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Appendix lll-i
Phase lll Bond Release Application

Horse Canyon Mine

The purpose of this application is to request Phase lll Bond Release for the Horse Canyon
Mine including the Post Mine Land Use Change area with structures and buildings
approved by the Division of Oil Gas and Mining (Division) on February 25,2O0d.. This
application includes the lands included in the previous bond releases:

1. Phase | (51.56 acres) bond release for $812,726 was approved by the Division on
February 5, 1997.

2. Phase Il (51.56 acres) bond release for $1 91,672was approved by the Division on
April 11,2OO2.

Application Format

This application is formatted following Tectrnical Directive Teclr - 006, Requirements for
Phased Bond Release, March 1, 2001.

This application will present the appropriate Technical Directive section headings in
bolded italics followed by responses as follows:

5. Procedute
Prior to Bond.Relase Fequest

Permit reclamation changes and post mine land use changes:

All permit revisions have been approved by the Division and incorporated into the MRP.

A Post Mine Land Use Change (PMLU) for 16.18 acres not included in the Phase land
Phase ll bond release areas was submitted and fater approved by the Division on
February 25,2OCE for a prtion of the Horse Canyon Mine including buildings and areas
donated to the College of Eastem Utah (CEU) under an Asset Assignment Agreement.
The post mining land use change was added to the MRP as Appendix X4 in Chapter X,
Volume lV.

The Post Mine Land Use Change area can be seen on E*ribits A-1 , A-2, A-3 and A4 of
the PMLU Change application (AppendixX4, Volume lV of the MRP). The areas covered
by this bond release application can be found on Plates lll-2A thru lll-2c attached to this
application as Exhibit lll-1-4 including the PMLU area and the areas covered by the
approved Phases I and ll bond releases. The base map for Plates lll-2A through lll-2F
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have been assembled by duplicating Plates lll-1A through lll-1F, Plate lll-2c has been
added to include small areas that extended off of Plates lll-2A, and lll-28. Four (4) copies
are include for insertion into the MRP document.

A copy of the Asset Assignment Agreement with CEU can be found in the Division files
under the PLMU application, and as Exhibit lll-1 -1 of this application.

7. Certity R*lamation

As-build drawings (Plates lll-1A thru lll-1F) were submitted and approved as part of the
Phase ll bond release application; these plates have been incorporated into the MRP.
Information adequate for Phase I and Phase ll bond releases were previously submitted
and accepted by the Division as evidenced by the approved Phase I and Phase ll bond
releases.

The approved Post Mine Land Use Change referenced above modified the reclamation
plan to leave the buildings, structures and areas as-is for use by the CEU. Therefore, that
area, buildings and structures were not reclaimed.

Form C1 included with this application contains a notarized certification.

2. Provide agneemenfs for structures remaining for post mine land rrse.
Phase lll Bond Release Area:

Exhibit lll-1-1 to this application includes a signed copy of the Asset Assignment
Agreement with the CEU for the post mine land use change area.

3. Address pertormance standards.

The land use change area and structures will be used by the CEU. The area has been
donated in total including ownership of the property and therefore is removed from
reclamation responsibility, although no bond reduction has been applied for. This Phase
lll bond release application includes the acreage, buildings and structures including the
post mine land use change area as well as the areas reclaimed under the Phase I and
Phase ll bond releases. All pertinent requirements urere addressed in the post mine land
use change application.

Page -2-



REQUEST FOR BOND RELEASE

l. A. Notariz& signaturc

This application has been formatted as new Appendix lll-1 , Chapter lll, Volume I of the
MRP, and includes form C1 which includes a certification with notarization.

l. B. Notification letters

Exhibit lll-1-2 includes copies of notification letters sent to the appropriate individuals and
entities.

I. C. NEIIISPAPER ADVERTISETilENT

Exhibit lll-1-3 includes a copy of the public notice required by R645-301-880-120. Poof
of publication will be submitted following posting and receipt of signed affidavit of
publication

I, D. PERMIT CONDITIONS

There are no outstanding permit conditions.

II. A. 7. Legal description of the permit area.

The permit area is shown on the Lila Point, and Cedar U.S. Geological Survey7.S-minute
Quadrangle maps. The areas covered in this Phase lll Bond release application include
51 .56 acres covered by the Phase I and Phase ll bond releases as well as 6.5 acres at the
borrow areawhich was partially disturbed during reclamation efforts in 1990 -1991 by
removing some fill material for reclamation. This disturbance of the borrow area was
reclaimed at that time and has not been disturbed since. In addition, 0.02 acres including
the bridge abutments were retained by Emery County for the bridge providing access to
the Horse Canyon County road. Also, 16.18 acres were donated to CEU, making a total
of 74.26 acres included in this bond release application.

The complete permit legal description can be found in Chapter l, Volume 1 of the MRP.
More specifically, the disturlced areas included in the reclamation bond are as follows:

Post Mininq Land Use Change Area:
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Township 16 South, Range 14 East, SLB&M

Section 3: Lots 3, 6, 11, 12

Section 4: NE4SE4, SE4SE4, NW4SE4, SW4SE4

Containing 16.1 I acres.

Phase lll Bond Release Areas:

Township 16 South, Range 14 East, Salt Lake Base & Meridian

Section 3

Lot 1 ,2,3,5,6, 7,8,9, 11,12; N2SW4SW4, SW4SE4, NW4SW4, NE4SW4
N2SE4, SE4SE4

Section 4

SE4NE4, S2SW4, S2SE4NE4, Lot 9, SE4

Section 5

S2SE4SE4

Section 8

NE4NE4

Section 9

NW4NW4, NE4NW4, NW4NE4

Containing 58.08 acres of disturbed area.

ll.A.2. Maps

All disturbed areas where reclamation has been completed are included in this Phase lll
Bond Release application. Those areas can be seen on Plates lll-1A thru 1F, lll-1A-1, lll-
B-1, lll-1C-1, llt-1D-1, and lll-1G in Chapter f ll, Volume I of the MRP. The disturbed area
boundary can also be seen on Plates ll-1A and 1 B in Chapter ll, Volume l. Plates lll-A thru
lll-1F have been revised to reflect the Phase lll bond release request including the areas
donated to CEU included in the PMLU and the areas previously reclaimed under the
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Phase I and Phase ll bond releases, and can be seen in Exhibit lll-1 4 of this application.

ll.A.3. Vqetation Sampling

Vegetation sampling was conducted in 2003 and 2AA4 for Phase lll bond release
evaluation. The sampling reports are included in this application as Exhibit lll-1-5, Horse
Canyon Vegetation Survey - 2OA3, and Exhibit lll-1€, Horse Canyon Mine Vegetation
Survey - 2OO4. The Division was notified and consulted in this regard as stated in the
2003 sampling report included as Appendix lll-1-5, Horse Canyon Vegetation Study -

2003. The vegetation meets the requirements of the standards as follows:

Quoting from the 2003 study rePort:

A vegetation inventory was conducted on 6 revegetation sites on the Horse
Canyon Mine property between June andAugust, 2OO3. Data were collected
regarding percent cover, per@nt cover by species, and woody plant density
at each site. Data were also collected from a reference site located on
Bureau of Land Management property adjacent to mine property.
Revegetation sites were compared to the reference area with respect to
6over and woody plant density to determine similarity. All sites cover
averages ex@ed the cover average for the reference site and should be
judged to have satisfactorily exceeded minimum requirements with respect
to cover. Woody plant density in all revegetated sites exceeded woody plant
density in the reference area. Species diversity was also higher in all
revegetated areas when compared to the reference area.

Quoting from the 2004 study rePort:

A vegetation inventory was conducded on 6 revegetation sites on the Horse
Canyon Mine property between June and August, 2003. Data vvere collected
regarding percent'cover, percent cover by species, and woody plant density
at each site. Data were also collected from a reference site located on
Bureau of Land Management property adjacent to mine property.
Revegetation sites were compared to the referen@ area with respect to
cover and woody plant density to determine similarity. All sites cover
averages exceed the cover average for the reference site and should be
judged to have satisfactorily exceeded minimum reguirements with respect
to cover. Woody plant density in all revegetated sites exceeded woody plant
density in the reference area. Species diversity was also higher in all
revegetated areas when compared to the reference area. Life form similarity
comparisons indicated that in almost every case, the revegetated areas
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exceeded the 7Ao/o standard with respect to percent cover.

ll.A.4. Reclamation trwtmenF, aleas and work accomplished

The following MRP Chapters address the information required:

Reclamation areas and plan Chapter 3, volume I
postmining Topography Chapter 3, Volume I
Drainage Control . . Chapter 3, Volume I
Vegetaiion ChaPter Vlll, Volume lV
Land Use ChaPter X, Volume lV

* The post Mine Land Use Change including the CEU donation area is included
in Appendix )@.

Il.A.5. ffiining history and reclamation activities

The Horse Canyon Mine was initially opened by the Defense Plant Corporation in 1942
as a source foi coal for the Geneva Steel Works in Orem, Utah. The mine was sold to
u.s. steel in 1g46, who operated it until January 1984, when mining was permanently
suspended. U.S. Steel submifted a mining and reclamation permit application in March,
tggt. In October 1982, U.S. Steel informed the Division that it was temporarily
suspending mining operations, and in January 1984 permanent suspension was
announced.

fn November 19A4, Kaiser $teel Corporation purchased the mine property and submitred
a reclamation bond in the amount of $918,il9, and indicated to the Division that it would
maintain the operations in a temporary suspension status until further mrporate decisions
were made. In February 1987, Kaiser Coal, successor to Kaiser Steel filed a petition for
bankruptcy under Chapter 1 1, Title 1 1, of the U.S. Bankruptcy Code. Intermountain Power
Agency (lPS) acquired the mine and the permit was transfened to IPA in August 1990. IPA
was issued a mining and reclamation plan on May 6, 1991, and a reclamation bond in the
amount of $1,950,000 was issued in the form of a letter of credit.

Reclamation work proceeded on 51 .56 acres of the 74.26 acres in 1990 and 1991 . Phase
I bond release was granted on February 5, 1 997 for $81 2,276. Phase ll bond release
application was submitted on December 19, 1997.

UtahAmerican Energy, Inc. acquired the mine from IPA on December2l, 1998. Phase ll
bond refease was granted on April 11, 2AO2.
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tl.A.6. Ertended Responsibility

There is no extended responsibility period for the Horse Canyon Mine.

ll.A.7. Remaining sediment control structures

There are no remaining sediment control structures that need to be removed.

ll.A.8. Schedule and cost estimate for remaining reclamation

Phase ll Bonci reiease nas been granteo, this appiication is ior Fhase iil pcni ;elea=e ,
completing the reclamation process. Therefore, there is no remaining reclamation
responsibility after Phase lll bond release being granted.

With the post mine land use change for the CEU donation, all un-reclaimed facilities and
land have been removed from permit responsibility.

ll.A.9. Summary of bond acreages, dates of bond releases

Refer to Section ll.A.1 on page 3 of this application for an explanation of the 6.5 acres.

Date Status Amount Acreages

11 Nov 84 lnitial Kaiser Bond $ 918,649 74.26 Disturbed

6 May 91 IPA Bond $ 1,950,00074.26 Disturbed

5 Feb 97 Phase I Bond Release (lPA) $ 812,726 74.26 - 51.56 =22.7 Balance

15 Sept 98 Intital Horse Canyon Bond (UAE) $ 1,137,726 22.7 Disturbed Remaining

24 Jan O1 Adjustment at permit renewal by
$115,274

$ 1,253,000 22.7 Disturbed Remaining

11 Apr A2 Phase ll Bond Released
$191,672

$ 1,061,32822.7 Disturbed Remaining

25 Feb A4 Post Mine Land Use Change
Approved including 16.18 acres

No Change 22] -16.18 = 6.52 RemainingA

Phase lll Bond Release Application sl,061,328 {- Remaining
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ASSET ASSIGNMENT AGREEMENT

This ASSET ASSIGNMENT AGREEMENT (this "Agreernent'), is made and e'ntered
into as of the ' 2 day of 2W5 (the "Effective Date'), by and betweenrrrLv s vr urv 

_e_ 
seJ v. |)zlillaawv t

UTAHALERICA,I{ ENERGY, INC. ('"uEf'or "Assignot''), 
" 

Utah corporation, having an
address of P.O. Box 986, Price, Utah 84501, and the COLLEGE OF EASTERN UTAH
FOUNDATION ("CEIIF ' or "Assignee"), a Utah Non-Profit Coqporation located in Price Utah,
having an address of 451 East 400 Nortlr, Price, Utatt 84501.

RECITALS

A. UEI is the owner of certain assets held in connection with the Horse Canyon
Mine, an underground coal mine, including cenain surface lands and facilities which are being
reclainned pursuant to the provisions of the Utah Coal Mining and Reclamation Act and Permit
No. C/0071013, situated in Carbon County and Emery County, Utah.

B. UEI desires to donate, hansfer and assign to CEUF and CEUF desires to accept
and acknowledge the donation from UEI of certain of the Horse Canyon Mine property assets
and water rights, collectively referred to as the'Donated Property," all subject to the terms and
conditions of this Agreement.

NOW, THEREFORE, In conside,ration of the promises and benefits contained herein and
other good and valuable consideration, the receipt and zufficiency of which are hereby
acknowledge4 UEI as Assignor and CEUF as Assignee, agree as follows:

ARTICLB I
Definltlons

1.1 Certain Definitions. In this Agrcemenf cryitalized terms and other defined tenns
described before shall have the meanings set forth as follows:

"Agreernent" means this Asset Assignme,nt Agreement and the exhibits affached hereto
and all agreements or instruments executed in connection herewith or described pursuant hereto.

"Bond" means the Horse Canyon Mine reclamation bond provided by UEI to the
Division.

"Coal Act" means the Coal Mining and Reclarnation Act and the Fede,ral Strface Mining
Conhol and Reclamation Act.

"Conveyance Documents" means those instruments hansferring title to the Donated
Property from UEI to CEUF described at Exhibit F hereto.

"Division" means the State of Utatr Deparbnent of Natural Resources, Division of Oil,
Gas and Mining.

"Donated Facilities" means the list of buildings and surface facilities donated by UEI to
CEUF and described at Exhibit E hereto.



"Donaled Property" means all of UEI's righl, title and interest to the real property and
surface facilities described at Exhibits A and E hereto and as further depicted on the map
attached as Exhibit C hereto and the Water Rights described at Exhibit B hereto.

"Effective Date" means the date of this Agreement first set forth above-

"Environmental Law" means all applicable statutes, ordinances, rules, regulations,
licenses, permits, orders and other authorizations of all ftrleral, state and local entities having
jurisdiction over the Donated Property.

'Tlorse Canyon Minen mearui the underground coal mine located in Carbon County, Utatr,
and all associated facilities.

"IRC'' mearu; the Internal Revenue Code of 1986, as ame'lrded.

"Lila Canyon Mine" means the UEI mining operation located near or adjacent to the
Donated Property.

"Phase II and Phase III Bond Release" means the relcase of portions of UEI's Bond on the
Horse Canyon Mine in accordance with the Coal Act.

"Post Mine Irnd {Jse" means the land use of the Donated Property under the Coal Act.

"Retained Assets" means those assets retained by UEI as set forth at 3.2 of the
Agreerne,nt.

"State Historic Preservation Officer" or "SHPO' means the Utah Deprtnent of
Community and Economic Development, Division of State History.

"Water Rights" means those water rights described in Exhibit B.

ARTICLE tr
AGREEMENT TO ASSIGN INNATED PROPERTY

2.L Aereeme,lrt to Assisr. Subject to the terrns and conditions of this Agree'rnent, UEI
agrees to donate, fiansfer and assign and CEUF agrees to accept from UEI the Donated Property.

ARTICLE III
ASSETS AI\D LIABILITIES TO BE ASSIGI\TED AND RETAINED

3.1 Assets to be Assigred. The assets to be donated, transferred and assigned are
referred to as the Donated Property.

3.2 Assets to be Retained. The assets to be retained by UEI are:

a . UEI reserves its interest, if any, in the coal, oil
and gas, coalbed methare and other minerals of whatsoever kind, determination or description
located within the following described lands within Emery Co*ty, Utah:



Townshrp 16 South. Range 14 East:

Section 3: Lots 1,3,7,8, and l l (approximately 176.13 acres)

O) Retained Assets dessribed at Exhibit A. UEI retains the assets described
under the column'uEI to Retain Ovrnenhip" at Exhibit A hereto.

(c) Redden Spring. UEI reseryes all riglrt, title and interest in the Redden
Spring Water Right No. 9l-5084, as described at Exhibit B hereto, and reserves easements across
the Donated Property for irccess to the Water Rights and constuction and operation of water
pipelines and diversionary fasilities related to we of the Water Rights, until the erlier of 5 years
from the Effective Date or release by UEI to CEUF upon rcplacement of the water supplied by
this water right.

(d) ril/ater Replacernent. UEI resen/es the right to use of the Water Rights
described at Exhibit B for UEIs mining purposes or for water replaceme'lrt ptrposes as defined in
the Coal Act, or for any other regulatory compliance requirement and reserves easements across
the Donated Property for access to the Water Rights and construction and operation of water
pipelines and diversionary facilities related to use of the Water Rights.

(e) Access for Environnrental Monitorin$ and Bond Release. UEI r€ser-vc
access to the Donated Property for the purpose of conducting e'lrvironme'ntal monitoring under
applicable Environneirtal Laws and for purposes of completing activities related to Phase II and
Phase III Bond Release.

3.3 Liabilities Assumed by Assignee. With the exce,ption of those liabilities retained
by Assignor as described at Section 3.4 hereirU Assignee assumes all liabilities and obligations
with regard to the Donated Properly rising after the Effective Date, including but not limited to
those arising rurder Environurental Laws. To the fullest extent permitted by law, except as
specifically provided at $ 3.4 herein, Assignee shall and hereby agrees to, as of the Effective
Date, indemnify and hold trarmless Assignor and its shareholders, directors, ofificers, agents,
errployees, attorneys, representatives, sllccessors and assigns, individually md collectively (the
'uEI Indemnified Parties') fro- and against any and all claimq demands, zuits, proceedings,
damages, losses, liabilities, liens, fines, penalties, claims ftom indemnification or contributior5
and any other matters whatsoever, and all costs and expenses incurred in connection therewith,
including attorneys' fees (collectively the *Claimd), arising ftom ownership and use of the
Donated Facilities or Donated Property after the Effective Date, inctuding but not limited to
Claims involving bodily injury and deatb property d'mage and environmental conditions of the
Donated Facilities or Donated Pro'perry. Assignee shall defend all Claims and pay all costs and
expenses incidental thereto, but any of the UEI Indemnificd Parties shall have the right, at their
option, to participate in their own defense through separate counsel without relieving Assignee of
any obligation herein. This Scction 3.3 shatl srnrive the Effective Date.

3.4 Liabilities Retained bv Assimor. UEI retains all liabilities and obligations
relating to the Donated Prop€rty that uose prior to the Effective Date, including but not limited
to those arising under Environmental I-aws and permit requirements. Further, UEI retains
responsibility for all liabilities o[, obliggions for, and terms of complimce with: (i) the IJPDES



on the Sedimentation Pond described at Exhibit E; (ii) the Bond and associated reclamation
activities tmder the Coal Act necessary to achieve Phase II and Phase trI Bond Release; (iii) the
Horse Canyon Mine Pennit; and (iv) the Lila Canyon Mine Permit (collectively the '?ermitted

Activities'). To the fullest exte,nt perrritted by law, Assignor shall and hereby agrees to, as of
the Effeaive Date, indemnify and hold harmless Assignee and the College of Eastern Utah and
theirrespective directors, officers, agents, employees, attorneys, representatives, successors and
assigns, individually and collectively (the *CEUF Indemnified Partrers') from ard against any
and all claims, demands, suits, proceedings, damages, losses, liabilities, liens, fin€sr penalties,
claims for indemnification or contribution and any other matters whatsoever, and all costs and
expenses incurred in connection therefore, including attonreys' fees (collectively the'Claims')
arising ftom ownership and use of the Donated Facilities and Donated Property prior to the
Effective Date, and after the Effective Date, only as to Claims risitrg from &e Perrnitted
Activities, including but not limited to Claims involving bodily *j,rw and death, property
danage and environmental conditions of the Donated Facilities and Donated Proper.t;. Assignor
shall defend all Claims and pay all costs and orpenses incidental thereto, but any of the CEUF
Indemnified Parties shall have the right, at their option, to participate in their own defense
througtr separate counsel without relieving Assignor of any objections hereunder. This Section
3.4 shall survive the Effective Date.

. 
ARTICLE ry

REPRESENTATIONS AhID WARRANTIES

4.1 Conveyance of Donated Property. UEI is donating transferring and assigning the
Donated Property to CE{JF,'AS ISr''sWIfrRE IS' WITHOUT AIYY WARRANTIES OR
REPRESENTATIONS AIYD IYEITIIER TIEI NOR ANY OF ITS DIRECTOR,S,
OFFICERS, BMPLOYEES, AIFILTATES, ATTORI\EYS, AGENT OR
REPRESENTATIVES IIAS MADE OR MAKES AIYY WARRANTY OR
REPRESEf{TATIONWHA-*TSOEVERREGARDINGTHEPROPERTY,ORATYY
OTHER MATTER IN ANY WAY RELATED TO TITF'. PROPERTY, INCLUDING, BUT
NOT LIITITED TO TITLE TO THE DONATED PROPERTY, LEASE, USE' VALIIE,
EI\-WRONMENTAL CONDITTON, ACCESS, WETLAI\IDS, OR AI\rY OTHT tr1
CONDITION OF TIIE PROPERTY OR AITY IMPROVEMENT OR PERSONAL
PROPERTY LOCATED THEREON. This Article 4.1 shall survive the Effective Date.

4.2 Charitable Status of CEUF. CEUF represents and wmrants that it is a charitable
organization under $ 501(c)(3) of the IRC.

ARTICLE V
SCOPE OF'WORK ON I}ONATED PROPERTY

5,1 UEI Scooe of V/ork. UEI shall perform, and as of the Effective Date, represents
that it has completed the Scope of Work described at Exhibit D ("Scope of Work').

ARTICLE VI
MIMNG ON UEI'S ADJACENT PROPERTY



6.1 Acknowledpe,lrt of Mnine. CEUF acknowledges that UEI intends to conduct
coal mining activities at the Lila Canyon Mine adjacent to thc Donated Property and waives all
claims arising from the impact of such land use on the Donated Pnop"rty. This Section 6.1 shall
survive the Effective Date.

ARTICLE VII
CONVEYAT{CE OF DONATED PROPERTY

7.1. AssiCuror's Conveyance Documents. Upon the Effective Date, UEI shall ex@ute,
acknowledge and deliver to CEUF quit claim de€ds for the Donated Property in the form set
forth at Exhibits F and G hereto.

7.2 Assignee's Acknowledennent of Donation. This Agreeme,nt serves as CEUF's
acknowledgment of UEI's donation, Fansfer and assignment ofthe Donated Property to CEUF
and confirmation that no goods or services were provided by CEUF in return for UE['s
contibution of the Donated Property. Upon UEI's request, CEUF will provide a separate written
acknowledgement of UEI's contribution consistent with Section 170(0(8) of the IRC and Section
1.170A-13(0 of the Incorne Tax Regulations.

7.3 Covenant Not to Convey. Except as othe,rsrise agreed to by UEI in uniting,
CEUF hereby agrees that CEIJF will not sell, transfer or otherwise convey the Donated Property
to any third party other than any successor in interest within twenty-four (24) months after the
date the quit claim deeds referenced in Srction7.L hereto are reorded in the applicable county
recorder's office. CEIJF acknowledges that, pursuant to applicable federal tan law, any
conveyance within such time period may result in adverse tax consequences to UEI.
Accordingly, CEUF hereby agrees to indemrriS and hold UEI harrrless from any increase in
federal and state taxes that result from CEUF's breach of this Section 7.3

ARTICLE VIII
MISCELLAI\EOUS

8.1 Assirumgnt. This Agreement shall not be assigned in whole or part by tny Party
without the prior written conse,nt of the other party, which conse,lrt may not unreasonably be
withheld.

8.2 Notices. A1l notices, palmre,nts and other communications under this Agree,ment
must be in writing and shall be addressed respectively as follows:

ASSIGNOR: UtahAnerican Eneqgy, Inc.
P.O. Box 986
Pricc, Utah 84501
Attn: Jay Marshall
Telephonc: (435) 637 -5511
Facsimile: @25) 675-8W



With copy to:

,A.,SSIGIYEE:

Snell & Wilrner L.L.P.
15 West South Temple
Suite I200
Salt Lake City, Utah 84101
Athr: Denise Dragoo, Esq.
Telephone: (801) 257 -1998
Facsimile: (801) 257-1800

John Craven, President
College of Eastern Utah Foundation
451 East 400 Norttt
Price, Utah 84501
Telephone: (435) 637 -l7M

8.3 Expenses and Fees. Each party hereto agrees to pay, without right of
reimbursement ftom the other, the costs incurred by it incident to the preparation of this
Agreement, ffid the fees and disbursernents of counsel, accountants and consultants employed by
it in connection with the negotiation of this Agreeine,lrt and the consummation of the transactions
contemplated herein.

8.4 Successors and Assigns. Except as otherwise provided hereirU this Agreement
shall be binding upon and inure to the benefit of the parties hereto and their reqpectivg successors
and permitted assigns.

8.5 Entire Agreement. This Agreemeirt (together with the exhibits hereto, all of
which are incorporated herein and made a part hereof by this reference: (i) supersedes any other
agreeinents, whether written or oral, that may have b€en rnade or entered into by any of the
parties hereto (orby nay director, officer or representative of such parties) relating to the matter
contemplated hereby; and (ii) constitutes the entire agreerre,nt by and between the parties hereto
and there are no re,pres€,lrtations, warranties, covenants, agreement s or commitments occept as
expressly set forth herein.

8.6 Survival. CEUF's obligations described in Section 3.3,6.1,7.2 nd7.3 and UEI's
obligations described in Section 3.4 of this Agreament shall survive any expiration or
termination of this Agreement and shall not merge into any deed delivered and accepted upon the
consummation of the transaction herein contemplated.

[rernainder of page left intentionally blank]



IN WITNESS WHEREOF, the parties hereto have executed this Agreement by their duly
authorize representations the day and year first above written.

ASSTGNOR:

UTAHAMERICAN ENERGY, INC.

By:

Its:

ASSIGNEE:

COLLEGE OF EASTERN UTAH
FOUNDATION

t66E0.r3



E)ilIIBIT A
to

Asset Assignment Agreement

College of Eastern Utah Foundation
Horse Ganyon Project

Leqal Description UEI to Retain OrnershiP
Donate to Gollege

of Eastern Utah Foundation

Section
Description Acres Description Acres

T.16S R.14E
Ernery Comty
Fee Surfaoe

3 lob 1,3,7,8,11 176.13

4 s2sw4 80 l.l\ /4sE4, SE4SE4 EO

5 SE+SE4 &

I s2NW4. W2SE4 160 hfW4NE4, SE4NE4, NE4SE4 120

1 0 sE4 160

1 5 SE4hfw4, N2NE4, SE4NE4 160

T.15S R.14E
Carbon County

Fee Surlace

33 S2SE4 80

34 S1,V4SW4 10

T.165 RI4E
Emry County

Fee Simple

3 lots 5, 6, 12, Mru4SW4, S2SW4 240

4 Lots 8, 9, NE4SE4, Sil/4SE4 160

I NE4NE4 40

I N2ttw4 80

T.16S R.14E
Emery County

Fee Simple

15 S2NE4, ALSO. Beginnhg atthe
NE conrerof th€ i.{W4SE4, and

rurning trence W 1000 feet:
thenca SE'ly to a point 500 feet S
of beginnlng;therrcs N 5@ieet

b beoinninq

91.25

TOTAL 811.25 896.13



(1 )

EXHIBIT B
to

Asset Assign ment Agreement

DESCRIPTION OF DONATED WATER RIGHTS

Water Use/s Claim 91-183: Certificate of Appropriation of Water No.
4592, Application No. 20888, Water Users Claim 91-183, dated Atlgust
30, 1 952, recorded in Book C of Water Rights at Page 259 in the office of
the Emery County Recorder, United States Steel Company, appropnator,
appropriating eighty thousandths second feet (.08 cfs) from Horse Ganyon
Creek, Emery County, Utah, for the period ftom January 1 to December
31, inclusive, for mining purposes, for diversion and use as set forth in the
Deed.

Water Right No. 91-50M, to appropriate 5.0 acre-feet of water from
Redden S-pring, located at a point South 2145 feet and West 330 feet from
the NE Corner of Section 3, T16S, R14E, SLBM'

Provided, that Assignor reserves the right to use water from the above'
described Water Rights for reclamatbn and mining purposes or water
replacement uses at the Horse Canlon Mine and the Lila Canyon Mine,
Emery County and Carbon County, Utah.

(21



EXIIIBIT C
to

Asset Assignment Agreement





l .

1 )

3)

4)

2)

BXHIBIT D
to

Asset Assignment Agreement

Scope of Work

Facilitv Are?:

Cover all window and door openings. Any darnaged or m.bshg Pl.Iyood panefs covering
the windors on the followinj facilifus will-be repl-aced with new 3/8' plywood or
equivalent.
A) Office
B) Bath House
C) Warehouse
D) Shop

Retain one door opening in each buildlng, preferably in the rear away.fr.omJpffic. This
requirements Ooei not ippf to the snop-OuilOing. The single door retained in each of the
three buildings will be steel.

Install simple lock on the retrained doors.

Flll in alf grease sumps and underground passage openings in the shop buifding with
sand/gravel material.

Remove all equipment & materials not built in, including paPer, trash and personal
propertY.

Portal Area:

Remow and dispose of temporary metal fan housing.

Remove both concrete head collars at ground level.

Cover remaining concrete with a minimum of 3'of cover material obtrained from the existing pad
keeping pad as flat as practical.

Backfill underground rock dust bin.

NOTE:

al Alf concrete and metal wilf be disposed of in an approved disposal site for non+oal waste. Metal
may be salvaged by UEl.

b) All efforE will be made to minimize disturbance of vegetation and soil.

5)

l l .

1 )

1 )

2l

3)



EXHIBIT E
to

Asset Assignment Agreement

LIST OF FAGIL]TIES

The following is a list of facilities at the Horse Canyon Mine to be donated to the College of
Eastern Utatr Foundation by UtahAmerican Energy, Inc.

Sedimentation Pond #2 (including associated drainage features)

Pump House

Office Building

Bath House

Warehouse

Shop

Chain Link Fence

Building Pads

Parking Int

Powder Magazine

Cap Magazine

Water Tank

Portal Pad

1 .

2.

3 .

4.

5 .

6.

7.

8.

9.

10 .

11 .

12.

13 .



EXHIBIT F
to

Asset Assignmen t Agreement

QUIT.CLAIM DEED

WIIEN RECORDED, RETURN TO:

Ryan Thomas
College of Eastern Utah
451 East 400 North
Price, Utah 84501

Quit-Claim Deed

UTAHAN4ERICAN ENERGY, INC., a Utah corporation, havin g an address of P.O. Box

9g6, price, Utah 84501 ("Grantor'), for TEN DOLLARS ($10.00) and other good and valuable

consideration, receipt of which is hereby acknowledged, hereby conveys and quirclaims to the

COLLEGE OF EASTERN UTAH FOLINDATION, a Utah Non-hofit Corporation, having an

address of 451 East 400 North, Price, Utah 84501 ("Grantee'), all of its rights, title and interest

in the lands in Emery County, Utah, described in Schedule "A" hereto, including the buildings

and surface facilities described at Schedule B hereto. The conveyance provided for herein shall

not include any rights to water or water shares in corurection with said real property.

Grantor reserves such easements and rights of way as n@essary for Grantor and its

employees and r€,presentatives to i) access certain water rights located on said real property and

to constnrct and operate water pipelines and diversionary facilities thereon and cornpliance as

necessary; and ii) io access said real property to conduct environmental compliance, monitoring

and reclamation activiti es.

This instrument is executed and delivered pursuant to that certain Asset Assignme'nt

Agreement between the parties dated as of 54-*.,,,J+t-/.3 = ,2005, the terms and

conditions of which shall survive the execution an'd delivery of this instrument.

DATED this r 3 -day of 5+&*..-l ' ,2005.

GRANTOR:

UTAHAMERICAN ENERGY, INC.



srArE or OI-l to t

COUNTY OF F t rnsxrl )

2005, by

My Commission Expires:

Lillis,: i: '
[iCtAiV !.':'"- ,:ti6

Jtrr '  f1:r- 
'

eoine instrument was
|r,t- €, Murrar,

acknowledged before me ttris 6&uy of-*Ja/V
on behalf of UtahAmerican Energy, lfic.

Bwnwilh , ot+ 1ats



SCHEDULE '(AJ'

to
Qult-clalm Deed

Eurnny Couxrv L4nos

Surface Only:

Township 16 South. Range 14 East:

Section 3: Lots l, 3,7 ,8, 11 (176J3 acres)
Section 4: NW1/4SE1/4, SE1/4SE1/4 (80 acres)
Section 9: NWl/4NEl14, SEl/4NEl/4,N81/4SEll4 02A acres)

Fee Simple:

Township 16 South. Range 14 East

Smtion 3: Lots 5,6, 12, NWl/4SWl/4, S1/2SWll4 Q40 acres)
Section 4: Lots 8, 9, NE[/4SE1/4, SWI /4SEll4 (160 acres)

Canrog CouxrYl,aruos

Surface OnIy:

Township 15 South. Range 14 East:

Section 33: SI/2SE1/4 (80 acres)
Section 34: SWl/4SWll4 (40 acres



SCHEDULB *B''

to
Quit-claim Deed

Buildings and Surface Facilities

1. Sedimentation Pond #2 (including associated drainage features)

2. Pump House

3. Office Building

4. Bath House

5. Warehouse

6. Shop

7. Chain Link Fence

8. Building Pads

9. Parking I-ot

10. Powder Magazrne

11. Cap Magazine

12. Water Tank

13. Portal Pad



EXHIBIT G
to

Asset Assignment Agreement

WATER RIGHTS DEED

WHEN RECORDED, RETURN TO:

Ryan Thomas
College of Eastern Utah
451 East 400 North
Price, Utah 84501

\ilater Rights Deed

UTAHAMERICANI ENERGY, NC., a Utah corporation, having an address of P.O. Box
gg1,pricg Utah 84501 ("Grantor'), for TEN DOLLARS ($10.00) and other good and valuable

consideration, receipt of which is hereby acknowledged, hereby conveys and quitclaims to the

COLLEGE OF EASTERN UTAII FOUNDATION, a Utah Non-Profit Corporation, having an

address of 451 East 400 North, Price, Utah 84501 ("Grantee'), all of Grantor's rights, title and

interests in and to the following described water rights, whose points of diversion and place of

use are located in Emery County, State of Utah:

l. Water Right No. 91-183: Certificate of Appropriation of Water No. 4592, Application

No. 20888, filed JuIy 22, L949, Water Users Claim 91-183, dated August 30, 1952,

recorded in Book C of Water Rights at Page 259 inthe office of the Emery County

Recorder, appropriating eighty thousandths second feet (.08 cfs) from Horse Canyon

Creek, at a point of diversion located South 910 feet West 1305 feet from the East %

Corner, SeCtion 4, Township 16 South, Range 14 East, SLBM, Emery County, Utalu for

the period from January 1 to December 31, inclusive, for industrial and domestic uses.

Z. Water Right No. 91-5084, to appropriate for mining and other uses 5.0 acre-feet of water

from Red-dd Spring, located at a point South 2145 feet and West 330 feet from the NE

Cornerof Section 3, Township 16 South, Range l4 East' SLBM.

Crrantor expressly reserves and retains the use of said water rights for mining and water

replaceinent purposes and reserves all other water and water rights not specifically herein

conveyed.

This instrument is executed and delivered pursuant to that certain Asset Assignment

Agreerne,lrt between the parties dated as of 2005, the terms and

"ot 
ditions of which shall survive the execution 6nd delivery of this instrument.



DATED this t3 day of .<-r, f+..n b e,<- ' 2005.

GRANTOR:

UtahAmerican Energy, [nc.

STATE OF OfI IO )

CoUNTy OF BA-Wot(

re fgrqgoing instqumell was acknowledged before me this l&^Vof STqk--,' 
K$ ,l- f- MUrfe( on behalf of UtahAmerican Energy, Inb.

D, V, tfo,/r^_ _ _
Notary Public

lo*tr tJll itlc,'t A

Earntrv;lL ,otl 4s.t,3

:  SS.

)

Residing at:



Appendix lll-1-2

Letters to Surface and Subsurface Owners



UtahAmerican Letterhead

Date

Department of Natural Resourc,es
Division of Sovereign Lands & Forestry
1594 W. North Templg Suite 3520
P.O. Box 1457Q3
Salt Lake Crt% Utah 84114-57A3

Re: Phase III Bond Release, Horee Canyon Mine' IIOGM Permit C\007\013

Dear Sirs,

In accordan@ with the requirements ofR645-301-880.120, UtahAmerican Energy, Inc. (UAE) is
notifying the surface land owners and local government body within and adjacent to the Horse
Canyon Mine of intention to seek Phase III bond release on those di$turbed lands approved for
reclamatio4 and on lands donated to the College ofEastern Utah. The land is described on the
attached public notice.

This Phase IU bond release covers 51.56 acres which was reclaimed in 1990 and 1991. Phase I
bond release was granted by the Utah Division of Oil, Gas & Mining on February 5, 1997, and
Phase II bond release was granted on April ll,2OO2.

Comments from the legal or equitable owner of record of the surface areas to be affected and
from the Federal, Utah and local govemmvrrt agarcres should be mailed to: Utah Division of Oil,
Gas and Mining Attention: Pamela Gnrbaugh-Littig Permit Supervisor, 1594 West North
Temple, Suite l2l0, P.O. Box 145801, Sdt Lake Clty, Utah 84114-5801.

If you have any questions or need additional informatiorl please do not hesitate to contact me at
(435) 637-5032 Extension724, or Pamela Grubaugh-Littig at (801) 538-5268.

Sincerely,

Jay Marshall
Project Engineer

Enclosure



UtahAmerican Letterhead

Date

Department of Natural Resources
Division of Sovereign Lands & Forestry
1594 W. North Temple, Suite 3520
P.O. Box 145703
salt Lake city, utah 84114-5703

Re: Phass rrr Bond Release, Horse Canyon Mine, DOGM Permit C\007\013

Dear Sirs,

In accordance with the requirements of R645-301-880 .120, UtahAmerican Energy, Inc. (UAE) is
notifying the surface land owners and local government body within and adjacent to the Horse
Canyon Mine of intention to seek Phase III bond release on those disturbed lands approved for
reclamatio4 and on lands donated to the College of Eastern Utah. The land is described on the
attached public notice.

This Phase III bond release covers 51.56 acres which was reclaimed in 1990 and 1991. Phase I
bond release was granted by the Utah Division of Oil, Gas & Mining on February 5, 1997, and
Phase II bond release was granted on April 11,2002,

Comments from the legal or equitable owner of record of the surface areas to be affected and
from the Federal, Utah and local government agencies should be mailed to: Utah Division of Oil,
Gas and Mining Attention: Pamela Grubaugh-LittigPermit Supervisor,1594 West North
Temple, Suite 1210, P.o. Box 145801, salt Lake citS utah 84114-5801.

If you have any questions or need additional information, please do not hesitate to contact me at
(435) 637-5032 Extension724, or Pamela Grubaugh-Littig at (801) 538-5268.

Sincerely,

Jay Marshall
Project Engineer

Enclosure



UtahAmeri can L*terhead

Date

Department of Natural Resources
Division of Sovereign Lands & Forestry
1594 W. North Templg Suite 352A
P.O. Box 145703
Salt Lake City, Utah 84114-5703

Re: Phass ITI Bond Release, Hone Canyon Mine, DOGM Permit C\00n0f3

Dear Sirs,

In accordanc,e with the requirements of R645-301-880 .120, UtattAmerican Energy, Inc. (UAE) is
notifying the surface land owners and local government body within and adjacent to the Horse
Canyon Mine of intention to seek Phase III bond release on those disturbed lands approved for
reclarnrtion, and on lands donated to the College of Eastern Utah. The land is described on the
attached public notice.

This Phase III bond release covers 51.56 acres which was reclaimed in 1990 and 1991. Phase I
bond release was granted by the Utah Division of Oil, Gas & Mining on February 5, 1997, and
Phase II bond release was granted on April 11,2002.

Comments from the legal or equitable owner of record of the surface areas to be affected and
from the Federal,lJtah and local govemment agencies should be mailed to: Utah Division of Oil,
Gas and Mining Attention: Pamela Grubaugh-Littig Permit Supervisor,1594 West North
Temple, Suite lzla, P.o. Box 145801, salt Lake CitS Utah 84114-5801.

If you have any questions or need additional information, please do not hesitate to contact me at
(435) 637-5032 Extension7}4, or Pamela Grubaugh-Littig at (801) 538-5268.

Sincerely,

Jay Marshall
Project Engineer

Enclosure



UtahAmerican Letterhead

Date

Department of Natural Resources
Division of Sovereign Lands & Forestry
1594 W. North Temple, Suite 3520
P.O. Box 145703
Salt Lake City, Utah 84114-5703

Re: Phase rII Bond Release, Horse Canyon Mine, I)OGM Permit C\00n0f3

Dear Sirs,

In accordance with the requirements of R645-301-880 .120, UtattAmerican Energy, Inc. (UAE) is
notifying the surface land owners and local government body within and adjacent to the Horse
Canyon Mine of intention to seek Phase III bond release on those disturbed lands approved for
reslamatioq and on lands donated to the College of Eastern Utah. The land is desctibed on the
attached public notice.

This Phase III bond release covers 5l .56 acres which was reclaimed in 1990 and 1991" Phase I
bond release was granted by the Utah Division of Oil, Gas & Mining on February 5, 1997, and
Phase II bond release was granted on April 11,2002.

Comments from the legal or equitable owner of record of the surface areas to be affected and
from the Federal,IJtahand local governmerfi agencies should be mailed to: Utah Division of Oil,
Gas and Mining, Attention. Pamela Grubaugh-Littig Permit Supervisor, 1594 West North
Temple, Suite l2l}, P.O. Box 145801, Salt Lake Crty, Utah 84114-5801.

If you have any questions or need additional information, please do not hesitate to contact me at
(435) 637-5032 Extension724, or Pamela Grubaugh-Littig at (801) 538-5268.

Sincerely,

Jay Marshall
Project Engineer

Enclosure



UtahAmerican Letterhead

Date

Department of Nafural Resources
Division of SovereignLands & Forestry
1594 W. North Ternple, Suite 3520
P.O. Box 145703
salt Lake city, utah 84114-5703

Re: Phase lTt Bond Release, Horse Canyon Mine, IIOGM Permit C\00n0f3

Dear Sirs,

In accordanoe with the requirements of R645-301-880.12O, UtahAmerican Energy, Inc. (UAE) is
notifying the surface land owners and local govemment body within and adjacent to the Horse
Canyon Mine of intention to seek Phase III bond release on those disturbed lands approved for
reslamation, and on lands donated to the College of Eastern Utah. The land is described on the
attached public notice.

This Phase III bond release covers 51.56 acres which was reclaimed in 1990 and 1991. Phase I
bond release was granted by the Utah Division of Oil, Gas & Mining on February 5, 1997, and
Phase II bond release was granted on April ll,2OO2.

Comments from the legal or equitable owner of record ofthe surface areas to be affected and
from the Federal, Utah and local govenrmerrt agencies should be mailed to: Utah Division of Oil,
Gas and Mining Attention: Pamela GrubaughLittig Permit Supervisor, 1594 West North
Temple, Suite 1210, P.O. Box 145801, Satt Lake Crty, Utah 84114-5801.

If you have any questions or need additional informatiorq please do not hesitate to contact me at
(435) 637-5032 Extension7} , or Pamela Grubaugh-Littig at (801) 538-5268.

Sincerely,

Jay Marshall
Project Engineer

Enclosure



UtahAmerican Letterhead

Date

Department of Natural Resources
DMsion of Sovereign Lands & Forestry
1594 W. North Temple, Suite 352A
P.O. Box 145703
sdt Lake city, utah 84114-5703

Re: Phase III Bond Release, Horse Canyon Mine, DOGM Permit C\00n013

Dear Sirs,

In accordanc€ with the requirements of R645-301-88A.120, UtahAmerican Energy, Inc. (UAE) is
noti$ing the surface land owners and local government body within and adjacent to the Horse
Canyon Mine of intention to seek Phase Itr bond release on those disturbed lands approved for
reclamatio4 and on lands donated to the College of Eastern Utah. The land is dessibed on the
attached public notice.

This Phase III bond release covers 51.56 acres which was reclaimed in 1990 and 1991. Phase I
bond release was granted by the Utah Division of Oil, Gas & Mining on February 5, 1997, and
Phase II bond release was granted on April 11,20A2.

Comments from the legal or equitable owner of record of the surface area$ to be affected and
from the Federal, Utah and local govemmerrt agencies should be mailed to: Utatr Division of Oil,
Gas and Mining Attention: Pamela Grubaugh-Littig; P€rmit Supervisor, 1594 West North
Temple, Suite 1210, P.O. Box 145801, Salt Lake Crty, Utah 84114-5801.

If you have any questions or need additional information, please do not hesitate to contact me at
(435) 637-5032 Extension7?4, or Pamela Gnrbaugh-Littig at (801) 538-5268.

Sincerely,

Jay Marshall
Project Engineer

Enclosure



Appendix lll-1-3

Public Notice



Public Notice

Application for Phase lll Bond Release
Horce Canyon frfiine

UtahArnerican Energy, lnc.
Permit CrcOTIA13, Approved 51612AA1

Emery County, Utah

Notice is hereby given that UtahAmerican Energy, lnc., 153 Highway 7 South, Powhatan Point,
Ohio 43942, with R. Jay Marshall as Resident Agent, P.O. Box 986, Prie, Lltah 84501, has filed
an application with the Utah Department of Natural Resources, Division of Oil, Gas and Mining for
a Phase lll bond release to Permit C1007/013. The Phase lll bond release is on land approved
for uses induded in the permit underthe provisions of the Utah Coal Mining and Redamation Ast
pursuantto R64$301-880 and R64$301400 of the Utah CoalPrognam Regulations. The permit
area affected is lscated in Emery County and Garbon County, Utah as follouts:

Tov'rnship 16 South, Range 14 East, $alt t-ake Base & Meridian

Section 3

Lot 1 ,2,3,5, 6, 7,8,9, 11 ,12, N2SW4SW4, SW4SE4, NW4SW4, NE4SW4, N2SE4
6r a.^ ' -  t
DE+DE+

Section.4

SE4NE4, S2SW4, S2SE4NE4, Lot 9

Section 5

S2SE4SE4

Section 8

NE4NE4

Section 9

NW4NW4, NE4NW4, NW4NE4

The bond release application is for $1 ,061 ,328 and covers a total of 74.26 acres, including areas
donated to the College of Eastem Utah that will not be reclaimed whicfr are @vered under an
approved post mine land use cfrange, and areas reclairned under Phases I and fl of the
reclamation process. The cunent reclamation bond No. 4892was previously reduced by Phase
I and Phase ll redamation activity.

Reclamation of the permitted facilities was started in 1991 , and meets the requingments of the
regulations, including stabilization of lands, rcstoration of drainages, and vegetation
establishment.



The pennit area is shown on ihe Cedar and Liia Point U.S. Geoiogicai Survey 7.*minute

Quadrangle maps.

Written @mments, oblections and reguests for an informal conferen@ on this ptoposal may be
addressed to:

Utah Coal Program
Utah Division of Oil, Gas and Mining
1594 West North Tempte, Suite Q1A
Salt Lake City, Utah 8411+5801

Closing date for submission of such comments, objecticns
conference on this proposal must be submitted by

Pubiished in the Sun Acivocaie - , and the Emery CountY
Progress -

and reguests fai' an informal



Appendix lll-14

Plates lll-2A through lll-2c
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Abstract {

A vegetation inventory was conducted on 6 revegetation sites on the Horce
Cany-on Mine property between June and August, 2003. Data were collected
regarding percent cwer, percent over by species, and woody plant density at
eain site. bata were also'collected from a reference site focated on Bureau of
Land Management property adjacent to mine property. Revegetated sites were
io*pured t6 the reference area with respect to cover and woody plant density
to ditermine similarity. Atl sites cover averages otceed the cover aveftUe for
the reference site and should be judged to have satisfactorily exceeded
minimum requirements with respect to cover. Woody plant density in all
revegetateO iites exceeded woody plant density in the reference area, Species
diversity was also higher in all rwegetated areas when compared to the
reference area,
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Introduction

In June of 2003, Dr. Mike King was contacted by UtahAmerican Energy about
conducting a vegetation survey on revegetated sites of the Horse Canyon mine site
located in-eastem CarUon and Emery counties. Meetings were held between Dr. King

and tftah American Energy and the Utah Division of Oil, Gas and Mining to discuss
and determine the scope 6f the project. Fieldwork was initiated in June and
continued through August 2003. The purpose of the study was to document
vegetation condition of a reference area and 5 representative rwegebted sites on
the Horse C,anyon Mine property. It also was conducted to fulfill the sampling
requirement for year 9 of reclamation and to substantiate that the vegetation
requirements were met for Phase II bond release.

The project was to include vegetation $ryeys of 6 revegetated sites and a refercrrce
area'es6blished in 1985 accoiding to Utah Division of Oil, Gas, and Mining @OGM)
permitting requirements. Data collection was to include percent cover, percent cover
by specie, woody plant density, and species diversity for each site' Similarity indices
w'er6 b be catcutiteO between revegetated sites and the reference area to determine
if the revegetation effofts have satisfactorily met prescribed revegetation standards
determined as part of the Horse Canyon Mine reclamation plan.

Vegetarye cover was also determined for 5 sloped areas within the revegetated sites-
Da[a from these sites is detailed in Appendix 5.

The information below includes summary and analyses of these vegetation surueys'

Materials and Methods

Six revegetation sites were selected for analysis based on previous suruey work
conducted on the mine propefi in 1995 Cfable 1). These areas were selected based
on revegetafion treatmentr'slope, aspect, and general topogrqphk similarities. The
sites corespond to reclamation treatment areas in the horse Canyon Mine
rectamation plan. The reference area,located adjacent to the Horse Canyon mine
property on 

'Bureau 
of Land Management land, was selected senreral years ago as the

;"".g"btbn plan was established. The Vegetation Surue16 werc canied out
accoiding to ine oivision of Oil, Gas and Mining (DOGM) vegehtign sampling
methodJ(feUruary 1992 Revised DOGM Vegetation Information Guidelines). Data
collected iuring the surveys were used to determine ground cover, cover by species'
and woody ptait density. A comparison of the reference areas and revegetated areas
was made to determine similarity of the 2 areas.
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Table 1. Horse Canyon Vegetation Survey Sites*

North-f;acirp sloPe

South-facing slope

Rabbitbrush treatmen$ South-facing slope

Flat topography near cizrnyon mouth11113,14

Borrow pit area

Former refrrse pile and landfill aneilL5, t7

Mature Pinon - JuniPer Woodland

* See Appendix 3 br photographs of each siE

Percent Cover

The point-intercept method was used to sample @\ter. A total of 15 - 100 ft sampling
transects were run at each revegetation site to determine percent cover, Transects
were located using coordinates setecteO from a random number table. C.oordinates
*ere pacd off an! a compass direction was selected using tfre random number bble
as well. Once transect sbrt potnt ard compass direction wene estaUished,
investigators lald out a 100 rt tup" in the appopriate direction ard then walked the
feng$-of the tape to record vegbbUon. InvestigBtors took samples at 2ft intervals
aloig the fength of the tape. A total of 50 points were recorded for each b?nsect.
Simi[r net6s wene used in ttre refererrce arrea el<cept 30 tmnsects werc run rattrer
than 15,

C.over categories included: 1) Physical Features irrcluding a) bare ground (rock or soil
material less < lZ inches in diameter), b) litter (dead plant material lying on ground

surtace), c) rock (rock rnaterial >12 inches in dianrehr), 2) CrypbbioUc Sdl, 3)
Vegebfion includihg a) shrubs b) forts and succulents (cacttrs species), c) grasses'

ani d) trees. When possible, plants wene identified to species level. Foints wene
selected by viewing he tran'siA at }foot intervals with an ocular viewing device with

cro6s hairs. When frere was an overtread canopy, vertille proiections were made

above 6ie 100 ft tape to inch.rde the hlghest level of vegetaUon in the sample.

Adequacy of sample size was determined as per DOGM guidelines (DOGM 1992); see



Tabb 2. Sample adequacy for cover was met at the 90o/o confidence lerrel with a
!}o/ochange in tfre mean as required by DOGM. Thifty transects were run in the

reference area to meet the sample adequacy of 27 and to be consistent with the
vegetation surveys conducted in year 5.

Table 2. Minimum samPle sizes

Area Cover Woody Plant
Density

Reference 27.ffi L7t.24

3 1.66 32.64

6 3.93 10.18

7 10.48 74.56

Lrlr3lLl 3.16 40.M

LslLT 6.36 25.51

16 9.36 34.67

Woody Plant DensltY

Woody plant densities were estimated using the belt transect method (DOGM t992).
A totai 6f tS - 100 ft X 10ft transects were run in each area to determine woody
plant denslty. Transects were located using coordinates selected from a random
number tabie. Coordinates were paced off and a compass direction was selected
using the random number table as well. Once transect start point and compass
direction were establishd, investigators walked the length of the transect and
recorded species of all individual shrubs rooted in each belt. Total number of plants
per acre was calculated using DOGM guidelines. Minimum sample -sizes for adequacy
langed from 10 to 171 fl'abte Z;. To keep samplirg. consistent and avold o<cessive
disturbance to sites, snrub densities were estimated using the minimum of 15
transects as was done in the year 5 Vegetation Suruey.

Similarity

Similarity of revqetated sites and the reference area with respect to species
composition was determined using the Jaccard's Community Coefficient (DOGM

7



t992).

Species DiverciU

Species diversity lists were compiled based on data collected during cover sampling.

Results

The survey was conducted during one of the driest years in recent hiSory. Annual
precipitati6n at the sunnyside cty center weather station (approximately 7 miles

nofth of HoG Canyon) dnd the Price Warehouses weather station (approximately 30

mips west of horse Canyon) was below long-term averages lor_poth sites. The
precipitation for the 2003 wbter year (Oct L,z0f/}-Sept 31,2003) yas 10.53 inches

fomdareO to the 30 year average of 13.87 inches. Similarty aJrlual precipitation for

the price Warehouses station for tne 2003 water year was 5.96 inches compared to a

25 year average of 9.3 inches (Utah Climate Center records, Utah State Universtty,
6grrt t tah).-This pattem is typical of _most regions. in Utah due to several years of

Orjrght througnou[ the state. This prolonged period of reduced moisture has no

douoJt had an 6fea on plant production anO survival throughout the state and the

eastern Utah area.

Though plant growttr was likely limited during the year, there were no signs of
disease or insfo damage and iltants generally appeared to be in good health.

SageOrush die-off as seen around the Price, Utah area was not detected. Moderate
numbers of Mormon Crickets were observed above the mine site and the revegetated

areas, but none were observed in either the reference area or revegetated areas.

All areas including the reference area had been used during the prwious year to
some degree by iivestock, C.attle sign was found in all areas, though the use was not

e><tensivd. pbnfu showed no signs of overgrazing. It is assumed that the used was
limited to the few days livestocl operators in the area moved their cattle to and from

sumrner range in the Range Creeli area. Mule deer sign was qlP obserued in all

revegetateO 
-aieas 

as wellis the reference area. Chu[ar paftridges were heard in or

near area 16 and also near area t5lt7.

Percent Cover

Reference Arca

C,over data for the Horse Canyon reference area are incfuded in Table 3 (data for

each transect are included in Appendix 1). The average vegetation cover for the



Reference area was 3z.B3olo. The vegetative component was comprised of 62.7o0lo

tre6, 32.LA"/o grassg, 3.00o/o percent shrubs, and 2.20o/o forbs and succulents (for

relative percenf vegetation for each tr:ansect see Appendix 1).

Table 3. Horce Canyon Average Cover Summaly

Afea 3

The average vegetation cover for Area 3 was 86.137o. The vegetative component was

iorprir.O-of Sd+Oolo shrubs, 7,600/o folts and succulents, and 54.00o/o grasses,

iApp"ndix 1; for relative percent vegetation for each transect also see Appendix 1'

Area 6

The average vegetation cover for Area 6 was 89.07o/o. The vegebtive component was

;;t;r"d of 3i.71o/o shrubs, 1.00o/o forbs and succulents, and 61.200/o grasses'

npp.nOix 1; for relative percent vegetation for each transect also see Appendix 1).

Area7

The average vegetation cover for Area 7 was 77.33o/o. The vegetative component was

io*ptis.O of d.S}o/o shrubs, 2.!0o/o forbs and succuleflB, and 33'50o/o grasses,

tnpp"ndix 1; for retative percent vegetaUon for each transect also see Appendix 1).

9

Cover
TyPe Ref 3 6 7 Ll.ttStr4 t5rL7 16

Shrubs 1.00 33.07 33.60 49.87 24.80 34.27 t5.73

Forbs 0.73 6.53 0.93 1.6 1.33 1.20 8.40

Grasses 10.53 46.53 fi.53 25.87 42,80 4t.87 42.t3

Trees 20.57 0 0 0 0 0 0

Total
Vegetation

32.83 86.13 89.07 77.33 72.53 77.33 66.27

Cryptobiotic 5.4 0.13 0.53 0 0.53 0 0.13

Physical
Features

60.60 t3.73 10.13 22,27 26.93 22.67 33.60



Area ll-13,14

The average vegetation cover for Area IIlI3lL4 was 72.53o/o. The vegetative
componenl was-comprised of 34.20o/o shrubs, 1.80o/o forbs and succulents, and
59.0bo/o grasses, (eppendix 1; fior relative percent vegetation for each transect also see
Appendk 1).

Area 15-17

The avercge vegetation cover for Area I5lI7 was 77.33o/o. The vegetative component
was comprised of qz.OQo/o shrubs, 1 .600/o forbs and succulents, and 54.L0o/o grasses,
(AppenOix t; for relative percent vegetation for each transect also see Appendix 1).

Area 16

The average vegetation cover for Area 16 was 66.270/o. The vegetative component was
comprisedbf Zl.7yo/o shrubs, !2.70o/o forbs and succulents, and 63'000/o grasses,
(Appendix 1; for relative percent vegetation for each transect also see Appendix 1).

In order to meet the revegetation ptan success standard , 90o/o of undisturbed reference
area, each s1e should meet or exceed 24.90o/o cover. Since all sites cover averages
exceed the minimum requirement, it should be judged that the treatments have been
satisfactory with respect to percent cover.

10



Woody Plant DensitY

Woody plant density data for the Horse Canyon rgfererrce area are included in Table 4
(data ior each transect are included in Appendix 2).

Table 4. Horse CanYon WoodY Plant
Densities

Area Average 90o/o Confidence Interual

Reference 659.21 518.17 - 800.25

3 1957.30 L687.32 - 2227.28

6 3891.36 3591.86 - 4190.86

7 5180.74 4101.85 - 6295.63

rLlL3l14 L77r.4t 1501.08 - 204L.74

rslrT 2625.22 2305.44 - 2945.00

16 2983.67 2474.20 - 3293.t4

Revegetated
Areas
Average 2709.U 2080.13 - 3339.55

Refercne Atea'

The Reference area was the least populated area with respect to woody plants.
Including tree species, stems/acre ranged from 87.!?to 1132.56, with an average of
659.21 (gOVo confidence intervals are also listed in Table 4). The most predominant
woody i6n6 in the Reference anea were Snakeweed (Gutienezia srothne- 363
stems/dcre, 55,1olo) and Utah Juniper (Juniperus ostaspernn- 246 stems/acre,
37.3olo).

Atea 3.

Area 3 had an average stems/acre of 1957.30 (90olo confidence interyals are listed in
Table 4). Individual transect values ranged from 1219.68 '3441,24. The site was
dominateO Uy Sagebru sh (Artemisia tridentata - 676.63 stems/acre, 34.60/o), Four Wng
Saftbush (Arylex anffiens- 662.11 stemslacre,33.8olo), and Douglas Rabbltbrusft
(Orystha m n us uisidiflorus - 482. 06 stems/acre, 24.60/o).

l l



Area 6.

Area 6 had an average stems/acre of 3891.35 (95o/o confidence interyals are listed in

iabfe 4). Individual fransect values ranged frorn 2744.28 - 4922.28. The site was

dominaleO nV Sagebru sh (Artemisia tridentab - 1655.28 stems/acre, 42.5o/o), fuur Wng

Saftbush (Arytex cansins- L228.39 stems/acrc, 31.6%), and Douglas Rabbitbrush
(Ch rystha m h us uisid iflorus - 537 .24 stems/acr€, 1 3 . 8o/o ) .

Area 7,

Area 7 hadan average stems/acre of 5180 .74 (95o/o confidence interuals are listed in

Table 4). Individual transect values ranged from]_81_3.08 - 11369.16. The site was

dominated bt Sagebrustr (Artemisia tridentab - 3746.L6 $ems/acre, 72.3o/o) and Four

Wing Saltbush (ifuts anffiens- 816.02 stems/acFg, 15.8olo).

Area 7tt73tt4,

Area LLtL3tI4 had an avenge stems/acre of I77L.44 (95o/o cg$dgnce interuals are
fisted in Table 4). Individual transect values ranged from 261.36 - 248,2.92. The site was

dominated by SigeOrush (Artemisia tridentab- 418.18 stems/acre, 23.60/o) and Four

Wing Saltbuih (itrlpts canffiens - L097.71 stems/acre, 62,00/o).

Arca t5tt7.

Area LS1LT had an average stems/acre of 2625.22 (95a/o confidence interyals are listed

in Table4). Individual transect values ranged from 1873.08 - 4181'76. The site was

dominat"d UV Sagebru*r (Artemisia tridentab - 1193.t4 stems/acre, 45.5olo) and Four

W6g SanUustr (iniptetr anffirs- 1013.50 stems/acre, 38.60lo).

Area 76

Area 16 had an average stems/acre of 2883 .57 (95o/o confldence interuals are listed in

iaUie 4). Individual transect values ranged from 14_1_8.04 ' 409t+.64- The site was

dominaleO Uy Sagebru sh (Artemisia trdentata - 1405.54 *ems/acre, 48.7o/o) and Four

Wing Saftbush (itriipts anffiens- 958.32 stems/acre, 33.2o/o).

Average of all Treafrnent Arcas

An average was calculated combining data for all treatment areas. The average woody

flant steilrs/acre when considering all treatrnent areas was 2799.U. Calculation of a

t2



90o/o confidence interval indicates that we cin be 90o/o confident that the acutal mean of

ine population lies between 2080.13 - 3339.55 stems/acl1e.

With respect to woody plant density, only 2 sites clearly exceeded the standard of 3000

stemslacre established in the revegetation plan for the Horse Canyon area. Area 6

i3Caf .S6) and Area 7 (5180 .74) clearly exceeded the 3000 stems/acre standard. Area

ISILT and Area 16 were relafivlfi cbde to the standard with 90o/o confidence that the

actual mean falls betwee n 2325.22-2945.00 and 2474.2V3293.14 respectively- Areas 3

(rgsz,go) and IIlI3lI4 (I77L41) both have aveBges below 2000. However, when

iompareO to the heferente area (-gSg.Zr), even area_s 3 and ILlL3lL4 f-ar o<ceed the

undisturbed site with respect to woody piants/acne. Given these data, the woody plant

density treatments shoutb Oe characterized as relatively successful.

Species Diversity

Lists of species for the Reference area and each of the revegetation sites is listed in

Table 5. All comparisons show more total species in each of the revegetated sites than in

the Referience ar@.

Table 5. Species Usts for Horse Canyon Inventory Area

Species

siE

Ref. 3 6 7 LL,
13r14

tsl
L7

16

Shrub

Artemisia IPtn x x

Artemisia ti&nhh x x x x x x

Atiple"v atw@rs x x x x x x

Attplec onfertidfti x x x

CentoiB lamd x x x x

Chryaotln mnts IE tBffi t'E x x x x x x

Qt qaotln mnrc viscidifluts x x x x x x

C.owania mauiarn x x

EpMn virrtdb x

Gutienvia nrothtre x x

Sar@baAE rcrmhlafis x x

t3



Forbs & SuailenE

Edt i rre. re rc trig ldt idiafi -s x

MdiagosM x x x x x x

Meliotts officirnlls x x x x

Perstenpn Plmsi x x x x

Euplnrbia fendlsi x x x

gsymbrium altissimum x x

Splnenkia reirw x x

Grasscs

Agrcpyron cishtum x x x x x

Agropyron smithil x x x x

Agropyron sPiatum x x x x x x

Brcrnw inqtnb x x x

Bromrc japnia.s x x x x

Brcmw tttmtm x x x x x x x

Elymts circras x x x x

Elymw gigantits x x x x

Elymrc slinrc x x x x x x

Hilaria jameii x

Oryzopsis hYrcrciB x x x x x x

glbnion hystix x x x x x

Stip onPE x x x

Vulpia ffiflffi x x x x

Trs

Junipns ostrcPrnn x

Pinw dul6 x

Tobl Spciu in adt anea t2 16 2l t7 23 20 14



Also in each revegetation site there were more species with greater than 57o cov€r than

in the Reference area. The Reference area had a total of 12 species with 2 species, Utah

iuniper (I7o/o)anO Salina wild rye (7%), with percent cover greater than 5o/o. Only 2
-sprcier- 

I tre and I gns, excedd 5oh'

Area 3 had a total of 15 species with 5 species, Bluebunch wheatgrass (29.2Vo),

Fourwing saltbush (l3.3oto), Big sagebrush (13.3%), Basin wild rye (7.rY)tary Douglas

rabbitbrusn (Li %i,with percent cover greater than 5o/o. Five sprcia, 3 shrubs and 2

gras#, excdd 5o/o,

Area 6 had a total of 21 species with 5 species, Cheat grass (27-I.o/o), Bluebu.ng

wneatgrass (22.9o/o), Fourwing saltbush (18.9olo), eig sage!rush (9.9olo), and Douglas

,joOitSrush ts.iv"1, with percent cover greatgl tnan 5o/o. five speci6, 3 shrubs and 2

i** @ni of thi gnsfu was the undsinble Ctteat gras) a<cMd 5o/o.

Area I hada total of t7 species with 4 species, Cheat grass (?2.tW, Blue9unch

*n*tgrass (Z2.Ao/o), Fourwing saltbush 
- 
(I2.4o/9,. and Big sagebrush (24.9o/o), *ith

percent .ou.igreater than 5oA. Four sp*ia, 2 sltrubs and 2 grasw (one of the
gras# was tie undsinble Cheat gns) esrcdd 5o/o'

Area LLlL3lI4 had a total of Z3species with 4 species, Cheat grass (15.7_0!?)-, Bluebunch

*;,g3tgia*i (Z0.Bo/o), Fourwing saltbush (L4.loh)r_and Big sagebrush (S.V/o)r_*ffi
percent .o*igreaidt than 5o/o. Four sprcia, 2 shrubs and 2 grasw (one of the
graffi was tie undsinbte Cheat gns) excdd 596.

Area ISILT had a total of 20 species with 4 spqcie, Cheat grass (19.1%), Bluebunch

wheatgrass (18.9olo), Fourwin! satbush (l4.lo/o),.and B'19 sgebruslr (15.1olo), with

percent .o*ii greater than 5o/o. Four specia, 2 shrubs and 2 gras#s (one of the
gras# was tie undsinbte Chat grass) et<cffid joh.

Area 1G had a total of 14 species with 4 species, Cheat grass (6:I%), Bluebunch
wheatgrass (28.5olo), tuurwing saltbush (5.60lo), ang Alfatrb (6.70/o), with Pelcent cover
gr"atd than 5o/o. F6ur species, 1 shrub, 2 ggsses (one of the graffi was the
-undesircbte 

Crat gns), and t forb (alfalfa), exceeded 5olo.

Species diversity with re@ to percent cover by species is recorded in Table 6 for eadt

site.
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Table 6. SPecIs DivercitY Tables

Referene Area (12 btal sPecies) Area 3 (16 total sPecies)

Species (t)6 cover) Spedes (96 cover)

> 2096 > 2(n6 &rwyrvT#dxrt (82)

10 - 2$6 JniWz.s @na (f7.0) 10 - zn6 Atipbrams(13.3)

ArWniia uiffiE (13.3)

5 - 1 0 % Etyns dins (7.0) 5 - 1 0 9 6 Eyne cineas (7.1)

Arysfiannswffiifutte
5.1)

1 - 5 % hlns d.lE (4.0) 1 -  5 % &um.s ffiuttn (11)

&otnts ffitttn (20) aqdiW#via(3.5)

Gutiqezia sdtrre (1.0) lHktd.s fficiandis (1.6)

Hilaiafrrmeii (1.0) &rryron oisaan fl.s)

Waarcirw(r.0) Wurw,srEil,lstffirs
(1.2)

9ffinMrt((1.1)

< 1 % vdpia ffim (0.3) < 19,5 Ornryis lVnwtctB (0.9)

Effinri{E(0.2) Wtwrplnsi(0.e)

aMnfsl(tui(0.1) evnwJWias (0.3)

tuaria nedam (0.1) Eymu dins (0.3)

&tnwete tigldicliaEs
(0.1)

vdpia ffinra @.1)



Table 6. Species Diversity Tables (ottt.)

Area 6 (21 to

> 2 0 %

t0'zffio

-
s - 1 0 %

tal species).
Species (96 cover)

Bromrs tutuTn, (27.1)
-

AEWynn giatun (22.9)

Atiplan a nmzs (124)

AtffitTisia ffiHAA P.9)

Area 7 (17 A

> zffio

10 - 2$6

s - 1 0 %

rtal species)

Species (% over)

, Atenlsia tiffib (21,9)

I eonil.G ffinm (220)| |

Atiplsaws(18.9)

Onmnanns vix*il:nms
(5.s)

1 - 5 % Arwnri,a now (1.9) 1 - 5 % Wnnnsvixftilnm.e
(4.0)

@atoiB laTab (1.6) egrwyrw, qrtdfi, (2.0)

Artctnisia mn (1,1)

< 196 Hymte cinaets (O8) < 196 Stip ornaa (0.9)

Ornqrts hytrwpiB (0.7) Elymts slints (0.7)

Wpnnsna.ffiE
(0s)

gsynrtuium afisina.m (0.5)

Wmon4nqi (0.4) tvtafrqo stiw (0.5)

Elym6 gigfrits (0.3) #mnAamitw(0.3)

Eymrc dins (0.3) @waria nqiau (03)

gaim t@ix(O3) Oyzryils lrynwniB(Os)

gsymbrimt aas-np (O3) Gaimezb sotfua (0.1)

eoncJryrias (0.1) Mstsrpn Ftnsi (0.1)

&onrc irwmis (0.1) Ovy*nnns na'a#G
(0.1)

Agnpwn ohdtwn (0.1) AgWmn snithii (0.1)

Agtwtrtu snitli (0.1)

r'Mry stvia (0.1)

I'Hidt6 frtcietd6 (0.1)



Table 6. Species Diversity Tabls (conL)

Area LSlt7 (2O btal sPecies)Area tUASlt.4 (23 total sPecies)



Table 6. SPecIes Diversity Tables (onQ

Area 16 (14 btal sPecies)

SPedes (t)b over)

> 20% AgWron qiadrn @.5)

10 - 2096

5 - 1 0 % lMqp #via (6.7)

&ornts ffinm (6.5)

AtiWarws(5.6)

1 -  5 % Afturiria tiffiE (4.7)

Orydnnnsna.ffi'6
(1,6)

Eyrn6 giwntiw (1.2)

Abiplq atffi'folia (1.1)

< 1 % Wunon Nn qi (0.4)

@nnncvisidftutis
(0.1)

@;Blanb(0.1)

Ornqls nynnqPtB (0-t)

AgtWytot otsAh.m Q,1)

g@tm wix(0.1)

Targets for revegetated areas were to have 3 strrubs, 2 grasses,_and 1 forb wiBt o/o

cover above So/o.These targets are not reachd with respect to forbs in any area with

the exception of Area 15. H-owever, the forb which exceedd 5olo cov€r was alfaft, paft

of the revegetation seed mixture, but not a native species and probably should not be

considered.

Similaritv

Comparisons of similarity made between the Refercnce area and revegetated sites

indicates that there are only minor similarities between the revegetated sites and the

Reference area fl-able 21. Similarity coefficients ranged from 4.0 to 20.8' Similarity is

strong when values apprcnch 100. Given the revegetation treatments, it is not surprising

l9



that the areas are dissimilar with respect to species'

Table 7. Similarif Comparisons - CoYer

Number of SPecia
Common to bo$l

Number of SPecies
in Revegetation Site

Number of
Species in
Reference Area

Areas were also different with respect to overall vegetation cover. In each instance, tlre

,"u.g.t ted areas were more densely veggtalq lhT the reference area. The average

percent cover for the Reference area wal 32.83o/o. Percent vegetatiOn COver for the

revegetation sites ranged from 66.270/o to 89.07o/o (Table 3).
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Appendix 1

Percent Cover Data
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Reference Area Cover Data
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Area 3 Cover Data
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Appendix 2

Woody Plant Density Data



Horse Canyon Woody Plant Density Comparisons

Site Average Plants Per Acre SL Deviation

Referenqe Area 659.21 332.10

Area 3 1957.30 634.98

Area 6 3891.36 705.2L

Area7 5180.74 2540.36

Area I,LlLglI4 t77t.44 636.52

Area I,SILT 2626.22 , 752.95

Area 16 2883.67 964.13
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Appendix 3

Diversity and SimilaritY Data



Horse Canyon Similarity Comparisons - Reference Area & Arca 3

Refercne Arc! Aru! 3

Spcdc3 Frcquency
(pcr 30
tr.trcctt)

96 CwGr
(per 15OO
polntr)

Spcdc. Frcquenq (por
15 tranacctr)

% Covcr (pcr
75O polnB)

Junlpcr 26 t,7.o tunlpq o o.o

Sallna wlld rlc 24 7.O Sallna wtld ryc 2 0.3

Plnyott 13 4.O Plnyon o 0.0

Chcat grr 5 zo Chcat gra$ t 4.1

Globc mallow 3 1.O Globe mallow o o.o

Snakc wcGd 9 1,O Snake wccd o 0.0

Gallcla 8 1.O Gallcta o o.o

Sb( rrucck3
fiescuc

4 0.3 Slx wccLl
fbccuc

1
,

0.1

Ephcdra 3 o.2 Ephcdra o o.o

Pnrplc 2 o.1 Prrrplc o 0.o

Gllllfm 1 o.1 Gllftrocc o 0,o

Hedgetrcg
caclur

I o.l Hedgelrog
cachr

o o.o

Similarity ComParison

Refercncc Arca: 12 sPedcs (A)

Arct 3: 16 cpedcs (B)

@mnron cpeder: 3 (C)

Iaccardt Communfi Cofidcnts

S =  c r ( A + B - c )

S =  3 l ( r 2 + 1 6 - 3 )

g = 12.0

Bluebundr
wheatgras

t4 8.2

Fourwlry 15 13.3

SagebruCl 15 13,3

BaCn wlH ryc ill 7.1

Douglr
rabbltbrurh

10 5.1

Alt!lli! 9 3,5

Yellownffi
dovcr

6 1,6

Cne#d
wheatgrar

3 1.5

Squlrcltaill 5 1.1

Indlan de
gr.ss

6 0.9

Palmcr
peffitsmon

4 oa

Japanesc bromc I o,3

Bl9 rabbltbnch 6 1.2
ll
ll 16 total species; 5 species >5t)6



Horse canyon similarity comparisons - Reference Area & Arca 6

Refercne Arua Arct 6

Spedcl Frcqucttst
(;rcr30
ttllrcctr)

96 Cottcr
(per 15OO
polntr)

Spcdc. Fnequency (Pcr
15 tlansectr)

t)6 CoYcr(pcr
750 polntr)

tunlpcr 26 t7,o lunlpcr o o.o

Sallna wlld ryc A 7.O Sallna wlld rfc 1 o3

Plnyott 13 {.o Plnyon o o.o

Chcat grt33 5 2.O Chert gtttc 15 2r.l

Globe mallow 3 1.0 Globe mallow o o.o

grake wced 9 1.0 Snake uucGd o o.o

Galleta 8 1.O Gallcta o o.o

S[x uteclc
fescrrc

4 03 Sh reckr
fescuc

o
t

o.o

Ephcdla 3 0.2 Ephedta o o.o

Purplc 2 o.l tur"lc o o,o

Gllfftrocc 1 o.1 Cllffnorc o o.o

Hedgelng
Gaclil3

I 0.1 Hedgelrcg
cacur

o o.o

SlmllarltY ComParlsott

Refiercncc Arca: 12 rPedcs (A)

Arc! 6: 21 spedcs (B)

l--*n 

sPedes: 2 (c)

1 taocard'r ClmmunltY Coficient

l t=  c r (A+B'c)

l r= 
zt$2+21'2)

ll' 
= '''o

il
I
il
il
il
tl
il

Bluebundt
wheatgraro

15 2z;9

Fourullf ta LzA

Sagebru*t 13 9.9

Dong|aa
mbbltbnrrilr

9 5.5

Winterfat 8 1,6

Basln wlld ryc 3 oa

Alfalfi 1 o.1

Yellow Jwctt
doucr

1 o.1

Cresbd
wheatgrerc

1 o,1

Squlrreltall 1 o.3

Indlan de
gra33

2 o.,

Palmer
penstetmn

I OA

lapanese bromc I o.1

Smooilt bromc I o.1

Bl9 rabbttbruCr 3 0.5

Westem uthcat
graJs

1 o.1

Tumble murtald t o3

Blad( sagebruCr 3 1,9



I
. t

ll rz rotal spece$ z speaes >sq6 @ucr lll 2l Total spedes, 5 spedca >5% ffi ll



Horse Canyon Similarity Comparisons - Reference Area & Area 7

Reference Arca Nen7

Species Frcquency
(per 3O
transects)

o/o Cover
(per 15OO
points)

Speciee Frcquency
(per 15
transects)

o/o Cover
(per 75O
points)

tunlpcr 26 lr.o Junlpcr o o.o

Sallna wlld rYc A 7.O Sallna wlld ryc 1 o.7

Plnyon fft 4.0 Pinyon o o,0

Cheat gracs 5 zo Chcat gn33 15 2z;O

Globe mallow 3 1.O Globe mallow 2 o.3

Snake wced 9 !.0 Snake uuecd 1 o.1

Gallcta t 1,0 Gallcta 0 o.o

Sh wcclc
feecuc

4 0.3 SlxwGGb
ftccnc

o 0.0

Ephedra 3 0.2 Ephedra o o.o

turplc 2 o.1 Purplc o o.o

Olltocc 1 0.1 Cllfftroco 2 o3

Hc.lgchog
cadr

1 o.1 Hedgchog
caclu

o o.o

Similari$ ComParison

Rcferene Arca: 12 sPedec (A)

Aroa 7: 17 spcdcc (B)

Common sPedes: 5 (C)

laocardt CommunltY CofidqtG

g =  C l (  + B ' C )

g -  S l $ 2 + 1 7 ' 5 )

S = 2030

Bluebundt
wheatgras

15 LO

Foultlng 15 18.9

Sagebrudt 15 a.9

Douglar
mbbltbnrCt

t2 4.t

41fi!lfr 3 0.5

lleedle and
Thrcad

4 o.9

Indian de
grasc

2 o3

Palmcr
penstemon

1 o.l

Big rabbltbrudt I o.1

Wesbrn uthctt
gras

1 o.1

Tumble murtatd 4 0.5

Bladr sagpbruCt 4 1,1

12Total species; 2 sPecies >Stlb over 17 Total species; 3 species >srYo oover



Horce Canyon Simllarity Comparisons - Reference Area & Area LVt,glt4

Referene Arca Area t,LllSlt.4

Species Frcquency
(per 3O
transects)

96 Cover
(per 15OO
points)

Species Frcquency
(per 15
transects)

o6 Gover
(per 75O
points)

lunlpcr 26 t,7.o Junlper 0 0.0

Sallna wlld ryc A 7.O Sallna wlld ryc 2 OA

Plnyon 13 {.o Plnyon o o,0

Cheat gra$ 5 2.O Cheat graro 13 a5.7

Globc mallow 3 1.0 Globe mallow o o.0

grake wccd 9 1.0 Snake uuccd o o.0

Gallcta 8 1.O Galleta 0 0.0

Sb( tircelc3
fe*uc

a 0.3 Slx ureekr
fescuc

o 0,0

Ephedn 3 0.2 Ephedra o o.0

turplc 2 o.l Purplc I 0.1

Olftotc I 0.1 Olfhorc o 0.o

Hedgcttog
cadill

1 0.1 Hedgehog
caclrr

o o.0

Similarity Comparison

Refierene Arca: 12 rPeder (A)

ArGa l1/13lt1t 23 rPcdcc (B)

Common c@er: 3 (C)

Jaordt CommunltY Cocffr dcnts

g =  C / ( A + B - G )

g -  3 t ( L z + 2 3 ' 3 )

S = 9 , 4

Bluebundt
wheatgrass

15 204

Fourwlng 13 14.1

SagebruCt L2 5.7

Douglrs
rabbltbruCt

5 1.6

Wintertr 5 o.7

Alf!ltt I o3

Needlc and
Thrcad

t OA

Indlan de
grlrs

6 13

Shadscalc 3 t.7

Big rabbitbrudr 6 24

Greasenrood 2 1,6

GresGd
wheatgras

2 o.7

BaCn wild rlc 3 o.7

Wesbnr
wheatgn c

3 0.5

Glant rye grtsc 3 0,5

Squlrrel tall 2 0.5

Sb( wcc|lf
fteorG

2 0,3



Smoodr bromc 1 o.1

Japanece bromc I 0.1

Yellow nvcct
dovcr

t 0.1

I l
12Total specieq 2 spedes >5q6 @vcr lll 2!t Total species;4 species >sq/o covel



Horse Canyon Similarity Comparisons - Reference Area & Area t,5lt,7

Referene Area Area LSILT

Spedes Frcquenca
(per 3O
transects)

o/o Cover
(per 15OO
points)

Species Frcquency
(per 15
transects)

orb Cover (per
75O points)

tunlpcr 26 t7.o lunlpcr o o,0

Sallna wlld rlc 2a 7.O Sallna wlld ryc 1 0.5

Plnyon t3 {.o Plnyon o o.0

Gheat gra$ 5 2.0 Cheat gralr ut 19.1

Globe mallow 3 !.0 Globc mallow 1 o.l

Snake ur€Gd 9 1.O Snake wcql 1 o.l

Galhta 8 1.O Gallct! o 0.0

Slx weclg
feccuc

4 0.3 9x wcclc
ficrorc

t O o,0

Ephcdn 3 0.2 Ephcdra o o,0

Purplc 2 o.1 Purplc o o.0

CllfFnocc 1 0.1 Olfrocc o o.o

Hedgchog
cactrt

1 0.1 Hcrlstchog
cacbr

o o.0

Similarity ComParison

Refiercne Arca: 12 r*tcdes (A)

Arct 15rU: 20 tPcdcr (B)

Common sPedes: 4 (C)

laccardf Communfi Co€ffi dcnG

g =  C / ( A + B - C )

l "=  
4 l (Lz+20- . )

I S = 14.3O

Bluebundt
wheatgrs

15 18.9

Fourwlng 15 14.1

Sagebrudr 15 15.1

Douglr3
rabbltbrudt

I o.1

Wlnbrffi 2 o.4

Alfllfir 4 o.7

lleedh and
Thruld

2 0.9

Indlan rie gns 3 o3

Shadscah 3 o.4

Bl9 rabblttruCr 5 1.1

Greaseuood 7 2.1

BaCn wild ryc 4 o.7

Wesbnt
wheatgrc

2 o.3

Yellow sttc€t
dovcr

3 o.4

Smoodr brune I o.1

lapanese brunc 2 o3

12 Total species; 2 species >5q6 cqFr 20 Total spedes;4 sPetfes >59b ooucr



Horse Canyon Similarity Comparisons - Refenence Area & Area t6

Referene Area Area 16

Spedes Frcquenca
(per 3O
transects)

o/o Gover
(per 1500
points)

Species Frcquencly
(per 15
transects)

o/o Cover (per
750 points)

Junlpcr 2S t,7.o tunlpcr o o.o

Sallna wlld rlc A 7.O Salina wlld ryc o o.o

Plnyon t3 4.O Plnyon o o.0

Chcat grasc 5 2.O Chcat gr!.c 9 6.5

Globe mallow 3 1.0 Globe mallow o o.o

Snake weed 9 1.O Snake nccd o o.0

Galleta t 1.O Galleta o o.0

Slx weeks fescuc 4 0.3 Slx weclrr
fie*uc

t O o.0

Ephedn 3 0.2 Ephcdra o o.o

Purptc 2 0.1 Purplc o o.0

Olfhocc 1 0.1 Olftosc o o.0

Hedgehog cactrs 1 o.1 Hedgeltog
clc|rrl

o o.0

Similarity ComParison

Refercne Arcal 12 cPeder (A)

Arca 16: 14 rpctics (B)

Common spede* 1(C)

Jaerd's CommunltY Cofi dclrt

g =  C / (  + l ' G )

S =  r l $ 2 + 1 4 ' 1 )

g = 4,0O

Blucbundt
wheatgl'lacc

13 28.5

Fourwlng 9 5.6

Sagebruft 8 4.7

Douglrl
nbbltbneCt

1 o.1

Wlnterftt 1 o.1

Affa|f! 10 6.'

Palmcr
pensEmon

I OA

Indlan de gru I o.1

Shadscalc 5 1.1

Big rabbltbrudt 7 1.6

Gtesbd
whcatgras

1 o.1

Glant 1Te gr,la$ 2 L.2

Squlrrtil tall I 0.1

12 Total species; 2 sPedes >5q6 coYq
tr
ll fl Total species; c species >596 wer



Appendix 4

Site PhotograPhs



Area 3



Area 6



Area 7



Area LLlLSl L4



Area 16



Area LslL7



Appendix 5

Sloped Areas Cover Data



Slopes Cover

UtahAmerican Energy asked for a suruey of percent cover for 5 sloped areas on
the Horse Canyon Mine propefi. The 5 suruey areas were 1) sloped areas around
the portal area (Poftal Slopes Area) , 2) sloped areas on the north-facing slope
above the mine buildings (Area 3 Slopes Area) , 3),sloped areas immediately
adjacent to the fence on the south side of the mine buildings (Fence Slopes Area)
4) sloped areas surrounding the magazine area (Magazine Slopes Area), and 5)
sloped areas adjacent and just north of the pond area (Pond Sfopes Area).

A minimum of 3 transects were run at each site, and when sufficient space was
available, a maximum of 5 transects were run. Fifly points were coflected from
each 100 foot transect. Transects were not located randomly because of the
restrictively small size of the sloped areas. Data for percent cover for each area
are summarized in the tables and data sheets that follow. These data include
vegetation category and species for each transect at each site.

Poftal Slopes Area

In the portal slopes area, 5 transects were run. Average percent cover of all
vegetation in the area was 64.80 percent. Dominant vegetative type at the site
was shrubsi 4L.20o/o, followed by grasses; 23.60 o/o.

Area 3 Slopes Area

In the Area 3 slopes area, 5 transects were run. Average percent cover of all
vegetation in the area was 63.60 percent. Dominant vegetative type at the site
was grasses; 28.80o/o, followed by shrubs; 27.20o/o)-

Fence Slopes Area

In the Fence slopes area, 3 transects were run. Average percent cover of all
vegetation in the area was 56.67 percent. Dominant vegetative type at the site
was grasses; 24.00o/o, followed by forbs; 19.33o/o, and shrubs; 13.33olo)'

Magazine Slopes Area

In the Magazine sfopes area, 5 transects were run. Average percent cover of all



vegetation in the area was 60.40 percent. Dominant vegetative type at the site
was shrubs; 38.00o/o, followed by grasses; 20'80o/o).

Pond Slopes Area

In the pond slopes area, 4 transects were run. Average percent cover of all
vegetation in the area was 57.00 percent. Dominant vegetative type at the site
was grasses; 27.5Ao/o, followed by shrubs; 26.00o/o).

Vegetation in these sloped areas appeared to be in god condition, with no signs
of disease, insect damage or overgrazing. Though total vegetative cover in the
sfoped areas (range 57.00o/o to 64.80o/o) is less than the revegetated areas (range
66.2loto to 89.07o/o), the is overlap between the two. In all cases, the sloped sites
were more densely vegetated than the Horse Canyon reference area which had
an average vegetative cover of 33'47o/o.

There are more areas of bare ground in the sloped areas than are present in the
revegetation study areas, but no signs of excessive erosion were obseryed. In
general, the sloped areas appear to have satisfactory levels of vegetation.



Slopos Co\r€r Dfi

Ar€ 3 Slopc
Tlansect Number

Percgrnt
Cotr€r 1.00 2.m 3.m 4.m 5.00 Awrage SU. DEY.

Shnto 46.(x) 50.m 48.m 2..@ 40.@ 41.n 11.91

Forbs 0.00 2.U 0.m 0.00 0.00 0.40 0.89

Grrcc 16.m n.fi 2U 28.00 24.6 73.6 4.98

Trs 0.m 0.m 0.00 0.00 12.W 2.4 5.97

Trrtal Vao#itn 62.m 80.m 68.00 50.m 64.00 er.80 10.83

Crvpbbbtb 0.00 0.m o.00 0.(x) 0.00 0.m 0.m
Tc/tal Physical FeatnPs 38.m 20.m s2.n 50.00 36.(x) 35.201 10.83

Buildino Slopes Dd
fransect Number

Porcant
Co\ror 1.m 2.fi 3.m 4.m 5.00 Avenage S6. Dev.

Shnt* 32.00 14.00 40.m g2.u 18.m 27.n 10.83

Forbs 2.W 12.@ 10.m 14.m o.m 7.dl 6.n
Grasses 38.m 34.m 6.m 18.m 48.m 28.8u 16.71

Trees 0.00 0.00 0.m 0.m 0.m 0.m o.w
TotalVegstatbn 72.& 60.00 56.m 64.m 66.m 6[].60 6.07

Crvtuttulb 0.00 0.00 o.m 0.m 0.m 0.m o.w
TClPhysi€l Featrc n.@ 40,00 4.U 36.m 34.m 36.40 6.07

Fence Slopes Data
fransec-t Number

Percent
Covcr 1.m 2.N 3.m Averagp SU. Dw.

Shnng 8.00 z,fi 10.m 13.33 7.n
Forbs 34.00 2.m 2..U 19.33 16.'.17

Grassc 12.m 36.m 24.6 24.fi 12.N

Trec o.q 0.00 o.m 0.00 0.m
TClVesdtim 54.m q).00 56.m s6.67 3.tr
Cruotobkrtb 0.m 0.m o.m 0.00 0.m
TGI Phvsical Featres 46.m 40.00 4.n 4{f.33 3.06



Maoazine Sktpe Dd
Transct Number

Percent
Cotrgr 1.m 2.6 3.00 4.m 5.00 Averaoe Sd. DE\r.

ShnFs 38.00 50.m 40.m 12-fi 20.m 38.m 11.(F

Forbs 0.00 0.00 2.n 0.m 0.m 0.40 0.89

Grassc n.fr 2..N 38.m 4.m 12.U 20.9) 13.31

Tre6 0.m 0,m 0.m 0.m 6.m 1.n 2.68

T@lVes€tatitn 66.m 72.ffi 80.m 46.m 38.m d).40 17.74

Crvfrtiotb 0.00 0.m o.m 0.m 4.m 0.9) 1.79

fGl Phvsical Feat rBs 34.00 28.m 20.m an.m 58.m 38.80 16.53

Pond Slopc Dfi
Inansect Number

Percent
Co\pr 1.m 2@ 3.m 4.m Average 56. Dw.

Shrubs 26.00 26.00 32.m 20.m 26.00 4.90

Forbs 2.@ 6.00 2.n 0.m 2.ffi 2.52
Grassc 14.(n 40.m 20.m 36.m 27.il 12.8

Trs 0.m 4.m o.m 0.00 1.m 2.6
TGlVeg€ffiion 42.fi 76.m 3l.m 56.m 57.m 14.(B

Crvptotiotb 0.m 0.m o.00 4.m 1.m 2.6
fGl Physbal Featrc 58.m 24.@ 46.00 40.00 42.U 14.14



Poftal Slopes Cover Data













Area 3 Slopes Cover Data













Fence Slopes Cover Data









Magazine Slopes Cover Data













Pond Slopes Cover Data











Appendix lll-1-5

Horse Canyon Vegetation Survey 2OO4



Horce Canyon Vegetation Suruey - 2OO4

Submitted by
Mike King, Ph,D.

to
July3O, 2005



Abstract

A vegetation inventory was conducted on 6 revegetation sites on the Horse
Canybn Mine property between June and August, 2004. Data were collected
regarding percent cover, percent cover by species, and woody plant density at
ealn site. Data were also collected from a reference site located on Bureau of
Land Management propefi adjacent to mine propefi. Revegetated sites were
compared to the reference area with respect to cover and woody plant density
to determine similarity. All sites cover averages exceed the cover average for
the reference site and should be judged to have satisfactorily exceeded
minimum requirements with respect to cover. Woody plant density in all
revegetated sites exceeded woody plant density in the reference area. Species
diversity was also higher in all revegetated areas when compared to the
reference area. Life form similarity comparisons indicated that in almost every
case, the revegetated areas exceeded the 70o/o standard with respect to
percent cover.
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Introduction

In June of 2004, fieldwork was initiated and continued through August 2004 to
document vegetation condition of a reference area and 6 representative revegetated
sites on the Horse Canyon Mine propefi. It also was conducted to fulfill the sampling
requirement for year 10 of reclamation and to substantiate that the vegetation
requirements were met for Phase II bond release.

The project included vegetation surveys of 6 revegetated sites and a reference area
established in 1985 according to Utah Division of Oil, Gas, and Mining (DOGM)
permitting requirements. Data collection included percent cover, percent cover by
species, woody plant density, and species diversity for each site. Similarity indices
were to be calculated between revegetated sites and the reference area to determine
if the revegetation efforts have satisfactorily met prescribed revegetation standards
determined as paft of the Horse Canyon Mine reclamation plan.

The information below includes summary and analyses of these vegetation surueys.

Materials and Methods

Six revegetation sites were selected for analysis based on previous survey work
conducted on the mine property in 1995 (Table 1). These areas were selected based
on revegetation treatment, slope, aspect, and general topographic similarities. The
sites correspond to reclamation treatment areas in the horse Canyon Mine
reclamation plan. The reference area, located adjacent to the Horse Canyon mine
propefi on Bureau of Land Management land, was selected several years ago as the
revegetation plan was established. The Vegetation Surueys were carried out
according to the Division of Oil, Gas and Mining (DOGM) vegetation sampling
methods (February 1992 Revised DOGM Vegetation Information Guidelines). Data
collected during the surueys were used to determine ground cover, cover by species,
and woody ptant density. A comparison of the reference areas and revegetated areas
was made to determine similarity of the 2 areas.



Table 1. Horse Canyon Vegetation Suruey Sites*

Site Number Description

3 North-facing slope

6 South-facing slope

7 Rabbitbrush treatment; South-facing slope

tL,t3,L4 Flat topography near canyon mouth

16 Borrow pit area

15,L7 Former refuse pile and landfill area

Reference Area Mature Pinon - Juniper Woodland

x See Appendix 3 for photographs of each site

Percent Cover ,

The point-intercept method was used to sample cover. A total of 15 - 100 ft sampling
transects were run at each revegetation site to determine percent cover. Transects
were located using coordinates selected from a random number table. Coordinates
were paced off and a compass direction was selected using the random number table
as well. Once transect start point and compass direction were established,
investigators laid out a 100 ft tape in the appropriate direction and then walked the
length of the tape to record vegetation. Investigators took samples at 2ft interuals
along the length of the tape. A total of 50 points were recorded for each transect.
Similar methods were used in the reference area.

Cover categories included: 1) Physical Features including a) bare ground (rock or soil
material less < LZ inches in diameter), b) litter (dead plant material lying on ground
surface), c) rock (rock material >L2 inches in diameter),2) Ctyptobiotic Soil,3)
Vegetation including a) shrubs b) forbs and succulents (cactus species), c) grasses,
and d) trees. When possible, plants were identified to species level. Points were
selected by viewing the transect at2 foot interuals with an ocular viewing device with
cross hairs. When there was an overhead canopy, vefticle projections were made
above the 100 ft tape to include the highest level of vegetation in the sample.

Adequacy of sample size was determined as per DOGM guidelines (DOGM 1992); see
Table 2. Sample adequary for cover was met at the 90o/o confidence level with a
!0o/o change in the mean as required by DOGM. Fifteen transects were run in the



reference area even though sample adequacy suggested that 16 transects be run to
keep consistenry with the numnber of transects run in revegetated areas.

Table 2. Minimum sample sizes

Area Cover Woody Plant
Density

Reference 16.60 155.33

3 L.46 33.26

6 L.62 38.67

7 1.31 63.10

rllL3lL4 5.38 47.5L

LslrT 3.35 54.32

16 3.38 80.32

Woody Plant Density

Woody plant densities were estimated using the belt transect method (DOGM 1992).
A total of 15 - 100 ft X 10 ft transects were run in each area to determine woody
plant density. Transects were located using coordinates selected from a random
number table. Coordinates were paced off and a compass direction was selected
using the random number table as well. Once transect start point and compass
direction were established, investigators walked the length of the transect and
recorded species of all individual shrubs rooted in each belt. Total number of plants
per acre was calculated using DOGM guidelines. Minimum sample sizes for adequacy
ranged from 33 to 155 (Table 2). To keep sampling consistent and avoid excessive
disturbance to sites, shrub densities were estimated using the minimum of 15
transects aS WaS done in previous Vegetation sulveys.

Similarity

Similarity of revegetated sites and the reference area with respect to species
composition was determined using the Jaccard's Community Coefficient (DOGM
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1992). The index of similarity is calculated by:

SI=C/(A+B-C)* tOO

where:

A = flulTlber of species in the reference area
B = flurTlber of species in the revegetated area
C = DUrTlber of species common to both sites

Species DiversitY

Species diversity lists of all sites were compiled based on data collected during cover
sampling. Also, similarty of sites with respect to cover was based on Jaccard's
Similarity Index:

SI = Cover (o/o) for Life Formsf[otal Vegetation Cover

where:

Life forms = Shrubs, Forbs, or Grasses.

SI values for each life form were calculated for the reference area and each
revegetation site. If the SI value of the revegetation area equaled or exceeded 70o/o
of the reference area value it was judged to be successful.

Results

The survey was conducted during the seventh year of abnormally dry weather in
Utah and the western United States. Annual precipitation at the Sunnyside City
Center weather station (approximately 7 miles north of Horse Canyon) and the Price
Warehouses weather station (approximately 30 miles west of horse Canyon) was
below long-term averages for both sites. The precipitation for the 2004 water year
(Oct L,2003-Sept 3L,2OO4) at Sunnyside was L2.72 inches compared to the 30 year
iverage of 13.87 inches. Similarly annual precipitation for the Price Warehouses
station for the 2OO4 water year was 8.31 inches or 85o/o of the normal (Utah Climate
Center records, Utah State University, Logan, Utah). This pattern is typical of most
regions in Utah due to several years of drought throughout the state. This prolonged
perioO of reduced moisture has no doubt had an effect on plant production and



survival throughout the state and the eastern Utah area. Signs of significant shrub
death was evident in all study sites.

Though plant growth was likely limited during the year, there were no signs of
disease or insect damage and plants generally appeared to be in good health.

As with the vegetation study conducted in 2003, all areas showed some use by
livestock. Cattle sign was found in all areas, though the use was not extensive. Plants
showed no signs of overgrazing. It is assumed that the used was limited to the few
days livestock operators in the area moved their cattle to and from summer range in
the Range Creek area. Mule deer sign was also obserued in all revegetated areas as
well as the reference area. Chukar partridges were heard in or near areas L6, tSlL7,
and 1LlL3lL4. A group of 5 Rocky Mountain bighorn ewes was seen in a site close to
area LLlL3lL4 in July 2004.

Percent Cover

Reference Area

Cover data for the Horse Canyon reference area are included in Table 3 (data for
each transect are included in Appendix 1). The average vegetation cover for the
Reference area was 43,20o/o. The vegetative component was comprised of 24.00o/o
trees, 15.600/o grasses, L.B7o/o percent shrubs, and 1.73o/o forbs and succulents (for
relative percent vegetation for each transect see Appendix 1).

Table 3, Horse Canyon Average Cover Summary*

Cover
Type

Area

Ref 3 6 7 LLJ3J4 L5,L7 r6

Shrubs L.B7
1.00

51.87
33.07

40.40
33.60

56.00
49.87

28.80
24.80

37.07
34.27

27.20
15.73

Forbs L.73
0.73

2.93
6.53

0.93
0.93

2.67
1.60

2.00
1,33

0.13
1.20

3.47
8.40

Grasses 15.60
10.53

33,73
46.53

44.00
54.53

25.47
25,87

50.13
42.80

33.60
41.87

42.00
42.13

Trees 24.00
20.57

0
0

0
0

0
0

0
0

0
0

0
0

Total
Vegetation

43.20
32.83

98.53
86.13

85.33
89.07

83.73
77.33

80.93
72.53

70.80
77.33

74.L3
66.27



€ryptobiotic 10.13
5,4

0.27
0,13

0.27
0.53

0
0

0.27
0.53

0
0

0
0.13

Physical
Features

49.73
60,60

11.20
13.73

L4.40
10.13

L6.27
22.27

18.80
26.93

29.20
22.67

25.87
33.60

* Italicized values are from the 2003 vegetation suruey report

Area 3

The average vegetation cover for Area 3 was 88.53o/o. The vegetative component was
comprised of 5L.87o/o shrubs, 2.93o/o forbs and succulents, and 33.73o/o grasses,
(Appendix 1; for relative percent vegetation for each transect also see Appendix 1.

Area 6

The average vegetation cover for Area 6 was 85.33o/o. The vegetative component was
comprised of 340.40o/o shrubs, 0.93olo forbs and succulents, and 44.00o/o grasses,
Appendix 1; for relative percent vegetation for each transect also see Appendix 1).

Area 7

The average vegetation cover for Area 7 was 83.73o/o. The vegetative component was
comprised of 56.000/o shrubs, 2.670/o forbs and succulents, and 25.47o/o grasses,
(Appendix 1; for relative percent vegetation for each transect also see Appendix 1).

Area 11113,14

The average vegetation cover for Area LLlL3lL4 was 80.93%. The vegetative
component was comprised of 28.80o/o shrubs, 2.00o/o forbs and succulents, and
50.13olo grasses, (Appendix 1; for relative percent vegetation for each transect also see
Appendix 1).

Area L5rL7

The average vegetation cover for Area L5lL7 was 70.80o/o. The vegetative component
was comprised of 37.07o/o shrubs,0.13olo forbs and succulents, and 33.600/o grasses,
(Appendix 1; for relative percent vegetation for each transect also see Appendix 1).

Area 16

The average vegetation cover for Area 16 was 74.L3o/o. The vegetative component was
comprised of 27.20o/o shrubs, 3.47o/o forbs and succulents, and 42.00o/o grasses,
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(Appendix 1; for relative percent vegetation for each transect also see Appendix 1).

In order to meet the revegetation plan success standard , 90o/o of undisturbed reference
area, each site should meet or exceed 38.88% cover. Since all sites cover averages
exceed the minimum requirement, it should be judged that the treatments have been
satisfactory w1h respect to percent cover as was the case for the year 9 vegetation
suwey.

Woody Plant DensitY

Woody plant density data for the Horse Canyon reference area are included in Table 4
(data for each transect are included in Appendix 2).

Table 4. Horse Canyon Woody Plant Densities (plants/acre)

Area Average
std.
Dev.

9Oo/o
Confidence

Interual
Min. - Max.

Reference LLL2.23 787.L6 334.31 777.92 - L446.54

3 L794.67 587.70 249.60 1545.07 - 2044.27

6 3905.88 L379.32 585.80 3320.08 - 449L.68

7 48t7.74 2173.L3 922.93 3894.81 - 5740.67

LrlL3lL4 L542.02 603.54 256.32 1285.70 - L798.34

LslLT 2247.70 940.73 399.53 1848. L7 - 2647.23

16 2572.94 L309.44 556.12 20L6.82 - 3129.06

Revegetated
Areas
Average

28L3.49 L283.97 545.30 2268.19 - 3358.79

Reference Area'

The Reference area was the least populated area with respect to woody plants. Including
tree species, plants/acre ranged from 479.16 to 2657 .16, with an average of LLL2.23
(900/o'confidence interuals are also listed in Table 4). The most predominantwoody
plants in the Reference area were Snakeweed ( Gutierezia sarothrae - 763.75
pfants/acre, 68.670/o) and Utah Juniper (Juniperus osteosperma - 258.46 plants/acre,

23.23o/o).



Area 3.

Area 3 had an average plants/acre of L794.67 (90o/o confidence interuals are listed in
Table 4). Individual transect values ranged from 958.32 - 3223.44. The site was
dominated by Sagebrush (Artemisia tridentafa - 813.12 plants/acre, 45.30o/o), Four Wing
Saltbush (Atriplex canescens - 743.42 plants/a cre, 4t.42o/o), and Big Rabbitbrush
(Ch rysotha m n us na useosus - 1 36.48 pla nts/a cre, 7 .600/o).

Area 6.

Area 6 had an average plants/acre of 3905.88 (90o/o confidence interuals are listed in
Tabfe 4). Individual transect values ranged from 2003.76 - 5314.32. The site was
dominated by Sagebrush (Aftemisia tridentata - t591.39 plants/acre, 40.74o/o), Four
Wing Saltbush (Atriplex canescens - 1269.05 plants/acre, 32.49o/o), Winterfat
(Ceratoides lanata - 10.560/o), and Douglas Rabbitbrush (Chrysothamnus viscidiflorus -
264.26 plants/a cre, 6.770/o).

Area 7,

Area 7 had an average plants/acre of 48L7.74 (90o/o confidence interuals are listed in
Table 4). Individual transect values ranged from 3615.48 - 10846.44.The site was
dominated by Sagebrush (Aftemisia tridentata - 33232.L5 plants/acre, 67.09o/o) and Four
Wing Saftbush (Atriplex canescens - L097.71 plants/acre, 22.78o/o).

Area 7117474,

Area LIlL3lL4 had an average plants/acre of L542.02 (90o/o confidence interuals are
listed in Table 4). Individual transect values ranged from 522.72 - 2831.40. The site was
dominated by Sagebru sh (Artemisia tridentata - 354.29 plants/acre, 22.98o/o) and Four
Wing Saltbush (Atriplex canescens - 990.26 plants/acre, 64.220/o).

Area 75117.

Area IIlL3lL4 had an average plants/acre of 2247.70 (90o/o confidence interuals are
listed in Table 4). Individual transect values ranged from 435.60 - 3659.04. The site was
dominated by Sagebrush (Artemisia tridentata - t042.54 plants/acre, 46.380/o) and Four
Wing Saftbush (Atriplex canescens - 772.46 plants/acre, 34.37o/o).

Area 76.

Area ILlL3lL4 had an average plants/acre of 2572.94 (90o/o confidence interuals are
listed in Table 4). Individual transect values ranged from 784.084835.16 - 4094.64. The
site was dominated by Sagebrush (Aftemisia tridentata - 972.84 plants/acre, 37.BLo/o),
Four Wing Saltbush (Atriplex canescens- 891.53 plants/acre, 34.650/o), Big Rabbitbrush
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(Chrysothamnus nauseosus- 360.10 plants/acre, L4.00o/o), and Shadscale ( Atriplex
confertifolia - 24L 03, 9.37o/o) .

Average of all Treatment Areas

An average was calculated combining data for all treatment areas. The average woody
plant plaits/acre when considering all treatment areas was 2813.49. Calculation of a
90o/o confidence intervat indicates that we can be 90% confident that the actual mean of
the population lies between2268.t9 - 3358.79 plants/acre.

With respect to woody plant density, only 2 sites did not clearly exceed the standard of
2000 plants/acre established in the revegetation plal for the Horse Canyon area. Area 6
(3905.88), AreaT (48L7.74), Area I5lL7 (2247.70), and Area 16 (2572.94 ) all
exceeded 2000 plants per acre. Areas 3 (1794.67r 90o/o confidence interual: 1545.07 -

ZO44.Z7) and IItI3lI4 (L542.02;90o/o confidence interual; 1285.70 - L798.34) both
have averages below 2000. Considering the confidence interuals, only Area LIlL3lL4
falls clearly below the 2000 shrubs/acre standard. However, when compared to the
Reference area (LL1Z.13), even areas 3 and LLlL3lL4far exceed the undisturbed site
with respect to woody plants/acre. Given these data, the woody plant density treatments
should be characterized as relatively successful.

Species Diversity

Lists of species for the Reference area and each of the revegetation sites is listed in

Table 5. All comparisons show more total species in each of the revegetated sites than in

the Reference area.

Table 5. Species Lists for Horse Canyon Inventory Area

Species

Site

Ref, 3 6 7 ru
131t4

Lsl
t7

16

Shrubs

Artemisia nova x x x x

Artemisia tridentab X X x X X x

Atriplex canescens X X X x x X

Atri p I ex co n fe rtifo I ia X X x x

Ceratoides lanata X x x x X

Ch rysothamn us na useosus x X X x x X

Ch rysotha m n us viscidiflorus X X X X X

t3



Cowania mexiana x X X

Ephedra viridis

Gutienezia sarothrae x X X x X X X

Sa rco ba tus ve rm icu la tus X X X x

Forbs & Succulents

Ech inoce reus trig loch id ia tus

Medicago sativa X X

Meliotus officinalis X

Penstemon palmeri x x x X X

Euphorbia fendleri x X

Sisymbrium altissimum X X x

Sphaeralcia coccinea X X X

Grindelia squarrosa X X X

Machaerantha anescens x X X X X X

Phlox sp. X

Plantago patagonica X

Opuntia compressa x

Grasses

Agropyron cristatum x x x

Agropyron smithii x X

Agropyron spiatum x X X x X X

Bromus inermis x

Bromus japonicus

Bromus tedorum X X x x x X X

Elymus cinereus X x X X X X

Elymus gigantius x X X x

Elymus salinus x X x X

Hilaria jamesii X X

O4zopsis hymenoides x x X X X



Sitanion hystrix X X

Stipa comata X

Vulpia octaflora

Trees

Juniperus osteosPerma X

Pinus edulis X

Total Species in each area L2 18 23 18 zt 16 15

Also in each revegetation site, there were more species with greater than 5%o cover than
in the Reference irea. The Reference area had a total of L2 species with 2 species, Utah
juniper (20.54o/o) and Salina wild rye (13.74o/o), with percent cover greater than 5o/o.'Only 

2 ipecies, I tree and 1 grass, exceeded 5o/o. See summary of shrubs and grasses

that exceeded 5o/o cover in Table 6.

Table 6. Grasses and Shrubs with o/o Cover > 5o/o

Site Shrubs > 5o/o cover Grasses > 5o/o cover

Reference

1 grass

none Salina wild rye
(L3.74o/o)

Area 3

3 shrubs
1 grass

Big sagebrush (26,260/o)
Four-wing saltbush (25.060/o)
Douglas rabbitbrush (5'060/o)
Green rabbitbrush (3.06%)

Giant wild rye (16.800/o)

Area 6

2 shrubs
2 grasses

Four-wing saltbush (18.600/o)
Big sagebrush (11.460lo)
Winterfat (3.34o/o)
Green rabbitbrush (2.660/o)

Bluebunch wheatgrass (26.660/o)
Cheatgrass (12.80o/o)

Area 7

2 shrubs
2 grasses

Big sagebrush (29.460/o)
Four-wing saltbush (21.060/o)

Cheatgrass (16.940lo)
Bfuebunch wheatgrass (5.460/o)
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Area
LLlL3l14

2 shrubs
2 grasses

Four-wing saltbush (9.87o/o)
Big sagebrush (4.80o/o)
Green rabbitbrush (3.460/o)

Bluebunch wheatgrass (27.060/o)
Cheatgrass (18.94olo)

Area LSILT

2 shrubs
2 grasses

Big sagebrush (16.400lo)
Four-wing saltbush (15.600/o)

Bluebunch wheatgrass (22.40o/o)
Cheatgrass (9.74o/o)

Area16

2 shrubs
2 grasses

Four-wing saltbush (L3.74o/o)
Big sagebrush (7 .600/o)
Douglas rabbitbrush (3.20o/o)
Shadscale (2.94o/o)

Blue bunch wheatgrass (28.40o/o)
Cheatgrass (13'200/o)

Area 3 had a total of 18 species with 5 species, Big sagebrush (26.260/o), Fourwing
saltbush (25.060/o), Bluebunch wheatgrass (20.L4o/o), Giant wild rye (16.800/o), and
Green rabbitbruslr (5.060/o) with percent cover greater than 5o/o. Five species, 3 shrubs
and 2 grasses, exceeded 5o/o,

Area 6 had a total of 23 species with 4 species, Bluebunch wheatgrass (26.660/o),
Fourwing saltbush (18.606/o1, Cheat grass (12.80%), and Big sagebrush (lL.460/o) with
percent tover greater than 5o/o. Four species, 2 shrubs and 2 grasses (one of the
grasses was tie undesirable Cheat grass), exceeded 5o/o. Two additional shrub species
[ruinterfat (3.34o/o) and Green rabbitbrush (2.660/o) were also relatively abundant.

Area 7 hada total of 18 species with 4 species, Big sagebrush (29.460/o), Fourwing
saltbush (2L.06o/o), Cheat grass (!6.940/o), and Bluebunch wheatgrass (5.460/o) with
percent cover grelter than 5olo . Four species, 2 shrubs and 2 grasses (one of the
grasses was the undesirable Cheat grass), exceeded 5%a

Area LLlL3lL4 had a total of 2L species with 4 species, Bluebunch wheatgrass
(Z7.O6o/d, Fourwing saltbush (19 .74o/o), Cheat grass (!8.94o/o), and Big sagebrush

i4.Bgo/o) witn percent cover greater than 5o/o. Four species, 2 shrubs and 2 grasses (one

of the grassei was the undelirable Cheat grass), exceeded 5o/o.In addition, Green
rabbitbrush (3 .460/o) was also relatively abundant.

Area L5lL7 had a total of 16 species with 4 species, Bluebunch wheatgrass (22.40o/o),

Big sagebrush (L6.40o/o), Fourwing saltbush (15.600/o), and Cheatgrass (9.74o/o)with
percenl cover greater than 5o/o. Four species, 2 shrubs and 2 grasses (one of the
grasses was the undesirable Cheat grass) exceeded 5o/o.

l 6



Area 16 had a total of 15 species with 4 species, Bluebunch wheatgrass (28.40o/o),
Fourwing saltbush (13.74o/o), Cheatgrass (13.20o/o), and Big sagebrush (7.60lo) with
percent cover greater than 5o/o. Four species, 2 shrubs, 2 grasses (one of the grasses
was the undesirable Cheat grass) exceeded 5o/o,In addition, Green rabbitbrush (3.20olo)
and Shadscale (2.94o/o) were relatively abundant.

Species diversity with respect to percent cover by species is recorded in Table 7 for each
site.

Table 7. Species DiversitY Tables

Reference Area (12 total species) Area 3 ( L8 total species)

Species (o/o cover) Species (o/o cover)

> 20 o/o Juniperus osteosperma (20.54) > 20o/o Artemisia tiden tata (26. 26)

Atiplex an&ens (25.06)

Agropyron spicatum (20. I 4)

t0 - 20o/o Elymus alinus (13.74) l0 - 20o/o Elymus giganteous ( I 6.80)

5 - 1 0 o / o 5 - t 0 o / o Ch 4sotha m n us n a uftosus (5. 0 6)

1 - 5o/o Pinus edulis (3.46) L ' 5 o / o Qtrwtha m n us vircidiflorus (3. 06)

Gutierezzia sarothne (1. 60) Penstemon palmei (2. 14)

< Lo/o Opuntia compreffi (0.66) < lo/o Cowania maciana (0.80)

Bromus trctorum (0.40) Agropyron smithii (0.54)

Phlox sp. (0.40) Elymus cinereus (0.40)

Sphaenlcia corcinea (0. 26) Meliotus officianalis (0. 26)

Euphorbia fendlei (0. 14) Marcharantha anesens (0.26)

Elymus cinereus (0.14) Agropyron crishtum (0. 14)

Marchanntha anesens (0. 14) Artemisia noua (0.14)

Plantago patagonica (0. 14) Bromus tedorum (0.14)

Gindelia qualrofi (0. 14)

Gutierezzia srothne (0. I 4)

Spimbium altisimum (0. 14)
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Table 7, Species Diversity Tables (cont.)

Area 6 (23 total sPecies) Area 7 (1S total species)

Species (o/o cover) Species (o/o cover)

> 20 o/o Agropyron spiatum (26.66) > 20o/o Artemisia tidentaE (29.46)

Atripleu ca nesens (2 1. 06)

10 - 20o/o Atiplex anescens (18. 60) L0'20o/o Bromus tedorum (16.94)

Bromus tectorum (12.80)

Artemisia tidentata (1 1.46)

5 - 1 0 o / o 5 - 1 0 o / o

1 - 5o/o Ceratoides lanata (3.34) t - 5o/o Agropyron spiatum (5.46)

Ch rpth a m n us viscr di fl o rus (2. 6 6) Atiplex conferti folia (2. 14)

Elymus alinus (2.46) CItrysothamnus visidiflorus (2. I 4)

Gutienezia srothrae (1.60) Sphaenlicia coccinea (1.60)

Aftemisia noua (1.20) OrVopsis hymenoides (1.56)

Atiplex anfertifolia ( 1. 2 0) Gutienezia srothrae (1.06)

Stipa comata (1.06)

< lo/o Orpopsis hymenoides (0.54) l to/o Penstemon palmeri (0.66)

Agropyron smithii (0.40) Chrpthamnus na urcosus (0. 26)

Elym us giga ntius (0.40) Slsimbium altisimum (0. 26)

Chrwothamnus nauseosus (0.26) Artemisia nova (0.14)

Gindelia squarrosa (0. 26) Centoides lanata (0. 14)

Hilaia janesii (0.26) Cowania mexiana (0.14)

M aech a ra n tha ca nescens ( 0. 2 6) Elymus cineius (0.14)

Penstemon palmei (0. 26) Sitanion hystix (0.14)

Bromus inermis (0.14)

Elymus cinereus (0.14)

Sarcobatus vermiculatum (0. 14)

Sitanion hystrix (0. 14)

Sisyntbium altisima (0. I 4)



Table 7. Species Diversity Tables (cont.)

Area LUtSll4 (2O total sPecies) Area t.5lL7 (16 total sPecies)

Species (o/o cover) Species (o/o cover)

> 20 o/o Agroplnon spiatum (2 7. 06) > 20o/o Agropyron spicatum (22.40)

L0 - 20o/o Atriplex anescens (1 9. *r) L0'20o/o Aftemisia tidentata (1 6.,10)

Bromus tedorum (18.94) Atiplex anenens (1 5. 60)

5 - 1 0 o / o 5 - 1 0 o / o Bromus tectorum (9.74)

L - 5o/o Artemisia tridentaE (4.80) L - 5o/o Gutierrezia srothrae (1.86)

Chrwothamnus viscidifloris (3. 46) Sa rcoba tus ve rm i cu la tus ( 1. 46)

Oryzopsis hymenoides (1.46)

Agropyron ciristatum (1.34)

< to/o Elymus cineius (0.80) < to/o Chr@thamnus nauwsus (0. 94)

Mediago stiva (0.66) Elymus gigantius (0. 54)

Ceratoides lanab (0.54) Oryzopsis hymenoides (0.40)

Maecha nntha canescens (0. 54) Artemisia noua (.26)

Chrysothamn us na usffisus (0. 40) Atiplex onfertifolia (0. 26)

G u tierezzi a fr roth rae (0. 40 ) C.era toids lanata (0. 26)

Penstemon palmeri (0.40) Elymus alinus (0.26)

Sa rcoba tus verm i cu I a tus ( 0. 4 0) Elymus cinereus (0.14)

C.awania mexiana (0.26) Hilaria jamesii (0.14)

Elymus gigantius (0.26) Madtarantha canenens (0. 14)

Elymus alinus (0.26)

Grindelia quaffoe (0. 14)

Phacelia crenulab (0. 14)

Sphaeralcia coccinea (0. 14)



Table 6. Species Diversity Tables (cont.)

Area 15 (15 total species)

Species (o/o cover)

> 20o/o Agropyron spicatum (28.40)

t0'20o/o Atiplex canescens (13, 74)

Bromus tectorum (13.20)

5 - 1 0 0 / o Artemisia tridentata (7.60)

L - 5o/o Cft rqotha m n us n a useosus (3. 2 0)

Atiplex confertifolia (2. 91)

Mediago satvia (1.86)

Penstemon palmeri (1.06)

< lo/o Elymus cineius (0.66)

Ceratoides lanata (0. 54)

OrVopsis hynmenoides (0. 54)

Ag ropyron cristutum (0. 40)

Chrphamnus uiscidifloris (0.40)

Gutierezzia sarothrae (0.40)

M a ech a ra n th a ca nescens ( 0. 4 0)

SimilariW

Comparisons of similarity made between the Reference area and revegetated sites
indicates that there are only minor similarities between the revegetated sites and the
Reference area (Table 8). Similarity coefficients ranged from 11.11 (area 7) to 26.92
(area LLlL3lL4). See similarity comparisons between the reference area and revegetated
areas in Appendix 3. Similarity is strong when values approach 100. Given the
revegetation treatments, it is not surprising that the areas are dissimilar with respect to
species.
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Table 8. Similarity Comparisons - Species Diversity

Site Number of
Species in
Reference Area

Number of Species
in Revegetation Site

Number of Species
Common to both

Similarity
Coefficient

Area 3 L2 L7 3 11.54

Area 6 T2 23 5 L6.67

Area 7 L2 1B 3 11.1  1

Area
rllr3lL4

L2 2T 7 26.92

Area
LslLT

L2 16 5 2L.73

Area 16 L2 15 3 12.50

Areas were also different with respect to overall vegetation cover. In each instance, the
revegetated areas were more densely vegetated than the reference area. The average
percent cover for the Reference area was 43.20o/o. Percent vegetation cover for the
revegetation sites ranged from 70.80o/o to 88.53o/o (Table 3).

Life Form SimilaritY ComParisons

Vegetation treatments have been judged to be successful when cover values of life forms
(Shrubs, Forbs, Grasses) in treatment areas are greater or equal to 70o/o between
iecliamed areas and the undisturbed reference area. A Jaccard's similarity index for cover
(Sl=Cover(o/o) for Life Formsfl-otal Vegetation Cover (o/o)) was used to calculate
iompatative SI values for life forms in revegetated and reference areas (Table 9). Cover
values are found in Table 3.

* Sites that exceed the 700lo standard

2 l

f f iFormSirni|ari tyIndexComparisonsbasedonCover*

Life
Form

Similarity Index Values bY Site

Ref 70o/o 3 6 7 LLlL3l14 LslrT 16

Shrubs .04 .028 .59x .47x .67x .36x .52* .37*

Forbs ,04 .028 .03* .01 .03* ,02 .01 .05*

Grasses .36 .252 .38x .52x .30x .62* .47x .57*



The comparison of life forms similarity indicates that revegetated areas meet or exceed
the 70olo standard for almost all life forms in each of the revegetated sites. The
revegetated sites all exceeded the 700lo standard for both shrubs and grasses. The
exceptions were in the forb category. Forbs did not exceed the 70% standard in 3 of the
6 revegetated sites; specifically sites 6, 1IlL3lI4, and 15/15. Given that these are the
only 3lreatments of 18 total (l7o/o of total treatmenb), it appears that the diversity of
the sites with respect to life forms generally exceeds that of the reference area.
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Appendix 1

Percent Cover Data
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Appendix 2

Woody Plant Density Data
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Appendix 3

Diversity and Similarity Data



Appendix 3. Similarity comparisons

Unique Species
Reference Area (A)

Unique Species
Area 3 (B) Common Species (C)

Similarity Index
C/(A+B-C;x100

Sa rcobatus vermicu latus Artemisia nova Gutierrzia sarothrae 3lG2+17-31x190 = 11.54

Euphorbia fendleri Artemisia tridentata Machaerantha canescens

Sphaeralcia coccinea Atriplex canescens Bromus tectorum

Phlox hoodii Chrysothamnus
nauseosus

Plantago patagonica Chrysothamnus
viscidilflorus

Opuntia compressa Cowania mexicana

Elymus salinus Meliotus officinalis

Juniperus osteosperma Penstemon palmeri

Pinus edulis Grindelia squarrosa

Agropyron cristatum

Agropyron smithii

Agropyron spicatum

Elymus cinereus

Elymus gigantius



Appendix 3. Similarity comparisons

Unique Species
Reference Area (A)

Unique Species
Area 6 (B) Common Species (C)

Similarity Index
C/(A+B-C1x100

Euphorbia fendleri Artemisia nova Gutierzia sarothrae 5 | (L2+23-5)*100 = L6.67

Sphaeralcia coccinea Aftemisia tridentata Sarcobatus vermiculatus

Phlox hoodii Atriplex canescens Machaerantha canescens

Plantago patagonica Atri ple>< confertifolia Bromus tectorum

Opuntia compressa Ceratoides lanata Elymus salinus

Juniperus osteosperma Chrysothamnus
nauseosus

Pinus edulis Chrysothamnus
viscidilflorus

Penstemon palmeri

Sysimbrium altissimum

Grindelia squarrosa

Agropyron smithii

Agropyron spicatum

Bromus inermis

Elymus cinereus

Elymus gigantius

Hilaria jamesii

Oryzopsis hymenoides

Sitanion hystrix



Appendix 3. Similarity comparisons

Unique Species
Reference Area (A)

Unique Species
Area 7 (B) Common Species (C)

Similarity Index
C/(A+B-c1x100

Sarcobatus vermiculatus Aftemisia nova Gutierzia sarothrae 3l$2+18-l1x1g0 = 11.11

Euphorbia fendleri Aftemisia tridentata Sphaeralcia coccinea

Sphaeralcia coccinea Atriplex canescens Bromus tectorum

Phlox hoodii Atriplex confeftifolia

Plantago patagonica Ceratoides lanata

Opuntia compressa Chrysothamnus
nauseosus

Elymus salinus Chrysothamnus
viscidilflorus

Juniperus osteosperma Cowania mexicana

Pinus edulis Penstemon palmeri

Sysimbrium altissimum

Agropyron spicatum

Elymus cinereus

Orfzopsis hymenoides

Sitanion hystrix

Stipa comata



Appendix 3. Similarity comparisons

Unique Species
Reference Area (A)

Unique Species
Area ILlL3l14 (B) Common Species (C)

Similarity Index
C/(A+B-C;x100

Phlox hoodii Artemisia tridentata Gutierzia sarothrae 7lQ2+2L-7)*100 = 26.92

Plantago patagonica Atriplex canescens Sarcobatus vermiculatus

Opuntia compressa Ceratoides lanata Euphorbia fendleri

Juniperus osteosperma Chrysothamnus
nauseosus

Sphaeralcia coccinea

Pinus edulis Chrysothamnus
viscidilflorus

Machaerantha canescens

Cowania mexicana Bromus tectorum

Medicago satvia Elymus salinus

Penstemon palmeri

Grindelia squarrosa

Agropyron cristatum

Agropyron spicatum

Elymus cinereus

Elymus gigantius

Oryzopsis hymenoides



Appendix 3, Similarity comparisons

Unique Species
Reference Area (A)

Unique Species
Area L5lL7 (B) Common Species (C)

Similarity Index
C/(A+B-C1*100

Euphorbia fendleri Artemisia nova Gutierzia sarothrae 5lQ2+16-S;x190 = 21.73

Sphaeralcia coccinea Aftemisia tridentata Sa rcobatus verm icu latus

Phlox hoodii Atriplex canescens Machaerantha canescens

Plantago patagonica Atriplex confeftifolia Bromus tectorum

Opuntia compressa Ceratoides lanata Elymus salinus

Juniperus osteosperma Chrysothamnus
nauseosus

Pinus edulis Agropyron spicatum

Elymus cinereus

Elymus gigantius

Hilaria jamesii

Oryzopsis hymenoides



Appendix 3. Similarity comparisons

Unique Species
Reference Area (A)

Unique Species
Area 16 (B) Common Species (C)

Similarity Index
C/(A+B-C)x100

Sa rcobatus vermicu latus Artemisia tridentata Gutienzia sarothrae 3/(12+15-ly'1gg = 12.50

Euphorbia fendleri Atriplex canescens Machaerantha canescens

Sphaeralcia coccinea Atriplex confeftifolia Bromus tectorum

Phlox hoodii Ceratoides lanata

Plantago patagonica Chrysothamnus
nauseosus

Opuntia compressa Chrysothamnus
viscidilflorus

Elymus salinus Medicago sativa

Juniperus osteosperma Penstemon palmeri

Pinus edulis Agropyron cristatum

Agropyron spicatum

Elymus cinereus

Oryzopsis hymenoides
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