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INTRODUCTION

Sedimentation Stnicture WW-9B is an earthen embankment, designed and constructed in 1983 by

Peabody Coal Company as a temporary sedimentation stnicture to control runoff and sediment from

the disturbed mining areas of the Black Mesa Mine. The location of Structure WW-9B and its

watershed boundary are shown on Drawing No. 85400 (Sheet K-ll) and Drawing No. 85405. The

site-specific 1999 design plans are shown on the attached Exhibit 1.

This design report contains information specific to Stnicture WW-9B. Mine-wide design, constmction,

and reclamation information is presented in the "General Report, Kayenta and Black Mesa Mines,

Navajo County. Arizona, for Peabody Western Coal Company", December, 1985 (PAP), Chapter 6,

Attachment D, Volume 2, along with the methods and results of analyses used for slope stability,

hydrology, and hydraulics, and in Chapter 6, Pages 11 to 42, "Sediment and Water Control Facility

Plan".

INSPECTION

The existing stnicture WW-9B was inspected by a Registered Professional Engineer from Peabody

Western Coal Company in July 1999 to assure that the existing structure is stable and no adverse

conditions exist. A detailed geotechnical investigation was not performed, rather, the information in

Chapter 6, Attachment D was utilized for embankment design to assure that the design embankment

configuration would be stable.
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SITE DESCRIPTION

LAND USE

The WW-9B structure has a watershed of 12.3 acres and is located near Yucca Flat Wash at the Black

Mesa Mine. The 12.3 acre watershed that contributes directly to structure WW-9B is classified as 91%

Sagebrusli/grass and 9% disturbed.

DESIGN ANALYSES

GENERAL

Structure WW-9B was designed under the supervision of a Registered Professional Engineer from

Peabody Western Coal Company. The design was performed in accordance with applicable 30 CFR

780 and 816 regulations ofthe United States Department ofInterior, Office ofSurface Mining (OSM)

and included a review of available project files. The most current information contained in the

Peabody Western Coal Company files includes topographic maps developed from Peabody Western

Coal Company field surveys in 1999and was used in the analyses of the stnicture.

STABILITY

Structure WW-9B is a category B-5 embankment. A homogenous earthen embankment classified as a

sidehill embankment with an approximately 15 feet wide embankment width. An upstream slope of a

minimum 2.4:1 (horizontal to vertical) and a downstream slope of 4.2:1 was utilized. Based on the

total embankment height of approximately 11 feet, these slopes are equal to or flatter than the

recommended "worst case" embankment/foundation condition slopes in Table 3-6, Attachment D,

Chapter 6: therefore, the embankment is stable.

w 7*



c

c

HYDROLOGY

The hydrologic analysis was completed using the computer program SEDCAD 4 (see Appendix B).

Stnicture WW-9B is classified as a low hazard structure (see Drawing No. 85408). In addition, the

mine area is sparsely populated with no one living in the downstream floodplain. The structure will

impound less than 20 acre-feet and be less than 20 vertical feet in height from the upstream toe of the

embankment of the natural stream elevation to the top of embankment elevation.

i

Adequate storage capacity will be maintained in the impoundment above the normal operating level

and below the top of the embankment to contain the storm ninoff from the T00-year, 6-hour storm

event with no discharge over the top of the embankment. To assure that adequate storm water storage

capacity is available, the operating water level in the impoundment will be maintained at or below

elevation 6372.2. Water level will be controlled and excess stormwater ninoff accumulations will be

removed by pumping (see Chapter 6 dewatering discussion), as required.

The storage capacity of stnicture WW-9B was analyzed using the 100-year, 6-hour storm event. The

impoundment was verified to completely contain the 100-year, 6-hour storm event, and provide

adequate sediment storage volume, without discharging.

-3-
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The following parameters were used in the hydrologic analysis:

0.104 mi.

27 ft

0.0534 hr

81

2.4 in

12.3 acres

1. Water Course length, L

2. Elevation Difference, H

3. Time of Concentration, Tc

4. SCS Curve Number

5. Rainfall Depth. 100-year, 6-hour storm

6. Drainage Area

HYDRAULICS

The SEDCAD 4 computer program was used to evaluate inflow to the sedimentation stnicture. WW-

9B does not incorporate an emergency spillway, instead the peak ninoff from the 100-yr, 6-hr event

will be contained with a minimum of one foot of freeboard. The initial conditions and results of the

analysis are summarizedin the following table (supporting calculations are presented in AppendixB).
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WW-9B SEDIMENTATION POND HYDRAULICS TABLE

Units 100-Yr, 6-Hr
Storm

Initial Reservoir Volume Condition 6372.2

Inflow

Peak Flow Cfs 18.13

Volume ac-ft 0.89

Storage

Peak Stage Msl 6373

Max. Operating Elev. Msl 6372.2

Peak Storage ac-ft 6.01

Storage Capacity ac-ft 5.12

Embankment Crest Elev. Msl 6374

Freeboard Ft 1.0

Notes: The Storage Capacity figure reflects

available pond storage up to the defined

Operating Elevation. The Peak Storage

figures reflects available pond storage up to

the Peak Storage elevation and includes

Storage Capacity plus stormwater inflow

volume (5.12 + 0. 89).
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STORAGE CAPACITY

The impoundment stage-capacity table (see Appendix A) is based on the 1999 topographic mapping

conducted by Peabody Western Coal Company. Stnicture WW-9B is designed to contain

approximately 7.18 acre-feet at the top of embankment elevation.

The calculations for the sediment load entering stnicture WW-9B were made utilizing the Revised

Universal Soil Loss Equation with the following parameters:

1. Rainfall Factor, R 40

2. Soil Erodibility Factor, K 0.195

3. Slope Factor, LS 2.5

4. Cover Factor, C 0.125

5. Erosion Control Factor, P 1.0

The sediment inflow calculations are included in Appendix A. The hydrologic analysis gives the

storage volume required to contain the 100-year, 6-hour storm and the remaining storage volume

available for storing sediment. The existing storage capacity of WW-9B and the results of the sediment

inflow analysis are summarized in the following table.

-6-
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Storage for Structure WW-9B

Total Storage Capacity

100-Year. 6-Hour Storm Inflow plus 1 ft
Freeboard

Available Sediment Storage Capacity

Sediment Inflow Rate/Year

Sediment Storage Life

WW-9B

7.18 acre-ft

2.06 acre-ft

5.12 acre-ft

0.023 acre-ft /yr

223 yrs

The following appendices and drawing are attached and complete this design report.

Appendix A - Hydrology, Hydraulic, and Sedimentation Calculations

Appendix B - SEDCAD4 100-Year, 6-Hour Storm Event

Exhibit #1 - Proposed WW-9B Sedimentation Pond Design



o

o

O

APPENDIX A

Hydrology, Hydraulic,and SedimentationCalculations



f

n o

UI UJ

a O

1- y-

UJ m

H H
< •<
O O

i/»

X
o
l/t

>
UJ > >•
at 00 ta

UJ

CO °
UJ

ui H
iaC *"
U >•
uj a.

>- X o
00 u u

FILE ^SAfeobl I be*- CQ iQ\SH-Gv\ -11
SUBJECT ^g^t^&tQT 'FgfOf^ V^KtsCOiQky

l/Ol/P^-fe . SHEET OF.

I\ME OF lO>0 LOoT^-firTlOr^

busoA,TvoM WpseBouB * Uoo - Gv^ = 21'

itf to.\o«?\aw-
II

LA-u 1\m.C O, (o \ c « a ovzv V* l,° Ku

^CS CugjQg N U>4t&£-

u^/4/A;/)6e

ia.3 Ac.

^KtxiOL.oa< Ixnu

CoKibvTvoH T^ps

— z>

— D

cu>-e D

*W^ -

Sfi, E4 4S2. - c

^»sV Ca-S* IS

M^/v /f£F/4

O.0 3l0 S3.. /* /

if

Dames & Moore



o o

Ui UJ

a o

i- H

UJ UJ
h- H>

< •<
a a

I/I

z
o

t/>

>

Ui > >

-\* on CO

o

SUBJECT 'Sc^^dot "X^ts^d^j __
W)\Q5-^ ' SHEET „0F.

Un\\)"^Q-SAcu Soiu Loss "Ea.u\.frfPO

R. AD

5C< 3 5** 52.

S>loP5 ^AcTD^.

400 vi

CoQfcHZ. "FArCTpfZ.

Co mtfloe Tmltoo.

lit* at^

SloPo [%) LS

o

a

<\

lis

tl

l\

\<A 1.

P-LO

-U/&<:<<* l*\etKt

Dames & Moore



c

c

LAST REVISION: 7/21/99

WW-9B POND STAGE CAPACITY TABLE

ELEVATION STAGE AREA CAPACITY TOTAL CAPACITY

(ft-msl) (ft) (acres) (ac-ft) (ac-ft)

DESCRIPTION

6361.9 0.0 0.00 0.00 0.00 BOTTOM OF POND

6362.0 0.1 0.01 0.00 0.00

6364.0 2.1 0.27 0.27 0.27

6366.0 4.1 0.43 0.69 0.96

6368.0 6.1 0.56 0.98 1.95

6370.0 8.1 0.70 1.26 3.20

6372.0 10.1 0.94 1.64 4.85

6374.0 12.1 1.39 2.34 7.18 TOP OF EMBANKMENT
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APPENDIX B

SEDCAD4 (Input and Output) 100-Year, 6-Hour Storm Event
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SEDCAD 4 for Windows
Copyright 1998 Pamela J. Schwab
CivilSoftware Design

WW-9B

Design Report

100 yr- 6 hr Design Storm

Christopher Irwin

Filename: ww9a_design.sc4 Printed 07-21-1999
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SEDCAD 4 for Windows
Copyright 1998 Pamela J. Schwab
Civil Software Design

Filename: ww9a_desigrf:

General Information

Storm Information:

Storm Type: NRCS Type II

Design Storm: 100yr-6hr

Rainfall Depth: 2.400 inches

Printed 07-21-1999
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SEDCAD 4 for Windows
Copyright 1998 Pamela J. Schwab
Civil Software Design

Structure Networking:

Type ,;;-: Stru (flows Stru
# into) #

M;f-K Musk.X
(hrs)

Description

Null #1 ==> End 0.000 0.000

Filename: ww9a_design.

#1

Null

Printed 07-21-1999
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SEDCAD 4 for Windows
Copyright 1998 Pamela J. Schwab
CivilSoftware Design

#1

Filename: ww9a_design

Structure Summary:
Immediate

Contributing
Area

fifl
12.300

Total

Contributing
Area

m
12.300

Peak

Discharge
(cfs)

18.13

Total

Runoff

Volume

(ac-ft)

0.89

Printed 07-21-1999
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SEDCAD 4 for Windows
Copyright 1998 Pamela J. Schwab
Civil Software Design

Subwatershed Hydrology Detail:
Stru

#

SWS

#

SWS Area Time of Cone

(ac) (hrs)
MuskK

(hrs)
Musk*

Curve

Number
UHS

Peak

Discharge
(cfs)

Runoff

Volume

(ac-ft)

#1 1 12.300 0.053 0.000 0.000 81.000 F 18.13 0.89

s 12.300 18.13 0.89

Filename: ww9a Printed 07-21-1999
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INTRODUCTION

Sedimentation Structure WW-9A is an earthen embankment, designed and constructed in 1983 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-9A and its

watershed boundary are shown on Drawing No. 85400 (Sheet K-ll) and Drawing No. 85405. The

site-specific 1999 design plans are shown on Ihe attached Exhibit 1.

This design report contains information specific to Structure WW-9A. Mine-wide design,

construction, and reclamation information is presented in the "General Report, Kayenta and Black

Mesa Mines, Navajo County, Arizona, for Peabody Western Coal Company", December, 1985 (PAP),

Chapter 6, Attachment D, Volume 2, along with the methods and results of analyses used for slope

stability, hydrology, and hydraulics, and in Chapter 6, Pages 11 to 42, "Sediment and Water Control

Facility Plan".

INSPECTION

The existing structure WW-9A was inspected by a Registered Professional Engineer from Peabody

Western Coal Company in July 1999 to assure that the existing structure is stable and no adverse

conditions exist. A detailed geotechnical investigation was not performed, rather, the information in

Chapter 6, Attachment D was utilized for embankment design to assure that the design embankment

configuration would be stable.

1-
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SITE DESCRIPTION

LAND USE

The WW-9A structure has a watershed of 12.55 acres and is located near Yucca Flat Wash at the

Black Mesa Mine. The 12.55 acre watershed that contributes directly to structure WW-9A is classified

as 94% Sagebrush/grass and 6% disturbed.

DESIGN ANALYSES

GENERAL

Structure WW-9A was designed under the supervision of a Registered Professional Engineer from

Peabody Western Coal Company. The design was performed in accordance with applicable 30 CFR

780 and 816 regulations of the United States Department of Interior, Office of Surface Mining (OSM)

and included a review of available project files. The most current information contained in the

Peabody Western Coal Company files includes topographic maps developed from Peabody Western

Coal Company field surveys in 1999 and was used in the analyses of the structure.

STABILITY

Structure WW-9A is a category A-5 embankment. A homogenous earthen embankment with an

approximately 12 feet wide embankment width. An upstream slopeof a minimum 2.3:1 (horizontal to

vertical) and a downstream slope of 3.9:1 was utilized. Based on the total embankment height of

approximately 14 feet, these slopes are equal to or flatter than the recommended "worst case"

embankmentyfoundation condition slopes in Table 3-6, Attachment D, Chapter 6: therefore, the

embankment is stable.
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HYDROLOGY

The hydrologic analysis was completed using the computer program SEDCAD 4 (see Appendix B).

Structure WW-9A is classified as a low hazard structure (see Drawing No. 85408). In addition, the

mine area is sparsely populated with no one living in the downstream floodplain. The structure will

impound less than 20 acre-feet and be less than 20 vertical feet in height from the upstream toe of the

embankment of the natural stream elevation to the top of embankment elevation.

Adequate storage capacity will be maintained in the impoundment above the normal operating level

and below the top of the embankment to contain the storm runoff from the 100-year, 6-hour storm

event with no discharge over the top of the embankment. To assure that adequate storm water storage

capacity is available, the operating water level in the impoundment will be maintained at or below

elevation 6372.4. Water level will be controlled and excess stormwater runoff accumulations will be

removed by pumping (see Chapter 6 dewatering discussion), as required.

The storage capacity of structure WW-9A was analyzed using the 100-year, 6-hour storm event. The

impoundment was verified to completely contain the 100-year, 6-hour storm event, and provide

adequate sediment storage volume, without discharging.
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The following parameters were used in the hydrologic analysis:

1. Water Course length, L 0.20 mi.

2. Elevation Difference, H 50 ft

3. Time of Concentration, Tc 0.089 hr

4. SCS Curve Number 80

5. Rainfall Depth, 100-year, 6-hour storm 2.4 in

6. Drainage Area 12.55 acres

HYDRAULICS

The SEDCAD 4 computer program was used to evaluate inflow lo the sedimentation stnicture. WW-

9A does not incorporate an emergency spillway, instead the peak ninoff from the 100-yr, 6-hr event

will be contained with a minimum of one foot of freeboard. The initial conditions and results of the

analysis are summarized in the following table (supporting calculations are presented in Appendix B).

-4-
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WW-9A SEDIMENTATION POND HYDRAULICS TABLE

Units 100-Yr, 6-Hr

Storm

Initial Reservoir Volume Condition 6372.4

Inflow

Peak Flow Cfs 17.63

Volume ac-ft 0.86

Storage

Peak Stage Msl 6374

Max. Operating Elev. Msl 6372.4

Peak Storage ac-ft 3.48

Storage Capacity ac-ft 2.62

Embankment Crest Elev. Msl 6375

Freeboard Ft 1.0

Notes: The Storage Capacity figure reflects

available pond storage up to the defined

Operating Elevation. The Peak Storage

figures reflects available pond storage up to

the Peak Storage elevation and includes

Storage Capacity plus stormwater inflow

volume (2.62 + 0. 86).

-5-
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STORAGE CAPACITY

The impoundment stage-capacity table (see Appendix A) is based on the 1999 topographic mapping

conducted by Peabody Western Coal Company. Structure WW-9A is designed to contain

approximately 4.23 acre-feet at the top of embankment elevation.

The calculations for the sediment load entering stnicture WW-9A were made utilizing the Revised

Universal Soil Loss Equation with the following parameters:

40

0.18

2.10

0.096

1.0

The sediment inflow calculations are included in Appendix A. The hydrologic analysis gives the

storage volume required to contain the 100-year. 6-hour storm and the remaining storage volume

available for storing sediment. The existing storage capacity of WW-9A and the results of the

sediment inflow analysis are summarized in the following table.

1. Rainfall Factor, R

2. Soil Erodibility Factor, K

3. Slope Factor, LS

4. Cover Factor, C

5, Erosion Control Factor, P

-6-
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Storage for Structure WW-9A

Total Storage Capacity

100-Year, 6-Hour Storm Inflow plus 1 ft
Freeboard

Available Sediment Storage Capacity

Sediment Inflow Rate/Year

Sediment Storage Life

WW-9A

4.23 acre-ft

1.61 acre-ft

2.62 acre-ft

0.016 acre-ft/yr

164 yrs

The following appendices and drawing are attached and complete this design report.

Appendix A - Hydrology, Hydraulic, and Sedimentation Calculations

Appendix B - SEDCAD4 100-Year, 6-Hour Storm Event

Exhibit # 1 - Proposed WW-9A Sedimentation Pond Design
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Hydrology, Hydraulic, and Sedimentation Calculations
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LAST REVISION: 7/19/99

WW-9A POND STAGE CAPACITY TABLE

ELEVATION STAGE AREA CAPACITY TOTAL CAPACITY

(ft-msl) (ft) (acres) (ac-ft) (ac-ft)

DESCRIPTION

6360.4 0.0 0.00 0.00 0.00 BOTTOM OF POND

6362.0 1.6 0.10 0.08 0.08

6364.0 3.6 0.15 0.25 0.33

6366.0 5.6 0.18 0.33 0.67

6368.0 7.6 0.23 0.41 1.08

6370.0 9.6 0.31 0.54 1.62

6372.0 11.6 0.44 0.75 2.37

6374.0 13.6 0.67 1.11 3.48

6375.0 14.6 0.83 0.75 4.23 TOP OF EMBANKMENT
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SEDCAD4 (Input and Output) 100-Year, 6-HourStormEvent
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SEDCAD 4 for Windows
Copyright 1998 Pamela J. Schwab
CivilSoftware Design

WW-9A

Design Report

100 yr-6 hr Design Storm

Christopher Irwin

Peabody Western Coal Company
Black Mesa Mine

Filename: ww9a_design.sc4 Printed 07-21-1999
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SEDCAD 4 for Windows
Copyright 1998 Pamela J. Schwab
Civil Software Design

Filename: ww9a_design.sc4

General Information

Storm Information:

Storm Type: NRCSType II

Design Storm: 100 yr - 6 hr

Rainfall Depth: 2.400 inches

Printed 07-21-1999



SEDCAD 4 for Windows
Copyright 1998 Pamela J. Schwab
Civil Software Design

Structure Networking:

Type
Stru (flows Stru

# into) #
M,Uhsk;K Musk.X

(hrs)
Description

Null #1 ==> End 0.000 0.000

Filename: ww9a_design.sc4

#1

Null

Printed 07-21-1999
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SEDCAD 4 for Windows
Copyright 1998 Pamela J. Schwab
CivilSoftware Design

#1

Filename: ww9a_design.sc4

Structure Summary:
Immediate

Contributing
Area

m
12.550

Total

Contributing
Area

12.550

Peak

Discharge
(cfs)

17.63

Total

Runoff

Volume

(ac-ft)

0.86

Printed 07-21-1999
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SEDCAD 4 for Windows
Copyright 1998 Pamela J. Schwab
Civil Software Design

Subwatershed Hydrology Detail:

Stru

#

SWS

#

SWS Area Time of Cone

(ac) (hrs)
Musk K

(hrs)
Musk X

Curve

Number
UHS

Peak

Discharge
(cfs)

Runoff

Volume

(ac-ft)

#1 1 12.550 0.089 0.000 0.000 80.000 F 17.63 0.86

s 12.550 17.63 0.86

Filename: ww9a_design.sc4 Printed 07-21-1999
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INTRODUCTION

Sedimentation Stnicture WW-9C is an earthen embankment, designed and constmcted in 1983 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-9C and its

watershed boundary are shown on Drawing No. 85400 (Sheet K-ll) and Drawing No. 85405. The

site-specific 1999 design plans are shown on the attached Exhibit 1.

This design report contains information specific to Stnicture WW-9C. Mine-wide design, constmction,

and reclamation information is presented in the "General Report. Kayenta and Black Mesa Mines,

Navajo County, Arizona, for Peabody Western Coal Company", December, 1985 (PAP), Chapter 6,

Attachment D, Volume 2, along with the methods and results of analyses used for slope stability,

hydrology, and hydraulics, and in Chapter 6, Pages 11 to 42, "Sediment and Water Control Facility

Plan".

INSPECTION

The existing stnicture WW-9C was inspected by a Registered Professional Engineer from Peabody

Western Coal Company in July 1999 to assure that the existing structure is stable and no adverse

conditions exist. A detailed geotechnical investigation was not performed, rather, the information in

Chapter 6. Attachment D was utilized for embankment design to assure that the design embankment

configuration would be stable.
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SITE DESCRIPTION

LAND USE

The WW-9C structure has a watershed of 12.3 acres and is located near Yucca Flat Wash at the Black

Mesa Mine. The 12.3 acre watershed that contributes directly to structure WW-9C is classified as 91%

Sagebrush/grass and 9% disturbed.

DESIGN ANALYSES

GENERAL

Stnicture WW-9C was inspected under the supervision of a Registered Professional Engineer from

Peabody Western Coal Company. The design was performed in accordance with applicable 30 CFR

780 and 816 regulations of the United States Department of Interior, Office of Surface Mining (OSM)

and included a review of available project files. The most current information contained in the

Peabody Western Coal Company files includes topographic maps developed from Peabody Western

Coal Company field surveys in 1999 and was used in the analyses of the stnicture.

STABILITY

Structure WW-9C is a categoryB-3 embankment. A homogenous earthen embankment classified as an

in-wash embankment with an approximately 15 feet wide embankment width. An upstream slope of a

minimum 2.0:1 (horizontal to vertical) and a downstream slope of 3.5:1 was utilized. Based on the

total embankment height of approximately 14 feet, these slopes are equal to or flatter than the

recommended "worst case" embankment/foundation condition slopes in Table 3-6, Attachment D,

Chapter 6: therefore, the embankment is stable.
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HYDROLOGY

The hydrologic analysis was completed using the computer program SEDCAD 4 (see Appendix B).

Structure WW-9C is classified as a low hazard stnicture (see Drawing No. 85408). In addition, the

mine area is sparsely populated with no one living in the downstream floodplain. The structure will

impound less than 20 acre-feet and be less than 20 vertical feet inheight from the upstream toe ofthe

embankment of the natural stream elevation to the topof embankment elevation.

Adequate storage capacity will be maintained in the impoundment above the normal operating level

and below the top of the embankment to contain the storm nmoff from the 100-year, 6-hour storm

event with no discharge over the lop ofthe embankment. To assure that adequate storm water storage

capacity is available, the operating water level in the impoundment will be maintained at or below

elevation 6273.2. Water level will be controlled and excess stormwater ninoff accumulations will be

removed bypumping (see Chapter 6 dewatering discussion), as required.

The storage capacity of structure WW-9C was analyzed using the 100-year, 6-hour storm event. The

impoundment was verified to completely contain the 100-year, 6-hour storm event, and provide

adequate sediment storage volume, without discharging.

•3-
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The following parameters were used in the hydrologic analysis:

0.369 mi.

106 ft

0.136 hr

75

2.4 in

17.4 acres

1. Water Course length, L

2. Elevation Difference, H

3. Time of Concentration, Tc

4 SCS Curve Number

5. Rainfall Depth, 100-year, 6-hour storm

6. Drainage Area

HYDRAULICS

The SEDCAD 4 computer program was used to evaluate inflow to the sedimentation structure. WW-

9C does not incorporate an emergency spillway, instead the peak runoff from the 100-yr, 6-hr event

will be contained with a minimum of one foot of freeboard. The initial conditions and results of the

analysis are summarized in the following table (supporting calculations are presented in Appendix B).
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WW-9C SEDIMENTATION POND HYDRAULICS TABLE

Units 100-Yr, 6-Hr

Storm

Initial Reservoir Volume Condition 6273.2

Inflow

Peak Flow Cfs 13.98

Volume ac-ft 0.86

Storage

Peak Stage Msl 6274

Max. Operating Elev. Msl 6273.2

Peak Storage ac-ft 9.25

Storage Capacity ac-ft 8.39

Embankment Crest Elev. Msl 6275

Freeboard Ft 1.0

Notes: The Storage Capacity figure reflects

available pond storage up to the defined

Operating Elevation. The Peak Storage

figures reflects available pond storage up to

the Peak Storage elevation and includes

Storage Capacity plus stormwater inflow

volume (8.39 + 0. 86).



c STORAGE CAPACITY

The impoundment stage-capacity table (see Appendix A) is based on the 1999 topographic mapping

conducted by Peabody Western Coal Company. Stnicture WW-9C is designed to contain

approximately 10.41 acre-feet at the top of embankment elevation.

The calculations for the sediment load entering structure WW-9C were made utilizing the Revised

Universal Soil Loss Equation with the following parameters:

1. Rainfall Factor, R 40

2. Soil Erodibility Factor, K 0.21

3. Slope Factor, LS 1.5

4. Cover Factor, C 0.163

5. Erosion Control Factor, P 1.0

The sediment inflow calculations are included in Appendix A. The hydrologic analysis gives the

storage volume required to contain the 100-year, 6-hour storm and the remaining storage volume

available for storing sediment. The existing storage capacity of WW-9C and the results of the sediment

inflow analysis are summarized in the following table.



c

o

C

Storage for Structure WW-9C

Total Storage Capacity

100-Year, 6-Hour Storm Inflow plus 1 ft
Freeboard

Available Sediment Storage Capacity

Sediment Inflow Rale/Year

Sediment Storage Life

WW-9C

10.41 acre-ft

2.02 acre-ft

8.39 acre-ft

0.02 acre-ft /year

420 years

The following appendices and drawing are attached and complete this design report.

Appendix A - Hydrology, Hydraulic, and Sedimentation Calculations

Appendix B - SEDCAD4 100-Year, 6-Hour Storm Event

Exhibit # 1 - Proposed WW-9C Sedimentation Pond Design
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APPENDIX A

Hydrology, Hydraulic, and Sedimentation Calculations
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LAST REVISION: 12/16/99

WW-9C POND STAGE CAPACITY TABLE

ELEVATION STAGE AREA

(ft-ms!) (ft) (acres)

CAPACITY TOTAL CAPACITY

(ac-ft) (ac-ft)

DESCRIPTION

6261.3 0.0 0.00 0.00 0.00 BOTTOM OF POND

6262.0 0.7 0.09 0.03 0.03

6264.0 2.7 0.52 0.61 0.64

6266.0 4.7 0.69 1.21 1.85

6268.0 6.7 0.83 1.52 3.37

6270.0 8.7 0.93 1.76 5.13

6272.0 10.7 1.03 1.96 7.09

6274.0 12.7 1.13 2.16 9.25

6275.0 13.7 1.18 1.16 10.41 TOP OF EMBANKMENT
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APPENDIX B

SEDCAD4 (Input and Output) 100-Year, 6-Hour Storm Event



SEDCAD 4 for Windows
Copyright 1998 Pamela J. Schwab
Civil Software Design
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Filename: ww9c_design

WW-9C

Design Report

100 yr-6hr Design Storm

Christopher Irwin

Printed 12-16-1999



SEDCAD 4 for Windows
Copyright 1998 Pamela J. Schwab
Civil Software Design
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General Information

Storm Information:

Storm Type: NRCS Type II

Design Storm: 100 yr - 6 hr

Rainfall Depth: 2.400 inches

Filename: ww9c_design.sc4 '^^S^ Printed 12-16-1999



SEDCAD 4 for Windows
Copyright 1998 Pamela J. Schwab
Civil Software Design

Structure Networking:
Type

Null

O

c
Filename: ww9c_design.sc4

Stru (flows Stru
# into) #

#1 ==> End

Musk. K

(hrs)

0.000

#1

Null

Musk. X ! Description

0.000

Printed 12-16-1999



SEDCAD 4 for Windows
Copyright 1998 Pamela J. Schwab
Civil Software Design

o

#1

C
Filename: ww9c_design.sc4 nT/,

Structure Summary:
Immediate Total

Contributing Contributing
Area Area

Ml (ac)

17.400 17.400

Peak

Discharge
(cfs)

13.98

Total

Runoff

Volume

(ac-ft)

0.86

Printed 12-16-1999
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SEDCAD 4 for Windows
Copyright 1998 Pamela J. Schwab
CivilSoftware Design

Structure #1 (Null)

Filename: ww9c_design.S'

Structure Detail:

Printed 12-16-1999
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SEDCAD 4 for Windows
Copyright 1998 Pamela J. Schwab
Civil Software Design

Subwatershed Hydrology Detail:
Stru SWS

#

SWS Area Time of Cone

(ac) (hrs)
Musk K

(hrs) MuskX
Curve

Number
UHS

Peak

Discharge
(cfs)

Runoff

Volume

(ac-ft)
#1 1 17.400 0.136 0.000 0.000 75.000 F 13.98 0.86

z 17.400 13.98 0.86

Filename: ww9c_design Printed 12-16-1999
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INTRODUCTION

Sedimentation Structure WW-9D is an earthen embankment, designed

and constructed in 1983 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-9D is shown on Plate 1,

Site Plan.

This inspection report contains information specific to Structure

WW-9D. 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 WW-9D was inspected on August 30, 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 in accordance with

applicable 30 CFR 780 and 816 regulations and included a review of the WW-9D

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-9D has a 7.67-acre tributary drainage area and is

located near the Yucca Flats Wash at the Black Mesa Mine. The watershed is

classified as 82% Sagebrush/grass and 18% disturbed.

EMBANKMENT

Structure WW-9D is a homogeneous earthen embankment classified as a

in-wash embankment. Physical characteristics of the embankment are listed

in the following table:

Structure WW-9D

Embankment Residual Shale Soils

Foundation Alluvium

Right Abutment .... Residual Shale Soils
Left Abutment .... Residual Shale Soils

Height 19.8 ft
Crest Width 15 ft

Upstream Slope . . . . 1.8 H : IV
Downstream Slope . . . 2.75 H : IV

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

Cross Section WW-9D, A-A'. Grass provides erosion protection on the

upstream and downstream slopes of the embankment.

-2-
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ANALYSES

STABILITY

Structure WW-9D is a category B-3 embankment. A standard category

B-3 embankment has static and seismic factors of safety of 1.5 and 1.2,

respectively, under the following conditions:

1. Maximum height = 30 ft
2. Maximum upstream slope = 2.0 H : IV
3. Maximum downstream slope = 2.5 H : IV
4. Normal pool with steady seepage saturation conditions

The WW-9D embankment is lower in height; however, the upstream 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-9D 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-9D was analyzed using the 10-year, 24-hour storm.

-3-



The following parameters were used in the hydrologic analysis

1. Water Course length, L . . .

2. Elevation Difference, H . .

3. Time of Concentration, T

4. Lag time, 0.6T . . . .C. .
5. SCS Curve Number

6. Rainfall Depth, 10-year, 24-hour storm
25-year, 6-hour storm.

7. Drainage Area

0.123 mi

106 ft

0.0383 h

0.0230 h

82

2.1 in.

1.9 in.

7.67 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.

-4-
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WW-9D HYDRAULICS

Initial Reservoir Volume

Condition

Units

Inflow

Peak Flow cfs

Volume acre-ft

Storage

Peak Stage ft
Spillway Elevation . . ft
Peak Storage acre-ft
Storage Capacity . . . acre-ft

Outflow

Peak Flow cfs

Embankment Crest

Elevation ft

Peak Stage ft
Freeboard ft

Spillway Channel
Flow Depth . . . .

Critical Velocity.

Manning's "n" . .

Outflow Channel

Slope
Normal Velocity. .

Normal Depth . . .

Manning's "n" . .

ft

fps

%

fps

ft

-5-

10-year
24-hour

Storm

Empty

14

0.59

6255.33

6273.80

0.59

15.3

25-year
6-hour

Storm

Full to the

spillway

elevation

18

0.49

6275 .40

6274 .06

1 .34

0

1

0

.26

.3

.035

Sect:.on I Section II

12 34

1. 7 2. 4

0. 04 0. 03

0. 035 0. 035



Spillway Channel

The existing spillway for WW-9D has a trapezoidal channel with the

following dimensions:

Channel depth •• 3 ft
Channel width • 12 ft

Channel length 18 ft
Side slopes (horizontal to vertical). . 2:1
Average exit slope 0 percent

Rock provides erosion protection for about 50 percent of the channel.

Outflow Channel

The existing outflow channel for WW-9D has a trapezoidal channel

with the following dimensions:

Channel depth 3 ft
Channel width 12 ft

Channel length 25 ft
Side slopes (horizontal to vertical). . 2:1
Average exit slope 33 percent

Rock provides erosion protection for about 50 percent of 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-9D.

-6-



The calculations for the sediment load entering Structure WW-9D

were made utilizing the Universal Soil Loss Equation with the following

parameters:

1. Rainfall Factor, R 40
2. Soil Erodibility Factor, K 0.189
3. Slope Factor, LS 6.7
4. Cover Factor, C 0.254
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-9D and the

results of the sediment inflow analysis are summarized in the following

table.

WW-9D STORAGE

Total Storage Capacity 15.3 acre-ft
10-year, 24-hour Storm Inflow 0.59 acre-ft
Available Sediment Storage Capacity . . 14.71 acre-ft
Sediment Inflow Rate 0.052 acre-ft/yr
Sediment Storage Life 283 yrs

Excess storage capacity in Structure WW-9D can be used for storing

water produced during maintenance of the nearby water well.

REMEDIAL COMPLIANCE PLAN

GEOTECHNICS

The inspection of Structure WW-9D indicated that the geotechnical

problems consist of rill and gulley erosion on the upstream and downstream

slopes and on the left abutment; and surface cracks in the crest of

-7-



embankment toward the right abutment. Correction of erosion is considered

to be a periodic maintenance task and does not require remedial action. The

section of the embankment that exhibits the cracks should be reconstructed

to eliminate the cracks. The upstream slope should be flattened to 2.0

horizontal to 1 vertical to meet stability requirements.

HYDRAULICS

The storage capacity and spillway capacity of Structure WW-9D 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 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.

-8-
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The following plates and appendix are attached and complete this

inspection report.

Plate 1 - Site Plan WW-9D

Plate 2 - Existing Maximum Cross Section WW-9D, A-A'

Plate 3 - Volume-Elevation Curve WW-9D

Plate 4 - Channel Profile WW-9D, B-B'

Plate 5 - Spillway and Outflow Channel Cross Section WW-9D

Appendix A - Inspection Check List

Appendix B - Hydrology and Hydraulic Calculations

-9-
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Sediment Impoundment Name: UJ O S - Q
Page: 4

INSPECTION CHECK LIST

ITEM YES NO

1. CREST

a. Any visual settlements?
b. Misalignment?

c. Cracking?
&u;*«4 VSI-U

sz
i

2. UPSTREAM SLOPE

a. Adequate grass cover?
b. Any erosion?
c. Are trees growing on slope?
d. Longitudinal cracks?
e. Transverse cracks?
f. Adequate riprap protection?

1
Any stone deterioration?
Visual depressions or bulges?

. Visual settlements?
j. Animal burrowsT

3. DOWNSTREAM SLOPE

a. Adequate grass cover?
b. Any erosion?
c Are trees growing on slope?
d. Longitudinal cracks?
e. Transverse cracks?

f. Visual depressions or bulges?
Visual settlements?

Is the toe drain dry?
i. Are the relief wells flowing?

Are boils present at the toe?
i Is seepage present?
1. Animal burrows?

4. ABUTMENT CONTACT. RIGHT

a. Any erosion?
b. Visual differential movement?

c. Any cracks noted?
d. Is seepage present?
e. Type of Material?

5. ABUTMENT CONTACT. LEFT

a. Any erosion?
b. Visual differential movement?

c. Any cracks noted?
d. Is seepage present?
e. Type of Material?
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ITEM

6. SPILLWAY/NORMAL

a. Location:
Left abutment?

Right abutment?
Crest of Embankments?

b. Approach Channel:
Axe side slopes eroding?
Are side slopes sloughing?
Bottom of channel eroding?"
Obstructed?

Erosion protection?
c. Spillway ChanneTT

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?

7. SPILLWAY/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?
Obstructed?

Erosion protection?
c. Spillway ChanneT:

Are side slopes eroding?
Are side slopes sloughing?"
Bottom of channel erodingT
Obstructed?

Erosion protection?
d. Outflow Channel:

Are side slopes eroding?"
Are side slopes sloughing?
Bottom of channel eroding?
Obstructed?

Erosion protection?
e. Weir:

Condition?
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APPENDIX B

HYDROLOGY AND HYDRAULIC CALCULATIONS
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