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INTRODUCT ION

Sedimentation Structure WW-2 1is an earthen embankment, designed and
constructed in 1981 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 WW-2 is shown on Plate 1, Site

Plan.

This inspection report contains information specific to Structure
WW—-2. Regional site infowmation 1s presented 1in 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 WW-2 was inspected 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 (0SM) regulations.

Dames & Mpore's inspection was performed 1n accordance with
applicable 30 CFR 780 and 816 regulations and included a review of the WW-2
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 WW-2 has a 17.4-acre tributary drainage area and 1is
located near Wild Ram Valley at the Kayenta Mine. The watershed 1is

clasgified as 55% Pinion/Juniper and 45% disturbed.

EMBANKMENT

Structure WW-2 is a homogeneous earthen embankment classified as a
sidehill embankment. Physical characteristics of the embankment are listed

in the following table:

Structure WW-2

Embankment . . « « « » Residual Sandstone Soils
Foundation . . . . . . Residual Sandstone Soils
Right Abutment . . . . Residual Sandstone Soils
Left Abutment . . . . Residual Sandstone Soils
Height . « « « « « » « 18.4 ft
Crest Width . . . . . 18 fr
Upstream Slope . « « « 3.5 :
Downstream Slope . . . 3.7

A cross-section of the embankment 1s shown on Plate 2, Existing Maximum

Cross Section WW-2, A-A',



ANALYSES

STABILITY

Structure WW-2 is a category A-l embankment. A standard category
A-1 embankment has static and seismic factors of safety of 1.5 and 1.2,

respectively, under the following conditions:

1. Maximum height = 20 ft

2. Maximum upstream slope = 2.0 H ¢ 1 V

3. Maximum downstream slope = 4,0 H : 1 V

4. Normal pool with steady seepage saturation conditions

The WW-2 embankment is lower in height; however, the downstream slope is
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 WW-2 1is not 1in series with any other structure and therefore the
spillway was analyzed using the 25-year, 6-hour storm. The storage capaclty

of Structure WW-2 was analyzed using the 10-year, 24-hour storm.



The following parameters were used in the hydrologlc analysis:

1. Water Course length, L . . . . . + . « . 0.129 mi
2. Elevation Difference, # . . . . . . . . 38 ft
3. Time of Concentration, T s+ s e s« s 0.06010
4. Llag time, 0.6T . .. .5 . ... ... 0.036h

5. SCS Curve NumbSr . . + + + o« « o « = « » 90

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

7. Dralnage Area . . « + &« « + » s« o « + + 17,4 acres

HYDRAULICS

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

the following table.



WW-2 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 . . « « » & cfas 44 56
Volume . . . . « . » » acre—ft 1.80 1.52
Storage
Peak Stage . . . . . - ft 6522,97 -
Spillway Elevation . . ft 6534.50 -
Peak Storage . . . . . acre—ft 1.80 -
Storage Capacity . ., . acre-ft 16.2 -
Outflow
Peak Flow . . . . . . cfs 0 3
Embankment Crest
Elevation . . . . . ft - 6536.10
Peak Stage . « « » « & ft - 6535.09
Freeboard . . . . . . ft — 1.01
Spillway Channel
Flow Depth . . « « .« & ft — 0.59
Critical Velocity. . . fps - 1.8
Manning's "n” . . . . - 0.035
Outflow Channel Section I Section II
Slope v « &+ « o + & 4 —_— 4 10
Normal Velocity. . . . fps - 1.9 2.5
Normal Depth . . . . . ft - 0.11 0.08
"n" — 0.035 0.035

Manning's "n « v o4




Spillway Channel

The existing spillway for WW-2 has a

following dimensions:

Channel depth . . . ¢« & ¢ « & &
Channel width . . . . « « « « &+ &
Channel length . . . « « « o &« &
Average exit slope .+ . « &+ o« o« &

There is presently no erosion protection within

Outflow Channel

The existing outflow channel for WW-2

the following dimensions:

Channel width . . « . . . « « . «
Channel lenpgth . . . . « + « « &
Average exit slope . . . + « . &

There 1s presently no erosion protection within

STORAGE CAPACITY

U-shaped channel with the

has

the

- 1.5 ft
. 10 ft
. 30 ft

. 4] percent

channel.

a U-shaped channel with

. b-8 ft
. 60 ft
. 5 percent

channel.

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 avallable were used 1in developing Plate

Ww-2,

3,

Volume-Elevation Curve,



The calculations for the sediment load entering Structure WW-2 were
made utilizing the Universal Soil Loss Equation with the following para-

meters:

1. Rainfall Factor, R . . « « « « « + &+ « 1 40

2. Soil Erodibility Factor, K. . . . . » - 0,20
3. Slope Factor, LS . & &« o« & « & s s &+ » » Lo51

4, Cover Factor, C . + o 4 o « 2 s« s » = » 0.670
5. Erosion Control Factor, P . . . . . . . 1.0

The hydrologic analysis pgives 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 WW-2 and the
results of the sediment inflow analysis are summarized in the following

table.

WW-2 STORAGE

Total Storage Capacity . . . . . . . . 16.2 acre—-ft
10-year, 24-hour Storm Inflow . . . . . 1.81 acre—ft
Available Sediment Storage Capacity . . 14.4  acre-ft
Sediment Inflow Rate . . .+ & & + & =« « 0.065 acre-ft/yr
Sediment Storage Life . . . .« « « . . . 221 yrs

Excess storage capacity in Structure WW-2 can be used for storing

water produced during maintenance of the nearby water well.

REMEDIAL COMPLIANCE PLAN

GEOTECHNICS

The inspection of Structure WW-2 indicated cthat the only
geotechnical problem is rill erosion on the upstream and downstream slopes.

Correction of erosion 1s considered a periodiec maintenance task and does not



require remedial action. The downstream slope should be flattened to 4.0

horizontal to 1 vertical to meet stability requirements.

HYDRAULICS

The storage capacity and spillway capacity of Structure WW-2 are
adequate; however, the spillway does not have an adequate outflow channel or
adequate erosion protection. A trapezoidal outflow channel should be
constructed along the aligmment B-B' shown in Plate l. 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 WW-2

Plate 2 - Existing Maximum Cross Section WW-2, A-A'

Plate 3 - Volume-Elevation Curve WW-2

Plate 4 — Channel Profile WW-2, B-B'

Plate 5 - Spillway and Outflow Channel Cross Section WW-2
Appendix A - Inspection Check List

Appendix B - Hydrology and Hydraulic Calculations
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Sediment Impoundment Name:

Page: 4

INSPECTION CHECK LIST

ITEM

YES

NO

REMARKS

1.

CREST

a. Any visual settlements?

X

12

b, Misaligmment?

¢. Cracking?

UPSTREAM SLOPE

a. Adequate grass cover?

\p
4%

b. Any erosion?

A\

c. Are trees growing on slope?

d. Longitudinal cracks?

Transverse cracks?

Adequate riprap protection?

Any stone deterioration?

NG

Visual depressions or bulges?

Visual settlements?

XX

j. Animal burrows?

DOWNSTREAM SLOPE

a. Adequate grass cover?

25 Yo

b, Any erosion?

(Lo

¢. Are trees growing on slope?

d. Longitudinal cracks?

e. Transverse cracks?

Visual depressions or bulges?

. Visual settlements?

. 1s the toe drain dry?

Are the relief wells flowing?

. Are boils present at the toe?

. Is seepage present?

. Animal burrows?

a. Any erosion?

b. visual differential movement?

XXPS

c. Any cracks noted?

d. Is seepage present?

e. Type of Material?

. ABUTMENT CONTACT. LEFT

a. Any erosion?

b. Visual differential movement?

c. Any cracks noted?

d. 1s seepage present?

e. Type of Material?

pow w SV




Sediment Impoundment Name:

ez

Page: 5

TTEM

REMARKS

6. SPILLHAY/NORMAL

a. Location:

Left abutment?

Right abutment?

- Crest of Embankments?

Near LA

b. Approach Channel:

Are side slopes eroding?

Are side slopes sloughing?

NI

Bottom of channel eroding?

Obstructed?

Erosion protection?

c. Spillway Channel:

1D wog

Are side slopes eroding?

Are side slopes sloughing?

Bottom of channel eroding?

<

] ,
[ Neads resha B wé

Obstructed?

Erosion protection?

d. Cutflow Channel:

(-8 widg

Are side slopes eroding?

Are side slopes sloughing?

Bottom of channel eroding?

Obstructed?

XX

Erosion protection?

e. Welr:

Condition?

. SPILLMAY/EMERGENCY

a. Location:

Left abutment?

Right abutment?

Crest of Embankments?

b. Approach Channel:

Are side slopes eroding?

Are side slopes sloughing?

Bottom of channel eroding?

Cbstructed?

Erosion protection?

c. Spillway Channel:

Are side slopes eroding?

Are side slopes sloughing?

Bottom of channel eroding?

Obstructed?

Erosion protection?

d. Outflow Channel:

Are side slopes eroding?

Are side slopes sloughing?

Bottom of channel eroding?

Cbstructed?

Erosion protection?

e, Weir:

Condition?




sediment Impoundment Name: Wi ¢

pPage: 6
ITEM YES |[NC REMARKS
8. IMPOUNDMENT
a. Sinkholes? (Elev.) feet
L. water present? < |(Elev.) feet
c. Siltation? - SomE
d. watershed matches soil map?
9. GENERAL COMMENTS
[+
C a0 ekl =S NE Yy Qs
S %



APPENDIX B

HYDROLOGY AND HYDRAULIC CALCULATIONS



FILE _ "eagont  tone (o 10\34-00-272
SUBJECT__Senuest TRaoo  B{nesiond

Wi -l SHEEY oF —
TTME oF _ (ontswtzpm-»\

I | Eioubmon DSpeedxE = 65723 - (535 = 39 £+
S & Waee (ourses Loocard = L3 teo)= 630 (4 = 0127 .
e R 0395
T 7(0.129 )

— (. .
le = ( = 0.000 he
3Y
> Lace Tt = O, = 0.03C 4. .5
o o
g
> _
%}: > > LS Cuevs Numtee
DrawaE  (over. Widtorowe  Sow Weiguren
Aaea (o) Tre (onbimion  TYpE Cuauzs Numtzio
7.E (&S TeTaRkeD _ ™ 085 (%4Y « 421
dw (Gfai;, Y- po oY < O-‘S?S(gs\-_ _Li‘_lf’.-?—
Ty %4\
U\sef\-_:_)
—

aY S, Peovvas DATE ?"?-35_

CHECKED BY
COPY TO EQ

51 (3-72) PRINTED INUS A

,7'4- [ YA 0,0;?' L@ ME

Dames & Moore



EVISIONS

£,
4

DATE

ay

TOEO ____

DATE

BY

CHECKED aY
COPY TO EO

TOEO ____

DATE

ay

FILE FOALDY f0

-

A =,
g o Yoo -G -

SUBJECT e i maldT L revibw

ww -2

uNN'&O.SM_ Sou_. Los:.. -E.luu»—nar_-g

Kamehar Fhcor

K= 4D

o Eromeiit FActor

Sove Tqpg = lobw, € # 2B = .20

W=

JZC
e e
————

SLOPE _;A-c.—\orL

Laroegid{B) ATiou (B) oz (“Ia\

LS

SUD 20 6

&\J‘&{?_ —}:p( Tl

X4

pae  [.S/

AR (ac) tvee TP % Covea CANIR ()  wWeiawmes O

45 % Aisturbad —_—
5% -3 10 25

Elosion COHTQOL TrcoR

P-1o -

EDIMENT LTRAPLOW

= ol s 4P(1o) = 8.0

A ao‘f(zo%? '7"‘)("";)2 065

HS (/.o)
,55(#02

(= 67

+D¢\/Mi¢ /‘16"

acre - Cc»k /tta-r
D?amesl Iool'e

SHEET __OF —



INSPECTICN REPORT
Sedimentation Structure
WW-3
Black Mesa Mine

Navajo County, Arizona

for

PEABODY COAL COMPANY

Dames & Moore
10139-011-22



INTRODUCTION . . .
INSPECTION . . . .
SITE DESCRIPTION .
LAND USE . .
EMBANKMENT .
ANALYSES . « . . .
STABILITY . .
HYDROLOGY . .

HYDRAULICS .

Spillway Channel
Outflow Channel
STORAGE CAPACITY

REMEDIAL COMPLIANCE PLAN

GEOTECHNICS ..

HYDRAULICS .

APPENDIX A - INSPECTION CHECK LIST

TABLE

OF CONTENTS

APPENDIX B - HYDROLOGY AND HYDRAULIC CALCULATIONS



INTRODUCTION

Sedimentation Structure WW-3 13 an earthen embankment, designed and
constructed in 1981 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 locatlon of Structure WW-3 is shown on Plate 1,

Site Plan.

This inspection report contains information specific to Structure
WW-3. Regional site information 1is 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 WW-3 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 & Mpore's Inspection was performed in accordance with
applicable 30 CFR 780 and 816 regulations and included a review of the WW-3
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 WW-3 has a 19.7-acre tributary drainage area and 1is
located near Red Peak Valley at the Black Mesa Mine. The watershed is

classified as 100% Pinion/Juniper.

EMBANKMENT

StTucture WW-3 is a partially incised structure with a homogeneous
earthen embankment. Physical characteristics of the embankment are listed

in the following table:

Structure WW-3

Embankment . + « » . » Residual Shale Soils
Foundation . « + . « « Residual Shale Soils
Right Abutment . . . . Residual Shale Soils
Left Abutment . . . . Residual Shale Soils
Height . . . .+ + « . 8 ft
Crest Width . . . . . 15 ft
Upstream Slope . . . « 2.5 H : 1V
Downstream Slope . . . 4.0 H 1v

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

Cross Section WW-3, A-A'. Grass provides erosion protection on the upstream

slope of the embankment.



ANALYSES

STABILITY

Structure WW-3 is a category B-l1 embankment. A standard category
B-1 embankment has static and seismic factors of safety of 1.5 and 1.2,

respectively, under the following conditions:
1. Maximum height = 10 ft
2. Maximum upstream slope = 1,5 H : 1V

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

The WW-3 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 WW-3 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 WW-3 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 c. LS
« SCS Curve NumbSr . . . . .

O Ln Bl BN
-

7. Drainage Area . . « « + o

HYDRAULICS

in the hydrologic

. Rainfall Depth, l0—year, 24-hour

+

storm
25-year, 6-hour storm.

0.333

250

0,087
0.052

1
9
7

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.



WW-3 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 . . . . . cfe 25 30
Volume . « « « + . acre-ft 1.16 0.090
Storage
Peak Stage . . . . . ft 6434.09 6450.95
Spillway Elevation . ft 6450.40 -
Peak Storage . . . . acre—ft 1.16 -
Storage Capacity . . acre—ft 12.5 o
Outflow
Peak Flow . . . . . cfs 0 2
Embankment Crest
Elevation . . . . ft — 6452.00
Peak Stage . . . . . ft - 6450,95
Freeboard . . . . . ft - 1.05
Spillway Channel
Flow Depth . . . . . ft - 0.55
Critical Velocity, . fps - 1.6
Manning's "n” . . . - 0.040
Outflow Channel
Slope .+ « ¢ « 1 . % - 8
Normal Veloeity. . . Eps - 1.8
Normal Depth . . . . ft -— 0.07
"n" - 0. 040

Manning's "n .




Spillway Channel

The existing sapillway for WW-3 has a trapezoidal channel with the

following dimensions:

Channel depth . « « « = ¢« &+ ¢ « « o« o 2 ft
Channel width ., . « « « &+ « & & = » » « 15 ft
Channel length . . . « ¢« « » « « +» « « 60 ft

Side slopes (horizontal to verticall). . 2:1

Average exit slope . « « + s & o o . 3 percent

Rock provides erosion protection within the channel.

Out flow Channel

The existing outflow channel for WW-3 has a trapezoidal channel

with the following dimensions:

Channel width . « « « &« « ¢ &« = « « o« « 15 ft
Channel length . . + + + « « « + « « » 50 ft
Side slopes (horizontal to vertical). . 2:1

Average exit slope . . . . + & & & o & 8 percent

Rock provides erosion protectlon within the 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 available. Additionally, the most current topographic

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

WW-3.



The calculations for the sediment load entering Structure WW-3 were

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

meters:

1. Rainfall Factor, R . « « « « « & &« « = « 40

2. Soil Erodibility Factor, K . « « « . » » 0,22

3. Slope Factor, LS . ¢« « « &+ o &« = « « » » 10.90

4, Cover Factor, C .+ « =+ s s+ « s s s« &« » = 0,085

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

The hydrologic analysls 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 WW-3 and the

results of the sediment inflow analysis are summarized in the following

table.

WW-3 STORAGE

Total Storage Capacity . . . . . . .+ . 12.5 acre—-ft
10-year, 24-hour Storm Inflow . . . . . 1.16 acre-ft
Available Sediment Storage Capacity . . 11.34 acre-ft
Sediment Inflow Rate . . . + &+ « &+ « & 0.075 acre-ft/yr
Sediment Storage Life . . . . . . . . . 151 yrs

Excess storage capaclty in Structure WW-3 can be used for storing

water produced during maintenance of the nearby water well.

REMEDIAL COMPLIANCE PLAN

GEOTECHNICS

The inspection of Structure WW-3 indicated that the geotechnical
problems consist of rill and gully erosion on the upstream slope and the

right abutment and major undercutting of the upstream slope near the right



abutment. Correction of erosion is considered a periodic maintenance task
and does not require remedial action. The undercut section of the embank-
ment, due to past discharges from the well pump, should be repaired by

placement of compacted fill.

HYDRAULICS

The storage capacity and splllway capacity of Structure WW-3 are
adequate. The spillway channel and outflow channel are protected with
riprap. Therefore, no construction is required to bring the structure into
compliance with the regulations. Plate 4 shows the existing spillway and

outflow channel profile and Plate 5 shows the channel dimensions.

The following plates and appendix are attached and complete this

inspection report.

Plate 1 - Site Plan WW-3

Plate 2 - Existing Maximum Cross Section WW-3, A-A'

Plate 3 ~ Volume-Elevation Curve WW-3

Plate 4 - Channel Profile WW-3, B-B'

Plate 5 - Spillway and Qutflow Channel Cross Section WW-3

Appendix A - Inspection Check List

Appendix B - Hydrology and Hydraulic Calculations
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Sediment Impouridment Name: AWl 2

Page: 4 -

INSPECTION CHECX LIST

YES|NO

1. CREST
a. Any visual settlements?

b. Misalignment?

X

c. Cracking?

2, UPSTREAM SLOPE

a. Adequate grass cover?

b. Any erosion?

X

@;ﬂs Tama & w Tas

c. Are trees growing on slope?

d. Longitudinal cracks?

e. Transverse cracks?

f. Adequate riprap protection?

. stone deterioration?
g. vligm depressions or bulges?

i. Visual settlements?

7. Animal burrows?

DX T AR

3. DOWNSTREAM SLOPE

Adequate grass cover?

Any erosion?

Are trees growing on slope?

Longitudinal cracks?

Transverse cracks?

XXX

Visual depressions or bulges?

g. Visual settlements?

Is the toe drain dry?

Are the relief wells flowing?

np=

. Are boils present at the toe?

Is seepage present?

'—‘f'c'"-'-:‘-::' o oo | o

. Animal burrows?

4. ABUTMENT CONTACT. RIGHT

a. Any erosion?

Ma{uf

b. Visual differential movement?

c. Any cracks noted?

d. Is see resent?
e. Type os Material?

AV eripuw

5. ABUTMENT CONTACT. LEFT

a. Any erosion?

b. Visual differential movement?

c. Any cracks noted?

DX

d. Is geepage present?

e. Type of Material?

/:] M otiwn




Sediment Impoundment Name: A - 2

Page: 5

ITEM YES|NO REMARES

6. SPILIMNAY/NOFMAL
a. Location:

Left abutment? <]

Right abutment?

“Crest of Embankments?

b. Approach Channel: B4 NA

Are side slopes eroding?

Are side slopes sloughing?

Bottom of channel eroding?

Ohstructed?

Erosion protection? 1

c. Spillway Channel: S

Are side slopes eroding?

are side slopes sloughing?

XX

Bottom of channel eroding?

obstructed?

Erosion protection? RN

d. Outflow I: I

Are side slopes eroding?

Are side slopes sloughing?

Bottom of channel eroding?

Obstructed?

Erosion protection? oo — 15"

e. Weir:

Candition?

7. SPILLWAY/EMERGENCY /
a. Location: - NA

Left abutment? /

Right abutment? /

Crest of Embankments? 7/

b. Approach Channel: /

Are side slopes eroding? /

Are side slopes sloughing? /

Bottam of channel eroding? /

Obstructed? 7

Erosion protection? /

C. Spillway Channel: 7/

Are side slopes eroding? /

Are side slopes sloughing? /

Bottom of channel eroding? /

Obstructed? /

Erosion protection? /

d. Outflow Channel: /

Are side slopes eroding? v

Are side slopes sloughing?

Bottam of channel eroding? /

Obstructed? /

Erosion protection? /

e, Welr:

Condition? A




Sediment Impoundment Name: ww -3

Page: 6
ITEM YES |NO REMARKS
8. IMPOUNDMENT
a. Sinkholes? ><j(Elev.) feet
b. Water present? S (Elev.) feet
c. Siltation? ST o
d. Watershed matches soil map?

9. COMMENTS
: ﬁ@AS T %a Gl\ WA @gd iEC)HOM
Fudare v {) Cag d\isc_\f\v-&sz. Sechkian Quore
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Intrcauction

Sedimentaticn Structure WW-4% is an earthen embankment, designed and constructed in 1985 by
Peabody Coal Company as a temporary sedimentatien structure to contrel runoff and sediment
from the disturbed areas of the Black Mesa Mine., The location of Structure WW-& is shown

on Plate 1 Site Plan.

This inspection report contains information specific to Structure WW-4. 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 apalyses

used for slope stability, hydrology and hvdraulics.

Inspection

Structure ViW-4 was inspected on October 37, 1985 by Compliance engineers from Peabody Coal
Company. The purpose of the inspection was to assess the safety and general condition of
the structure with respect to United States Department of Interior, COffice of Surface

Mining (0SM) reguiations.

Peabody Coal Company's inspection was performec in accordance with applicable 30 CFR 780
and 816 regulations and included a review of the Ww-4 project files and field inspection
of the structure. The most current information contained in the Peabody Ccal Company
files includes the 1985 survey, design and construction quality assurance data. The
survey data developed in 1985 was used in the analyses of the structure. Results of the

field inspection are included in this report.

Site Description

Land Use. Structure VW-4% has a 10.0-acre tributary drainage area and is located near

Moenkcpi Wash at the Black Mesa Mine. The watershed is classified as 28% disturhed and

72% undisturbed.

Embankment. Structure WW-4 is a homogeneous earthen embankment classified as an in-wash

embankment., Physical characteristics of the embankment are listed in the following table:



Structure VWW-4

Embankment . . . . . . . . .. .. . ... .. .. Alluvium Soils

Foundation . . . . . . v v+ ¢« ¢ v ¢ -+ . o v . . . Alluvium 30ils

Right Abutment . . . . . . ., . . . . ... ... AlTuvium Soils

Left Abutment . . . . . . .. .. . ... ... .. Allygvium Soils

Height . . . . . . . . . . .« . oo ... 12,07t

Crest Width . . . . .., . .. v v v, 15.0 ft

Upstream Slope . . . . . « & v v v v o v v v 4 v 0 . 2, 0H: 1,0V

Downstream Slope . . . . . . « . . v o o v . ... 3 0H: 1.0V

Grass will provide erosion protection for the upstream and downstream slopes, while riprap

provides erosion protection for the downstream toe ot the slope.

Analyses

Stability, Structure WW-4 is 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 conditions:

1. Maximum height = 12 ft

2. Maximum upstream slope = 1.6 H : 1.0 V

3. Maximum downstream slope = 2,8 H : 1.0 V

b, Full pool condition with steady seepage

The Ww-4 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 University of Kentucky's
generalized cemputer program SEDIMOT Il. Structure WW-% is not in series with any other
structure and therefore the spiliway was analyzed using the 25-year, 6-hour storm. The

storage capacity of Structure WW-4 was analyzed using the 10-year, 24-hour storm,

The following parameters were used in the hydrologic analysis:

1. Water Course Length, L . . . « . « + + ¢ v & o v v v o+ . 0.25 mi
2. Eievation Difference, H ., . . . . . . . ..+ . . . . . 150.0 ft
3. Time of Concentration in hour, Tc C e e e e e e e e 0.076 h

4. SC5. Curve Number . . . « &« &« v v v 4 & &+ a s &« « « « +« + . 82,0



5. Rainfall depth, 10-year, 24-hour storm . ., . . . . . . . . 2,1 1dn

" " , Z5-year, G-hour storm . . . . . . . .. . 1.9in
6. Draipage Area . . . . . . . . . . . v i 4 4 e 4w v+ << . 10.0 acres
Hvdraulies. SEDIMOT |l program was utilized to evaluate inflow, reservoir response and

outflow from the structure. The initial conditions and resuits of the analysis are

summarized in the Hydraulics table.

Spillway Channel. The existing spillway for WW-4 has a trapezoidal channel with the

following dimensions:

Channel depth . . . . . . . v @ o v e s e e e e e e e 1.7 ft
Channel width . . . . . . . . . ., ... ... ... ..... 150 ft
Channe! Tength . . . . . . . & & & v 4 v v v v 4 e e e e . .. 30,0 ft
Side Slope (horizonatal to vertical) . . . . . . . . ... .. 311
Average Exit STOPE « « +v v v v v v 4 v b e e e e e e e e . D percent

The spiliway channel is riprapped as per the approved design.

Outflow Channel. The existing outflow channe! for WW-4 is a trapezoidal channel ot the

following dimensions:

Chapnel depth . . . . . . . . . . . . o . o v v v v oo ... 1.7 Ft
Chanmel width . . . . . . . . . .. v v v o v v v o v ... 15.0ft
Channel length . . . . v 4 v v ¢ 4 v ¢ 4 v o v o v o« . . 150.0 ft
Side Stopes (horizontal te vertical) . . . .. .. ... ... 3:1
Average Exit Slope . . . . . . . + « + 4+ ¢« v 4 e s« « o . . 1Z percent

The spillway channel is riprappec as per the approved design,

Storage Capacity. The impoundment Stage-Capacity Curve is based on site specific survey

conducted for Peabody Coal Company's as-built inspection. Additionally, the most recent

topographic maps available were used in developing Plate 2, Stage-Capacity Curve, WW-4.

The calculations for the sediment load entering Structure WW-4 were made utilizing the
Modified Universal Soil Loss Equation with the following parameters:

1. 5eil Erodibility Factor, K . . . ., . . . .. ... ... 0,32

2. Average Slope . . . . . . . 4 4 i 4 e s s e e e e e e . 30%
3. Average Length of Slopes . . . ., . . . . e e e e e ... 300 ft
b, Erosion Control Factor, P, . . . v v v « ¢ 4 o & o « + « 1.0



The hydrolegic analysis give the storage volume required to contain the 10-year, 2Z4-hour
storm, and the remaining storage volume available for storing sediment. The storage
capacity of WW-4 is shown on Plate 2. Stage-Capacity Curve, WW-4, and the results of the

analysis are summarized in the fcllowing table.

WW-4 STORAGE
Total Storage Capacity . .+ + v v ¢« ¢ & ¢« & o v 4« « v =« « » » » 14,36 acre-ft
10-year, Z4=-hour Storm Inflow . , . . . . . . .. ... ... . 0,60 acre-ft
Available Sediment Storage Capacity . . . . . . . . . . . ... 13.76 acre-ft
Sediment Inflow, 10-year, 24-hour Storm (MUSLE) . . . . . . . . 0.73 acre-ft
Sediment Storage . . . . . . . . . .. .. ... < ... .. 18,37 10-year, 24 hour

Storms

Remedial Compliance Plan

Ceotechnics. The inspection of Structure WW-i indicated that there are no geotechnicai

problems at this time,

Hydreulies. Peabady's evaluation indicates that the storage and spillway capacity of

Structure WW-4 are adequate. No remedial work is required at this time.



¥W-4 HYDRAULICS TABLE

10-year 25-year
25-hour &-hour
Units Storm Storm
Initial Reservoir Empty Full to the
Volume Condition spillway
elevation
Inflow
Peak Flow cfs 8 10
Volume acre-ft 0.80 0.49
Storage
Peak Stzage ft 6208.4 6228.5
Spillway Elevation ft 6228.5 --
Peak Storage acre-ft 0.80 --
Storage Capacity acre-ft 1%.36 --
Outflow
Peak Flow cfs 0 5
Embankment Crest Elevation fi -- 6229.5
Peak Storage ft -- 6228.6
Freeboard ft -- 0.9
Spiliway Channel
Flow Depth ft -- 0.16
Critical Velocity fps - 2.0
Manning's "n" -- 0.040
Outflow Channel
Slope % -- 12.0
Normal Velocity fps -- 12.13
Normal Depth ft -- c.o3
-- 0.040

Manning's "n"
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Sediment Impoundment Name: A/A/" §/
7 .

Page:

INSPECTION CHECK LIST

ITEM

REMARKS

1. CREST

a.

Anv visual settlements?

b.

Misalignment?

c.

Cracking?

UPSTREAM SLOPE %3 74

Adequate grass cover?

/%é?f’zEQEiZZ/Us/Ecﬁ7

Any erosion?

Are trees growing on slope?

Longitudinal cracks?

Transverse cracks?

DI

Adequate riprap protection?

N4

Any stone deterioration?

]

Visual depressions or bulges?

Visual settlements?

l:-l:":l"lﬂ m{®[Qa(oiw

Animal burrows?

P<XIx P

. DOWNSTREAM SLOPE 74 %7

a.

Adesquate grass cover?

Nt Eebfisded

Any erosion?

Are trees growing on slope?

i -

Longitudinal cracks?

Transverse cracks?

Visual depressions or bulges?i

Visual settlements?

PP XX

Is the toe drain dry? NA.

Are the relief wells flowing?:

Are boils present at the toe?

I5 seepage present?

P AR TG [ (O O O
- . . - - * [ . - -

Animal burrows?

THATEE

4.

ABUTMENT CONTACT. RIGHT

Any erosion?

Visual differential movement?

Any cracks noted?

I5 seepage present? g

oo

Type of Material? [

|

,qwf/l, S7F (S

. AB

UTMENT CONTACT. LEFT

Any erosion?

Visual differential movement?

Any cracks noted?

Is seepage present?

<Pl

®|aa|oria

Type of Material?

Sandy /7S]



Sediment Impoundment Name: ﬂh/é1]"‘§/
Page: 5

TTEM 'YES|NO REMARKS

6. SPILLWAY,NORMAL

a. Location:

Left abutment?

Right abutment? X !

Crest of Embankments? Lo [

b. Approach Channel: N A

Are side slopes eroding? | :

Are side slopes sloughing? | |

Bottom of channel eroding?

Obstructed?

Ergsion protection?

c. Spillway Channel: )¢/, .

Are side slopes eroding? :

Are side slopes sloughing? |

Bottom of channel eroding?

Obstructed?

Erosion protection? L X

d. Outflow Channel: /2¢4 - ; |

Are side slopes eroding? | |

Are side slopes sloughing?

DI | Ieprxdx

Bottom of channel ercding? I
Cbstructed? |

Erosion protection? Y Kiprag
e. weir: NA. A

Condition?

\

Lafs _abutment?

. t

SPILLWAY,/EMERGENCY , i
Ll

a. Location: Aé[l
1

|

Right abutment?

Crest of “Embankments? ' i i

b. Approach Channel: | i

Are side slopes.eroding? i

Are side slopes sigughing?

Bottom of channel ereding?

Obstructed? N . A

I
i
Erosion protection? N A

c. Spiilway Channel: ~_A

Are side slopes eroding? PN

Are side slopes sloughing? 1 ™\ |

Bottom of channel ercding?

Obstructed?

Erosion protection2~” | N

d. Outflow Channel;” i ~

Are side sifpes sloughing?

|
|
|
Are side slope€ eroding? ] N
|
L

Bottom of channel eroding?

Obstpdéted? S

Ezefion protection?

e, Meir:

i
i
_~~ Condition? ]




Sediment Impoundment Name: /4 / 1) - é/
Page: 6 '

ITEM | YES|NO PREMARKS

8. IMPOUNDMENT

a. Sinkholes? X 1{Elev, ) feet
b. Water present? X 1(Elev.) fzet
¢. Siltation? Senndmol.

d. Watershed matches sext map? | X
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INTRODUCTION

Sedimentation Structure WW-5 is an earthen embankment, designed and
constructed in 1981 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 WW-5 is shown on Plate 1,

Site Plan.

This inspection report contains information specific to Structure
WW-5, 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 hydraulies.

INSPECTION

Structure WW-5 was 1nspected 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 (0OSM) regulations.

Dames & Mpore's inspection was performed in accordance with
applicable 30 CFR 780 and 816 regulations and included a review of the WW-5
project files and a field inspection of the structure. The most current
informatlion contained in the Peabody Coal Company files includes the 1984

and current survey data and inspections performed 1ian 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 WW-5 has a I2.l-acre tributary drainage area and 1is
located near Moenkopi Wash at the Black Mesa Mine. The watershed 1is

classified as 56% Pinion/Juniper and 44% disturbed.

EMBANKMENT

Structure WW-5 is a homogeneous earthen embankment classified as a
cross=valley embankment. Physical characteristics of the embankment are

listed in the following table:

Structure WW-5

Embankment . . « +« « « Residual Sandstone Soils
Foundation . + . . s+ « Residual Sandstone Soils
Right Abutment . . . . Residual Sandstone Soils
Left Abutment . . . . Residual Sandstone Soils
Height . . . . . . « . 13.0 ft

Crest Width . . . . . l4 ft

Upstream Slope . . . . 4 H 1v

Downstream Slope . . . 5.1 H: 1 ¥

A cross-section of the embankment 15 shown on Plate 2, Existing Maximum
Cross Section WW-5, A-A'. Grass provides erosion protection con the upstream

slope of the embankment,



ANALYSES

STABILITY

Structure WW-5 is a category A-1 embankment. A standard category
A-1 embankment has static and selsmic factors of safety of 1.5 and 1.2,

respectively, under the following conditions:

Maximum height = 15 fEt

Maximum upstream slope = 1,75 H : 1 V

Maximum downstream slope = 3,25 H : 1 V

Normal pool with steady seepage saturation conditions

£ b =
4 = B

The WW-5 embankment i1s 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,S5. Army Corps of
Engineers generalized computer program HEC-1, Flood Hydrograph Package.
Structure WW-5 is located upstream from Structure J3-E., The two structures
have a comhined storage capaclity that 1s greater than 20 acre-feet.
However, WW-5 1is located upstream from J3-E, therefore, the spillway for
WW=5 was analyzed using the 25-year, 6-hour storm. The storage capacity of

Structure WW-5 was analyzed using the l0-year, 24-hour storm.



The following parameters were used

Water Course length, L . . .
Elevation Difference, H . .
Time of Concentration, T .
Lag time, 0.6T . . . . . .
SCS Curve Numb&r . . . . . .

[= BV, I W% T
[ ]

-~
-

Dralnage Area .« .« « o o« « o

HYDRAULICS

. Rainfall Depth, 10-year, 24-ho

-

in the hydrologic analysis:

.
.
ar

storm
25-year, 6~hour storm.

.

0.227 mi
43 ft
0.110 h
0.066 h

91
2,1 in.
1.9 in.

12.1 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.



WW-5 HYDRAULICS

10-year 25-year
24=hour 6-hour
Onits Storm Storm
Initial Reservoir Volume
Condition Empty Full to the
spilllway
elevation
Inflow
Peak Flow . . . . . cfs 27 36
Volume . . +» « « & . acre—ft 1.31 1.10
Storage
Peak Stage . . . . . ft 6567.20 6575.87
Spillway Elevation . ft 6575.10 -=
Peak Storage . . . . acre-ft 1.31 -
Storage Capacity . . acre—-ft 6.69 -
Out flow
Peak Flow . . . . . efs 0 4
Embankment Crest
Elevation . . . . ft - 6577.00
Peak Stage . . . . . ft - 6575.87
Freeboard . . . . . ft - 1.13
Spillway Channel
Flow Depth . . . . . ft - 0.77
Critical Velocity. . fps - 2.0
Manning's "n" . . . —_— 0.035
Outflow Channel Section I Section II
Slope . « « « . . . 4 - 4 9
Normal Velocity. . . fps - 2.1 2.7
Normal Depth . . . . ft - 0.10 0.10
“n" -— 0.035 0.035

Manning's “n . .




Spillway Channel

The existing spillway for WW-5

following dimensions:

Channel
Channel
Channel
Average

There 1s presently no

Outflow Channel

The existing outflow channel for WW-5

depth . . . . . .
width . . . . . .
length . . . . .
exit slope . . .

erosion protection within

the following dimensions:

Channel
Channel
Average

There is presently no erosion protection within

STORAGE CAPACITY

Wid th e ® = & w »
length . . .
exit slope . . .

has a U-shaped channel with Cthe

2 ft
10 ft
30 ft
2 percent

channel.

has a U-shaped channel with

10 ft
30 fr
5 percent

LI } a = . s
. L I A

the channel.

The impoundment volume-elevation curve is based on site specific

surveys conducted for Peabody Coal Company's August 1984 inspection,

1985 resurveys, where
maps

WW-5.

available.

available were used in developing Plate 3,

and

Additionally, the most current topographic

Volume-Elevation Curve,



The calculations for the sediment load entering Structure WW-5 were

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

meters:

1. Rainfall Factor, R . ¢« «. « « « « « » « » 40

2- Soil Erodibility Factor, K . L T R T 0- 21

3. Slope Factor, LS . v « « &« ¢ » « + » « « 1,67

4. Cover FactoT, € .+ ¢ « o« « ¢« o s o a » » 0.520

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 WW-5 and the

results of the sediment inflow analysis are summarized in the following

table.

WW-5 STORAGE

Total Storage Capaclty . ¢« o « & & & & 6.69 acre-ft
10~year, 24-hour Storm Inflow ., . . . . 1.31 acre-ft
Avallable Sediment Storage Capacity . . 5.38 acre-ft
Sediment Inflow Rate . . « « « o + o« 0.041 acre-ft/yr
Sediment Storage Life . . . . . . . . . 131 yrs

Excess storage capacity In Structure WW-5 can be used for storing

water produced during maintenance of the nearby water well.

REMEDIAL COMPLTANCE PLAN

GEOTECHNICS

The inspection of Structure WW-5 Indicated that the only
geotechnical problem 1s rill erosion on the upstream slope, the side slopes

of the spillway and outlet channel. Correction of erosion 1s considered a

periodic maintenance task and does not require remedial action,



HYDRAULICS

The storage capacity and spillway capacity of Structure WW-5 are
adequate; however, the spillway does not have an adequate outflow channel or
adequate erosion protection. A trapezoidal outflow channel should be con-
structed 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 WW-5

Plate 2 - Existing Maximum Cross Section WW-5, A-A'

Plate 3 — Volume-Elevation Curve WW-5

Plate 4 - Channel Profile WW-5, B-B'

Plate 5 - Spillway and Outflow Channel Cross Section WW=5

Appendix A - Inspection Check List

Appendix B - Hydrology and Hydraulic Calculations
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APPENDIX A

INSPECTION CHECK LIST



Sediment Impoundment Name:
Page:

INSPECTION CHECK LIST

W W<

q

ITEM

YES

NO

1, CREST

a.

Any visual settlements?

b.

Misalignment?

.3
X

cC.

Cracking?

2. UPSTREAM SLOPE

a.

Adequate grass cover?

(o6 7/

b‘

Any erosion?

Calls

C.

Are trees growing on slope?

d.

Longitudinal cracks?

e.

Transverse cracks?

£.

Adequate riprap protection?

PtV A WAYD

gl

Any stone deterioration?

M A

h.

Visual depressions or bulges?

i,

visual settlements?

1.

Animal burrows?

3. DOWNSTREAM SLOPE

a.

Adequate grass cover?

b.

Any erosion?

cl

Are trees growing on slope?

XXPS

d.

Longitudinal cracks?

Transverse cracks?

Visual depressions or bulges?

Visual settlements?

l

Is the toe drain dry?

Are the relief wells flowing?

. Are boils present at the toe?

. Is seepage present?

Animal burrows?

4. ABUTMENT CONTACT. RIGHT

Any erosion?

X

b.

Visual differential movement?

C.

Any cracks noted?

d.

Is seepage present?

X

e.

Type of Material?

LAl
fed d5n 2y SpA

5. ABUTMENT CONTACT. LEFT

a.

Any erosion?

b.

Visual differential movement?

C.

Any cracks noted?

d.

Is seepage present?

PP

e.

Type of Material?

S




Sediment Impoundment Name:

WS

Page: 5

ITEM

REMARKS

6.

SPILLWAY /NORMAL

a, Location:

Left abutment?

Right abutment?

Crest of Embankments?

b. Approach Channel:

Are side slopes eroding?

N&

Are side slopes sloughing?

Bottom of channel eroding?

Obstructed?

Erosion protection?

¢. Spillway Channel:

Are side slopes eroding?

(Ll <

Are side slopes sloughing?

Bottom of channel eroding?

Obstructed?

Erosion protection?

d. outflow Channel:

Are side slopes eroding?

[/} )

Are side slopes sloughing?

Bottom of channel eroding?

Obstructed?

Erosion protection?

e, Weir:

Condition?

SPILIWAY/EMERGENCY

a. Location:

NA

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 eroding?

Are side slopes sloughing?

Bottom of channel eroding?

Obstructed?

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: W T

Page: 6
ITEM YES [NO REMARKS
8. IMPOUNDMENT
a. Sinkholes? (Elev.) feet
b. Water present? S |(Elev. ) feet
c. Siltation? e [V
d. Watershed matches soil map? ] logs o, o>

9. GENERAL COMMENTS
r’ju'\‘\euls T ee wcsed o fFe S fead 95 Toe TR

A . ,
I‘]m\(\w\ ) d‘fiu ed < ?ik\ ul(‘M\




APPENDIX B

HYDROLOGY AND HYDRAULIC CALCULATIONS
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BY

&

DATE

BY
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