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.luly 30, 2012

Mr. Daron Haddock
Utah Division of Oil, Gas and Mining
1594 West North Temple, Suite l2I0
P.O. Box 145801
salt Lake citv. Lltah 84114-5801

Re: Partial Phase III Bond Release. Hardscrabble and Sowbelly Canvons, Castle Gate Holding
Companv, Castle Gate Mine, C/007/0004

I)ear Mr. Haddock:

Please find enclosed three copies and the Partial Phase III Bond Release Application for Hardscrabble and
Sowbelly Canyons. This application includes all the required documentation for phase III bond release
including the C1 and C2 forms, reclamation history, vegetation information, sediment yield information, a

proposed public notice, landowtter and government agency notification letters, reclamation certification
and bond calculations.

Please review the public notice and inform me of any requested changes as soon as possible in order that I
can deliver it to the local paper ibr publication. Also, please schedule the onsite inspection as soon as

practical.

If you have any questions please give me a call.

ffiCEIVED

AUG O 2 ?f,i?

stFd.rn

/
Dennis N. Ware
Company Representative

File in:Enclosures

EilV. (rol-cr$frntfl$



APPLICATION FOR COAL PERMIT PROCESSING

Permit Cirange ! r.,-eu' Permit n Rener,val ! Exploration fl Bond Release ffi Transfer fl

Pern-rittee: CASTLE G.\TE 4OLDIIiG CON'IPANY

h'Iine:
Title:

CASTLE G.\TE NIINE Permit Number:
PARTIT\L PIIASE III BOND RELEASE APPLICATION, HARDSCRA.BBLE AND SO\\/BELL}'CANYONS

c/007i0004

Description, Include reilson forapplication and timing required to implenient:

PII..\SE II BOND RELEASE

lf yoLr Ans\\/er yes to ariy of the first eight qLrestions, this application may require Public Notice publication.
1. Clrarige in the size of the Permit Area? Acres: DistLrrbed Area: flin.r*ure f decreas..
2. Is tlre application sLrbnritted as a result of a Division Order? DO#
3.Doest|reappIicatioriirrcILrdeoperatiot-tsoutsideapreviouslyid.nt
4. Docs the application inclr-rde operations in hydrologic basins other than as currerrtly approved?
5. Docs tlie application lesult from cancellation, redr-rction or increase of irrsurance or reclamation bond?
6. Does the applicatio:r require or include public notice publication?
7. Docs the applicatiorr lequire or include ownership, control, right-of-entry, or conrpliance irrformation?
8. Is ploposed activity ivithin 100 feet of a public road or cenretery or 300 feet of arr occupied dr,velling?

9. Is the auulication subrnitted as a result of a Violation? NOV #
10. Is tlrc applicatio:r subrrritted as a result of other laws or regLrlatioris or policiesi

Erltluin:

Instructions:
! \'cs E t'to

! v'es n ruo

! r'es n No

I r'cs E No

ffi \'.s I i'to

ffiv.sIxo
fvcsnNo
ffi v.= I tqo

I t'es I uo
! t'cs E tlo

[\'"rtrruo ll.
I t'.s I t'io 12.

f r'"' f xo 13.

I t'"t I xo t4.
! t'"s f ruo 15

ffi t'"s tr tto t6.

! t'.. fl ruo n
ffi \'"s E t to lB.

ffi \'.'s I ruo 19.

[ \'.r I t'to 20.

ffi t'.r n ruo zt.
! t'.t n No 22.

! t'"s [] No 23.

[ \'.s [ ruo 24.
Plelse lttach three
(4) copies, thank yo

Docs the application affect the surface landowner or clrange the post rrrining land Lrse?

Docs the application require or inch-rde underground design or nrirre sequence and tirling? (Modification of R2P2

Docs tlre applicatiorr requrre or inciude collectiorr and reporting of any baselirre inforrration?
f'oLrld the application have ar-ry effect on rvildlrfe or vegetatiorr outside the currerrt distLrrbed area?

Docs the applicatiorr require or include soil removal, storage or placerrrerrt'i

Docs the applicatiorr reqLrire or irrclrtde vegetation nronitoring, renroval or revegctation activities?
Docs the application require or include construction, nrodification, or renroval of surface facilities?
Docs the application require or include water monitoring, sedirnent or draina-ee control measures'l
Docs the applicatiorr require or irrclr-rde certified designs, n'iaps or calculatron?
Does the application require or include subsidence control or nronitorin_e?

Have reclanration costs for bondirrg beeri provided?
Docs tlie applicatiorr involve a perennial stream, a stream buffer zone or dischargcs to a stream?
Does tlre application affect permits issued by other agencies or pernrits issLred to other entities?
Docs the application include confidential information and is it clearly nrarl<ed arrd separated in the plarr?

(3) r'evierv copies of the application. If the mine is on or adjacent to Forest Service land please submitfou
It. t'l-hese nunrbels irrclude a copy for the Price Field Office)

I hcleh,r.certity that I nnr a rusl,onsible oitlcial of'the lpplicant and that the inlbrmation contained
lurrtl b'ilir'f in aJl respects rvitlr tlrc llrvs of Lltah in rct'crence to commitments, underlakings. and 96

Dcrrriis N. Ware Corrrparry Representative 0713012012

is applicat t is h'ue arrd ()n'cct lo the best of nry intbrniation
lons,

ature (Riglrt-click above clroo-se certity then have notar-y sign beloiv)

i Kffi 
- 

:#ffif*":?"ril#' 
i

r *\fl - -s3gof 
utah 

- J

l'r irrt \urle Position

Srrbscribr'rl rrrd srvorl tcl beliue rrrc tliis 3D_,lrl

\ I v r. urlnri-ssion Expires:
( onrrrissiorr Number:

For Ol'lice Use Onlv:

Date

, state ol'LIIah.
f d *:mfrile-:*l

Assigned Tracking
Nunrber:

Received by Oil, Gas & lVlining

RECEIVED

Ailfi 0 2 2012

DIV. OF O1L, GAS AM]NING

Forrr DOGM- Cl (Revisr'rl l)cct-mber 10.2007)



APPLICATIOI.{ FOR COAL PERMIT PROCESSING
Detailed Schedule Of Changes to the Mining And Reclamation Plan

CASTLI., G-\TE HOLDII\{T; COMPANYPernrittee:
Mine:
Title:

CASTLII (;ATE MINE c/007/0004Permit Number:
PAR].I;\I, PIIASE III BOND RELEASE APPLICATION HARDSCRABBLE AND SO\,VBELLY CANYONS

Provide a detailed listing ofall changes to the Mining and Reclamation Plan, which is required as a result ofthis proposed permit
{pplication. lndividually listall maps and drawings that are added, replaced, or removed from the plan. lnclude changes to the table
ofcontcnts, section ofthc plan, or other information as needed to specifically locate, identify and revise the existing Mining and
Rcclamation Plan. Includc page, section and drawing number as part ofthe description.

DESCRIPTION OF MAP, TEXT, OR MATERIAL TO BE CHANGED
PARTIAL PHASE III BOND RELEASE APPLICATION. HARDSCRABBLE ANDffi ,+aa ! Reptacc

! ectct ! Replace

f]ndd ! Replace

! nao ! Replace

I naa ! Replacc

fl r\dd ! Replace

I rtdd ! Replacc

[ ,r,ta ! Replacc

f] ,,raa ! Replacc

! naa flReplacc
[ ,,rcld I Replacc

! Adct I Replacc

!,+cla fl Replacc

!,,raa fl Reptace

! aaa f] Replace

! naa ! Replace

! nla ! Replace

! nla I Replacc

!,+ctct f Replacc

! aaa fl Replace

! raa f] Reptace

! ,raa ! Replace

! naa I Replacc

! ,,ract I Replace

! naa f]Reptacc
! ,,raa ! Replacc

! Adcl fl Replacc

! ,tctct ! Replacc

l_l Rer't'rouc

! Remouc

l_l Remove

l-l Remo'e

! Rerrrovc

l-l Rerrrovc

! Remove

n Rerrroue

l_l Rerno''re

l_l Renrove

l_l Rcrrrove

l-l Remove

[_l Renrove

I_l Rerrrove

! Remove

l_l Renrove

f Re-oue

l-l Rerrrouc

f Removc

! Remoue

! Remoue

l_l Re-oue

n Re-oue

! Remoue

l_l Renioue

l_l Rc'rroue

l_l Re'''rou"

l_l Rerrroue

SOWBELLY CANYONS (stand alone document)

Anv other specific or sllecial instruction
iVlirring and Reclamation Plan.

Stirncl Alone Documerrt

required for insertion of this proposal into the Received bv Oil. Gas & Minins
RECEIVED

AUG O 2 zOE

DIV, OF OIL, GAS &MIIIING

Forrl DOCM - C2 (Revisetl I)ccember 10. 2007)
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CASTLE GATE MINE
Partial Phase III Bond Release Application

Hardscrabble and Sowbelly Canyons
Permit Number C/007/0004

Introduction
The Castle Gate Mine permit area is located approximately 10 miles north of
Price, Utah and in the Wasatch Plateau coal fields in Carbon County. The
complex consists of various separate areas including: the Hardscrabble Canyon
No.3 and 4 mine facilities; the Sowbelly Gulch No.5 Mine facilities; and the Price
Canyon Adit No.1 Mine. The post mining land use is Wildlife and Grazing. This
area has a history of various mining operations producing coal since the 1880's,
when Teacum Pratt opened the first operation for house coal. Mining activities
were consolidated in 1971 under the Braztah Corporation, which in turn became
the Price River Coal Company in 1979, then Castle Gate Coal Company in 1986,
Amax Coal Company in 1991 , Amax Coal Holding Company in 1996, and Castle
Gate Holding Company in 1998.

The permit was renewed on December 24, 2009 and expires on December 24,
2013. The current performance bond for the Castle Gate Mine is $490,100. This
partial phase lll bond release application will result in a bond release of $263,500
afterwhich the remaining bond amount will be $226,600 in 2014 dollars

Reclamation Historv

Hardscrabble Canyon
Hardscrabble Canyon contains approximately 39 acres within the
disturbed area boundary. By the end of 1999, 38.28 acres in
Hardscrabble Canyon not including the 0.72 acres associated with the
substation had been reclaimed. Hardscrabble reclamation began in 1984
with reclamation of the Goose lsland refuse pile followed by reclamation of
the No.3 and 4 Mine areas during the years of 1993 through 1999. The
road through the disturbed area was altered but left in place for the post
mining land use. In 1997, AMAX Coal Company, Castle Gate Holding
Company's predecessor, received an Earth Day Award from the Board of
Oil, Gas and Mining for "outstanding final reclamation and site
restoration". The company was commended for enhancing the post
mining land use by restoring the canyon to a more natural configuration
and paying particular attention to wildlife habitat while providing better



downstream water quality. Phase lbond release, not including the
substation, was incorporated into the Permit in May of 2000 (see the
Castle Gate Permit Section 3.3 for reclamation as-built information).
Phase ll bond release, not including the substation, was incorporated into
the Permit in January of 2003 (see the Hardscrabble Canyon Phase ll
Bond Release, a stand-alone document). In 2003, the Hardscrabble
Canyon site was nominated by the Division of Oil, Gas and Mining for an
"Excellence in Surface Coal Mining Reclamation Award" and was selected
by the Department of Interior's Office of Surface Mining as one of the
"National Award" winners and went on to win the "Best of the Best" award.
In 2008 Mt. Nebo Scientific, lnc. performed a year-9 vegetation study and
in 2009 year-10 vegetation monitoring was conducted to demonstrate
vegetation success in preparation for Phase lll bond release.

Reclamation work on 0.72 acres associated with the substation in

Hardscrabble Canyon was completed in the fall of 2002. Phase I bond
release was approved in Octoberof 2005. In 2007 Mt. Nebo Scientific, Inc.
peformed a year-4 revegetation study on the substation area in
Hardscrabble Canyon. The Hardscrabble Canyon substation is not
included in this Phase lll bond release application.

Sowbellv Gulch/Canyon
Sowbelly Canyon contains approximately 21 acres within the disturbed
area boundary. Reclamation in Sowbelly Canyon began in 1992 and by
the end of 1995, the 19.16 acres in Sowbelly Canyon,not including the
1.84 acres associated with the substation, had been reclaimed. Phase I

bond release, not including the substation, was incorporated into the
Permit in January of 1997 (see the Castle Gate Permit Section 3.2 for
reclamation as-built information). Phase ll bond release, not including the
substation, was incorporated into the Permit in January of 2003 (see the
Sowbelly Gulch Phase ll Bond Release, a stand-alone document). In
2004 Mt. Nebo Scientific, Inc. performed a year-9 vegetation study and in
2005 year-10 vegetation monitoring was conducted to demonstrate
vegetation success in preparation for Phase lll bond release.

Reclamation work on 1 .84 acres associated with the substation in
Sowbelly Canyon was completed in the fall of 2002. In September of
2004 Phase I bond release was approved. In 2007 Mt. Nebo Scientific,
lnc. performed a year-4 revegetation study on the substation area in
Sowbelly Canyon. The Sowbelly Canyon substation is not included in this
Phase lll bond release application.



Adit No. 1

The Adit No. 1 contains 3.0 acres within the disturbed area boundary.
Reclamation work at the Adit No, 1 was performed during the fall of 2002.
In September of 2005 Phase I bond release was approved. In 2007 Mt.
Nebo Scientific, Inc. performed a year-4 revegetation study at the Adit No.
1. The Adit No. 1 is not included in this Phase lll bond release application.

Vegetation
In Hardscrabble Canyon Mt. Nebo Scientific, lnc. conducted the year-9 and year-
10 vegetation studies during the growing seasons of 2008 and 2009. In Sowbelly
Canyon Mt. Nebo Scientific, Inc. conducted the year-9 and year-10 vegetation
studies during the growing seasons of 2004 and 2005. These vegetation studies
are included in this bond release application as Appendix 1. The results of these
vegetation studies show that the reclaimed areas have met or exceeded the
requirements of R645-301 -350.

Sediment Yields
There are no remaining sediment control structures (ponds, silt fences, straw
bales or diversion) to be removed. EarthFax Engineering prepared sediment
yield calculations for Hardscrabble and Sowbelly Canyons in 2012, these
calculations are included in this bond release application as Appendix 2. The
results show that the reclaimed lands are contributing less sediment to the
stream flow that the pre-disturbance condition.

Other
The proposed Public Notice, the Landowner and Government Agency
Notification Letters, the Reclamation Certification and the Bond Release
Calculation are included in the bond release application as Appendices 3, 4, 5

and 6 respectively.

One Final Note:
The Permittee began the application for Phase lll bond release in 2010 following
the year-ten vegetation study in Hardscrabble Canyon conducted in 2009.
During the preparation of the bond release application the Permittee discovered
that one of the requirements for Phase lll bond release was the removal of all
subsidence monuments. This project to remove the subsidence monuments took
two summer seasons to complete at considerable expense to the Permittee. The
time and cost of this project was primarily due to the initial lack of GPS location
data and the difficult terrain above the Castle Gate Mine workings. The
Permittee is happy to report that all subsidence monuments have been removed.

Summarv
The information included with this application provides documentation as
required by Directive Number: Tech-006 and the R645-301-800 Utah Coal
Regulations. The Permittee has successfully completed Phase lll reclamation on



the 57 .44 acres covered in this Phase lll bond release application. This
application covers all the lands in Hardscrabble Canyon and Sowbelly Canyons
except for the substations. Following approval of this Phase lll bond release the
only remaining lands in the Castle Gate Permit will be the Hardscrabble Canyon
substation area (0.72 acres), the Sowbelly Canyon substation area (1.84 acres)
and the Adit No. 1 area (3.0 acres) leaving a total of 5.56 acres in the permit.
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t VEGETATION MONITORING
FOR PHASE III BOND RELEASE

IN SOWBELLY CAI\'YON

YEAR TWO
2005

INTRODTJCTION

This document contains the second-year results of vegetation sampling that has been conducted

for the past two consecutive years in Sowbelly Canyon. Sowbelly Canyon (also known as

Sowbelly Gulch) is an area that was once mined for coal. An earlier report that included

sampling results for first-year monitoring in the study area was prepared and submitted to Plateau

i I Mining Corporation. This report was called:

VEGETATION MON]TORING
FOR PHASE III BOND RELEA$E

IN SOWBELLY CANYON
YEAR ONE

2004

The disturbances to the land surface from the mining activities have been reclaimed and reseeded

to an approximate "natural" condition with the goal to blend in with the native plant cofilmunities

of the surrounding areas.

Plateau Mining Corporation will apply to the State of Utah, Division of Oil, Gas and Mining

(DOGM) to receive final bond release on this mined property. In order to do this, the process

requires at least l0 years of time to pass following revegetation activities, called the

I



' I "responsibility period". This time period usually allows enough time for the plants in the

reclaimed areas to become established and hopefully provide a vegetative cover that is "diverse,

effictive and permanent." During the final two years of this responsibility period, the vegetation

of the reclaimed land can be monitored to deterrnine whether or not the area has met pre-

determined standards for revegetation success. This document was prepared to address

vegetation sampling results for Year 2, or the last year required for monitoring for final bond

release.

Brief History

Sowbelly Canyon is located within the Wasatch Plateau approximately 4 miles west-northwest of

the city of Helper, Utah. This canyon has been the site of mining activities for nearly 100 years.

Spring Canyon Coal Company was one of the first mining companies in the canyon, conducting

their operations between 1890 and 1970. Subsequently, McCulloch Oil purchased the site

followed by Franklin Real Estate, Price River Coal and Castle Gate Coal Company. Plateau

Mining Corporation currently owns the property. In recent years the disturbed areas of Sowbelly

Canyon have been reclaimed with the final seeding accomplished in Fall 1995. Preliminary

vegetation sampling has been conducted since that time to monitor the early establishment of the

revegetated plant communities.

io
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(l General Site Description

The average elevation of the Reclaimed and Reference Areas of Sowbelly Canyon is

approximately 7,000 ft above sea level. The canyon sides are dominated by pinyon-juniper and

Gambel's oak/grass plant communities. Most of the Reclaimed Areas are located near the canyon

bottoms that, prior to disturbance, were probably once dominated by Gambel's oak, sagebrush

and grass communities. During reclamation activities, a drainage channel was re-created at the

canyon bottoms. The Reclaimed Areas were seeded with native plant species. In addition

containenzed plant species such as serviceberry (Amelanchier utahensi$, chokecherry (Prunus

virginiana), willows (,Saftx spp.), and Wood's rose (ftosa woodsii) have been transplanted along

the channel in the valley bottom.

rl
Reference Area

A general Reference Area to be used as a standard for final revegetation success was chosen at a

much earlier date. The Mining and Reclamation Plan (hffi.P) stated thrt*the AML Reference

Areas shown on Exhibit 9-6 will be used to evaluate previously mined areas". Because the AML

(Abandoned Mined Lands) areas were relatively extensive, at least for use as one Reference Area,

biologists from DOGM along with representatives from Plateau Mining Corporation, chose a

smaller portion of the AML areas as a Reference Area for Sowbelly Canyon. This Reference

Area was located down-canyon (or south) and very close to the Reclaimed Areas.



'l METHODS

For Year 2, quantitative and qualitative data were recorded from the vegetation of the Reclaimed

and Reference Areas in Sowbelly Canyon using virtually identical methodologies as were

employed in Year 1. Sampling in 2005 was conducted in late-July. Methodologies used for

sampling were performed in accordance with the guidelines provided by DOGM.

Transect and Quadrat Placement

Random/regular placement of sample quadrats were designed as an attempt to provide unbiased

accuracy of the data compiled. This was accomplished by establishing several long transect lines

along the entire length of the Reclaimed Areas- These lines were placed in the lowest portion of

the reclaimed drainage system. At regular intervals along the drainage transect lines, random

numbers were generated and used to measure distances at right angles from the drainage and to

determine sample locations. Whether these random numbers were odd or even determined which

side of the drainage (east or west) a given quadrat was placed. The random numbers selected

could be high enough to place quadrats to the lateral limits of the Reclaimed Areas and all areas

in-between. This insured that the sample quadrats were placed randomly over the entire study

area in an attempt to adequately address and represent the site as a whole.

il



'l Cover, Frequency and Composition

Cover estimates were made using ocular methods with meter square quadrats. Species

composition and relative frequencies were also assessed from the quadrats. Additional

information recorded on the raw data sheets were: estimated precipitation, slope,'exposure,

grazing use, animal disturbance and other appropriate notes. Plant nomenclature follows "A

Utah Flora" (Welsh et al. 2003).

Samplg-Size & Adequacy

Sampling adequacy was calculated using formula given below.

,MIN= t2s2

(#)'

where,

nMlN = minimum adequate sample
| = appropriate confidence t-value
s = standard deviation
x = sample mean
d = desired change from mean

The values used for "t" and "d" insured that sample adequacy was met with 90% confidence

within a l}Yo deviation from the true mean.

il



I Diversity & Similarity Indices

There are several well-documented methods to assess diversity and similarities in plant

communities. The "Motyka Index" is a modified form of the "Sorenson Index", both similarity

indices. This index was used on the data and the equation is shown below:

,tuo=(ffi)xloo

where,

MW = I of the smaller quantitative values of species of two communities,
MA = f of the quantitative values of all species in one community,
MB = f of the quantitative values of all species in another community.

A diversity index has been reported in this document for the Reclaimed and Reference Areas.

MacArthur's Diversity Index is an effective diversity measurement and is computed using the

following equation:

ll|Iliz

where,

pi is the proportion of sum frequency contributed
by the ith species in the sample area of concern.

The proportional contribution of each species is then squared and the values for all species in the

sample areas are summed. This index integrates the number of species and the degree to which

frequency of occurrence was equitably distributed among those species.

{o



{l Photographs

Color photographs of the sample areas were taken at the time of sampling and submitted with this

report.

Raw Data

The raw data for total cover, cover by species, frequency and composition were also submitted in

the Appendix of this report which should facilitate future scrutiny of the data and further

statistical testing if desired. Specific sample areas are shown on the raw data sheets.

RESULTS

Reclaimed Areas

The total living cover for the combined data of the Reclaimed Areas in Sowbelly Canyon was

52.38Yo (Table l-A). Grasses were the dominant lifeform in these areas comprising 68.28Yo of

thetotal living understory cover, followed distantly by shrubs at 17.75% and forbs at 13.960/0

(Table l-B)

The dominant plant species in the reclaimed areas were thickspike wheatgrass (Elymus

Ianceolatus\, Western wheatgra ss (Elymu s sm ithil), rubber rabbitbru sh (C hrysothamnus

ndruseosus), and blueleaf aster (Aster glaucodes). For a list of all plant species present in the

il
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sample quadrat$ along with their cover and frequency values, refer to Table 2.

Reference Area

The Reference Area, or area chosen to be used for revegetation sucress standards, had a total

tiving cover of 49.00% (Table 3-A). Like the Reclaimed Areas, grasses were the dominant

lifeform and comprised 6l.na/o of the total living cover. Forbs at ?I.Zlyo and shrubs at 17 -56Yo

followed the grasses in the proportion of the total living cover (Table 3-B).

The plant species that dominated the Reference Area were thickspike wheatgrass, cheatgrass

(Bromus tectorum), and rubber rabbitbrush. For cover and frequency values by species refer to

Table 4.

DAta Set Compgrisons

Comparisons were made in the 2005 data sets

between the Reclaimed and Reference Areas. To

also compare Year 1 and Year 2, results from the

2}fr4 data sets were included in the figures of this

2005 report.

FIG. l. STUDENT'S T TEST - A Total
Living Cover Comparison Between the

Reclaimed and Reference fueas at Sowbelly
Canyon.

2004
Reclqimqd ,Area: x=54.00; s=t 1.74; n=80

Referince ^Afqa' F:49.50; s:12.46; n=50

t=2,077; df: 128, SL= p<.05

2005

Rsclaimed fu.ep: F52.38; s=12.45; n=80

Referengp A'r,ea: x=49.00; s=12.88; n:50
t = 1.486; df = 128, SL:N.S.

First, statistical tests were implemented to compare the total living plant cover of the two areas.



il A "Student's t-test" analysis suggested

the Reclaimed Areas were not

significantly different for total living cover

when compared to the Reference Area in

2005 {Fig. 1). In 2004, the Reclairned

Areas cover was greater than the

Reference Area.
ls.r = r-W,, ,lxlo0=81.;mv 'MA+MB'

t:

il

Next, similarity and diversity indices were

computed and the areas were compared.

The Motyka Index was recommended to be used to compare species diversity in the Mining and

Reclamation Flan (I!{R,P). Although this index is more of a similsrity irdex than a diversity index,

it has been employed to compare the data sets. The MRP assigned the following categories to be

used for comparisons in the Motyka Index:

Non-Weedy Shrub Cover,
Weedy $hrub Cover,
Native Perennial Grass Cover*
lntroduced Perennial Grass Cover,
Non-Weedy Forb & Grass Cover,
Weedy Forb & Grass Cover.

When using the above categories and employing the Motyka Index, the 2AA4 similarity value for

the two communities was 83.89%; in 2005 it was 81.58% (FiS. 2).

MacArthur's Diversity Index was also employed to the data sets of the Reclaimed and Reference

Areas. This comparison $uggests that the total diversity of the Reclaimed Areas was greater than

il



'l that of the Reference Area in 2004 and 2005 (FiS. 3).

DISCUSSION

Plateau Mining Corporation and State of Utah,

Division of Oil, Cras and Mining (DOGM) worked

together formulating revegetation succe$s

standards in the MRP for Sowbel$ Canyon.

Because the area was disturbed by mining

operations prior to the current revegetation

regulations and requirements, standards for

revegetation success were modified. State

FIG,3. MacARTH[-lR-rS trdDEX - A
Gomparison Between the Reclaimed and
Reference fueas at,S'owbefly Ganyon.

l/,lf i2'=

12,950
1,0.354

l'1.662
: 8.757

2004

t005

{l
regulation R645-301-356.250 states that: 'Tor areas previously disturbed by mining that were not

reclaimed to the requirements af R645-200 through R645-203 and R645-301 thrwgh R645-302

and that are remined or otherwise redisturbed by coal mining arrd reclamation apterations, at a

minimum, the vegetative ground cover will be not iless than the grourd cover existing before

redisturbance andwill be adequate to control erosiarf'.

The Sowbelly Canyon area was continuously mined since the time it was first disturbed by mining

activities. Because of this there was no vegetative cover data "existing before redisturbanse" a$

mentioned above in the state regulation. Therefore, DOGM and Plateau agreed that upon final

reclamation the standards for revegetation success would be determined using a specific

I t0



{l Reference Area - but success parameters would be dictated more from the species present,

diversity, and similarity indices rather than strictly by cover, productivity and woody species

density as the more recent regulations would dictate. Erosion control (as stated in the regulation

above) should also be considered for a successful revegetation standard.

With the above considerations, sampling quantitatively for cover would still be necessary in the

Reclaimed and Disturbed Areas to adequately address the success standards. That said, and even

though such a compari$on was not necessary here, the total living cover of the Reclaimed Areas

was as good as or better than the Reference Area in 2004 and 2005. Moreover, the plant species

present in the quailrats in the Reclaimed Areas were comprised almost exclusively of "desirable"

rather than "weedy" species. Not only does this suggest successful revegetation from a cover

perspective, but it also suggests that erosion control is probably better in the Reclaimed Area

when compared to the Reference fuea.

In addition, as shown in the RESULTS section above, diversity and similarity indices revealed

favorable results for the Reclaimed Areas in Sowbelly Canyon when compared to the Reference

Area. In other words, the Reclaimed Areas were more diverse than the Reference Area, but the

two areas were still quite similar.

The vegetation monitoring data sets for 2 consecutive years (200a and 2005), along with

statistical analyses and other methods to compare the Reclaimed Areas with the Reference Area in

Sowbelly Canyon show that Phase III Bond Release may be warranted.

{l

,o
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I TABLE I: Total cover and composition summary for the Reclaimed Areas in Sowbelly Canyon
(2oos).

A. TOTAL CO\IER

Total Living
Litter
Bareground
Rock

%MEAN
COVER

52.38
14,25
14.83

18.55

STANDARI}
DEVIATION

12.45

8.83

10.12
t2.36

SAMPLE
SIZE

80
80
80
80

B. COMPOSITION

Shrubs
Forbs
Grasses

17.75
13.96
68.28

24.26
r7.79
26.8 I

80
80
80

{l

I
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TABL-E 2: Species cover and frequency summary for the Reclaimed Areas in Sowbelly Canyon
(2005).

SPECIES

TREES & SHRUBS
Artemisia tridentata
Atriplex canescens

Ceratoides lanata
Chrysothamnus naus e osus

Gutierrezia sarothrae

FORBS
Artemisia dracunculus
Aster glaucodes
Hedysarum boreale
Linum lewisii
Melilotus fficinalis
Penstemon palmeri

GRASSES
Agropyron cristatum
Bromus carinstus
Bromus tectorum
Dactylis glomerata
Elymus cinereus
Elymus hispidus
Elymus lanceolatus
Elymus salinus
Elymus smithii
Elymus spicatus
Hordeum jubatum
Poa secunda
Stipa hymenoides

% MEAN
CO\IER

l.8l
0.50
0.25
6.84
0.28

0.15
6.24
0.19
0.60
0.55
0.13

Ll9
0.91

I.40
0.13
3.50
3.19
7.74
0.56
7.38
5.36
0.06
2.06
I.38

STANI}ARI}
I}EVIATION

6.67
4.44
1.63

tz.r2
1.83

0.95
10.96

r.67
t.79
1.78

1.ll

4.35
3.66
3.39
l.l I
6.53

tr.27
I0.84
2.74

I 1.88

9.05
0.56
6.36

6.32

SAMPLE
SIZE

RELATIVE
FREQUENCY

10.00

l.2s
2.50

37.50
2.50

2.50
36.25

r.25
I1.25
10.00

t.25

10.00
7"50

18.75

1.25
30.00
10.00
45.00

5.00
43.75
37 .50

t.25
12.50

5.00

80

80

80

80

80

80

80

80
80
80
80

80
80

80
80
80
80
80

80

80
80

80
80

80

l3



COLOR PTTOTOGRAPFIS
Reclaimetl fu-eas

ISample Area A (beginning south to north)]
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(Sample tueas B and C)
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Reference Area

[Sample Area (beginning south to north)]
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I PLATEAU MINING

Sowbelly

Reclaimed Area

Exposure: Variable

Slope: Variable

Sample Date:2748 JulY 20O5 1.00 2.00 6.00 7.00

I thru 60 Transect "A"

3.00 4.00 5.00

il

TREES & SHRUBS

Aftemisia tidentata

AtriSex canescens

Ceratoides lanata

Ch rysoth amnus nauseosus

Gutierrezia sarothrae

FORBS

Aftemisia dracunculus

Aster glaucodes

Hedysarum boreale

Linum lewisii

Melilotus offrcinalis

Penstemon palmeri

GRASSES

Agropyron cfistatum

Bromus cafinatus

Bromus tectorum

Dactyfrs glomerata

E|ymus cinereus

Elymus hspldus

Elymus lanceolatus

Elymus salinus

Elymus smithii

Elymus spcafus

Hodeum jubatum

Paa sacunda

Stipa hymenoides

0.@

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

40.00

7.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0,00

0.00

0.00

5.00

0.00

0.00

0.m

13.00

0.00

0,00

0.00

0.00

0.00

0.00

0.m
0.00

0.00

30.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

5.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

30.00

0.00

0.00

0.00

0.00

0.00

7.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

35.00

0.00

0,00

10.00

3.00

0.00

0.00

0.00

0.00

0.m
0.00

0.00

0.00

0-00

7.00

0.00

0.@

0.00

0.00

0.00

0.00

0.00

0.00

10.00

15.00

0.00

0.00

0.00

18.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.m
20.00

0.00

5.00

0.00

0.00

0-00

0.00

0.00

0.00

0.ffi

0.00

0.oo

0.00

0.00

0.00

0.00

45.00

0.00

0,00

0.00

0.00

0.00

0.00

0.00

35.00

0.00

5.00

0.00

0_00

0.oo

0.00

15.00

0.00

0.00

0.00

0.oo

10.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

20.00

0.00

10.00

10.00

0.00

0.m
0.00

COVER

Total Living Cover

Litter

Bareground

Rock

40.00

10.00

35.00

15.00

65.00

10.00

10.00

15.00

65.00

10.00

10.00

15.00

55.00

15.00

20.00

10.00

50,00

10.00

25.00

15.00

70.00

10.00

10.00

10.00

65.00

10.00

15.00

10.o0

06 coMPoslTloN
Shrubs

Forbs

Grasses

0.00

0.00

100.00

72.31

0,00

27.69

46_15

0.00

53-85

0.00

12.73

87.27

0.00

14.00

86.00

0.00

35.71

u.2s

0.00

61.54

38.4SI
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9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.m
0.00

0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00

0.00

0.00

0.00

0.00

0.00

7.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

8.00

0.00

5.00

0.00

10.00

10.00

0.00

0.00

0.00

0.00

0.00

13.00

0.00

0.00

0,00

0.00

0.00

s5.00

0.o0

20.00

0.00

0.00

10.m

0.00

0.00

0.00

0.00

5.00

0.00

15.00

0.00

0.00

0.00

0.00

0.ffi
0.00

0-00

0.00

0.00

0.00

0.m
0.00

0-00

0_00

0.00

0.m

0.00

0.00

0.00

30.00

0.00

0.00

0.00

25.00

0.00

0.00

8.00

0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

{I

0.00

30.00

0.00

0.00

0.o0

0.00

0.o0

25.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

o.00

7.00

0.00

0.00

0.00

0.00

0.00

20.00

0.00

0.00

0.00

0.00

0.o0

0.00

0.00

0.00

0.00

0,00

0.00

0.00

0.00

0.00

0.00

0.o0

10.00

0.00

0.00

0.00

0.00

0.00

o.m

0.00

0.00

0-00

0,00

20.00

0.00

5.00

0.00

10.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

30.00

0.00

0.00

10.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.m
0.00

10.00

0.00

5.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

5.00

0.00

0,00

0.00

15.m
10.00

0.00

0.00

0.00

0.00

0.00

15.00

0-00

0.00

0.00

5.00

0.00

0.00

0.00

0.00

0.00

15.00

0.00

0.00

0.00

0.00

7.00

0.m
30.00

0.00

0.00

0.00

0.00

0.00

0.00

65.00

10.00

15.00

10.00

40.00

5.00

30.00

25.00

65.00

10.00

r5.00

10.00

40.00

10.00

30.00

20.00

6s.00

25.00

5.00

5.00

45.00

15.00

10.00

s0.00

35.00

10.00

15.00

40.00

45.00

15.00

15.00

25.00

35.00

5.00

35.00

25.00

70.00

10.00

5.00

15.00

0.00

46.15

53.85

0.00

17.50

82.s0

0.00

38.46

61.54

32.50

0.00

67.50

84.62

0.00

15.38

66.67

0.00

33.33

14.29

0.00

85_71

33.33 0.00

o.ffi 0.00

66.67 100.00

47.14

0.00

52.86

il
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I
18.00 19.00 20.00 21.00 ?2.00 23.00 24.00 25.00 26.00 27.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

2.00 0.00

0.00 0.00

0.00

10.00

0.00

0.oo

0.00

0.00

0.00

0.00

0.00

0.00

15.00

0.00

40.00

0.00

0.00

10.00

0.ffi
0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

23.00

0.00

10.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

25.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

25.00

0.00

0.00

0.00

0.00

0.00

0.00

15.00

0.00

0,00

0.00

0.00

0.00

20.00

10.00

0.00

0.00

0.00

0.00

0.00

o.00

0.o0

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.o0

10.00

15.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0-00

0.00

0.00

0.00

0.00

0.00

0.00

5.00

0.00

0.00

0.00

10.00

0.00

0.00

0.00

5.00

40.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.m
0.00

0.00

10.00

0.00

0.00

0.00

25.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

10.00

0.00

20.00

0.00

0.00

15.00

0.00

0.00

0.00

0.00

0-00

0.00

0.00

0.00

0.00

0.00

0.00

s.00

0.00

15.00

0.00

5.00

0.00

0.00

0.00

0.00

10.00

0.00

0.00

0.00

s.00

0.00

5.00

0.00

20.00

0.oo

20.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

5.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

il

75.00

10.00

5.00

10.00

35.00

5.00

35.00

25.00

25.00

10.00

35.00

30.00

70.00

20.00

5.00

5.00

25.OO

10.00

10.00

55.00

60.00

20.00

10.00

10.00

3s.00

25.00

30.00

10.00

45.00

2s.00

10.00

20.00

s5.00

10.00

20.00

35.00

55.00

10.oo

10.00

25.00

0.00

13.33

86.67

0.00 0.00

5.71 0.00

94.29 100.00

0.00 0.00 0.00 0.00

3s.71 0.00 0.00 0.00

0-00 0.00

0.00 0.00

9.09

0.00

90.9164.29 100.00 100.00 100.00 100.00 100.00

{l
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28.00 29.00 30.00 31.00 32.00 33.00 34.00 35.00 36.00 37.00

0.00

0.00

0.00

0.00

0.00

0.00

15.00

0.00

o.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

15.00

0.00

0.00

0.00

0.00

30.00

0.00

0.00

0.00

0.00

40.00

0.00

0.00

0.00

0.00

7.00

0.00

0.00

0.00

0.00

10.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0,00

0.00

10.00

0.00

0.00

0.00

5.00

10.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

10.00

0.00

0.00

5.00

0.00

0.00

7.00

0.00

5.00

5.00

0.00

0.00

0.00

0.00

0.00

20.m
0.00

10.00

0.00

0.00

8.00

0.00

0.00

0.00

0.00

18.00

0.00

0.00

s.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

15.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

5.00

0.00

0.00

0.00

0.00

15.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0-00

0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 5.00

5.00 0.00

0.00 0.00

il 0.00

o.00

0_oo

o_00

5.00

o.00

0.00

0.00

0.00

15.00

o.00

5.00

0.00

0.00

0.00

0.00

0.00

10.00

0.00

0.00

0.00

0.00

0.00

5.00

20.00

0.00

0.00

0.00

0.00

0.00

15.00

0.00

0.00

0.00

5.00

r0.00

0.00

0.00

0.00

0.00

0.00

0.00

0_00

0.00

0.00

0.00

5.00

0.00

0.00

0.00

15.00

0.00

0.00

0.m
0.00

0.00

0.00

0.00

0.00

0.00

5.00

0.00

0.00

0.00

0,00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

t5-00

5-00

0.00

0.00

0.00

0.00

0.00

0.00

0.o0

0.00

0.00

0.00

0.00

5.O0

10.00

0.00

so.o0

0.00

40.00

5.00

5.00

50.00

50.00

15.00

10.00

25.00

55.O0

20.00

5.00

20.00

55.0O

10.00

5.00

30.00

50.00

5.00

35.O0

10.00

50.0o

10.00

15-00

2s.m

35.00

10.00

15.00

40.00

4s.o0

35.O0

15.00

5.00

35.00

20.00

5.00

40.00

45.00

40.00

10.00

5.00

g.5s
s.09

36.36

33.33

0.00

66.67

0.00

37-50

62.50

0.00

30.00

70.00

0.00

30.91

69.09

80.00

10.00

10.00

14.00

46.00

40.00

28.57

0.00

71.43

0.00

0.00

100.m

0.00

42.86

57.14

I
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38.m 39.00 40.00 41.00 42.00 43.00 44.00 45.00 46.00 47.00

0.00

0.00

0.00

40.00

0.00

0.00

15.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

15.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0,00

0.00

20.00

0.00

0.00

0.00

o.00

0.00

0.00

10.00

0.00

0.00

0.00

0.00

0.00

o.00

5.00

0.00

15.00

0.00

0.00

5.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

5.00

0.00

0.o0

0.00

15.00

0.00

0.00

5.00

0.00

0.00

0.00

0.00

0"00

0.00

0.00

0.00

0.00

0.00

0.00

10.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

15.00

0.00

10.00

0.00

0.00

15.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

10.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0-00

0.00

0.00

0.00

0.00

0.00

0.00

60.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

15.00

0.00

0.00

0.00

0.00

0.00

0.00

45.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.m
15.00

0.00

0.00

0.00

0_00

0.00

0.00

0.00

o.00

0.00

0.00

0.o0

0.00

0.00

0.00

0.OCI

0.00

0.00

0.00

0.00

5.00

0.00

{l 30.00

0.00

0.00

0.00

10.m

0.00

0.00

0.00

10.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

35.00

0.00

15.00

0.00

15.00

0.00

0.00

0.00

0.00

0.00

0.00

15.00

0.00

0.00

0.m

0.00

0.00

0.00

0.00

0.00

0.00

10.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

5.00

0.00

0.00

30.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.o0

0.00

0.00

0.00

0.00

65.OO

0.00

0.oo

0.00

0.00

70.00

15.00

5.00

10.00

55.00

1O:00

25.00

10.00

30.00

10.00

25.00

35.00

50.00

15.00

5.00

30.00

60.00

30.00

5.00

5.00

65.00

10.00

10.00

15.00

75.00

23.00

1.00

1.00

70.00

5.00

10.00

15.00

50.00

7.00

35.00

8.OO

65.00

15.00

10.00

10.00

57.14

21.43

21.43

36.36

18.18

45.45

0.00

16.67

83.33

0.00

20.00

80.00

0.00

16.67

83.33

0.00

0.00

100.00

0.00

80.00

20.00

64.2s

21.43

14.2s

0.00

30.00

70.00

0.00

0.00

100.00

il
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50.00 51.00 52.00 53.00 54.00 s5.00 56.00 57.00

{l

0.00

0.00

0.00

0.00

0.00

0.00

20.00

0.00

0.00

0.00

0.00

0.00

0.00

5.00

0.00

0.00

o.00

0.00

0-00

0.00

35.00

0.00

0.00

0.00

0.00

0.00

0.00

5.00

0.00

0.00

0.00

0.00

0.00

0.00

o.00

0.00

0.00

0.00

0.00

0.00

0.00

10.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0-00

0.00

0.00

0.00

70.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

40.00

0.00

0.00

10.00

0.00

0.00

0.00

0.00

0.o0

0.00

0.00

0.00

0.00

1s.00

0.o0

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

25.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

o.00

0.00

0.00

0.00

5.00

0-00

0.00

0.00

7.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

1s.00

0.00

5.00

0.00

0.oo

0.00

0.00

0.00

0.oo

0.00

0.00

0.00

0.00

5.00

0.00

0.00

0.00

0.00

0.oo

0-oo

0.00

0.00

0.00

0.00

15.00

0.00

15.00

15.00

0.00

0.oo

0.00

0.00

0.00

5.00

0.00

0.00

0,00

20.00

0.00

25.00

0.00

0.00

0_00

0.00

0.00

0.00

0.00

0.00

0.00

10.00

30.00

0.00

0.00

0.00

0.00

0.00

0.00

15.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

2s.00

0.00

0.00

0.00

0.00

0.00

50.00

0.00

0.0t)

0.00

0.00

0.00

0.00

0.00

0-o0

0.00

0.00

0.00

0.00

0.00

8.00

0.00

20.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0_m

0.00

40.00

60.00

10.00

25.00

5.00

55.00

20.00

15.00

10.00

50.o0

5.00

30.00

15.00

70.00

5.00

15.@

10.00

65.00

10.00

20.00

5.00

65.00

15-00

15.00

5.00

50.00

10.00

25.00

15.00

40.00

5.00

10.00

45.O0

60.00

15.00

5.00

20.00

50.00

15.00

30.o0

5.00

0.00

33.33

66.67

9.09

0.m
90.91

0.00

20.00

80.00

0.00

0.00

100.00

61.54

15.38

23.08

0.00

38.46

61.54

0.00

0.00

100.00

30.00

0.00

70.00

25.00

8.33

66.67

0.00

10.00

90.00
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I
61 thru 70 Transect "B"

6r.00 62.00 63.00 s4.00 65.00 66.00 67.00

{l

0.00

0,00

0.00

15.00

0.00

0.00

10.00

0.00

0.00

0.00

0.00

5.00

0.00

0.00

0.00

0.00

0.00

0.o0

10.00

0.00

5.00

0.00

0.00

0.00

0.00

0.00

0.00

20.00

0.00

0.00

0.00

0.00

0.oo

0.00

0.00

0.00

0.00

0.00

10.00

0.00

0.00

0.00

0.00

0.00

0.00

0,00

0.00

0.00

0.00

10_00

0.ffi

0.00

0.00

0.00

0.00

0.00

0.00

0.m

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

5.00

0.00

0.00

15.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

20.00

0.00

0.00

0.00

0.00

0.00

0.00

0.m
0.00

20.00

0.00

0.00

0.00

0.00

0.00

10.00

0.00

o.o0

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

15.00

0.00

0.00

0_00

0.00

0.00

0.00

0.00

0.00

0.00

0-00

40.00

0.00

0.00

0.00

0.00

0.00

10.00

0.00

0.00

0.00

0.00

0.00

0.00

10.00

0.00

0.00

0.00

0.00

10.00

0.00

0.00

0.00

0.00

0.00

0.00

0,00

20.00

15.00

0.00

0.00

0.00

0.00

0.00

5.00

0.00

0.00

0.00

5.00

0.00

10.00

25.00

0.00

0.00

0.00

0.m
0.00

10.00

0.00

0.00

0.00

0.00

0.00

45.00

0.m
0.00

0.00

0.00

0.00

5.00

0.00

0.00

0.00

0.00

20.00

0.00

15.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

10.00

0.00

30,00

0.00

0.00

15.00

0.00

0.00

15.00

0.00

10.00

0.00

0.00

25.00

0.00

0.00

0.00

0.00

0.00

0.00

45.00

10.00

20.00

25.00

65.00

15.00

15.00

5.00

55.00

5.O0

25.00

15.00

65.00

10.00

15.00

10.00

40.00

10.00

5.00

45.00

40.00

10.00

20.00

30.00

30-00

5.00

45.00

20.00

55.00

20.00

10.00

15.00

65.00

10.00

15.00

10.00

60.00

20.00

5.00

15.00

33.33

22.22

4.M

30.77

0.oo

69.23

18.18

0.00

81.82

r5.38

0.00

84.62

0.00

0.00

100.00

12.50

37.50

50.00

66.67

33.33

0.00

0.00

0.00

100.00

0-00

23.08

76.92

0,00

66.67

33,33

(l
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71 thru 80 Transect "C"

70.00 71.00 72.W 73.00 74.00 75.00 76.00 Tt.w

0.00

0.00

0.00

25.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

15.00

10.00

0.00

0.00

0,00

0.00

15.00

0.00

0.00

10.00

0.00

0.00

0.00

10.00

0.00

0.00

0.00

0.00

20.00

0.00

0.00

5.00

0.00

0.00

0.00

0.00

40.00

0.00

0.00

5.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

5.00

0.00

10.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

5.00

0-00

0.00

5.00

0.00

0.00

0.00

0-00

0.00

20.00

0.oo

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

5.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

s.00

0.00

0.00

15.00

0.00

0.00

0.00

0.oo

5.00

0.00

0.00

5.00

0.00

0.00

0.00

5.00

0.o0

0.00

0.00

0.00

5.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.m
20.00

0.00

0.00

0.00

0.00

25.00

0.00

0.00

0.00

0.00

0.00

0.00

25.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

10.00

0.00

0.00

0.00

0.00

35.00

0.00

0.00

0,00

0.00

0.00

0.00

0.00

0.00

0-00

so.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.o0

45.00

0.00

0.00

0.00

0.00

0.00

0.00

5.00

0.00

0.00

0.00

0.00

0.00

0.o0

10.00

0.00

35.00

0.00

0.m
15.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

20.00

0.00

0.00

0.00

0.00

0.00

0.00

15.00

0.00

45.00

5.00

5.00

45.00

50.00

30.00

10.00

10.00

50.00

30.00

10.m

10.00

70.00

20.00

5.00

s.00

60.00

30.00

5-00

5.00

60.00

5.00

5.00

30.00

40.00

35.00

5.00

20.00

65.00

15_00

5.00

15.00

55.00

15.00

5.00

25.00

40.00

50.00

5.00

5.00

55.s6

0.00

4.M

0.00

0.00

100.00

0.00

0.ffi
100.00

14.29

21.43

64.29

41.67

0.00

58.33

66.67

8.33

25.00

0.00

25.00

75.00

3A.77

0_00

69.23

9.09

0.00

90.91

50.00

12.ffi

37.50
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'l
Freq

PLATEAU MINING

Sowbelly

Reclaimed Area

Exposure: Variable

Slope: Variable

Sample Date:27-28 July 2005

{l

0.00

0.00

0.00

25.00

0.m

0.00

0.00

0.00

3.00

7.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

15.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

5.00

0.00

0.00

0.00

0.00

5.00

0.00

0.00

10.00

0.00

0.00

0.00

0.00

0.00

30.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

7.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

8.00

0.00

0.00

0.00

0.00

25.00

0.00

0.00

5.00

0.00

0.00

0.00

1.8,|

0.50

0.25

6.84

o.28

0.15

6.24

0-19

0.60

0.5s

0.13

1.19

0.91

1.40

0.13

3.50

3.19

7.74

0,56

7.38

5.36

0-06

2.06

1.38

6.67

4.4
1.63

12j2
1.83

0.95

10.96

1.67

1.79

1.78

1 .11

4.35

3.66

3.39

1.11

6.53

11.27

10.84

2.74

11.88

9.05

0.56

6.36

6.32

10.00

1.25

2"50

37.50

2.50

2.50

36.25

1.25

11.25

10.00

1.25

10.00

7.50

18.75

1.2s

30.00

10.m

45.00

5.00

43.75

37.50

1.25

12.50

5.00

TREE$ & SHRUBS

Aftemisia tidentata

Atriflex cenescens

Gerafoides lanata

C h rysoth amnus nauseosus

Gutierezia sarothrae

FORBS

Aftemisia dracunculus

Asferglaucodes

Hedysarum boreale

Linumlewisii

Melilotus officinalis

Penstemon palmei

GRASSES

Agropyron cistatum

Bromus cainatus

Bromus tectoram

Dactylis glomerata

Elymus cinereus

Elymus hisptdus

Elymus lanceolatus

Hymus salinus

Elymus smtrthii

Elymus sprcafus

Hordeum jubatum

Poa secunda

Stipa hymenordes

50.00

15.00

5.00

30.00

50.00

10.00

25.00

15.00

45.00

10.00

10.00

35.00

52.38

14.25

14.83

18.55

12.45

8.83

10.12

12.36

COVER

TotalLiving Gover

Lifter

Bareground

Rock

50.00

20.00

30.00

10.00

10.00

80.00

15.56

0.00

84.44

17.75

13.96

68.28

24.26

17.79

26.81

% COMPOSITION

Shrubs

Forbs

Grasses,l
A-9



PLATEAU MINING

Sowbelly Reference Area

Exposure: Variable

Slope: Variable

Sample Date: 27-28 JulY 20O5 1.00 2.00 3.00 4.00 5,00 6.00 7.00

TREES & SHRUBS

Artemisia tidentata

Atiflex canescens

G h ry soth a m nus na useosus

Gutienezia sarothrae

FORBS

Artemisia ludoviciana

Aster g[aucodes

Medicago safiva

Penstemon palmei

SrbymDium a/fssimum

Tragopogon dubius

GRASSES

Bromus inetmfs

Bromus tectorum

Dactylis glomerata

Hymus hisprdus

Elymus laneeolatus

Elymus sa/inus

Elymus smithii

Stipa hymenoides

0.00

0_00

40.00

0.00

5.00

0.00

0.00

0.00

0.00

0.00

0.00

5.00

0,00

0.00

0.00

0.00

s.00

0.00

0.00

0.m
40.00

0.00

8.00

0.00

0.00

0.00

2.00

0.00

0.00

5.00

0,00

0.00

0.00

5.00

0.00

0.00

0.00

0.00
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Total Living Cover
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06 coMPoslTloN
Shrubs
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69.23

23.08

14.8
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71.43

0.00

33.33

66.67

36.36 100.00

0.00 0.00

63.64 0.00
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5.00

10.00
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r0.00

30.00

5.00
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65.00

5.00

20.00

10.00

0.00
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0.00

14.29
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0.00

36.3,6

63.64

0.00

57.14

42.86

0.00

0.00

100.00
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33.33

66.67

0.00
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Sowbelly Reference Area

Exposure: Variable

Slope: Variable

Sample Date.27-28 July 2005
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I

VEGETATION MONITORING
FOR PHASE Itr BOND RELEASE

IN SOWBELLY CAFIYON

YEAR ONE
2004

INTRODUCTION

Sowbelly Canyon (also known as Sowbelly Gulch) is an area that was once rnined for coal' The

disturbances to the land surface from the mining activities have been reclaimed and reseeded to an

approximate 
,.natural" condition with the goal to blend in with the native plant communities in the

surrounding areas. In order for the mining company to receive final bond release on the mined

property, the State of Utah, Division of Oil, Gas and Mining (DOGM) requires at least l0 years

of time to pass following revegetation activities. This time period usually allows enough time for

the plants in the reclaimed areas to become established and hopefully provide a vegetative cover

that is..diverse, effective and permanent." During the final two years of this reqp onsibility

period,the vegetation of the reclaimed land can be monitored to determine whether or not the

area has met pre-determined standards for revegetation success. This document was prepared to

address vegetation sampling results for Year I of the two years required for final monitoring'
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Brief History

Sowbelly Canyon is located within the Wasatch Plateau approximately 4 miles west-northwest of

the city of Helper, Utah. This canyon has been the site of mining activities for nearly 100 years.

Spring Canyon Coal Company was one of the first mining companies in the canyon, conducting

their operations between 1890 and 1970. Subsequently, McCulloch Oil purchased the site

followed by Franklin Real Estate, Price River Coal and Castle Gate Coal Company. Plateau

Mining Corporation currently owns the property. In recent years the disturbed areas of Sowbelly

Canyon have been reclaimed with the final seeding accomplished in Fall 1 995. Preliminary

vegetation sampling has been conducted since that time to monitor the early establishment of the

revegetated plant communities.

General Site Desc.dption

The average elevation of the Reclaimed and Reference Areas of Sowbelly Canyon is

approximately 7,000 ft above sea level. The canyon sides are dominated by pinyon-juniper and

Gambel's oalc/grass plant communities. Most of the Reclaimed Areas are located near the canyon

bottoms that, prior to disturbance, were probably once dominated by Gambel's oak, sagebrush

and grass communities. During reclamation activities, a drainage channel was re-created at the

canyon bottoms. The Reclaimed Areas were seeded with native plant species. In addition,

containerized plant species such as serviceberry (Amelanchier utahensis), chokecherry (Prunus

virginiana), willows (,Salfx spp.), and Wood's rose (Rosawoodsii) have been transplanted along



I the channel in the valley bottom.

Reference Area

A general Reference Area to be used as a standard for final revegetation success was chosen at a

much earlier date. The Mining and Reclamation Plan (hffi,P) stated that "the AML Reference

Areas shown on Exhibit 9-6 will be used to evsluate previously mined areas" . Because the AML

(Abandoned Mined Lands) areas were relatively extensive, at least for use as one Reference Area,

biologists from DOGM along with representatives from Plateau Mining Corp., chose a smaller

portion of the AML areas as a Reference Area for Sowbelly Canyon. This Reference Area was

located down-canyon (or south) and very close to the Reclaimed Areas.

METHODS

Quantitative and qualitative data were taken from the vegetation of the Reclaimed and Reference

Areas in Sowbelly Canyon. Sampling was conducted in mid-August, 2004. Methodologies used

for sampling were perfiormed in accordance with the guidelines provided by DOGM.
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Transect and Ouadrat. P_lacement

Random/regular placement of sample quadrats were designed as an attempt to provide unbiased

accuracy of the data compiled. This was accomplished by establishing several long transect lines

along the entire length of the Reclaimed Areas. These lines were placed in the lowest portion of

the reclaimed drainage system. At regular intervals along the drainage transect lines, random

numbers were generated and used to measure distances at right angles from the drainage and to

determine sample locations. Whether these random numbers were odd or even determined which

side of the drainage (east or west) a given quadrat was placed. The random numbers selected

could be high enough to place quadrats to the lateral limits of the Reclaimed Areas and all areas

in-between. This insured that the sample quadrats were placed randomly over the entire study

area in an attempt to adequately represent the site as a whole. The sample points that were placed

randomly in the drainage bottom (or potential riparian area) were marked on the raw data sheets

so they could be studied separately if desired.

Cover. Frequency and Composition

Cover estimates were made using ocular methods with meter square quadrats. Species

composition and relative frequencies were also assessed from the quadrats. Additional
"ia' . l

information recorded on the raw data sheets were: estimated precipitation, slope, exposure,

grazing use, animal disturbance and other appropriate notes. Plant nomenclature follows "A

Utah Flora" (Welsh et al. 2003).
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Sample Size & Adequacy

Sampling adequacy was calculated using formula given below.

nMIN= tzs2

(tu)'

where,

nMlN = minimum adequate sample
| = appropriate confidence t-value
s = standard deviation
x = sample mean
d = desired change from meen

The values used for "t" and "d" insured that sample adequacy was met with 90% confidence

within a l0o/o deviation from the true mean.

Diversity & Simiiarity Indices

There are several well-documented methods to assess diversity and similarities in plant

communities. The "Motyka Index" is a modified form of the "sorenson Index", both similarity

indices. This index was used on the data and the equation is shown below:

tsuo=(#)x1oo'MA+MB'

where,

MW = E of the smaller quantitative values of species of two communities,
MA = I of the quantitative values of all species in one community,
MB = I of the quantitative values of all species in another community.
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A diversity index has been reported in this document for the Reclaimed and Reference Areas.

MacArthur's Diversity Index is an effective diversity measurement and is computed using the

following equation:

ulpi2

where,

pi is the proportion of sum frequency contributed
by the lth species in the sample area of concern.

The proportional contribution of each species is then squared and the values for all species in the

sample areas are summed. This index integrates the number of species and the degree to which

frequency of occurrence was equitably distributed among those species.

Photographs

Color photographs of the sample areas were taken at the time of sampling and submitted with this

report.

Raw Data

The raw data for total cover, cover by species, frequency and composition were also submitted in

the Appendix ofthis report which should facilitate future scrutiny of the data and further

statistical testing if desired.

6



RESULTS

Reclaimed Area

The total living cover for the combined data of the Reclaimed Areas in Sowbelly Canyon was

54.00% (Table l-A). Grasses were the dominant lifeform inthese areas comprising 61.30% of

the total living understory cover, followed next by shrubs at 20.53% and forbs at 18.16% (Table

1-B).

The dominant plant species in the reclaimed areas were rubber rabbitbru sh (Chrysothamnus

nauseosus), thickspike wheatgrass (Etymus lanceolatus), blueleaf aster (Aster glaucodes) and

Western wheatgrass(Elymus smithii). For a list of all plant species present in the sample quadrats

along with their cover and frequency values, refer to Table 2.

Refelenge Area

The Reference Area, or area chosen as revegetation success standards, had a total living cover of

45.sOYo (Table 3-A) Like the reclaimed areas, grasses werethe dominant lifeform and comprised

63.53Vo ofthe total living cover. Shrubs and grasses were nearly identical in their proportion of

the total living cover (Table 3-B)

The plant species that dominated the Reference fuea were thickspike wheatgrass, Western



wheatgrass, rubber rabbitbrush and cheatgrass (Brornus tectorum). For cover and frequency

values by species refer to Table 4.

Data Set Comparisons

Comparisons were made between the data of

the Reclaimed and Reference Areas. First,

statistical tests were implemented comparing

the total living plant cover of the two areas. A

"Student's t-test" analysis suggested the

Reclaimed Areas were significantly higher for

FIG. l. STUDENT'S T TEST - A Total
Living Cover Comparison Between the
Reclaimed and Reference Areas at Sowbelly
Canyon (2004)-

Reclaimed Area: x-54.00; s:l1.74; n:80

Reference Area: x=49.50; s:12.46; n-50

t:2.077; df : I28, SL: p<.05

total living cover when compared to the Reference Area (Fig. 1)-

Next, similarity and diverslty indices were computed and the a.reas u/ere compared. The Motyka

Index was recommended to be used to compare species diversity in the Mining and Reclamation

Plan (Nffi.P) Although this index is more of a'similarity index'than a'diversity index', it has

been employed to compare the data sets. The MRP assigned the following categories to be used

for comparisons in the Mofyka Index:

Non-Weedy Shrub Cover,
Weedy Shrub Cover,
Native Perennial Grass Cover,
Introduced Perennial Grass Cover,
Non-Weedy Forb & Grass Cover,
Weedy Forb & Grass Cover.



MacArthur's Diversity Index was also employed

to the data sets of the Reclaimed and Reference Areas. This comparison suggests that the total

diversity of the Reclaimed Area was greater than that of the Reference Area (Fig. 3).

DISCUSSION

PlateauMining Corpor-ation (PMC) and State of Utah, DMsion of Oil, Gas and Nfining {DOCtM)

When using the above categories and employing

the Mofyka Inde4 the similarity value for the

fw-o communities was 83 .89Yo {FiS" 2).

FfG.3. MacARTHUR'S INDEX - A
Comparison Between the Reclaimed and
Reference Areas at Sowbelly Car,yon (2004).

Lt[rrf =

Rpslaimed. S"rqa: I 2.250

Reference Area: 10.354

FfG. 2. MOTYf(A II{DEX - A Comparison
Between the Reclaimed and Reference Areas
at Sowbel$ Canyon (2004).

,tuo=(ffi)xloo=BB.BBG

worked together formulating revegetation

success standards for the hfining and

Reclamation Plan in Sowbelly Canyon.

Because the area was disturbed by mining

operations prior to the current revegetation

regulations and requirements, standards for

revegetation success were modified. State

,l

regulation R645-301-356.250 states that: 'Tor areas previously dimnbed by mining thst were not

reclaimed to the requirements of R645-IA0 through R645-203 snd. R645-301 thrrrugh R645-302

sftd thot we remined or otherwise redistttrbed by coal mining and reclsmation operations, at a

mfurimum, the vegetative groand cover will be not less thsn the ground cover eristing before



redisturbance and will be adequate to control erosion" .

The Sowbelly Canyon area was continuously mined since the time it was first disturbed by mining

activities. Because of this there was no vegetative cover data "existing before redisturbance" as

mentioned above in the state regulation. Therefore, DOGM and PMC agreed that upon final

reclamation the standards for revegetation success would be determined using a specific

Reference Area - but success parameters would be dictated more from the species present,

diversity and similarity indices rather than strictly by cover, productivity and woody species

density as the more recent regulations would dictate. Erosion control (as stated in the regulation

above) should also be considered for a successful revegetation standard.

With the above considerations, sampling quantitatively for cover would still be necessary in the

Reclaimed and Disturbed Areas to adequately address the success standards. That said, and even

though such a comparison was not necessary here, the total living cover was significantly greater

statistically when compared to the Reference Area. Moreover, the plant species present in the

quadrats were comprised almost exclusively of "desirable" rather than "weedy" species. Not only

does this suggest successful revegetation from a cover perspective, but it also suggests that

erosion control is probably better in the Reclaimed Area when compared to the Reference Area.

In addition, as shown in the RESULTS section above, diversity and similarity indices revealed

favorable results for the Reclaimed Areas in Sowbelly Canyon when compared to the Reference

Area. In other words, the Reclaimed Areas were more diverse than the Reference Atea, but the

l0



t two areas were still quite similar.

The vegetation monitoring data show that if bond release were based on this sample period (the

first of a two-year vegetation monitoring plan), Phase III Bond Release may be waruanted.

However, final bond release is to be based on two consecutive sample years. Therefore, the area

should be re-sampled in 2005 to determine whether or not the same results apply.

I

lt



I TABI.E 1: Total cover and composition summary for the Reclaimed Areas in Sowbelly Canyon

(2004)

A. TOTAL COVER

Overstory Living
Understory Living
Litter
Bareground
Rock

% MEAN
COVER

0.31

53.69
15.13

1 5.46
15.73

STANDARI}
DEVIATION

2.78
12.03

9.91
I 1.54
10.55

SAMPLE
SIZE

80
80
80
80

80

Total Living Cover 54.00 tt.l4 80

,l
B. COMPOSITION

Shrubs
Forbs
Grasses

20.53
18.16
6l .30

28.37
23.97
31.66

80

80

80

,o
t2



,l TABLE 2: Species cover and frequency summary for the Reclaimed Areas in Sowbelly Canyon

(2004).

SPECIES

OVERSTORY
Acer grandidentatum

TREES & SHRUBS
Amelanchier utahensis
Artemisia tridentata
Atriplex canescens

Ceratoides lanata
Chrysothamnus nauseosus
Gutierrezia sarothrae
Symphori ca rpo s o re ophi lus

FORBS
Achillea millefolium
Artemisia drucunculus
Aster glaucodes
Grindelia squarrosct
Hedysarum boreale
Iva axillaris
Linum lewisii
Machae ranthe ra cfi ne s cens

Melilotus fficinalis
Salsola pestifer

GRASSES
Agropyron cristatum
Bromus tectorum
Dactylis glomerata
Elymus cinereus
Elymus hispidus
Elymus junceus
Elymus lanceolatus
Elymus salinus
Elymus smithii
Elymus spicatus
Elymus trachycaulus
Poa pratensis
Poa secunda
Stipa hymenoides

STANDARI} SAMPLE
DEVIATION SIZE

RELATIVE
FREQUENCY

l.2s

r.2s
8.75
7.50
5.00

27.s4
2.50
l.25

l.2s
5.00

36.2s
10.00

1.25

|.2s
7.50
7.50
2.50
r.25

7.50
7.50
r.25

25.00
3.75
2.50

48.75
6.Zs

43.7s
13.75

2.50
3.75

17.50
2.50

% MEAN
COVER

0.31

0.06
0.81

1.63

0.94
7.66
0.13
0.69

0.04
0.38
6.38

0.46
0;06
0.50
0.61

0.44
0.31

0.13

l.13
0.50
0.06
4.81

0.38

0.19
7.56
1.56

6.l6
4.69
0.56
0.44
4.t3
0.31

2.78

0.56
3.30
6.26
4.41

16.38

0.78
6.1 I

0.33
r.73

12.25

r.75
0.56
4.44
2.66
1.62

1.99

Lll

5.24
1.87

0.56
lt.22
2.06
t.24

10.90

6,96
956

13.l3
4.03
2.52

Lt.67
2.28

80

80

80

80

80

80

80

80

,l

80

80

80

80

80

80

80

80

80

80

80

80

80

80

80

80

80

80

80

80

80

80

80

80
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,l TABLE 3: Total cover and composition summary for the Reference Area in Sowbelly Canyon

(2004).

A. TOTAL COVER

Total Living
Litter
Bareground
Rock

% MEAN
COVER

45.50
r 8.60
I 1.80

24.10

STANI}ARI}
DEVIATION

12 46
14.39
8.76

r7 5l

SAMPLE
SIZE

50
50
50
50

B. COMPOSITION

Shrubs
Forbs
Grasses

18.44
18.04

63.53

23.61

20.59
26.2s

50
50
50

I

l4



I TABLE 4: Species cover and frequency summary for the Reference Area in Sowbelly Canyon

(2004)

SPECIES

TREES & SHRUBS
Artemisia tridentata
Atriplex canescens

Chrys othamnus naus eosus

Gutierrezia sarothrae

FORBS
Artemisia ludoviciana
Aster glaucodes
Chenopodium sp.

Grindelia squilrrosa
Macha e ranthe ra grinde Ii oi de s

Melilotus fficinalis
Penstemon palmeri

GRASSES
Bromus inermis
Bromus tectorum
Dactylis glomerata
Elymus lanceolatus
Elymus salinus
Elymus smithii
Pos secunda
Stipa hymenoides

% MEAN
COVER

0.50
3.24
4.60
0.40

1.96

3.10
0.l0
0.26
1.04

0.10
0,90

2.30
4.74
0.20

r0.30
0.20
9.10
0.20
1.70

STANDARI}
DEVIATION

3.50
7.81

7.93
I.69

3.44
8.30
0.70
1.05

2.72.

0.70
4.32

7 .63

9.61

1.40

12.47
1.40

13. t8
0.98
3.55

SAMPLE
SIZE

50
50
50
50

50

50

50
50
50

50

50

50
50
50

50
50
50
50

50

RELATIVE
FREQUENCY

2.00
20.00
36.00

6.00

34.00
32.00

2.00
6.00

16.00
2.00
8.00

20.00
30.00

2.00
62.00

2.00
42.00
4.00

22.00

15



COLOR PHOTOGR,APHS
Reclaimed fueas

(Walking North to South)

16



i'7



I
!rF

.i

'lr.illt ',5

iiwq,,

I

*I+*- i

1,

I

(

...,1,.1

1B

I



Reference Area

IO
L/



APPENDIX

Raw Data

il



t
PLATEAU MINING

Sowbelly

Reclaimed Area

Exposure: Variable

Slope: Variable

Sample Date: 17 Aug 2004 1.00

R = Riparian

R

2.00 4.00

OVERSTORY

Acer grandidentatum

TREES & SHRUBS

Amelanchier utahensis

Artemisia tridentata

Atiplex canescens

Cerato[des lanata

Gh rysoth amnus nauseosus

Gutienezia sarothrae

Symphoricarpos oreophilu s

FORBS

Achillea millefolium

Aftemisia drucunculus

Asferg/aucodes

Grindelia squarrosa

Hedysarum boreale

Iva axillais
Linum few.si

M ach aera nthera canescens

Melilotus offrcinalis

il 
Sa/so/a pestifer

GRASSES

Agropyron cistatum

Bromus tactorum

Dactylis g[omerata

Elymus cinereus

Elymus hispidus

E|ymus junceus

E|ymus lanceolatus

E|ymus sa/inus

Elymus smithii

Hymus sprbafus

Hymus trachycaulus

Foa prafensrs

Poa secunda

Stipa hymenoides

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

25.00

0.00

20.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

5.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

5.00

0.00

0.00

0,00

0.00

25.00

0.00

5.00

0.00

0.00

5,00

0.00

0.00

0.00

5.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

2.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

10.00

0.00

18.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

8.00

0.00

0.00

0.00

7.00

0,00

0.00

o,*

10.00

0.00

0.00

0.00

0.00

0.00

0,00

0.00

0.00

0.00

10.00

0.00

0.00

5.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

4.00

0.00

0.00

0.00

1.00

0,00

0.00

0.00

30.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

10.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0,00

0.00

10.00

1.00

0.00

0.00

4.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.ry
10.00

40.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

15.00

0.00

0.00

0.00

0.00

3.00

0.00

0.00

0.00

2.00

0.00

0.00

0.00

35.00

0.m
0.00

0.00

0.00

0.00

0.00

0.00

10.00

0.00

0.00

0.00

0.00

0.00

COVER

Overstory

TotalLiving Cover

Litter

Bareground

Rock

0.00

45.00

30.00

15.00

10.00

0.00

45.00

20.00

5.00

30.00

0.00

35.00

5.00

35.00

25.00

0.00

40.00

15.00

30.00

15.00

0.00

45.00

30.00

15.00

10.00

0.00

65.00

25.00

5.00

5.00

0.00

65.00

20.00

10.00

5.00

% COMPOS]TION

Shrubs

Forbs

Grasses

0.00

0.00

100.00

11.11

0.00

88.89

14.29

5.71

80.00

0.00

37,50

62.50

0.00

11.11

88.89

0.00

23.08

76.92

23.08

7.69

69.23

35.00Overstory + Understory 45,00 45.00

a-1

40.00 45.00 65.00 65.00



I R

8.00 9.00 10.00 12.00 13.00 14.00 17.00

,l

0.00

0.00

0.00

0.00

0.00

45.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.oo

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0,00

40.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

5.00

0.00

0.00

0.00

0.00

0.00

20,00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

3.00

0.00

0.00

2.00

0.00

0.00

0.00

0.00

0.00

0.00

0,00

0.00

0.00

0.00

10.00

0.00

20.00

0.00

5.00

0.00

0.00

0.00

0,00

0.00

0.00

0.00

0.00

0.00

5.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

45.00

0.00

5.00

10.00

0.00

0.00

0.00

0.o0

0.00

0.00

0.00

0.00

0.00

0.00

0,00

5.00

0.00

0.00

0.00

0.00

2s.00

0.00

0,00

0.00

0.00

0.00

0,00

0,00

0.00

10.00

0.00

0.00

0.00

0.00

5.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

13.00

0.00

0.00

0.00

0.00

2.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

45.00

0.00

0.00

0.m
0.00

0.00

0,00

0.00

0.00

0,00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

10.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

10.00

0.00

0.00

0.00

0,00

0.00

0.00

20.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0,00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0,00

0,00

0.00

0.00

35.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

5.00

0.00

0.00

0.00

0.00

5.00

0.00

0.00

0.00

0.00

5.00

0,00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

20.00

0.00

0.00

0.00

0.00

0.00

5.00 0.00

0.00 0.00

0.00 0.00

0.00 15.00

0.00 0,00

0.00 0.00

10.00 0.00

0.00 0.00

0.00 0.00

0.00 35.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

60.00 50.00

30.00 15.00

5.00 20.00

5.00 15.00

0.00

65.00

10.00

5.00

20.00

0.00

40.00

10.00

10.00

40,00

0.00

65.00

20.00

10.00

5.00

0.00

45.00

35.00

10.00

10.00

0.00

60.00

10.00

20.00

10.00

0.00

40.00

20.00

5.00

35.00

0.00

35.00

10.0o

10.00

45.00

0.00

35.00

15.00

15.00

35,00

75.00 0.00

0.00 0.00

25.00 100.00

61.54

0.00

38,46

0.00

12.50

87,50

7.6s

0.00

92.31

| 1.11

55.56

33.33

21.67

3.33

75.00

0.00

25.00

75.00

0.00

0.00

100.00

14.29

28.57

57.14

45.0050.00 65.00 40.00 65.00

L-2

60.00 40.00 35.00 35.00



t 18.00 19.00 21.00 27.00

,l

0.00

0.00

0.00

0.00

5.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

10.00

0,00

0.00

0.00

0.00

0,00

50.00

0.00

0.00

5.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0,00

0.00

0.00

0.00

0.00

0.00

30.00

0.00

0.00

0.00

0.00

20.00

0.00

0.00

0.00

10.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

5.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

10.00

0.00

0,00

20.00

0.00

0,00

0,00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

55.00

0.00

0.00

0.00

0,00

10,00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0,00

0.00

5.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0,00

0.00

0.00

5.00

0.00

0,00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

10.00

15.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

30.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

5.00

5.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

10.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

45.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

10.00

0.00

0.00

0.00

0.00

0.00

0.00

0.o0

0.00

10.00

0.00

0,00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0,00

50.00

0.00

0.00

0.00

0.00

0.00

0.00

0.o0

5.00

0.o0

0.00

0.00

0.00

0.00

10.00

0.00

5.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

50.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

15.00

0.00

0.00

0.00

5.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

25,00

0.00

0.00

0.00

0.m
5.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

25.00

0.00

0.00

0.00

0.00

0.m
0.00

0.00

65.00

20.00

10.00

5.00

0.00

65.00

5.00

20.00

10,00

0.00

35.00

5.00

25.00

35.00

0.00

70.00

5.00

5,00

20.00

0.00

30.00

5.00

50.00

15.00

0.00

50.00

10.00

20.00

20.00

0.00

65.00

5.00

15.00

15.00

0.00

70.00

25.00

2.00

3.00

0.00

70.00

20.00

5.00

5.00

0.00

5s.00

10.00

r5.00

20.o0

7.69

0.00

92.31

7.69

0.00

92.31

0.00

14.29

85.71

78.57

14.29

7.14

16.67

83.33

0.00

60.00

20.00

20.00

0.00

69.23

30.77

0.00

71.43

28.57

0.00

71.43

28.57

45.45

9.09

45.45

65.00 65,00 35.m 70.00 30.00 50.00 70.00 70.00



29.00 30,00 31.00 32.00 33.00 34.00 35.00 36,00 37.00

0.00

0.00

0.00

0.00

0.00

65.00

0.00

0.00

0.00

0.oo

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0,00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
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PLATEAU MlNING

Sowbelly

Reclaimed Area

Exposure: Variable

Slope: Variable

Sample Date: 17 Aug 2004

,l

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

5.00

0.00

0.00

0,00

0.00

0.00

50.00

0.00

0.00

10.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0,00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

40.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0,00

0.00

0.00

20.00

0.00

0.00

0.00

0.00

5.00

0.00

0.00

0.00

0.00

5.00

0.00

10.00

0.00

0.00

0.00

5,00

0.00

0.31

0.06

0.81

1.63

0.94

7.66

0.13

0.69

0.04

0.38

6.38

0.46

0.06

0.50

0.61

0.44

0.31

0.13

1.13

0.50

0.06

4.81

0.38

0.19

7,56

1.56

6.16

4.69

0.56

o.4
4.13

0.31

2.78

0.56

3.30

6.26

4.41

16.38

0.78

6.11

0.33

1.73

12.25

1.75

0.56

4.4
2.66

1.62

1.99

1.11

5.24

1.87

0.56

11.22

2.06

1.24

10.90

6.96

9.56

13.31

4.03

2.52

1 1.67

2.28

1.25

1.25

8.75

7.50

5.00

27.50

2.50

1.25

1.25

5.00

36.25

10.00

1.25

1.25

7.50

7,50

2.50

1.25

7.50

7.s0

1.25

25.00

3.75

2.50

48.75

s.25

43.75

13.75

2.50

3.75

17.50

2.50

OVERSTORY

Acer grandidentatum

TREES & SHRUBS

Amelanchier ufaheng.s

Artemisia tidentata

Atiplex canescens

Ceratoides lanata

Ch ry soth a mnus nauseosus

Gutienezia sarothrae

Symphoricarpos oreophilus

FORBS

Achillea millefolium

Artemisia drucunculus

Aster glaucodes

Gindelia sguanosa

Hedysarum boreale

Iva axillais

Linum lewisii

M a c h a e ra nffi era can escens

Melilotus officinalis

Sa/so/a pestifer

GRASSES

Agropyron cistatum
Bromus tectorum

Dactylis glomerata

Etymus cinereus

Elymus hisptdus

Hymus junceus

Elymus Ianceolatus

Elymus sa/rnus

Elymus smithii

Elymus spcafus
Elymus trachycaulus

Poa prafensis

Poa secunda

Stipa hymenordes

0.00

65.00

20.00

10.00

5.00

0.00

40.00

20.00

10.00

30.00

0.00

45.00

10.00

30.00

15.00

0.31

53.69

15.13

15.46

15.73

2.78

12.03

9.91

11,54

10.55

COVER

Overstory

TotalLiving Cover

Litter

Bareground

Rock

% COMPOSITION

Shrubs

Forbs

Grasses

0.00

0.00

100.00

0.00

0.00

100.00

0.00

4.4
ss.56

20.53

18.16

61.30

28.37

23.97

31.66

,l
65.00 40.00 45.00 54.00 11.74 Overstory + Understory



PLATEAU MINING

Sowbelly Reference Area

Exposure: Variable

Slope: Variable
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INTROI}UCTION

Obiectives for Monitorinq

Hardscrabble Canyon, once the site of early coal rnining activities, has been reclaimed and

restored to native plant communities similar to those that existed prior to the disturbance by

mining. Enough time has passed that the "Responsibility Period " for the site has been achieved.

This means that the vegetation has been established for a time period long enough that specific

parameters can be compared to those pre-set as standards for final revegetation success. If

revegetation is deemed successful, an applicatronforfinal or Phase III Bond Release can be

submitted through the State of Utah, Division of Oil, Gas and Mining (DOGM).

This report has been prepared to supplement the bond release application. Phase Itr Bond

Release requires a more intensive vegetation sampling regime than was required for Phase II

Bond Release; it also requires two consecutive years of quantitative datasets. Consequently,

vegetation sampling was conducted in 2008, and again in 2009. This report describes the

complete methods and results for the quantitative sampling conducted in 2009 (Year 2 of the

required two sample years), however, it also incorporates some summary information from the

2008 sample period (Year 1) to facilitate comparisons. For the complete report for 2008, refer to

the earlier document calle d Vegetation Monitoringfor Phase III Bond Release in Hardscrabble

Canlon, Year l: 2008.



t G-eneral Site Description

Hardscrabble Canyon is located in Carbon County, Utah and has a rich history in coal mining

activities. Those areas previously disturbed by the mining activities have been reclaimed and

reseeded with the final seed mixture, most of which were native plant species.

The average elevation of the Reclaimed Areas in Hardscrabble Canyon was approximately 6,?00

ft above sea level. The canyon sides are dominated by pinyon-juniper and Gambel's oak/grass

plant communities. Most of the Reclaimed Areas were located near the canyon bottoms that,

prior to disturbance, were probably once dominated by Gambel's oak, sagebrush and grass

comrnunities.

Reference Area

A Reference Area to be used as standards for final revegetation success was chosen at a much

earlier date by representatives of the mining company and DOGM. The Mining and Reclamation

PIan (MRP) states that "the AML Reference Areas shown on Exhibit 9-6 will be used to evaluate

previously mined areas", Because the AML (State of Utah, Division of Oil, Gas & Mining,

Abandoned Mined Lands Program) areas were relatively extensive, at least to be sampled as one

Reference Area, a biologist from DOGM along with a representative from Plateau Mining

Corporation, chose a smaller portion of the AML areas that would be appropriate to be used as

the Reference Area for the revegetation at Hardscrabble Canyon. This area was located in a

il



I nearby area called Sowbelly Canyon. More specifically, the Reference Area was located down-

canyon (or south) and very close to the previously disturbed mined areas that have also been

reclaimed in Sowbelly Canyon. In fact, it is the same Reference Area that was used for a

standards for revegetation success in the Reclaimed Areas of Sowbelly Canyon, another area

once disturbed my early mining activities.

METHODS

Quantitative and qualitative data were taken frorn the vegetation of the Reclaimed Areas in

Hardscrabble Canyon and the Reference Area in Sowbelly Canyon. Sampling was conducted in

Septemb er 2009. Methodologies used for sarnpling were performed in accordance with the

Vegetation Information Guidelines supplied by DOGM. (Note: Neither woody species density

nor arufual biomass production measurements were not required parameters for final bond release

in Hardscrabble Canyon).

Transect and Quadrat Placernent

Random/regular placement of sample quadrats were designed in an attempt to provide unbiased

accuracy of the data compiled. This was accomplished by establishing one long transect line

along the entire length of the Reclaimed Areas. This line was placed in the lowest portion of the

reclaimed drainage system. At regular intervals along the drainage transect line, random

numbers were generated and used to measure distances at right angles from the drainage and to

rl
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determine sample locations. Whether these random numbers were odd or even deterrnined

which side of the drainage a given quadrat was placed. The random number selected would be

high enough to place quadrats to the lateral limits of the Reclaimed Areas and all areas in-

between. This insured that the sarnple quadrats were placed randomly over the entire sfudy area

in an attempt to adequately represent the site as a whole.

Cover. Frequencv and Composition

Cover estimates were made using ocular methods with meter square quadrats. Species

cornposition and relative frequencies were also assessed from the quadrats. Additional

information recorded on the raw data sheets were: estimated precipitation, slope, exposure,

grazing use, animal disturbance and other appropriate notes. Plant nomenclature follows "A

Utah Flora" (Welsh et al. 2003).

Sample Size & Adequacy

Sampling adequacy was calculated using the formula given below.

uMIN= tzsz

(d*)'



where,

nMIN = minimum adequate sample
t - appropriate confidence t-value
s = standard deviation
x = sample mean
d = desired change from mean

The values used for "t" and "d" insured that sample adequacy was met with 90% confidence

within a l0o/o deviation from the true mean.

Diversitv & Similaritv Indices

There are several well-documented methods to assess diversity and similarities in plant

communities. The "Motyka Index" is a modified form of the "Sorenson Index", both similarity

indices. This index was used on the data and the equation is shown below:il
,tuo=(ffi)x1oo

where,

MW = f of the smaller quantitative values of species of two communities,
MA = f of the quantitative values of all species in one community,
MB = | of the quantitative values of all species in another community.

Two diversity indices have been reported in this document for the Reclaimed and Reference

Areas. MacArthur's Diversity Index is an effective diversity measurement and is computed using

the following equation:



ttT;.i'z

where,

pi is the proportion of sum frequency contributed
by the fth species in the sample area of concern"

The proportional contribution of each species is then squared and the values for all species in the

sample areas are summed. This index integrates the number of species and the degree to which

frequency of occurrence was equitably distributed arnong those species.

Another diversity measurement was provided that shows the average number of species

encountered at each quadrat, providing a value for species diversity.

rl Photographs

Color photographs of the study areas were taken at the time of sampling and submitted with this

report.

Raw Data

The raw data for total cover, cover by species, frequency and composition were also submitted in

the Appendix ofthis report which should facilitate future scrutiny of the data and further

statistical testing if desired.



'l RESULTS

Reclaimed Areas

ln 2009, sampling results of the Reclaimed Areas inHardscrabble Canyon showed the most

common shrub species for cover and frequency were rubber rabbitbrush (Chrysothamnus

nauseoszs), fourwing saltbwh (Atriplex canescens) and big sagebrush (Artemisia tridentata).

The most common forbs were Pacific aster (Aster ascendens), Palmer penstemon (Penstemon

palmeri) and tarragon (Artemisia dracunculus). Finally, the most common grasses were

bluebunch wheatgrass (Elymus spicatus), Gt. Basin wildrye (E. cinerer.rs) and western wheatgrass

(E. smithii). For a list of all species prssent in the sarnple quadrats by cover and frequency, refer

to Table l.

The total living cover for the Reclaimed Areas in Hardscrabble Canyon in 2009 was 53 .70%

(Table 2-A), of which 45.44% of this cover were comprised of grasses, 39.39% from shrubs and

15-17% from forbs (Table 2-B).

Reference Area

As noted previously, the Reference Area chosen to represent revegetation success standards for

the Reclaimed Areas in Hardscrabble Canyon was located in Sowbelly Canyon. In 2009, the

most common shrub species in the Reference Area were rubber rabbitbrush and fourwing

saltbush. The most common forbs were Louisiana sagewort (Artemista ludoviciana) and blue-

il



leaf aster (Aster glaucodes). The most common grasses were western wheatgrass, thickspike

wheatgrass (Elymus trachycaulus) and cheatgrass (Bromus tectorum). For a complete list of all

species present in the sample quadrats by cover and frequency, refer to Table 3.

The total living cover for the Reference Area was 39.90% (Table 4-A). All of this cover was

represented in the understory cover; it was comprised of 59.25% grasses, 21.39% forbs and

19.37% shrubs (Table 4-B).

Dataset Comparisons

FIGURE 1. STUDENT'S T TEST - A
Comparison Between the Reclaimed Areas
at Hardscrabble Canyon and its Reference
Area (2008-2009).

2008
RecJqlmed Areqs: x:53.95; s-I2.17; n:100
B,eference Areai R42.50; s:8.85; n-50
t:5.913; df : 148, SL: p<0.01

2009

Beclaimed Areas: x:53.70; s-13.94; n-100
Reference Area: x:39.90; s-9.57; n-50
t: 6.293; df : 148, SL: p<0.01

Comparisons were made between the data of

the Hardscrabble Canvon Reclaimed Areas

and its Reference Area. To begin, statistical

tests were implemented comparing the total

living plant cover of the two areas. A

Student's t-test suggested that the Reclaimed

Areas' total living cover was significantly greater statistically when it was compared to the

Reference Area forboth the 2008 and 2009 datasets (Figure l). [NOTE: As mentioned above,

some results from the 2008 study have been included in this document for comparison purposes].

Next, the Motyka Index was recommended to be used to compare species diversity in the Mining

and Reclamation Plan (MRP). Although this index is more of asimilarity index than adiversity



t index, it has been employed here to compare the datasets. Language in the MRP assigned the

following categories to be used for comparisons with the Moryka Index:

Non-Weedy Shrub Cover,
Weedy Shrub Cover,
Native Perennial Grass Cover,
Introduced Perennial Grass Cover,
Non-Weedy Forb & Grass Cover
Weedy Forb & Grass Cover.

When using the above categories and employing the Mofyka Index, the similarity value between

the two communities was 85.120% in 2008 and 89.135% in 2009 (Figure 2).

{o

'l

FIGURE 2. MOTYKA INDEX. A
Comparison Between the Reclaimed Areas
at Hardscrabble Canyon and its Reference
Area (2008-2009).

2008

2009

,tuo{ffi)x1oo=Bb.1zo

,tuo=(ffi)x1oo=89.13s



MacArthur's Diversity lndex was also employed to the datasets of the Reclaimed and Reference

Areas. This comparison suggested that the total diversity of the Reclaimed Areas was greater

than that of the Reference Area by quite a wide margin for both years (Figure 3).

FIGURE 3. MacARTHUR'S INDEX - A
Comparison Between the Reclaimed Areas
at Hardscrabble Canyon and its Reference
Area (2008-2009).

llfutiz:

2008
Rec.laimed A,IS:as : 16.933
Reference Area: 10.507

2009
Reclaimed Areas-: I 6. I 04
Reference Area: 8.809

10
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Another method of comparing species diversiry of the two areas is to simply calculate the mean

number of species present in the sample quadrats. Results from this method in 2008 and 2009

also suggested that the Reclaimed Areas were more diverse with respect to species when

compared to the Reference Area (Figure 4).

FIGURE 4. AVERAGE NUMBER OF
SPECTES PER SQUARE METER- A
Comparison Between the Reclaimed Areas at

Hardscrabble Canyon and its Reference Area
(2008-200e).

X NO. SPP/Mz:

2008
Reclaimed Areas: 3.41
Reference Area: 2.54

2009
Reclaimed Areas: 3.25
Reference Area: 2.58

SUMMARY & COI\CLUSIONS

Quantitative sampling was conducted in the Reclaimed Areas in Hardscrabble Canyon in 2008

and 2009. Additionally, sampling was conducted in a Reference Area that had been chosen

previously to represent revegetation success. This report provides the complete methods and

results for the 2009 study. It also provides summary results for the 2008 study to facilitate

ll



'l comparisons between the two years.

The results for total living cover, similarity and diversity in 2008 and 2009 all suggest that the

reclaimed site has met or exceeded the revegetation standards set by the Reference Area. Also

worth mentioning is that most of the species present in the sample quadrats were "desirable"

plant species, and not "weed/' exotics.

The state regulations (R645-301-353) require that the reclaimed plant cover should be"diverse,

effective and permilnent" and should "at least equal in extent of cover to the natural vegetation

of the area". The same regulations also state that the plant.species will"be compatible with the

approved postmining land ttse" and should"have the seasonal characteristics of growth as the

original vegetation". Finally, they should "be capable of self-regeneration and plant

succession" aftdwell as "be compatible with the plant and animal sp,ecies of the are&".

ln conclusion, results from quantitative sampling in 2008 and 2009 suggest that the reclaimed

plant communities in Hardscrabble Canyon could be considered for final or Phase trI Bond

Release.
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Table 1: Hardscrabble Ganyon Area. Living Gover
and F uencv bv Plant Species (2009

Reclaimed Areas n=1 00

Aftemisia nova

Aftemisia tridentata

Atriplex canescens 16.00

Ceratoides lanata 3.00

US NAUSEOSUS

Gutierrezia

Rhus aromatica

Suaeda torreyana

Artemisia

Aster ascendens

Hedysarum boreale 8.00

M ac h a e ra nth e ra ca n e sce n s 2.00

nstemon

Agropyron cristatum

Bromus tectorum

Elymus cinereus 23.00

S

US

US

US

Iymus spicafus

sec

I able z: t{ardscraDble Ganyon Area. I otal Gover
and Composition (2009).

Reclaimed Areas n=1 00

A. TOTALCOVER Mean
Percent

$tandar0
Deviation

Total Living Cover 53,70 13.94

Lltter 1.U/ 4.92

Bareground 19 6.54

Rock t+.u+ 1.9U

B. % COMPOSITION

Snrubs 39.39 32,58

Forbs 15.17 22.74

GraSSeS 45.44 31.5t

T4



Table 3: Hardscrabble Reference
Sowbelly Canyon). Living Cover
Plant Species (2009
Reference Area

Atriplex canescens

sothamnus nauseosus

zia sarothrae

ludoviciana

tectorum

ylis glomeratus

ymus hispidus

Elymus lanceolatus

Elymus salinus

Elymus smithii

Stipa hymen

Area (located in
and Frequency by

20.00

rl
r aDre 4: HaroscraDDre uanyon Area. I otat uover and

Composition (2009).

Reference Area n=50

A. TOTAL COVER Mean
Percent

Standar0
Deviation

Total Living Cover 39.90 9.s7

Litter 28.30 13.25

Bareground 8.50 o. /3
Rock 23.30 15.51

B. % COMPOSITION

Shrubs 19.J / 25.89

Forbs 21.39 19.32

GTASSES 59.21 't{.3b
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il Hardscrabble Reclaimed

Exposure: Variable

Slope: Variable

Sample Date: 10-12 Sept 2009 1.00 2.00 3.00 4.00 5.00 6.00 7.00

rl

TREES & SHRUBS

Aftemisia nova

Artemisia tridentata

Atiplex canescens

Ceratoides Ianata

Chrysotha mnus nauseosus

Gutierrezia sarothrae

Rhus aromatica

Sueda toneyana

FORBS

Achillea millefolium

Ariemisia dracunculus

Aster ascendens

Hedysarum boreale

Mach ae ranthe ra ca nescens

Medicago sativa

Penstemon palmeri

GRASSES

Agropyron cristatum

Bromus tectorum

Elymus crnereus

Elymus hrsprdus

E|ymus lanceolatus

Elymus sa/inus

Elymus smithii

Etymus spicafus

Poa secunda

Stipa hymenoides

0.00

10.00

0.00

0.00

15.00

0,00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

5.00

0.00

0.00

0.00

0.00

15,00

0.00

10.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

5.00

0.00

0.00

0-00

0.00

0.00

5.00

0.00

0.00

0.00

0.00

25.00

0.00

0.00

0.00

0.00

15.00

0.00

0.00

0.00

0.00

40.00

0.00

0.00

0.00

10.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

10.00

0.00

0.00

5.00

0.00

0.00

0.00

0.00

25.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

15.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0-00

0.00

0.00

0.00

0.00

0.00

75.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

15.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

20.00

0.00

0.00

10.00

0.00

0.00

0.00

0.00

40.00

0.00

0.00

0.00

0.00

25.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

COVER

Total Living Cover

Litter

Bareground

Rock

55.00

15.00

20.00

10.00

50.00

10.00

10.00

30.00

65.00

5.00

5.00

25.00

40-00

10-00

15.00

35.00

75.00

10.00

5.00

10.00

45.00

10.00

25.00

20.00

65.00

25.00

5.00

5.00

% COMPOSITION

Shrubs

Forbs

Grasses

45.45

9.09

45.45

0.00

20.00

80.00

61.54

15.38

23.08

62.50

0.00

37.50

100.00

0.00

0.00

33.33

0.00

66.67

61.54

38.46

0.00

{l



'l
10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00
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0.00

5.00

0_00

0.00

0.00

5.00

0.00

0.00

0.00

5.00

0.00
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0.00
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0.00
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0.00
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0.00

35.00
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0.00
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0.00

0.00
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0.00

0.00

0.00

0.00
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0.00
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0.00
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0.00

0.00
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0.00

0.00

0.00

0.00

5.00

0.00

0.00

10.00

0.00

0.00

0.00

0.00

70.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00
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0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0,00

0.00

0.00

0.00

0.00

0.00

0.00

20.00

0.00

0.00

0.00

0.00

0.00

20.00

0.00

0.00

0.00

0.00

s.00

0.00

0.00

25.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.o0

5.00

0.00

0.00

0.00

0.00

0.00

40.00

0.00

0.00

0.00

0_00

0.00

0.00

0.00

0.00

0.00

5.00

0.00

0.00

0.00

0.00

0.00

0-00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

40.00

0.00

0.00

0.00

5.00

0.00

0.00

0.00

5.00

0.00
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0.00
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0.00

5.00

0.00

0.00

5.00

15.00

0.00

0.00

0.00

0.00

5.00

0.00

0.00

0-00

5-00

0.00

0.00

0.00

0.00

0.00

5.00

0.00

0.00

0.00

5.00

0.00

0.00

0.00

0.00

0_00

35.00

10.00

35.00

20.00

50.00

10.00

15.00

25.00

65,00

10,00

10.00

15.00

75.00

5.00

5.00

15.00

30.00

10.00

15.00

45.00

40.00

10.00

10.00

40.00

35.00

5.00

10.00

50.00

45.00

10.00

10.00

35.00

65.00

10.00

10.00

15.00

35.00

10,00

15.00

40.00

28.57

14.29

57.14

80.00

0.00

20.00

69.23

0.00

30.77

93.33

0.00

6.67

33.33

0.00

66.67

0.00

0.00

100.00

85.71

0.00

14.29

88-89

11.1 1

0.00

69.23

7.69

23.08

57.14

14-29

28.57
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18.00 19.00 20.00 21.00 22.OO 23.00 24.00 25.00 26.00 27.00
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