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INTRODUCTION

Sedimentation Structure KM-E is an earthen embankment, designed and
constructed in 1980 by Peabody Coal Company as a temporary sedimentation
structure to control runoff and sediment from the disturbed mining areas of

the Kayenta Mine. The location of Structure KM-E is shown on Plate 1, Site

Plan.

This inspection report contains information specific to Structure
KM-E. Regional site information 1s presented in the "General Report,
Kayenta and Black Mesa Mines, Navajo County, Arizona for Peabody Coal

Company,” along with the methods and results of analyses used for slope

stability, hydrology and hydraulics.

INSPECTION

Structure ¥XM-E was iInspected on September 4, 1985 by an inter—
disciplinary team of engineers from Dames & Moore. The purpose of the
inspection was to assess the safety and general condition of the structure

with respect to United States Department of Interior, Office of Surface

Mining (OSM) regulations.

Dames & Moore's inspection was performed iIn accordance with
applicable 30 CFR 780 and 816 regulations and included a review of the KM-E
project files and a fleld iInspection of the structure. The most current
information contained in the Peabody Coal Company files includes the 1984

and current survey data and inspections performed in 1984 and 1985 by



Peabody Coal Company. The survey data developed in August 1984 was used in
the analyses of the structure, Results of the field inepection are included

in this report as Appendix A.

SITE DESCRIPTION

LAND USE

Structure KM-E has a 10l.4-acre tributary drainage area and 1s
located mnear Coal Mine Wash at the ZXayenta Mine. The watershed 1s

classified as 63%Z Pinion/Juniper and 37% disturbed.

EMBANEKMENT

Structure KM-E is a homogeneous earthen embankment classified as a

cross—valley embankment. Physical characteristics of the embankment are

listed in the following table:

Structure KM-E

Embankment « « . « . . Residual Sandstone Soils
Foundation . « » . « . Residual Sandstone Soils
Right Abutment . . . . Residual Sandstone Soils
Left Abutment . . . . Residual Sandstone Soils
Height . . . . . . . . 6 ft

Crest Width . . . . . 18 ft
Upstream Slope . . . . 2.1 H: 1V
Downstream Slope . . . 4 H : 1V

A cross-gsection of the embankment is shown on Plate 2, Existing Maximum

Cross Section KM-E, A-A'.



ANALYSES

STABILITY

Structure KM-E is a category A-1 embankment, A standard category
A-1 embankment has static and seismic factors of safety equal to or greater
than 1.5 and 1.2, respectively, under the following conditions:

1., Maximum height = 10 ft

2. Maximum upstream slope = 1.5 H : 1 V

3. Maximum- downstream slope = 2,5 H : 1V
4, Normal pool with steady seepage saturation conditions

The KM~E embankment 1is lower in height and has flatter slopes than the

category standard; therefore, the embankment has factors of safety greater

than the design minimum.

HYDROLOGY

The hydrologlc analysis was completed using the U.S. Army Corps of
Engineers generalized computer program HEC-1, Flood Hydrograph Package.
Structure KM-E 1s located dowanstream from Structure HKM-El. The two
structures have a combined storage capaclity that 1s less than 20 acre—feet.
Therefore, the spillway for KM-E was analyzed using the 25-year, 6-hour

storm. The storage capaclty of Structure KM-E was analyzed using the

10-year, 24-hour storm.



The following parameters were used

Water Course length, L . . . .
Elevation Difference, H . . .
Time of Concentration, T . .
Lag time, 0.6T . « » S0 o .
8CS Curve Numbér . . . . &« -

O B P
L]

in the hydrologic analysis:

“ e e e » 0.606 mi
s s s« = 204 ft
a e e = 0.188 h
e s s e s 0.113 h
s s s =« 86

Rainfall Depth, 10-year, 24-hour storm . 2.1 in.

25-year, 6-hour storm. . 1.9 1in.

~d
»

Drainage Area .« o« o s = s &

HYDRAULICS

« = « o o 101.4 acres

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.



KM-E HYDRAULICS

10-year 25-year
24=hour 6-hour
Units Storm Storm
Initial Reservoir Volume
Condition Empty Full to the
apillway
elevation
Inflow
Peak Flow .« « « « o &« cfs 144 176
Volume . +« + « » » » « acre-ft 7.86%* 6.42%
Storage
Peak Stage « « o = « o ft 6498.01 6502, 14
Spillway Elevation . . ft 6500.20 —
Peak Storage . . . . . acre—ft 7.90 —
Storage Capacity . . . acre~ft 11,1 -
Cutflow
Peak Flow . « « « + cfs 0 83
Embankment Crest
Elevation . . . « = ft - 6502.00
Peak Stage . « « « « & ft — 6502, 14
Freeboard . . . « . = ft _— Overtop

%#Inflow volume for tributary drainage area between Structures

KM-E and KM-El.



Spillway Channel

The existing spillway for RM-E has a trapezoidal channel with the

following dimensions:

Channel depth « & ¢ « o« o « ¢ « o s = &« 3 ft
Channel width . . « « 4+ o o +» o = » » « 12 ft
Channel length . « &« &« & & s » » « » « 30 ft
Side slopes (horizontal to vertical). . 2:1

Average exit glope . « « ¢« s &+ o o o 0 percent

Rock provides some, however inadequate, erosion protection within the

channel.

Outflow Channel

The existing outflow channel for KM-E has a U-shaped channel with

the following dimensions:

Channel width « « « « o s ¢ « s « « » » 12 ft
Channel length . . + « « o s &« « » « =« 90 ft

There 1s presently no erosion protection within the channel,

STORAGE CAPACITY

The impoundment volume-elevation curve is based on site gpecific
surveys conducted for Peabody Coal Company's August 1984 inspection, and
1985 resurveys, where available. Additionally, the most current topographic

maps available were used in developing Plate 3, Volume-Elevation Curve,

m-E .



The calculations for the sediment load entering Structure KM-E were

made utilizing the Universal Soil Loss Equation with the following para-

meters:

Rainfall Factor, R . . « « « « o « « « » 40
Soil Erodibility Factor, K . . + « « « » 0.22
Slope Factor, LS o + « ¢ s o » s+ o « s o 35.63
Cover Factor, C .+ ¢ s ¢ o o 2 s « o « o 0.458
Erosion Control Factor, P . « ¢« » « « » 1.0

LW, I A S S
a

The hydrolegic analysis gives the storage volume required to
contain the 10-year, 24~hour storm, and the remaining storage volume avall-
able for storing sediment. The exlsting storage capacity of Structure KM-E

and the results of the sediment inflow analysis are summarized below.

RM-E STORAGE

Total Storage Capacity . . . . . « « .« 11.10 acre-ft
10-year, 24-hour Storm Inflow . . . . . 7.90 acre-ft
Avallable Sediment Storage Capacity . . 3.20 acre-ft
Sediment Inflow Rate . « + « « » » « o 107 acre-ft/yr
Sediment Storage Life . . . &+ ¢« ¢« &« +» « 3 yTrs

REMEDIAL COMPLIANCE PLAN

GEQTECHNICS

The inspection of Structure KM-E indicated that the geotechnical
problem is rill and gully erosion on the upstream slope and the bottom of
the approach channel, Correction of erosion 1s considered a periodic
maintenance task and does not require remedial action. The downstream slope
of the embankment is uneven due to, in our opinion, lack of fine grading

after construction. The slope should be trimmed smooth to prevent the



masking of potential problems in the future. This task is congidered a one

time remedial action.

HYDRAULICS

The storage capacity of Structure KM-E is adequate but the spillway
capacity is 1nadequate, The structure does not have an adequate outflow
channel. The embankment crest should be raised to elevation 6503.20 feet
in order to provide adequate freeboard for the 25-year storm. A trapezoidal
outflow channel with the same bottom width as the spillway and a stilling
bagin should be constructed along the aligmment shown iIn Plate 1. The
channel and stilling basin profile is shown 1n Plate 4 and required
dimensions are shown in Plate 5 and Plate 6. The spillway, outflow channel

and stilling basin should be protected against erosion using geotextile and

riprap as shown in Plate 5.

Raising the embankment crest elevation to 6503.20 feet increases
the freeboard but 1t does not change the storage capacity or sediment

gtorage life. The analysis of these conditions is summarized in the

following table.



KM-E HYDRAULICS FOR REDESIGNED SPILLWAY

10=year 25-year
24~hour 6-hour
Units Storm Storm
Initial Reservoir Volume
Condition Empty Full to the
spilllway
elevation
Inflow
Peak Flow . . . . . cfs 144 176
Volume . . « o o « » & acre-ft 7.86% 6.42%
Storage
Peak Stage . . . . . . ft  6498.01 6502.11
Spillway Elevation . . ft  6500.20 —
Peak Storage . « « « - acre-ft 7.90 -—
Storage Capacity . . . acre-ft 11.10 -
Avallable Sediment
Storage Capacity . . acre—ft 3.20 -
Sediment Inflow Rate . acre—ft/yr 1.07 -
Sediment Storage Life. yrs 3 -
Outflow
Peak Flow . . + « « & cfs 0 80
Embankment Crest
Elevation . « « « & ft _ 6503,20
Peak Stage + + + &+ o ft - 6502,11
Freeboard . « « « + & ft - 1.09
Spillway Channel
Flow Depth . . . . . . ft - 1.91
Critical Velocity. . . fps - 5.0
Manning's "n" . . . . — 0.040
Outflow Channel Section I Section II
Slope « &« « & » = . Z - 1.5 17
Normal Velocity. . . . fps - 4.2 9.3
Normal Depth . . . . . ft - 1.05 0.52
Manning's "n" . . - 0.040 0.040

*Inflow volume for
KM-E and KM-E1l.

tributary drainage area

between Structures



The following plates and appendix are attached and complete this

inspection report.

Plate 1 ~ S5ite Plan KM-E

Plate 2 - Existing Maximum Cross Section KM-E, A-A’

Plate 3 - Volume-FElevation Curve KM-E

Plate 4 ~ Channel Profile KM-E, B-B'

Plate 5 - Spillway and Outflow Channel Cross Section KM-E
Plate 6 - Spillway Stilling Basin Plan KM-E

Appendix A - Inspection Check List

Appendix B ~ Hydrology and Hydraulic Calculations
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Sediment Impoundment Name:

KM -&

Page: 4

INSPECTION CHECK LIST

TTEM

YES | NO

10

CREST

a. Any visual settlements?

X

b. Misalignment?

¢, Cracking?

UPSTREAM SLOPE

a. Adequate grass cover?

b. Any erosion?

Are trees growing on slope?

(L

Longitudinal cracks?

Transverse cracks?

Adequate riprap protection?

. Any stone deterioration?

N

Visual depressions or bulges?

. Visual settlements?
., Animal burrows?

XD IKXIXIRL X

a. Adequate grass cover?

A% (o 17 20
FloMer Yo Yoo

b. Any erosion?

c. Are trees growing on slope?

KX

d. Longitudinal cracks?

e. Transverse cracks?

£. Visual depressions or bulges?

g. Visual settlements?

B‘*\‘aﬂﬁ \('r\wv\ [P TEN ('-‘M‘alnnl.c-c'%)a\

h. Is the toe drain dry?

A A

1. Are the relief wells flowing?

N A

j. Are boils present at the toe?

k. 1s seepage present?

(X

l: Animal burrows?

4. ABUTMENT CONTACT. RIGHT

a. Any erosion?

b. Visual differential movement?

c. Any cracks noted?

NSt

d. 1s seepage present?

e. Type of Material?

[¢O [

ABUTMENT CONTACT. LEFT

a. Any erosion?

b. Visual differential movement?

¢. Any cracks noted?

d. Is seepage present?

XXX

e, Type of Material?

[Leete




Sediment Impoundment Name: ‘W M-E

Page: 5

ITEM

REMARKS

6. SPILLWAY/NORMAL

a.

Location:

Left abutment?

Right abutment?

Crest of Embankments?

Approach channel:

2! aj( *\\)() 7—§ ' G‘Jf \aogm-\-

Are side slopes eroding?

Are side slopes sloughing?

Bottom of channel eroding?

Obstructed?

Q-L\)\si/q‘m\\m\s

Erosion protection?

Spillway Channel:

Are side siopes eroding: _

2w @rfeus

Are side slopes sloughing?

R} IX

Bottom of channel eroding?

Obstructed?

Erosion protection?

[loce. QS0 "

Outflow Channel:

Are side slopes eroding?

17w add o :,uu«qll C?a'loua

Are side slopes sloughing?

Bottom of channel eroding?

Obstructed?

XPIX

Erosion protection?

. Weir:

Condition?

7. SPILLWAY/EMERGENCY

a.

Location:

Left abutment?

Right abutment?

Crest of Embankments?

Approach Channel:

Are side slopes eroding?

Are side slopes sloughing?

Bottom of channel eroding?

Chstructed?

Erosion protection?

. Spillway Channel:

Are side slopes eroding?

Are side slopes sloughing?

Bottom of channel eroding?

Obstructed?

Erosion protection?

. Outflow Channel:

Are side slopes eroding?

Are side slopes sloughing?

Bottom of channel erodzng?

Obstructed?

Erosion protection?

Weir:

Condition?




Sediment Impoundment Name: lCLLA-’EE

Page: 6
TTEM YES|NO REMARKS
8. IMPOUNDMENT
a. Sinkholes? (Elev.) feet
b. Water present? (Elev.) feet
c. Siltation?
d. watershed matches soil map? Dizbaodoed  Loweo % &

9. GENERAL COMMENTS

oA

Cauwf?u' Qom.\f - {Dokswfc)iz;g bid con't see ald
wedorcled
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APPENDIX B

HYDROLOGY AND HYDRAULIC CALCULATIONS
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INTRODUCTION

Sedimentation Structure KM-TPBl is a concrete dam, designed and
constructed in 1980 by Peabody Coal Company as a temporary sedimentation
gtructure to control runoff and sediment from the disturbed mining areas of
the Kayenta Mine, The location of Structure KM-TPBl is shown on Plate 1,

Site Plan.

This inspection report contains information specific to Structure
KM-TPB1. Regional site information is presented in the "General Report,
Kayenta and Black Mesa Mines, Navajo County, Arizona for Peabody Coal
Company,” along with the methods and results of analyses used for slope

stability, hydrology and hydraulics.

INSPECTION

Structure KM-TPBl was inspected on September 13, 1985 by an inter-
disciplinary team of engineers from Dames & Moore. The purpose of the
inspection was to assess the safety and general condition of the structure
with respect to United States Department of Interior, Office of Surface

Mining (0SM) regulations.

Dames & Moore's inspection was performed in accordance with
applicable 30 CFR 780 and 8l6 regulations and included a review of the
KM-TPB]l project files and a fleld inspection of the structure. The most
current information contained in the Peabody Coal Company files includes the

1984 and current survey data and inspectlons performed in 1984 and 1985 by



Peabody Coal Company. The survey data developed in August 1984 was used in

the analyses of the structure. Results of the fleld inspection are included

in this report as Appendlx A.

SITE DESCRIPTION

LAND USE

Structure KM-TPBl has a 4.64—acre tributary drainage area and 1is
located near Yellow Water Canyon at the Kayenta Mine. The watershed is

classified as 52% Pinion/Juniper and 48% disturbed.

Structure KM-TPBl 1s a concrete dam with a totally incised storage

area. Physical characteristics of the dam are listed in the following

table:

Structure KM-TPE1

Dam . . « « » » « » » Concrete
Foundation . . . . . . Sandstone
Right Abutment . . . . Sandstone
Left Abutment . . . . Sandstone
Height « + « & « » « « 2.7 ft
Crest Width . . . . . 11.5 in.
Upstream Slope . . . . Vertical
Downstream Slope . . . Vertical

The dam 1is doweled into the sandstone with No. 4 reinforeing steel for a
depth of 12 inches on 2 foot centers. A cross—section of the dam is shown

on Plate 2, Existing Maximum Cross Section KM-TPBl, A-A'.



ANALYSES

STABILITY

Structure KM-TPB! is a concrete wall which serves as both the dam
and overflow spillway. The structure was analyzed by assuming a concrete
strength of fe' equal to 3,000 pounds per square inch (psi), No. 4
reinforeing steel with an fy = 60,000 psi, sediment up half the height of
the wall and ice load due to a 6-lnch—thick ice layer at the top of the
wall . The wall thickness 1s considered adequate, however, the steel 1s
insufficient according to ACI 318-83 code. The consequence of the wall not
meeting the ACI code could result in c¢racks in the wall and potential
failure. However, the wall is only 2.7 feet high and is considered to be

stable.

HYDROLOGY

The hydrologic analysis was completed using the U.S. Army Corps of
Engineers generalized computer program HEC-1, Flood Hydrograph Package.
Structure KM-TPBl is not in series with any other structure and therefore
the spillway was analyzed using the 25-year, 6—hour storm. The storage

capacity of Structure KM-TPB]l was analyzed using the 10-year, 24-~hour storm.



The following parameters were used in the hydrologic analysis:

1. Water Course length, L « o « o s« s+ « o« « 0,106 ml

2, Elevation Difference, H . . ¢ ¢ « « o & 35 ft

3. Time of Concentration, T e s s s 2 « « 0.049 h

4. lag time, 0.6T . . . .50 . .. . ... 0.029h

5. S5CS Curve Numbér ., . . + + ¢ &« + » « o « 89

6. Rainfall Depth, 10-year, 24-hour storm . -2.1 in.
25-~-year, 6-~hour storm. . 1.9 in.

7. Drailnage Area . . ¢ o« o e o 5 o s o + s 4.64 acres

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.



M-TPB1 HYDRAULICS

10-year 25-year
24=hour 6~hour
Units Storm Storm
Initial Reservoir Volume
Condition Empty Full to the
splllway
elevation
Inflow
Peak Flow o+ ¢ « &« = = cefs 10 13
Volume . + « » = « o o acre—-ft 0.4 0.36
Storage
Peak Stage . ¢« « o« = o ft 7242,76 7242.85
Spillway Elevation . . ft 7242.50 —_
Peak Storage . . . . » acre-ft - -
Storage Capacity . . . acre-ft 0.127 -
Outflow
Peak F1ow +« o o« « + o efs 8 13
Maximum Allowable
Water Surface . . . ft - 7243, 50
Peak Stage . + ¢ ¢ & £t - 7242.85
Freeboard . + +« « - = ft - 0.65
Spillway
Flow Depth & &« « & =« & ft - 0.35




Spillway

The existing splllway for KM-TPBl is an 18-foct—long concrete sharp

crested weir.

Outflow Channel

The gtructure presently has no outflow channel.

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 avallable. Additionally, the most current topographic
maps available were used in developing Plate 3, Volume~Elevation Curve,

KM~TPBI.

The caleculations for the sediment load entering Structure KM-TPBI
were made utilizing the Universal Soil Loss Equation with the following

parameters:

1. Rainfall Factor, R « « & o « o « « o & » 40

2. Soil Erodibility Factor, X . + « » « - » 0.l6
3. Slope Factor, LS ¢ « & ¢ o o s o o « ¢ s 2060

4, Cover Factor, C ¢ « ¢ « « o o s & o « o {552
5. Erosion Control Factor, P . . « o « « ¢« 1.0



The hydrologic analysls gives the storage volume required to
contaln the l0-year, 24-hour storm, and the remaining storage volume avall-
able for storing sediment. The exlsting storage capacity of KM-TPBIl and the

results of the sediment inflow analysis are summarized in the following

table.
KM-TPB1 STORAGE
Total Storage Capacity . « ¢ « o » « « 04127 aére—ft
10=year, 24~hour Storm Inflow . . . . . 0.4 acre-ft
Available Sediment Storage Capacity . . 0 acre—-ft
Sediment Inflow Rate .+ « o « « o o « o 0.02 acre-ft/yr
Sediment Storage Life « « « « v+ « + + « 0 yrs
REMEDIAL COMPLIANCE PLAN
GEQTECHNICS

The inspection of Structure KM-TPBl indicated no cracks in the

concrete.

HYDRAULICS

The splllway capacity of Structure KM-TPBl is adequate but the
storage capacity is inadequate. The storage capacity should be increased to
0.46 acre-feet by excavating the pond as shown on Plates ! and 4. Riprap
with a D50 of 12 inches should be placed for a distance of 5 feet below the
concrete overflow weir as a protection against scour that could undercut the
dam. Riprap should also be placed to a flow depth of 1.3 feet above each

side of the weir, to prevent erosion around the edges of the weir.



Enlarging the storage capaclty to 0.46 acre—-feet gives additional
sediment storage. The analysis of these conditions 1s gummarized in the

followling table.

KM~TPB1 HYDRAULICS FOR REDESIGNED SPILLWAY

10=year 25=year
24~hour 6~hour
Units Storm Storm
Initial Reservoir Volume
Condition Empty Full to the
spillway
elevation
Inflow
Peak Fl1OoW .+ « o o s o cfs 10 13
Volume + o v « ¢ « ¢ = acre-ft 0.4 0.36
Storage
Peak Stage o « o « o ft 7242.18 7242.82
Spillway Elevation . . ft 7242.50 -
Peak Storage . . . . - acre-ft 0.42 -
Storage Capacity . . . acre-ft 0.46 -
dvailable Sediment

Storage Capacity . . acre-ft 0.04 -
Sediment Inflow Rate . acre-ft/yr 0.02 -
Sediment Storage Life. yrs 2 -

Outflow : _
Peak Flow . % & o o « ‘ cfs’ 0 11
Maximum Allowable L _ .

Water Surface . . . ft - 7244.00
Peak Stage . + « « .« = ft - 7242.82
Freeboard . . . « + ft - 1.18

Spillway ]

Flow Depth « « « « +» & ft - . 0.32














































INTRODUCTION

Sedimentation Structure MW—-A is an earthen embankment, designed and
constructed in 1979 by Peabody Ccal Company as a temporary sedimentation
structure to control runoff and sediment from the disturbed mining areas of
the Black Mesa Mine, The location of Structure MW-A 1s shown on Plate 1,

Site Plan.

This inspection report contains Iinformation specific to Structure
MW=-A. Regional site Information is presented in the "General Report,
Kaventa and Black Mesa Mines, Navajo County, Arizona for Peabody Coal
Company,” along with the methods and results of analyses used for slope

stability, hydrology and hydraulics.

INSPECTION

Structure MW-A was inspected on September 3, 1985 by an inter-
disciplinary team of engineers from Dames & Moore. The purpose of the
inspection was to assess the safety and general condition of the structure
with respect to United States Department of Interlor, O0ffice of Surface

Mining (0SM) regulations.

Dames & Moore's inspection was performed in accordance with
applicable 30 CFR 780 and 816 regulations and included a review of the MW-A
project files and a field inspection of the structure. The most current
information contained in the Peabody Coal Company files includes the 1984

and current survey data and inspections performed in 1984 and 1985 by



Peabody Coal Company. The survey data developed 1in August 1984 was used in
the analyses of the structure. Results of the field inspection are included

in this report as Appendix A.

SITE DESCRIPTION

LAND USE

Structure MW-A has a 7.67-acre tributary drainage area and 1{s
located near Moenkopl Wash at the Black Mesa Mine. The watershed 1is

clagsified as 100% disturbed.

EMBANKMENT

Structure MW-A is a homogeneous earthen embankment classified as a
in-wash embankment. Physical characteristics of the embankment are listed

in the following table:

Structure MW-A

Embankment . . . « « o Alluvial Soils with Residual
Sandstone/Shale Soils

Foundation . . . . . . Alluvial Soils

Right Abutment . . . . Alluvial Solls

Left Abutment . . . . Haul Road F111l

Height . » = « + « « « 13.8 ft

Crest Width . . . . . 15 ft

Upstream Slope . . . . 2.5 H : 1V

Downstream Slope . » » &4 H : 1 V

A cross-section of the embankment {s shown on Plate 2, Exdsting Maximum
Cross Section MW-A, A-A'. Grass provides erosion protection on the upstream

and downstream slopes of the embankment.



ANALYSES
STABILTITY

Structure MW-A 13 a category C-1 embankment. A standard category
C—1 embankment has static and seismic factors of safety of 1.5 and 1.2,
respectively, under the following conditiocns:

1, Maximum height = 20 ft

2. Maximum upstream slope = 2.0 H :

3. Maximum downstream slope = 4.0 H : 1 V¥

4, Normal pool with steady seepage saturation conditions
The MW-A embankment is lower in height and has flatter slopes than the

category standard; therefore, the embankment has factors of safety greater

than the design minimum.
HYDROLOGY

The hydrologic analysis was completed using the U.S. Army Corps of
Engineers generalized computer program HEC-1, Flood Hydrograph Package.
Structure MW-A is not in series with any other structure and therefore the
spillway was analyzed using the 25-year, 6-hour storm. The storage capacity

of Structure MW-A was analyzed using the 10-year, 24-hour storm.



The following parameters were used

L.
2.
3.
4o
50
6.

7.

HYDRAULICS

Water Course length, L . . . &«
Elevation Difference, H . . .
Time of Concentratiom, T o e
Lag time, 0.6T R
SCS Curve Numb&f + 4 + o + & &
Rainfall Depth, 10=-vyear, 24=ho

in the hydrologic

-

Ll
ur

. » [

LI } L]

storm

25=year, 6~hour storm.

Drainage Area . « + s + s o o

e 5 e

0.674
126

0,330

0200

91

2.1

1.9

7.67

analysis:

mi
ft
h
h

in.
in.
acres

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.



MW—-A HYDRAULICS

10=-year 25-year
24=hour 6-hour
Units Storm Storm
Initial Reservoir Volume
Condition Empty Full to the
splllway
elevation
Inflow
Peak Flow . s « ¢ o @ cfs 12 15
Volume « ¢ » » « « » « acre-ft 0.86 0.75
Storage
Peak Stage + ¢ « o« o & ft 6277.66 6289.28
Spillway Elevation . . ft 6288.80 -
Peak Storage . . . . « acre-ft 0.86 -
Storage Capacity . . . acre-ft 9,17 ——
Qutflow
Peak Flow .« & s s o cfs 0 2
Embankment Crest
Flevation . . « . . ft - 6290, 40
Peak Stage + « ¢ o+ o+ ft - 6289.26
Freeboard . . . « . « ft - 1.14
Spillway Channel
Flow Depth o « & + » » ft - 0.46
Critical Velocity. . . fps - 1.5
Manning's "n" . . . . - 0.035
Outflow Channel
Slope + & o & o ¢ o @ % - 1
Normal Velocity. . . fps —_ 0.9
Normal Depth . . « . . ft - 0.11
Manning's "n" . . . o - 0.035




Spillway Channel

The existing spillway for MW-A has a trapezoldal channel with the
following dimensions:
Channel depth « o ¢« &+ ¢ ¢ o ¢ ¢ & ¢ o o 2.8 ft
Chann el Width L] L] ® [ L] L] - [ ] ] L] L] 12 [ ] l 8 ft
Channel length . .+ « ¢ ¢+ ¢ ¢ « & » « » 50 ft

Side slopes (horizontal to vertical). . 2:1
Average exit BlODE .+ 4 ¢ 6 4 o & s+ s 2 percent

There is presently no erosion protection within the channel.

Outflow Channel

The structure presently has no outflow channel.

STORAGE CAPACITY

The impoundment volume—elevation curve 1s 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 availlable were used in developing Plate 3, Volume-Elevation Curve,

MW-A,



The calculations for the sediment load entering Structure MW-A were
made utilizing the Universal Soil Loss Equation with the following para-
meters:

!. Rainfall Factor, R+ + &+ « « &+ s & « » « 40

2, Soi1l Erodibility Factor, K+ ¢ o o o « &« O

3. Slope Factor, L8 v o « o ¢ o o o » ¢« s ¢ 20

4, Cover Factor, C .+ 4 « o s o & s s s « o 1

5. Erosion Control Factor, P . « ¢ o ¢ v + 1

The hydrologic analysis gilves 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 MW-A and the

results of the sediment inflow analysis are summarized in the following

table.
MW—~A STORAGE
Total Storage Capacity =« « + « « o » « 9.17 acre-ft
10-year, 24-hour Storm Inflow . . . . . 0.86 acre-ft
Available Sediment Storage Capacity . . 8.31 acre-ft
Sediment Inflow Rate . + o + o« o o & & 0.074 acre-ft/yr
Sediment Storage Life « + 4 + o « + o« » 112 yrs
REMEDIAL COMPLTIANCE PLAN
GEOTECHNICS

The inspection of Structure MW-A indicated that the only
geotechnical problem is rill and gully erosion on the upstream slope and the
right and left abutments. Gully erosion is also undermining the right side
slopes of the spilllway. Correction of erosion is considered a periodic

maintenance task and does not require remedial action.



HYDRAULICS

The storage capacilty and splllway capaclty of Structure MW-A are
adequate; however, the splllway does not have an outflow channel or adequate
erogion protection. A trapezoldal outflow channel should be constructed
along the alignment B-B' shown in Plate 1. The channel profile is shown in
Plate 4 and the required dimensions are shown in Plate 5. Both the spillway
and outflow channel should be protected against erosion using geotextile and

gravel as shown in Plate 5.

The following plates and appendix are attached and complete this

inspection report.

Plate 1 - Site Plan MW-A

Plate 2 — Existing Maximum Cross Section MW-A, A-A'

Plate 3 - Volume-Elevation Curve MW-A

Plate & - Channel Profile MW-A, B-B'

Plate 5 - Spillway and Outflow Channel Cross Section MW-A

Appendix A - Inspection Check List

Appendix B - Hydrology and Hydraulic Calculations
















































INTRODUCTION

Sedimentation Structure MW=B 1s an earthen embankment, designed and
constructed in 1979 by Peabody Coal Company as a temporary sedimentation
structure to control runoff and sediment from the disturbed mining areas of
the Black Mesa Mine. The location of Structure MW-B 1s shown on Plate 1,

Site Plan.

This 1inspection report contains Information specific to Structure
MW-B. Regional site information 1s presented in the "General Report,
Kayenta and Black Mesa Mines, Navajo County, Arizona for Peabody Coal
Company,"” along with the methods and results of analyses used for slope

stability, hydrology and hydraulics.

INSPECTION

Structure MW-B was inspected on September 3, 1985 by an inter-
disciplinary team of engineers from Dames & Moore, The purpose of the
inspection was to assess the safety and general condition of the structure
with respect to United States Department of Interior, Office of Surface

Mining (0SM) regulations.

Dames & Moore's inspection was performed 1in accordance with
applicable 30 CFR 780 and 816 regulations and included a review of the MW-B
project files and a field inspection of the structure. The most current
information contained in the Peabody Coal Company files includes the 1984

and current survey data and inspections performed in 1984 and 1985 by



Peabody Coal Company. The survey data developed in August 1984 was used in

the analyses of the structure. Results of the field inspection are included

in this report as Appendix A.

SITE DESCRIPTION

LAND USE

Structure MW-B has a 48.0-acre tributary dralnage area and 1s
located near Moenkopli Wash at the Black Mesa Mine. The watershed isg

classified as 54% Sagebrush/grass, 437% Pinion/Juniper, and 3% disturbed.

EMBANKMENT

Structure MW-B is a homogeneous earthen embankment classified as a
sidehill embankment. Physical characteristice of the embankment are listed

in the following table:

Structure MW-B

Embankment . . + « . . Residual Sandstone Soils

Foundation . « « «» » » Alluvium/Residual Sandstone Soils

Right Abutment . . . . Haul Road Fill

Left Abutment . . . . Sandstone

Height « « ¢ ¢ o « « « 9.4 ft

Crest Width . . . . . 11 ft

Upstream Slope « . . « 2.25H : 1V

Downstream Slope . . » 2 H : 1V, 1,6 H: 1V, l.3H: 1V
left abut. center right abut.

A cross—section of the embankment i1s shown on Plate 2, Existing Maximum

Cross Sectlion MW-B, A-A'.



ANALYSES

STABILITY

Structure MW-B 18 a category A-3 embankment. A standard category
A=-3 embankment has static and selsmic factors of safety equal to or greater
than 1.5 and 1.2, respectively, under the followlng conditions:

I. Maximum height = 15 ft

2. Maximum upstream slope = 1.75H : 1V

3. Maximum downstream slope = 3,23 H : 1 V

4. Normal pool with steady seepage saturation conditions
The MW-B embankment is lower 1n height; however, the downstream slope 1is

steeper than the category standard; therefore, the embankment has factors of

safety less than the design minimum.

HYDROLOGY

The hydrologic analysis was completed using the U.S. Army Corps of
Engineers generalized computer program HEC-1, Flood Hydrograph Package.
Structure MW-B is not in series with any other structure and therefére the
spillway was analyzed using the 25-year, 6~hour storm. The storage capacity

of Structure MW-B was analyzed using the 10-year, 24-hour storm.



The following parameters were used

lB
2.
3.
40
3
60

7‘
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The initial

conditions and results of the analysis are summarized in the following

table.



MW--B HYDRAULICS

10~year 25=year

24~hour 6-hour
Units Storm Storm
Initial Reservoir Volume
Condition Empty Full to the
spillway
elevation
Inflow
Peak Flow o ¢ ¢ o o cfs 21 23
Volume . . . « &« « o » acre-ft 1.44 1.04
Storage
Peak Stage « + + & s » ft 6307.57 6313.96
Spillway Elevation . . ft 6313.30 -
Peazk Storage . . « . » acre-ft 1.44 -
Storage Capacity . . . acre—ft 4.79 -
Outflow
Peak Flow . + « &« s » cfs 0 5
Embankment Crest
Elevation . + « + » ft - 6315.60
Peak Storage « + « o ft - 6313.96
Freeboard .+ o« + « o ft —- 1,64
Spillway Channel
Flow Depth +« « & ¢ ¢ & ft — .66
Critical Veloclity. . . fps - 1.8
Manning's "n" . . s+ o - 0.040




Approach Channel

The existing approach channel for MW-B has a U-shaped channel with

following dimensions:

Channel width o & ¢ & o o &« o ¢ s o & & 13-14 ft
Channel length ¢ + &« ¢ s 5 ¢ « o s« « o 30 ft
S].Dpe e 5 s ® & & © T © ® 6 @ & ® & & ® 20 percent

Spillway Channel

The exlisting spillway for MW-B has a trapezoidal channel with the

following dimensions:

Channel depth + « ¢ ¢ + + ¢ & o & & 5 = 2.3 ft
Chanmel width . 4+ ¢ « o & ¢ o o s &« « o 34 ft
Channel length .+ &« « ¢ + ¢ « o s o & & 24 ft

Side slopes (horizontal to vertical)., . 2:1

Average exit slope .+ ¢ ¢ 5 s ¢ 5 ¢ & & 2  percent

There is presently no erosion protection within the channel.

outflow Channel

The structure presently has no outflow channel.



STORAGE CAPACITY

The impoundment volume-elevation curve 1s based on site specific
gsurveys conducted for Peabody Coal Company's August 1984 inspection, and
1985 resurveys, where available. Additionally, the most current topographic
maps avallable were used in developing Plate 3, Volume-Elevation Curve,

MW-B.

The calculations for the sediment load entering Structure MW-B were
made utllizing the Universal Soil Loss Equation with the following para-
meters:

].- Rainfall Factor, R e ® ® ® & ® &8 2 & s & 40

2. Soil Erodibility Factor, K. . . . . . « 0,201

3. Slope Factor, LS « « + « « o o o o = » « 11.88

4, Cover Factor, C &« + & « s+ s s+ s » + s o 04,111

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 remalning storage volume avail-
able for storing sediment. The existing storage capacity of MW-B is shown

on Plate 3, Volume-Elevation Curve, MW-B, and the results of the analysis

are summarized in the following table.

MW-B STORAGE

Total Storage Capaclty . . « « o « & o 4,79 acre-ft
10-year, 24~hour Storm Inflow . . . . . l.44 acre—ft
Available Sediment Storage Capacity . . 3.35 acre-ft
Sediment Inflow Rate o+ « « « o « « o » 04236 acre-ft/yr
Sediment Storage Life . + « 4+ &« ¢« o o « 14 yrs



REMEDIAL COMPLIANCE PLAN

GEOTECHNICS

The inspection of Structure MW-B 1indicated that the geotechnical
problems consist of rill and gully erosion on the downstream slope and a
steep and uneven downstream slope. Correction of erosion is considered a
periodic maintenance task and does not rgquire remedial action. The down—
stream slope 1s uneven due to elther lack of fine grading after initial
construction or shallow surficial slope faillures. The downstream slope
should be flattened to 3.25 horizontal to 1 vertical to meet stability
requirements. This flatter slope was selected due to a foundation slope
greater than 5 percent. The downstream toe of this embankment needs to be
riprapped to protect the slope from undercutting by flows in the Moenkopi

Wash.

HYDRAULICS

The storage capacity and spillway capacity of Structure MW-B are
adequate; however, the spillway does not have an adequate outflow channel or
adequate erosion protection. The proposed embankment relocation provides
the opportunity to construct a new spillway and outflow channel in a
location that minimizes the difficulties in providing adequate erosion
protection. A trapezoidal outflow channel constructed along the aligmnment
B=B' shown in Plate 1 will have a much flatter slope than a channel at the

existing spillway location. The channel profile is shown in Plate 4 and the



required dimensions are shown in Plate 5. Both the spillway and outflow
channel should be protected against erosion using geotextile and gravel as

shown in Plate 5.

Relocating the embankment reduces the storage capacity. The

analysls of these conditions is summarized in the following table.



My~B HYDRAULICS FOR RELOCATED EMBANKMENT

10-year 25=year
24~hour 6=hour
Units Storm Storm
Inftial Reservolr Volume
Condition Empty Full to the
gpillway
elevation
Inflow
Peak Flow .+ ¢ & « & & cfs 21 23
Volume o « o ¢ o o & o acre-ft 1.44 1.04
Storage
Peak Stage : o« o ¢ o ft 6308.50 e
Splllway Elevation . . ft 6313.30 -
Peak Storage « « o+ o+ o acre-ft 1.44 -
Storage Capactity . . » acre-ft 3.64 —
Avallable Sediment
Storage Capacity . . acre-ft 2.20 -
Sediment Inflow Rate . acre-ft/vyr 0,23 e
Sediment Storage Life. yrs 9 -
Out flow
Peak Flow .+ + 4+ & ¢ cfs 0 8
Embankment Crest
Elevation . « « o« & ft - 6315.60
Peak Stage + & ¢« +» o & ft — 6314.10
Freeboard . + » & « » ft e 1.50
Spillway Channel
Flow Depth « &+ « & & o ft —— 0.80
Critical Velocity., . . fps — 2.2
Manning's "n" ., . . . e 0.035
Outflow Channel Section I Section II
Slope &+ « & ¢ ¢« « b % e 26 20
Normal Velocity, . o & fps —— 4.0 3.8
Normal Depth . . « « & ft - 0.08 0.09
Manning's "n" .+ « & o e 0.035 0.035

-10=-
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