographs for Sedimentation Structures J28-B and
J28-C.

Route the combined hydrograph through the natural channel (Reach 2)
between Sedimentation Structure J28-C and the outlet channel Ffrom

Sedimentation Structure J28-D.

Develop 100-year, 24-hour, or 10-year, 24~hour hydrograph for the
watershed of Sedimentation Structure J28-D.

Route this hydrograph through Sedimentation Structure J28-D with the
parameters shown in Table 2-1 assuming negligible spillway outflow
(1.e. a blocked spillway).

Combine this with the routed hydrograph from Sedimentation Structures
J28-E and J28-C.

Route the combined hydrograph through the natural channel from the
outlet channel of Sedimentation Structure J28-D to the inlet at Station

5+00 of J16 Diversion Channel (Reach 3).

Route the resulting hydrograph from Station 5+00 to Station 21+60 of
J16 Diversion Channel {(Reach 4)}.

Route the resulting hydrograph from Station 21+60 to Station 38+50 of
J16 Diversion Channel (Reach 5).
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Table 3-1 (Continued)

14) Route the resulting hydrograph from Station 38+50 to Station 57+50 of
J16 Diversion Channel (Reach 6).

15) Route the resulting hydrograph through J16-A Reservoir.

8imilarly, the dam—break flood hydrograph for Sedimentation
Structure J28-G has been routed through the natural outlet channel for J28-G
through the proposed Reed Valley Diversion Channel, and through the Reed
Valley Dam. For the sake of conservatism, it is assumed that the dam-break
flood reaches Reed Valley Reservoir at a time when the water surface behind
the dam 1s at the spillway crest elevation. The sequence of computations

for this case is shown in Table 3-2.

Table 3-2

SEQUENCE OF CCOMPUTATIONS FOR SEDIMENTATION STRUCTURE J28-G
(REED VALLEY WATERSHED)

1) Develop 100-year, 24-hour (Scenario 1) or 10-year, 24-hour (Scenario 2)
hydrograph for the watershed of Sedimentation Structure J28-G,

2) Route this hydrograph through Sedimentation Structure J28-G with the
parameters shown 1in Table 2-1 assuming negligible spilllway outflow
(i.e. a blocked spillway).

3) Route the resulting hydrograph through the natural channel from
Sedimentation Structure J28-G to Station 187+30 of the proposed Reed

Valley Diversion Channel (Reach 1l).

4) Route the resulting hydrograph from Station 187430 to Station 162450 of
the proposed Reed Valley Diversion Channel (Reach 2).

5) Route the resulting hydrograph from Station 162450 to Station 99+00 of
the proposed Reed Valley Diversion Channel {Reach 3).

6) Route the rTesulting hydrograph through Reed Valley Reservoir.




For the sake of comparison, the peak flows due to dam-break, Q s
max

for each sedimentation structure have been estimated using the following

approximate methods:

8 1.5 0.5

1) Qpax = b h g (USACE, 1977)
27
Where b = average breach width
h = depth of water behind the dam
g = gravitational constant
2) Q =C Y2'5 (State of California, 1977)
max

Where C = 1.2 for triangular breach with 0.5H:1V side slopes
depth of water in feet at one half reservoir
capacity

<
]

3) The NWS Simplified Dam~Break Flood Forecasting Model
(Wetmore & Fread, 1983).
Generally, the first of these approximate methods tends to give higher
values of peak flows because the derivation of the equation in this method
assumes instantaneous development of a full-depth breach with a width equal
to that of the downstream channel (USACE, 1977). The second method (State
of - California, 1977) is purely empirical and is used by the O0ffice of

Emergency Services for safety assessment of dams in California.

3.2 DESCRIPTION OF INPUT

The distributions of 100-year, 24-hour, and 10-year, 24-hour

precipitation events for the Kayenta Mine site used in this study are shown

in Table 3-3 (NOAA, 1973).
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Table 3-3

DISTRIBUTIONS OF 100-YEAR AND 10-YEAR, 24-HOUR
PRECIPITATION EVENTS

100-year Precipitation 10—year Precipitation
Duratien {inches) (inches)
5 min 0.56 0.35
15 min 1.09 0.68
1h 1.92 1.20
2 h 2.08 1.34
3h 2.19 1.43
6 h 2.40 1.6
12 h 2.75 1.8
24 h 3.05 2.1

The hydrologic characteristics of the watersheds of Sedimentation

Structures J28-B, J28-C, J28-D, and J28-G used in the analyses are shown in

Table 3-4.
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Table 3-4

HYDROLOGIC CHARACTERISTICS OF WATERSHEDS

Sedimentation Structure

Parameters J28-B J28-C J28-D J28-G
Drainage Area (sq. mi.) 0.022 0.049 0.048 0.093
SCS Curve Mumber a9 88 a8 84

Lag Time (hour) 0.04 0.06 0.047 0.066

Storage Capacity at Failure¥*
(Scenario 1) (acre—feet) 24.3 19.7 21.3 27.0

Storage Capacity at Failure*
(Scenario 2) (acre—-feet) 26.0 21.0 22,5 31.2

Surface Area at Failure*
(Scenario 1) (acres) 2.6 2.8 2.4 3.6

Surface Area at Failure¥
(Scenario 2) (acres) 2.7 2.9 2.5 3.7

*Used for Simplified Dam—Break Flood Forecasting Model
(Wetmore & Fread, 1983).

The elevation-storage curves for Sedimentation Structures J28-B,
J28-C, J28-D, and J28-G are shown in Figures 2, 3, 4, and 5, respectively.
The elevation-storage and spillway rating curves Ffor the J16-A and Reed

Valley Dams are shown in Figures 6, 7, 8, and 9, respectively.

To estimate the alteration of dam-break floods by channel storage,
the total channel lengths for the J16-A and Reed Valley drainages are di-
vided into smaller channel reaches. Each of these reaches Is represented by
an average channel cros section obtained from 1"=400"' topographic maps of
the area having 10-foot contour intervals. The coordinates of these cross
sections are given in the computer outputs included in Appendices A, B, C,
and D. The other hydraulic characteristics for each channel reach are shown

in Table 3-5.
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3.3 DESCRIPTION OF ANALYSES

Using the aforementioned information, dam—break floods for Sedi-
mentation Structures J28-B, J28-C, and J28-D have been computed and the
resulting hydrographs have heen combined and routed through the channel up
to Dam J16-A znd thereafter through J16-A reservoilr using the HEC-1 computer
program (USACE, 1981). Copies of the computer outputs for Scenarios 1 and 2

defined in Table 2-1 are included in Appendices A and B, respectively.

Similarly, the dam-break floods for Scenarios I and 2 for Sedi-
mentation Structure J28-G have been computed and the resulting hydrograph
has been routed through the channel to Reed Valley Dam and thereafter
through the Reed Valley reservoir using the HEC-1 computer program (USACE,
1981). Copies of the computer outputs for this case for Scenarios 1 and 2

are included in Appendices C and D, respectively.

Results of the above-mentioned analyses, along with those obtained
by the approximate methods described in Section 3-1, are presented in

Section 4.0.
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4.0 RESTLTS AND CONCLUSTIONS

4.1 RESULTS

Table 4-1 show the peak flows at different locations of the
downstream channel, and the peak outflows and stages for the J16-A Reservoir
given by the HEC-1 computer program simulating Scenarios 1 and 2 of
simultaneous breaches in Sedimentation Structures J28-B, J28-C, and J28-D.
The peak flows at different locations of the Reed Valley Diversion Channel
and its tributary (the natural channel downstream of Sedimentation Structure
J28-G) and the peak outflows and stages for the Reed Valley Reservoir due to

the two postulated dam—break scenarios, are also shown in Table 4-=1.



Table 4-1

ESTIMATED PEAK FLOWS AND RESERVOIR STAGES

Peak Outflows (cfs)

Reach Scenario ! Scenario 2

A - J16-A Watershed

J28-B 990 2,142
Reach 1 968 1,760
J28-C 989 1,969
Reach 2% 1,156 2,349
J28-D 1,083 1,960
Reach 3** 1,673 3,200
Reach 4 1,690 2,869
Reach 5 1,575 2,946
Reach 6 1,614 2,693
J16-A Dam 771 974

(Scenario 1) Peak Stage at J16—-A Dam = 6636.06 ft
Freeboard = 3.94 fr

(Scenario 2) Peak Stage in JI6-A Dam = 6636.19 fr
Freeboard = 3.81 ft

B - Reed Valley Watershed

J28G 1,343 2,839
Raach 1 1,260 1,952
Reach 2 1,196 1,671
Reach 3 736 856
Reed Valley Dam 502 529
{Scenarioc 1) Peak Stage at Reed Valley Dam = 6571.32 ft

Freeboard = 7.68 ft
(Scenario 2) Peak Stage at Reed Valley Dam
Freeboard = 7.66 ft

6571.34 ft

*Combined flows from breachkes in Sedimentation

Structures J28-B and J28-C.
**Combined flows from breaches in Sedimentation
Structures J28-B, J28-C, and J28-D,

A review of the estimated peak stages and freeboards for the J16-A
and Reed Valley Dams shown in Table 4-1 indicates that these dams can safely
pass the dam—break flood waves resulting from accidental breaches in the

sedimentation structures located in their respective watersheds.
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The approximate methods described in Section 3.1 were also used to
estimate the peak outflows from postulated breaches in the sedimentation
structures in each watershed. For the sake of comparison, the results of

these computations for both scenarios are summarized in Table 4-2.

Table 4-2

ESTIMATED PEAK FLOWS AT BREACH LOCATIONS

(cfs)

Scenario 1 Scenario 2
Method of
Analysis J28-B J28-C J28-D J28=-G J28-B J28=C J28-D J28-G
HEC-1 990 989 1,083 1,343 2,142 1,969 1,960 2,839
USACE (1977) 13,478 947 1,742 3,477 7,634 2,103 3,775 8,075
State of
California
(1977) 1,046 217 380 1,228 1,135 253 429 1,430
Simplified
Dam-Break
Model 1,173 692 950 1,490 2,518 1,792 2,137 3,571

The results given by different methods vary widely and those given
by the HEC-1 computer program lie between the maximum and minimum estimated
values. As stated previously, the USACE (1977) method assumes instantaneous
failure and the State of California (1977) method is purely empirical. The
results of the HEC-! and Simplified Dam-Break model are quite close. Both
these methods take the gradual development of the breach into account and
are based on generally accepted equations of Flow through breach openings.
Therefore, the results of the HEC-1 computer program used -in this study are

considered reasonable.

4=3



4.2 CONCLUSION

The MSHA Dams J16-A and Reed Valley have adequate storage and
spillway capacities to safely discharge the dam~break flood waves resulting
from accidental breaches in the sedimentation structures in their Tespective

watersheds.

It should be noted that the mechanisms hypothesized to induce
breaches in the sedimentation structures are extremely conservative and

highly unlikely. These conservation assumptions include:

1) Continued blockage of the spillways causing water levels to
fill to the embankment crests. This condition could only occur
if the sedimentation structures are left unattended Ffor
extended periods of time.

2) That the MSHA Dams JI6-A and Reed Valley are full to their
respective spillway crests when the dambreak flood wave

arrives.
3) That the sedimentation structures In the J16-A watershed,

J28-B, J28-C and J28-D, will fail simultaneously. This event
would have an extremely low probability of occurrence.

In view of these assumptions, the results of the analyses presented

in this report are considered to be highly conservative.
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1.0 INTRODUCTION

This report presents the results of geotechnical inspections
completed for the two main haul roads and the conveyor beltline at Peabody
Coal Company's Kayenta and Black Mesa Coal Mines in Navajo County, Arizona,
The inspections were conducted to determine compliance with the 0ffice of

Surface Mining (OSM) Regulations 30 CFR, Parts 780.37, 816.150, and 816.151.

For purposes of the inspections, the haul roads have been desig-
nated the Black Mesa Haul Road and the Kayenta Haul Road. The EBlack Mesa
Haul Road provides the maln coal haulage access to the coal resource areas
and facilities along the western and southern parts of the coal leases. The
Black Mesa Haul Road, together with branches and access to ramps of active
open pits, is approximately 12.22 miles (64,500 feet) in length. The
Kayenta Haul Road provides coal haulage access to the coal resource areas
and facilities along the northern and eastern parts of the coal leases. The
total length of the Kayenta Haul Road, including branches and access to

ramps, is approximately 18.02 miles (95,000 feet).

The conveyor beltline consists of nine segments comprising a total
of about 15.72 miles (83,000 feet) and transports coal from the Kayenta mine
facilities near J-28 to the silos at the rail loading site. The beltline
was constructed in three phases: the pre-law phase from the silos to the
N7/8 area was constructed in the mid 1970s; Phase I from the N7/8 to Nl4

area was bullt in 1982; and Phase II from the N14 to J2B area was built in

1983.



The locations of the haul roads in relation to existing facilities
are shown on Plate lA, Site Plan, Haul Roads. The location of the conveyor

beltline 1s shown on Plate IB, Site Plan, Conveyor Beltline,
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2.0 PURPOSE AND SCOPE

The purpose of the inspections was to observe the existing
conditions of the cuts and fills along the haul road and conveyor beltline
alignments and to evaluate the stability of the haul road and conveyor
beltline against the performance standards set forth in 30 CFR, Parts
780.37, 816,50 and 8l6.5l. More specifically, the performance standards
require that all embankment slopes have, at a minimum, a static factor of

safety of 1.3,

To achlieve this purpose, the followlng scope of work was

accomplished:

® A review of pertinent records in Peabody Coal Company's site
files, 1including topography, design drawings, Iinspection
reports and construction records.

. A detalled reconnaissance of each alignment by a Dames & Moore
senior geotechnical engineer during which lengths, widths,
heights and slopes of all embankments were measured and signs

of distress were recorded.

° A limited drilling program of selected road embankment fills
and subsequent laboratory testing to evaluate the general
characteristics of the materials used to construct the fills.

] Engineering analyses to evaluate stability of slopes.

° Preparation of a remedial compliance plan for slopes that do
not meet the minimum performance standards for slope stability,.






3.0 SITE DESCRIPTION

3.1 GENERAL SURFACE CONDITIONS

The mine site 1s located on Black Mesa, a moderately dissected
highland within the Colorado Plateau Physiographic Province. The surface
generally slopes gently to the southwest; drainage is also to the southwest
by Moenkopi Wash and its tributaries. Overall relief within the mine site
area ranges from about elevation 8100 feet 2long the rim of the mesa to
about elevation 615C feet where Moenkopi Wash exits the leasehold. Local
relfef between upland areas and the bottoms of adjacent washes is generally

less than 250 to 300 feet.

3.2 GENERAL SUBSURFACE CONDITIONS

Throughout most of the site, the bedrock units exposed in cuts and
as outcrops belong to the Wepo Formation which is part of the Upper Cre-
taceous Mesa Verde Group. The Wepo Formatlon consists of a series of
thickly interbedded siltstones, mudstones, sandstones and coal. The silt-
stones and mudstones weather to low— to medium—plastic clayey soils, forming
gentle yet extensively eroded slopes. The sandstones vary in competence,
forming c¢liffs 1in areas where the sandstone is firmly cemented and

weathering to slopes where it 1s weakly cemented.



Overburden soils mantling the bedrock consist of colluvium and
materlals from residual weathering on slopes and on the uplands and recent
alluvium filling the washes. The colluvial and residual weathered materials
vary from clay to sandy gravel depending on the parent material. The
alluvial soils are predominantly silty and clayey sands with interbeds of

platey gravel.



4,0 FIELD INSPECTION OF HAUL ROAD AND
CONVEYOR BELTLINE ALIGNMENTS

4,1 SUMMARY OF INSPECTION RESULTS

In general, the 30.24 miles of haul roads and 15.72 miles of
conveyor beltline are in good shape with only three or four major items
that require remedial actions. These items fall into the category of small
slope failures or slumps, possible settlement of conveyor beltline trestle
footings and one or two cases of severe erosion which may lead to potential
instability of embankment slopes. The remainder of the observations are in
the category of routine and/or periocdic maintenance tasks such as drainage
ditch erosion, raveling and/or minor sloughing of slopes, erosion of slopes

around conveyor footings and poorly developed drainage ditches.
General and specific inspection items are detailed in the following

section and on Plates 2A through 2D; recommended remedial actions are

discussed in the remedial compliance plan section of this report.

4,2 TINSPECTION PROCEDURES

Field inspection of the haul roads and conveyor beltline was
accomplished between August 29 and September 11, 1985 by a senior geotech-

nical engineer from Dames & Moore. Inspection procedures consisted of the

following steps:

) a review of pertinent records and maps,

e a visual Inspection of the haul road and conveyor beltline
aligoments,



e measurements of relevant dimensions and slope angles,

e notation of observed evidence of embankment distress including
sloughing, tension cracks, ercsien, and other signs of insta-
bility, and

e observations of dralnage systems.

In general, 1 inch equals 400 feet scale maps of the transportation
alignments were used to orlent the inspection, and all visual observations
were noted on these maps. Measurements of embankment slopes, crest widths
and heights were made with a hand level, cloth tape and a calibrated rod.

Table 4-1 presents the definitions of terms used during the inspection.



C.

Table 4-1

DEFINITIONS OF INSPECTION TERMS

EROSION

Rill - less thamn 12 inches wide or 12 inches deep

Gully - greater than 12 inches wide or 12 inches deep

Minor erosion - rills on less than 25 percent of the surface; no gullies

Moderate erosion - rills on more tham 25 percent but less than 50
percent of the surface; gullies on less than 5 percent of the
surface

Severe erosion - rills on more than 50 percent of the surface; gullies
on more than 5 percent of the surface

ROAD CONDITIONS

Good - fresh graveled/recently graded; ruts less than 1/4 inch deep and
covering less than 10 percent of the traveled surface; no rills or

gullies

Lightly rutted — ruts 1/4 to 1/2 inch deep over less than 25 percent of
the traveled surface

Moderately rutted — ruts 1/2 to 1 inch deep over more than 25 percent of
the traveled surface

Severely rutted — ruts greater than 1 inch deep

DEGREE OF DISTRESS

N - none to insignificant

-
1

potential or developing distress
Y - exlsting distress (slumps, undercutting, major settlement, etc.)

M — integrity of structure not threatened, but maintenance recommended

o
|

beyond scope of study



4,3 DESCRIPTION AND INSPECTION RESULTS OF TYPICAL ROUTE SECTIONS

4,3,1 General Dimensiouns and Typical Sections

The traveled lanes of the haul roads vary from 36 to 63 feet in
width., Where it is planned to walk a dragline between mine areas, road
widths increase up to 130 feet, usually by adding a second, untraveled lane
to the right-of-way. Roadside drainage 1s provided by ditches ranging in
width from & to 20 feet and in depth from less than 6 1inches to 4 feet.

Major embankment fills are commonly provided with safety berms outside the

drainage ditches.

Conveyor beltlines are built on berms ranging from about 14 feet in
width where no service road occupies the berm Lo about 42 feet in width

where a service road has been bullt on either side of the beltline.

Construction of the haul roads and the conveyor beltlines was

completed using four distinct typical sections:

1) At-grade construction
2) Cut
3) Cut—and-fill, Type A - longitudinal

4) Cut—and-fill, Type B = transverse or sidehill

These four section types are described in the followlng secticns.
Other facilities related to the alignments, 1including major embankments,

trestles, underpasses and drainage, are also described.



4.3.2 At—Grade Construction

At—grade construction comprises those segments of the haul roads
and conveyor beltlines where cuts or fills that were constructed to achieve
subbase grade are generally less than 3 feet in height, Foundation prep-
aration consists of stripping prior to placement of 1 to 3 feet of compacted

subbase for the roads or footings for the conveyor beltline supports.

A summary of our inspection of all " the at-grade construction
sections along the haul road and beltline élignments is presented on
Plate 2A along with a typical cross section to indicate the features of this
gection. Statloning of the roads and beltlines where this form of con-
struction applies 1s also presented., In general, it is our opinion that the
conditions of the at-grade construction sections of the haul roads and
beltline are good; however, malntenance of the drainage ditches is required
at a few locations in order to better divert water from the roadbed. Severe
eroslon, which can be addressed through periodic maintenance, was noted at

Station 126+40 and the perimeter slope of the West Bypass.

4.3.3 Cut Slopes

Construction of segments of the haul roads and beltline that
involve excavation falls into two categorles: rock slopes and soil slopes.
Further, cuts are subdivided inte excavation to level crests of hills to
form platforms and excavation into the slope to reduce the gradient of the
aligmment. Segments of the aligmments involving cut slopes as the predomi-

nant coastructlon feature are identified on Plate 2B along with descriptions



of salient features of the alignment segments Iovolving cut slopes and a

summary of our fileld inspection.

Slopes excavated in rock range from less than 10 feet in height to
in excess of 65 feet, The average inclination of slopes cut in rock ranges
from 4{1 (14°) to 1:5 (80°), with localized vertical excavation. The
steepnessg of rock cuts appears to be a function not only of rock competence,
but also of available space and inclination of adjacent slopes. As shown on
the typical cross section presented on Plate 2B, a gently sloping base is
commonly constructed at the toe of excavated slopes between the cut slope

and the drainage ditch.

Cut slopes in soil generally have been excavated at an inclination
of about 3:1. The cut slopes range up to 40 feet in height, although a few
slopes continue to rise above the lower cut at a flatter inclination. As
partt of site reclamation activities, cut slopes 1n both rock and seil that

are flatter than 2:1 have been revegetated.

No instability or distress was revealed In cut slopes in either
rock or soil during the field inspection. Some raveling of slopes along the
conveyor beltline between Statlons 529+40 and 541+40 and minor to moderate

eroslon was noted, which can be addressed through periodic maintenance.
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4.3.4 Cut—-and-Fill

Cut-and-f1ill construction has been used to bulld about 55 percent
of the total lengths of the haul roads and conveyor beltline. This method
of construction involves excavation of high ground or steep slopes and use
of the excavated waterial as fill to raise alignment grade in adjacent
depressions. The cut—-and-fill construction was divided into two categories
for purposes of this inspection: (1) Type A — longitudinal and (2) Type B -

-

transverse.

4,3.4.1 Type A — Longitudinal

The longitudinal cut-and-fill sections (Type A) are completed
parallel to the axis of the alignment where 1t is necessary to smooth out
the natural hummocks and swales in the terrain. Material from excavation is
pushed into depressions to raise the grade as shown on Plate 2C, This
construction method usually results in cut slopes on both sldes of the
alignment and embankment fills across topographlc lows; natural drainage is

commonly distupted by the £fills, and culverts are required to provide

drainage.

Excavated slopes associated with the longitudinal cut-and-fill
sections range from as steep as vertical for rock slopes to as flat as 3:1
for cuts in soils. Embankment fills range up to 45 feet in height. The
fills have been constructed by spreading the excavated materials in
compacted 1lifts, In general, the side slopes of the embankment fills in the

cut-and-f111 sections are no steeper than 3:1. However, some embankment



f11ls exist that have exterior slopes as steep as 1.35:1. Embankment fills

with such steep side slopes were generally constructed prior to 1977 or were

otherwise approved by OSM.

The results of our field inspection of all the longitudinal (Type
A) cut-and-fill sections along the haul road and beltline aligoments are
presented on Plate 2C. No areas of major instability of Type A cut—and-fill
sectiong were observed during the field inspection; however, small slumps
have occurred along the conveyor beltline at Statlons 24+60 and 497+00 which
should be repaired as recommended in later gections of this report. Minor
to moderate erosion was evident on both cut—and-fill slopes, and drainage
ditches were discontinuous in some places. However, these problems are not

considered to be of major consequence and can be addressed during normal

maintenance.

4,3.4,2 Type B — Transverse

The transverse (Type B) cut-and-fill section involves excavation
into a sidehill with the excavated materials being pushed out over the slope
forming an extension of the excavated bench. The typical cross section,
shown on Plate 2B, consiats of the level, or slightly superelevated, grade
of the aligmment flanked by a cut slope on the inboard side and a fill slope

on the outboard side.

The interior slopes (excavations) of the transverse cut-and-fill
sections are as steep as vertical for competent rock slopes while the

exterior slopes of the fills are 3:1 or flatter. Roadside drainage 1is



provided by a ditch constructed at the toe of the excavated slope. Type B
cut-and-fill sections result in less disruption of natural drainage than

Type A because the f111 is built on a side slope rather than across a

dralnage course.

The regults of our inspection of the transverse (Type B) cut-
and-fill sections are summarized on Plate 2D, No significant distress or
instability of Type B cut—and-fill was noted during the field inspection.
Some minor erosion of both cut slopes and fill élopes was evident and the
drainage ditches needed to be cleared in a few piaces; these problems can be

corrected during normal periodic maintenance.

4.3.5 Embankments

Haul road crossings of major washes are accomplished by means of
major earthfill embankments. Five such embankments exist along the haul
road alignments: (1) Black Mesa Haul Road Crossing of Moenkopi Wash,
(2) Kayenta Haul Road Crossing of Reed Valley, {(3) Kayenta Haul Road
Crossing of Moenkopi Wash, (4) Kayenta Haul Road Crossing of Coal Mine Wash,
and (5) Kayenta Haul Road Crossing of Yellow Water Canyon. The typical
cross—section of each embankment i1s presented on Plates 3A through 3E,
respectively. From one to five CMP culverts are installed at the base of
the embankments to provide positive dralnage at each crossing. The diameter

of the culverts ranges from 54 to 108 inches.

The earthen embankments have been constructed with random fill to

heights ranging from 30 to 50 feet; crest widths vary from 107 to 190 feet.



The typical cross section Includes safety berms at the edges of the crest,
ditches for dralnage, and double lane (or provision for double lane)
roadway. Side slopes of the embankments range from as steep as 1.3:1 to as

flat as 4:1.

No significant evidence of major instability of any of the
embankments was noted during our field inspection. However, some shallow
surface sloughing and relatively severe erosion existed on the steep slopes
of the Kayenta Haul Road Crossings at Coal Mine Wash and Yellow Water Canyon
where gullies up to 8 feet deep and 3 feet wide are cut into the fill and
tension cracks are evident in the fi1l. The Black Mesa Haul Road Crossing
at Moenkopi Wash showed some shallow surface sloughing, however, the 1.3:1
embankments were Lthe steepest observed slopes. Therefore, these three
embankments were selected for a more detailed subsurface investigation and
stability analyses which are described in subsequent sections of this
report. Results of the stability analyses 1indicate that the factor of
safety against deep-seated failure under static loading conditions for

slopes flatter than 1.3:1 exceeds 1.3, which is the minimum factor of safety

required by OSM.

4.3.6 Trestles

Overhead crossings and crossings of washes along the conveyor
beltline are accomplished with trestle-supported structures. Most commonly,
trestles consist of bipod steel pipes or wide-flange beams resting on 2- to
4~foot concrete pedestals. Occasionally, the trestle support consists of a

single 12- or 18-inch-diameter steel pipe or, where very high sections



occur, four 1legs consisting of wide-flange beams with cross~bracing.
Support spacing is about 60 feet center-to-center. Possible settlement or
movement of trestle footings has occurred at Stations 96+20 and 738+20;
these trestle supports should be monitored at intervals to verlfy and

document the movements.

4.3.7 Underpasses

Underpasses are associated with roads crossing above the conveyor
beltline. The underpasses typilcally consist of 10-foot-diameter CMP
culverts, which provide sufficient room for the beltline, and an access
catwalk for inspection and maintenance. Only one underpass is larger; it
conslsts of a 12- by 20-foot elliptical culvert section. Soil cover above

the CMP culverts ranges from 18 inches to 4 feet.

4,3,8 Ditches and Culverts

Surface drainage control for the haul roads and conveyor beltlines
is provided by ditches and culverts. Hydrologic and hydravlic analyses have
been performed by Peabody Coal Company to design the ditches and culverts,

These analyses are maintained in Peabody Coal Company's files.

Standard design procedures were reportedly followed to select CMP
culvert sections appropriate to specific site requirements. Culverts

ranging in diameter from 18 to 108 inches have been installed along the

transportation alignments.
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The design cross section of a roadside ditch consists of a
"y"-noteh with a 3:1 limb extending down from the roadbed and a 2:1 to 4:1
limb rising to form the outboard side of the ditch., The design cross

section allows for about 1 foot of freeboard during the design I0-year

discharge.

Our inspection showed that drainage ditches for the haul rcads are
generally in good shape with only minor to moderate erosion occurring at
some stations. Exact locations where these drainage/erosion problems exist
are listed on Plates 2A through 2D. Two factors contribute to the erosion
problem in the ditches: (1) on inclined grades there are no provisions for
reducing the velocity of flowing water, and (2) outfalls to sedimentation
ponds commonly consist of open, unlined channels with down cut or fill
slopes. Both factors contribute to severe erosion and gully development.
Measures to reduce ditch flow erosion, including straw bales, have been
tried with mixed results after erosion has initiated. A further problem
involves continuity of dicches at road intersections. At several inter-

sections, ditches end blindly and discharge onto the road.

The drainage. system for the conveyor beltline 1s poor or
undeveloped in the pre-law section (silos to N7/8 area) of the beltline and
somewhat discontinuous in the Phase I and II sections. Exact locations
where these conditions were noted are listed on Plates 2A through 2E.

Remedial actions are recommended in later sections of this report.
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5.0 FIELD EXPLORATION AND LABORATORY TESTING

5.1 FIELD EXPLORATION

As mentioned previously, field explorations were conducted at three
of the major haul road embankments in order to 1nvestigate the composition
of the fil1l materials used in construction of the embankments. The three
embankments were the Black Mesa Haul Road Crossing of Moenkopi Wash, the
Kayenta Haul Road Crossing of Coal Mine Wash, and the Kayenta Haul Road
Crossing of Yellow Canyon Wash., These three embankments are the highest of
the five haul road crossings and have the steepest slopes. Based on the
assumption that quality of construction and material propertles were similar
in all of the inspected haul road embankments, it was assumed that these
three embankments represented the most critical stability conditions.

One boring was drilled-at each of these haul road crossings. The
drilling was performed with a Mobile B-61 drilling rig supplied and operated
by the Jim Winnek Drilling Company. The three borings were completed using
hollow stem augers to depths ranging from 41.5 to 58 feet. The locations of
the borings are shown on Plate 1A. Representative samples of -the various
solls encountered in the borings were recovered at 5- to 10-foot vertical
intervals by driving a ring sampler through the hollow stem of the auger.
The number of blows required to advance the sampler 1 foot using a 140-pound
hammer falling 30 inches per blow was recorded for each sample recovered.
A more detailed description of the sampling method has previously been
provided in Section 3.5 of the General Report. These blow counts provide an

indication of the relative density of the materials that were sampled. The



Revised 25 July 1938b

samples were returned to Dames & Moore's laboratory for further clas-

sification and testing.

The drilling program was completed under the direction of a Dames &
Moore field engineer who maintained a continuous log of each boring. The
Log of Borings is presented on Plates 4A to 4C and a Key to the Log of
Borings 1s presented on Plate 5. The solls were classified according to the
Unified Soil Classification System shown on Plate 6. Ground water was

encountered in the borings at the depths shown on the Log of Borings.

5.2 LABORATORY TESTING

-

All samples recovered from the borings were inspected in the
laboratory to confirm the field classification. In addition, laboratory
testing was completed to determine molsture content, dry density and

particle size distribution of selected soll samples.

5.2.1 Moisture Content and Dry Density Determinations

The moisture content and dry density of selected soil samples were
&etermined as an ald in estimation of their engineering properties and in
correlation with other samples. Moisture content was determined in
accordance with ASTM D 2216 procedures. The results of the moisture content

and dry density determinations are presented on the Log of Borings, Plates

4A through 4C.
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5.2.2 Particle Size Distribution

The particle size distribution of a representative sample of the
random fill was determined by passing a2 specimen of the so0il through a
nested set of standard sieves, The test was completed in accordance with
ASTM D422 procedures. The test results are presented on Plate 7, Composite

Gradation Curve of Embankment Fill.
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6.0 STABILITY ANALYSES

Using data provided by the field inspection, field exploration, and
laboratory testing, stability analyses were completed to determine the
factor of safety of existing haul road embankments against deep—seated
failure. The analyses were performed using the computer program STABLZ.
STABL2 uses the Modified Bishop Method of Slices in a limiting equilibrium

analysis.

Stability analyses were performed on the inlet side of three haul
road embankment sections. The sections chosen for analysis are represen-
tative of the stegpest and highest embankment slopes encountered during the
field inspection. Stability analyses were performed for the following

embankment sections:

o Black Mesa Haul Road, Moenkopi Wash Crossing (see Plate 3A)
o Kayenta Haul Road, Coal Mine Wash Crossing (see Plate 3D)

o Kayenta Haul Road, Yellow Water Canyon Crossing (see Plate 3E)

Stability analyses were also performed to evaluate surface loading
caused by 180-ton mine haul trucks. The Black Mesa Haul Road at Moemkopi
Wash Crossing is the steepest roadway embankment section analyzed and was
therefore assumed to be a "worst case” analysis for point loading. Ome and
two haul trucks were analyzed passing over the roadway embankment section;
the two haul truck analysis had both trucks passing over the embankment

simultaneously with a distance of 8 feet between the trucks.
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The engineering properties of the embankment materials and alluvial
soils that were selected for the purpose of the stability analyses were
based on the results of the field investigation and. laboratory testing
conducted for this assigmment. The results of investigations and laboratory
testing for other embankment design and construction projects that have been
completed at the Black Mesa and Kayenta Coal Mines were also given consider-

ation in the selection of engineering properties for use in the stability

analyses.

One boring was drilled at each of the three haul road locations
listed above. The borings and results of laboratory tests on samples from
these borings (Bgrings RB-1, RB-2, and RB-3) suggest that the embankment
materials are similar and are typically composed of sandstone and shale rock
fragments in a fine silty sandy matrix. In order to estimate typical shear
strength properties for the eﬁ%ankment materials, we assumed that the
material composition is closer to that of a residual shalestone than a
residual sandstone. Based on this assumption, we used the ;ame effective
stress strength parameters for the haul road embankment materials as were

used for the stability analyses of sediment control structures composed

predominantly of residual shalestone material.

The engineering properties of bedrock materials that underlie the
embankments were assumed based on our experience and on information and data
provided in the literature. A summary of the unit weight and shear strength

properties used in the analyses is presented in Table 6-1.



o

Revised 25 July 1986

Table 6-—1

SUMMARY OF UNIT WEIGHTS AND EFFECTIVE STRESS
SHEAR STRENGTH PARAMETERS USED IN STABILITY ANALYSES

Material Total Unit Friction Angle Cohesion
Type Welght (pcf) Angle (degrees) (psf)
Embankment Materials 118 33 200
Sandstone Bedrock 118 25 20,000
Shalestone Bedrock 118 25 20,000

The stability of the haul road embankment sections was analysed under dry
conditions. Our discussions with Peabody Coal Company operational personnel
indicate that, during the life of these embankment crossings, water has
ponded against the slopes on two occasions for only a few hours until the
water drained through the culverts. Therefore, it appears extremely
unlikely that water would be impounded for a sufficient period to cause deep
saturation of the embankment mate}ials. On these rare occasions, any damage
to the embankment slopes would Ee limited to minor sloughing of surficilal,
saturated material below the waterline and we do not believe that the

stability of the slopes would be affected significantly.

The tesults of the stability analyses are summarized in Table 6-2
and on Plates 8A and 8B. 1In each case, the "critical” failure surface which
we have identified is circular and of sufficient depth to be classified as
"significant” (greater than 5-foot depth). The factors of safety calculated
for each of the surfaces exceed 0SM regulation 30 CFR Part 186.150 (b,9) re-
quirements of 1.3 for static loading conditions. These results are

supported by the fact that no major slope Ilnstabilities were observed at the

haul road crossings.
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In determining the influence of ome and two 180-ton mine haul
trucks, the calculated factors of safety were greater than the "critical”
factor of safety. This indicates that the presence of haul trucks does not
affect the stability of the roadway embankment section. The results of the

stability analyses with one and two haul trucks included as line loads are

shown on Table 6-2 and on Plate 8B.

Table 6-2

SUMMARY OF STABL2? STABILITY ANALYSIS RESULTS
FOR DRY SLOPE AND STATIC CONDITIONS

Embankment Computed

Haul Height Embankment Factor of
Road Crossing (ft) Slope Safety
Black Mesa Moenkopi Wash 45 1.3:1 1.43
Black Mesa  Moenkopi Wash 45 1.3:1(one truck) 1.57
Black Mesa Moenkopl Wash ~ 45 1.3:1(two trucks)i.83
Kayenta Coal Mine Wash 58 2.3:1 1.63
Kayenta Yellow Water Canyon 53 1.7:1 1.69

In the event that the additional haul road embankments are
constructed, it would be reasonable to use the results of these stability
analyses as a guide when embankment slopes are designed. However, more
detailed analyses should be performed if the material to be used for embank-
ment construction is not similar to the predominantly silty combination of

residual shalestones and sandstones encountered in the existing embankments.
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7.0 REMEDIAL COMPLIANCE PLAN

7.1 GENERAL

In general, there were no signs of major instabilities along the
haul roads and conveyor beltline. The control of surface runoff and erosion
were the only maintenance deficiencies encountered during the inspection.
Erosion of steep and unprotected embankment slopes is to be expected of the
highly erodible soils of BlacL ﬁesa, and continuous maintenance is needed to
prevent erosion from impacting adversely on the haul road and conveyor
beltline facilitiea. For e*ample, diteh discharges have resulted in the
development of severe erosiog and deep gullying in some locations. Unless
the open chammels are lined with rock, half-culverts, Fabriform or other
suitable erosion protection, the discharge from roadside ditches will

continue to cause gully erosion.

It is recommended that straw bales be installed in roadside ditches
to control the velocity of flow below the threshold velocity for eroéion.
For the ditch gradients observed, it 1is anticipated that spacing of the
straw bales should range from about 400 feet for 2 percent grades to less
than 100 feet for 6 percent grades. For steeper gradients, it may be more
practical to line the ditches with rock and to dissipate flow energy with
drop boxes. If remedial measures such as suggested above are not
implemented, the erosion can be corrected through regular maintenance,
although this may require periodic regrading and reconstruction of the

eroded areas to the design lines and grades.
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The remedial actions recommended consist of repairing a few small
slumps that have occurred in embankment fills. An inventory of areas where
existing or potential distress has been noted i1is listed on Table 7-1.

Specific recommendations for the remedial actions are given in the subsequent

sections.
Table 7-1
DISTRESS - LOCATION AND REMEDIAL TREATMENT
é
Schedule of Pro-
posed Remedial
Location Work (year after
Route {(Station) Distress Remedial Treatment approval)
Black Mesa 213+50-225+10 Poteﬁtial instability Erosion and drainage 1
Haul Road Moenkopi Wash . control
Kayenta 544+20-5514+60 Surface sloughing; Erosion and drainage completed-’
Haul Road Coal q;ne Wash severe erosion control
N,
Yellow Water Erosion control;
Canyon Potential instability clear culverts 2
Conveyor 24460 Slump at culvert Buttress with rock completed-1985
Beltline outfall
96420 Possible settlement Monitor by survey; No Movement
of tower footing if movement de- detected-1985
tected, adjust
beltline or under-
pin footing
497+00 Slump in cut slope Trim and buttress
slope as detailed completed-1985
on Plate 13
529+40-541+40 Raveling of slope; Remove debris; gun- completed-1986,
debris slides ite and/or ongoing -
anchored wire Routine Maint-
mesh on slope tenance
7=2 Revised 12/01/86
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Table 7-1 (Con't)

DISTRESS — LOCATION AND REMEDIAL TREATMENT

Route

Location
(Station)

Distress

Remediz] Treatment

Schedule of Pro-
posed Remedial
Work (year after
approval)

618+50-623+00

738420

Debris slides

Possible movement
of tower footing

Remove debris;
gunite and/or
anchored wire
mesh on slope

Monitor by

survey; 1f
movement detected,
replace tower

completed-1986
ongoing -
Routine Maint-
enance

No movement
detected-1985
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7.2 BLACK MESA HAUL ROAD

The inclination of the haul road embankment fill slopes which cross
Moenkopl Wash range from 1.3:1 to 1.5:1 (horizontal to vertical). No
incipient slope failures were noted during our field inspection and results
of the stability analysis conducted during this assigmment 1indicate that
embankment slopes of 1.3:1 (horizontal to vertical) have a factor of safety
under static loading conditions in excess of 1.3. Since 1.3 is the minimum
factor of safety required by OSM's performance standards for haul roads, the
existing embankment slopes are stable; however, severe erosion, I1If not

controlled, could lead to steeper slopes which would be unstable.

Severe erosion has occurred at Stations 126+40, 496+20, and the
perimeter slope of the West Bypass at the Black Mesa Mine, At each of these
locatilons, it 1s recommended that the parts of the slope affected by erosion
be trimmed, reconstructed to grade, and protected with rockfill. The tunoff
or flow contributing to the erosion should be controlled with straw bales,
silt fences or other suitable means and collected into drains consisting of
gravel-filled trenches {French drains), Fabriform blankets, half-culverts or

other suitable alternative.

7.3 FKAYENTA HAUL ROAD

No incipient slope fallures were observed along the 18,02 miles of
this aligmment, nor along 1its branches. The cuts and embankments, with few
exceptions, have slopes of 3:1 (horizontal to vertical) or flatter. Areas

of existing distress and/or potential instability are noted on Table 7-1.
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Surficlal instability was observed at only one location, the Coal
Mine Wash Crossing, where tension cracks and sloughing occurred in the crest
at the northeast end of the embankment. Explorations indicated that the
embankment consists of a dense to very dense random fill comprised of silty
sand to boulder-size fragments of sandstone derived from excavation into the
flanks of the wash. The observed ingstability was related to erosion and
sloughing of soils placed close to the angle of repose at the exterior of
the slope. The embankment crossing of Yellow Water Canyon along the haul
road to the N7 and N8 area has been constructed with side slopes ranging

from 1.4 to 1.75:1 (horizontal to wvertical); however, no evidence of

existing iInstability was ohbserved.

While there has been no deep—seated instability at either of the
embankment crossings, the slopes are very susceptible to erosion. It is not
anticipated that a deep-seated failure would occur under normal operating
conditions, and buttressing or flattening the slopes is not a requirement.
However, the program of regular observation, maintenance and drainage con-—

trol should be continued to control gully erosion, as discussed 1in the

following section,

The major areas of erosion occur where ditch flow is discharged
over embankment or cut slopes through open, unlined channels to the sedi-
mentation structures. Severe cases of gully erosion occur at the Coal Mine
Wash and Yellow Water Canyon Crossings, where concentrated runcoff has cut
steep-sided gullies up to 8 feet deep and 3 feet wide into the fill. At
those locations, the sides of the gullies are sloughing and tenslon cracks

are developing parallel to the gullies.
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It is recommended that the gullies be trimmed and backfilled with
random fill and rock, as shown on Plate 9, to prevent further degradation of
the slopes. Filter fabric should be installed between the random fill and
rock, As an alternative, the gullies could be backfilled with random fill
and a half-culvert, Fabriform or other suitable alternative laid on the

surface as a flume to discharge ditch flow to the sedimentation structures.

Erosion of cut slopes and embankments due to general runoff varies
from insignificant to moderate. Good surface erosion control appears to
have been achieved where the slopes have been mulched. The best results

have been achieved where the mulch has been crimped.

At Stations 585420, 622460 and 638460, the road embankment blocks
small drainage areas. No outlets have been provided for the drainages,
although with improved ditching, storm discharge could be directed into
internal 1impoundment N2-RA. However, this would effectively double the
watershed area contributing to N2-RA, This alternative should be reviewed,

as well as the alternative to provide culverts under the haul road at these

locations.
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7.4 CONVEYOR BELTLINE

Along the 15.7 miles of the conveyor beltline alignment only six
occurrences of Instability were noted. These are summarized in Table 7-1

and discussed below.

A slump is developing adjacent to the culvert outfall at Station
24460 due to undercutting of the slope., The inciplent slump is far enough
away from the conveyor beltline that the slump would not affect conveyor
operation. The main impact would be disruption of drainage and possible
damage to the culvert. It is recommended that the toe of the slump block be
buttressed with rockfill and that the channel around the culvert outlet be

protected with riprap.

A second slump is developing at Station 497400 where the conveyor
beltline crosses over a road. A tension crack about 25 feet in diameter has
developed in the cut slope on the right side of the road near the trestle
footing. Horlizontal and vertical movement along the tension crack is on the
order of 4 inches. Further slippage of this block would potentially under—
mine the pier support of the conveyor trestle at this location. To
stabilize this slope, it is recommended that the slope be trimmed and but-
tressed with rockfill as shown on Plate 10. Remedial actions have been

taken by Peabody Coal Company during preparation of this report.

Extensive cuts iInto rock slopes have been excavated for the
conveyor beltline, especially in the off-lease sections of the beltline

where right—-of-way limitations are 100 feet. Slope angles vary from 60



degrees to vertical, and excavated slope heights In the immediate vicinity
of the beltline reach up to 60 feet, Where shale and mudstone layers are
exposed, rapid weathering has resulted In accumulations of cones of debris
at the toe of the cut slopes and some local raveling. Debrls falls have
obstructed the rtight service road between Stations 529+40 and 541+40,

Cleaning of this service road is considered part of the routine maintenance

program.

Elsewhere, between Stations 618+50 and 623+00, the debris slope is
restrained from encroaching on the beltline by a retaining wall composed of
wire mesh supported between wide—flange steel beams. Debris has accumulated

to about one—third the height of the retention structure.

To prevent block and debris raveling from weathered cut slopes in
rock, it is recommended that the cut slopes be stabilized by application of
gunite, by wire mesh spread on the surface of the slope and held in place by
rock anchors, wire mesh retalning walls, or by a combination of these
methods, If the gunite alternative is chosen, provision must be made for

weep holes to prevent bulldup of water pressure behind the gunite layer.

The 1inspection 1dentified locatioms where movement of trestle
support footings was suspected, but could not be verified with the available
information. At Station 96420, settlement of the footing is suspected based
on a barely detectable vertical misalignment of the beltline determined by
visual inspection. At Station 738420, apparent twisting of the cross—braced
tower indicates a possible movement of an exfoliation block at the rim of

the mesa. Before remedial measures can be developed, the amount and rate of



movement, if any, at each of these sites should be determined. It is recom-
mended that survey bench marks be established on the concrete footings and
beltline frame at these locatlonms. These markers should be surveyed at

regular intervals.

East of the N8 Preparation Plant, the conveyor beltline extension
to the J28 area has experienced only minor erosion. The steepest grade is
about 6 percent, and erosion is limited to minor rills and channels an the
service road, Footings for beltline support are individual 12~-inch-diameter

concrete pedestals extending through the gravel pad into natural ground to a

depth of 6 feet.

West of the N8 Preparation Plant to the loadout silos in Long House
Valley, erosion of both the service road and beltline foundation varies from
minor to severe. Grades along the original beltline alignment reach up to
20 percent in places, and gravel fill or ballast is minimal. Overburden
solls obtained adjacent to the beltline have been used extensively for
grading the alignment. These soils are susceptible to erosion. Beltline
support footings are concrete ties spanning the width of the beltline.
Erosion along the beltline has undermined and exposed the base of the con-
crete tles at several locatioms. In 1986, Peabody Coal Company plans to

replace the concrete ties with 12-inch-diameter by 6-foot-deep concrete

pedestals.

Progressive erosion of fill embankments also threatens to undermine
portions of the aligmnment. It is recommended that, to reduce erosion, the

section of the beltline alignment between Stations 549450 and 634+20 and



from Stations 745450 to 827450 be trimmed and reballasted with 12 inches of
gravel to cover the top of the tles with at least 6 inches of ballast.

Severely eroded side slopes of embankment fills should also be regraded and

protected with rockfill.

One of the main contributing factors of the severe erosion of the
pre-law portlion of the conveyor beltline is the poorly develcoped runoff
control, Dralnage ditches are minimal along the toes of excavated slopes,
and runoff flows over the entire width of the right-of-way. The runoff
concentrates along depressions in the alignment, aggravating the erosion.
Therefore, it 1s recommended that, in addition to the reballasting of the
beltline surface, drainage ditches be excavated and maintained along the
edge of the service road. The discharge from the ditches should be carried
down embankment slopes either in rock-lined channels, half culverts,

Fabriform blankets or other sultable alternatives.

7.5 TRANSFER STATIONS

The conveyor beltline is composed of 10 segments varying in length
from 5,000 to 14,000 feet., Ar the articulation between each segment is a
tranafer station containing the machinery and beltdrive for the next segment

of beltline. The transfer stations are listed on Table 7-2.



Table 7-2

INVENTORY OF CONVEYOR BELTLINE TRESTLES

Interval
(Station to No. of Condition of
Station) Towers Footings Distress
94+80- 99+90 5 Good None; possible settlement
of #2 tower
432470-435+50 3 Good None
495+20~-500+40 6 Good Slump 3' from #1
513+30-525+40 17 Good None
544+10-547+10 1 Falr to Good Partial undercutting of
abutment
730+60~-745450 7 Fair to Good Possible movement #2
footing
779+40-783+10 1 Good Localized gully, slough
east abutment
809+90-819+50 42 Good None
827+50-838+10 7 Good None

Note: For location of Stations, see Plate 1B.
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The foundation for each transfer station has been developed by
cut-and-fill, with a base fill of granular material. The foundation dis-
tress is the same at each transfer station. Uncontrolled runoff of washdown
water from cleaning equipment and vehicles softens the base and subbase
materials, resulting In potholes, and causes erosion and gully formation in

the driveway and yard areas.

The most serious development of this type of distress is at the
transfer station at Station 549+50., The facilities at this location consist
of feeder conveyors as well as the main beltline, and have been constructed
on three levels with two Intervening cut slopes. Runoff of washdown water
from the upper levels has undercut the concrete abutment of one of the

feeder lines, and retaining walls have been built to stahilize the cut

slopes.

It is recommended that at each transfer station the dralnage be
upgraded to collect washdown water and to discharge directly to a sedi-
mentation structure. The drainage should include an asphaltic apron around
the concrete glabs of the transfer structure, The apron should be sloped
toward one or more catch baslins, which should be conmected to a buried drain
pipe leading to the sedimentation structure. The outfall of the drain pipe
should be within 5 feet of the ultimate high water level of the pond to
prevent unnecessary erosion of the slope. Finally, the rutted surface of

the yvard area and driveway should be regraded and resurfaced with gravel.
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Good Guud ainor eroalon
Good Guod erosion
Good N.A. erosion
Lightly rutted Guod pinor eroslon eroslon
Good to lightly ructed Goud moderate eroslon eroslon
Cood lightly ructed Good minor ecoslon eroslon
Good lighely ructed Good winor eroslon eroslon
Good 1lghtly ructed Gund winor ereslon eroglon
Good llghtly rutted Gund winor eroslon
Goad 1ightly rutted Gond minor eroslon
Good lightly rutted Gond to moderace eroslon to moderate eroslon
Cood te lightly tucted Good to minor eroslon to moderate eroslon
Lightly rutted Guod to mlnor eroslon eroslon

.
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Good Dlscont:Auous eroslon
Good Discontinuous erogien
Guod N.A.

Good Dlgcont fnuous eroslon
Good N.A. to moderate eroslon

D "= dlscontlnuous LEGERD
Degree of
mateclal Distress
swoll N nong
bedrock P potentlal
soll overlylng bedrock ¥ = oxistlng
mlne waste (reclaloed ared) M = maintenance requlred

N.A.
e N A= N.A.
== -N.AL e N.A.

3:1 | s/ o
k== H.A.

-
>3

ZERERITTZIEZEZZEZETE
EZZZTEZ ) wERETITIETZZTE

FOE S

Z=EZ =z
o

5
H

Hates: 1) For locatlon af Lntervala, see Places LA and 1B
2) For deseciptlon of erasfan and road/crest
condlrinons, see Table 4-1

INSPECTION SUMMARY
TYPE B CUT-AND-FILL
CONSTRUCTION SECTIONS
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45"

EXISTING SLOPE
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- 2%

L RANDOM FiLL 7
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INLET
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/—7.5' DIA. GMP
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SCALE

TYPICAL CROSS-SECTION §
BLACK MESA HAUL ROAD §
40 MOENKOP| WASH

FEET

CROSSING
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MEDIAN/DITCH

SHOULDER

L RANDOM FILL

~

-~ 2%

N

L« 1-108"" DIA. CMP

—

\GONCHETE HEADWALL

CONCRETE HEADWALL

TYPICAL CROSS-SECTION §
KAYENTA HAUL ROAD }

REED VALLEY CROSSING |
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RANDOM FILL T 25’
OUTLET 1.5
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HEIGHT IN FEET
i
o
1

TYPICAL CROSS-SECTION ¢§
KAYENTA HAUL ROAD §
MOENKOPI WASH
CROSSING
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ROADWAY

L RANDOM FILL 7
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OUTLET

\
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P’

\APRON UNDERCUT

TYPICAL CROSS-SECTION §
KAYENTA HAUL ROAD
COAL MINE WASH
CROSSING
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HEIGHT IN FEET

QUTLET

<7 RANDOM FILL7

<5 x 8’ DIA. CMP AN

TYPICAL CROSS-SECTION ¢§
KAYENTA HAUL ROAD (N8) §
YELLOW WATER
CANYON CROSSING
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LABORATORY TEST DATA | BORING RB-1
Tl " | STeNGTM TEST DaTA SURFACE ELEVATION:8684.8 FEET

PCC COORDINATES

S 2234

E 31538

Y¥B80 DESCRIPTION

MULTIPLE SHADES OF BROWN FILL CONSISTING
OF SHALE AND SANDSTONE FRAGMENTS IN A
MATRIX OF SANDSTONE SILT (DENSE}

NORMAL
OR CONF

G
PRESSUREWSF)

BLOWS/FT.
SANPLES

E-ﬁ‘.—-

VERY DENSE

VERY DENSE

BROWN SILTY FINE SAND WITH FRAGMENTS OF
SANDSTONE (MEDIUM DENSE)

BROWN FINE SAND (MEDIUM DENSE)

GRAVEL IN BROWN FINE TO COARSE SAND MATRIX
(VERY DENSE)

GRAY SHALE (VERY DENSE)

BORING TERMINATED AT 37.3 FEET ON 9/17/85,
GROUNDWATER ENCOUNTERED AT 48.0 FEET ON
9/17/88.

¥ MA AUN ON A COMPOSITE SAMPLE

L0G OF BO



LABORATORY TEST DATA BORING RB-2

STRENGTH TEST DATA SURFACE ELEVATION:8686.3 FEET

PCC COORDINATES
§ 18586
E 19732

NBOLS DESCRIPTION
M Sk | GULTIFLE SHADES OF BROWN FILL CONSISTING OF
I SHALE AND SANDSTONE FRAGMENTS IN A MATRIX

OF SAND AND SILT

3
g

BLOWS/FT.

MOTTLED BROWN, TAN RESIDUAL SANDSTONE
(DENSE)

MULTI—COLORED RESIDUAL SHALE (DENSE)

BROWN FINE SANDY SILT (MEDWM DENSE)

CE BROWN SHALE (VERY DENSE)

BORING TERMINATED AT 58,5 FEET ON 9/17/85.
NO GROUNDWATER ENCOUNTERED.

LOG OF BORING

oy Dames & Moore Plate 4B



10

18

20

25

3%

40

45

95

10

1%

LABORATORY TEST DATA

ATTERBERG | orpeMGTH TEST DATA

=1 LTS -
gy b g g
I [ ot
52 |3 |5y | 2 iéI 5|58g| €| 58
w? | 2= 2‘-’ & E&Z| U é gl 3 ==
i 3 w (297 E"' QEV E 3
S =R g
6.3 |i11.3
10,2 |117.8

LOG OF BORING

BORING RB-3

SURFACE ELEVATION:B314.5 FEET

PCC COORDINATES

S 32249
E 28148

SYMBOLS DESCRIPTION

SM | MULTIPLE SHADES OF BROWN FiLL COMSISTING 4
OF SHALE AND SANDSTONE FRAGMENTS iN A
MATRIX OF SAND AND SILT

BLOWS/FT.
SANPLES

FILL

w B

MEDIUM DENSE

JBE

MEDIUM DENSE

BOULDER (7) OR BEDROCX (7) X

BORING TERMINATED AT 41.5 FEEI' ON B/21/85.
NO GROUNDWATER ENCOUNTERED

sy Dames & Moore Plate 4C



TYPE OF TEST
') MOISTURE
[+]+] QUICK MD TEST BASED ON ASSUMED SPECIFIC GRAVITY
) MOISTURE-DENSITY
D CHUNK DENSITY ON BULK SAMPLE
| _RD RELATIVE DENSITY
COMP COMPACTION CURVE
Cct CALIFORNIA IMPACT
cc COMPACTED CORE
[ SPECIFIC GRAVITY
pH HYDROCEN 10N CONCENTRATION
A MECHANICAL ANALYSIS”
SA SIEVE ANALYSIS [-100 ONLY)
HA HYDROMETER ANALYSIS [-200 ONLY)
AL ATTERBERG LIMITS {LL & PL)
SL SHRINKAGE LIMIT
F5 FREE SWELL
sS SHRINK -SWELL
EXP EXPANSION
C [COL) CONSOLIDATION {(COLLAPSE)
vC VIBRATING CONSOLIDATION
[ PERMEABILITY
S FIELD PERMEABILITY
uc UNCCONFINED COMPRESSION
TRIAXIAL COMPRESSION TEST
TXUU 1, UNCONSOLIDATED-UNDRAINED
TXCU 1. CONSOLIDATED-UNDRAINED
TXCUM 3. CU/MULTIPHASE**
TXCUPF 4. CU/WITH PORE PRESSURE MEASUREMENTS
TXCD 5. CONSOLIDATED-DRAINED
DIRECT SHEAR TEST
BSiuU 1, UNCONSOLIDATED-UNDRAINED
BS/CU 2, CONSOLIDATED-UNDRAINED
DS/CD 1, CONSOLIDATED-DRAINED
DS/CD /M3 5, CD/MULTIPHASE**
Ly TORVANE SHEAR [LAB VANE SHEAR]

* INCLUDES COMPLETE ANALYSIS, SIEVING AND HYDROMETER
“* SERIES OF TESTS RUN ON SAMPLE

60 i ’
| -
x ]
a 4o I
z | | ‘
N .
= 1@ T Z=
(=]
5 | i = / l
< 0 T $
=) i ——
) ’ | /"/ _—
_ |
1 L = —]
T ]
0 i L |
0 0 20 39 60 S0 60 70 8a 96 100
LIQUID LIMIT
P INDICATES DEPTH OF AUGER CUTTINGS SAMPLE
B INDICATES DEPTH OF UNDISTURBED SAMPLE
Z INDICATES DEPTH OF DISTURBED SAMPLE
T INDICATES DEPTH OF SAMPLING ATTEMPT
WITH NO RECOVERY
3 INDICATES DEPTH OF STANDARD PENETRATION TEST
Z INDICATES DEPTH OF STANDARD PENETRATION
TEST WITH NO RECOVERY
{1 I 51 INDICATES DEPTH AND LENGTH OF
CORE RUN
RQD (RCCK QUALITY DETERMINATION] PERCENT
OF THE TOTAL CORE RUN HAVING AN UNFRACTURED
LENCTH OF 3" OR WORE
PERCENT OF CORE RUN RECOVERED
H INDICATES DEPTH OF FIELD VANE SHEAR TEST

NOTE
UNLESS OTHERWISE NOTED SAMPLING RESISTANCE
IS MEASURED (N BLOWS PER FOOT REQUIRED TO DRIVE
SAMPLER 12-INCHES AFTER SAMPLER HAS BEEN SEATED
6-INCHES. A 180-POUND HAMMER, FREE FALLING A
DISTANCE OF 30 INCHES IS USED TO DRIVE THE SAMPLER.

KEY TO SAMPLES

KEY TO LOG OF BORINGS

sy Dames & Moore

Plate 5



MAJOR DIVISIONS

GRAPHIC
SYMBOL

LETTER
SYMBOL

TYPICAL DESCRIPTIONS

COARSE
GRAINED
SOILS

MORAE THAN 50%
OF MATERIAL 1S
LARGER THAN NO.
200 SIEVE S1ZE

GRAVEL
AND
GRAVELLY
S0ILS

MOHRE THAN 50%
OF COARSE FRAC-
TION RETAINED
ON NO. 4 SIEVE

CLEAN GRAVELS

{LITTLE OR NO
FINES]

'."l
-l -

GW

WELL-GRADED GRAVELS. GRAVEL-
SAND MIXTURES. LITTLE OR NO
FINES

PQORLY-GRADED GRAVELS,
GRAVEL-SAND MIXTURES. LITTLE
OR NOQ FINES

GRAVELS WITH FINES

{APPRECIABLE
AMOUNT OF FINES)

EEIREEFIE
-
*

:

K

SILTY GRAVELS, GRAVEL-SAND-
SILT MIXTURES

CLAYEY GRAVELS, GRAVEL-5AND-
CLAY MIXTURES

MORE THAN 50%
OF COARSE FRAC:
TION PASSING

NO. 4 SIEVE

CLEAN SAND

{LITTLE OR NQ
FINES}

WELL-GRADED SANDS, GRAVELLY
SANDS, LITTLE QR NO FINES

POORLY-GRADED SANDS, GRAVEL-
LY 5ANDS, LITTLE OR NOQ FINES

SANDS WITH FINES

{APPRECIABLE
AMOUNT QF FINES}

SILTY SANDS, SAND-SILT
MIXTURES

CLAYEY SANDS, SANDO.CLAY
MIXTURES

FINE
GRAINED
S0ILS

MORE THAN 50%

OF MATERIAL IS
SMALLER THAN NQ,
200 SIEVE SI1ZE

LIQUID LIMIT
LESS THAN 50

INORGANIC SILTS AND VERY FINE
SANDS, AOCK FLOUR. SILTY OR
CLAYEY FINE SANDS OR CLAYEY
SILTS WITH SLIGHT PLASTICITY

INORGANIC CLAYS OF LOW TOQ
MEDIUM PLASTICITY, GRAVELLY
CLAYS, SANDY CLAYS, SILTY
CLAYS, LEAN CLAYS

LIGuD LIMIT
GRAEATER THAN 50

OAGANIC SILTS AND ORGANIC
SILTY CLAYS OF LOW PLASTICITY

INORGANIC SILTS. MICACEOUS OR
DIATOMACEOWS FINE SAND OR
SILTY SOILS

INORGANIC CLAYS OF HIGH
PLASTICITY, FAT CLAYS

HIGHLY ORGANIC S0ILS

OAGANIC CLAYS OF MEDIUM TO
HIGH PLASTICITY, ORGANIC SILTS

PEAT. HUMUS, SWAMP SOILS WITH
HIGH ORGANIC CONTENTS

NOTE: DUAL SYMBOLS ARE USED TO INDICATE BORDERLINE SOIL CLASSIFICATIONS

UNIFIED SOIL

CLASSIFICATION SYSTEM

Dames & Moore Plate 6




PERCENT FINER BY WEIGHT

15" 34"

U.S. STANDARD SIEVE SIZE

3" 4
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I
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i
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L

100

10

1.0
GRAIN SIZE IN MILLIMETERS

0.01

r COBBLES

GHAVEL

SAND

I COARS

|
FINE | COARSE]

1
MEDIUM | FINE t

SILTORA CLAY

DEPTH
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NAT.WC

PL

P!

7.7

COMPOSITE
GRADATION CURVE
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HEIGHT IN FEET

HEIGHT IN FEET

HEIGHT IN FEET

SCALE: 1" = 40’

@
o
]

IDEALIZED
EMBANKMENT
SECTION

»
(=]

»
o
l

STATIC F.8. 1.43

ORIGINAL GROUND

SURFACE (APPROX.) \

80

BLACK MESA HAUL ROAD
MOENKOPI WASH CROSSING

IDEALIZED
EMBANKMENT
SECTION

40

20

STATIC F.S. 1.83

ORIGINAL QROUND

SURFACE (APPROX.)—\

@
o
J

»
o
l

"
o
i

KAYENTA HAUL ROAD
COAL MINE WASH CROSSING

IDEALIZED
EMBANKMENT
SECTION

STATIC F.S8. 1.69

ORIGINAL GROUND

SURFACE (APPROX.)\

KAYENTA HAUL ROAD
YELLOW WATER CANYON CROSSING

CRITICAL

STABILITY ANALYSIS

FAILURE SURFACES
HAUL ROAD EMBANKMENTS
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HEIGHT IN FEET HEIGHT IN FEET

HEIQHT IN FEET

80—

BLACK MESA HAUL ROAD
MOENKOP| WASH CROSSING

12840 paf
HAUL TRUCK LOADINGS

povy

40

20-1 ORIGINAL GROUND

STATIC F.8. 1.43

SURFACE (AFPPROX.) \

20

CRITICAL FAILURE SURFACE

"]112640 pst

HAUL TRUCK LOADINGS

boyy Y

40

STATIC F.§. 1.83

ORIGINAL GROUND

SURFACE (APPROX.)j\

a0

20

INFLUENCE OF LEFT
MOST WHEEL LOADS

112040 pst

HAUL TRUCK LOADINGS

t V¥

40

STATIC F.8. 1.87
ORIGINAL QROUND

60

SURFACE (APPR OX.)\

INFLUENCE OF RIGHT
MOST WHEEL LOADS

SCALE 1" = 40'

STABILITY ANALYSIS
CRITICAL
FAILURE SURFACES
HAUL ROAD EMBANKMENTS

| .v Dames & Moore Plate 8B
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N\ \; { f A
/ TENSION CRACKS
TRIM LINE—D\\ D } /f—
\ (7
1o.zs\ /.l‘
N

FILTER FABRIC

D
ROCKFILL 6”-12"
L
RANDOM FILL | " |
DETAIL OF REMEDIAL ROCK-LINING
FOR GULLIES
W= EXISTING BASE WIDTH
OF QULLY
D= EXISTING DEPTH OF
GULLY TRIM
SCALE
g 5 10 REMEDIAL TREATMENT
FEET FOR GULLIES
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HEMHT IN FEET

CONVEYOR BELTLINE 7

1
TRESTLE &

EXTERIOR SLOPE SUPPORT
OF ROCKFiLL
BUTTRESS

2 TENSION CRACK
1

EXCAVATE

EXISTING SLOPE

RECOMMENDED REMEDIAL

SLOPE STABILIZATION
CONVEYOR BELTLINE
STATION 487+00
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ATTACHMENT N-1

Condition #15 Response of 12-28-90

Revised 09/18/91



CONDITION #15 RESPONSE

Comment:

15. Within 180 days of permit issuance, PCC shall demonstrate to
08M in writing that all roads proposed as part of the
postmining land use plan would facilitate access to
residential areas and grazing lands. As part of this
demonstration, pCC shall submit to 0SM supporting
documentation incorporating comments from BIA and the Navajo
Tribe on the proposed road locations and design.

Response:

The location and design of roads for the Black Mesa Complex is
discussed in Chapter 6, "Transportation Facilities™, Volume 1 of
the PAP. In Volume 11, Chapter 24, Bonding, approximately 13.5
miles of roads in the AZ-0001C permit area and 7.6 miles of roads
in the AZ-0001 permit area are proposed as permanent primary roads.
These roads will become part of the postmining land use plan to
provide a permanent transportation network on Black Mesa to
facilitate the access to residential and grazing areas scattered
throughout the Black Mesa lease area. Drawing No. 85445,
"Permanent Roads Map", was prepared to show the location of these
proposed roads, the location of residential homesites, and the
location of grazing boundaries within the Black Mesa lease area.
Note some of these homesites and grazing boundaries are still being
reviewed by local, Tribal, and BIA officials; therefore, they may
be revised in the future. Included with Drawing No. 85445 are two
indexes to the map. The first is the "Homesites Index" and the
second is the Grazing Rights Index. These 1indexes contain the
names of the people assoclated with the homesite and grazing

identification numbers on the map.
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After the review of Drawing No. 85445 and the two indexes, it
becomes very apparent the proposed roads are the major
all-weather access points across the major drainages on Black
Mesa (i.e., Coal Mine Wash, Moenkopi Wash [both Black Mesa side
and J-16 area)], Red Peak Valley Wash, etc.). Total reclamation
of these proposed roads will hinder access for residences and
grazing right owners on the south and east portion of the permit
area, as well as school buses, emergency vehicles, and the
general public who need to traverse this area.

Finally, OSMRE has requested as part of this condition, Peabody
contact BIA and Navajo Tribal officials and solicit comments on
the proposed road locations and designs. In addition, OSMRE
officials said BIA would be the lead agency to solicit and
coordinate the submittal of comments to Peabody. Based on the
above, Peabody representatives have had numerous telephone and
written communications with the BIA representative during the 180
days, including an informational meeting in Window Rock, Arizona
at BIA's office on August 22, 1990, This meeting included
representatives from all interested BIA agencies, as well as
Navajo Tribal, and Peabody Coal Company representatives. 1In this
meeting, the requirements of this condition was discussed, the
representatives were given a copy of Draw1ng Bo9sgoo,- "Bonding
Map", which shows the locations of the\groposed permaneht roads,y
a copy of the road design specifications’ “fsund--in -Chapter 6 of
the AZ~0001C permit, and a map showing the homesite locations on
Black Mesa.

Based on a telephone conversation with the BIA representative on
December 26, 1990, he has surveyed the BIA and Tribal
representatives and has received no objections to the proposed

ks
@%@?ﬁ%ﬁ 167

addition, he ~did not believe the BIA and Tribal




Page 3

representatives will have any comments by the end of the 180-day
period.

In conclusion, based on the enclosed information, map, and design

specifications for primary roads in Chapter 6 of the AZ-0001C

permit, Peabody respectfully concludes the response to this
condition.




FPERMANENT ROADS MAP
(Drawing No. 85445)

Homesites Index
Bilta and Alice Begay, Phillip Begay,

Wayne and Martha Lufkins, Leo Begay

John and Helen Kescoli, Maxine Kescoli,

10.

11.

1z2.

13,

14.

15,

l6.

Jimmy and Teresa Little

Kee and Julia Russell,
Jerry Russell, Bilta Begay

Alice Yazzie, Norman Yazzie,
George and Mae Pulinosis,
George Williams, Jack Williams,

Tom and Julia Sherlock, Katherine Draper

Maxine Kescoli, Mary Gilmore

Cindy Lake, Ated Lake,
Dzanh Lake

Esther Lake, Ated Lake

Tom Lake, Anita Lake

Bah Begay, Raymond Begay,
Leonard and Molly Honnie,
Oscar and Zonnie Whitehair
Kathie Charley

Steven and Katherine Manymules
Preston and Sadie Kelly
Priscilla Yazzie

Roy and Alice Tso

Billy and Sally Chief

Simon and Thelma Crank, Robert Crank,
Thomas Crank, Mabel and Bennie Jim

. Paul and Thelma Johnson, Spences Jo?ﬁﬁb
_ Pk
A

Keith and Pauletta Russell




S 19.
20.

21.

22.
23.
24.
25.
26.

27.

28.
29.

30.

31.
32.
33.

34.

35,

36.

Alice Crank, Teresa and Jim Little, Johnson Crank
Rose Yazzie, Rube Begishie, Sally Chief

Eli and Lilly Crank, Bessie Parrish,
Harrison Crank

James Cody

Billy Austin, Billy Austin, Jr.
Leo and Rena Peaches

James Yazzie

Alice Yazzie

James Cody, Roger Cody,
Myrata Cody

Earlene Albert
Calvin Etsitty

George and Lena Begay,
Phillip Etsitty

Bessie Luna

Alta R. Albert

Annie Herrera

Betty Crank, Keevin and Irene Becenti,

Stanley and Fannie Tallman, Albert Crank, Lilly Johnson,

Cornelius Farley, Steven and Irene Et51tty, Ben Crank,
Annie Herrera, Raymond James, Edward Yazzie,

-Robert Little, Bessie Luna, Don Benally, Evelyn Seaton

Irene Freeman
Betty Crank
Jack Chief

Nephi Chief, Lilly Chief, Paul Chief

Gary and Elsie Vandever




43,

44.

45.

46.

47.

418.

49,

50.

51.

52.

53.

54.

55,

56,

57.

58.

59.

60,

61.

62.

63.

64.

65,

66.

67.

68.

69.

Fred Smith, Bobby and Annie Smith
Nelson Blackhat

Bessie Smith, Ambrose Smith
Merlin Begay, Daniel Benally
Cindy Lake

Dzanh Lake

Frank Lake

Daniel and Mabel Benally

Ated Lake, Chester Lake

Earl and Anita Kescoli

Mary Lake, Clarence Lake, Milton Lake, Duane Lake,

Lorraine Vandever, Manymules daughter
Mary Boyd

Johnson Little, Amy Little

Sam and Ella Little, Ben and Ida Little
Mary Boyd

Cindy Lake

Henry Schmitt

Eddie Bigman

Eugene Leonard

Charlie and Sarah Keith
John Bahe

Anna Herrera

James Yazzie

Bessie Luna ﬁf _fﬁ ; :ﬁ
[ oy :"‘Q;f‘ I ‘

: "‘"-‘\ SN q‘é?b :\.,d’

Gary and Elsie Vandeverly : -

G
Bessie Begay -

Bessie Begay



70.

71.

72.

73.

74.

75.

Woody Anderson

Ated Lake

Molita Lake

Lenora Begay

Leonard and Molly Honnie

Stanley Tsosie



PERMANENT ROADS MAP
(Drawing No. 85445)

Grazing Rights Index

Grazing Grazing Right Grazing Grazing Right
Area # Owners Area # - Owners

T MAS E  L e  i  T Ai e  P i CR  T WEN WA Mt e T N A AL o vy e M S et A AL Gl . e e A A s

Betty Crank 9 Silas Yazzie
Bessie Luna Lucille Benally
Alta Rose Albert Mary Lake
Annie Herrera 10 (Unavailable)
Lilly Chief 13 Rose Farley
Lilly Chief 13 Benny Etsitty
Rose Farley 13 John Bahe
Benny Etsitty 13 Carmelita Clark
John Bahe 13 Mabel Thomas
Carmelita Clark 13 Inez Cody
Mabel Thomas 13 Elsie Vandever
Inez Cody 13 Edward Begay, Sr.
Elsie vandever 13 Calvin Etsitty
Edward Begay, Sr. 14 ' Eli Crank
Calvin Etsitty 15 Rose Yazzie
Rose Farley 15 Kee Crank
Benny Etsitty 15 Sally Chief
John Bahe 15 Thelma Johnson
Carmelita Clark 15 Helen Kescoli
Makel Thomas 15 Ruby Begishe
Inez Cody 15 Johnson Crank
Elsie Vandever 16 Rose Farley
Edward Begay, Sr. 16 Benny Etsitty
Calvin Etsitty 16 John Bahe
Anita Lake Yazzie 16 Carmelita Clark
Joe Lake 16 Mabel Thomas
Lilly Chief 16 Inez Cody
Paniel Benally 16 Elsie vandever
Anita Lake Yazzie 16 Edward Begay, Sr.
Joe Lake 16 Calvin Etsitty
Daniel Benally 17 Betty Crank
Anita Lake Yazzie 18 Bessie Luna
Joe Lake 18 Annie Herrera
Anita Lake Yazzie 18 Alta Rose Albert
- Joe Lake 19 Ned Yazzie
.+ Ppaniel Benally 20 John Billy Tsosie
.Anita Lake vazzie 20 Walter Begay, sSr.
TJoérlake 21 Alice Yazzie
22 Rose Farley
22 Benny Etsitty
22 John Bahe
\ 22 . Carmelita Clark
Roystuskey 22 Mabel Thomas
_[,.vé§§gheline Boyd 22 Inez Cody
LI oy ise Interpreter 22 Elsie Vandever

Eugene Leonard 22 Edward Begay, Sr.



PERMANENT ROADS MAP
(Drawing No., 85445)

Grazing Rights Index

(Continued)
Grazing Grazing Right
Area # Owners
22 Calvin Etsitty
23 Billy Austin
24 James Cody
25 Inez Cody
26 Alta Rose Albert
26 Bessie Luna
26 Annie Herrera
27 Rose Yazzie
27 Kee Crank
27 Sally Chief
27 Thelma Johnsocon
27 Helen Kescoli
27 Ruby Begishe
27 . Johnson Crank
28 Rose Farley
28 Benny Etsitty
28 John Bahe
28 Carmelita Clark
28 Mabel Thomas
28 Inez Cody
28 Elsie Vandever
28 Edward Begay, Sr.
28 Calvin Etsitty
28 Betty Crank
29 Bessie Luna
29 Annie Herrera
29 Alta Rose Albert
29 _ Alice Yazzie
30 Marilyn Yazzie
30 ' Woodie Anderson
30 Alice Tso
30 Katherine Manymules
30 Ella M. Yazzie
30 Lena Tso
30 Sarah Kee
31 Simon Crank
32 Julia Jane Russell
33 Leonard Honnie, Jr.
TOT —




ATTACHMENT 0

Typical SEDIMENT II Inputs for

Drainage Control Structures



Typical SEDINMOT i1 Input (Cuiverts and Ditches)

Card
Code Parameters Inputs
1 Watershed ldentification =
2 Storm Type = {SCS Type 11)
Ne. of Depth Time Values =2
3 Rainfall Depth {inch) = 1.61 (10yr.-6hr. Storm)
Storm Duratien (hr) = 5.00
Storm Time !ncrement = 0,1
Max, 30 Min. Intensity =1,0
L Number of Junctions =1
Sedimentoloagy and/or Hydroloagy . =1 (Hydrology Only)
5 Number of Branches per Junction =1
10 Number of Structures per Branch =1
11 Travel Time Between
Structures {hr) = 0.0
Muskingum's k Between
Structures (hr) = 0.0
Muskingum's X Between
Structures {hr) = 0.0
12 Number of Subwatersheds per
Structures =1
Type of Sediment Control Structure =1 {Null Structure}
Print Control Variable for
Total Drainage = 2 (Hydrograph)
Print Control Variable for
Drainage Between Structures = 2 {Hydrograph}
Print Option for Subwatershed
I nputs
13 Subwatershed Area (Acres) =
Curve Number =_
Time of Concentration = 11.9(L)3
H = 0,385
Travel Time {to Structure) - = 0.0

Muskingum's k (to Structure) = 0.0



Typical SEDEMOT 1l Input (Culverts and Ditches) {Cont.)

Card

Code Parameters Inputs
0.0

Muskingum's X (to Structure)

Hydrology Print Option 1.0 {input Tables)

Hydraulic Surface Cerdition =

0.0

Number of Flcw Segements

Note: If the disturbance in the watershed exceeds 50%, use 1.0 {disturbed) for "Hydraulic

Surface Condition", otherwise use 2.0 {agricultural).
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SECTICN 1: INTRODUCTION

1 INTRODUCTION
I.1 PURPOSE OF THE PROGRAM

A trapezoidal channel has flat bottom and sloping sides, as iilustrated on
Exhibit 1, in Appendix A of this manual. Trapezoidal shapes are often used for
man-made channels, because they are relatively easy to construct and maintain,
and provide good flow capacity. This program quickly computes the Normal
Depth, Critical Depth, and Rating Curve for flow in a trapezoidal channel. One
section of this manual is devoted to each of these procedures.

Using this computer program, you can quickly and easily analyze the hydraulic
characteristics of almost any trapezoidal channel, including those with a
different side slope on each bank. It's important to realize that triangular
and rectangular channels can be easily analyzed by this program, because they
are both special kinds of trapezoidal channels. A triangular channel is a
trapezoidal channel with a channel bottom width of zero. A rectangutar channei
is a trapezoidal channel with side slopes of zero (vertical sides).

1.2 INFORMATION TO HELP YOU GET STARTED

1.2.1 Files on the Program Disk

Your program disk contains at least two files:

TRAP.COM is tne file containing the trapezoidal channel analysis program and
all of the on-line help screens.

TRAPB7.CCM is a special version of the program designed for use only on
computers with the 8087 or 86287 math co-processors. Except for its faster

operation, TRAP87.CCM is identical to TRAP.CCM.

In addition to these files, your disk may also contain several demonstration
programs of other sottware products avaiiable from Dodson & Associates, Inc.
You may select any of these demonstration programs by simply typing the file
name and pressing the return key.

1.2.2 Getting Started Quickly

To start the program, do the following:

1)} Start up your computer using the hard disk or a floppy disk with the [0S
system files on it.

2) Insert the program disk, and close the disk drive door.

3} Type TRAP or TRAPB7 and press the return key to start the trapezoidal
channel analysis program.

4) In a few seconds the program will be loaded and you will be able to proceed
through this manual and practice the use of each procedure,
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SECTION 2: NORMAL DEPTH PROCEDURE

2 NORMAL DEPTH PROCEDURE
2.1 PURPOSE OF NORMAL DEPTH PROCEDURE

Normal Depth is the depth at which uniform flow will occur in an open channrel.
In other words, if you had a uniform channel of infinite length, carrying a
constant flow rate, then flow in the channel would be at a constant depth at
all points along the channel, and this depth would be the normal depth.

It is often useful to determine Normal Depth, because it may represent a good
approximation of the actual depth of flow within a channel segment. It is
common practice, for exampie, to use Normal Depth computations to prepare a
preliminary design for channel improvements, and then to check or refine the
design by computing the water surface profile in the channel using the Standard
Step or Direct Step Methods, or computer programs based on these methods.

2.2 REQUIRED INPUT DATA FOR NORMAL DEPTH PROCEDURE
2.2.1 Flow Rate

The user aust suppiy the flow rate which the channel is to convey, in cubic
feet per second (cfs). Sometimes, the flow rate may vary through the length of
a channei segment, because of local inflow to the channel. In such cases, you
must decide wnetner to base your analysis on the maximum Flow rate or the
average’ Flow rate in the channel segment. Local drainage regutations or
practice may provide guigance in this regard. When in doubt, it is recommended
that the analysis be performed with each flow rate and the results compared.

2.2.2 Channel Bottom Slope

The cnannei bottom stope is the average drop in elevation per foot of length
along the channel. for example, if the channel bottom drops 1 foot in a lenth
of 1800 reet, then the channel bottom stope is 0.001 feet per foot. Channei
bottom slopes are sometimes expressed in percent. A slope of 9.9001 feet per
foot is the same as a 0. 1% slope.

The slopes of the water surrace and the enerqy grade line are assumed to be the

same as the channel bottom slope for normal flow conditions, Therefore, it is
important to provide the best possible estimate of the channel bottom slope.

Z.2.3 Manning's Rouahness Coefficient

This program uses Manning's Fquation to analyze open-channel flow, The
roughness of the channel is represented by Manning's Roughness Coefficient,
commonly called the "n-value". Suqgested values Ffor Manning's n-vaiue are
Tisted in Appendix B of this manual, and in many hydrauiics reference books.
Roughness coefticients should be adjusted according to experience in your

geographic area.
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SECTION 2: NORMAL DEPTH PROCEDURE

2.2.4 Channel Side Slopes

The slope of each channel bank is i1lustrated on Exhfbit 1.  The progranm
expects the side slopes to be represented as the "Z-Ratio", which is the ratio
of horizontal distance to vertical rise in the channel bank. For exampie, a
channei bank which rises 1 foot for each three feet of horizental distance
would have a side slope of 3:1, and a Z-Ratio of 3. Z-Ratios of 3 or 4 are
common for earthen channels. Concrete-l1ined channels may have steeper banks,

with Z-Ratios of 1.5 or 2.

This program has the capapility of analyzing channels with a different side
slope for each channel bank. For example, Fflow in a street gutter can be
analyzed using this program. The vertical curb would cause the side slope to be
@ on one side. On the other side, a 6-inch difference between the pavement

crown elevation and the gutter elevation, divided by a 12-foot lane width,
would yield a side sTope of 24,

2.2.5 Channel Bottom Width
Exhibit 1, in Appendix A, illustrates the bottom width of the channei section.

2.3 DESCRIPTION OF RESULTS OF NORMAL DEPTH PROCEDURE

2.3.1 Normal Depth @

This program computes Normal Depth using an iterative approach to arrive at a
value which satisfies Manning's Equation:

(2/3) (1/2)
Q=1.486 AR S
n

in which:
Flow Rate in the channel (cfs)
= Manning's Roughness Coefficient

Area of Flow (square feet)
Hydraulic Radius (feet) = (Flow Area)/(Wetted Perimeter)

Stope of Energy Grade Line (Ffeet per foot)

[Sp R i — N B
n

1

The equation is re-arranged in terms of the depth of flow. An initial Flow
depth estimate of 1 foot is substituted into the equation, and a new
approximation is computed for the flow depth. The new value is compared with
the previous approximation, and if the difference is less than ©.@81 feet, the
depth is assumed to be the Normal Depth. If not, a new approximation for
Normal Depth is computed as the geometric mean of the previous two
approximations. This method gives very quick, precise, and reliable values for
the Normal Depth of flow in a trapezoidal channel.

2.3.2 Flow Velocity

After the program computes the Normal Uepth, the flow velocity in the channel

DODSON & ASSOCIAIES, INC. TRAPEZOIDAL CHANNEL ANALYSIS, PAGE 6



SECTION 2: NORMAL DEPTH PROCEDURE

s computed as simply the flow rate divided by the cross-sectional area of the
Flow. The velocity is assumed to be constant throughout the cross-section.

The flew velocity is an important consideration in many channel design
situations. The allowable flow velocity may be limited by local drainage

criteria.

2.3.3 Froude Number

The Froude Number is the ratio of the inertial forces to the gravitational
forces in a flowing fluid. It is computed using this formula:

Y
Froude Number = (1/2)
(9A/T)
in which:

V = Flow Velocity (fps)
g = Acceleration due to gravity = 32.2 feet/sec/sec
A = Cross-sectional Area of Flow {square feet)
T o=

Top width of Flow (feet)

1f the froude Number is greater than one (1.00), then flow in the channel is
"super-critical”. A Froude Number less than one is more common, indicating
"sub-critical” Flow. Section 3 of this manual contains more information on

critical flow ana critical depth.

2.3.4 ‘elocity Head

Water flowing in an open channel contains two major types of energy: potential
energy and kinetic energy. Potential energy is expressed as the elevation of
the water surface. Kinetic energy is expressed as the "velocity head". The

term "head" can also be stated as "energy ievel,

The velocity head is computed using the following formula:

2
Velocity Head = V_
29
in which
V = Flow Velocity in the channel (Ffps)
g = Acceleration due to gravity = 32.2 feet/sec/sec

2.3.5 Energy Head

The “Energy Head" of the tiow is the total energy of the tlow, including both
potential energy and kinetic energy. In other words, the energy head is simply
the sum of the water surtace elevation and the velocity head.
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SECTION 2: NORMAL DEPTH PROCEDURE

2.3.6 Cross-Sectional Area of Flow

The cross-sectional area of flow is computed in order to provide a quick check
on the other computed quantities, and also to aid in computing excavation
requirements for a channel. The flow area is computed using the following

formul a;

Flow Area = (B+T)(D/2)
in which:
B = Channel Bottom Width (feet)
T = Top Width of Flow (feet)

D

Depth of Fiow (feet)

2.3.7 Top Width of Flow

The top width of flow 1is iliustrated on Exhibit 1,
computed in order to make it easier to quickly estimate the required
rignt-of-way width for a channel. The top width of the channel
be greater than the top width of the flow, because most channels are reauired

to have some freeboard.

2.4 EXAMPLE OF NORMAL DEPTH PROCEDURE

TRAPEZCIDAL CHANNEL ANALYSIS
NORMAL DEPTH COMPUTATION

in Appendix A. It is

Flow Rate {cubic feet per second) 299
Channel Bottom Slope (feet per foot) . pees
Manning's Roughness Coefficient (n-value) . 840
Channel Side Slope - Left Side (horizontal/vertical) 3
Channel Side Slope - Right Side (horizontal /vertical) 3
Channel Bottom Width (feet) 6
*#4% RESULTS wan

NORMAL DEPTH (FEET) 5.33
Flow Velocity (feet per second) 1.71
Froude Number 171
Velocity Head (feet) .85
Energy Head (feet) 5.37
Cross-Sectional Area of Flow (square feet) 11;.65

37.95

Top Width of Flow (feet)

will probabiy

Press Return to repeat this operation, or tsc to return to Main Meny
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SECTION 3: CRITICAL DEPTH PROCEDURE

3 CRITICAL DEPTH PROCEDURE
3.1 PURPOSE OF CRITICAL DEPTH PROCEDURE

Critical Depth occurs when the flow in a channel has minimum specific energy.
Specific Energy refers to the sum of the depth of flow and the velocity head.
It can be shown mathematically that the velocity head is equal to one-half the
depth of flow at Critical Depth.  Critical Depth depends only on the channel
shape, roughness, and flow rate.

It is sometimes useful to compute Critical Depth 1in order to analyze the type
of flow profile which will occur in a particuiar chanrei.

3.2 REQUIRED INPUT DATA FOR CRITICAL DEPTH PROCEDURE

In order to compute the Critical Depth of flow in a channel, the progranm
requires that you supply the following items of input data:

1) The Flow Rate in the channel.

2) The Manning's Roughness Coefficient for the channel.

3) The Channel Side Slopes (which may differ for each side, and may be zero).
4) The Channel Bottom Width (which may be zero).

Each of these items is described in connection with the Normal Depth procedure
tn Section 2.2 of this manuai. '

3.3 DESCRIPTION OF RESULTS OF CRITICAL DEPTH PROCEDURE
3.3.1 Critical Depth

This program computes the critical depth by an iterative procedure, which
arrives at a value which satisfies the folTowing equation:

2 3
Q =
9

|

in which

Flow Rate in the channel, in cts
Acceleration due to gravity (32.2 ft/sec/sec)
Cross-sectiona) area of flow (square feet)
top width of flow (feet)

bl =17 B o
i n an

The Newton-Raphson method of locating roots of a polynomial equation is used to
solve the equation ftor the Critical Depth. This method gives a quick and
efficient solution which is accurate to within 6.681 foot.
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SECTION 3: CRITICAL DEPTH PROCEDURE

3.3.2 Critical Slope

Critical Slope is the channel slope at which Normal Depth equals Critical
Depth. Critical Slope is computed by inserting the Critical Depth in Manning's

Equation, which is re-arranged as follows:

(1/2) Qn
5 =
1.486AR

(273)

in which:

Slope of Energy Grade Line (feet per foot)
Flow Rate in the channel {cfs)

Manning’'s Roughness Coefficient

Area of Flow (square feet)
Hydraulic Radius (feet) = (Flow Area)/(Wetted Perimeter)

S
Q
n
A
R

3.3.3 Flow Velocity

The flow velocity is computed as the flow rate divided by the cross-sectional
area of flow.

3.3.4 Froude Number g

The Froude Number is the ratio of the inertial forces to the gravitational
forces in a flowing fluid. It is computed using this formula:

Vv
Froude Number = (1/2)
(9A/T)
in which:

V = Flow Velocity (fps)
g = Acceleration due to gravity = 32.2 feet/sec/sec
A = Cross-sectional Area of Flow (square feet)
I = Top Width of Flow (Feet)

At Critical Depth, the Froude Number equals 1. Therefore, the computed Froude
Number provides a quick check on the accuracy of the computed critical depth.
The Froude Number should always be very close to 1.88¢ tor the Critical Bepth

procedure.

3.3.5 Other Results

The Velocity Head, Energy Head, Cross-section Area of Flow, and Top Width of
Flow are computed for the Critical Depth as described tor the Normal Depth

procedure, in Section 2.3 of this manual.
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SECTION 3: CRITICAL DEPTH PROCEDURE

3.4 EXAMPLE OF CRITICAL DEPTH PROCEDURE

TRAPEZCIDAL CHANNEL ANALYSIS
CRITICAL DEPTH COMPUTATION
Flow Rate (cubic feet per second) 200
Manning's Roughness Coefficient {n-value) . 240
Channel Side Slope - Left Side (horizontal/vertical) 3
Channel Side Slope - Right Side (horizontal/vertical) 3

Channel Bottom Width (feet) 6
#4 RESULTS wuw

CRITICAL DEPTH (FEET) 2.26
Critical Slope (feet per foot) .0215
Flow Velocity (feet per second) 6. 99
Froude Number 1.000
Velocity Head (feet) .74
Energy Head (feet) 3.00
Cross-Sectional Area of Flow (square feet) 28,98
Top Width of Flow {feet) 19.59
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SECTICN 4: RATING CURVE PROCEDURE

4 RATING CLRVE PROCEDURE
4.1 PURPOSE GF RATING CURVE PROCEDURE

A Ratirg Curve is simply a table or curve which relates the flow rates to #low
depths in a chamnel. As you insert Fflow depths, the Rating Curve procedure
quickly computes the flow rate in the channel, and other information about flow

at the specified depth. You may specify as many depths as you 1ike.

Rating Curves are useful in estimating the capacity of a channel over a wide
range of flood events or storm frequencies, or in quickly relating a known

flood stage to a certain peak flow rate.

4.2 REQUIRED INPUT DATA FOR RATING CURVE PRGCEDURE
4.2.1 Description of Channel

In erder to compute a Rating Curve for the channet, the program requires that
you supply the rollowing items of input data:

1) 7he Channei Bottom Slope.
2) The Manning's Rougnness Coefficient for the channel.

3} The Channel Side Slopes (which may differ for each side, and may be zero).

4) The Channel Bottom Width (which may be zero).

Each of these items is described in connection with the Normal Depth procedure
in Section 2.2 of this manual.

4.2.2 Flow Depths

Once you have defined the shape and roughness of the channel, the program
begins to prompt you for flow depths. As you enter each flow depth and press
the Return key, the program quickly computes the flow rate and other
information about flow at the specified depth.  Any reasonable flow depth may
be entered.  For best results, however, you may wish to enter a series of flow
depths at selected intervals. For example, from 1 foot to 10 feet, at one foot

intervals.

4.3 DESCRIPTION OF RESULTS OF RATING CURVE PROCEDURE
4.3.1 Flow Rate

For each Flow Depth which you specify, the program computes the flow rate using
Manning's Equation:

(2/3) (1/2)
Q=1.486 AR S
n
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SECTION 4: RATING CURVE PROCEDURE

in which:
Flow Rate in the channel (cfs)
Manning’s Roughness Coefficient

Area of Flow (square feet)
Hydraulic Radius (feet) = (Flow Area)/(Wetted Perimeter)

Stope of Energy Grade Line (feet per foot)

N r»a.o
L | I T I | I |

The Flow Area and Hydraulic Radius are computed from the given Flow Depth.

4.3.2 OQOther Results

The other results of the Rating Curve procedure, including the Flow Velocity,
the Froude Number, the Velocity Head, the Energy Head, the Flow Area, and the
Top Width, are all computed by the methods described in Section 2.3, which

deals with the Normai Depth procedure.

4.4 EXAMPLE OF RATING CURVE PROCEDURE

TRAPEZOIDAL CHANNEL ANALYSIS
RATING CURVE COMPUTATION

Channel Bottom STope (feet per foot) . 489S

Manning's Rougnness Coefficient (n-value) . 04p

Channei Side Slope - Left Side (horizontal/vertical) 3

Channel Side Siope - Right Side (horizontal/vertical) 3

Channel Bottom Width (feet) D

we RESULTS  wan

Depth Flow Rate Velocity froude Velocity Energy Flow Area Top Width

i
Hil h

(Ft} (cfs) (fps) Number Head(ft) Head(ft) (sg ft) (ft)
1.06 6.06 .67 .137 .01 1.01 2.0 12. 00
2.69 23.59 .98 .158 .01 2.81 24,99 18. 00
3.00 55.35 1.23 .158 .92 3.02 <5. 48 24.00
4.00 1e4.23 1.45 .165 .03 4,03 72,09 39. 00
5. 60 172.99 1.65 .170 .94 5.84 185, e 36. 00
6.90 263.89 1.83 .174 .85 6.85 149 ¢9 42,09
/.00 379. 60 2.81 .178 .06 7.86 189. 99 48. 00
8.60 522.32 2.18 .182 .07 8.07 28,63 54,09
9.00 694. 24 2.34 .18S .08 9.8 297.98 60. 89

10. 69 897.47 2.49 .188 .19 18.149 3t4. 10 66. ve
11.90  1134.97 2.64 .181 .11 11.11 429. ¢9 72.00
12.96  14¢6. 02 2.79 .193 .12 12.12 5¢4. 40 78.08
13.68  1715.25 2. 93 .196 .13 13.13 585.¢0 84. 0
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APPENDIX C: REFERENCES

Applied Hydraulics ir Enaineering

Henry M. Morris and James M. Wiggert, 1972, the Ronald Press Company, New York.
This book is a general text on hydraulics. Chapters 4, 5, and 6 are especiaily

related to open-chanrei flow.

Civil _Engireering Hydraulics

R. E. Featherstone and C. Nalluri, 1982, Granada Publishing Limited, London.
This book is fairly theoretical, but with many examples. Chapter 8 appiies to

open-cnannei flow.

Design Charts for Open-Channel Fliow

1980, U. S. Department of Transportation, Federal Highway Administration,
Washington, D.C. This is an excellent reterence, containing many charts ror
computing normal depth and critical depth of flow in open channeis. The charts
can be cross-checked with the results of this computer program.

Handabook of Hvarauiics

Ernest F.  Brater and Horace Williams King, 1976, McGraw-Hill, Inc. Mew York.
This book is not a gooa place to start learning about hydrauiics, but we keep
coming ack to it for information not easily availabie eisewnere.

Modern Sewer izsian

1980, American Iron and Steei Institute, Washington, D.C. This book is an
excellent rererence on practical hydraulics.

Open Channei Hydraulics

Ven Te Chow, 1959, McGraw-Hi11, 1Inc. New York. This is the classic text on
hydraulics.

Water Resources Fngineering

Ray K. Linsley and Joseph B. Franzini, 1979, McGraw-Hi1l, Inc., New York. This
s an excellent general text. Chapter 10 relates to open channels,
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SECTION 20 CONTROL OESIGN PROCEDURE

PooLClTRE DESTRN PROCEDIRE

- e b

<v:  TUNPOSE CF ZONTROL DISICN PROCEDURE

ine anaiysis of flow in culverts is complicated. It is common ta use the
concepts ~f "Tnlet Contro!* and "Cutiet Control" to simplify the znaiysis.
iaet  dontrot flew occurs wien the Flow capacity of the culvert entrznce is
L ¥€S uhEd tne rlow capacity of the culvert barrel.  Outlet Control flow cccurs

i0 GIher £3sas,

For Inlet Control, tne headwater required to produce a certain flow rate is
computed by assuming that the culvert iniet acts as an orifice, Thererore, the
Inlet Control headwater depends only on the georetry of the culvert opening.
The headwater of a culvert is the difference between the upstreanm culvert
Flow-Tine elevation and the elevation of the water surface in the channetl
1umealateiv unstream ot the culvert. The headwater is illustrated on £xnibit

1.

Fer Qutlet Control, the required headwater is computed by taking the deptn of
flew at the culvert outletr plus all head losses, minus the change in flow-line
elevation or the culvert from the upstream to downstream end. Tne prearan
TINSIUErS ore entrance icsses, the rriction 10ss in the culvert barrei, anc the
22 .7 Umiofity iigad av the outlet {which ‘s reduced if there is fiow veiccicy

1n e cnann2l downstream or the cuivert).

rocecure computes tre headwater rejquired for Inlet Centrol conditicns and
eiz: Consrol cenaitiens. ihe type of Flow is deternmined by the greater

S TLOTS e T pEIRGVN A o7 cnis ganual, centains a flew chart for the Control
Lesign Proczaure of tnis program.  You may find it convenient to refer to this
3 s 3¢

flew smary W3 cou reag i

2.2 REQUIRED INPUT DATA FOR CONTROL DESIGN PROCEDURE

The required flow rate, in ¢fs, may te any reasonable positive value.

2.2.2 Culvert Diareter

The inside diamecer of ine culvert opening is 1mportant not only in determining
the total riow area ot the culvert, but also in determining whether the
headwater and tailwater elevations are adequate to submerge the inlet or outiet
of the culvert. txhibit 1 of this manuzl illustrates the culvert diameter.

2.2.3 Tailvater Elevation

The Tailwater of a culvert is the difference between the downstream culvert
Flow-line elevation and the elevation of the water surtace in the channgl
immediately downstream ot the cuivert. The tajlwater is illustrated on Exhibit
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SECTION 2: CONTROL DESIGN PROCEDURE

t is important to remember that the neaawater and tailwater depths are each
measured from the culvert rlow-line eievation on Jifferent ends of the cllvert.

Thereftore, just because the headwater and tne tailwater are equal for a
particular culvert, it i3 not necessarily true that the water surtace

elevations on the upstream and downstream side of the cylvert are equal,

2.2.4 Mannings Rouchness Coefficient

1n1s program uses Manning's Lquaticn to cempute rriction losses in the culvert
barret.  The roughness of the culvert is represented by Manning's Roughness
Coefficient, commonly called the "n-value".  Suggested values for Manning's
n-value are listed in Aopendix B of this manual, and in many hydrouiics
reference books., Kougnness coefficients should be adjusted according to
experience in your geograghic area, and according to vour judgment of the

culvert condition.

Seme engineers nave 3 tenesncy to be “conservative" in estimating n-vaiues.
However, values wnich are <anservative in ane respect nay  be non-conservative
in anotner, it 15 not generally acceptapie 45 & eesigner to simpiy add a
certain percentage s iii coefricients 1n Grear to proauce a conservative
design.  For example, & culvert which has more flow capacity than the design
computations ingicate =av nave excessi.e flow v2locities which cause downstream

erosion.

2.2.5 Entrance iLoss Lgorfirient

The Entrance Loss Ceerricient is usea to ageternine the amount of head lcss
which occurs at «che <ntrance to the luivere, 4 hianar vzise for tne
ceetficient gives a figher nead ioss.

Appropriate values for the entrance ioss coerticient range from 9.2 to about
8.8 for pipe culverts. For a sharp-edcea culvert entrance with no roundina,

0.5 is recommended. For a well-roundeg entrance, 9.2 1is appropriate. An
example of a fairly well-roundea =ntrance .5 the sochet end or a concrete pipe

section.

Appendix C of this manual «centains a further giscussion of the entrance ioss
coefficient, and presents & 1ist of valuss ror different tYPes ot culvert

entrances.

2.2.6 0Orifice Flow Coefficient

The Urifice Flow Coefficient is used in the program to determine the flow
capacity ot the culvert inlet as an orifice. A higher value tfor the
coerticient gives a higher flow capacity. kppropriate values ranae trom ¢.55
to about 9.94. A value ot 9.67 is appropriate tor 7many common situations,

2.2.7 Culvert Lenath

UGDSON & HSSOCIATES, 1INC. PIPE CULVERT ANALYSIS, PAGE b
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me  culvert jength should be measured in feet, aiong the center-line of -he
culyert,

e s

2.2.8 Tulvert Slupe

The flow-line of a culvert is the lowest point on the inside of the culvert
ccemng. ost culverts are instalied with some "positive slope*. That is, <he
Flow-lire of the cuivert is slightly lower on the downstream end than che
upstream end, so that some flow velocity can be maintained in the culvert even
under low flow conditions. A sufficient slope o maintain a ninimun flow
velocity of 3 feet per second is otten required.

The culvert flow-lire slope is the average drop in elevation per foot of lengzh
aleng the culvert. For ~xample, 1f the culvert flow-line drops 1 foot in a
lanth of 189 feet, then the culvert flow-line slope is 0.81 feet per foot.
Culvert flow-line slopes are sometimes cxpressed in percent. A slope of 6.91

feet per foot is the same as a 1% slope.

This prograam assumes that the size, shape, roughness, and slope of the culvert
15 constant throughout the iength of the culvert. The siope of the culvert is
used Dy the program to compute the drop in flow-1ine between the upstrean ana
d0wnsireai ends or the culvert. It is also used to compute tne normal depth of

flow in the cuivert under inlet control conditions.

2.2.2 Counstrean Flow yelocity

I0o2naivzinT riow Ehrougn Culverts, 1t 's common to assume that the kinetic
ERIrGY of ute water rlowing  cnrougn the cuivert is  1ost wnen the water exits
the cuivert and enters a “stil} pool" of water on the downstream side of the
Culvert.  The exit loss would then equal tha velocity head of the flow 1in tre

cuivert,

Often, hiowever, the culvert is located in a channel in which the flow continues
downstrean ot the culvert without beiny cetained downstream of the culvert._-n
Such cases, the velocity hzad in the culvert may not be completely lost. rfor
this reason, this program aiiows you to enter a value ror the downstrezm

chaiinel velocity.  The program then considers the downstream flow velocity in
conputing thz exit loss of tre culvert, as descriped ip section 2,3.3.4 of this

manuatl.

2.3 DESCRIPTICN OF RESULTS OF CONTROL DESIGN PROCEDURE

2.3.1 Inlet Control Headwater

As mentioned previously, this procedure comnutes che required headwater for
both inlet control and outiet control conditions, lhe results of both
Computations are displayed. However, the higher computed headwater is listed
first and highlighted, so that it is convenient to quickly tell wnether the
culvert will operate under inlet control or outlet control.

For inlet control cenditions, the capacity of the culvert is linited by the

UODSON & ASSOCIATES, INC. PIPE CULVERT ANALYSIS, PAGE. 7
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-

capacity of the culvert opening, ratner than by conditions farther gownstrszaz
For inlet contro| Flow, :ha cuivert iniet  actsg 35 df oririce. Therefsre, --a
inlet contrel heagwater €an pe deverminad by the orifice flow equation:

2 2 2
H=R/2 + [1/C 1(Q /(264 )]

in which:
A = Headwater [feet}, 7easured above the culvert Flow-line
R = Rise ot cuivert (neignt of culvert opening) (feet)
C = Orifice Flow Coetficiert
¢« = Flow Rate (cfs)
9 = Acceieration due to gravity (feet/second/second)

2.3.2 Gutlet Controi Headwater

e

ror cutlet contrel flow, the required headwater sust oC_ COmPUTEd Consiceriig
several conditions within tne culvert and downstrean. The neadwater requiraen
for cutlet control cenditions is computed as folicws: -

veaagWater = D+ 4 - | ©

in which:
€ = The tlew deptn at the curvert outiet {reet) (see secrisn PN
H = The head 1oss in the cuivert (feet) (see Section o2 .01
L = ne rangtn of the cuivert (Feet)
S = Tne slope of the culvert Flow-1ine {teet/foot)

2.3.3 Heaa Lsss Through Culvert

2.3.3.1 read Loss Formula

The total Head Loss, or energy loss, througn the cuivert is measured in reet,
The head loss is computed using the following formuia:

Headloss = Fricticn Loss + Entrance Loss + £xit Loss

As described in Szction 2.3.8.1 of this manuai, the neag at the culvert suriar
may be greater than the tajlwater under certain conditions. Under these
conditions, the total head loss through the cuivert will incluce an adaitionai
exit loss equal to the aifference between the culvert outlet head ang tne

tailwater.

Ihe following sections of this nanual describe the methoas used by the erogran

to compute each ot these losses.

£.3.3.2 Method of Computing Friction Losses

The friction loss in the culvert is computed using Mannina's formula, which is
=Xxpressed as tollows:

CCDSON & ASSOCTATES, INC. P1PE CULVERT ANALYSIS. ~aGE 8
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(%
r

g ]

: {2/3)
L} yn/l.4864R
L

_rl
il

L

n owhich:

- = friction Loss !feet)

Culvert Lenath (feet)

riow Rate in tne culvert (cts)

Manning's Rougnness Coefficient

Area of Flow (square reet)

ayaraulic Radius (feet) = (Flow Area)/(Wetted Perimeter)

LI T | | I YRR

.3.3.3 Hethod of Computing Entrance Losses

Th2 encrance loss is Computed as described in Section 2.2.5 and Appendix C of
thic —3pual.

¢.3.2.4 'ethogs of (omputing £x1t Losses

“ S0 L Pressure Flow Conditions

For <rezsure #igy, the exit loss is ccaputed by the following formula, wnicn is
o7

taKzZR T pace 111 "Modern Sewer [esign® (see Appendix D, References):
2
L = {V-C) /(22)
].ﬂ J'IH.(:."I:
- = At Lags (feer
= -lew vaiocity in culvert (fps)
C = “low Yelocity in channei downstream (fps)
J = ncceleration due to gravity (feet/second/second)

IF the cownstreanm crannel flow velocity is greater than the flow velecity n
the culvert., the ~xit loss ic assumed tc be zero.

2.3.3.4.2 cCpen-channel Flow Conditions

For open-caannei Flow, the exit loss is computed by the following formula,
Wich i< <zxen frem page 119 or “Modern Sawer Design® (see Appendix U,
Kererences):

2 2
L =0.2{[V /(29)] - [C /{29)]}
in which:
L = Ekxit Loss (teet)
"V = Flow Velocity in culvert (fps)
L = Flow ¥elocity in channel aownstream (Fps)
g = Acceleration due to gravity (feet/second/second)

DODSON & ASSOCIATES, INC. PIPE CULVERT ANALYSIS, PAGE 9
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d.¢ = the expansien loss ccefficient
Ir the downstream channel flow velocity is greater than the flow velocity in

the culvert, then this formula provides a necative value rer tne exis (IR T
such a case, the exit 1oss is assumed to be zero.

2.3.4 Flow Velocity in Culvert

The flow velocity in the culvert is computed as simpiy the tlow rate divided by
the cross-sectional area of the flow. The depth of flow in the culvert depends
on the conagitions of flow. If the tailwater exceeas the cuiverc newgnt, or in

critical depth of flow in the culvert exceeds the culvert height, then the
culvert will flow full, and the cross-sectional area of flow is 2qual io o

Cross-sectional area of the culvert opening.

ne

(%)

For other cenditions, nowever. the flow depth may be equal %o the tailvater
elevation, tne -ormai ceptn of flow in the Culvert, or a vaiue between “ne

critical depth or flow and the height of the culvert. The Program Flow Char-
contained in Exhibit 2 of this manual {llustrates the ceter=ination of ne rigy

cepth in “ne culvers.
The alicwaple flow velocity or a culvert may Le restricred to g certain vaiue,

Such as id feet per secong, In some cases. nicnh flow velocities at <he
CCWNSEr=31 eng of 2 culvert 7ay create the nezaq ror ernsion crotection.

2.3.5 Frouda Hurper in Culvert

Froude Nurmber is tne retio of the inercial forces ro e SGravitatiinai :ovces

in a flowing fluid, It is computed using this “ornuia:

[ 1

Froude Number = 1172)
(GA/T)
in which:
Y = Flow Velocity (Fps)
g = Acceleration due to gravity = 32.2 feet/sec/sec
A = Cross-zectional Area of Flew (square feet;
I'=lop Width of Flow (feet)

If the Froude Number is greater than one (1.88), then Flow in the culvert is
"super-critical”. A Froude Number less than one indicates "sub-critical” tlow.

Critical flow is indicated by a Froude Number or 1.¢d.

2.3.6 Velocity Head in Culvert

The velocity neaa represents the level of kinetic eneray within the culvere:.
The velocity head is used to estimate the culvert entrance and exit losses, and

Is computed using the tollowing formula:
2

Velocity Head = Vv / 29
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TR ometlr
Siew valocity in the cujvert (tps)
~CCeleration aue to gravity = 32.2 feet/second/second

1S

2.3.7 Zracial Tnformation for Inlet Control

e e w

220000 lornal Cepth of Flew In Culvert

For Ilniet Control conditions, the depth of flow within the culvert is assumed
to be Marmzl [epth. This assuaption is only valid if the culvert pipe is
surciciently iorg to aliow the flow cepth to stabilize at Mormal Depth. Zome of
the references listed in Appendix D Indicate that the culvert length should be
at least 6 tires the culvert height before normal depth is attained.

23 srocran uses a procedure based on Manning's equation to solve for norzai

Jeptn:

(2/3) (1/2)
Q=1.486 AR 'S
n

NG
U = FioWw ate in the channel (cfs)

‘2nnng’s Rougnness Coefficient

TEE LT Flow (square feet)

Jarautic <adius (Feet) = (Flow Area)/(Wetteg Ferimeter)

S'ope of Energy Grade Line (feet per foot)

Ll
1

L1 VR TR F I 1§

L

Th2 ¥z soan tn she procedure 1S to compuia the maxizum Flow capacity of the
Curvert.  inis capacity occurs it a fFlow depth of 4.933 times the culvert
Giazeter, 17 inis capacity is less than the required flow rate (as entereg by

you), uhen the progran assumes rull flow conditions.

Assuming that the channel has sufficient capacity to convey the required flow
rate, this pregram computes normail depth using an iterative approach. Mannina's
Equation is re-arranged in terss of the depth of Flow.  An initial flow depth
estinate of one-nalf of the chanrel diameter is substituted into the equation,

and a new epproximation is computed for the flow depth.

The new  value i3 compared with the previous approximation, and if the
difrerence is  less  than U.681 feet, the deptn is assumed to be the Normal

Depth. It not, a new approximation tor Normal ODepth is computed as the
georetric wean or tpe previous two approximations.

This method qives Very quick, precise, and reliable values for the Normal Depth
of flow in a circular channel, except in cases in which the normal depth is
above atout ¥8% ot the channel diameter. In such cases, the proaram may
complete the maximum L@ iterations without reaching the required accuracy.

CODSON & ASSOCIATES, INC. PIPE CULVERT ANALYSIS, PAGE 11



SECTION 2: CONTRCL DESIGN PROCEDUKE

Lo 2racial Informaticza ror Tutler Control @

l'
r
1

>.. neag at Culvert Cutiet

ro
‘"
¢
3

..

¢ the culvert outlet is one of the most iaportant determinants of the
flow in a culvert. Tha pregram rlow chart contained on Exhibit 2
trates the assumotions race by &he proaram in determining the cuivert
' zd,

5

€t —iT1 (p
y

(o33 A

“1. tw

=¥}

o

—_—
R

1

-

D in
(o}

e o -y

=

[l

If tre tailwater is equal to or greater than the cuivert height, then the
cuivert flows full, and the cutlet head is equal to the tailwater. Iif the
sais7ater iz Tess than the culverc neignt, nowever, che progran COmPULES the
critical depth of flow in the culvert (as described in the following section).
The crogram then assumes that the outlet head is halfway between the criticai
depth ara the neight of the culvert, unless the taiivater is higher than this
valug, in wnich case the outlet neagq s equal to the tailwater. It is evirent,
then, that the outlet heaa is equal to the tailvater excert in low tailvater

el
concitions.

2.3.8.2 Critical Depth of Flow in Culvert

- wte

This sregram computes tne critical depth oy an izeritive procedure, wiich

arrives at a value which soives the following equation:
2 ]
Q/3) = (AT

a

It

inoanen
© = Flow Rate ia the cnannel, in crs
g = Acczieration due to aravity (32.2 ft/sac/sec)
A = Cross-secticnal area of flow (square r2et)
j

top width of fiow (feet)

The pregram first estimates the critical cepth 1n a square channel having an
area equal to the circular channel. This depth is as folleows:
2 2

F= Qq/(g rh) tr(ls  /2)

in which:
F = istinate of Criticai Jeptn {teet)
Q = Flow Rate (cfs}
§ = Acceleration due to gravity (32.2 feet/sec/sec)
= 4.1415926+
r = Kadius of Channel (feet)

This estizate 1s then inserted into the tirst equation. IF the two sides or
the squaticn do not agree to within ¥.481 feet, a new estimate of the criticai i

depth s cemputed by the tollowing equation:

23 {29 I(dryirle ]y
d = F[{Q ta)/(a /1))
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oY Cn;
i = new estinate of critical depth (feet)
¢ = oid estizate or critical cepth (feet)
' = tlow rate (cfs)
5 = acceleraticn due to gravity (32.2 feet/sec/sec)
& = cross-sectional area of flow (square feet)
T = %op width of flow (fest)
" ¥ vadius or channel (feet)

the ¢rtical depth procedure automatically terminates after 39 iterations, even
if tre Jesired accuracy cannot be attained. This wusually results from a
21Tuasicn n wnich ine  cricicai L2pth exceeds about B88Y of the cnannel

diameter,

w4 LAMPLES OF CONTROL DESIGN PROCEDURE

“raapie of Inlet Cantrai

PIPE CULVERT ANALYSIS
ZTINAINATICN OF CONTROL AND HEADWATER ELEVATICN

Fice rzte tzudic feet per zacona) ccd
Culvart Uiameter (feet) 4
Tailwazer {levation above vuivert Flew-Line (feet) 2
Manm:ais Roughness Coefficient {n-value) 013
Lntrance woss Ceefficient af Cuivert Opening .o
Orifice flow Coefficient of Culvert Opening .62
Curvers znath (feet) Lo
: 23

L2IVErT Siasa (feet rer fgot) |
Chanrel flow Jelocity Downstream (Feet per second) 3
wie QESULTS www

INLET CONTROL HEADWATER ABOVE CULVERT FLOW~LINE (FEET) 12.23
Qutier Control Headwater above Culvert Flow-Line (feet) B.45
Head Loss Througn Culvert (feet) 12.2

Flow velocity (feet per second) 18.43
Frouda Munber 1,785
Velocity Head (feet) 5.2t
SPECIAL TNFORMATION FOR INLET CCNTRCL CONDITIGHS:

Normai Ueptn of Flow in Culvert (Feet) 3.22

DODSCN & ASSCGCIATES, 1INC. PIPE CULVERT ANALYSIS, PAGE 13
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.52 Exampie of Cutiet Ceritrol with Hich Tajlwater

PIPE CULVERT ANALYSIS
DETERMINATICN OF CCNTRCL AND HEADWATER ELCVATICN
Fiow Rate (cubic feet per second)

Lulvert Dianeter (feet) 3
Tailwater Elevation above Culvert Flow-Line (Feet) 3
anning's Roughness Coefficient (n-value) BER

Lncrance Loss Coefficient of Culvert Upening

Urifice Flow Coefficient of Culvert Opening

Culvert Length (feet) :

Luivert Slope (feet per Foot) et

Channel Flow Velocity Downstream (Feet per second) 3
sws RESULTS ses

CUTLET COMTROL HEADWATER ABOVE CULVERT FLOW-LINE {FEET) 12,55
Intet Control Heaawater above Culvert Flow-Line (feet) 12,22
fead Loss Througn Culvert (feet) Cosd
Fiow Velocity (feet per seconq) 15..2
froude Number Pl
valocity Head (feet) Cod
SPECIAL INFORMATION FOR OUTLET CONTROL CONDITIGNS:
"ead at Culver: Qutlet (fest)

v
U

Press Return zo repeat this operation, or Esc to return to Main iHary

2.4.3 Exazole cf Qutiet Control with Low Tajlwater

PIPE CULVERT ANALYSIS
CETERMINATION OF CONTROL AND HEADWATER ELEVATIGN

Flow Rate (cubic feet rer second) 2ed
Lulvert Diareter (feet) 4
Tailwater Elevation above Culvert Flow-Line (Feet) 8
Manning's Roughness Coefficient {n-value) .913
Entrance Loss Coefficient of Culvert Orening .5
Oritice Flow Coefficient ot Culvert Opening 7Y
Culvert Length (feet) 15y
Culvert Slope (feet per foot) L8918
Chanrel Flow Velocity Downstrean (Feet per secona) ¢
*## RESULTS wes

OUTLET CONTROL HEADWATER ABOVE CULVERT FLOW-LINE (FEET) 18.38
inlet Control Headwater above Culvert Flow-Line (feet) 19.vd
Head Loss Through Culvert (feet) 8. 88
Flow Velocity (feet per second) 15.92
Froude Humber 1.402
Velocity Head (feet) 3.93
SPECIAL INFORMATION FOR QUTLET CONTROL CONDITIONS:
Head at Culvert Qutlet (Feet) 4,08

4. 9¢

Lritical Deptn ot Flow in Culvert {teec)

Press return to repeat this operation, or Esc to return to Main Menu
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3 ZRESZURE FLOW PROCEDURE

3.1 PURPOSE OF PRESSURE FLOW PROCEDURE

Fressure Flow occurs in  a cujver: wnen the cuivert iniet and outjet {the
LSSty

¢aa and downstream coenings) are both submerged.

in pressure flew, the nead loss througn the culvert is caused by three main
FALEONS: ke losSes Gk bhe culvert eakrance, Ehe |osses dug £0 triction in the

cu{vert parrel, and the loss of kinetic energy when the fiow leaves the
culvert,

In this procedure, the computer program allows you to quickly compute a
bressure flow "rating curve® for z Fipe culvert. A rating curve is Simply a
table ¢r curve which relates the flow rates to energy losses.  You must first
aescribe the pipe culvert. Then, as vou insert flow rates, the program quickly
cemputes the head lesses through the culvert, and other information about flow.
o onay specify as many Flow rates as you like.

2.0 REQUIRED INPUT DATA FOR PRESSURE FLOW PROCECURE

J.2.0 Celvert Diageter

Taz insfde diameter of the culvert opening is important not oniy in determining
the total Flow area of the culvert, but aise in ceternining whether the
hoagwater and tailwater elevations are adequace to submerge the 1alet or outlet
of the cuivert.

2.2.2 Mannings Roughress Coefficient

ihis prograam uses aming ‘s Equation to compute friction 1CSS€s  in the culvert
barrel.  The roughness of the channel is represented by Manning's Rougnness
Coefficient, comonly called the “n-value". Suggested values for Manning's
n-value are listed in Appendix B of this manual, and in many hydraulics

TErerence hnooks,

Please reter to Section 2.2.49 of this manual for comments about ths apprepriate
choice of na-vajue and cther 7onfficienss.

3.2.3 Entrance Loss Ccefficient

The tntrance Loss Ceerficient {s Lsed to determine the.amount of head loss
which occurs at the entrance to the culvert. A higher value for the
Coefficient gives a nigher head loss.

Apprepriate values for the entrance loss coerficient range from 9.2 to ahout
0.8 ror pipe culverts. For a sharp-edged culvert entrance with no rounding,
U.5 is recommenced. for a well-rounded entrance, 0.2 is appropriate. An
example of a fairly well-rounded entrance is the socket end of a concrete pipe

section.
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- -

Appena1x C of
coerficiant,
entrances,

ot

s manual  contains a  turtrer discussion of the entranca lass
nd presents 3 fist 3r  values ror different types of cuivert

3.2.4 Culvert !engtn

fhe culvert length snhouid be measured in feet, along the center-line of the
culvere,

3.2.5 Channel Fiow Velocity Cownstrean

In analyzing flow throuch culverts, it is common to assume that the kKinetic
enerdy of the water flowing <“hrough the culvert is Tost when the water =xits
the cuivert and enters a "stiij pool” of water on the downstream side of ine
culvert, This "exit loss" would then equal the "velocity head* of the floy in

the cuivers.

Often, nowever, the cuivers is located in a channel in which the tlow continuas
coWnstream of  the cuiver: without ever B2ing cetained 1n a "still pooi“. _n
Sucn cCases, the velocity nead in the cuivert may not te completely lost. ‘ar
this reason, this program allows you to enter a value for the downstream
chanrel veiocity.  The program then considers the downstream flow velocity in
computing the exit loss of the culvert, by the method described in Sectisp

2.3.2.4.1 of this zanual.

3-2.i: F'!“V "a_tes

After you have inserted all of the input qata values which describe the size
and cendition c¢r ths cutvert, the program allows you o begin entering fiow
rates. As you enter each flow rate and press the return key, the progran
quickly computes the head loss and other details about the flow tnreugh tne

culvert,

You may enter as many flow rates as you like.  They may be of any reasonabie
value (zere or positive)., It you enter an excessiveiy large tlow rate, tne
program may not be able to compute and propertly display the corresponding heaq
loss.

Wnen you are reazay o stop entering flow rates, you may press the Esc key.

3.3 OESCRIPTICN OF RESULTS OF PRESSULRE FLOW PROCEDURE

3.3.1 Head Loss

lhe Head Loss is measured in Feet, and represents the {otal energy loss QF Flow
through the culvert. The read loss is computed fer each flow rate using tne
tollowing formula:

Headloss = friction Loss + Entrance Loss + Exit Loss

DODSCN & ASSOCIATES, INC. PIPE CULVERT ANALYSIS, PAGE 16
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Ira friction less in tne culvert 1s  computeq using Manning's formuia, as
Gescribad in Section 2.3.3.2 of this manual.

Tha entrance loss is computed as cescrihaed in Section 2.3.3.3 ana Appendix ( of

this ~inual.

ine Zxit Loss for pressure flow conditions is computed by the formula given in
Sectien 2.3.2.4.1 of this nanuval.

2.3, Yelocity

The :low velocity in the cuivert i< conputed as simply the Flow rate djvigaa ty
the cross-sectional area or the flow.  Since the culvert flows full unger
pressure flow conaitions, :he flew area equals the cross-sectional area of -he

culvert opening.

3.2.2 Froude Humber

rolde ilunber is the ratio cf tne inertial forces to the gravitationai forces
P72 rlowing Fluid. It is  ceoputeg a5 descrited in Section 2.3.5 of :his

oA

manual.

a

2.3.9 alaciiy Heag

eneray. Th2 velocity neaa is

2vel of kinetic =ne
usses, ana is computed using
]

1 [
Trance  and exit
2.3.56 of this manu

iT2 vajocity head represents Mete
w23 .2 eéstinate the culvert en
n

the forauia stated in Sectio

m .
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J.4  EXNPLE CF PRESSURE 7LOW PROCEDLZE é

PIPE CULVERT ANALYSIS
PRESSURE FLCW ANALYSIS

Cutvert Diameter {fest) 3.5
Manning's Roughnass Coefficient {n-vaiue) .813
cntrance Loss Coefficient of Culvert Upening .9
Culvert Length ffeet) 159
Channei Flow Velocity Downstream (feet per second) 3
s34 RECUNTS  ene
Flow Rate Head Loss Yelocity Froude Yelocity
{cfs) (ft) (fps) Number Head (ft)
0.89 8.49 2.09 9.200 9.29
18.¢9 6,82 1.04 B8.098 9,82
29,09 8.¢9 £.94 2.166 9.97
39.00 8.21 3.12 8.294 8.1¢5
319.e0 .39 4.5 4. 392 9.27
59. 00 B.b5 5.29 0.499 8,a2
60.v9 1.929 5.24 9.587 2.c5
79.09 1.42 7.28 9.685 4,62
80.60 1.52 R 8.783 ILa7
50. ey 2. %1 J.35 9.681 1,35
180. ¢0 17 18.39 8.979 1,68
119. 99 19l <1.43 1.877 €.
129.90 4.74 12.47 1.175 2.4

Eater Flow Rate, or Press the Esc Key to End
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APFENDIX C: ENTRANCE LOSS COEFFICIENT

FLRPOSE OF THE ENTRANCE LOSS COE FICIENT

'€ entrance loss coefticient is used to estimate the amount of energy lost as
rlow enters the culvert from upstirean. Entrance losses are computed as a
rraction or the "velocity nead” or kinetic energy of flow in the culvert, The

velocity head in the culvert is computed as:
2

Velocity Head = V /{2g)

in wnich;
1

oy

Flow velocity in the cuivert {fps)
acceleration due to gravity (32.2 feet/second/second)

ir u

Wi =

The velocity head is multiplied by the entrance loss coefficient to estinate
the anount of energy loss at the culvert entrance.  As shown in the following
tabie, entrance losses can vary from about 9.1 to about 2.8 of the velocity

head fer pipe culverts.

Tne source of the information in the following table is *“Street and Highway
urarnage®, Institute of Transportation and Traffic Engineering, University of

Carifernia at Berketey, 1969. '

/ALUES OF ENTRANCE L0SS COEFFICIENT

TYPE OF STRUCTURE AND DESIGN GF ENTRANCE COZFRICIEINT
Loncrete ~ipe rrojecting rrom i), {No neaawaii,:

socket end of pipe 0.29
sguzre cut end of pire 9.5
Cuncrete Pipe with Headwail or heaawall and wingwails:
Socket end of pipe 9. 13
Square cut end of pipe 8.5
Rounded entrance, with rounding radius = 1/12 of diameter 9.19
Corrugated Metal Pipe:
d. By

rrojecting trom fili {no neadwali}

With Headwall or headwall and wingwalls, square =gge 0.59
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ApDiieg idvarauiics in fagireeripe

Henry M. Morris ang Jares S, wiggers, 1872, tne Ronald Press Lampany, few Yoov,

This bock is a cenerai =oxt an CYITAUNTS. Laaprers 4, L, 30d b oare s3feciz
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PEABODY

TERN. Peabody Western Coal Company

May 19, 2000

Mr. Jerry Gavette 0 0 Q -

Office of Surface Mining o

Reclamation and Enforcement et g 7y

1999 Broadway, Suite 3320 <7 &
Denver, CO 80202-5733 s

Re: Kayenta Mine / Permit AZ-0001D / Culvert Removal Minor Field Permit Revision

Dear Mr. Gavette:

Pursuant to our telephone conversation on May 18,2000, PWCC received approval from Edzel Pugh,
OSM Inspector, to remove three culverts (i.e. Culvert #E0303, #£0245 and #E0249) in the permit
document and from their field location.

Enclosed are eleven copies of the minor field permit revision submittal, and the notarized verification
statement. Please insert the minor field permit revision submittal in the AZ-0001D Permit, Volume 7,

Chapter 6, at the end of Attachment Q. If you have any questions, please feel free to contact Gary Wendt
or me.

Sincerely,

12::(\} Schienvogt, P.E.

Engineering and Reclamation Manager
Kayenta Mine
Enc.

C: B. Dunfee (PHCT}
R. Lehn (PWCC-BM)
E. Pugh (OSM - AFQ)
G. Wendt (PWCC-KM)

Peabody Western Coal Company - P.O. Box 650 - Kayenta, Arizona 86033 - Telephone (520) 677-3201 - Fax (520) 677-5083



VERIFICATION

| verify under oath that the information contained in this application for a permit, revision,
renewal, bond release, or transfer, sales or assignments of permit rights is true and correct
to the best of my information and belief.

Signature of Responsible Official ;Gm/o;, Af)* Qﬁm«%

Title Manager, Environmental Date March 26, 2010

SUBSCRIBED AND SWORN TO BEFORE ME BY __ Gary W. Wendt

This 26" Dpayof_ M m@\/f 2010
NOTARY PUBLIC Qem—u. A, ,,QJ»Q;»%W;XL‘
Y 4
MY COMMISSION EXPIRES ﬁrﬁvlﬁ q, 2el2.
OFEICIAL SEAL

Notery Puiiic - State of Arizona

COCONINO COU?:iTY
My comrnission expires Aprii 09, w2




VERIFICATION

| verify under oath that the information contained in this application for a permit; revision,
renewal; or transfer, sales or assignments of permit rights is true and correct to the best
of my information and belief.

Signature of Responsible Ofﬁcial’?%’b»t W. UM

Title _Supervisor, Environmental Program Date May 19, 2000

SUBSCRIBED AND SWORN TO BEFORE ME BY C«pa,fj WO LD eadt

Fy
This /q Day of %Qxﬁr ! 2000

NOTARY PUBLIC CK%AJ Y. mmﬁcdﬁ“

MY COMMISSION EXPIRES

DFFICIAL SEAL

my  JEAN M. SCHLENVOGT
B NOTARY PUBLLC - STATE OF ARIZONA
' COCONING COUNTY

Wy commission expires March 31, 2004.




Field Approval of a Permit Revision U.S. Office of Surface Mining

Permit ID: A 2-00010D Approval Date: Og’/l 3/‘2 ooU

Permittee: Pe,o.\o Oé\-ij WQS+€¢N Coal CQM'IJ'C&N_:}"' deef\’“‘h M‘:Ne,

_Description of Permit Revision‘ A PP\(‘D\I a\ ‘\‘0 ce moVve Culuar{—sg

ﬂtEDBDB COZL\'S ;%EOZL\-G\ O O M A N

e 3-28 Facilities Area .

Based on a field review of the proposed revision described above, I have made the findings listed
on the back of this form and hereby approve this permit revision:

(t/ without conditions—this revision approval form is incérporated into the approved permit
application for the permit identified above.

( )} with the following condition: The permittee shall submit to OSM within  days after this
Tpermirrevision ~approval, the required number of copies of the revised or added pages,
maps, etc. peeded to update the approved permit application with this approved revision,
along with clear instructions for updating the permit application.

%w/%ﬁ/wﬂ /77

Inspector Inspector ID No.
Receipt by Permittee:
’T&, mesS Qo:_k len Vbé\"\r man(“ Enmmee«mruc“iﬁe-ul_:kjbf\l
Printed Name of Permittee’s RCPFCS'«HEEUVS Title of Permittee’s Representatwe
M Mm%‘ M o\ | 2000
Slf“-gacure of Permittee’s Represemauve Date of Service
WRCC Guidance

Page 6 FLDREV2.wpd



Findings for Field Approval of a Permit Revision

L.

Reclamation as required by the Surface Mining Control and Reclamation Act of 1977
(SMCRA) and the Indian [ ands Program (30 CFR Chapter VI, Subchapter E) can be
accomplished under the reclamation plan contained in the pertmit application, as revised by

this permit revision.

The revision described herein is not significant and compiies with all requicements of the
Surface Mining Control and Raciamation Act and '

he Indian Lands Program at 30 CFR Chapter VII. Subchapter E.

the Indian Lands Frost=-2

No other requirements under 30 CFR 773.15(c) are applicable.

The proposed cevision does not indicate that the applicant has added a new pariner,
officer, principal, principal shareholder, director, or person.with a similar ownership or
control function required t0 be listed in the application pursuant to 30 CFR 778.13(c).

This revision approval is for a minor revision to the permit where the environmenta
impacts of the permit approval have been adequately analyzed in:

the 05/17/q0_Environmental Assessment of the approval of the KayeriaMine permit
N - s - <t

aoolicacion,( EI— S\ -

The actions proposed in the permit revision do not change the environmental impacts.
The discussion of environmental impacts in the document identified above rernain current
and adequate for OSM to take action on this proposed permit revision Decause 0o
additional environmental impacts would occur beyond those identified in the document

identified above.

OSM Office Addresses and Contacts

Office of Surface Mining Office of Surface Mining

505 Marquette Ave. NW 1999 Broadway

Suite 1200 Suite 3320

Albuquerque, NM 87102 Denver, CO 80209
% ﬁﬂﬂ L IG—T'(‘,ﬁ Gay otte

Field %orc‘iinrator / Permit Coordinator

5p5 -y -S088 303-844-149.6 _

Teleghone o EeEEE

Page 7 FLDREV2.wpd

WRCC Guidance
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Drawing No. 85400

Drainage Area and Facilities Map
Sheet No. N-9

REVISIONS
CHK'D | DAT: DESCRIPTION
JGS 374785 5YA Permit Aen
JGS § 10~18-35 | E Q SITES
JGS | 6-26-96 |{CULVERT HIV.
JGS [12-2-96 gl‘;&' :éb:g
JGS | 10-15-9/ | OSM HESPONSI

Black Mesa Complex
PWCC 1300 S Yale Flagstaff, AZ 8600

DESIGNED BY: PWLLC SCALE: 1 in. = 400 f.
DRAWN BY: PWEL. DRAWING DATE: o22395 |
CHECKED BY: J. Schlenvogt PHOTO DATE: 11/19/84

CONTOUR [NTERVAL: 10
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{ Sheet 6A )

REVISIONS
CHED DATE DESCRIFTION
J.G.5. 3717 9% 5 ¥Yr. Permit rev.
JGS | 5-26-496 CULVERT HIV.

Kayenta Mine Facilities Map
Drawing No. 85480

Black Mesa Complex

Peabody Western 1300 S Yale Flagstaff, AZ 86001

DESIGNED HY: J. Schlnvogt - ECALE: 1 in. = 100 ft
DRAWN BY: S Walker DRAWING DATE: 2715/95
= CHECKED BY: J, Sohlenvogt PHOTO GATE: 7192

CONTOUR IWTERVAL: 20
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'SEDCAD 4 for Windows
Tamuricht 1008 Pamals | @ahwak

Culvert #E0034 Redesign with
Culvert #E0035 Included

07/15/2005

J. SCHLENVOGT

Filename: Printed 07-15-2005



SEDCAD 4 for Windows

Pamurinht 10G0R Pamala | Sphwah

General Information

Storm Information:

Storm Type: NRCS Type 11
Design Storm: 10yr-6hr
Rainfall Depth; 1.610 inches

Filename; Printed 07-15-2005



SEDCAD 4 for Windows

Crninht 1008 Pamala | Qekwioh

Structure Summary:
Immediate Total Peak Total
Cantributing Contributing Discharge Runoff
Area Area g Volume
@c) ) {cfs) (act)
#2 46,700 46,700 39.55 1.88

Filename;

Printed 07-15-2005
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SEDCAD 4 for Windows

Mamvrinht 1G0A Pamals | Qrhwah

Structure Detail:
Structure #2 (Culvert)
Culvert Inputs:;
Max. Entrance
Length (fty  Slope (%} Manning'sn  Headwater Tail(»;rgter Loss Coef.
(ft) (Ke)
460,00 4.70 0.0240 4.G0 0.68 0.80

Culvert Results:
Design Discharge = 39.55 cfs

Minimum pipe diameter: 1 - 36 inch pipe(s) req'uired

Filename: Printed 07-15-2005
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SEDCAD 4 for Windows

Parvrinht 1008 Pamaia | Qrkhiuah

Subwatershed Hydrology Detail:

Time of Peak Runoff
Si;;u S\;JS SWS Area Cone Musk K Musk X Curve UHS Discharge Volume
(ac) (hrs) (hrs) Number (cfs) (ac-ft)
#2 1 45.700 0.110 0.000 0.000 84.000 F 39.55 1.876
2 46,700 39.55 1.876

Filename: Printsd 07-15-2005



Discharge (cfs)

Culvert Performance Curves - Structure # 2

e AT 36 in
m— 421n

Headwater (ft)
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J19/321 DRAGLINE REPAIR ENTRANCE
ROAD CULVERT DESIGN

Gary Altsisi, P.E.
Peabedy Western Coal Co.
P.0. Box 650
Kayenta, AZ 86033

Phone: 928-677-3201

Filename: JI9DRAGPAD_CULV_10YR6HR. .sc4 Printed 03-26-2010



SEDCAD 4 for Windows

M Aaralahe 1009 .20N7 Damala | Sabuah

Gen eral Information

Storm Information:

Storm Type: NRCS Type IL
Design Storm: 10yr-6hr
Rainfall Depth: 1.600 inches

Piinted 03-26-2010

Filename: J1SDRAGPAD_CULV_10YRBHR.sc4



SEDCAD 4 for Windows

N armrlabhi 1008 29007 Bamala | Qahuah

Structure Networking:

Type Sgu (if:‘?:ss Sgu ME";:;')K Musk. X | Description
Nult #1 ==> End 0.000 0.000

#1

Nuft

Filename: J19DRAGPAD_CULV_10YREMR.sc4

Printed 03-26-2010



SEDCAD 4 for Windows

Carmrinkt 1008 _INNT Damala | Qrbuah

Structure Summary:
Immediate Total Peak Total
Centributing Contributing Dischar e Runoff
Area Area E Volume
(ac) (ac) (cfs) (ac-ft)
#1. 326.700 326.700 120.65 1431

Filename: J19DRAGPAD_CULV_10YRGHR.sc4

Printed 03-26-2010



SEDCAD 4 for Windows

Cararinkt 100A 22NNT7 Damala | Sehumh

Structure #1 (Null)

Structure Detail:

ATRINN %

Filename: JISDRAGPAD_CULV_10YRGHR.sc4

Printed 03-26-2010



SEDCAD 4 for Windows

CAmminht 1068 .ANN7 Damalas | Qrhueah

Subwatershed Hydrology Detail:

Time of Peak Runoff
Sgu S\gs SWS Area Conc Husk K Musk X curve UHS Discharge Volume
(ac) (hrs) (hrs) Number (cfs) (ac-ft)
#1 1 326.700 0.891 0.000 0.000 86.000 F 120.65 14,309
b 326.700 120.65 14.309
Subwatershed Time of Concentration Details:
Stru  SWS - Vert. Dist. Horiz. Dist. Velocity
# # Land Flow Cendition Slope (%) (") () (fos) Time (hrs)
5. Nearly bare and untilled, and
#1 1 aliuvial valley fans 3.01 167,00 5,550.01 1.730 0.891
#1 1 Time of Concentration: 0.891

)

AFPROVED 7

)

o

500 A K
g i T 3 "—‘;:"«:w‘

L

\
o8

Filename: J19DRAGPAD_CULV_10YRBHR.sc4

Printed 03-26-2010



SEDCAD 4.0

Cramrinhkt 10089007 Ramala | Qerhumhb

Culvert Inputs:
Max. Entrance
Length (ft) Slope (%) Manning'sn  Headwater Tali(vat;:ter Loss Coef.
{ft) (Ke)
250.00 3.50 0.0240 12.00 0.50 0.90

Cujvert Results:

Minimum pipe diameter: 1 - 42 inch pipe(s) required

Detailed Performance Curves
Design Discharge = 120.65 cfs
Maximum Headwater = 12.00 ft

(BOLD indicates design pipe size)

Discharge Discharge Discharge
Headwater (cfs) (cfs) (cfs)
™ {36in) (42in) {45 in)
1.20 8.26 9.64 10.32
2.40 23.36 27.25 29.20
3.60 42.58 50.06 53.63
4.80 57.14 72,27 79.59
6.00 68.05 89.27 59.80
7.20 73.09 103.53 116.56
8.40 76.30 110.47 129.34
9.60 79.35 115.05 135.56
10.80 82.34 119.46 140.83
12.00 85.18 123.71 145,61
13.20 87.95 127.83 150.81
14.40 90.63 131.82 155.55
15.60 93.23 135.67 160.16
16.80 95.77 139.42 164.64
18.00 98.23 143.09 169.00

SEDCAD Utility Run Printed 03-26-2010
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