
ffi Canyon Fuel
Company, LLc.

Skyline Mine COPY
ASr.taldiE y of Anfr Wastern Btluminouc Grnrp' LLG,

January 3,2011

Mr. Daron R. Haddock
Division of Oil, Gas, and Mining
1594 West North TemPle
Salt Lake City, Utah 84114-5801

RE: Re-submittal of North of Graben Incidental
LLC, Skyline Mine, C/007/005, Task #3615

Dear Daron:

c/xtlrAs J-t(o^'uy
+4171 K

Gregg Galecki, Environ. Engineer
HGR 35, Box 380
Helper, UT 84526
(435) 448-2636 - ffice
(4il5l448-2632 - Fax

File in:

Date Folder

Boundary Change, Canyon Fuel Company,

Attached to this letter is the re-submittal of pertinent information requesting an Incidental

Boundary Change (lBC) to the Skyline Mine permit. The IBC adds approximately 320 acres to

the area approved for underground mining activities located north of the Winter Quarter Canyon

graben The modification is necessary to maximize coal recovery by rotating the proposed

longwall panels from a north-south to east-west orientation.

With this re-submittal, the following is the only information that has been modified from the

September 16, 2010 submittal:
- Chapter 1, page 1-30 has been updated to include the

lnformation
- Chapter 1 , Appendix 1 18 - a copy of the signed lease

Private Lease Right-of-Entry

- Chapler 2, Section 2.5 (PHG), page 2-51d specifically addresses the minimal impacts

anticipated with mining.
- Chaprter 2, Section 2.8 Aquatic Wildlife Resources, pages 2-67,2-17a, and Table 2.8-1a

outlining the Fish information in Woods Canyon
- Appendix A-3, Volume 2,2010 Estimates of the Fal[, 2010, Cutthroat Trout Population

Densities in Winter Quarters Canyon Creek and Woods Canyon Creek, - Mt. Nebo

Scientific

Other information from the September submittal includes modifications to the following

monitoring programs: groundwater, surface water, aquatic wildlife, vegetation, and subsidence.

No surface disturbance is associated with this modification.

Attached to this cover letter are completed G1 and C2 forms, a guidance document provided for

the technical reviewer to locate the relevant modifications, three (3) redline-strikeout and eight

(8) clean copies of M&RP text modifications, numerous plates, an Earthfax Engineering report

extending the 2004 GPS survey in Woods Canyon, and an Agapito Associates engineering

report providing a numerical modeling report evaluating subsidence in Woods Canyon. Plates

needing certification have been ceftified for final approval.

lf you have any questions

Sincerely:

regarding this information, please give me a call at (435) 448-2636-

RECEIVED

JAN I 1 20ll

Canyon Fuel Company, LLC.
Environmental Engineer - Skyline Mines

DlV. OF OIL, GAS & MINING



APPLICATION FOR COAL PERMIT PROCESSING

PermitChange[l NewPermit! Renewalfl Exploration! BondRelease! Transfer OPY
Permittee: Canyon Fuel Company, LLC
Mine: Skvline Mine PermitNumber: C10071005

Title: Winter Quarters Access Road

Description, Includc reason for application and timing required to implcment:

Three (3) review and eight (8) clean copies ofNorth of Graben - Incidental Boundary Change #3615

Instructions: Ifyou answer yes to any ofthe first eight (gay) questions, this application may require Public Notice publication.

I ves X t{o
IYesXxo
nYesXNo
XYesEuo
fl ves X xo
fl Yes X xo
ffiYesnuo
!YesENo
I Yes K tlo
EvesXuo

EvesXuo
XvesnNo
ffi Yes fl uo
! Yes X tto
IvesXNo
ffiYesnuo
nYesXNo
ffiYesf,uo
E Yes fJ No
XYesXNo
!vesENo
X yes n r-to

!vesXuo
Please attach

L
2.
J.

4.
5.

6.
'7.

8.

9-

10.

Change in the size of the Permit Area? Acres: 

-Disturbed 
Area: ! increase ! decrease.

Is the application submitted as a result of a Division Order? DO#
Does the application include operations outside a previously identified Cumulative Hydrologic Impact Area?

Does the application include operations in hydrologic basins other than as currently approved?
Does the application result from cancellation, reduction or increase of insurance or reclamation bond?
Does the application require or include public notice publication?
Does the application require or include ownership, conffol, right-of-entry, or compliance information?
Is proposed activity within 100 feet of a public road or cemetery or 300 feet of an occupied dwelling?
Is the application submitted as a result of a Violation? NOV #
Is the application submitted as a result of other laws or regulations or policies?
Explain.

1L Does the application affect the surface landowner or change the post mining land use?

12. Does the application require or include underground design or mine sequence and timing? (Modification of R2P2)

13. Does the application require or include collection and reporting of any baseline information?
14. Could the application have any effect on wildlife or vegetation outside the current disturbed area?

15. Does the application require or include soil removal, storage or placement?

16. Does the application require or include vegetation monitoring, removal or revegetation activities?
17. Does the application require or include construction, modification, or removal of surface facilities?
18. Does the application require or include water monitoring, sediment or drainage control measures?

19. Does the application require or include certified designs, maps or calculation?
20. Does the application require or include subsidence control or monitoring?
21. Have reclamation costs for bonding been provided?
22. Does the application involve a perennial stream, a stream buffer zone or discharges to a stream?

23. Does the application affect permits issued by other agencies or permits issued to other entities?

ies of the a ication. (This number includes a for the Price Field Office.

I h€reby certiry ftat I am a responsible offioial ofttrc applicmt.nd ft.t the information contained in lhis application is true and co.ted to the best ofmy infomation

My commission Expires:

ffiTHtEEf{ AT|T000
t0nf,rfif,Jc.snlE0FUrnf;
ilo il(nfi l00ffisr#f 3

HillfTiltGTotf, uT t{511
Attest: State of

Count-v of

t / z/z c::/ /

For Office Use Only: Assigned Tracking
Number:

Received by Oil, Gas & Mining

REtrEIVED

JAN | | 20ll

DIV" OF OIt., GAS & MINING

Form DOGM- Cl (Revised 312212010\



APPLICATION FOR COAL PERIVtrT PROCES
Detailed Schedule Of Changes to the Mining And Recla PY

Permittee: Canyon Fuel Company, LLC
Mine: Skvline Mine Permit Number: Ci007i005
Title: North of Graben - Incidental Boundary Change (IBC), Response to #3615

Provide a de{ailed listing ofall changes to the Mining and Reclamation Plan, which is required as a result ofthis proposed permit
aPPlication. Individually list all maps and drawings that are added, replaced, or rernoved fiom the plan. Include changes to the table
ofcontents, section ofthe plan, or other information as needed to specifically locate, identi$ and revise rhe existing Mining and
Reclamation Plan. Include page, section and drawing number as part ofthe description.

DESCRTPTION OF MAP, TEXT, OR MATERIAL TO BE CHANGED
Section l:pages l-30, 7-32,1-38, 7-39,l-39aI ada ffi Replace n Remove

D ado ffi Replace E Remove

E eao ffi Replace ! Remove

! ada ffi Replace f Remove

E eaa ffi Replace ! Remove

X aaa ffi Replace E Remove

n naa ffi Replace ! Remove

n e00 ! Replace ffi Remove

Section 2.3: paggq2-35c,2-36,2-36a,2-36b,2-38, Figure 2.3.7-1(page 2-38a)

4b,

Section 2.2: pages 2-61c,2-61d

Section 2.8 pages 2-67,2-7\a, Table 2.8-la
Section 4.17 pages 4-92, 4-93, 4-94, 4-95a, 4-95c

Section 4.17 : REMOVE plate 4,17 .l - I from text
Plates 1.6-1, 1.6-3,2.2.1-1,2.2.7-7,2.3.4-2,2.3.6-1,2.3.6-2,2.8.1-1,3.1.8-2,3.3-2,4.17.1-

E Add I Replace ! Remove 1,4.17.3-1A,

xAdd !Reprace !Rernove gf:1h::Hifi;?x3tffi3if+td"r%'##gf^y;*"-t-GPSsrnvev'Eartrfax
Appendix Volume A-1, VolumeZ:2004 Woods Canyon GPS survey, Earthfax Engineering

n aaa [J Replace ! Remove

X eaa I Replace n Remove

June 29.2004. REPLACE Plates 7 and2
Appendix Volume A-1, Volume 2; V/oods Canyon Subsidence Study, Skyline Mine;
Agapito Associates, Inc. June 2010

X ada ! Replace

X edo ! Replace

n aaa ! Replace

n aaa ! Replace

n nao ! Replace

n nad ! Reptace

fl aaa I Replace

n nda ! Replace

! adA ! Replace

[ ,+00 ! Replace

fJ eaa ! Replace

fJ aaa ! Replace

n nda ! Replace

fJ Remove

! Remove

! Remove

I Remove

! Remove

fl Remove

! Remove

! Remove

fJ Remove

! Remove

I Remove

! Remove

! Remove

Appendix Volume A-3, Volume2; Estimates of Fall 2010 Cutthroat Trout Population
Densities in Winter Quarters Canyon Creek and Woods Canyon Creek, Tributaries to
Scofield Reservoir
Chapter l, Appendix 118-A; Special Wananty Deed between Peabody Natural Resources
Company and Ark Land Company

Any other specific or special instruction required for insertion of this proposal into the
Mining and Reclamation Plan.

Three (3) redline and eight (8) clean copies to the Salt Lake Office.

Received by OiI, Gas & Mining

RECEIVED

JAN I | 20ll

Dl\Ji, OF fii|., GA$ & MiNif{G

Form DOGM - C2 (Revised March 12,2002)



CANYON FUEL COMPANY, LLC.
SKYLINE MINE

SKYLINE NORTH OF GRABEN
INGIDENTAL BOUNDARY CHANGE - IBC

TASK ID 3615

JANUARY 2011



Guidance Document
North of Graben

Incidental Boundary Change (lBG)
December 29, 2010

T!" following is intended to guide the technical reviewer through the attached
information concerning modifying the boundary permitted for underground mining
activities to include an additional 320 acres. The Incidental BoundJry Change
(lBC) was necessary to accommodate a rotation of the longwall panels from
north-south to east-west, north of Winter Quarters Canyon graben. Due to the
panel orientation modification, mining will be extended approximately Tz mile east
of the area currently permitted for mining.

Section 1

Right-of- Entry; changing the panel orientation to the east-west extends mining
further east. The extension requires Skyline acquiring the right-of-entry into th!
Hanson Resources land located in Section 36, T125, RGE. n copy otine lease
is included in Appendix 118-A, between Arc Land and Peabody Nitural
Resources Company, formerly known as Hanson Natural Resources Company.
(page 1-32, Lease information added to Appendix 119-A)

Description of Permit Area: DOGM staff has requested that the legal description
be modified to be more precise and described down to the y4,yoiection (page 1-
38, Plates 1 .6-1 and 1.6-3).

Description of Adjacent Area. The description of the Adjacent area was modified
after discussions with the DOGM staff. The area has been modified to include
lease areas (areas approved for underground mining activities), and the areas
permitted for surface disturbance activities (page 1-39, 1-39a, Plates 1.6-1 and
1.6-3).

Section 2
Section 2.3 - Groundwater Hydrology; water monitoring in Woods Canyon has
been increased to include surface monitoring site CS-2E, and five (S)
piezometers WC-1 through WC-9) and Spring 36-1. The water monitoring site
additions were necessary as mining extended further east than originally p-lanned
(pages 2-35c, Table 2.3.7-1 which includes pages 2-36, 2-3Ga, Z-3b, and Figure
2.3.7-1 on page 2-38a, Plate 2.i.4-2,2.3.6-1 ,2.2.6-2).

Section 2.4 - Surface-water Hydrology; extending mining to the east in Woods
Canyon required the addition of surface water monitoring site CS-zS and shallow
groundwater piezometers WC-1 through WC-g (pages Z-44a,2-44b).

Section 2.5 - Hydrologic lmpacts of Mining Activites: modifying the panel
orientation to include additional acreage to the east, lessens the amount of



overburden on the eastern portions of the panels - specifically, in Woods Canyon
Creek. Agapito Associates has conducted a study indicating longwall mining can
be conducted in areas with 475 feet of overburden based on the geology in the
area (pages 2-51d, 2-519). Specific statements indicating minimal impacts to the
Hydrologic balance are anticipated are included on page 2.51d.

Section 2.7 - Vegetation: affects of mining on vegetation are already addressed
in a survey that was initiated in 2002 and continues today. Baseline sampling in
Woods Canyon will be extended to include the additional mining (pages 2-61c,2-
61 d)

Section 2.8 - Aquatic WiHlife Resources: both a fish and a benthic
(macroinvertebrate) monitoring site have been added in Woods Canyon Creek
downstream of any proposed mining (pages 2-67,2-71a, Table 2.8.-1a, Plate
2.8.1-1)

Section 4.17 - Subsidence Control Plan: potential subsidence in Woods Canyon
has been considered with an addition to the 2004 GPS gradient survey of the
creek, installation of piezometers along the creek, and a numeric modeling study
of the anticipated subsidence. Discussions of the Subsidence study are outlined
in AppendixA-1, Volume 2 (pages 4-92,4-93, 4-94,4-95a, 4-95c, Plates 4.17.1-
1, 4.17.3-1A, Addition to GPS survey - Appendix A-1, Volume2, Agapito
Subsidence study - Appendix A-1 , Volume 2)

All plates needing Professional Engineer certification have been stamped, signed
and dated.



Section 1: pages 1-30, 1-52,1-3g, 1_3g, 1-39a



114 Right-of-Entry Information

The skyline Mines will be operated on the leasehold interests owned by canyon Fuel company, LLc. The landson which mining is to occurs includes part of the Manti-Lasal Nationar Forest, and both county and private leases(see Drawings 1'6-1 and 1'6-3 of the unmodified permit). Post mining rand use of National Forest lands areoutlined in the approved Manti-La sal Forest Land use Management pran. The waste rock disposal area andwinter Quafters Ventilation Facllity are on private land as also shown on Drawing 1.6-1. The leasehold interestsinvolve all or a part of the following coal leases, which have been subleased and/or assigned to canyon Fuelcompany, LLc (additional information provided on Table 114.1)..

Federal Lease

Utah - 020305
Utah - 044076
Utah - 0142235
Utah - 0147570
Utah - 073120

Utah - 67939

County Lease

Carbon County Coal Lease

Carbon County Coal Lease

Private Lease

Emmett K. Olson 03rc1rc2
Armeda N. McKinnon 09/01/65

Malcolm N. McKinnon 1OtO1l64
Malcolm N. McKinnon 05/01/65

f ndependent Coal and O2lO1t64
Coke Company

Kanawha and Hocking
Coal and Coke Company
Canyon Fuel Company, LLC

lssued to

Coastal States Energy Co.

lssued to

09/01/96

Date of lssuance

05t15t02

Date of lssuance
2t1t99
8t1t02
12t16t10

5t1t74

company (formerry known as Hanson Naturar Resources company)

The legal descriptions of the above listed coal leases are:

Sec.13:
Sec. 14:

Sec.23:
Sec.24.

Revised 12-29-10

SW-1/4 SW-1/4 (Lot 7);
sE-1/4 SE-1/4;

E-1t2 E-1t2;

w-1t2 NW-1 t4, SE-1t4 NW_1/4, S_1t2.,



Section 24: NE-1/4 NW-1/4:
contai n i n g 557 .22 acres

Federal Coal Lease Serial # UTU - G7g3g

T .12 S,, R.6. E., SL Meridian, Utah
Section 26, S2SE, SESW
Section 34, Lots 1-4, S2NE, SENW, E2 SWNW, N2S2
Section 35, all

T,135., R.6E., SL Meridian, Utah
Section 2, all
Section 3, all
Section 10, Lots 1-2, NE, E2NW;
Section 1 1, N2, N2S2

containing 3,291,0 Acres

Carbon Countv Coal Lease

Township 12 South. Ranqe 6 East SLB&M
Section 36: S 1l2S112

containing 160.0 Acres

Township 13 South. Ranqe 6 East SLB&M
Section 1'. W112
Section 12: N 1/4NW1 14, SWy4SW%
Section 24'. Portion of Wl 12 NE1l4

containing a65 Acres more or less

Pacificorp Coal Lease

Towns M
Section 2: Lots 1,2, 3, and 4; S1/2N 1lZ',5112 (All)
section 3: Lots 1 and 2; s1/2NE 1t4: E1l2sE 1t4; E1r2w1rzsE1t4:
NW1/4NW1 t4SE 1t4

containing 925.16 acres more or less

C&B Enerqv

Township 13 South. Ranqe 6 East SLB&M
Section 1: W1 l2SE1l4',
Section 12: NW1/4SW1/4, SW1/4NW1/4, NE 1t4NW1t4

containing 200 acres more or less

atural Resources)

Section 36: N1/2SW1/4, S1t2NW1t4
containing 160 acres more or less

Revised 12-29-10 1-32
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lD$cription of Areas Approved for Underground Coal Mining and Reclamation Activites

Townshio 12 South. Ranqe 5 East. SLBM

1t4, SE1t4SW1t4

Section 34: ortions of S1/2N1/2, S1/2Att
Section 35: ll
Section 36: All

Township 12 South. Ranoe 7 East. SLBM

Section 32: Portions of SE1/4SE1/4

Toi,nship 13 South. Ranqe 6 East. SLBM

Section 1: ortions of S1/2NE1/4, portions of SE1/4NW1/4All
Section 2: ll
Section 3: All

Section 10: All
Section 11: All

Section 15: All

Section 22: All
Section 23: All
Section 24: ojw1t4E1n
Section 25:
Section 26: All
Section 27: All

Section 34: All
ortions of E.l/2

Township 13 South. Ranoe 7 East. SLBM

Section 4: Portions of NW1/4SW1/4, portions of SW1/4NW1/4
Section 5: Portions of E1I2NE1/4
Section 6: Portions of S1/2N1/2

Section 17: Portions of 51/2S1/2
Section 18: Portions of S1/2S1/2
Section 19: Portions of N1/2NW1/4

l- 5]



Legal Description of Permit Area

Township 12 South. Range 7 East, SLBM

Section 32: Portion SE1/4SE1/4

Township 13 South, Ranqe G East, SLBM

Section 1. Portions of S1/2NW1 14, 311ZNE114
Section 13: Portions of 51 l2S1lz
Section 23: Portions of SE 1l4NE114
Section 24: Portions of NE 1l4SW114
Section 25: Portions of 51 lZS112
Section 35: Portions of N E 1 14, S1 lz
Section 36: Poilions of N1/2NW1/4

Township 13 South, Range 7 East, SLBM

Section 4: Portions of SW1/4NW1/4, NW1 l4SW114
Section 5: Portions of E1 l2NW114
Section 6: Portions of 51 l2S112
Section 17: Portions of 51 l2S112
Section 18: Portions of 51 l2S112
Section 19: Portions of N1 l2N112

Section 2: Portions of W1 /2NW1/4
Section 3: Portions of SE1/4NE114

See Plate 1.6-3 for graphic illustration of permit Area

Revised 9-16-10



lDescription of Areas Approved for Underground Coal Mining and Reclamation Activities

Township 12 South, Range 6 East, SLBM

SE1i4NE114, E
1i4, SE1/4SW1

Section 34: ortions of S1 l2Ni12, S1/2Al+
Section 35: ll
Section 36: W1l2A+

section 32: Portions of sE'l/4, portions of E1l2sw114
of SWli4, portions of SW1 l4SE114

Township 13 South, Ranqe 6 East, SLBM

section 1: Portions of s1 l2NE114, w112, w1/zsE 1t4A+
Section 2. All
Section 3: All

Section 10: All
Section 1 1: All

Section 15: All

Section 22: All
Section 23: All
Section 24: of NE1/4
Section 25:
Section 26: All
Section 27: All

Section 34: All
Section 35: All
Section 36 

-Portions 
of N'l t2NW1/4

Township 13 South, Ranqe Z East, SLBM

Section 4: Portions of W1/2, portions of W1l2E112
section 5. Portions of E112, portions of N Eil2Nw114
Section 6: Portions of 51 l2{1l2

Section '17: Portions of 51 lZS1t2
Section 18: Portions of 31l2S1l2
Section 19: Portions of N1 t2NW1l4

Revised 9-2 -10



Section 2: All-
Section 3: All

Total acres approved for Underground Coaf Mining and Reclamation activities:
: 13,525

The acreage of 13,525 acres is an AutoCad @ generated number from drawing number 1.6-3 .

Revised 9-16-10 1-39a



I 14 Right-of-Entry Information

The Skyline Mines will be operated on the leasehold interests owned by Canyon Fuel Company, LLC. The lands
on which mining is to occurs includes part of the Manti-LaSal National Forest, and both county and private leases
(see Drawings 1.6-1 and 1.6-3 of the unmodified permit). Post mining land use of National Forest lands are
outlined in the approved Manti-La Sal Forest Land Use Management Plan. The waste rock disposal area and
Winter Quarters Ventilation Facility are on private land as also shown on Drawing 1.6-1. The leasehold interests
involve all or a part of the following coal leases, which have been subleased and/or assigned to Canyon Fuel
Company, LLC (additional information provided on Table 114.1):

Federal Lease

lssued to

Date of lssuance
Utah - 020305
Utah - 044076
Utah - 4142235

Utah - A147570
Utah - 073120

Utah - 67939

County Lease

Carbon County Coal Lease

Carbon County Coal Lease

Private Lease
UP&L Tract

C&B Energy
Peabody Natural Resources
Company (formerly known as

Sec.13:
Sec. 14:

::lll,
Revised 12-29-10

Emmett K. Olson 03101162

Armeda N. McKinnon 09/01/65
Malcolm N" McKinnon 10101164

Malcolm N. McKinnon 05/01/65
lndependent Coal and 02101164

Coke Company

Coastal States Energy Co. 09/01/96

lssued to
Kanawha and Hocking 511174

Coal and Coke Company

Canyon Fuel Company, LLC

lssued to

Canyon Fuel Company, LLC

Canyon Fuel Company, LLC

Ark Land Company
Hanson Natural Resources Company)

SW-1/4 SW-1/4 (Lot 7);

sE-1/4 SE-1/4;
E-1t2 E-1t2;

w-112 NW-1/4, SE-1/4 NW-1 t4, S-1t2;

Date of lssuance

05/15/02

Date of lssuance
2r1r9g

8t1t02
12t16t10

The legal descriptions of the above listed coal leases are:

Federal Coal Lease Serial #Utah-020305

T. 13 S., R. 6 E.- SL Meridian. Utah



Section 24: NE-1/4 NW-1/4;
containin g 557 .22 acres

Federal Coal Lease Serial # UTU - 67939

T.12 S., R.6.E., SL Meridian, Utah
Section 26, S2SE, SESW
Section 34, Lots 1-4, S2NE, SENW, E2 SWNW, N2S2
Section 35, all

T.135.. R.6E.. SL Meridian, Utah
Section 2, al|
Section 3, all
Section 10, Lots 1-2, NE, E2NW;
Section 11, N2, N2S2

containing 3,291 .0 Acres

Carbon Countv Coal Lease

Township 12 South. Range 6 East SLB&M
Section 36: S1l2S112

containing 160.0 Acres

Township 13 South. Range G East SLB&M
Section 1:W112
Section 12: NW1/4NW1/4, SW%SW%
Section 24: Portion of W1 lZ NE1l4

containing a65 Acres more or less

Pacificorp Coal Lease

Township 14 South, Ranoe 6 East, SLB&M
Section 2: Lots 1,2,3, and 4; S1/ZN1/2;S1/2 (All)
Section 3: Lots 1 and 2; S1/2NE1t4 E1/2SE 1t4: E1t?W1/2SE1/4:
NW1/4NW1/4SE1/4

containing 925.1G acres more or less

C&B Energy

Township 13 South. Range G East SLB&M
Section 1: W1 l2SE1t4;
Section 12: NW1/4SW1/4, SW1/4NW1/4, NE1/4NW1/4

containing 200 acres more or less

Township 12 South. Range 6 East SLB&M
Section 36: N1tZSW1t4 51/2NW1/4

containing 160 acres more or less

Revised 12-Zg-10 1-32



Legal Description of permit Area

Section 32: portion SE1/4SE1/4

Portions of S1/2NW1/4, 51 tZNElt4
Portions of S1/2S1/2
Portions of SE1 t4NE1t4
Portions of NE1/4SW1/4
Portions of 51 lZSllz
Portions of NE1/4, S1/2
Portions of N1/2NW1/4

Section 1:
Section 13:
Section 23:
Section 24:
Section 25:
Section 35:
Section 36:

Section 4:
Section 5:
Section 6:
Section 17:
Section 18:
Section 19:

Portions of SW1 /4NW1 /4, NW1/4SW1 /4
Portions of E1l2NW1t4
Portions of 51 tZSltz
Portions of S1 tZS1t2
Portions of S1 tZSltz
Portions of N1 tlNltz

Section 2: portions of W1/2NW1!4
Section 3: portions of SE1 t4NE114

see Plate 1.G-3 for graphic if lustration of permit Area

Revised 9-1G-10



ffi: .;::il :::::::::":::::'undersround 
coa, nilinins and Reclamation Activiries

3S3l,Sl i3; 3 i#SHtl,t E l|iilFl if^

$S:|,Sfr lf;i,?n'"ns 
of s1tzN1/2, s1/2

Section 36:W1/2

Section 32:portions of SE1/4SE1/4

FE8liSl I Puortions or s1/2N E1t4, w1tz, w1tzsE1t4
Section 3: All
Section 10: All
Section 1 1: Alf
Section 12: .ryJ4lt*1/4, WJ/2NW 1.t4, NE1.4NW1/4section 13: n/.i/t, d;,fiil'*uzse uoSection 14: All -! r-'rrv' 's '

Qection 15: Atl
Section 22: Alf
Section 23: All
Section 24: 

SU{3, portions of NE1/4Section 25:
Section 26: Forttons of WllZ
Section 27: Afl
Section 34: Ali
Section 35: Afl
Section 36:portions of N1/ZNW1/4

Section 4:
Section S:
Section 6:
Section 17:
Section 1g:
Section 1g:

Section 2:
Section 3:

Portions of W1tZ, portions of WltZEllZPortions of EltZportions of S'eiVlortions 
of NE1/2NW1n

f-ofttons of S1/2S1/2
rorttons of S1/2S1/2
Horr'ons of N1/2NW1t4

Atl
Ail

Total acres approved for underground coaf Mining and Recramation activities: :

The acreage of 13'525 acres is an Autocad @ generated number from drawing

Revised 9-16-10

13,525

number 1.6-3

1-39



fi2-3tr
Section 2.3: Pages 2-35c, 2-36, 2-36a, 2-36b, Figure 2.3.7(Pg. 2-3-Sa)





should be accessible f or t.he next several years. The results of the
analyses will- be monitored for changes in ages that may indicate changes

in the source of the mine water inf l-ows . These samples wi I I be obtained
as outlined in Table 2 .3 .7 -I.

Samples of water discharging from springs 8-253 (FIat Canyon area), 2-4L3
(,-Tames Canyon) , 524-I (Sulfur Spring in Huntington Canyon) , and S15-3

(Upper Huntington Creek) will be col-Iected during the z''d Quarter (April
June) and 4th Quarter (October - December) monitoring period and analyzed

f or tritium content. Additional- tritium samples wil-I be obtained from EL-

l- (inf low to Electric Lake above ,fC- 1 and JC- 3 discharge ) and F,L-2

(outf l-ow f rom El-ectric Lake ) during the 2nu , 3'd, and 4th Quarter water
monitoring periods. These samples will be col-l-ected f or a period of three
years beginning in the spring of 2004. The purpose of collecting these
tritium samples, along with the tritium samples f rom ,fC- 1, is to monitor
the change in tritium content, if any, in the local aquifers and Electric
Lake d.uring spring , summer , and f al l and over the three year period .

Surface-water will be monitored in the vicinity of the Winter Quarters
Ventilation Facitity (WQFV) by two (2) stream sites l-ocated both up- and

downstream of the site, CS-20 and CS-24, respectively. The stream sites
wil-l monitor the surface- water ensuring neither the shaft or slope is
compromising the surface water system. Groundwater WeIl- 08-1-5 is screened
f rom 297 -3I7 f eet below the surf ace and will monitor the water el-evation
bel-ow t.he coal seam. No springs exist on the south f acing slope where the
WeVF pad is l-ocated. Spring WQ1-1 is located on the north-facing slope,
is approximately A/  -mile east of the WQVF pad and monitors near surface
groundwater south and east of the WQVF site.

Both surface-water and g'roundwater monitoring sites were added in Woods

Canyon as mining was extended to the east in Section 36, T12S, R5E. CS-25

wi I I monitor stream f low downstream of al- l- mining act ivity. Shal- low
ground water along Woods Canyon Creek will be monitored by piezometers WC-

I, WC-3, WC-5, WC-7, and WC-9. Spring WQ36-1 will monitor groundwater
within the Blackhawk formation above active mining areas.
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Table 2.3.7 -1

Comprehensive Water Quality Analytical Schedule
(Surface and Ground Water Stations)

Znd' / 3rd'/ 4th Quarters
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Sample Site

UP&1.10

NL-1 through NL42
(See Section2.4.4l

Streams

Revised 9-16-10 2-36



Table 2.3.7-1
Comprehensive Water Quality Analytical Schedule

(Surface and Ground Water Stations)
(continued)

Sample Site
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WRDS #1 X X
WRDS #2 X x
WRDS #3 X X
WRDS #4 X X
EL.1 X
EL-2 X

s10-t X

s12-1 X
s13-2 X
s13-7 x
s144 X
sl5-3 x x
s17-2 I
s22-5 x
s22-11 x
s23-4 x
524-1 Sulfur Sprinq X X
s24-12 X
s26-13 X
s34-12 X
s35-8 X
s35-12 X
2413 x X
3-290 x
8-253 x
WQ1.1 x
wQ1-39 x
WQ3.6 K
wQ3-26 X

wQ3-41 x
wQ3-43 X

wQ4-12 K

wQ36-1 X
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Table 2.3.7-1
Comprehensive Water Quality Analytical Schedule

(Surface and Ground Water Stations)
(continued)

* Field Measurements and Laborotory Analyses are defined in Table 2.3.7-2

I

'Field parameters will be taken in conjunction with samples collected for Lab Analyses

'Sites with at least two (2) years of laboratory analysis data will be sampled once every five (5) years for
the currently approved laboratory parameters in Table 2.3.7-2 beginning in 201 0. lf field parameter monitoring
indicates any trending changes, regular laboratory analysis may be resumed until trend is adequately
characterized.

22nd Quarter sampling may extend to July '15 in years when spring snow conditions do not allow access
before June.

3Baseline LabAnalysis will be conducted everyfive (5) years beginning in 2010 in the 3rd quarler.
(ie. Years 2010,2015,2020, etc.)

** Flow measurements discontinued at CS-6 in 12120Qg, lower Eccles flow documented with VC-g

Sample Site

1st Quarter
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JC-1 X X X X x X X X
JC-3 X X X X
ELD.1 X X
w79-10-1 B X
wc-1, wc-3, wc-s,
NC-7, WC-g X
w79-14-2A x
w79-26-1 x
hn9-35-1A x
uv79-35-18 x
w2-1(98-2-1) X
w204-1 X
w204-2 X
w994-1 X
w99-21-1 x
w20-28-1 x
91-26-1 x
91-35-1 x
92-91-03 X
08-1-5 X
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TABLE 2.3.7-3
MONITORI NG STATION I DENTI FICATION

ECCLES CANYON/MUD CREEK DRAINAGES

STREAM STATIONS - 1413 Stations
cs-3 cs-6 cs-20

vc-12
cs-g cs-1 1 cs-19vc-g vc-10 vc-1 1cs-21 vc-6

NL sites (varies)

MINE DISCHARGE STATIONS - 4 Stations
qqj2 (,[ine #3) _ CS-14 (Mine #1) MD-1 (Gomposite CS-12 & CS-14)
SRD-1 (Total Mine Site Discharge to Eccles Creek/Scofield Reservoir)*

FRENCH DRAIN STATIONS - 1 Station
cs-13

HUNTINGTON CANYON

STREAM STATIONS -

cs-7 (F-5) CS-8

12 Stations

GS-10
UPL-10

cs-16
F-10

CS.18
EL-2cs-22 CS-23

WASTE ROCK DISPOSAL SITE

STREAM STATIONS - 4 Stations
WRDS #1 WRDS #2 WRDS #3 WRDS #4

GROUNDWATER STATIONS
SPRfNGS -27%Stations

s1 0-1 s12-1

s22-5 S.22-11

s35-8 536-12

WQ341 WQ343

WELLS (MONITORING) - 1 Well Stations

w79-10-18 W7g-14-2A

e2-91-03 W2-1(e8-2-1)

w99-21-1 W20- 28-1

91-35-1 ELD-1 (Total of JC-
1 and JC-3).

WELLS, CULINARY -Referenced but not monitored

s13-2

s23-4

2-413

wQ4-12

s13-7

524-1 Sulfur

3-290

8-253

w79-26-1

w20-4-1

JC.1

w08-1-5

w17-1

s14-4

s24-12

wQ1-39

WQ1.1

s15-3

s26-1 3

WQ3.6

wQ36-1

w79-35-1A

w20-4-2

JC-3

WC-1 thru WC-9

w17-3 W24-1w13-1 w13-2

NATTONAL pOLLUTION DISCHARGE ELtMtNAT|ON SYSTEM (NPDES)
001 Portal Area 002 Loadout Area 003 Waste Rock Area 004 Winter Quarters JC-3 James Canyon

* Sites are monitored for total flow only and the results are reported to the Division on a monthly basis.
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should be accessible for the next several
analyses will be monitored for changes in
in the source of the mine water inflows.
as outlined in Table 2.3.7-L.

years. The results of the
ages that may indicate changes
These samples will be obt.ained

Samples of water discharging from springs 8-253 (Flat Canyon area) , 2-413
('James Canyon) , 524-l (Sulfur spring in Hu.ntington Canyon), and S15-3
(upper Huntington creek) will be collected during the 2d Quarter (Apri1 -
,turle ) alrd 4rb Quarter (October - Decenrber) monitoring period and analyzed
for tritium content. Additional tritiun samples will be obtained from EL-
L (inflow to Electric take above ,JC-1 and iIC-3 discharge) and EL-2
(outflo$, from Electric Lake) during the 2d, 3'd, and 4!h Quart.er water
monitoring periods, These samples will be collected for a period of three
years beginning in the spring of 2004, The purpose of collecting these
tritium samples, along with the tritium samples from iIC-l, is to monitor
the change in tritium content, if any, in the local aquifers and Electric
Lake during spring, summer, and fa11 and over the three year period.

Surface-water will be monitored in the vicinity of the Winter Quarters
ventilation Facilily (WQF'V) by two (2) atream 6ites located both up- and
dor nstream of the site, cs-20 and CS-24, respectively. The stream sites
\ri1l monitor the surface- water ensuring neither the shaft or slope is
compromising the surface rdater system. Groundwater WelI 08-1-5 is screened
frotr 297 -317 feet belo$r the surface and will monitor the water elevation
below the coal seam. No springs exist on the south facing elope where the
v{QvF pad is located. spring wQ1-1 is located on the norlh-facing slope,
is approximately L/4-mi1e east of the WQVF pad a-nd monitors near surface
groundwater south and east of the wQvF site.

Both surface-water and groundwater monitoring site6 were added in woods

Canyon as mining \das extended to the east in Section 35, T12S, R6E. CS-25

will monitor stream flovr downstream of aII mining activity. ghallow
ground water along wood6 Canyon Creek r,rilI be monitored by piezometers wc-
1, WC-3, VfC-s, WC-7, and WC-9. Spring WQ35-1 will monitor groundldat.er
within the Blackhawk format ion above active mininq areas.
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Table 2.3.7-1
Comprehensive Water Quality Analytical Schedule

(Surface and Ground Water Stations)
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o-
+
ul=
AFr- tr A
AodE

,4th

cog,
Xo
co
o
@
UT

3rd'
.>
o
E
o

o
(E

LoE
(E

a

d'l

=otr
E
o
Q$o
U)

2n

Bo
tL

co
*o
l-
o
o
E
Nt-
$o
E
.o
IL
.>

T
.9,
th
.>(!
c

Quarter

co
Ot

60FtrErri
-bg i
!

E frB

1st

-+
.>-o
9,o
o
E
(E
L
ftt
o.

Sample Site

UP&L.10

2-36Revised 9-16-10



Table 2.3.7-1
Com prehensive Water Quality Analytical Schedu le

(Surface and Ground Water Stations)
(continued)

Sample Site

1st Quarter
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cont.
WRDS #1 X x
WRDS #2 X x
WRDS #3 X x
WRDS #4 X x
EL.{ x
EL.2 x

s10-1 x
s12-1 ,(

$13-2 x
st3-7 K

$144 x

S24-{ Sulfur Sprins x X
s24-12 x
s26-13 x
s34-12 x
s35-8 x

WQ3.6 x
wQ3-26 X

WQ341 X

WQ343 X

wQ4-12 X

wQ36-1 t(
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Table 2.3.7-1
Comprehensive Water Quality Anal$ical Schedule

(Surface and Ground Water Stations)
(continued)

* Fiefd Measurements and Laborotory Analyses are defined in Table 2.3.7-2

I

"Field parameters will be taken in conjunction with samples collected for Lab Analyses

tsites with at least two (2) years of laboratory analysis data will be sampled once every five (5) years for
the currently approved laboratory parameters in Table 2.3.7-2 beginning in 2010. lf field parameter monitoring
indicates any trending changes, regular laboratory analysis may be resumed until trend is adequately
characterized.

22nd Quarter sampling may extend to July 15 in years when spring snow conditions do not allow access
before June.

3 Baseline Lab Analysis will be conducted every five (5) years beginning in 2010 in the 3rd quarter.
(ie. Years 2010, 2015,2020, etc.)

** Flow measurements discontinued at CS-6 in 1212009, lower Eccles flow documented with VC-9

Revised 9-16-10 2-36b
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TABLE 2.3.7-3
MONITORING STATION IDENTIFICATION

ECCLES CANYONIMUD CREEK DRAINAGES

STREAM STATIONS - 14 Stationscs-3 cs-6 cs-gcs-21 vc-6 vc-g
NL sites (varies)

cs-7 (F-5) CS-8cs-22 cs-23

MINE DISCHARGE STATIONS - 4 Stations
CS-12 (Mine #3) CS-14 (Mine #1) MD-1 (Composite CS-12 & CS-14)
SRD-1 (Total Mine Site Discharge to Eccles CreeUScofield Reservoir)*

FRENCH DRAIN STATIONS - 1 Station
cs-13

HUNTINGTON CANYON

STREAM STATIONS - 12 Stations

cs-11
vc-10

cs-19
vc-11

s13-7

524-1 Sulfur

3-290

8-253

w79-26-1

w20-4-1

JC-1

w08-1-5

w17-1

cs-z0
VC-12

cs-24
cs-25

cs-10
UPL.1O

cs-16 cs-17
F-10 EL-1

s14-4

s24-12

wQ1-39

WQ1-1

cs-18
EL.z

WASTE ROCK DISPOSAL SITE

STREAM STATIONS - 4 Stations
WRDS #1 WRDS #2 WRDS #3 WRDS #4

GROUNDWATER STATIONS
SPRINGS - 27 Stations

s1 0-1 s12-1

s22-5 5'22-11

s35-8 536-12

wQ3-41 WQ3-43

s13-2

s23-4

2-413

wQ4-12

WELLS (MONITORING) - 1 Well Stations

w79-10-18 W79-14-24

e2-91-03 W2-1(98-2-1)

w99-21-1 W20- 28-1

91-35-1 ELD-1 (Total of JC-
1 and JC-3)"

WELLS, CULINARY -Referenced but not monitored

s15-3

s26-1 3

WQ3.6

wQ36-1

s17-2

s34-12

wQ3-26

w79-35-18

w99-4-1

91-26-1

w7g-35-1A

w20-4-2

JC-3

WC-1 thru WC-9

w17-3 W24-1w13-1 w13-2

NATTONAL POLLUTION DISCHARGE ELIMINATION SYSTEM (NPDES)
001 Portal Area 002 Loadout Area 003 Waste Rock Area 004 Winter Quarters JC-3 James Canyon

n Sites are monitored for total flow only and the results are reported to the Division on a monthly basis.
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Section 2.4: 2-44a, 244b



Surface water stations in Eccles Canyon were sampled more frequently than those on

Huntington Creek during the initial phases of mining.

Eccles Canyon strearn stations are shown on Table 2.3.7-3 and are analyzed for those
constituents identified in Tables 2.3.'l-2 with an anirual monitoring as per Tabte 2.3.7-1.

Stream monitoring station CS-24 was added in Winter Quarters canyon. vrith the additsion of
sediment pond discharge point UPDES-004 from the winter Quarters ventilation Facility.
Stream site CS-24 is located downstream of the Ventilation Facility pad, and UPDES-004

represents the discharge fron the pad site- Sampling frequency and analysis are located
in Tables 2.3-7-a, aljd 2.3.7-2, respectsively.

Stream monitoring station CS-25 was added in Woods Canyon as mining progressed

Section 36, T12S, R6E. CS- 25 is located downstream of any mining activity-
:rrrri i'i nn -i r't-e (9) piezometers (WC-1 through WC-9N) were added in the canyon toT 

LLLI

the near surface groundwater associated with Woods Canvon Creek.

east in
1n

monitor

sampling will continue at all surface water stationa throughout the post-mining period
and until the reclamation effort is determined successful by the re$llatory authority.
Samples will also continue to be analyzed for the parameters outlined in Tables 2.3.7-1,
2.3.7-2, and 2.3-7-3 throughout lhe post-mining period, unless deletions in the list of
parameters is determined to be appropriate.

Several monitoring atations were added to the nonitoring schedule with the incorporation
of the North Lease Tract. CS-19 and CS-21 have been added to monitor the quantity and

gualiEy of the water in Woods Calyon Creek and CS-20 has been added to monitor the
quantity and quality of the lrater in winter Ouarters Creek - monitoring both mining
upstrean and water guality upstream of the Winter Ouarters Venlilat.ion Facility (WQVF) .

CS-24 was added in Wj-nter Quarters Creek below the (WQVF ) to monitor any affects
associated with the pad.

As part of the Skyline Mine subsidence monitoring
sites have been identified in the North Lease area
through NL-42 have been selected to monitor flows
Quarters and Woods Canyon drainages one year prior
and one year following longwalI undermining of
sites will be monitored monthly in ,fune through

p1an, a total of 42 new water monitoring
(Plate 2.3.6-2 Table 2.3 .7 -2A) . Sites NL-1-

on the perennial reaches of both Winter
tro / ourrng.

the perennial section of stream The

October. If

Revis€d: 9-16-10 2-44a



accessible earlier than ,f,une or later than October, the mine will monitor the

sites. The results of the monitoring will be reported with the other required
monitoring data. The purpose of this monitoring is to determine the effects,
if any, on the stretches of perennial streams in the winter Quarters creek aI]d

woods canyon Creek drainage that wifl be subsided due to mining. Monitoring
points, in perennial reaches rr:nning perpendicular to the longwaLl panels, are

positioned above the gate-roads and center of each panel . Longwall panels are

approximately 850-feet wide, creating a flow-monitoring spacing of
approximately 425-feet. Monitoring points in perennial reaches running

parallel to the longwall panels are spaced at approximately 850-feet. since
monitoring is dependent on the timing of mining, monitoring points will be

added and dropped as mining advances. As mining advances through the
perennial sections of the drainage, and the monitoring indicates no affects to
flow, the Permittee may modify the spacing of the monitoring points. This

monitoring will also help indicate if mitigation is required for loss of
surface or ground water and, subsequently, habitat associated with the water.

skyline has conducted field studies to determine the location of the perennial
portions of both winter quarterE and woods canyon creeks

The perennial- nature of the streams were determined using a variety of
parameters including vegetation and surface flow monitoring. Field studies
were initiated and completed in october arld Noveniber 2002 and october 2003.

copies of the studies are included in Appendix A-1, volume 2 Hydrology

Section. The studies will be used by the Forest in their environmental

assessment of the potential effects of undermining winter Quarters arld wood

Canyon Creeks. As mining progressed north of winter Quarters canyon, the
longwalt panels were rotated 90 degrees which extended mining further ea6t.

Agapito Associates, Inc. conducted an evaluation of the impacts to the surface

based on extending mining to the east. The study indicated longwall mining

can be safely extended to the east as outlined without hawing adverse affects
to the surface. The study is located in Appendix A-1, volume 2.

sampling will continue according to Tables 2.3.7-L, 2.3.7-2, and 2.3.7-3 as

approved at all surface water stations throughout the post-mining period and

until the reclamation effort is determined successful by the
Revised: 9- 16-10 2-44b



Surface water stations in Eccles Canyon were sampled more frequently than t,hose on

Huntingt.on Creek during the initial phases of mining.

Eccles Canyon stream stations are shown on Table 2.3.7-3 and are arralyzed for those

constituenta identified in Tablea 2.3.'7-2 wiEh an annual monitoring as per Table 2.3.7-1.

Stream monitoring station CS-24 nas added in winter Quarters Canyon, rrith the addition of
sedinent pond discharge point UPDES-004 from the winter Quarters ventilation Facility.
stream site cs-24 j-s localed downstream of the ventilation Facility pad, and UPDES-004

represents the di8charge from the pad site. sanpling frequency and analysis are located
in TabLes 2.3.7-!, a\d 2.3.7-2, respectively.

stream nonitoring station cs-25 was added in woods canyon as mining progressed east in
Section 35, T12S, R6E. CS- 25 is located downstream of any mining activity. In
addition, nine (9) piezometers (wC-1 through WC-9N) nere added in the canyon to monitor

the near surface groundwater aaaociated with Woods Canyon Creek.

sanpling will continue at all surface water atationa throughout the post-mining period
and urrtil the reclamation effort ls determined successful by the regulatory authority.
Sanples will alao conLinue to be analyzed for the parameters outlined in Tables 2.3.7-L,
2.3.7-2, and 2.3.7-3 throughout the poat-mining period, ulrless deletions in the list of
parameters is determined to be appropriate.

several monitoring atations were added to the monitoring achedule with the incorporation
of the North Lease Tract. CS-19 arld CS-21 have been added to rnonitor the quantity and

quality of the water in woods canyon creek and cs-20 has been added to monitor the
quantity and quality of the water in winter Quarters creek - monitoring both mining

upstream and water quality upstream of the winter Quarters ventilation Facility (ltQvF).

cs-24 was added in winter Quarters creek below the (wQvF) to monitor any affects
associaEed with the pad.

Aa part of the Skyline Mine sdcaidence monitoring p1an, a botal- of 42 new waEer monitoring
aites have been idenElfied in Ehe North Leaae area (PLate 2.3.5-2 Table 2.3.7-2A). Sites NL-1

through NL-42 have been selected to nonltor flows on the pererrnial reaches of both Winter

Quarters and woods Canyon drainages one year prior to , during,
and one year following longwall undermining of the perennial section of sLream

sites will be monitored monthly in .Tune through October. If
The

Revised: 9-l-5-10 2-44a



accessible earlier than .fune or later than October, the mine will monitor the

aites. The regutts of the monitoring will be reported with the other required
monitoring data. The purpose of this monitoring is to determine the effects,
if any, on the stretches of perennial Etreams in the winter Quarters Creek arld

woodE Canyon creek drainage that wiLl be Bubsided due to mining. Monitoring
points, in perennial reaches running perpendicular to the longwall panels, are
positioned above the gate-roads and center of each panel . tongwal I palels are

approximately 850-feet wide, creating a flon-monitoring spacing of
approximat.ely 425-feet. Monitoring pointe in perennial reaches running
paralle1 tso the longwa11 panels are Epaced at approximately 850-feet. since
monitoring is dependent on the tirning of mining, monitoring points will be

added and dropped as mining advances. As mining advances through the
perennial sections of the drainage, arrd the monitoring indicates no affects to
flow, the Permittee may modify the spacing of the monitoring points. This
monitoring will also help indicate if mitigation is required for loss of
surface or ground water and. su.bsequently, habitat asaociated ytith the ltater.

Skyline has conducted field studiee to determine the location of the perennial
portions of both winter Quarters and woods canyon creeks. Ttre perennial
nature of the streams were determined using a variety of parameters including
vegetation and surface flow monitoring. Field studies were initiated and

completed in october and Noveniber 2002 al:d october 2003. coPies of the
etudies are included in Appendix A-1, volume 2 Hydrolog'y Section. The studies
will be used by the Forest in their environmental assessment of the potential
effecte of undermining winter QuarterE and wood canyon creeks. As mining

progreEsed north of winter Quarters canyon. the longrdall panels were rotated
90 degrees which extended mining further east. Agapito Associates, Inc.
conducted arl evaluation of the impacts to the surface based on extendingf

mining to the east. Ttre study indicated lon$tall mining carr be safely
extended to the east as outlined vtithout having adverse affects to the
surface. The 6tudy is located in Appendix A-1. volume 2.

Sampling will continue according to Tables 2.3.7-L, 2.!.7-2, and 2.3.7-3 as

approved at all surface water stations throughout the post-mining period and

untit the reclamation effort is determined successfuL by the
Revised z 9-15-10 2- 44b



Section 2.5: pages 2-51d, 2-519



The water consumed in operating underground equipment, dust suppression, and evaporation is obtained
from ground water sources within the mine. These underground water sources are not connected to the
surface waters in the area. Extensive research has been performed by the mine to verify that water
currently entering the mine is not coming from the surface or depleting surface waters. The recent July
2OOZ Addendum to the PHC presents data supporting this statement. The data suggests the water
intercepted underground is at least 4,000 to 25,000 years old and, based on the results of tritium analyses
from most of the mine waters, does not typically contain water that has been exposed to the atmosphere in
the past 50 years. Additionally, the steady rate of decline in
ground water levels in monitoring wells within the permit area and the results of age-dating the ground water
inflows to the mine indicating the water is not getting appreciably younger, suggests that the aquifer is not
receiving significant recharge of "young" surface waters.. Gontinued monitoring by the mine of the sufface
waters and seeps and springs flows in the permit and adjacent areas have shown no discernable impacts
due to the increased mine inflows that were encountered in March 1999 and have continued through
November 2002. lt is the operator's position that the water consumed in operating Skyline Mine is not
depleting surface water sources. In fact, there is an overall net gain to local river systems discharging to the
Colorado River as a result of Skyline Mine discharge.

In anticipation of the Winter Quarters Ventilation Facility being constructed, a discharge point (004) was added to
accommodate both storm water and mine discharge into Winter Quarters Greek in 2009. A numeric model study
conducted by Earthfax Engineering (Appendix A-1, Volume 2) indicates Winter Quarters Creek can receive a
maximum discharge of 6,200 gpm while not being erosive to the creek. ln the event discharge from Outfall 004
routinely exceeds 6,200 gpm additional armoring to the outfall location and investigation of the impacts to Winter Quarters
creek will be initiated.

As mining progressed nofth of Winter Quailers Canyon, the longwall panel orientation was rotated 90 degrees to
maximize the coal recovery. This rotation increased mining in an easterly direction into an area of thinner
overburden. A study conducted by Agapito Associates indicates longwall mining can be conducted in areas with
overburden down to 475 feet. In Panel 1 1 Left Woods Canyon creek overlies the center of the panel with
overburden ranging from approximately 1000 feet to 500 feet. Water monitoring of the creek, shallow
groundwater in the creek bottom, macroinvertebrate, fish and vegetation monitoring of the stream corridor will all
be studied to monitor any impacts to the creek. The combination of geology, cover, the panel located in the
center of the creek, and the minimal aquatic habitat available in Woods Canyon Creek all support that there will
be minimal probable hydrologic consequences to mining further east in Woods Canyon. Detailed discussions of
water monitoring are discussed in Sections 2.3 and 2.4, the aquatic wildlife resources are discussed in Section
2.8, andthe subsidence control plan discussed in Section 4.17 of this M&RP.

The following information is supplied as required by the Windy Gap process as it applies to existing coal
mines in the Upper Colorado River basin:
Mine Consumption: (culinary well - Water Right 91-5010) =41.69 ac-ft (2004 consumption)

(assumes 70 deg. F, 60 total days annually, 20o/o humidity air intake, 95% humidity air out-take; air density
difference of 0.001 lbs/ft )

(353,312 cu-ft/min) (.001X0.1198) = 42 gallmin.
= 11.21 ac-ft annually

- 6.1% Inherent moisture
- 8.54 % run-of-mine moisture
- 2.44o/o moisture added to coal by cutting (8,54-6.1)
Projected 2005 Tonnage 237, 500 tons
Projected 5 yr Average 1,898,672 tons

Tons water/year = (1,898,672)(0.0244j= 46,328 tons waterlyear
Lbs water/year = 92,656,000
Gallons/year = 92,565,000 (0.1 198)=1 1 ,100,189 gallons/year

=34.06 ac-ft annually
Sediment Pond Evaporation:
Evaporation estimate calculation uses evaporation data from
Lake spillway. Data was from '1998 through 2003.

Pond 001 (Mine Site) - 0.39 acre (surface area)

Revised: 12-29 -10

Pacificorp evaporation pan located at Electric
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Very little ground water was encountered while mining in the northern portion of the existing
permit area priorto the addition of the North Lease. . -The same geologic and hydrogeologic
conditions are anticipated to occur in the North Lease as occurred in the northern portion of the
existing permit area (Mine 3). From 2005 through 2009 no significant water has been
encountered in the North Lease. Selected surface discharges of ground water and stream flows
in the areas that could be impacted by mining activities have been monitored. Mining related
surface impacts include subsidence and the ventilation facility in Winter Quarters Canyon
(WOVF)in the Nofth Lease area. The WQVF will be permitted to encompass approximately 7.93
acres with the disturbance being treated with a sedimentation pond. The sole purpose of the
facility will be to provide ventilation to the mine. lf impacts to the waters within the permit area are
determined to have occurred, mitigation will be implemented immediately using BTCA as
described previously.

Norlh of Winter Quafiers Canyon, north of the Winter Quarters graben (NOG), the longwall panels
were rotated 90 degrees to maximize coal recovery. This rotation accommodates coal recovery
approximately /,- mile fudher to the east. A study conducted by Agapito Associates indicates
mining can be safely conducted in areas with as little as 475 feet overburden without seeing
adverse affects related to subsidence.

There has been some concern that Electric Lake has been impacted by the inflows of ground
water to the Skyline Mine since 1998. As presented in the Addendum to the Probable Hydrologic
Consequences, July 2002 and updated in October 2002, April 2003, and June 2004, a direct
connection between the water in Electric Lake and the mine inflows cannot be found. However,
the water flowing into the 10 Left area of the mine and discharging from the James Canyon JC-1
well contains a slight percentage of tritium. No other significant inflows of ground water into the
mine contained tritium levels that would suggest a modern component of recharge. As stated by
Petersen (Appendix A, Addendum to the Probable Hydrologic Consequences, July 2002, Updated
October 2OO2).

"lt is calculated that the maximum modern component in the fault-related system could
range from approximately 6.9 to 12.4 percent. lt is also apparent that since routine
sampling of the 10 Left groundwater system began in May 2002, the percentage of
modern recharge in the groundwater system has not increased. Based on the potential
modern recharge percentage calculations presented above, it is determined that of the
total inflow to the 10 Left region
(approximately 3,800 gpm), a maximum of approximately 2621o 471 gpm could have
originated as modern recharge. Inasmuch as Canyon Fuel has been pumping
approximately 2,2OO gpm from the 10 Left groundwater system into Electric Lake since
September 2OO1, the potential net impact to the Electric Lake watershed, were it
occurring, would be completely mitigated by the current pumping. Additionally,
groundwater that would not otherwise be available for use without the pumping activity is
being added to the watershed. Since October 2002, PacifiCorp has increased the
pumping rate at JC-1 to more than 4,000 gpm. Thus, currently, the amount of
groundwater being pumped into Electric Lake from JC-1 represents

Revised 9-16-10 2-519



The water consumed in operating underground equipment, dust suppression, and evaporation is obtained
from ground water sources within the mine. These underground water sources are not connected to the
surface waters in the area. Extensive research has been performed by the mine to verify that water
currently entering the mine is not coming from the surface or depleting surface waters. The recent July
?:}O?Addendum to the PHC presents data supporting this statement. The data suggests the water
intercepted underground is at least 4,000 to 25,000 years old and, based on the results of tritium analyses
from most of the mine waters, does not typically contain water that has been exposed to the atmosphere in

the past 50 years. Additionally, the steady rate of decline in
ground water levels in monitoring wells within the permit area and the results of age-dating the ground water
inflows to the mine indicating the water is not getting appreciably younger, suggests that the aquifer is not
receiving significant recharge of "young" surface waters.. Continued monitoring by the mine of the surface
waters and seeps and springs flows in the permit and adjacent areas have shown no discernable impacts
due to the increased mine inflows that were encountered in March 1999 and have continued through
November 2002. lt is the operator's position that the water consumed in operating Skyline Mine is not
depleting surface water sources. In fact, there is an overall net gain to local river systems discharging to the
Colorado River as a result of Skyline Mine discharge.

In anticipation of the \Alinter Quarters Ventilation Facility being constructed, a discharge point (004) was added to
accommodate both storm water and mine discharge into \A/inter Quarters Creek in 2009. A numeric model study
conducted by Earthfax Engineering (Appendix A-1, Volume 2) indicates \Alinter Quarters Creek can receive a
maximum discharge of 6,200 gpm while not being erosive to the creek. In the event discharge from Outfall 004
routinely exceeds 6,200 gpm additional armoring to the outfalI location and investigation of the impacts to Winter Quarters
creek will be initiated.

As mining progressed north of Winter Quarters Canyon, the longwall panel orientation was rotated 90 degrees to
maximize the coal recovery. This rotation increased mining in an easterly direction into an area of thinner
overburden. A study conducted by Agapito Associates indicates longwall mining can be conducted in areas with
overburden down to 475 feet. In Panel 11 Left Woods Canyon creek overlies the center of the panel with
overburden ranging from approximately 1000 feet to 500 feet. Water monitoring of the creek, shallow
groundwater in the creek bottom, macroinvertebrate, fish and vegetation monitoring of the stream conidor will all
be studied to monitor any impacts to the creek. The combination of geology, cover, the panel located in the
center of the creek, and the minimal aquatic habitat available in Woods Canyon Creek all support that there will
be minimal probable hydrologic consequences to mining further east in Woods Canyon. Detailed discussions of
water monitoring are discussed in Sections 2.3 and 2.4, the aquatic wildlife resources are discussed in Section
2.8, and the subsidence control plan discussed in Section 4.17 of this M&RP.
The following information is supplied as required by the Windy Gap process as it applies to existing coal
mines in the Upper Colorado River basin:
Mine Consumption: (culinary well - Water Right 91-5010) =41.69 ac-ft (2004 consumption)

Ventilation Consumption / Evaporation:
(assumes 70 deg. F, 60 total days annually, 20% humidity air intake, 95% humidity air out-take; air density

difference of 0.001 lbs/ft )
(353,312 cu-fUmin) (.001X0.1198) = 42 gal/min.

= 11.21 ac-ft annually
Coal Producinq Consumption / Coal Moisture Loss:
- 6.1o/o Inherent moisture
- 8.54 % run-of-mine moisture
- 2.44o/o moisture added to coal by cutting (8.54-6.1)
Projected 2005 Tonnage 237, 500 tons
Projected 5 yr Average 1,898,672 tons

Tons water/year = (1,898,672)(0.0244)= 46,328 tons waterlyear
Lbs water/year = 92,656,000
Gallons/year = 92,565,000 (0.1198)=l 1,100,189 gallons/year

=34.06 ac-ft annually

data from Pacificorp evaporation pan located at Electric

Pond 001 (Mine Site) - 0.39 acre (surface area)

Revised: 12-29-10

Sediment Pond Evaporation:
Evaporation estimate calculation uses evaporation
Lake spillway. Data was from 1998 through 2003.
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Very little ground water was encountered while mining in the nofthern portion of the existing
permit area prior to the addition of the North Lease. . The same geologic and hydrogeologic
conditions are anticipated to occur in the North Lease as occurred in the northern portion of the
existing permit area (Mine 3). From 2005 through 2009 no significant water has been
encountered in the North Lease. Selected surface discharges of ground water and stream flows
in the areas that could be impacted by mining activities have been monitored. Mining related
sufface impacts include subsidence and the ventilation facility in Winter Quarters Canyon
(WOVF)in the North Lease area. The WQVF will be permitted to encompass approximately 7.93
acres with the disturbance being treated with a sedimentation pond. The sole purpose of the
facility will be to provide ventilation to the mine. lf impacts to the waters within the permit area are
determined to have occurred, mitigation will be implemented immediately using BTCA as
described previously.

North of Wnter Quarters Canyon, north of the Winter Quarters graben (NOG), the longwall panels
were rotated 90 degrees to maximize coal recovery. This rotation accommodates coal recovery
approximately Tz- mile further to the east. A study conducted by Agapito Associates indicates
mining can be safely conducted in areas with as little as475 feet overburden without seeing
adverse affects related to subsidence.

There has been some concern that Electric Lake has been impacted by the inflows of ground
waterto the Skyline Mine since 1998. As presented in theAddendum to the Probable Hydrologic
Consequences, July 2002 and updated in October2002, April 2003, and June 2004, a direct
connection between the water in Electric Lake and the mine inflows cannot be found. However;
the water flowing into the 10 Left area of the mine and discharging from the James Canyon JC-1
well contains a slight percentage of tritium. No other significant inflows of ground water into the
mine contained tritium levels that would suggest a modern component of recharge. As stated by
Petersen (Appendix A, Addendum to the Probable Hydrologic Consequences, July 2OO2, Updated
October 2002):

"lt is calculated that the maximum modern component in the fault-related system could
range from approximately 6.9 to 12.4 percent. lt is also apparent that since routine
sampling of the 10 Left groundwater system began in May 2002, the percentage of
modern recharge in the groundwater system has not increased. Based on the potential
modern recharge percentage calculations presented above, it is determined that of the
total inflow to the 10 Left region
(approximately 3,800 gpm), a maximum of approximately 262to 471 gpm could have
originated as modern recharge. Inasmuch as Canyon Fuel has been pumping
approximately 2,2QO gpm from the 10 Left groundwatersystem into Electric Lake since
September 2001, the potential net impact to the Electric Lake watershed, were it
occurring, would be completely mitigated by the current pumping. Additionally,
groundwater that would not othenruise be available for use without the pumping activity is
being added to the watershed. Since October 2402, PacifiCorp has increased the
pumping rate at JC-1 to more than 4,000 gpm. Thus, currently, the amount of
groundwater being pumped into Electric Lake from JC-1 represents
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Lupinus alpestris 15.00 4.30

Osmorh iza occidentalis 4,00 2.74

Penstemon strictus 1.00 13.59

Viguiera multiflora 0,15 3.63

GRASSES2}

Bromus carinatus 2.00 4.59

Elymus glaucus 2.00 5.05

Elymus trachycaulus 1.50 5.51

Festuca idahoensis 0.50 5.17

Festuca ovina 0.30 4.68

Phleum alpinum 0.50 11.48

Poa pratensis 0.10 5.00

Poa secunda 0.30 6.37

TOTALS 34.05 99.1 3

ll= groadcast Rate
-'= Speci6s changes may be made by a qualified botanist based on
availability
PLS = Pure Live Seed
AC = Acre
FT'?= Souare Feet

2.7.6 VEGETATION OF THE NORTH LEASE TRACT AREA

The North Lease Tract Area is located adiacent to the northemmost boundaries of the cunent Skyline Mine permit area.

Much of this area is located within and adjacent to Winter Quarters Canyon.

The Winter Quarters Ventilation Facility (WQVF) is the only surface disturbance in the North Lease.

A review

of the existing information and data of the North Lease Tract and adjacent areas was done as the North Lease was

permitted. Subsequently, a detailed vegetation survey has been conducted in Winter Quarters Canyon in the vicinity of

the WQVF.. -

During August 2002 aerial photographs, collecting both infrared and black and white images, were taken of the North

Lease Tract area to provide baseline vegetation data. Aerial photographs are taken annually, and will continue to be

taken to detec'ted variances from the baseline. Annual photographs will be interpreted by a qualified person and a

report prepared ior inclusion in the annual report.

PLANT COMMUNITIES

A report was prepared earlier by ML Nebo Scientific, /nc. (Collins 1992) of the vegetation of the Winter

Revised: 9-16-10
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Quarters Canyon area (North Lease Tract Area). This report was submifted to the USDA Forest Service. The rePort

has been included in Appendix A-2.

Methodologies for this previous study relied on general vegetation mapping done by using existing information and

limited ground-truthing techniques. Most of the mapping was done using existing maps and data from range

analyses prepared by the USDA Forest Service (Manti-Lasal National Forest, Price, Utiah).

Plant community named in the aforementioned study were revised to be consistent with the existing vegetation map

of the permit area (Drawing 2.7.1-1a). The existing vegetation map of the area was revised using both black and

white and color aerial photography. No field work or ground-truthing methods were implemented.

In October 2002 the vegetation at specitic sites along the percnnial streams within the North Lease was ground-

truthed. This information is included in Appendix A-2 titled, "Riparian Plant Community Survey near Scofield, Utah -

Winter Quarters and Woods Canyon 2002". Also in Appendix A-2 is "Biological Studies in Winter Quarters Canyon

Creek and Woods Canyon Creek - A Study Plan' dated April 2005. The Study Plan outlines the method to be used

to collect both qualitiative and quantitative data to delineate areas of riparian vegetation. Using USFS Level lll

protocol transect lines will be established perpendicular to the stream channel at approximately SoGfoot intervals for

a baseline vegetation survey. Two years prior to longwall undermining any section of perennial streams, the

transect interval will be increased to approximately 400-feet and surveyed each subsequent year through two years

after mining has been completed for each longwall panel. The combined increase in transect interval and surveying

the transects on an annual basis will provide adequate monitoring of the riparian areas. In addition, since riparian

vegetation is closely related to the available flow in the perennial seclions of the stream, additional flow monitoring

sites have been established in the perennial sections ofthe stream that conespond to the longwall panels and areas

of possible subsidence (See section 2.4.4 for monitoring plan details, Figure 2.3.6-2 for locations).Subsequent to the

data collection outlined in the "Biological Studies Plan' in 2005, the baseline information will be submitted to the

Division, to be included in Appendix A-2. All additional information will be submitted on an annual basis or as the

information becomes available. The survey was expanded in 2010 to include additional portions of Woods Canyon

Creek.

Aspen

The Aspen community was the most common vegetation type of the Winter Quarters Tract Area.
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Lupinus alpestris 15.00 4.30

Osmorhiza occidentalis 4.00 2.74

Penstemon strictus 1.00 13.59

Viguiera multiflora 0.15 3.63

GRASSES2I

Bromus carinatus 2.00 4.59

Elymus glaucus 2.40 5.05

Elymus trachycaulus 1.s0 5.51

Festuca idahoensis 0.50 5.17

Festuca ovina 0.30 4.68

Phleum alpinum 0.50 11.48

Poa pratensis 0,10 5.00

Poa secunda 0,30 6.37

TOTALS 34.05 99.13

ll= aroaocast Rate
-'= Species changes may be made by a qualified botanist based on
availability,
PLS = Puro Live Seed
AC = Acre
FTz = Souare Feet

2,7.6 VEGETATION OF THE NORTH LEASE TRACT AREA

The North Lease Trac{ Area is located adjacent to the northemmost boundaries of the curent Shy'in€ Mine permit area-

Much of this area is located within and adjacent to Wnter Quarters Canyon.

The WnFr QuaneF Ventilation Facility WQVF) b the only surface dbturbance in the North Lease. A review of the

existing information and data of the North Lease Tract and adiacent a|eas was done as the North Lea6e was permitt€d.

Subsequently, a detailed \regetation survey has been conducted in Winter Quarte6 Canyon in the vicinity of the WQVF..

During August 2002 aerial photographs, collec{ing both infrared and black and white images, were taken of the Nonh

Lease Tracl area to provid€ baseline vegetation data. Aerial photographs ar€ taken annually, and will continue to be

taken to detected varianc:s ftom the baseline. Annual photogEphs will be interpreted by a qualified pe6on and a

Eport prepaEd for inclusion in the annual rcport.

PI.ANT COTTUNITIES
A repo.t was prepercd earlier by ,ltt- hlebo Sc/€,ntiftc, ,nc. (Collins 1992) of the vegetation of the Winter
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Quarters Canyon area (North Lease Trac't Area). This |€pon was submitted to the USDA Forest SeNice. The repon

has been included in Appendix A-2.

Methodologi€s for this previous study |€lied on gen€ral v€getation mapping done by using existing information and

limited gmund-truthing bchniques. Most of the mapping was done using existing maps and data from range

analys€ prcpared by the USDA Foreot Service (Manti-Lasal National Forest, Price, utah).

Plant community named in the aforementioned study were revis€d to be coBbtent with the existing vegetation map

of the permit area (Drafling 2.7.1-1a). The existing vegetation map of the arca u|as r€vised using both black and

white and color aerial phobgraphy. No field work or ground-truthing meftods were implemented.

In Ocfober 2002 the vegetation at specific sites along the perennial Etreams within the North Lease was gEund-

truthed. This inbrmation is included in Appendix A-2 titled, 'Riparian Plant Community Survey near Scofield, Utah -

Wir er QuarteB and Woods Canyon 2002". Also in Appendix A-2 is "Biological StudieE in Winter QuarteE Canyon

Cre€k and Woods Canyon Creek - A Study Plan'dated April 2005. The Study Plan outlines the meflod to be used

to collect bofi qualitiative and quantitative data to delineate areas of riparian vegelation. Using USFS Level lll

protocoltraNect lines will be established perpendicular to the stream channel at approximately SoGfoot intervals for

a baseline yegetation sun ey. Two years prior to longwall undermining any section of perennial stream6, the

transect intewal will be increased to approximately 400-feet and surveyed each subsequent year through t$to yeaE

after mining has been completed ior each longwall panel. The combined increase in transect inteNal and Eurveying

the tramects on an annual basis will provide adequate monitoring of the riparian areas. In addition, since riparian

vegetation is closely related to the available flow in the perennial s€c{ion3 of the stream, additional flont monibring

sites have been established in the percnnial secliom of the strcam that conespond to the longutall panels and ateas

of possible subsidence (See sec{ion 2.4.4 for monitoring plan details, Figure 2.3.6-2 for locations).Subsequent to the

data coll€c{ion outlined in the 'Biological Shjdies Plan" in 2005, the baseline information will be submitted to the

Division, to be included in Appendix A-2. All additional information will be submitted on an annual basis or as the

information becomes available. The survey wss expanded in 2010 to include additional po ions of Woods Canyon

Creek.

Aspen

The Asp€n community was the most common vegetation type of the Winter Ouarters Trac{ A€a.
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Huntington Creek has a diverse aquatic communitywith macroinvertebrate taxa representing alltrophic levels.

The successful cutthroat trout spawning and high number of resident trout evidence the high quality waters

and habitat of Huntington Greek plus the ability of the macroinvertebrate community to support quality

fisheries. Cutthroat trout, according to Utah Division of Wildlife Resources (UDWR) surveys, are increasing

in numbers in Huntington Creek above Electric Lake. Trout produced in Huntington Creek provide an

impoftant part of the total number of fish in Electric Lake.

Winter Quarters Ganyon Creek

As indicated in the 1995 environmental assessment prepared by the Forest Service and the Bureau of Land

Management Winters Quarters Canyon Creek has a moderate population of macroinvertebrates. Perennial

flow in the canyon has produced Stonefly larvae as far up as Box and Bob's Ganyons, Mayfly nymphs were

also found present in waters tested. Cutthroat trout were found within the creek east of the Forest Boundary

on June 7, 1994 indicating fish are likely within perennial sections of the creek containing significant flows.

A survey conducted in Winter Quarters Canyon Creek in October 2002 indicated similar conditions and

species (See Appendix Volume A-3, Volume 2). The Winter Quarters Ventilation Facility pad was specifically

designed to minimized any potential impacts to the stream. The pad was designed to stay a minimum of

two(2) stream widths from the stream, ( or approximately 24teet), thus maintaining a bufferzone and avoiding

impacts to both the stream and riparian areas. The macroinvertebrates are monitored on a scheduled basis

to insure the health of the stream (see Plate 2.8.1-1 for locations, Table 2.8-1a for monitoring frequency).

Refer to Section2.4.3 - sediment yield and next section for measures implemented to construct in the stream

buffer zone.

Woods Canyon Creek

As indicated in the 1995 Environmental Assessment, Mayfly nymphs were found within the upper poftions of

Woods Canyon Creek in higher quantities than those found within Winter Quarters Canyon. Stonefly larvae

were also found as high as the fork in the stream near the center of Section 34 (T 12 S, R 6 E). No fish were

seen during the 1994 field survey although some may have been present. A survey conducted in Woods

Canyon Creek in October 2002 indicated similar conditions (See Appendix Volume A-3, Volume 2), Another

fish surveywas conducted in 2010, to serve as baseline information forexpanded mining located approximately

/. mlle east and further downstream than previously conducted. Similar with the earlier surveys the stream is

relatively shallow and does not provided ideal fish habitat, however a total of eight (8) fish were identified. An addition of

both a macroinvertebrate and a fish monitoring location were set up to insure monitoring stations are established

downstream of mining activities to fully evaluate any impacts from mining. Details are outlined later in this section.

UP Canyon - Scofield Waste Rock site

The Scofield Waste Rock site is located in UP Canyon at the confluence of two ephemeral unnamed drainages.

No aquatic wildlife habitat has been noted in either drarnage.
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magnification, The mean, standard deviation, density per square meter, and standing crop will be calculated
and estimated using the same methods as in previous analysis.

Calculations of the USFS Biotic Condition lndex (Winget and Mangum 1979) will be completed using the

abundances of the benthic taxa to generate the dominance weighted community tolerant quotient (CTQd). The

predicted community tolerant quotient (CTap) will be calculated using water chemistry data provided in Winget

(1972) for the Huntington Creek drainage.

Cluster analysis will be run using the Bray-Curtis dissimilarity index with the UPGM clustering algorithm.

Winter Quarters Canyon and Woods Canyon Creeks

From Fall of 2002 through early Summer of 20Q4 fish and baseline macroinvertebrate data for the perennial

reaches within Winter Quarters Canyon and Woods Canyon Creeks in the North Lease area were gathered.

Copies of the reports are included in Appendix Volume A-3, Volume 2.

A macroinvertebrate survey of portions of Winter Quarters Canyon and Woods Canyon Creeks will be performed

twice a year for two consecutive years and then every third year thereafter or for a period determined by Canyon

Fuel Company, LLC, DOGM, USFS, and the DWR, to be long enough to provide data to establish population

trends. This survey will be performed in the fall and spring of each year on or about the same date.

In 2010 the Winter Quarters Ventilation Facility WAVF) was added to the permit area approximately /=mile
downstream of the existing macroinvertebrate monitoring stations. Consultation with Dr, Shiozawa who directs

the Skyline marcoinvertebrate monitoring program, indicated the portion of stream in the vicinity of the WQVF

pad is not conducive to a macroinvertebrate study due to low gradient and inundation of fine sediment, He

recommended a electro-fishing monitoring program which is outlined later in this section.

- As mining pfogressed north of Winter Quafters Canyon, the longwall panel orientation was rotated 90 degrees to maximize

coal recovery. This rotation expanded mining approximately T, mile to the east. To accommodate this modification, an

additional macroinveftebrate station and fish monitoring station were set up in Woods Canyon to insure monitoring stations are

established downstream of mining activities to fully evaluate any impacts from mining. The additional electro-fishing

monitoring station was added to Woods Canyon creek in 2010 although the stream is marginal fish habitat due

to the shallow nature. Sampling frequency will continue every 3'd year unless future sampling confirms the habitat

is unsuitable to sustain a viable fish population. See Appendix Volume A-3, Volume 2for2010 fish density report.

The following methods have been and will be used for macroinvertebrate sampling. Slight variations to the

methods may occur during the field work or based on comments from regulatory agencies.

Three benthic sites will be sampled in each creek. Following the first survey a map with these stations will be

prepared and submitted with the next sample report (included in the following year's annual report), Quantitative

samples will be taken with a modified box sampler. The samples taken will be field preserved in 70o/o ethyl

alcohol and returned to the laboratory for processing. The samples will be sorted and invertebrates identified

to the lowest possible taxonomic level using the keys of Merritt and Cummins (1996), Those of questionable

identity will be further examined and identified under magnification. The mean, standard deviation, density per

square meter, and
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Huntington Creek has adiverse aquaticcommunitywith macroinvertebratetaxa representing alltrophic levels.

The successful cutthroat trout spawning and high number of resident trout evidence the high quality waters

and habitat of Huntington Creek plus the ability of the macroinvertebrate community to support quality

fisheries. Cutthroat trout, according to Utah Division of Wildlife Resources (UDWR) surveys, are increasing

in numbers in Huntington Creek above Electric Lake. Trout produced in Huntington Creek provide an

important part of the total number of fish in Electric Lake.

Winter Quarters Canyon Creek

As indicated in the 1995 environmental assessment prepared by the Forest Service and the Bureau of Land

Management Winters Quarters Canyon Creek has a moderate population of macroinvertebrates. Perennial

flow in the canyon has produced Stonefly larvae as far up as Box and Bob's Canyons. Mayfly nymphs were

also found present in waters tested. Cutthroat trout were found within the creek east of the Forest Boundary

on June 7, 1994 indicating fish are likely within perennial sections of the creek containing significant flows.

A survey conducted in Winter Quarters Canyon Creek in October 2002 indicated similar conditions and

species (See Appendix Volume A-3, Volume 2). The Winter Quarters Ventilation Facility pad was specifically

designed to minimized any potential impacts to the stream. The pad was designed to stay a minimum of

two(2) stream widths from the stream, ( orapproximately 24feet), thus maintaining a bufferzone and avoiding

impacts to both the stream and riparian areas. The macroinvertebrates are monitored on a scheduled basis

to insure the health of the stream (see Plate 2.8.1-1 for locations, Table 2.8-1a for monitoring frequency).

Refer to Section2.4.3 - sediment yield and next section for measures implemented to construct in the stream

buffer zone.

Woods Canyon Creek

As indicated in the 1995 Environmental Assessment, Mayfly nymphs were found within the upper portions of

Woods Canyon Creek in higher quantities than those found within Winter Quarters Canyon. Stonefly laruae

were also found as high as the fork in the stream near the center of Section 34 (T 12 S, R 6 E). No fish were

seen during the 1994 field survey although some may have been present. A survey conducted in Woods

Canyon Creek in October2002 indicated similarconditions (SeeAppendixVolumeA-3, Volume2). Another

fish surveywas conducted in 2010, to serve as baseline information forexpanded mining located approximately

T, mile east and further downstream than previously conducted. Similar with the earlier surveys the stream is

relatively shallow and does not provided ideal fish habitat, however a total of eight (8) fish were identified. An addition of

both a macroinvertebrate and a fish monitoring location were set up to insure monitoring stations are established

downstream of mining activities to fully evaluate any impacts from mining. Details are outlined later in this section.

UP Canyon - Scofield Waste Rock site

The Scofield Waste Rocksite is located in UP Canyon atthe confluence of two ephemeralunnamed drainages.

No aquatic wildlife habitat has been noted in either drainage.
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magnification. The mean, standard deviation, densi$ per square meter, and standing crop will be calculated
and estimated using the same methods as in previous analysis.

Calculations of the USFS Biotic Condition Index (Winget and Mangum 1979) will be completed using the

abundances of the benthic taxa to generate the dominance weighted community tolerant quotient (CTQd). The

predicted community tolerant quotient (CTAp) will be calculated using water chemistry data provided in Winget

(1972) for the Huntington Creek drainage.

Cluster analysis will be run using the Bray-Curtis dissimilarity index with the UPGM clustering algorithm.

Winter Quarters Canyon and Woods Canyon Creeks

From Falt of 2002 through early Summer of 2004 fish and baseline macroinvertebrate data for the perennial

reaches within Winter Quarters Canyon and Woods Canyon Creeks in the North Lease area were gathered.

Copies of the reports are included in Appendix Volume A-3, Volume 2.

A macroinvertebrate survey of portions of Winter Quarters Canyon and Woods Canyon Creeks will be performed

twice a year for two consecutive years and then every third year thereafter or for a period determined by Canyon

Fuel Company, LLC, DOGM, USFS, and the DWR, to be long enough to provide data to establish population

trends. This survey will be performed in the fall and spring of each year on or about the same date.

In 2010 the Winter Quarters Ventilation Facility (WOVF) was added to the permit area approximately Tzmile

downstream of the existing macroinveftebrate monitoring stations. Consultation with Dr. Shiozawa who directs

the Skyline marcoinvertebrate monitoring program, indicated the portion of stream in the vicinity of the WQVF

pad is not conducive to a macroinvertebrate study due to low gradient and inundation of fine sediment. He

recommended a electro-fishing monitoring program which is outlined later in this section.

As mining progressed north of Winter Quarters Canyon, the longwall panel orientation was rotated 90 degrees to maximize

coal recovery. This rotation expanded mining approximately y2 mile to the east. To accommodate this modification, an

additionatmacroinvertebrate station and fish monitoring station were set up in Woods Canyon to insure monitoring stations are

established downstream of mining activities to fully evaluate any impacts from mining. The additional electro-fishing

monitoring station was added to Woods Canyon creek in 2010 although the stream is marginal fish habitat due

to the shallow nature. Sampling frequency will continue every 3'd year unless future sampling confirms the habitat

isunsuitabletosustainaviablefishpopulation. SeeAppendixVolumeA-3,Volume2lor2010fishdensityreport.

The following methods have been and will be used for macroinveftebrate sampling. Slight variations to the

methods may occur during the field work or based on comments from regulatory agencies.

Three benthic sites will be sampled in each creek. Following the first survey a map with these stations will be

prepared and submitted with the next sample report (included in the following year's annual report). Quantitative

samples will be taken with a modified box sampler. The samples taken will be field preserved in 70o/o ethyl

alcohol and returned to the laboratory for processing. The samples will be sorted and invertebrates identified

to the lowest possible taxonomic level using the keys of Merritt and Cummins (1996). Those of questionable

identity will be further examined and identified under magnification. The mean, standard deviation, density per

square meter, and
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Section 4.17: pages 4-92,4-93, 4-94,4-95a, 4-95c



the Lower O' Connor t'A" (See Section 4 .I1 .3 Subs j-dence Prevention
Measures) . No buildings, pipelines, or maintained roads were found
in the areas to be subsided as a result of implementing the
North Lease mine plan. The only mapped pack trail in the North Lease

area runs east-west on the ridge between Winter Quarters Canyon and

Woods Canyon, dropping down into Winter Quarters Canyon. The trail
is outside the area to be subsided, therefore, flo subsidence related
impact is anticipated on the trail. In 2010 the panels located north
of the Winter Quarters Canyon graben (North-of-Graben), were rotated
90 degrees to maximize coal recovery further east that originally
outlined in 2002. The modification did not impact any additional-
buildirgs, pipelines or maintained roads with the additional acreage
being undermined

As discussed in detail in Section 2.2 of this M&RP, the rocks in the
North Lease area are in compression. The state of compression of the
rocks in the North Lease area will likely allow the subsidence forces
to be transmitted across fault and fract,ure planes thus resulting in
uniform subsidence. Previous mining in Mine #3, where the rocks are
also under compression, did not result in focused subsidence along
faults or fractures. Indeed, in the southern portion of the mine
permit area where the rocks are subj ected to extensional forces,
focused subsidence did not take place.
Drilling and fleld work conducted in the North Lease by Skyline
geologist Mr. Mark Bunnell indicates the Castlegate Sandstone in the
head of Winter Quarters and Woods Canyons in the permit area consist
of two thin sandstone units . separated by slope - f orming shal-e and

sil-tstone. Because of the thinner, "ledg'e and slope" nature of the
Castlegate in the permit area, the potential for subsidence-induced
escarpment f ail-ures or landslides is minimal (3 / 3 / 0S M. BunneIl memo) .

As discussed in Section 4 .Li .3 and illustrated in Drawing 4 .L7.3 -1A,
t.he combination of geology, depth of cover, and mine plan shoul-d keep
subsidence affects to a minimum (See Section 2.2 for detailed geology
discussion) . Drawings 4.I1 .1-1 and 4.L7 -I-2 ill-ustrat.e that, if the
maxj-mum subsidence does occur, ilo reduction or significant alteration
of the perennial stream flow should occur. This is due primarily to
the existing
Revised: 9-16-10 4-92



stream gradient, proj ected worst-case subsidence, depth of cover,
and depth of all-uvium within the drainage corridor. Although the
gradient is reduced in some areas, no significant ponding or over-
steepening of the gradient is anticipated. Potential areas of
minor cracking, as illustrated on Drawinq 4.77 .3-LA, are primarily
a function of the advancement direction "t the longwall pane1,

steepness of slope, the lack of confining pressure, and how the
bedrock subsides into the void left by longwalI mining.

The mine will not subside any of the perennial streams in the North
Lease without approval from the Forest and Division. The rotating
of the panels north of the Winter Quarters Canyon graben in 2010

did not impact the undermining of the portions of perennial streams
on the Manti-La Sal Forest. The Burnout Canyon Study (Appendix A-

L, Volume 2) , conducted in cooperation with Canyon Fuel Company,

LLC, and The Manti -La Ssal- National Forest , was completed in JuIy
1998. Quoting the Burnout Final Report, "This study was initiated
in 1-992...to address the effects of longwall minnig and related
subs j-dence in the Wasatch Pleateau on hydrology, channel condition
and habitat changes in perennial and intermittent reaches of a

mountain stream. " The Burnout Canyon study concluded that any

changes in f l-ow in Burnout Creek areas were likely rel-ated to
cl-imatic changes (drought) and not mining activities (DOGM EDI).
The stratigraphy, depth of cover, and general dip of the formations
in Woods and Winter Quarters Canyons are very similar to Burnout
Canyon (See sections 2 .3 .I, 2 .5, 4 .L1 .3, and Appendix A-1, Volume 2

for details). The permittee believes the Burnout Canyon Study can
be used to predict the impacts of undermining both Winter Quarters
and Woods Canyons and that mining in the North Lease area can be

conducted with minimal impacts to perennial streams due to
subsidence.

The Forest has indicated that the forest land is considered to have

renewable resources rel-ated to wildlife and grazrng. The timber
resources are extremel-v limited and isolated in this
Revised: 9-15-10 4-93



area of the forest and will likely never be harvested (Carter Reed, Manti-La
Sal National Forest, Oral Communication L0-2002) .

Included in the Subsidence Probabifity Survey for Woods Canyon, Skyline
contracted Agapito Associates, Inc. (nef) to evaluate the subsidence impacts of
conducting full-extraction mining in areas with as little as 400 feet of
nrror]-rrrrrran rAppendix A-1, Vol . 2) . The AAI analysis utilizes a numeriCal model_\,

- Surface Deformation Prediction System (SDPS) (Agiotuantis and Karmis 2002) that
incorporates, information from the Burnout Canyon Area study, Iocal geology,
mining and subsidence data. The study predicted less than five (5) feet of
subsidence would occur in the Woods Canyon area and mining could safely be
conducted in areas with 415 feet of overburden. Other items id.entified in the
AAI study include: 1) the average gradient in Woods Canyon (5.?1?) is greater
than in Burnout Canyon (4.I22) which suggests the horizontal strain will be
spread along a longer stream path and dampen direct impacts of t.ensile strain;
and 2) the US Bureau of Mines (USBM) criteria for subsidence classifies Wood
Canyon as having class III (shaley and silty sandstone) overburden, and the
appropriate overburden thickness multiplier would be 46L feet. IncidentalIy,
the same USBM report (1979) originated the 60 times the extraction thickness
rule-of -thumb. However, this criteria was meant t.o be applied only to
extraction below bodies of water of 'catastrophic' potential size such as large
rivers and lakes. The 60 times the extraction thickness is a conservative
generalization that somewhat mis-characterizes the USBM study recommendations. -

4.77 .2 Mining Methods

The mining methods to be used by the Permittee include longwall mining, room
and pilfar mining with pillar removal, and room and pillar mining with piltars
l-eft in place. Certain room and pillar mining systems are designed to provide
full support and will- prevent subsidence. Subsection 3 . l-.5 contains
descriptions of the mining methods to be implemented.

FulI extraction areas include room and pillar panels with pi1lar remova1 and
Iongwall panels. Subsidence prediction work has shown the expected maximum
planned and control-Ied subsidence will vary from 0 to 24 feet, dssuming that
the total cumulative extraction from the three mineabl-e seams wiIl not exceed
30 feet.

4.L7 .3 Subsidence Effect Prevention Measures

It is anticipated that the planned subsidence wiII result in a generally
uniform lowering of the surface fands in broad areas, thereby limiting the
extent of material- effect to those lands and causing no appreciable change to
present land uses and renewable resources. The Permittee established a
subsidence monitoring program in the early stage of mining for use in reviewing
Lhe surface effect of mining and as an aid in future mine planning.

In areas where mining related subsidence would damage resources, room and
pillar mining methods will be used. Wherever the pipeline and creek buffer
zones coincide, creek buffer zorLe requirements take precedence. Where the
yield pillar/barrier system is used, the
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measures will be taken to ensure no surface subsidence is induced due to
fail-ure of the entries, as mutually agreed with regulatory agencies. The

entries in Skyline Mine No. 2 wiII enter the Hunt.ington Creek buf f er zorLe for
short distance as approved by the Division/U.S. Forest Service

No mining will be conducted beneath Electric Lake.

Full- extration mining techniques under the creek buffer zones will only be

proposed if evidence shows surface effects, if d.of, can be mitigated. Full
extraction mining techniques and associated mitiga[ion plans must first be

approved by the Division/u.s. Forest Service.

Drill hol-es show that there are clay rich shale layers present which will
Iikely swel-l- into an impervious clay when wet. This characteristic is expected
to seal possible subsidence cracks to prevent downward migration of water and

subsequent 1oss of springs and other water sources based on information
supplied by Roy FulI (Volume A-3)and supported by the Burnout Canyon Study
(Appendix 1-A, Vol .2 ) .

Extensive experience with mining-induced subsidence at Skyline Mine indicates
the subsidence factor (Sr1 relative to mining height is as follows:

Overburden
Overburden
Overburden
Overburden

200-500'
s00-1000,
1000-t_500'
t_500-2000,

sF 0.7
sF 0.5
SF 0.3
sF 0 .1_5

Approximately 20-30 percent of the planned subsidence will be occurring where

overburden thickness ranges from 500 to 1000 ft. and 70-80 percent of the
suhsidence occurring where overburden thicknesses are greater than l-000

ft(3/3/05 M. BunneII memo). Given the projected mining thickness is 9-11 feet,
and the approximate minimum overburden is 600 feet in the North Lease area, the
maximum subsidence anticipated is less than 6 feet. Drawing 4.L7.3-1A
iltustrates most of the subsidence will be in the 2 to 4 ft. range. Areas

identified as having 6-feet of subsidence were rounded-upward to provide a six-
foot contour Iine. Six-feet of subsidence is generally a worse-case scenario.
The subsidence factor identified above suggests subsidence in t.he range of
seven (7) feet could be seen in Woods Canyon. Through 2009, this has been a

conservative factor since the most subsidence that has been noted is
approximately four (4) feet in Winter Quarters Canyon and its tributaries. The

AAI modeling report in Appendix A-1, Volume 2 suggest subsidence will remain
Iess than six (6) feet even in areas with 500 feet of overburden.
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In 2010 full extraction mining in Woods Canyon was extended ,4 mile
further east into areas with l-ess than 500 feet of overburden. As a
mitigation ef f ort to monitor subsidence, a total- of nine (9 )

prezometers or shal-l-ow groundwater wel-l-s have been establ-ished

adj acent to the creek starting at the USFS boundary and extending east

of the proposed mining. The piezometers were established to monitor

the shallow groundwater adjacent to the stream to both determine

whether Woods Canyon Creek is an gaining or losing stream, and to
gauge any flow impacts associated with mining.

If it. is determined that subsidence causes material- damage or a loss

of flow in a perennial stream, the Permittee commits to using the best

technology currently avail-able (BTCA) to mitigate the damage. Methods

may include backfilling with surrounding native material,
incorporating bentonite or other water-retaining native material into
the backf il-l-, or possibly even temporarily bypassing/piping f l-ow

through impacted areas until- mitigation is achieved.
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the Lower O'Connor ''A'' (See Section 4.1-'7 .3 Subsidence Prevention
Measures). No buildings, pipelines, or maint.ained roads were found

in the areas to be subsided as a result of implementing the North
Lease mine plan. The only mapped pack trail in the North Lease area

runs east-west on the ridge between Winter Quarters Canyon and Woods

Canyon, dropping down into Winter Quarters Canyon. The trail is
outside the area to be subsided, therefore, flo subsidence related
impact is anticipated on the trail. In 2010 the panels located north
of the Winter Quarters Canyon graben (North-of-Graben) , were rotated
90 degrees to maximize coal recovery further east that originally
outlined in 2002. The modification did not impact any additional
buildings, pipelines or maintained roads with the additional acreage

being undermined.

As discussed in detail in Section 2.2 of this M&RP, the rocks in the
North Lease area are in compression. The state of compression of the
rocks in the North Lease area wiII likely a1low the subsidence forces
to be transmitted across faul-t and fracture planes thus resulting in
uniform subsidence. Previous mining in Mine #3, where the rocks are
aLso under compression, did not result in focused subsidence along
faults or fractures. Indeed, in t.he southern portion of the mine

permit area where the rocks are subjected to extensional forces,
focused subsidence did not take p1ace.

Drilling and field work conducted in the North Lease by Skyline
geologist Mr. Mark Bunnell indicates the Castlegate Sandstone in the
head of Winter Quarters and Woods Canyons in the permit. area consist
of two thin sandstone units, separated by slope-forming shale and

siltstone. Because of the thinner, **ledge and slope" nature of the
Castlegate in the permit area, the potential for subsidence-induced
escarpment failures or landslides is minimal (3/3/05 M.Bunnell memo) .

As discussed in Section 4 .L7 .3 and illustrated in Drawing 4 .L7 . 3 - l-A,

the combination of geology, depth of cover, and mine plan should keep

subsidence affects to a minimum (See Section 2.2 for detailed geology

discussion) . Drawings 4.17,1--l- and 4.I'7 .I-Z illustrate that, if the
maximum subsidence does occur, flo reduction or significant alteration
of the perennial stream flow should occur. This is due primarily to
the exist.ing
Revised:9-16-10 4-92



stream gradient, projected worst-case subsidence, depth of cover,
and depth of alluvium within the drainage corridor. Although the
gradient is reduced in some areas, no significant ponding or over-
steepening of t,he gradient i s ant icipated . Potent ial areas of
minor cracking, as illustrated on Drawing 4.17.3-l-A, are primarily
a function of the advancement direction of the longwall pane1,

steepness of slope , the l-ack of conf ining pressure , and how the
bedrock subsides into the void left by longwall mining.

The mine will not subside any of the perennial streams in the North
Lease without approval from the Forest and Division. The rotating
of the panels north of the Winter Quarters Canyon graben in 2010

did not impact the undermining of the portions of perennial streams
on the Mant i - f-,a Sal- Forest . The Burnout Canyon Study (Appendix A-

1-, Vol-ume 2) , conducted in cooperation wit.h Canyon Fuel- Company,

LLC, and The Manti -La Sal National- Forest, was completed in ,Ju1y

1- 9 9I . Quot ing the Burnout Final- Report , '*Thi- s study was init iated
in 1,992. . . to address the ef f ects of longwall minnig and related
subsidence in the Wasatch Pleateau on hydrology, channel condition
and habitat changes in perennial and intermittent reaches of a

mountain stream. " The Burnout Canyon study concluded that any

changes in flow in Burnout Creek areas were likely related to
climatic changes (drought) and not mining activities (DOGM EDI) .

The stratigraphy, depth of cover, and general dip of the formations
in Woods and Winter Quarters Canyons are very simil-ar to Burnout
Canyon (See sections 2 .3 .L, 2 .5 , 4 .I7 .3, and Appendix A- 1, Volume 2

for details). The permittee believes the Burnout Canyon Study can

be used to predict t,he impacts of undermining both Winter Quarters
and Woods Canyons and that mining in the NorLh Lease area can be

conducted with minimal impacts to perennial streams due to
subs idence .

The Forest has indicated that the f orest land i s consi-dered to have

renewable resources related to wildlife and grazing. The timber
resources are extremely limited and isolated in this
Revised: 9-1-6-10 4-93



area of the forest and wiII likely never be harvested (Carter Reed, Manti-La
SaI National Forest, Oral Communication L0-2002).

Included in the Subsidence Probability Survey for Woods Canyon, Skyline
contracted Agapito Associates, Inc. (AAI) to evaluate the subsidence impacts of
conducting full-extraction mining in areas with as little as 400 feet of
overburden (Appendix A-1, Vol-. 2). The AAI analysis utilizes a numerical model
- Surface DeformaLion Prediction System (SDPS) (Agiotuantis and Karmis 2002) that
incorporates, information from the Burnout Canyon Area study, local geology,
mining and subsidence data. The study predicted l-ess than five (5) feet of
subsidence wouJd occur in the Woods Canyon area and mining cou1d safely be
conducted in areas with 475 feet of overburden. other items identified in the
AAI st.udy include: 1) the average gradient in Woods Canyon (5.71?) is greater
than in BurnouL Canyon (4.L2"6) which suggests the horizontal strain will be
spread along a longer stream paLh and dampen direct impacts of tensile strain;
and 2) the US Bureau of Mines (USBM) criteria for subsidence classifies Wood
Canyon as having class IfI (shaley and silty sandstone) overburden, and the
appropriate overburden thickness multiplier would be 46L feet. Incidentally,
the same USBM report (1979) originated the 60 times the extraction thickness
rule-of-thumb. However, this criteria was meant to be appfied only to
exLraction below bodies of waLer of 'catastrophic' potential size such as large
rivers and lakes. The 60 times the extraction thickness is a conservative
generalization that. somewhat mis-characterizes the USBM study recommendations.

4.1-7 .2 Mininq Methods

The mining methods to be used by the Permittee include longwall mining, room
and pil-Iar mining with pillar removal, and room and pillar mining with pillars
left in pIace. Certain room and pillar mining systems are designed Lo provide
full- support and will prevent subsidence. Subsection 3.1.5 contains
descriptions of the mining methods to be implemented.

FulI extraction areas incfude room and pilLar panels with pillar removal and
longwal1 panels. Subsidence prediction work has shonrn Lhe expected maximum
planned and controlled subsidence will vary from 0 to 24 feet, assuming that
the total cumulative extraction from the three mineabl-e seams will- not exceed
30 feet.

4.I7 .3 Subsidence Effect Prevention Measures

It is anticipated that the planned subsidence wil-l result in a generally
uniform lowering of the surface l-ands in broad areas, t.hereby Iimiting the
extent of material effect Lo Lhose lands and causing no appreciable change Lo
present land uses and renewable resources. The Permittee established a
subsidence monitoring program in the early stage of mining for use in reviewing
the surface effect of mining and as an aid in future mine planning.

In areas where mining related subsidence woul-d damage resources, room and
pillar mining methods will be used. Wherever the pipeline and creek buffer
zones coincide, creek buffer zone requirements take precedence. Where the
yield pillar/barrier system is used, Lhe
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failure of the entries, ds mutual-Iy agreed with regulatory agencies. The

entries in Skyline Mine No. 2 will enter the Huntington Creek buffer zone for
short distance as approved by t.he Division/u.s. Forest Service

No mining will be conducted beneath Electric Lake.

Ful1 extration mining Lechniques under the creek buffer zones will only be
proposed if evidence shows surface effecLs, if any, can be mitigated. FuIl
extract.ion mining techniques and associated mit.igation plans must first be

approved by the Division/U.S. Forest Service.

Drill holes show that there are clay rich shale layers present which will
likely swell into an impervious clay when wet. This characteristic is expected
to seal possible subsidence cracks to prevent downward migration of water and

subsequent l-oss of springs and other water sources based on information
supplied by Roy Full (Volume A-3)and supported by the Burnout. Canyon Study
{Appendix 1-A, Vol .2) .

Extensive experience with mining-induced subsj-dence at. Skyline Mine indicates
the subsidence factor (SF) relaLive to mining height is as follows:

Overburden
Overburden
Overburden
Overburden

200-500'
500-l_000'
l_000- t_500 ,

1500-2000 |

SF 0.7
SF 0.5
SF 0.3
sF 0.15

Approximately 20-30 percent of the planned subsidence wil-I be occurring where

overburden thickness ranges from 500 to l-000 ft. and 70-80 percent of the
subsidence occurring where overburden thicknesses are greater than l-000

ft(:/Z/05 M. Bunnell memo) . Given the projected mining thickness is 9-l-l- feet,
and the approximate minimum overburden is 500 feet in the North Lease area, the
maximum subsidence anticipated is less than 6 feet. Drawing 4.L7.3-1A
illustrates most of the subsidence wil-l be in the 2 to 4 ft. range. Areas
identified as having 5-feet of suhsidence were rounded-upward to provide a six-
foot contour l-ine. Six-feet of subsidence is generally a worse-case scenario.
The subsidence factor identified above suggests subsidence in the range of
seven (7) feet could be seen in Woods Canyon. Through 2009, this has been a
conservati-ve factor since the mosL subsidence that has been noted is
approximately four (4) feet in Winter Quarters Canyon and its tributaries. The

AAI modeling report in Appendix A-1, Volume 2 suggest subsidence will remain
less than six (5) feet even in areas with 500 feeL of overburden.
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In 2010 fuI1 extraction mining in Woods Canyon was extended ,t miLe

further east into areas with l-ess than 500 feet of overburden. As a
mitigation effort to monitor subsidence, a total of nine (9)

piezometers or shal- low groundwater we l- ls have been e stabl i shed

adj acent to the creek starting at the USFS boundary and extending east

of the proposed mining. The piezometers were establ-ished to monitor

the shallow groundwater adjacent to the stream to both determine

whether Woods Canyon Creek is an gaining or losing stream, and to
gauge any flow impacts associated with mining.

If it is determined that subsidence causes material damage or a loss

of flow in a perennial stream, the Permittee commits to using the best
technology currently available (BTCA) to mitigate t.he damage. Methods

may include backfilling with surrounding native material,
incorporating bentonite or other water-retaining native material into
the backfill, or possibly even temporarily bl4rassing/piping flow
through impacted areas until mitigation is achieved.
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Appendix Volume A-1, Volume 2; Addition to 2004 Woods Canyon GPS survey,

Earthfax Engineering, Inc. 2010 (ADD TEXT TO 2004 REPORT)
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Septernber'7,2010

Mr. Gregg Galecki
Canyon Fuels CompanY, LLC
P.O. Box 719
Helper, Utatl 84,526

Dear Gregg:

On September 2,2A10, EarthFax Engineering Inc. conducted a stream-channel survey in

Woods Canyon, Carbon County, Utah, located within Section 36, Township 12 South, Range 6

East. The purpose of the survey was to map stream channels with perennial flow and create

stream profiles in anticipation of funue underground mining activities in Section 36. The srwey
was conducted using a Trimble Pro XRT (Serial Number 48t 0K53956) Global Positioning

System (*GPS") with sub-meter accuracy. GPS data were recorded in Universal Transverse

Mercator ("UTM"), Nad 27 coordinate system, with horizontal coordinates recorded in meters

and vertical coordinates recorded in feet above Mean Sea Level.

The perennial streiches of the survey area are indicated on Plate 1 based on the $ryTey

conducted by EantrFax on the referenced date. These are added to stream survey data previously

collectedby EarthFax in 2003 and 2004 for sections of Woods Canyon located upstream of
Section 36, and for ril/inter Quarters Canyon, Bob's Canyono and Box Canyon. Plate 2 shows the

stream profile based on the GPS elevation data. This profile is also added to profile data

previously collected by EanhFu in 2003 and 2004 for sections of \il/oods Canyon located

upstrtam of Section 36, and for ril/inter Quaners Canyon, Bob's Canyon, and Box Canyon.

Table I summarizes the data collected on September 2, 2010.

Due to narrow canyon walls and/or dense conifer cover within the boundaries of the survey

area, the GPS urit was set to maximize productivity, which increased the Position Dilution of
Presision (*PDOP") and decreased the precision of the data. Table I includes horizontal and

venical data with precision values included for each survey point.

Thank you for the opportuniry to provide this service to the Canyon Fuel Company, Skyline

Mine. If you have any questions or need more information, please do not hesitate to contact me.

Sincerely,

Larry DuShane
EarthFax Engineering, Inc,

Enclosures (Plates 1 and 2, Table I )

/.28--

EarthFax
Ecsthhr

Engrineerlng, Illc.
EngineerslSsientists
7324 So. Union Fcsk Ave.

Suitel00
ldidvcle, Utsh 84047

TeleFfime 801-561-1555

Fcs 801-561-1861
wury.ecsthfca.trfii



E
g
o
(t
E
r.
IEg
Eo

q
({

o
tri

I
c.,i

sl ol oq oq q q
F

q
,F

o oq \ f\. \ oq o
(fJ

ct)
rj

:lr-
D
r,i

E!t
J
0'
E
?

og
(t
Eq.

|E
fl
E
ot!
E
oI

co
o

t&)
lfI
C'

u-,
co
o

\t
(v)

o
tfo
o

cfJ
of)
o

(i?
fi')
o

f\l
(f)

o
r.l,
ff)
o

f\
fo
o

vt
O

Ya
O

(f)

O
t\|
0,.)

o
f?
o

1\\t
o

I\ qrr
$
o

t
3

-rh
tr
o
iJ
IE

o
lrJ

t'Jo
c
oE

sc!
€o€

$)

rd
@o
co

fil
CD

o.io
€

o
o

(\.
ctrl(r
co

(9

o(o
GO

GTJ\(\l
t\
o

o
rd€
CD

(f,

do(\|€

r.E,
fe
c'.i

({
co

IrJ
co
o(a({€

E)q
ro
0l')
r\|6

s;to
o
ro({
co

(D
lo
F-lf)(\l
6

!o
or\(T€

\rtf)
c)6(\o

s\
!f)rit
N
6

Pt)
ct

D

Eo-o
E

trtr
.J!,t[
UJ

E9
oq

(o
(v)
(aet

(fl

$ofo
(Y)
co\t

(\
(o
lir
t\t
(Y)
corf

@lo
(fJ
(o
(r)ot

€
o)
oi
oro(n
@
lf

t\
rfjo
ct)
C\l
@t

(a
cti(\
co
fil€rlf

Ot
olo
F(\l
@t

(\l
F*
c.j(o
(o
(\I
cot

EDlf:
cct(o
lf}
C{o
$

t-,q
cooro(\lo
$

rt,
c?
t-
t(\|
EO
t

t-Jo
(fJ
rJ)
(f)

c{6t

rft

1-
CD(\l
(\l€t

rt
e.l
tf,to(\I
nl€
rEl

(D
ro
(fi
l.cl

(\I€t

rt,

e.j
r.clo(\l€t

t\tD
rjt(\l
(!
6
$

q

Dn
D
rr

Eq,
-,o
E
E

.=
F

E
oz

]f,'
t\.
(o

E
o,
rot

t4t
ro
f.jt\
€
OJ
oos

\t€
.t
F
o
or(a
$

qo
o
F

@
ct)
0r,t

tq
o
F
€
ct,
aa
$

CD
C!
F*lo
@
o,
(Y)
$

ri(o

o
o)
rr)\r

Lfq
or
co
ol
fot

CDlo
6
cp

@ol
CO
!f

(It
g)
oit\
€
c',
(f)\t

Gt;tol
@

o
ct)
(f)

t

('f
F
(o
lct
co
ctl
(v)
t

E'€
dt
@
cD
(i)s

Eltq
fr)
co
o,fos

C'f

(tl
CDo
co
CDfi)t

(.o

d
co
cD
fv)
I

CD'
lJ)
t--

CO
ctl
(Y)
t

firc!
frl

cool(ts

I,
ry
$
D
D
ctl
FD\t

€t

.EF

E
0.
r.o
t!
N

=TL
co
q!
C!

=tL
o
fD
f\i

E
o-
fr)
fr)
C\i

=L
t
f.,,
c\i

E
o-

t
c.j

=TL
fo
:f.(\l

=(L
tf)
T.(\l

=o-
F
T.(\l

=o-
o)
T.
frl

=o-

rr)
e-i

=o-
q
ro
c.i

=o-
(o
lf,
ni

=o-
€
ro
(\i

=o-
(f)o
fi

=(L
\ro
(.j

=o
t\
fi

=o-
-Pt

E
L
f
i!t

o
TE
IIJ
€
o
Et
tr
rE
tr
-tr-!Ft-o
rn
t\
g^
EE
qE
TDE3eG
Ef
E I!.
,H8jg
=ol=Er.il 8E

J 0}-6 Troe 9{r: 0it>-
?=
E5
*Ho6
FF;sEr!
EEiEvto
E6
Evg
oL
o
o.
(f
t-o
GI

t\i
bo
&t
Eg
aog,



Appendix Volume A-1, Volume 2;2004 Woods Canyon GPS survey,
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Woous CANYON SUSSTUENCE SIUUY
SrYr,rNE MINE

1.0 lxrnouucrloN

Agapito Associates, Inc. (AAI) was contracted by Canyon Fuel Company, LLC (CFC) to
investigate the potential impacts of subsidence due to longwall mining under Woods Canyon, at

its Skyline Mine (Skyline) near Scofield, Utah. As part of the Woods Canyon analysis, AAI
back analyzed longwall-mining-induced subsidence for the Burnout and James Canyon areas.

Skyline Mine plans to mine eight retreat longwall panels in the Lower O'Connor A seam,

numbered "8L" through "15L." In the current mine plan, panel I lL and portions of panel l2L
underlie Woods Canyon, which is a perennial stream. The stream has a general flow direction of
west to east (Figure I ). Panel I I L retreats from a cover depth of approximately 1,000 feet (ft) to
a cover depth of 600 ft. CFC would like to have a better understanding of potential subsidence

impacts to the stream and explore the possibility of continuing mining in Panel I I L further to the

east, to possibly as little as 400 ft of cover.

The investigation was caruied out as follows:

1. Develop subsidence input parameters based
geologic, mining, and subsidence data.

on the review and calibration of historic

Develop numerical models and perform back-analysis for James Canyon and Burnout
Canyon, and forward analysis for Woods Canyon, using site-specific mining geometries

and variable cover depths. Model results provideground subsidence and associated

surface deformation indices such as subsidence, strain, slope, and curvature.

Compare ground subsidence and deformation indices from historic mining to Woods
Canyon indices to assess the potential impacts of surface deformation on 

'Woods 
Canyon.

Review westem experience and surface water damage criteria regarding minimum depth
of cover to minimize liklihood of communication between mine workings and the Woods
Canyon stream bed.

AAI's approach consisted of two separate elements. The subsidence modeling, using the
program Surface Deformation Prediction System (SDPS) (Agioutantis and Karmis 2002) was

used to evaluate potential impacts to the Woods Canyon drainage resulting from deformation at

the ground surface. Then, empirical surface water damage criteria were used to account for
subsidence processes that occur in the overburden, including potential development of water
pathways between the mine and the stream bed. Potential communication of stream water
through the overburden is not addressed in SDPS, and is dependent on depth of cover and

overburden material properties.

2.

3.

4.

Agapito Associateso Inc.
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2.0 BacrcRouNDIFrroRnflATIoN

Two of the currently proposed longwall panels (l lL and 12L) are overlain by a perennial

stream in Woods Canyon. The stream flows from west to east and is oriented approximately
parallel to the long axis of panel 1lL (Figure l). The adjacent panels (8L, 9L, 10L, and l3L) are

overlain by tributaries to the Woods Canyon stream. The depth of cover for the subject panels

varies from 600 ft to 1,300 ft. The currently planned stop line for panel lll- is under
approximately 600 ft of cover. CFC is interested in exploring the possibility of extending the

stop line to shallower cover depths, down to 400 ft, directly under Woods Canyon, assuming that
the current layout could be altered to allow it.

The planned extraction thickness for all panels is approximately l0 ft. Review of logs
from selected boreholes in the Woods Canyon area (Figure 1) indicated that the overburden rock
mass is composed of approximately 9A% or more hard rock (a combination of sandstone and

siltstone). The presence of strata such as claystone and shale in the overburden strata is limited.
The aforementioned lithologic logs are presented in the Appendix.

Skyline mined the Upper O'Connor (UO seam, Mine l) and Lower O'Connor B (LOB
seam, Mine 2) seams a few miles south of the current area of interest. In total, 12 panels were
mined in the UO seam and 15 panels were mined in the LOB seam. Extraction thicknesses for
both the seams varied from approximately 8.5 ft to 12.5 ft. The average percentage of hard rock
in the overburden, based on logs from selected boreholes (Figure 2a), was estimated to be 75%
(see Appendix for lithologic logs). Interburden thickness between the mined panels varied from
approximately 35 ft to 65 ft. Portions of the mined panels were overlain by perennial streams in
Burnout Canyon and James Canyon (Figure 2a). Mine I (UO Seam) panels under Burnout
Canyon were mined during 1989-1998. Mine 2 (LOB Seam) panels were mined during 1996-
2003. Following mining of both the seams, aerial surveys were conducted to record change in
surface topography due to mining-induced subsidence. The measured subsidence contours are

presented in Figure 2b.

A study investigating the impacts of subsidence on the Burnout Canyon and James

Canyon streams was conducted during 1992-1997 (Forestry Sciences Laboratory 1998). The
study found no effects of subsidence-induced changes in most of the stream characteristics.
Specifically, streamflow in both the drainages was unaffected during the study period. The only
exceptions were noticeable changes in the proportion of cascades and number of pools.

3.0 hwnsucATloN APPRoACH

AAI used the Burnout/James Canyon subsidence studies (Forestry Sciences Laboratory
1998), Skyline mine plans, pre-mining surface topography contours, and post-mining subsidence
survey information to develop numerical models. These models were used to calibrate the

subsidence parameters such as the subsidence factor (the ratio of maximum possible subsidence

to extraction thickness), the influence angle (the angle between the projection of the inflection
point to seam level, and the point of zero subsidence, as measured from horizontal), and the
location of the inflection point (the zero curvature point on the surface subsidence profile) from
the panel edge, otherwise known as "edge offset." A graphical representation of these
parameters is presented in the Appendix.

Agapito Associates, Inc.
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The subsidence parameters obtained from the calibration exercise were used to develop

Surface Deformation Prediction System (SDPS) (Agioutantis and Karmis 2002) numerical

models of multiple longwall layouts under Woods Canyon. Numerical analysis was performed

on these layouts to assess their respective impacts on Woods Canyon, from a surface

deformation point of view. Subsidence indices were estimated from the numerical analysis

results, in order to charactefize the predicted long-term subsidence. The subsidence indices

were:

r Ground subsidence-the vertical displacement of a given point on the surface

. Horizontal strain-the change in horizontal distance between two points divided by the

original horizontal distance between the points
o Slope-the difference in subsidence for two

between the points
. Curvature-the difference in slope for two

between the points

points divided by the horizontal distance

points divided by the horizontal distance

Note that slope is the derivative of subsidence with respect to distance and curvature is

the derivative of slope with respect to distance or the second derivative of subsidence with
respect to distance.

In addition, western subsidence experience and surface water damage criteria were

reviewed regarding minimum cover depth between the mining horizon and the stream bed. The

amount of cover and its properties affest the likelihood for communication (water pathways)

from the surface to the caved zone above the extraction horizon. Soft overburden layers (clay,

shale, mudstone, etc.) relatively close to the surface tend to obstruct such communication, while
pathways are more likely to extend through layers composed of harder materials such as

limestone, sandstone and siltstone. Communication is a separate issue not addressed in the

numerical analysis, therefore empirical guidelines were applied.

4.0 NunnnnlcAl AN,+.r,ysrs

The "Influence Function" module of SDPS was used during this investigation. This
program module uses an influence function method, which essentially assigns a mathematical

expression (in this case, the bell-shaped Gaussian function) to predict subsidence distribution
induced by excavation of a unit area. The influence function method has the ability to superpose

the influences from multiple and irregular mine geometries. In addition to subsidence, this
program also estimates subsidence indices such as strain, slope, and curvature.

Calibration of Measured Subsidence in the Burnout Canyon Area

Calibration of Burnout Canyon subsidence was accomplished by inputting longwall panel

geometries from the UO and LOB into SDPS. In total, two calibration models were developed

using SDPS. The first model incorporated all 15 longwall panels from the LOB seam (Mine 2)

and 9 longwall panels from the UO seam (Mine l). The northern 3 longwall panels (lR, 2R, and

3R) of the UO seam were excluded from this model due to their irregular orientation with respect

to the other panels and the irregular subsidence trough formed over them. This model

represented a multi-seam mining condition. In order to calibrate a single-seam mining condition

4.1

Agapito Associates, Inc.
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comparable to the Woods Canyon mining area, a second model was developed that only included

LOB seam panels 9L, lll-, lzLA, 12L8, and the southern half of 8L. The study areas for both
the calibration models are outlined in Figure 2b.

Once the panel geometries were defined, overburden contours (with respect to the LOB
seam) were imported into both the models in grid file format. The advantage of using a grid file
format for the overburden contours was that the grid points with easting, northing, and elevation

information also served as prediction points for subsidence. Finally, the subsidence contours

were also imported into both the models in a grid file format with its grid points matching those

of overburden contours. As a result, every prediction point had a measured value of subsidsnce

assigned to it. Since the second model included only five longwall panels, both the overburden

contour and subsidence contour grid files were trimmed to cover only those five panels.

Once the two calibration models were set up, calibration runs were made by providing
wide initial ranges for three variables: the influence angle, the subsidence factoro and the edge

offset. An initial model was then run, and from this model, the range of variables was narrowed

with every iteration to arrive at a best-fit set of values for both the calibration models. The best-

fit values of the influence angle, the subsidence factor, and the edge offset colresponded to the

least sum of errors (magnitude differences) between predicted subsidence and measured

subsidence values at each of the prediction points.

The best-fit values of the influence angle, the maximum subsidence factor, and the edge

offset for the multiple-seam model (with 25 panels from both LOB and UO seams) were 59.5",

0.62, and 107 ft, respectively. Measured subsidence values in excess of 20 fr, observed over
muttiple-seam mining areas, may appear to be incongruous with a subsidence factor of 0.62,

given that the combined extraction thickness of both the seams is less than 24 ft. AAI considers

it likely that some of this difference can be explained by variations in the aerial survey technique

conducted over mountainous terrain.

The calibration runs for the single-seam (LOB) model yielded the optimum values of the

influence angle, the maximum subsidence factor, and the edge offset to be 65.6"0 0.49, and

67.5 ft, respectively. The subsidence parameters obtained from the single-seam calibration
model were considered more suitable for development of subsidence prediction models in
Woods Canyon, owing to the fact that Woods Canyon mining will be single-seam mining.

Burnout Canyon has a similar overburden lithology, from a hard-rock percentage

standpoint, to the Woods Canyon area. Hence, the influence angle and maximum subsidence

factors were kept the same (65.6" and 0.49) for the Woods Canyon models. However, increased

depth of cover in the Woods Canyon area led AAI to increase the edge-width parameter from
67.5 ft.to 70 ft.

Finally, the deformation experienced along the drainages in Burnout Canyon and James

Canyon overlying the five panels in the single-seam calibration model was plotted. Figure 3

presents the subsidence, the maximum horizontal strain, and the maximum curvafure modeled

for the Burnout Canyon drainage as it crosses panels I lL and 12LA. Figure 4 presents the same

parameters modeled for the James Canyon drainage as it crosses panels 8L and 9L. In both
figureso the subsidence indices are shown along the longitudinal section of the respective

streams. The maximum subsidence predicted for both the streams is approximately 6 ft. The

Agapito Associateso Inc.
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maximum tensile (positive) horizontal strain predicted for Burnout Canyon is approximately
l8 millistrain and the maximum tensile horizontal strain predicted for the James Canyon is
approximately 15.5 millistrain. These maximum tensile strain values are observed between two
adjacent panels, due to the superposition of tensile strains generated by the mining of the

individual underlying panels. Figures 3 and 4 also present the measured subsidence values along

the Burnout Canyon and James Canyon streams, which compare fairly well to the modeled

subsidence values.

4.2 Subsidence Prediction in Woods Canyon

Using the calibrated subsidence parameters discussed in the previous section, fbur
subsidence predictive models were developed, representing four different mining scenarios, as

follows:

Figure 3. Mining-Induced Deformation along the Axis of Burnout Canyon (as it crosses

Panels I 1L and lzLA)

James Canyon DrainageAxis (feet)

Figure 4. Mining-Induced Deformation along the Axis of James Canyon (as it crosses

Panels 9L and 8L)

- 

Subsidence (feet)

-Maximum 

Horizontal Strain (millistrain)

- 

Maximum Curvature (1/foot)

- -- Measured Subsidence

B urnout Canyon Drai nage Axis (feet)

- 

Subsidence (feet)

- 

Maximum Horizontal Strain (millistrain)

- 

Maximum Curvature (1/foot)

- -- Measured Subsidence

Agapito Associates, Inc.
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Case 1: Panels 8L,9L, lOL, and lll, have been mined to their currently projected
boundaries on the east, and panels l2L and l3L are unmined (Figure 5). The cover depth
for the l lL stop line is 600 ft.

Case 2: All six panels have been mined to their current projections, with cover depth at

the I lL stop line being 600 ft (Figure 5).

r Case 3: Panels 8L,9L, and 10L have been mined to their eastern limits, panel lll- is

mined to a cover depth of 400 ft (Figure 6), and panels 12L and 13L are unmined.

. Case 4: Panels 8L, 9L, lOL, and I lL mine with same stop lines as in the third model,
and the stop lines of mined-out panels l2L and l3L are at the same easting as I lL
(Figure 6).

The panel extraction was assumed to be l0 ft for all cases. An influence angle of 65.6", a
maximum subsidence factor of 0.49, and an edge offset of 70 ft were applied to all four models.
The analysis results are discussed below.

The subsidence index plots for Case I are presented in Figures 7a4. The ground

subsidence contours associated with this case are shown in Figure 7a. Four distinct subsidence

troughs are observed over the four mined-out panels and the maximum subsidence value is less

than 5 ft. The maximum horizontal strain contours are plotted in Figure 7b. Compressive strains

are observed toward the center of the subsidence troughs and the individual panels, with
maximum values up to -7.5 millistrain. Tensile strains are present around the edges of the

panels, and between them, with maximum values up to 15 millistrain. The high tensile strains
between the eastern ends of panels 10L and 1lL may be attributed to the sudden change in cover
depth. Figure 7c presents the maximum curvature contours above mined-out panels. High
negative curvatures are confined to the edges of the panels and high positive curvatures occur
toward the centers, which correspond to the occurrence of high values of tensile and compressive
strain, respectively. Maximum slope of the subsided ground is presented in Figure 7d, with the
edges of panels exhibiting steeper slopes than the centers.

Figures 8a{ present the subsidence index plots for Case 2. In this case, panels 8L
through l3L have been mined out to the currently-projected boundaries and panel I lL has been

mined to a cover depth of 600 ft. The ground subsidence contours are shown in Figure 8a. Six
distinct subsidence troughs are observed over the six mined-out panels and the maximum
subsidence value is again less than 5 ft. The maximum horizontal strain contours (Figure 8b)
show compressive strains toward the center of subsidence troughs and individual panels, with
maximum values up to -10 millistrain. Tensile strains are present around the edges of the

panels, subsidence troughs, and between them. The largest tensile strains, 15-17.5 millistraino
are observed between panels I lL and l2L, where Woods Canyon transits through. Again, such

high tensile strains between panels l0L and I lL may be attributed to the sudden change in cover
depth. Figure 8c presents maximum curvature contours. High negative curvatures are confined
to the edges of the panels and high positive curvatures occur toward the centers, which
correspond to the occuffence of high values of tensile and compressive strain, respectively.
Maximum slope of the subsided ground is presented in Figure 8d, with the edges of panels

exhibiting steeper slopes than the centers. The slopes are especially higher towards the eastern

Agapito Associates, Inc.
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edges of panels 10L, llL and llL, and also at the boundary shared by llL and 12L, which may

be attributed to the relatively lower cover depths and resulting higher subsidence in these areas.

The subsidence index plots for Case 3 are presented in Figures 9a-d. In this case, panel

I lL has been mined beyond the currently projected stop line up to a cover depth of 400 ft. The

deformation pafferns are similar to Case l. The maximum subsidence value is still less than 5 ft
(Figure 9a); maximum compressive strain values (up to -10 millistrain) are observed at the

eastern edge of I lL subsidence trough; the maximum values of tensile horizontal strain (15-
17.5 millistrain) occur between the eastern ends of panels lOL and I lL (Figure 9b). Maximum
curvature contours for Case 3 are presented in Figure 9c and maximum slope contours are

presented in Figure 9d, with the eastern boundary of panel lll- specifically exhibiting steep

slopes.

Figures l0a-d present the subsidence index plots for Case 4. In this case, panel 1lL has

been mined beyond the currently projected stop line up to a cover depth of 400 ft, and panels

l2L and l3L have also been mined up to the same easting as panel I lL (albeit with a larger

cover depth). The deformation pattems are similar to Case 2, only more expansive. The

maximum subsidence is less than 5 ft (Figure lOa); the maximum values of compressive strain
(up to -10 millistrain) are observed at the eastem edge of 1lL; the largest tensile strains (15-
17.5 millistrain) are at the inter-panel boundary of 1lL and lZL, along the Woods Canyon, and

also, further to the east. Maximum curvature contours for Case 4 are presented in Figure lOc and

maximum slope contours are presented in Figure 10d, with the eastern boundary of panel 1lL
exhibiting steep slopes.

4.3 Impact of Subsidence on \iloods Canyon

A longitudinal section along the flow path of the Woods Canyon drainage was taken and

subsidence index contours plots were generated for all four prediction model runs. The indices

were plotted along the entire length of the stream (from its origin point to its confluence point
with Mud Creek on the east). The observed results are discussed below.

Figure 1la presents the subsidence experienced along the stream length in Cases I and 2,

where panel I lL has been mined to a cover depth of 600 ft. The maximum subsidence observed

is less than 5 ft. The extent of the subsidence profile is the same in both the cases, as the western

boundary of panel lOL and eastern boundary of panel I lL are the same for both cases. It is only
the subsidence values at the center that increase from Case I to Case 2. This is a consequence of
panel l2L being mined in Case 2. Figure l lb presents subsidence for Cases 3 and 4, where
panel lll. has been extended to terminate under 400 ft of cover to the east. The maximum
subsidence is still less than 5 ft, with larger observed subsidence at the center for Case 4 due to
mining of panel ILL. Overall, predicted subsidence for the Woods Canyon drainage is less than

the subsidence predicted for both Burnout Canyon and James Canyon streams (as shown in
Figures 3 and 4).

The maximum horizontal strains along the Woods Canyon stream for Cases I and 2 arc
plotted in Figure 12a. The tensile (positive) horizontal strains at both ends represent the zones

where the Woods Canyon stream enters and exits the mining shadow zone. The tensile strains in
the middle represent the stream's meander slightly to the north of the panel 1lL boundary. The

Agapito Associates, Inc.
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Figure IZa. Maximum Horizontal Strain along Axis of Woods Canyon, Case I and Case 2

highest value of tensile strain in this segment increases from 6 millistrain to 16 millistrain
Similar horizontal strain observations are made in Cases 3 and 4, over the stream segment that
exists befween panels l lL and 12L (Figure l2b). This indicates that superposed strains from
both the panels lead to a larger value of tensile strain experienced by the stream. The tensile
strain value at the eastern edge is greater in Cases 3 and 4 than in Cases I and 2. This is
explained by the decreased depth of cover for Cases 3 and 4. Overall, the predicted maximum
horizontal tensile strains for Woods Canyon are less than those predicted for the Burnout Canyon
drainage and comparable to those predicted for James Canyon.

Maximum curvature along the Woods Canyon stream for all four mining scenarios is

presented in Figures l3a-b. Curvature values are increased in the center for Cases2 and4,a
consequence of larger subsidence due to mining of the adjacent 12L panel to the north. The
sudden spike in curvature values in Cases 3 and 4 may be explained by low cover depth (400 ft)
and increased subsidence in the area. The maximum curvature values are comparable to those

observed in the Burnout and James Canyon. The maximum slope plots along the Woods Canyon
stream for all four mining scenarios are presented in Figures l4a-b. The slope trends are similar
for all four cases, except for the fact that the extent of the profile is longer to the east for Cases 3

and 4, owing to the longer length of panel 1lL. Also, the slope is steepest at the eastern edge of
panel I lL, where the Woods Canyon stream exits the mining zone. This is a consequence of low
depth of cover and relatively large subsidence (up to 5 ft) in this segment of the stream.

Review of the analysis results of the four predictive models with four different longwall
layouts indicates that the predicted subsidence indices of the Woods Canyon stream are lesser in
magnitude compared to the Burnout Canyon stream and similar to, if not less than, the James

Canyon stream. Also, the average gradient of the Woods Canyon over the extraction area

(approximately 5.71%) is larger than that of the Burnout Canyon over the l lL and IZLA panels

(approximately 4.12%). A comparison of average gradients along the analyzed segments for
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Figure 14b. Maximum Slope along Axis of Woods Canyon, Case 3 and Case 4

Burnout and Woods Canyon is presented in Figure 15. Since a steeper gradient means that any

horizontal strain experienced will be spread along a longer stream path, it may dampen some of

the direct impacts of tensile strains resulting from subsidence on the Woods Canyon.

4.4 Impact of Longwall Pillar Yielding on Woods Canyon Subsidence

The numerical models simulating mining-induced subsidence in the Burnout Canyon and

Woods Canyon area were developed assuming that inter-panel gate road pillars do not yield.

This providis worst-case estimates of horizontal strain, slope and curvature. The assumption of
,ron-yi"lding pitlars arose from the application of the Burnout Canyon calibration effort to the

Woods Canyon models. That is, because the Burnout Canyon gate road pillars were non-

yielding, as reflected in the measured subsidence data, the same assumption was applied to the

Woods Canyon gate road pillars. However, the gate road pillars planned for Woods Canyon are

designed to yield. Therefore, further analysis was performed to quantify the impact of pillar

yielding on surface subsidence in Woods Canyon.

prior to simulating the effect of gate road pillar yielding on surface subsidence, an

estimate of the degree of yielding as a function of cover depth was developed.

The Woods Canyon panel layout in Case 2 was selected to analyze gate road pillar

yielding, using the stress analysis modeling code LaModel. Case 2 was analyzed instead of Case

4, as programming limitations of LaModel could not accommodate the model dimensions of the

laffer- LaModel is a nonlinear, boundary-element, displacement-discontinuity computer code for

estimating stress, displacement, and yielding in tabular deposits (Heasley and Salamon 1996).

This tool has the ability to simulate both linear and nonlinear mechanical (stress-strain)

behaviors of materials. It performs an iterative procedure to solve a set of

Agapito Associates, Inc.
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equations representing the stress-strain state of each element in a grid portraying the mine

geometry, until steady-state equilibrium is- reached. Following a Mine Safety and Health

Administration (MSHA) recommended confined core approach to pillar strength (Karabin and

Evanto lgg4), eiement properties are arranged so that the weakest elements are adjacent to the

mine opening, with element strengths increasing into the solid unmined materials. Strain-

softening elements with increasing peak and residual strengths are employed to approximate

elastic-plastic behaviors observed in pillars and to provide close agreement with empirical pillar

design methods. The developeA moOet used square elements and eight levels of increasing

element strength into the solid coal. Each band of strength was one element wide. In order to

closely upproii*ate the geometry of the as-mined gate road pillars, 9-ft elements were selected.

In the absence of data on coal, overburden, floor and gob characteristics, parameters used in a

previous AAI report (AAI 2005) on barrier pillar analysis at Skyline were used (Table 1). Astual

cover depth over the modeled area was applied'

Table 1. Strata Characteristics used in LaModel Simulation

Young's Modulus of roof and floor (psi)

Young's Modulus of coal seam (Psi)

Poisson's Ratio of overburden

Poisson's Ratio of coal

1,600,000
400,000

0.25
0.35

3,000
700

The LaModel simulation results for Case 2 arc presented in Figure 16. The blue colors

indicate elastic behavior, orange indicates the onset of yielding, and red indicates complete

yielding. It is evident from the iesults that the inter-panel gate road pillars in the Woods Canyon

mining-area will most likely yield completely over time, irrespective of the range of cover depth

over the area. The yielding behavior of gate road pillars is anticipated to be similar between

Case 2 and Case 4.

Since Case 4 represents an extraction scenario with maximum extraction, and is

associated with the largest modeled values of subsidence and horizontal strain, this layout was

modified to develop *id.ts for the evaluation of yielding. This modified yield pillar layout is

referred to as Case 4a. The SDPS model for Case 4 was modified by merging the extracted areas

together (removing solid gate road pillars between panels), resulting in the geometry for Case 4a

sh-own in Figure l?. The valu*, of *u*imum subsidence factor, edge offset and influence angle

used in Cases 1 through 4 were retained for the Case 4a model.

The subsidence index plots for Case 4a are presented in Figures l8a{. In this case'

panel l lL has been mined beyond the currently projected stop line up to a cover depth of 400 ft,

and panels l2L and 13L have also been mined up to the same easting as panel 1lL. In addition,

all the gate road pillars have completely yielded. The maximum subsidence value of 4.9 ft is

observed across most of the subsiience- basin (Figure 18a). The maximum compressive strain

values (-10 millistrain) and the maximum tensile strain values (12 millistrain) occur towards the

Peak strength of yield pillars (psi)

Residual strength of yield pillars (psi)

Youns's Modulus of eob (Psi

Agapito Associates, Inc.
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eastern edge of the panel llL (Figure 18b). The horizontal strain levels withinthe subsidence

trough and most importantly, over the gate roads, are close to zero. Maximum curvature

contours for Case 4a are presented in Figure 18c and maximum slope contours are presented in

Figure 18d, with the eastern boundary of panel 1 lL specifically exhibiting steep slopes. Similar
to the horizontal strain distribution, the maximum curvature and maximum slope distribution
within the area of extraction are close to zero.

Comparative plots of predicted subsidence along the Woods Canyon stream axis for
Cases 4 and 4aarc presented in Figure 19a. In Case 4a,the subsidence along the Woods Canyon

stream within the extraction zones is constant at 4.9 ft. A comparison of maximum horizontal
strain values between Case 4 and 4a is presented in Figure 19b. This figure indicates that the

high tensile strains predicted for the stream segment above the common gate road between panel

1lL and lZL in Case 4 has been eliminated in Case 4a, due to yielding of underlying pillars. In
Case 4a, the largest values of tensile strains are predicted for the stream as it exits the mining
area, which is similar to Case 4. Figures 19c and 19d present comparisons of maximum

curvature and maximum slope predicted for the Woods Canyon stream for Case 4 and Case 4a,

respectively. The figures indicate an overall reduction in slope and curvature along the stream

axis within the extraction area.

AAI believes that yielding of the gate road pillars, as the LAMODEL results indicate,

will lessen the impact of subsidence on the Woods Canyon stream in the long term. The stream

segment that overlies the gate road shared by panel I lL and lZL may experience transient tensile

strains, which are expected to diminish with time.

5.0 Connr,+.RrsoN oF Rnsur-,rs ro Wnsrnnx ExpnmENCE AI\ID Sunrncn
W,+,rnn Dannacn CmrnnH

An extensive literature review was performed on the effect of subsidence on streams in
general, on streams in Utah specifically, and on surface water damage criteria. The potential for
communication between the surface and the mine workings was assessed based on the review
findings.

A streamflow characterization study of longwall mines in Pennsylvaniao West Virginia,
and Ohio indicated that streams with 100-150 ft depth of cover did not have visible flow changes

(Wade 2008). The study also found that normalized discharge in streams greater than 300 ft
above mined panels appeared to recover from impacts of subsidence even at low baseflow,

within as early as 15 months after longwall undermining. A study on the effects of longwall
mining on streams, wetlands, and riparian areas in southern Washington Counfy, Pennsylvania,

indicated that most of the evaluated geomorphic, hydrologic, and biologic indices showed no

variation between the mined and unmined segments (Pennsylvania Department of Environmental
Protection 2005). However, the study found that the number and dimension of bedforms, such as

longer, wider, and deeper pools were observed in the mined segments of streams. Another study

investigating the hydrogeologic effects of subsidence at a longwall mine in the Pittsburgh coal

seam concluded that stream discharges are decreased for two to three years following subsidence

(Carver and Rauch 1994). They also mentioned that streams with longwall undermining, once

Agapito Associates, Inc.
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Figure l9a. Comparative Plot of Subsidence along Axis of Woods Canyon, Case 4 and Case 4a
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Figure 19b. Comparative Plot of Maximum Ilorizontal Strain along Axis of Woods Canyon,
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Figure 19c. Comparative Plot of Maximum Curvature along Axis of Woods Canyon, Case 4 and

Case 4a
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Figure 19d. Comparative Plot of Maximum Slope along axis of Woods Canyon, Case 4 and
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recovered, have lower high baseflow and higher low baseflow, essentially meaning mors

uniform stream discharge. A hydrogeologic analysis of streamflow in relation to underground

mining was performed in northern West Virginia (Gill 2000). The study reported that stream

rrg**tr between two adjacent longwall panels often experienced dewatering effects from

ovirlapping tensional strain areas. Another conclusion of the study was that thick sediment

pt*r*n"* (more than l0 inches), with 60% or greater medium-grained (small pebbles to small

cobbles) particles with some fine sediment (sand and finer particles), leads to less water loss due

to subsidsnce.

Utah Division of Oil, Gas and Mining (DOGM) regulations require that any impact to

water rights on a perennial stream need to be mitigated with an alternate water supply. Literature

review and AAI's communication with the Bureau of Land Management (BLM) indicates that

sixty times the extraction thickness is regarded as the acceptable approach for determining cover

depth for undermining a stream.

Review of the study assessing changes in stream channel characteristics and hydraulic

parameters at Burnout Canyon indicated that the changes in channel characteristics were subtle

with the only conspicuous changes being increase in the length of cascades and some increase in

pool volumes. At this site, subsidence had no discernible effect on baseflows or near-channel

iandslides (Forestry Sciences Laboratory l99S). No mitigation was required or implemented at

this site.

The United States Geological Survey (USGS) reported that longwall mining under Miller
Creek, a perennial stream in Carbon and Emery Counties, Utah, with approximately 600 ft of
cover depth, produced dried segments at low flows (USGS 2007). However, the length of dried

segments decieased from 1,600 ft to 300 ft during the two years of observations. The report also

quotes a communication with BLM to the effect that longwall mining leases generally require a

cover depth of 500 ft below a perennial stream.

A study on subsidence-induced cracks in Utah reported that such tension cracks

experienced gradual closure, once tensile stresses are reduced or relaxed (Degraff l98l). The

mean closure rate was 0.12 inches/week, with individual crack closures rates from 0.08 to

0.4 inches/week.

The typically recommended horizontal strain damage sriterion for surface water bodies is

5 millistrain (Wardell 1976).

Finally, AAI found instances where leases had been granted for longwall mining under

perennial and intermittent streams, with monitoring and mitigation plans in place. These cases

were for Box Canyon over the SUFCO mine and the Crandall stream at the Crandall Canyon

mine.

AAI also performed a review of surface water damage criteria and its evolution over the

years. The United States Bureau of Mines (USBM t979) categorized perennial streams such as

Woods Canyon as water bodies with the potential for major subsidence impacts (as opposed to

large rivers and lakes, which were classified as catastrophic water bodies). The cover depth

criteria for major potential water bodies given by the USBM requires the overburden rocks to be

classified into one of four rock types: (I) minimum cumulative 20 feet clay, (II) minimum

Agapito Associates, Inc.
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1s%shale, (III) shaley and silty sandstone, and (IV) 100% limestones and sandstones. Once the

overburden has been classified appropriately, a multiplier is applied to the extraction thickness to

arrive at the safe cover depth. A reproduction of the original table for cover depth determination

is included in the Appendix. Since the overburden at Woods Canyon may be classified as class

III, the appropriate minimum cover depth for l0 ft of extraction thickness is 461 ft. Most of the

later references on the topic of appropriate cover depth (the Mining Engineering Handbook

[Hartman lgg1] and fMaleki 2008]) tend to apply a generic cover depth criterion of sixty times

the extraction thickness. In the original report (USBM 1979), this criterion was meant to be

apptied only to extraction below water bodies of catastrophic potential size. Therefore, it
upprurr tha-t the often-quoted factor of 60 times the extraction thickness is a conservative

generalization that somewhat mischaracterizes the USBM study recommendations.

6.0 Coucr.usroNs AND RncoUMENDATIoNS

Given the findings of the literature review and the results of the subsidence prediction

analysis, AAI believes that a minimum cover depth of 475 ft is likely to be adequate for safe

undermining of the Woods Canyon stream. Although the recommended horizontal strain value

of 5 millistrain is predicted to be exceeded along certain segments of the Woods Canyon stream,

the stream gradient is steep enough to accommodate such strains. Also, Bumout Canyon and

James Canyon streams were predicted to have undergone similar or higher magnitude strains,

and were successfully undermined without the need for restoration. Finally, research of
subsidence impacts on streamflow across the coalfields in the United States, and Utah in

particular, indiiate that although perennial stream and channel characteristics are likely to be

affected over the first two to three years following longwall mining, such streams are likely to

recover soon afterwards in the presence of sufficient cover depth.

In summary:

. The predicted subsidence index values for longwall mining under the Woods Canyon,

such as subsidence, maximum horizontal strain, curvature, and slope, are less than or

similar to corresponding calibrated values in Burnout and James Canyon. Since both

Burnout and James Canyon streamflows were unaffected, AAI believes that the Woods

Canyon stream is likely to respond in a similar manner.

. If panel l lL is extended past the current planned stop line under 600 ft of cover, AAI
does not
from the
drainage,
potential

recommend extending it to less than 475 ft.of cover. While extending the panel

600-ft stop line to a 475-ft stop line engenders more subsidence risk to the

according to the original USBM (1979) criteria for mining under major

surface water bodies, this should provide adequate depth of cover against the

disruption of the Woods Canyon stream. Using this criterion, other panels in the district

could be mined to the eastern limit of the reserve, as long as they do not undermine a

drainage with less than 475 ft of cover.

o The predicted maximum horizontal tensile strain values for segments of the Woods

Canyon stream near the 1 lLllzL boundary are higher than the recommended damage

threshold. However, in AAI's opinion the steep gradient of the stream will tend to

Agapito Associates, Inc.
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accommodate such strains without excessive pool and cascade formation. Also, yielding

of the gate road pillars is expected to lessen the strain values over time. If feasible,

shifting the mining layout ro thut large portions of the stream are not in the inter-panel

transient tension zones created during longwall mining would tend to mitigate subsidence

effects on the stream.

7.0 RnrnRrNcES

Agioutantis, Z. and M. Karmis (2002), "SDPS for Windows: An Application for Subsidence

prediction, Optimum Mine Design and Environmental Control," SWEMP, Cagliari, Italy,

6p.

Agapito Associates, Inc. (2005), "skyline Mine North Lease Barrier Evaluation," Final Report,

prepared for the Canyon Fuel Company, LLC.

Carver, L. and H.W. Rauch (1994), "Hydrogeologic Effects of Subsidence ataLongwall Mine in

the pittsburgh Coal hdineo" Proceeding of the 13th Conference on Ground Control in

Mining, ed. Syd S. Peng, West Virginia University'

Degraff, J. V. and H. C. Romesburg (l9Sl), "Subsidence Crack Closure: Rate, Magnitude, and

Sequence," Bulletin of Engineering Geolog,t and the Environment, vol. 23, no. 1,

pp. 123-127.

Forestry Sciences Laboratory (1998), "skyline Mine Subsidence Study: Changes in Stream

Channel Characteristics and Hydraulic Parameters Related to Surface Subsidence," Final

Report, Rocky Mountain Research station, Logan, utah.

Gill, R. (2000), Hydrogeologic Analysis of Streamflow in Relation to

Northern West Virginia, M.S. Thesis, West Virginia University,

Hartman, H. L. (lgg2), Mining Engineering Handbook, Society for

Exploration, Littleton, 2,262 P.

Heasley, K. A. and M. D. G. Salamon (1996), "New Laminated Displacement-Discontinuity
program: Fundamental Behavior," Proceedings, 15th International Conference on

Ground Control in Mining, Colorado School of Mines, Golden, CO, August 12-15,

pp. I I l-125.

Karabin, G. J. and M. A. Evanto (1994), "Experience with the Boundary Element Method of
Numerical Modeling as a Tool to Resolve Complex Ground Control Problems,"

proceedings, 13th International Conference On Ground Control in Mining Morgantown,

WV, August 24,13 P.

Maleki, H. (200S), "Assessment of the Effects of Surface Impacts Resulting from Longwall

Mining in the Greens Hollow Tract, tItah," prepared by Maleki Technologies, Inc. for

Cirrus Ecological Solutions.

Underground Mining in
152 p.

Mining, Metallurgy and

Agapito Associates, Inc.



June 22, 2010 Page 48

of Subsidence
Structures and

pennsylvania Department of Environmental Protection (2005), "The Effects

Resulting from Underground Bituminous Coal Mining on Surface

Features *O on Water Resources: Second Act 54 Five-Year Report," l5

United States Department of Interior Bureau of Mines (1979), "Criteria for Determining when a

Body of Surface Water Constitutes a Hazard to Mining," prepared by Engineers

Intemational Inc., Downers Groveo Illinois, 364 p.

United States Geological Survey (2007), "Hydrologic Conditions and Water-Quality Conditions

Following Underground ioal tvtinittg in the North Fork of The Right Fork of Miller

Creek Drainage Basin, Carbon and Emery Counties, Utah," 'll p'

Wade, S.A. (200g), Streamflow Characterization over Longwall Coal Mines in Pennsylvsnia,

Ohio, and West Virginia, M.S. Thesis, West Virginia University, 333 p.

Wardell, K. (l g76).,Guidelines for Mining near Surface Waters, Final Reporto" US Bureau of

Mines, 50 P.

p.

Agapito Associates, Inc.



Page A-I
June 22, 2010

AprnnDrx

Agapito Associates, Inc.



l

I

I

NMEno-'rvoc I 3NOlSA\n3 l= =l ^rNo8-lvoc ll
sNorsoNvs llllll
sNolsllrs l==l

ruocrsor ro

qJ

Eh{JE
l|''i

0) E)
ME
EI
.rF?g
XDE'itr
.3" 

-E50
=ttctuEiL
-1= CJtr
j
+
tu

=.1o

,ro" l--ll 3Norsontr snol"o"otwc ffi

lvoo 
^rsveoud 

'."oc.,-"o-' PlN

'''o" fffil
'r-,no-',oo" J

3NorsonH ffEg

-nro" !

€ouereleu i6opqln

0O L&r=
00 lIrL = 

^el=t'l

ffirffil
1601

€80]

sao'l

IsO'l

ffilugot

Sf, ien
60n

ICJ €CJ

scl

lt/o'l

sotrMl
lqol

€€ol

l3J 933

9Cl

lvol

ello1grql

lvo-l

tsol

€so-r

9AOt
rsol

09tt

00tl

09s r

00Et

oszl

00zl

09t. t
ffil

ton
son lBfl

60fi

090t

0001

0s6

006

09s

008

o
9.

0gl. }e

001

0s9

009

099

0'9t

00F

09€

o
o
I

00 9898 = ^el3
8-98-90

00 1698 = ^at:

00'/9/8 = 
'^al:

00e

092

002

09t

00t

'$gI

EB

fr$

L-9t-/0

00 2/06 = 
^313

09



June 22, 2010

260-37 Skyline lAAl-Burnout

Figure A'?'.

Page A-3

Conyon Lithologic Logs-formotted.dwg'dwg]sm/rjl(5- 1 3-201 0)
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Angle of Influence

Figure A-3. Schematic Diagram of Subsidence Parameters
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INTRODUCTION

Skyline Mine of Canyon Fuel Company has initiated mining north of their main mine facilities in

Eccles Canyon. The mine will pass under both Winter Quarters Canyon and Woods Canyon.

The invertebrate communities in both Winter Quarters Canyon and Woods Canyon have been

monitored since 20AZ (Shiozawa 2004) and fish populations were assessed in the upper reaches

of both streams in 2002 (Shiozawa 2005). Only young-of-the-year trout were found in the upper

reaches of Winter Quarters Canyon onU. S. Forest Service lands. The bulk ofthe Winter

euarters Canyon trout populations occrrred on private land holdings at the lower end of the

canyon and that population was not sampled. No cutthroat trout were detected in Woods

Canyon.

In 2009 Canyon Fuels began to install a ventilator shaft in lower Winter Quarters Canyon and in

2010 projected an eastward shift of the mining activities under Woods Canyon. Because both of

these decisions had the potential to impact the lower reaches of the two streams, Canyon Fuel felt

that the known trout population in Winter Quarters Canyon Creek should be monitored in the

vicinity of the ventilator shaft and that lower Woods Canyon Creek should be surveyed for the

presence of cutthroat trout. An attempt to examine Winter Quarters Canyon Creek in November

of 2009 was unsuccessful because most of the stream had frozen over and quantitative population

estimates could not be taken. The early fall of 2010 was the most appropriate time to re-attempt

the sampling because spawning would be over and young-of-the-year trout would be large

*nongh to detect.

This report establishes fish densities on two 150 meter sections of 'Winter 
Quarters Canyon

Creek, one above the new ventilation shaft pad and one just below the shaft pad. It also

establishes baseline information on cutthroat trout in a single site on private properlry in Woods

Canyon. Population estimates in Winter Quarters Canyonwere made on September 16,2010

and in Woods Canyon electrofishing was completed on September 23,2AI0. The Woods

b*yot site was also 150 meters in length.



METHODS

The two stations on Winter Quarters Canyon Creek were established on the day of sampling-

The upper-most station begins a bend in the stream just below a large boulder and just above the

ventilation shaft pad (Table 1: Above Pad - Winter Quarters Canyon Station). The lower station

begins at the bridge crossing the stream below the pad (Table l: Below Pad - Winter Quarters

Canyon Station ). The Woods Canyon site begins at a trail crossing approximately in the center

of section 36, just above a side canyon entering from the south. All three sites were sampled in

September, 2010. The 150 meter sections were measured and flagged the same day the sampling

wa$ conducted. All field equipment, including boots, holding pens, buckets, nets, and the

electrofisher, were sterilized with a quaternary ammonium-based compound prior to entering

each stream section and again immediately after leaving each stream section to prevent

inadvertent transfer of invasive aquatic taxa either into or out of the streams'

Fish population estimates were based on removal-summation sampling (Moran 1951 ; Zippen

1956, l95B; Van Deventer and Platts 1985 ) applied to the designated sections of stream. The

fish were captured with a Smith-Root Model 12 battery-powered backpack electrofisher. All fish

captured on the first run were transferred to buckets and held in flow-through holding pens. The

fish captured on the second run were held in buckets until the electrofishing crew reached an

appropriate location for measuring and releasing the fish. Fish were released approximately 5

meters below the electrofishing position to avoid recaptures. By processing second run fish

shortly after capture stress on the fish was minimized. The holding pens were placed in large

pools and were removed when the second electrofishing run was approximately 5 meters below

the pen. Depending on the complexity of the stream, either the fish in the pen were temporarily

held out of the stream until the electrofisher was approximately 5 meters above the pen's original

location, or the pen was moved downstream approximately 10 meters. When an appropriate

temporary stopping location was reached by the electrofishing crew the first run fish in the

adjacent holding pen were measured and released. Measurements consisted of total lengths.
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Table 1. Sampling Stattons on

Station Date GPS Coordinates
Start Location

GPS Coordinates
End Location

Below pad - Winter

Quarters Canyon

September 16, 2010 N 390 43' 12.5"
w 1110 11' 57.9"

N 390 43' 12.5"

v/ l1 l0 12' 2.7"

Above pad Winter

Quarters Canyon
September 16, 2010 N 390 43', 17.6

w l1l0 10' 57.8"
N 390 43' 54.48"
w 1ll0 10' 16.6"

Woods Canyon Septemb er 23 ,201 0 N 390 44', 6.4"
w 1ll0 l1'58.5"

N 390 44'. 5.9"
w I I l0 12' 3.8u

Eccles Creek

RESULTS AND DISCUSSION

The 2010 sampling resulted in narrow confidence ranges for both the Winter Quarters Canyon

and Woods Canyon stations (Tabl e 2). Both streams were relatively small and thus few fish

escaped on the first run in all three stations. This is reflected in the capture probability where

over B0% of the fish were captured in the first nrns (Table 2). All frsh collected from both

streams were cutthroat trout with no obvious signs of introgression with rainbow trout. It is not

known if the trout are native Colorado River cutthroat trout or a hybrid swarm with introduced

yellowstone cutthroat trout, but occasional connections via Mud Creek, a tributary to Scofield

Reservoir, suggests that introgression with non-native subspecies or species is likely.

Winter Quarters Canyon has had trout in the stream near the ventilation pad site throughout the

period of benthic invertebrate monitoring. Adult trout can also be found in low density into the

lower part of the U. S. Forest Service lands, but have not been recorded in significant density at

the invertebrate sampling stations. An occasional trout has been noted during sampling at the

Lower Winter Quarters Invertebrate Monitoring Station (Shiozawa personal observations). The

upper-most Invertebrate Monitoring Station was found to only have young-of-the-year trout when

itwas electrof,rshed in 2002 (Shiozawa2005). In the electrofishing surveythis fall (2010), the

downstream site (Below Pad - Winter Quarters Canyon Station) had a total population estimate

of 5l fish (Table 3) while the upper site (Above Pad Winter Quarters Canyon Station) had an



estimate d 64 fish. Both Winter Quarter stations have densities that are comparable to those

found in Eccles Creek in 2010 (Shiozawa 2010).

Table 2. Population estimates and confidence intervals for Winter Quarters Canyon and Woods

Canyon creeks, September, 2010

Tahle 3. Densities per linear meter for Winter Quarters Canyon and Woods Canyon creeks,

September 2010.

Station Density per Linear Meter of Stream

Below pad - Winter Quarters Canyon 0.34

Above pad Winter Quarters Canyon 0.427

Woods Canyon 0.053

In contrast to Winter Quarters Canyon, Woods Canyon did not have trout when surveyed in2002

(Shiozawa 2005). At that time the lower reaches of the stream, on private land, were spot

shocked and no fish were captured or seen. More concerted efforts at the Invertebrate

Monitoring Stations did not detect any fish. In addition, no fish were seen during the

invertebrate sampling trips. Woods Canyon Creek is shallow and has very little habitat in the

Forest Service lands suitable for overwintering trout. However, over the last 5 years our
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Station Capture
probability

Population
Estimate

Lower 95%
Confidence

Interval

Upper 95%
Confidence
Interval

Below Pad - Winter

Quarters Canyon
0.820 51 50.0 54.7

Above Pad Winter Quarters
Canyon

0.914 64 62.3 6s.6

Woods Canyon 0.889 I 7.07 8.93



sampling crews have hiked into Woods Canyon from Granger Ridge, which forms the north side

of Woods canyon, rather than coming in from the logging road crossing Winter Quarters Ridge

from Winter Quarters Canyon. Thus we have not seen the stream on the private lands for a

number of years.

The fall 2010 electrofishing surveydid frnd cutthroattrout inthe new station in lower Woods

Canyon, but the fish density is lower than that recorded in Winter Quarters Canyon, with a

population estimate of I fish (Table 2). As would be expected in a shallow stream, the capture

probabilrty was high. The density per linear meter of stream in Woods Canyon (Table 3) was

considerably lower than those in Winter Quarters Canyon, reflecting, at least in part, the lack of

habitat and deep water in Woods Canyon Creek.

While the lack of habitat can be an important factor reflected in the lower number of trout in

Woods Canyon Creek especially when compared to Winter Quarters Canyon Creek, length

frequencies of the trout gives additional insight into the differences between the two streams.

The age structure of the trout populations would ideally be determined though scale or otolith

examination, the general trends can be surmised from length-frequency histograms. It is likely

that the larger fish collected from Winter Quarters Canyon Creek in this survey were age 2+ with

a few being in older age classes. It is unlikely that cutthroat trout reproduce at agel+ or even age

2+, especially given the high elevation of the stations. High elevation sites have a shorter

gtowing season which would be reflected in lower annual growth. That suggests that the largest

fish could be considerably older than their size indicates and reproduction may be caried out by

just those few fish surviving to the largest sizes (Belk et al 2009).

The length frequencies for the Below Pad - Winter Quarters Canyon Station in 2010 (Figure t )

ranged from 4.3 to 2l cm in length. The five young-of-the-year fish (age 0+) collected were 4.3

to 6.6 cm in length. A 2 cm gap indicates the beginning lengths of the 1+ age fish which peak in

frequency at approximately l0 to 12 cm in length. The Above Pad - WinterQuarters Canyon

Station fish ranged in length from 3.5 cm to 18.5 cm. Nine age 0+ trout were present in the

Above Pad - Winter Quarters Canyon Station. Again a2 cm gap separates the young-of-the-year

fish from the l+ and greater age classes.

Age 2+ fish in Winter Quarters Canyon are likely between 12.5 to 16 cm in length. The few

larger fish collected are probably age 3+ or older fish. This is supported by examining an overall



length-frequency plot of all Winter Quarters Canyon length data (Figure 3). Given previous

observations on Winter Quarters Canyon Creek, it is likely that young-of-the-year fish are present

in higher densities in the upstream reaches of the stream where they avoid predation by reduced

densities of larger trout.

The low number of fish collected in Woods Canyon complicates the interpretation of the length-

frequency data (Figure 4). However it is clear that we did not collect any fish that fall into the

young-of-the-year fish (age 0+) size class for Winter Quarters Canyon, and given the very similar

climate conditions for the fwo streams, it is not possible for young of the year to have grown to

the size of the collected fish duringthe surnmer of 2010. In addition, the fish collectedwere

larger than those we classified as age 1+ fish for Winter Quarters Canyon. Instead they fell in the

length range of 2+ or older fish for Winter Quarters Canyon. If we consider the population

density and size structure that we found in Woods Canyon to be representative of the stream,

then several conclusions can be made. First, the low density indicates that the stream is not

favorable for maintaining a trout population. These fish are likety at the limits of their ability to

survive in the stream. Second, the lack of yoqng-of-the-year fish indicates no successful

reproduction this past spring. Third, the lack of a clear age 1+ cohort slrongly supports a lack of

successful reproduction in 2009 as well. Fourth, the absence of larger size classes (18 cm or

larger), suggests that the fish may be age class 2+ (spawned in 2008). This, when considered

with the results of Belk et al (2009), suggests that the fish in Woods Canyon Creek have not yet

reached the age at which they can reproduce. They may reproduce next spring (when entering

age 3), and if so we would expect to see young of the year in the stream by the fall of 201L

This single cohort in Woods Canyon is concordant with the absence of fish in the stream in the

2AAZ survey. It may be that Woods Canyon Creek acts as a sink in the dynamics of the trout

meta- population in Mud Creek. Successful spawning may only be possible during infrequent

high water (wet) springs, such as the one that occurred in 2008. The high runoff could have

facilitated better spawning habitat conditions through egg hatch, or could have allowed spawning

fish one time access to the stream by submerging downstream barriers to upstream migration. If
the Woods Canyon cutthroat trout population is a sink population, few frsh will survive to

reproductive maturity and the population will fail to remain established, unless continually

supplemented by fish from Mud Creek.



Figure 1. Length Frequency of cutthroat trout in the
Below Pad Station on Winter Quarters Creek, 2010.
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Figure 2. Length frequency of cutthroat trout in the
Above Pad Station in Winter Quarters Canyon Creek, 2010.
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Figure 3. Combined length frequency for cutthroat trout in the
two stations in Winter Quarters Canyon Creek, 2010.
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Figure 4. Length frequency of cutthroat trout collected in
Woods Canyon Creek, 2010.
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THIS SPECIAL WARRANTY DEED ("H"), dated effective as of the 20d'day of
December, 2010, is by and between Peabody Natural Resources Company (formerly known as Hanson
Natural Resources Company), a Delaware general partnership between New Mexico Coal Resources,
LLC and Peabody America, Inc., with principal offices at 701 Market Street, Suite 718, St. Louis,
Missouri 63101 (-'Q{afrtor"), and Ark Land Company, a De laware corporation with an office at I
CityPlace, Suite 300, St. Louis, MO 63141 ("Cranteq").

WITNESSETH, That Grantor, for and in consideration of the sum of Ten Dollars ($10.00) and
other good and valuable consideration, the receipt and adequacy of which are hereby acknowledged, by
these presents does CONVEY and SPECIALLY WARRANT unto Grantee, its successors and assigns, all
of Grantor's right, title and interest in and to the property located in Carbon County, Utah and described
on Schedule I attached hereto (the "PropF4y");

TOGETHER with all and singular, hereditaments and appurtenances thereto belonging, or in any
appertaining, all rights of ingress and egress, all rights by virtue of mineral reservations and mineral
severance language, all water rights, rights-of-way and easements appurtenant thereunto, now or hereafter
used or enjoyed with said Property, or any part thereof, and all right, title, interest, claim and demand
whatsoever af Grantor, either in law or equity, of, in and to the Property;

PROVIDED, Grantor specially warrants and will defend title to the coal located in, on or under
the Property against all persons or entities claiming any interest in the same by, through or under Grantor
but not otherwise; and

R"ESERVING unto Grantor a production royalty of five percent (5%) of Gross Proceeds for all
coal mined, removed and sold from that portion of the Property deflrned on Schedule I as "&gJgty
Lanclq" to be calculated and paid as follows:

"Gross Proceeds" shall have the same meaning as the term gross proceeds is defined in
30 C.F.R., Part 206, Subpart F, with respect to F'ederal coal leases and the calculation of
the value of the royalty shall be determined under the provisions of such subpart
applicable to Federal ad valorem coal leases, including amendments thereto and
administrative and judicial interpretation thereof which shall include, without limitation,
any deductions, adjustment or allowances now existing or hereafter permitted in
calculating royalty due under Federal coal leases.

The royalty due and payable for coal mined, removed and sold from the Royalty Lands
during any calendar month shall be paid on or before the last day of the next succeeding
calendar month. Delinquent payments shall bear interest from their due date at a per
annum rate which is one percent (1%) above the prime interest rate as quoted in the Wall
Street Journal on the first day of the month in which payment is due.

Crantee shall keep a true and correct records of all coal mined, removed and sold from
the Royalty Lands and shall maintain accurate and complete accounting records in
support of all royalty payments with respect to coal production from the Royalty Lands in
accordance with the standards for calculating Federal royalty as set out in 30 C.F.R., Part
206, Subpart F and generally recognized accounting principles.

On or before the last day of each calendar month following a month during which
Grantee produces coal from the Royalty Lands, Grantee shall furnish Grantor a true and



correct statement showing the tons of coal actually mined, removed, and sold during the

precedirrg calendar month from the Royalty Lands'

All royalry payments shall be considered final and in full satisfaction of all obligations of

Grantee *it't iespect thereto unless Grantor gives Grantee written notice describing and

setting forth a splcific objection to the calculation thereof within sixty (60) days after

receipl by Granior of the challenged royalty payment and applicable monthly statement.

If Grantor objects to a particular ioyalty payment and monthly statement as herein

provided, Grantor shali, for a perioi of sixty (60) days after Grantee 's receipt of notice of

such objection, have the right to have Grantee's accounts and records relating to

calculation of the monthlyitatement and appticable royalty payment in question audited

by an independent accounting firm accept;ble to Graniee and Grantor. Grantee shall

account foi any deficits or.*i*s in the payment made to Gratrtor pursuant to the

monthly starernent(s) in question which may be confirmed by such an audit by adjusting

the next monthly royalty payment following completion of such audit to account for such

deficits o, ***rir, If the variation between the amount of a particular royalty payment

made to Grantor hereunder as calculated by the audit provided for herein exceeds Five

percent (i%),Grantee shall pay all costs of such audit. If such variation is Five Percent

(5%) or less, Grantor shall piy all costs of such audit. The audit rights provided

hereunder shall be Grantoris iole and exclusive remedy regarding payment of the royalty

and the conclusions of the independent accounting firm shalt be binding on the parties'

Nothing herein shall limit, restrict or prohibit free alienation of the Property including the

Royalry Lands. The royalty shall nofconstitute a personal obligation of Grantee but shall

burden and run with the Royalty Lands

This Deed may be executed in counterparts. Each executed counterpart shall be deemed

to be an original and all such counterparts when read together constitute one and the same

instrument.

TO HAVE AND TO HOLD, unto Grantee, its successors and assigns forever.

Ent SS&?66 Fk O?39 Fg O3O7



IN WITNESS WHEREOF, Crantor and Grantee have hereunder executed this Special Warranty
Deed etTective the day and year hrst above written.

GTTANTOR:

Peabody Natural Resources Compnny, a Delaware
general partnership between New Mexico Coal
Resources, LLC and Peabody America, Inc.

New Mexico Coal Resources, LLC

By:
lts:

Peabody Americn,Inc,

GRANTEE:

Ark Land Compe ny

.esr/<-- f

By:
Its:

By:
Its:

Ent SO8766 Bt'. O73A Fg SSOA



STATE OF

COUhITY OF

On this _ day of December, 2010, pcrsonally appeared before me 

-, 

the

of New Mexico Coal Resources, LLC, on behalf of Peabody Natural Resources

C"*pary3 Delaware general partnership between New Mexico Coal Resources, LLC and Peabody

Ameiica, Inc., and signer of thgabove Special Wananty Deed, who duty acknowledged to me that he

executed the same on behalf of the company.

WITNESS my hand and official seal.

Notary Public

My commission expires:

STATE OF

COTINTY OF

the

)
)SS
)

)
)SS
)

On this
- 

day of December,20l0, personally appeared before me

of Peabody Americn, Inc., on behalf of Peabody Natural Resources Company' a

ffi*i-. g.*ral partneruitip brt*een New Mexico Coal Resources, LLC and Peabody America, Inc.,

and signer of tn" ubou. Special Warranty Deed, who duly acknowledged to me that he executed the same

on behalf of the company.

WITNESS mv hand and official seal'

Notary Public

My comrnission expires :

STATE OF

coLrNrY oe .5f L owi q
SS

On ,n,, t!ffi* December, 2010, personally appeared before ** Er.u, JT . tVfi(*
?rciag4Lof nrt Land Company, a Delaware corporation, and signer of the above Special

W";*it D'eed, who duly acknowledged to me that he executed the same on behalf of the company.

Notary Public

I sotr|.Err II rrtil-mrh I
I Fdh. lrmEfrrr; I
I ffircrtril l
leGmEFrr |re tt. tttt I
-lT-ilTflr{ rrr P *- '4 tq-F'

Ent 8oS?66 Bk S?EE Fg OEOB

WITNESS rny hand and official seal. n

-nr i ff,,: , ,', :
- )ortMy commission expires:



IN WITNESS WHER-EOF, Grantor and Grantee have hereunder executed this Special Warranty

Deed effective the day and year first above wriffen.

GRANTOR:

Peabody Natural Resources Company, a Delaware
general parfirership between New Mexico Coal
Resources, LLC and Peabody America, Inc.

GRANTEE:

Ark Land Company

New Mexico Coal

Ent 8OS"66 Sk o73E rs O31S



STATE OF rl r Stou B r

L rrt'
G€tfi.{TFOF 5T.Louis

On this lkday of Decernber, 2010, personally appeared before me lft'rgS Ct Ie'I the

V r cE J$qil6fi_ o-f New Mexico Coel Resources, LLC, on behalf of Peabody Natural Resources

Er*prtt!', a Delaware general partnership between New Mexico Coal Resources, LLC and Peabody

Ameiica,-Inc., and signJr of the above Special Warranty Deed, who duly acknowledged to me that he

executed the same on behalf of the company.

)
)SS
)

WITNESS my hand and official seal.

My commissionexpires: lZf I'Ol eort'

STATE Of ir,SSs._p.i
i.rf/

cou+#Y oF sr.Ls$is

On this l-kduy of December, 2010, personally appeared before me trlttcf€Pt 5.J'b
50 , rtP* 4F4!!g6l_ of Peabody America, Inc., on behalf of Peabody Nntural Resources Company' a

neht"are general partnership between New Mexico Coal Resources, LLC and Peabody Americ4 Inc.,

and signeriftn* u.bou. Speiiat Warranty Deed, who duly acknowledged to me that he executed the sarne

on behalf ofthe company.

WITNESS my hand and offrcial seal.

My commission exPires:

STATE OF

COLTNTY

SS

on this _ day of December, 2010, personally appeared before me the

oTA"[ Lnnd Company, a Delaware corporatiorr, and signer ofthe abgve Special

W*.atrty Dred, who duly acknowGdged to me that he executed the same on behalf of the company.

WITNESS my hand and official seal.

Notary Public

I

Suzanne R. Carlch, Notary puH|c
St Loulg Cfiy,Statc of Mircoud

My Gornrnlsslon Exptnre 1 Zt lWZf1 I
Qgmmletlon NumUor tOgDAeiE

OF

)
)SS
)

)
)

Suzannc R. Carfich, Notrry Rrbfle
St L,oulr Clty, Steta of Mlssourl

niy Commlrelon Erplrea 1 2f I O/4O14
Gornmlaelon Nurnber 108gftlf E

My commission expires:

Ent &O8786 Bk O73S Fg O311



SCHEDULE T

to
Special Warranty Deed

Attached to and made a part of that certain Special Warranty Deed dated the 20'h day of December, 2010,

from Peabody Natural Resources Company and Ark Land Company.

PROPERTy

Royalty Lancls

Tolnship I2 South, BFngq 7 East. S.L,B, & M,
Section l9: Lot 3 (NW/4 SW/4), Lot 4 (SW/4 SW/4), SE/4 SW/4
Section 30: SE/4NW/4, SW14NE{4, W lZSEl4
Section 3l: SW/4SE/4, NE/4NW4, S/2NW4, NW/4NE/4

Tow.4qhiu,13 ,South. Ranee 7 East- S.L,B & M.
Section 6: Lot 2 (NW/4 NE/4)

Carbon County, Utah

Non-Royalty Lands

Township 12 Sou,th' Ranse 6 Eflst. SrL.Br.4 M.
Section 36: S/2N/2.Nlz9l?

Carbon County, Utah

Ent SO87EE BI'- 0738 fu O31e




