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1.0 INl'RODUCTION

Mariah Associates a:>nducted vegetation studies during the 1981 graNing

season en Price River Coal Canpany's Mine Plan Area aramd Helper, Car'bon

Camty, utah (Figure 1.1). '!be mine plan area consisted of approxima.tely

42 square miles in all or parts of sections 35-36, T12S R8E: 25-36 T 12S

R9E: 26-35 T12S RlOE: 2 T13S RBE: 1-6, 8-12, 14, 16, 17, Tl3S R9E: 1-6,

8-12, 15-18, 20-22, 28-30, T13S RlDE (Map 1, Appendix B).

Price River Coal Canpany (PRCC) has several facilities currently in

operation or under construction within the mine plan area for \<hich

reference area were established. In addition, vegetation ba.seline studies

for an area in Barn Canyon that rray be disturbed 1:::¥ future activities were

conducted. '!be objectives of the study \'.ere to:

• Establish reference areas for vegetation types that had been pre

sent prior to mining to serve as benc:tma.rks for evaluating reclama

tion success.

• Measure selected parameters that \t,Ould provide infonna.tion on

existing vegetation conditions on reference areas and the fOten

tially affected area in Bam Canyon.

• Identify any threatened or endangered plant species protectoo 1:::¥
fooeral or state laws.

Vegetation parameters ItEasuroo \'.ere species cxmposition, cover, fre

quency, shrub density, shrub height, tree density, and msal area.

Estbtates of vegetation proouctivity \'.ere obtainoo fran the Soil

Conservation Service (Appendix A).

All rrethods usoo for the study area are described in this report.

Results are StIlTIl'Brized in tabular form and discussoo in the text of the
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report. Vegetation types, reference areas, am sample site locations are

shown en Maps (Appendix B). Ccrnputer listings of all field am analyzed

data are presented for each area sampled (Appendix C). Lists of vegetation

species encnmtered en each of the vegetation types are also included

(Appendix C).
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2.0 METHOIS

The study was patterned after Utah Divison of Oil, Gas, am Minin:J

(UI:XXiM) Preliminary Guidelines for Vegetation Studies on Coal Mines (June

6, 1980 revision). Specific study requiranents am techniques \\ere definoo

during cx:>nsultations with personnel fran UIXX3M (Mary Ann Wright, Reclamation

Biologist and Administrator of Aba.n:1onoo Mine Reclamation: Susan Linner,

Reclamation Biologist: Lynn Kunzler, Reclamation Biologist), am Office

of Surface Mining (O~) (Larry Larson, Vegetation Specialist). Wycming

Department of EnviroIIl1ental Quality (WDEQ) Guideline #2 "Vegetation",

January 1981, was used for supplemental information 00 data analysis

techniques.

A field recormaissance was perfonned in June 1981 to detennine the

boundaries of the mine plan areas, the nmber of vegetation types am iden

tify p:>tential reference areas. Disturbed areas associatErl with this

urrlergroond mine include p:>rtals, loadout, waste disp:>sal, am other sur

face facilities such as tanks, equiprrent, roads, am naterials storage.

Construction of a shaft and associatoo facilities is presently takin:J place

in Crandall Canyon. Most disturbed areas are locatoo in the bottans of

canyons. An area in Barn Canyon nay be usoo for a waste disp:>sal site in

the future.

Vegetation studies necessary to neet regulatory requirements \\ere pre

Paration of a vegetation cx:>ver nap for the mine plan area, selection of

reference areas for vegetation types that existoo in the disturbed areas

prior to mining, selection of reference areas for vegetation types that

occur in the affected area of Barn Canyon, am sampling of the affectoo area

and the reference sites to describe vegetation species <XJTlIX)Sition am
cover. This reference area approach <Des rx:rt:. require sampling of vegeta

tin production until studies to ascertain success of reclamation are cx:>n

ducted. Estimates of vegetation production for the varioos reference areas

as \\ell as the affected area in Barn Canyon \\ere obtainoo fran the Soil

Conservation Service (SCS) (Appendix A).
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The folCMing procedures were used to provide vegetation data for the

project:

• Map and describe all najor vegetation a:mrnmities within the mine

plan area

• Ascertain vegetation types that occurred in disturbed aras prior to

mining activity and select reference areas to represent the varioos

types

• Ascertain vegetation types that OCalr in the Barn Canyon affected

area, select sampling p::>ints in the affected area, am select

reference areas to represent the affected area vegetation types.

• Ascertain species cx:mposition and prepare voucher ool1ection

• Estimate vegetation oover

• Estimate shrub density and shrub heights

• Estimate tree density and resal area

• Obtain estimates of productivity fran the SCS

• Photograph all vegetation types

All procedures are explained relCM.

2.1 MAPPlOO

A thoroogh recormaissance was ooooucted in J\IDe 1981 to identify plant

carmunities within the permit area for a preliminary vegetation nap. '!be

distribution of vegetation types on the mine permit area was delineated on

clear acetate sheets CllTerlaying black and \>hite aerial Ib:>tographs. 'IYpe
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delinations were then transferred to a tqx>graphic 1:e.se nap at a scale of

1 in = 1000 ft. Accurate transfer of type delineations \laS accanplishErl 1:::¥
aligning topographic am rran-nade features cx:mron to 00t.h the aerial ph:>

tograph am the topographic 1:e.se nap with the aid of zoan transfer equip

ment. '!he vegetation nap \laS groond-truthErl at rnrnercus roints in am near

the disturbed, affectErl, am reference areas. '!he final tcpographic 1:e.se

rrap with all vegetation type delineations \laS exparrl.ed to a scale of

1 in = 400 ft for all disturbed am affected areas am a 1 in = 100 ft nap

was prepared for the Crandall canyon Leach Field (the scale of all naps \laS

approved or specifically requested 1:::¥ UlXGM personnel, Lynn Kunzler,

Reclarration, Biologist). locations of each reference area on the mine per

mit area were plotted on the topographic naps. sample site locations in

the Bam Canyon affected area were also plotted a1 the vegetation nap.

Mapping units on the mine plan area were: grasslarrl-sagebrush

(grass-sage), pinyon-juniper, riparian botton, mixed brush, conifer, salt

bush, pre-1977 mining disturbances, rost-1977 minin:J distur1:e.nces,

(including areas disturbed 1:::¥ mining prior to 1977 that were subsequently

used for mining activity) and other distur1:e.nces.

Total acreages of all disturbed areas within the mine plan area, the

acreage of the vegetation to be disturbed in Crandall Canyon, am the

acreage of rotentially affected areas in Bam Canyon were estimated 1:::¥
standard rolar planimeter techniques. Each rreasureable unit \laS planime

tered until three irrlependent rreasurements were within 10 percent of one

another. These three rreasuranents were then averaged to obtain an acreage

estirrate for the unit. '!he irrlividual estimates for all units of a speci

fic type were then stmmed to provide an estimate of the acreage within each

type. Percent of each vegetation type in disturbed areas \laS estimatErl \\here

the exact location of vegetation type l:n.mdaries prior to disturbance cx:uld

not be detennined. '!his estimate \laS 1:e.sed a1 relative distribution of

vegetation types on nearby undisturbed areas with similar topography, simi

1ar sl~, aspect, am soil characteristics.
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2.2 SELEcr REFERENCE AREAS

Vegetation types that occ.urroo. in the disturbed areas prior to minin:J

activity \\ere ascertainoo. 1:y examination of undisturbed areas irnrrediately

above, belON, a.rrl. surramding the disturbed sites as \\ell as other similar

sites near1:y that have rrt been disturbed. Aerial Ibotos taken prior to

disturbance \\ere also used to help identify pre-disturbance vegetation

types.

The primary <pal of vegetation studies is to establish valid reference

areas \'hich rrust be utilized to rreaure the success of revegetation for the

purpose of oond release (ur:xx;M 1980). Reference areas, approxinately 2 to 3

acres in size, \\ere selectoo. for eadl of the rrajor vegetation types that

have been disturbed as \\ell as those types that occ.ur in the p:>tentially

affected ara in Barn canyon. Reference areas \\ere selected on the basis of

similarity of species cx:mposition, cover, productivity, geology, soils,

slcpe, a.rrl. aspect with representative vegetation types on the disturbed a.rrl.

affected areas. Reference sites \\ere established in areas not to "te

disturbed 1:y project activities. IDeation of the reference sites \\ere

rrarked 1:y steel rods in the field a.rrl. plottoo. on the vegetation rraps

(Appendix B).

On August 14, 1981, UIXX3M personnel (K\ll1Zler, Linner, a.rrl. Wright)

tooroo. the proposoo. reference areas for the sites presently disturbed 1:y

mining, except for the grass-sage reference area near Bam Canyon, \'hidl

was addoo. later. Reference areas for the p:>tentially affectoo. types in

Barn canyon, \'hidl \\ere rrt examined 1:y t.JIXn.1 personnel because they \\ere

selected subsequent to the tour, \\ere selected with an interative process

on the resis of at-test cnnparison of vegetative cover to dem:mstrate

equality of the affected and reference areas. '!he t-test canparison is the

least subjective rrethod used to evaluate IOtential reference areas (Bonham

et ale 1980: 52) • '!he reference area selection process involved cx:rnparison

of vegetative cover data fran eadl IOtentially affected type in Bam canyon

with data fran oorresIOnding reference areas for disturbed sites that hen
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1:een established for the type. If the t-test cx::mparison indicated that

vegetative cover on the affected area and proposed reference area were

significantly different, another reference area \\as selected, sampled, am
the data cx::mparErl to the affected area vegetative cover data. '!his process

was repeated for each type until rx:> significant difference 1:etween the

affected area and proposed reference area cculd 1:e derronstrated. SUch an

approach assured that proposed reference areas \\QUId 1:e e::Iuivalent for the

potentially affected types in Barn canyon.

2.3 VEGETATION SPECIES CDMPOSITION

Reconnaissance-type surveys were corrlucted within each rrajor vegeta

tion type en the project site to obtain a o:::mplete listil'l3' of vegetation

species for the study area. Specific species canposition surveys were con

ducted l:¥ a plant taxonanist during bNo field trips scheduled to take

advantage of different plenological periods in 1981. Duril'l3' the survey,

the botanist listed al,l plants observed duril'l3' a thorrogh reconnaissance of

each vegetation type. A plant voucher collection \\as prepared for all

plants identified during the study. For each plant collected, date, habi

tat, elevation, am associated species were recorded. Questionable plant

species were taken to the Rocky M::xmtain Herbarium, laramie, Wyaning for

positive identi.fication. Specific searches for threatened, errlangerErl,

noxious weerls, am selenium indicator plant species were corrlucterl in

apprcpriate habitats during the species o:::mposition study. Arr:l additional

species observed during the vegetation cover sampling were recorded am
added to the species list of the apprcpriate vegetation type.

2.4 SELECTION CF SAMPLE mINTS

All sample p:>ints for vegetation cover, shrub, and tree data were ran

danly selected. On the reference areas, a table of randan nurbers \<\as used

to identify the starting p:>int of each transect as follOt\1S: A randan

n\.lIli:)er irrlicated the n.mber of !Bces acra;s cne side of the reference area

and a secorrl nmber irrlicated the nmi:>er of !Bces pezperrlicular to that
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side to the p:>int within the reference area. A third raman nmber 'tas

used to select transect direction. sample p:>ints for the Barn Canyon

affected area were selectErl 1:¥ overlaying a grid (interval = 0.4 in) on the

1 in = 400 ft vegetation nap and usirg a randan I1..UTbers table to identify

grid ooordinates for each p:>int. Eadl p:>int 'tas then locate:1 in the field

by pacing fran recognizable lan:hnarks. Transect direction 'tas randanly

selecte:1 in the same rranner as on the reference areas. '!hese tedmiques

ensure:1 that {X>sition of eadl transect 'tas unbiase:1.

2.5 VEGETATION mVER

Cover da.ta were obtaine:1 at 50 points spaced at 1 m intervals alODJ a

transect at eadl rarrlanly selecte:1 sample p:>int. A linear p:>int-frequency

frame (Mueller-Danbois and Ellenbert 1974) was use:1 to aCOlrately rreasure

vertical hits on vegetation, litter, and tare groond. CrONl1 or shoot cover

was rreasure:1 by ca..mtiDJ only the first interception of the pin with a

plant part. Overhead cancpy cover 'tas determinErl 1:¥ recording the plant

species hit \\hen the vertical line of the pin 'tas protecte:1 upNard above

the frame. Where crONl1S overlap in layere:1 vegetation, the uppeIIIDst layer

was considere:1 the primary vegetation hit and subsa;{uent hits on lONer

vegetation were recorded separately.

Data derived by the ted1nique described above provided an irrlex for

vegetative, litter-rock, and tare groond cover 1:¥ identifying the frequency

with \\hidl eadl of thse canponents of total cover ¥JaS enca..mtere:1 alODJ a

given transect. Frequency of occurrence of plant species enca..mtere:1 al0DJ

eadl transect 'tas also determinErl 1:¥ this technique to provide infonnation

regarding the relative distribution of all vegetative species enca..mtere:1

within eadl sample unit.

All cover da.ta were collected during July 7-10, Septenber 27, and

October 7-10, 1981. rata were recordErl en field fonns develcped for can

puter input. A minimum of 15 transects 'tas samplErl in eadl type or reference

area prior to sample adequacy calculations. If necessary, additiona! cover
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transects \\ere sampled in each area mtil the desirErl level (+ 10% x @ 90%

confidence) was achieved. The mnber of cover transects in each samplin:J

area is shown in Table 3.1.

2.6 SHRUB IENSITY AND HEIGHTS

Shrub density and height \\ere estirnatErl al0n:J the same transects usErl

for a:>ver data. The height, nurrt>er, and species of shrubs \\hose stems

arose within 50 em of either side of the 49 m 10n:J transect \\ere recorded.

Shrub heights \\ere rreasurErl and recorded by the follONing classes: 1-10 an,

11-30 an, 31-50 em, 51-100 em, 1-2 m, 2-4 m, and OV'er 4 m. On certain

reference areas, it w:lS IIDre efficient to a:>oouct an absolute co.mt of the

shrubs within the area of knam size. The decision to use an absolute

COlU1t or shrub density transects w:lS resed en the effects of distribution

and density of the shrubs en efficiency of total co.mts relative to

sampling. DesirErl a:>nfidence level for shrub density w:lS .! 20% x @ 80%.

2.7 TREE IENSITY AND BASAL AREA IATA

The p::>int-quarter technique (Smith 1974) was used to a:>llect tree den

sity and resal area data within tree coverErl types on the study area. At

each sample p::>int, imaginary grid lines \\ere usErl to divide the area into

four quarters. The tree nearest to the p::>int in each quarter w:lS recorded

by species, circumference at breast height (in) for those larger than 1 in

diameter, and distance fran the p::>int (ft) on a standard field data fonn.

On certain areas, an absolute co.mt or fhoto co.mt of trees w:lS a:>oouctErl

instead of p::>int-quarter sampling for density estimates. Al:solute camts

involved recording the resal area and runber of trees of each species

within the reference area of knam size. Density of trees on the pinyon

juniper areas w:lS detenninErl by camting irrlividual trees within an area of

knam size en aerial {hotos with the aid of a rragnifying sterecsccpe. The

relative abundance of each species and figures for resal area cala.tlations

in the pinyon-juniper area \\ere provided by the p::>int-quarter samples.
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2.8 SOIL <DNSERVATION SERVICE (SCS) PRODOCTIVITY ESTIMATES

Productivity estimates for the varioos areas ~re obtainErl fran the

local. SCS range o::mservationist (George cex:x) who examinErl eacn site.

2.9 R-IaI'CGRAPHS

All vegetation types ~re fhotographErl to provide visual doa.unentation

of cnaracteristics.

2.10 PERSONS <DNTACI'ED

A list of peq:>le <X>ntactErl for infonnation durin:j the vegetation study is

given in Table 2.1.

2.11 Ii\TA ANALYSIS AND REroRI'IOO

A canprehensive da.ta base rranagernent am analysis systan en a CYBER

730 canputer was used to process vegetation da.ta collectErl duril'X] this

study. Data ~re input via keypunrned cards that had been daIble p.mchErl

and. verified for accuracy. All field da.ta ~re printErl rot en o:::mputer

sheets in legible fonn and in the apprcpriate fonnat. Cover da.ta ~re ana

lyzed first t¥ transect, then all da.ta ~re stmltarized to provide results

by vegetation type. Data are reported for percent cover of vegetation,

litter and rock, am bare groond. Vegetation cover da.ta are reportErl l:¥
vegetative species am life fonn. sample adequacy am species diversity

calculations are shc:::Mn for earn vegetation type or sample area at the bot

tan of earn print-oot. 'Ibis procedure ensures the careful, acmrate doal

mentation of every da.ta analysis step fran field collection am recordin:j

throogh StmItary da.ta analysis thereby providin:j a logical, legible fonnat

of da.ta with 'Ahirn arJ¥ result am <x>nclusion statErl in this report can be

easily verified. Fbnnulas for all methods am calmlations are given in

Table 2.2.
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Table 2.1 List of Pecple Contacte:l for Information Durin:.3' the Vegetation
Study on Price River Coal Canpany's Mine Plan Area, 1981

Mr. 'Ihanas Behling
Carbon County Agriculture Extension Agent
Price, utah

Mr. George Cook
Range Conservationist
Soil Conservation Service
Price, utah

Mr. I¥nn Kunzler
Reclamation Biologist
Utah Division of Oil, Gas, an:::1 Mining
Salt Lake City, utah

Mr. Larry Larson
Vegetation Specialist
Office of Surface Mining
Denver, Colorado

~ • Susan Linner
Reclamation Biologist
utah Division of Oil, Gas, arrl

Minin:J
Salt Lake City, Utah

Mr. Gary D. M::>reau
District Conservationist
Soil Conservation Service
Price, Utah

~. Mary Ann Wright
Administrator of AbarrlonErl Mine

Reclamation
Utah Division of Oil, Gas, arrl

Mining
Salt Lake City, utah
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Table 2.2 Methods and Fonnulae Used for Vegetation Data Analysis

h
Percent Cover = pn x 100

where: h = rn.nnber of times the species \laS hit
n = rn.nnber of transects sampled
p = rn.nnber of FOssible hits on each transect

T
Percent Frequency = n x 100

where: T = rn.nnber of transects containirg the species
n = rn.nnber of transects sampled

Shrub Density/ha = N x (204.08)

where: N = the rn.nnber of shrubs ca.mtErl on the
transect

204.08 = conversion factor for density per transect
area (49 m2) to density per hectare (10,000 m2)

For reference areas on v.hich all shrubs or trees ....ere camtErl,
the rn.nnber of shrubs or trees \laS divided by the size of the
area (detennined by p:l.cing in the field or neasurirg on aerial
photos) to obtain the density estimate.

Total 'l'ree Density/ha =
43,560

( 1: PI'
( L D

)2 x (2.47)
)

where: 43,560
2.47
1:PT
1: D

= ft2/ac
= ac/ha
= sum of the FOint to tree distances in ft
= total rurriber of distances neasurErl

Individual species densities are then calmlated:

L x
Density for Species x = total density x T

where: 1: x = rn.nnber of trees of species x in sample
T = total rurnber of trees of all species in

the sample
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Table 2. 2 (continued)

Basal Area (an2) = (CBH x 0.404)2

1T =where:

Mean (X) =
L x

n

CBH
.404

3.1416
= cira..unference at breast height in inches
= conversion factor to calmlate radius in an

fran cira..unference.

where: L x
n

= st.nn of values for variable under consideration
= l1l.llTber of transects or observations sampled

Standard Deviation (s)
/

L x-x.
= _1

n - I

where: x =
Xi =
n =

rrean
value of variable for sample [-Oint i
l1l.llTber of sample fOints

Sample Size Adequacy (Wyaning Department of Envirorrnental
Quality Guideline #2):

>
Nmin = -

2 (s z)2
(d X') 2

where: Nmin = minimt.nn l1l.llTber of samples
s = sample standard deviation
z = z statistic (see table below)
d = arrount of rErluction to detect (see table belcw)-x = sample rrean

z Statistic and d Table

Cover
Productivity, grasslands
Productivity, shrublands
Tree and Shrub Density

z
1.28
1.28
0.84
0.84

d
0.1
0.1
0.2
0.2
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Table 2.2 (continued)

Confidence Level Achieved:

where: n = number of sample mints
zi = calculated z value used in z table for identifying

confidence level achieved (other variables
defined in sample size crlequacy).

Species Diversity Index (H) = - L Pi loge Pi

where: Pi = decimal fraction of total irrlividuals eelol'l:Jing to
the ith species.

Equality of Affected am. Reference Areas: t-test Canparison

Ho: reference area j = affected area i
Ha: reference area j = affected area i

x. - x.
J 1.

n. + n.
J 1.
n.n.

J 1.

where: t e =

x =
s2 =

n =
i =
j =

estlinated t-value \\hich is canpared to tabular
t-value
rrean
variance
sample size
affected area data
reference area data

m. + m.
J 1.

n. + n. - 2
J 1.

(n - 1) s 2

(Bonham et al. 1980:81 ) :

similarity eetween mtential reference area am. the
inventory unit

a = number of species in area a
b = number of species in area b
w = number of species in ccmron for a am. b

sp2 =

m =

Similarity irrlex:

2N
s = a+b

where: s =

References: Pieloo (1966), Snedecor am. Cochran (1967), Bonham et al. 1980,
Larson (1980), ~ng Department of EnvirorInental Quality (1981).
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3.0 RESULTS AND DISaJSSION

Coal mining has been comuctErl in the Mine Plan Area for over 100

years. Old abarrlonErl mines am the associatErl refuse disp:>sal, transp::>r

tation facilities, villages, am houses for the work force are scattered

throoghout rreny of the canyons in am near the mine area. M3.jor highways

(U.S. 6 am Utah 33) and railroad I'Oltes p3.ss throogh the area. '!here are

also a Utah Power am Light Conpa.ny Electric Generation Station am a mmi

cipal water treatment plant along the Price River in or near the Mine Plan

Area. As a result of hl1J'T1aIl activity, ITOst of the land along the Price

River am reany of the canyon 00ttans within the river area have been

disturbed in the p3.st or are presently in a disturbed condition. In addi

tion to the native species usually found in the varioos vegetation types,

numeroos t.NeErls am cultivatErl plants that have escaPed or been abamonErl

are found in the Mine Plan Area. land rot presently devotErl to uses such

as mining am transp:>rtation, is usErl primarily for unmanaged livestoc::k

grazing. M..1le deer (Odocoileus hemiorUls) am elk (Cervus elaphus) are the

large native herbivores that occur in the area v.hile ena.ller herbivores

such as groond squirrels (Spenrophilus spp.), dlipnunks (Eutamias spp.) am
rabbits (Sylvilagus am Lepus spp.) are abundant in several areas.

3.1 VEGETATION TYPES

Vegetation types on the entire Mine Plan Area are depictErl a1 a 1 in =
1000 ft vegetation cover reap presentErl in Appendix A (Map 1). Areas pre

sently disturbed or v.hich reay be disturbed by future minirg are also shown

on the larger scale reaps (Appemix A, M3.ps 2-5). Acreages of vegetation

types, disturbed areas, am p:>tential disturbance in the Mine Plan Area are

shown in Table 3.1.

The five reajor vegetation types on the Mine Plan Area are grass-sage,

mixed brush, conifer, pinyon-juniper, am riparian OOttan (Plates 3.1-3.5,

respectively). A very small area of saltbush type occurs en the southern
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Table 3.1 Acreages of Disturbed am Potentially Disturbed Sites in the Mine
Plan Area

Area

D1 - Disturbed by mining prior to 1977
D2 - Disturbed by mining after 1977
DS - Other disturbance

Total Disturbed

Potential Disturbance in Barn Canyon:

Acres

190.8
215.0
361.5

767.3

Conifer
Grass-sage
Mixed brush
Pinyon-juniper

Subtotal

49.4 (21)1/
39.7 (21)
27.8 (14)
84.9 (44)

192.8

Potential Additiona! Disturbance Aroond Waste DisJOSal
in SnaIl Gu1dl Sooth of Barn canyon:

conifer
Mixed brush
Pinyon- juniper

Subtotal

3.0 (ll).!/
12.9 (48)
11.0 (41)

26.9

Total Potential Additiona! Disturbance

Crandall Canyon Area (already included in D2 above):

Leach Field Area:

219.7

Grass-sage
Mixed brush
Conifer

Subtotal

1.9 (37)
2.6 (51)
0.6 (12)

5.1

Shaft Site am Associated Facilities:

Mixed brush
Conifer
Riparian 1:ottan

Subtotal

5.5 (48)
0.5 ( 4)
5.5 (48)

11.5

Total in Crandall Canyon

1/ Percent of type in the area

16.6
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Edge of the Mine Plan Area. Since rct. all disturbed areas \\ere associatEd

with mining and sane of the mining disturbance \\as prior to the effective

date of , disturbed sites on the Mine Plan Area \\ere identifiEd

according to the follOllTing criteria: pre-1977 mining disturbance,

POSt-1977 mining disturbance, (including areas disturbed by mining pr:-ior to

1977 that \\ere usoo for subsequent mining activity) am other disturbance.

A description of the najor types is presentEd in this section.

Quantitative data for specific reference am affectoo areas is presentoo in

Section 3.3 and Apperrlix C.

3.1.1 Grass sage

The grass-sage vegetation type (Plate 3.1) ocmrs on steep dry slcpes

as ~ll as along sane of the 10llTer drainages in the Mine Plan Area.

Relative cover provided by Artemisia spp. or the graminoid a:mponents

varies deperrling on site dlaracteristics. Artemisia is daninant in areas

such as along the banks of WillOllT Creek and shares daninance on sites such

as those found on the slcpes of Sowbelly canyon rot grasses are often dani

nant on knolls or the tops of small ridges within the type. The area

coverErl by the grass-sage type in the vicinity of the castle Gate

Preparation Plant appears to have been l:urnEd rrany years ago: a feN

weatherErl and dlarrErl pinyon or juniper stumps are scatterErl thrOlghOlt

slcpes in that .area. The upper en:l of the small grass-sage area in the

vicinity of the prcposoo leach field in Crarrlall canyon is coverEd with

al.nost .PJre grass rot sagebrush becanes nore prevalent in the lONer en:l.

The list of vegetative species OCaJrring on the grass-sage type within

the mine plan area is presentoo in Apperrlix c. No en:langerErl or threatenErl

plant species (Fooeral Register, December 15, 1980) was ol::5erved in this

type. 'lWo ooxious ~eds (Utah Noxious WeErl Act 1958), (Cardaria <:hale

pensis and Centaurea repens, and one selenium irrlicator, Stanleya pinnata,

were found in this type. 'TWenty-four species listEd as \\eoos by Holmgren

am Andersen (1971) were found in this type. Neither of the ooxioos \\eErls

was abundant or widespread enaIgh to have been encoonterErl ale>nJ vegetation

cover transects in the grass-sage type. Stanleya pinnata was encoonterEd
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Plate 3. 1 Grass-sage vegetation on the Mine Plan Area
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once in the SoNbelly grass-sage reference area~ it accamtErl fbr 0.1 per

cent of the cover in the area. It W3.S not encamterErl alon:J transects on

any of the other grass-sage areas that were samplErl. Branus tectorum,

Chenqx:xlium albium, arrl salsola kali were the nost widesprea::l o:::nm:>n weErls

on the grass-sage areas.

3.1 .2 MixErl Brush

The mixErl brush type (Plate 3.2) generally occurs in relatively noist

sites such as the bottans of guldles arrl small depressions in the uplarrl

areas, h:Mever it is fbund al a wide raI1g'e of slq:>es/aspect CXIT1binations

throoghout the study area. Canp:>sition of the mixed brush type is highly

variable, ranging fran dryer sites daninatErl 1::¥ Artanisia tridentata, Pirus

Erlulis, Juniperus a;teospenna or Arrelandlier utahensis, to noist sites

daninatErl 1::¥ Acer grarrliditatum or even Pq>ulus tranuloides. '!he nost can

non species throoghout mixed brush type are Quercus gambelii,

Syrrp'horicarpos occidentalis, arrl Artemisia tridentata.

The list of vegetative species occurrin:J within the mixed brush type

is presentErl in Appendix C. NO errlangerErl or threatenErl plant species

(Federal Register, December 15, 1980) was c:CElerved in this type. 'Ihree

noxious weeds (Utah Noxious weed Act 1958), Cardaria chalepensis, Cardeus

rutans, arrl Co~volvulus arvensis were fbund in this type ~ however, none W3.S

widespread or abundant enalgh to have been encamterErl on vegetation cover

transects in the type. No selenium indicator species W3.S found in the

mixed brush type. 'IWenty-two species listErl as weErls 1::¥ Holmgren arrl

Andersen (1971) were fbund in this type. Branus tectorum was encamterErl

on all mixed brush areas in W"iich cover transects were run arrl Kochia seer

paria was encamterErl al cover transects in the SONbelly mixed brush

reference area.
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3.1. 3 Pinyon~tmiper

Pinyon-jtmiper vegetation (Plate 3.3) is found on slq>es that are

steep, rocky, am dry in the oorthern arrl central p::>rtions of the Mine Plan

Area as \\ell as on the IIDre level rot Equally dry sites belaol the cliffs in

the southern p::>rtions of the area. IX:mi.nant species in this q>en, w:::>oded

type are Pinus Erlulus and Juniperus a;tecspenna. Other ccrnrron species are

cercocarpus ledifolius, Querc.us gambelii, Artanisia tridentata,

C!1rysothamnus spp., arrl Agrcpyron spp. '!he steepness of the slq>es on

which this type <X:c.urs in nuch of the mine area precludes grazing by

cattle.

The list of species in the pinyon-juniper type is presentErl in

Appendix C. ~ endangerErl or threatenErl species (FErleral Register,

Decanber 15, 1980) or noxious \\eErl (Utah Noxious weErl Act 1958) was

observed in this type. 'IWo selenium indicators, Astragalus flaws and

Stanleya pinnata, \\ere found in the pinyon- jtmiper type i hONever, they \\ere

not widespread or abundant enough to have been enca.mterErl on the cover

transects. Five species listErl as \\eErls by Holmgren arrl Andersen (1971)

were found in this type.

3.1.4 Riparian Bottom

The riparian bottom type (Plate 3.4) is limitErl to the strecrnbariks

along the Price River arrl a cc:uple of sites in the bottom of Crandall

canyon. Distil'¥3'\rishing characteristics of this type are the presence of

deciduous trees (primarily Populus angustifolia) or relatively q>en, grass

coverErl flats in canyon bottoms. Riparian bottoms have been disturberl in

the past by overgrazing, human <X:c.upation, and periodic flooding arrl \\eErly

species such as Cynogla;sum officinale, Branus teetonun, Salsola kali, arrl

Convolvulus arvense are camon. Senescent Pq>Ulus angustifolia trees are

numeroos alor¥J Crandall Canyon arrl seErllings are abundant rot there are

relatively ff!M saplir¥Js.

The list of species <X:c.urring in the riparian bottom type is found in

Appendix C. ~ endangerErl or threatenErl species (FErleral Register,
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Plate 3.3 Pinyon-juniper vegetation on the Mine Plan Area

Plate 3.4 Riparian Bottan vegetation on the Mine Plan Area
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December 15, 1980) or selenium Wicator species \\65 found on this type.

Two ooxious \Yews (Utah NOxious wew Act 1958), Cirsium arvense and

Convolwlus arvensis, occur in the riparian type. Convolwlus arvensis was

3.3 percent of the cover on the castle Gate riparian area. Cirsium sp. \\65

0.2 percent of the cover in the Cramall riparian area. 'lWenty-three spe

cies listw as \Yews 'by fblmgren and Arrlersen (1971) were found in the

type. Eight \Yew species \Yere encamterw on transects in the castle Gate

riparian area and four \Yere encamterw on transects in the Crandall

riparian area.

3.1.5 Conifer

The conifer type (Plate 3.5) is found en the higher elevations,

northerly facing slq>es, and across sane of the drainages in the Mine Plan

Area. '!he type is often daninatw 'by Pseudotsuga menziesii: hONever,

Juniperus csteospennum, Pinus pondercsa, Abies concolor, or Abies

lasiocarpa nay be nore abundant on certain sites. Canposition of the

understory is influencOO 'by cancpy coverage, therefore it varies as the

density of trees in the conifer type varies throoghout the study area.

Relatively dense stands of conifer have relatively little mderstory of

perennial grasses, forbs, and shnlbs such as Synphoricarpos occidentalis

and Berberis repens. <:pm stands have relatively nore grasses as \Yell as

shrubs of the mixw brush type.

The list of vegetative species found in the conifer type is presentw

in Appendix C. No en::langerw or threatenw species (Federal Register,

Cecember 15, 1980) or selenium indicator species \\6S found in this type.

One ooxioos \Yew (Utah NOxious wew Act 1958), OnCJX?rdum acanthium, \\6S

foond in the type: hONever, it \\6S rnt widespread or abundant enoogh to

have been encoonterw en the vegetation cover transects. Eleven species

listw as \Yews 'by fblmgren and Arrlersen (1971) were found in this type.

The nost abundant \Yews in the conifer type \\6S Cerastium sp. \\him \\6S 0.3

percent of the cover en the Cramall conifer area and Taraxacum officinale

whiCh WiS 0.1 percent of the cover in the Cramall area.
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3. 1. 6 saltbush

An extremely small anount of the saltbush vegetation type (5 acres)

occurs 00 the southern Erlge of the Mine Plan Area. '!his type OCOlrs on a

clay hillside Whidh is sparsely vegetatErl ~ Atriplex cavesens and

sarcobatus venniculatus as y,ell as other species adcptErl to the harsh

grONing conditions. No affectoo sites or reference areas OCOlr within this

area so quantitative studies y,ere not conductoo in this minor type.

3.1.7 Disturbed

Sites fOr mine facilities and associatErl disturbance, highways,

railroads, and other hurran disturbance are included in this type.

Disturbed sites y,ere identifiErl accordi11<J to Whether they y,ere pre-1977

mini11<J disturbance, fOst-1977 mini11<J disturbance (includi11<J areas

disturbed by mini11<J prior to 1977 that y,ere subsequently usoo fOr rru.nulg

activity), or disturbed by other activities. MJst disturbed sites are in

such condition that vegetation growth is limitErl, if it is allowed at all.

Although isolatErl patches of species usually associatErl with the varicus

natural vegetation types occur within and 00 the Erlges of adjacent

disturbed areas, rrost species grawi11<J in those sites are primary succession

species and are considerErl y,eoos: salsola kali, Kochia sccporia, and

Convolvulus arvense. Chrysothannus nausecsus, a shrub species that invades

disturbed sites, canrronly graws on the ooges of disturbed areas.

3.2 THREATENED AND ~RED SPECIES

No threatenoo or enda11<Jered plant species (Fooeral Register, Decenber

15, 1980) was found on the area.

No threatenErl or endangeroo plant species presently listErl is kno.vn to

occur in carbon Ccunty; hawever, the ocOlrrence of Eriogorum COrynix:sUIn

var. davidsei and Eriogoruun lancifolium, two species recannended fOr

endangerErl listing, was reportErl ~ welsh and Thone (1979). Eriogoruun

coryrrbosum var. davidsei occurs in a desert shrub cx:mmunity near Price. It

occurs at approximately 5500 feet elevation in clay soil en a steep



-27-

hillside en the Mancos Shale Fonnation. Eriogonum lancifolium is also

found en the Mancos Shale Fonnation arrl usually ocmrs in association with

scatteroo jtmiper in salt desert shrub carmmities between 4900-5700 feet.

It is fotmd en gray clay soils. Neither of these species is knOf.ll1 to ocmr

on the Mine Plan Area.

3.3 VEGETATION CN REFERENCE ARFAS AND rorENTIAILY AFFEcrED VEGETATION

TYPES

3.3.1 sample Adequacy

Sample adequacy \\as calculatoo for all vegetative cover, shrub density,

and tree density data gatheroo en the Mine Plan Area. All data rret or

exceooed the desiroo confidence level except for shrub density on the Barn

Canyon pinyon-juniper affectoo area (Table 3.2). Desiroo confidence level

for this data \\as 80 percent arrl the confidence level adlieved \\as 79.4

percent (Table 3.2). One additional shrub transect \\QuId have been suf

ficient to exceed the ,desiroo confidence level; however, a sncwstonn hit

the Study Area on the last day of the field trip arrl, given the ....eather

corrlitions, it \\as oot practical to attanpt additional samplil"XJ in the

area.

3.3.2 Affectoo Areas and Corresp:mding Reference Areas

'!he list of affectoo areas arrl corresp:>rrlil"XJ reference areas is given

in Table 3.3. A canparison of vegetation data fran the types in Barn Canyon

that llBy be affectoo arrl the €quivalent reference areas is providoo in

Table 3.4. Since the other affectoo areas ....ere already disturbOO, there are

no l:aseline vegetation data for statistical o::mparison with reference area

data. Although the reference area selection for the disturbOO areas \\as

rrore subjective than for the Barn Canyon types, the reference areas dlosen

are typical \\hat \\QuId have been present in the disturbOO sites due to the

similarity of sl<:pe, aspect, arrl elevation as !l.ell as the proximity to

areas they represent. Reference areas for the disturbOO sites provide the

basis for reclamation success standards; however, final reclamation success

criteria will also have to take other factors, such as actual vegetation
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Table 3.2 Statistical Adequacy of Vegetation Data for the Price River Coal
Canpany I S Mine Area, 1981

Vegetation Cover Shrub Density Tree Density
Sampling Area ~n n erA ~n n erA ~n n erA

REFEREOCE ARFAS:

So.vbe11y Grass Sage 11 15 92.8 2 15 99.6 ~.............
S0Nbe11y Mixed Brush 14 15 91.0 2 15 98.8 ~.............
Willow Creek Grass-

Sage 7 15 97.4 5 15 93.7 ~.............
castle Gate Riparian 13 15 91.6 24 28 82.1 • •••. ••AC••••••
castle Gate Mixed

Brush 7 15 %.6 6 15 91.0 m..............
Crandall Riparian 23 24 90.3 •••• ..AC •.•..••. • •••• ••AC ••••••
Crandall Conifer 6 15 97.4 3 15 96.5 22 28 83 .1
Crandall Pinyon-

Juniper 1 15 100.0 8 15 87.7 · ......oc......
Barn canyon Grass-

Sage 4 15 99.5 8 15 88.1 m..............
Dry Canyon Mixed

Brush 3 15 99.7 3 15 97.7 :t'JA.. •••••••••••••

AFFECTED ARFAS:

Barn canyon Pinyon-
Juniper 7 15 97.2 16 15 79.4 • •••••• R:: ••••••

Barn canyon Mixed
Brush 13 15 91.9 6 15 90.7 ~.............

Barn canyon Grass-
Sage 5 15 98.7 4 15 95.5 ~.............

Barn canyon Conifer 3 15 99.7 12 15 82.1 11 15 83.4

Nrnin = minimum sample size to rreet desirErl oonfidence levels
n = sample size CX)llected
CIA = Confidence Level Achieved
AC = Absolute Count
NA = Not Applicable
PC = Photo Count
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Table 3.3 List of Affected Areas and Corresp:>nding Reference Areas,
Price River Coal Company's Mine Plan Area, 1981.

Affected Area

Sowbelly and Hardscrabble Mines

WillON Creek Disturbed

castle Gate Prep Plant

Crandall Canyon Shaft Site

Crandall Canyon Leadh Field

.l Barn Canyon Conifer.!!

" Barn Canyon Pinyon-Juniperl /

V Barn Canyon Mixed Brush!!

v Barn Canyon Grass sage!!

Reference Area

SoNbelly Mixed Brush and
Sowbelly Grass-Sage

WillON Creek Grass sage

castle Gate Mixed Brush, Castle
Gate Riparian Botton, Barn
canyon Grass-Sage

castle Gate Mixed Brush,
Crarrlall Conifer, Crarrlall
Riparian Botton

Barn Canyon Grass-Sage, Castle
Gate Mixed Brush, Crarrlall
Conifer

Crarrlall Conifer

Crarrlall Pinyon-Juniper

Dry Canyon Mixed Brush

Barn Canyon Grass sage

Y Future refuse dis,lX)sal area not presently affected.



Table 3.4 Carparison of Vegetation Data fran Affected Areas in Barn Canyon am Corresp:m::ling Reference Areas, 1981

Vegetative Cover Shrub Density Tree Density Species Similarity Irrlex

Vegetation Type Percent t.!I #/ha #/ha Percent

Barn Canyon Grass-Sage AffectErl 54.4 6449.0 NA

Barn canyon Grass-Sage Reference 53.2 0.528 2421.8 NA 50

Barn Canyon Mixed Brush Affected 64.3 11,823.1 NA

Dry Canyon Mixed Brush Reference 64.3 0.000 8054.4 NA 60

Barn Canyon Pinyon-Juniper AffectErl 56.9 2979.6 176.8

Crarrla11 Pinyon-Juniper Reference 53.1 1.651 2653.1 202.0 71 ,
w
?

Barn canyon Conifer AffectErl 72.9 4285.7 255.7

Crarrla11 Conifer Reference 74.4 0.455 12,952.4 961.6 54

Y t(95) = 2.048r therefore, there WlS 00 significant difference in vegetation cover on any of the four affectErl types
and their respective reference areas.
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CXJVer prior to mining disturbance (e.g., there \laS previoos1y a village on

the site of the castle Gate Preparation Plant) as \\ell as dates of distur

bance into consideration.

Vegetative cover on all reference areas \laS not significantly dif

ferent (t=. OS) fran their corresp:mding affectErl area in Barn canyon (Table

3.4). All vegetative species similarity irrlices \\ere 50 percent or

greater.

3.3.3 Data Presentation

Surmarized CXJVer data for all areas sampled on the Mine Plan Area are

presentErl in Table 3.5, shrub density data are in Table 3.6, tree density data

are in Table 3.7, and productivity estimates are in Table 3.8. A brief

description of the location and a surmary of vegetation data on each of the

aeas sampled during the study are presentErl 'belON. Canplete vegetation

data for each area is given in Appendix c.

3.3.3.1 Sowbelly grass-sage reference area. The soWbelly grass-sage

reference area is locatErl in So.vbelly canyon in SWl/4 Section 4, T13S, R9E

(Maps 1 and 2). 'Ib 'be cxmparable to the slcpe and aspect of the distur'berl

sites, this reference is ccrnprisErl of two parts, one on a southv.7est aspect

and the other 011 a northeast aspect. Vegetative CXJVer on the sowbelly

grass-sage reference area \laS 39 percent, litter-r<:X:k \laS 44 percent, and

bare groond \laS 16 percent (Table 3.5). Forty-seven percent of the vegeta

tion cover \laS Agrcpyron spp. and 28 percent \laS Artenisia tridentata,

which \\ere also species enca.mterErl wi.th 100 percent fre:::Iuency CJ"OC)ng the

transects. Eleven species \\ere encamterErl on the CXJVer transects in the

Sowbelly grass-sage reference area, \\hich had a species diversity irrlex of

1.373. Artenisia tridentata acca.mtErl for 96 percent of the 8816 mean

shrubs per ha on this reference area (Table 3.6). Mean height of all shrubs

was 19 an. Production on the area \laS estimatErl to 'be 900 Its per acre

(Table 3.7).



Tab Ie 3.5 Summary Cover Data for Reference and Affected Areas on Price River Coal Canpany's Mine Plan Area, 1981

Vegetative Cover <%> Litter/Rock <%> Vegetation,Lltter/Rock<%> Bare Groond
# of Speci as Divers 11'(

Sampling Area x s x s x s x s Speci as Index

REFERENCE AREAS:

Sowbelly Grass-Sage 38.9 7.3 44.5 8.2 83.5 9.1 16.5 9.1 11 1.373
WII low Creek Grass-Sage 39.6 5.6 33.!i 10.5 73.1 6.7 26.9 6.7 17 1.578
Barn Canyon Grass-Sage 53.2 5.7 45.7 5.5 98.9 2.1 1 .1 2.1 17 2.250
Sowbelly Mixed Brush 47.7 9.8 ~ 10.7 ~ 5.9 14.0 5.9 24 1.940

-----:.-
Castle Gate Mixed Brush 40.9 6.1 35.2 6.0 76.1 6.6 23.9 6.6 12 1.484
Dry Canyon Mixed Brush 64.3 6.3 32.7 5.6 96.9 4.7 3.1 4.7 22 1.642
Crandal I Pinyon-Juniper 53.1 3.5 37.1 5.4 90.1 4.6 9.9 4.6 13 1.985
Castle Gate Riparian 56.4 11.3 20.3 8.3 76.7 12.4 23.3 12.4 41 2.958
Crandell Riparian 47.2 12.6 34.6 9.8 81.8 7.5 18.2 7.5 36 2.424
Crandall Conifer 74.4 10.4 20.4 9.5 94.8 5.2 5.2 5.5 23 1.379

AFFECTED AREAS: Iw
IV
I

Barn Canyon Grass-Sage 54.4 6.7 34.9 9.0 89.3 6.6 10.7 6.6 17 1.846
Barn Canyon Mixed Brush 64.3 12.6 33.7 12.3 98.0 2.9 2.0 2.9 32 2.682
Barn Cenyon Pinyon-Juniper 56.9 8.2 31.7 9.3 88.7 7.0 11.3 7.0 17 1.599
Bern Cenyon Con Ifer 72.9 7.4 24.3 7.9 97.2 3.2 2.8 3.2 24 2.317



Table 3.6 Surnnary 9lrub Density and Height Data for Reference and Affecte:1 Areas on Price River Coal Canpany I s Mine
Plan Area, 1981

Height (an) Density (#/ha)
Percent Frequen£Y - Height Classes1 Total

Sanpling Areas A B C D E F G x s Co.mtErl x s

REFERENCE AREAS:

SoNbelly Grass-Sage 26.3 67.4 3.7 1.7 0.6 0.3 0.0 19.4 21. 7 648 8816.3 1832.2
Willow Creek Grass-Sage 5.4 30.1 38.3 24.9 1.2 0.0 0.0 42.2 25.2 1307 17,782.3 6351.8
Barn Canyon Grass-Sage 25.3 12.9 25.3 26.4 10.1 0.0 0.0 48.9 42.9 178 2421.8 1120.1
SoNbelly MiXe:1 Brush 12.2 29.5 17.2 18.0 17.0 4.9 - 1.2 71. 7 79.9 760 10,340.1 2528.7
Castle Gate MiXe:1 Brush 13.5 23.0 27.4 28.0 5.7 2.4 0.0 53.1 52.6 453 6163.3 2539.9
Dry canyon Mixe:1 Brush 0.3 2.9 18.6 15.9 20.6 12.2 29.6 205.9 148.2 592 8054.4 2212.7
Crandall Pinyon-Juniper 0.0 18.5 16.4 19.5 13.8 6.7 25.1 166.4 152.9 195 2653.1 1253.3
Castle Gate Riparian 6.4 14.9 23.1 19.1 15.9 19.6 1.1 113.9 107.4 377 2747.8 2246.3
Crandall Riparian 8.2 31. 7 26.5 20.7 8.2 4.0 0.6 59.6 67.7 328 404.9
Crandall Conifer 52.5 31.4 13.3 2.5 0.1 0.1 0.0 16.6 18.4 952 12,952.4 3914.9

AFFECTED AREAS:

Barn Canyon Grass-Sage 12.9 19.0 38.4 21. 7 8.0 0.0 0.0 48.1 37.5 474 6449.0 2085.2
Barn Canyon MiXe:1 Brush 0.5 5.3 20.4 14.0 17.5 12.1 30.3 203.6 152.3 869 11,823.1 4907.3
Barn Canyon Pinyon-

Juniper 5.5 11.0 14.6 17.4 20.1 12.3 19.2 165.4 143.0 219 2979.6 1990.3
Barn Canyon Conifer 8.6 1.9 13.0 35.6 28.3 4.8 7.9 121.2 104.8 315 4285.7 2544.3

1 Height classes:

Code Range (an) Mid-Point (an)
-X- 0-10 5

B 11-30 20
C 31-50 40
D 51-100 75
E 101-200 150 I

F 201-400 300 w
w

G Over 400 I
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Table 3.7 SUIm'ary Tree Density Data for Reference am Affecterl Areas on
Price River Goal Company's Mine Plan Area, 1981

Vegetation Type

REFERENCE:

Density (#/ha) Mean Basal Area (an2)

Crarna11 Pinyon Juniper

Castle Gate Riparian

Crarna11 Riparian

Crandall Conifer

AFFECTED:

Barn Canyon Pinyon-Juniper

Barn Canyon Conifer

42.0

147.0

202.0

961.6

176.8

255.7

1292.1

969.9

600.9

369.0

589.8

523.7
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Table 3.8 Productivity Estimates for Reference and Affected Areas on Price River
Coal Carrpany's Mine Plan Area, 1981

Sampling Area

Sowbelly Grass-Sage

Willow Creek Grass-Sage

Barn canyon Grass-Sage

Sowbelly Mixed Brush

castle Gate Mixed Brush

Dry Canyon Mixed Brush

Crandall Pinyon~uniper

castle Gate Riparian

Crandall Riparian

Crandall Conifer

AFFECTED:

Barn canyon Grass-Sage

Barn canyon Mixed Brush

Barn Canyon Pinyon~uniper

Barn canyon Conifer

Productivity U:s/acreY

900

850 - 900

1200 - 1300

650 - 700

2500 - 3000

2500 - 3000

200 - 300

I

Y Estimates provided ty Soil Conservation Service, Price, Utah (Apperrlix A)
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3.3.3.2 willow Creek grass-sage reference area. The Willow Creek grass

sage reference area is locatoo along Willow Creek in the SWl/4 Section 32,

T12S, RIOE, (Maps 1 and 3). Vegetative cover on this reference area '.liaS 40

percent, litter-rock '.liaS 34 percent, am tare groond '.liaS 27 percent (Table

3.5) • Fifty-eight percent of the vegetation cover '.liaS Artanisia tridentata

and 35 percent '.liaS grasses, primarily Agrcpyron smithii am Branus t~

torum. Artemisia tridentata OCOlrroo with 100 percent frequency v.hile

Agrcpyron smithii and Branus tectorum both ocOlrroo with 73 percent fre

quency. Seventeen species ~re encamteroo along the transects in the

Willow Creek grass-sage reference area. The species diversity index '.liaS

1.578. Artemisia tridentata accamtoo for 92 percent of the 17,782 mean

shrubs per ha (Table 3.6). Mean height of all shrubs '.liaS 42 an.

Production on the area '.liaS estimatoo to be 850 to 900 100 per acre (Table

3.7).

3.3.3.3 Barn canyon grass-sage reference area. The Barn canyon grass-sage

reference is locatoo in the NWl/4 Section 36, T12S, R9E (Maps 1 and 3).

Vegetative cover '.liaS 53 percent, litter-rock '.liaS 46 percent, am tare

groond '.liaS 1 percent (Table 3.5). Agrcpyron spp. provided 45 percent of

the vegetation cover, Branus tectorum provided 20 percent, Atriplex

canescens provided 6 percent, am Artemisia tridentata provided 5 percent.

Branus tectorum was the species encamteroo with the highest frequency (93

percent) while Agrcpyron intennedium and other Agrg>Yron spp. ~re the only

other species that ocOlrroo with over 75 percent frequency. seventeen spe

cies ~re encamteroo along the transects in the Barn canyon grass-sage

reference area, v.hich had a species diversity index of 2.250. Sixty-two

percent of the 2422 mean shrubs per ha v.ere Artanisia tridentata am 23

percent ~re Atriplex canescens. Mean height of all shrubs '.liaS 48 an

(Table 3.6). Estimatoo Production on this area '.liaS '.liaS ---

3.3.3.4 Barn canyon grass-sage affectoo. The grass-sage type coveroo 21

percent of the 193 acres of IX'tential disturbance in Barn canyon (Table

3.1) (Sections 25 and 36, T12S, R9E, Maps 1 am 3). Vegetation cover on

the grass-sage affectoo area '.liaS 54 percent, litter-rcx::k '.liaS 35 percent,
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and l:::are gramd v.as 11 percent (Table 3.5). Fifty-three percent of the

vegetative cover v.as Agrc:pyron intennedium am other Agrcpyron sp. v.hile 17

percent v.as Artemisia tridentata. Agrcpyron intennedium was encamtererl

with 100 percent frequency am Artemisia tridentata OCCllrrerl with 87 per

cent frequency. Seventeen species ....ere encamtererl on the transects in the

grass-sage affectErl area. '!he species diversity irrlex v.as 1.846.

Artemisia tridentata accamterl for 73 percent of the 6449 rrean shrubs per

ha am Atriplex canescens accamterl for 12 percent (Table 3.6). Mean shrub

height v.as 48 an. EstlinatErl production on the area v.as

3.3.3.5 SoNbelly mixed brush reference area. '!he SoNbelly mixed brush

reference area is located in the l:xJttan of SoNbelly canyon in the sv1l4

Section 4, T13S, R9E (Maps 1 and 2). Vegetative cover v.as 48 percent,

litter-rock \\as 38 percent, am l:::are grcund v.as 14 percent (Table 3.5).

Fifty-nine percent of the vegetation cover \\as QuerOls gambelii, 11 percent

was Artemisia tridentata, am 14 percent \\as Agrc:pyron intennedium and

other Agropyron species. Quercus gambelii occurrerl with 100 percent fre

quency and Artemisia tridentata occurrErl with 87 percent; all other spe

cies occurrerl with less than 50 percent frequency. 'TWenty-four species

were encamtererl on the transect in the So.vbelly mixed brush reference

area, v.hich had a species diversity irrlex of 1.940. Shrub density on this

area v.as 10,340 per ha (Table 3.6). Forty-nine percent of the shrubs ....ere

Quercus garnbelii, 30 percent \>.ere Artemisia tridentata, and 12 percent ....ere

~oricarpos occidentalis. Hean height of all shrubs v.e.s 72 an.

EstlinatErl production on the So.vbelly mixed brush reference area v.e.s 1200 to

1300 100 per acre (Table 3.7).

3.3.3.6 castle Gate mixed brush reference area. '!he castle Gate mixed

brush reference area is locatErl on a ....esterly-facing slcpe in the sv1l4

Section 36, T12S, R9E (Maps 1 and 3). Vegetation cover v.as 41 percent,

litter-rock v.as 35 percent, am l:::are grcund \\as 24 percent (Table 3.5).

Fifty-one percent of the vegetation cover \\as Agrcpyron sp., 26 percent v.as

Artemisia tridentata, and 9 percent v.as Amelanchier utahensis. Agrcpyron

sp. OCCllrred with 100 percent frequency, Artemisia tridentata OCCllrrerl with
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87 percent frequency, a.rrl all other species occurre:'! with less than 50 per

cent frequency. 'lWeIve species were encamteroo on the cover transects in

the castle Gate mixed brush reference area. Species diversity \\as 1.484.

Seventy-six percent of the 6163 shrubs per ha (Table 3.6) were Artanisia

tridentata am 10 percent were Atriplex canescens. Mean shrub height \\as

53 an. Production on the castle Gate mixed brush reference area \\as

approxinately 650-700 Ibs per acre (Table 3.7).

3.3.3.7 Barn canyon mixed brush affecte:'!. Approxinately 14 percent of the

193 acres of pYtential disturbance in Barn Canyon (Table 3.1) (Sections 25

and 36, T12S, R9E) is classe:'! as mixed brush (Maps 1 and 3). Vegetative

cover on the mixe:'! brush type in this area \\as 64 percent, litter-rod< vas

34 percent, a.rrl bare grcund \\as 2 percent. Shrubs a.rrl trees were 70 per

cent of the vegetative cover with Acer grandidentatum and Quercus gambelii

the rrost camon (22 and 17 percent of vegetative cover, respectively).

Branus tectorum, which \\as the rrost camon grass, \\as 8 percent of the

vegetative cover. '!he nost frequently occurring species were Acer~

didentatum (80 percent freuency), Q.1ercus gambelii (73 percent), a.rrl

Berberis repens (73 percent). '!hirty-two species were encamtere:'! on the

transects within the mixed brush affecte:'! area. Species diversity \\as

2.682. '!he rrost abundant shrubs were Syn'phoricarpos occidentalis, Acer

grandidentatum, a.rrl Quercus gambelii which respectively acccunte:'! for 30,

30, and 24 percent of the 11,823 shrubs per ha on this type. Mean height

of the shrub was 204 an. Estimate:'! production on the mixed brush affected

area was -----

3.3.3.8 Dry canyon mixed brush reference area. '!he Dry Canyon mixed brush

reference area is locate:'! in the NEl/4 Section 32, T12S, RlOE (Map 1).

Vegetative cover \\as 64 percent, litter-rock vas 33 percent, a.rrl bare gramd

was 3 percent (Table 3.5). Seventy-three percent of the vegetative cover

were shrubs a.rrl trees with Quercus garribelii (56 percent) am Artanisia tri

dentata (12 percent) providing the rrost cover. Agrq>yron spicatum,

Agrcpyron intennedi.um, and other Agropyron species provided approximately

20 percent of the vegetative cover. Quercus garribelii OCOlrre:'! with 100
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percent frequency, Agrcpyron sp. occurnrl with 87 percent frEquency, and

Artanisia tridentata occurred with 80 percent frequency. 'The Dry canyon

mixed brush reference area had a species diversity imex of 1.642. 'IWenty

two species \\ere encamtered on transects within this area. Sixty-eight

percent of the 8054 shrubs per ha on this area were Quercus gambelii, am
Artanisia tridentata accamted for 19 percent. Mean height of all shrubs

was 206 an. Production on the area \\8.S estimated to be

3.3.3.9 Barn Canyon pinyon-juniper affected. 'The pinyon-juniper type

covered approximately 44 percent of the 193 acres of fOtential disturbance

in Barn canyon (Table 3.1) (Sections 25 am 36, T12S, R9E, Maps 1 am 3).

Vegetative oover \\8.S 57 percent, litter-rock \\8.S 32 percent, am bare

gramd \\8.S 11 percent (Table 3.5). Fifty-six percent of the vegetative

cover \\8.S Agrcpyron sp., 14 percent \\8.S Juniperus cstea;penna, 13 percent

was Pinus Erlulis, am 9 percent \\8.S Cercocarpus ledifolius. 'These same

species also had the highest frequency of occurrence arnollJ the transects

(100, 80, 80, and 67 percent, respectively). Seventeen species were

encountered on the cover transects in the Barn canyon pinyon-juniper type,

which had a species diversity index of 1.599. Mean shrub density on this

type \\8.S 2980 (Table 3.6) with Cercocarpus ledifolius, Artanisia triden

tata, Quercus gambelii, and Pinus erlulis the nest abundant (27, 22, 20, and

11 percent, re~pectively). Mean height of all shrubs in the pinyon-juniper

affectErl type was 165 an. EstirnatErl tree density in this type \\8.S 177 per

ha and rrean basal area for all trees \\8.S 590 em2 (Table 3.7). Fifty-one

percent of the trees \\ere Pinus edulis and 34 percent were Juniperus

csteospenna. EstimatErl production on the pinyon-juniper affectErl type is

approximately ---

3.3.3.10 Crarrlall pinyon-juniper reference area. The pinyon-juniper

reference area is locatErl in the NEl/4 Section 29, T12S, R9E in Crarrlall

canyon (Maps 2 am 4). Vegetative cover on this area \\8.S 53 percent,

litter-rock \\8.S 37 percent, and bare gramd \\8.S 10 percent (Table 3.5).

Agrq:>yron intennedium, Agrcpyron smithii, and other Agrcpyron sp. were 35

percent of the vegetative oover, Pinus Erlulis was 18 percent, Juniperus
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csteospenna was 17 percent, and Cercocarpus ledifolius was 14 percent.

Agropyron sp. occurrErl with 100 percent fr6:1uency, Cercocarpos ledifolius

and Juniperus csteospenna each occurrErl with 67 percent fr6:1uency, and

Pinus Erlulis occurrErl with 53 percent fr6:1uency. Thirteen species v.ere

encamterErl on the cover transects in the pinyon-juniper reference area.

The species diversity index v.e.s 1.985. Cercocarpos ledifolius and QuerOls

garnl?elii were the rrost abundant (43 and 39 percent, respectively) of the

2653 mean shrubs' per ha on the reference area (Table 3.6). Mean height of

all shrubs v.e.s 166 em. Tree density on the pinyon-juniper reference area

was 202 trees per ha and rrean 'tasal area for all trees v.e.s 601 em2 (Table

3.7) • Forty-seven percent of the trees v.ere Juniperus csteosperma, 26 per

cent v.ere Pinus Erlulis, and 22 percent v.ere Cercocarpus ledifolius.

EstimatErl production on the area v.e.s approxima.tely __

3.3.3.11 castle Gate riparian reference area. The castle Gate riparian

reference area is locatErl along the Price River in the SN1I4 Section 26,

T12S, R9E (Maps 1 and ,3). Vegetative cover v.e.s 56 percent, litter-roCk v.e.s

20 percent, and 'tare gramd v.e.s 23 percent (Table 3.5). Thirty-six percent

of the vegetative cover v.e.s provided by 21 species of forts, rot the rrost

cover of all species v.e.s provided by Branus tectorum (18 percent) follONed

by Populus angustifolia (15 percent). Branus tectorum ocwrrErl with 87

percent frequency, Clematis lingusticifolia ocwrrErl with 73 percent,

Q1ercus gambelii ocQ.lrrErl with 53 percent, and all of the other 38 species

encounterErl on the cover transects occurroo. with less than 50 percent fre

quency. The castle Gate riparian reference area had the highest species

diversity of all areas sampled (2.958) (Table 3.5). Forty-six percent of

the 2748 mean shrubs per ha on this type (Table 3.6) were Rosa sp., 19 per

cent v.ere Quercus gambelii, and 11 percent v.ere Rhus trilo'tata. Mean shrub

height v.e.s 114 em. Tree density in the castle Gate riparian reference area

was 42 per ha and rrean 'tasal area v.e.s 1292 em2 (Table 3.7). Pq>ulus

angustifolia was the only tree species in the area. Production on the

riparian area v.e.s 2500 to 3000 Its per acre (Table 3.8).
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3.3.3.12 Crandall riparian reference area. The Crandall riparian

reference area is located in the OOttan of Crandall Canyon in the NWl/4

Section 27, T12S, R9E (Maps 1 and 4). Vegetative cover on this area \\as 47

percent, litter-rock \\as 35 percent, and rere grcund \\as 18 percent (Table

3.5). Thirty percent of the vegetative cover \\as Pgpulus angusti£olia, 13

percent \\as Pea sp., 11 percent was Branus tectorum, and cyno:Jlcssurn offi

cinale also provided 11 percent. Poa sp. occurred with 92 percent fre

quency, Pgpulus angustifolia occurred with 83 percent, Aster sp. ocrnrred

with 75 percent, and cyno:Jlossum officinale ocOlrred with 71 percent fre

quency arrong the cover transects in the area. Thirty-six species v.ere

enccuntered on the cover transects in the Crandall riparian reference area,

which had a species diversity index of 2.424. Approximately 405 shrubs per

ha occur within the area (Table 3.6). Fbrty-four percent of the shrubs v.ere

Symphoricarpos occidentalis, 11 percent v.ere QuerOls gambelii, and 10 per

cent v.ere Ribes cereum. The rrean height of shrubs \\as 60 em. Tree density

in the Crandall riparian reference area \\as 147 per ha and rrean resal area

was 970 cm2 (Table 3.7,). Trees in the tyPe v.ere Populus angusti£olia, Acer

grandidentatum, Juniperus csteosperma, Pseudotsuga menziesii, and PiTUls

ponderosa. Production on this riparian area was 2500-3000 Us per acre

(Table 3.8).

3.3.3.13 Barn .canyon conifer affected. The conifer type covenrl approxi

rna.tely 21 percent of the 193 acres of fOtential disturbance in Barn canyon

Table 3.1) (Sections 25 and 36, T12S, R9E, Mips 1 and 3). Vegetative cover

was 73 percent, litter-rock \\as 24 percent, and rere gramd \\as 3 percent

(Table 3.5). 'TWenty-six percent of the vegetative cover vas Agrcpyron sp.,

16 percent was Juniperus osteosperma, 15 percent \\as Pseudotsuga menziesii,

and 13 percent \\as QuerOlS gambelii. Species v.hich ocOlrred with the

highest frequency arrong the transects v.ere Agrcpyron sp. (100 percent),

Juniperus osteosperma (100 percent), Pseudotsuga menziesii (87 percent),

Quercus gambelii (60 percent), Abies lasiocarpa (53 percent), and PiTUls

edulis (53 percent). 'TWenty-four species v.ere enccuntered alOll3 the cover

transects in the conifer affected area. The species diversity index 00

this type \\as 2.317. Approximately 59 percent of the 4286 shrubs per ha on
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this type (Table 3.6) were Quercus gam1?elii while Sy!rphoricarpos occiden

talis and Cercocarpos rrontanus each provided an additional 11 percent.

Mean height of all shrubs 1M3.S 121 an. Tree density in the conifer affectErl

type 1M3.S 256 per ha a.rrl rrean basal area 1M3.S 524 em2 (Table 3.7). The nest

abundant trees were Juniperus csteospenna, Pseudotsuga menziesii, Pinus

Erlulis, a.rrl Abies lasiocarpa. Estimated production in the conifer type in

Barn canyon 1M3.S

3.3.3.14 Crandall conifer reference area. The conifer reference area is

locatErl in Crandall Canyon in the SWl!4 Section 289, T12S, R9E (Maps 1 and

4). Vegetative cover 1M3.S 74 percent, litter-rock 1M3.S 20 percent, a.rrl 1:Ere

ground 1M3.S 6 percent. Pseudotsuga menziesii provided 65 percent of the

vegetative cover and Pinus p:>nderosa provided 14 percent. These two spe

cies occurrErl with 100 and 80 percent frequency, respectively; other fre

quently occurring species were §ynmphorica~s occidentalis (80 percent)

and perennial grasses (60 percent). 'TWenty-three species were encamterErl

along the cover transects in the conifer reference area. The species

diversity index for this area 1M3.S 1.379. Fifty-one percent of the 12,952

shrubs per ha on this area (Table 3.6) were Berberis repens, 35 percent

were Synphoricarpos occidentalis, and 13 percent were QuerOls gambelii.

Mean shrub height 1M3.S 17 em. Tree density in the conifer reference area

was 962 trees per ha and rrean basal area 1M3.S 359 em2 (Table 3.7).

Pseudotsuga menziesii, Pinus fOnderosa, and Juniperus csteosperrna were the

most abundant trees. Production in the conifer reference area 1M3.S approxi

ma.tely 200 to 300 100 per acre (Table 3.8).
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4.0 SUMMARY

The vegetation baseline study for Price River Coal Canpany's Mine Plan

Area near Helper, Utah ItIaS corrlucted during the 1981 grONing season by

Mariah Associates. Vegetation on the entire Mine Plan Area ItIaS rrapped.

Reference areas v.ere selected and sampled for vegetation types that had

occurred on sites that are presently occupied by surface facilities and

other disturbance associated with the mine. Baseline vegetation studies

were also oorrlucted in an area in Barn canyon that rray 'be disturbed. in the

future.

The five najor natural vegetation types in the Mine Plan Area v.ere

conifer, grasslarrl-sagebrush, mixed brush, pinyon-juniper, and riparian

bottan. Disturbance on the area ItIaS napped and identified as either

pre-1977 mining disturbance, p.Jst-1977 mining disturbance (including areas

disturbed. by mining prior to 1977 that v.ere also subsequently used for

mining activity), or other disturbance. ppproximately acres v.ere iden-

tified as pre-1977 mining disturbance, acres v.ere p.Jst-1977 rninin:r

disturbance, and acres v.ere identified as other disturbance. Vegetative

cover on the 10 reference areas ranged fran 39 percent to 74 percent, shrub

density ranged ,fran 405 per ha to 17,782 per ha, and species diversity

ranged fran 1. 373 to 1.958. No threatened or endangered plants v.ere

enccuntered during the study.
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APPENDIX A

Productivity Estimates Fran the Soil Conservation Service



This letter confirms the findings of George Cook when he visited your
Price Canyon operation on September 29, 1981. Tile rangeland productivity
estimates by reference area are listed below:

(above Castle Gate air vent) - Sagebrush-grass bottom community
850-900 Ibs/acre air dry

Dear Bob,

~
( /,)

be. -UU-LL{"">J::.r';J.'~i.J..I__--

'"" ------j(

350 N. 400 E.
Price, vr 84501

A-l

Co.

Soil
Con~ervation

Service

84526

Site #1

November 4, 1981

Robert Wiley
Price River Coal
P.O. Box 629
Helper, vr.

,f"~""'::\ United States
((l"'i)) De~artmenl of
~ Agnculture

[--_.__.~-- ------

r

Site #2 (water, tank and sign) - Sagebrush-browse-grass community
650-700 lbs/acre air dry

'"

Site #3 - Riparian community
2500-3000 lbs/acre

Site #4 (upper Crandall Canyon) - Woodland community
understory 200-300 lbs/acre

, low production on co~ifers (ponderosa pine, whitefir,
Douglas fir, western red juniper)

Site #5 (lower Crandall Canyon) - Riparian community
2500-3000 Ibs/acre air dry

Site #6 (south aspect Sowbelly Canyon) - Salina Wildrye- black
sagebrush community
900lbs/acre

Site #7 (north aspect Sowbelly Canyon) - Gambel oak and grass community
1200-1300 lbs/acre

If we can be of further assistance please contact us in Price.

Sincerely,

~ "iJIlt~
Gary"lb. Moreau
District Conservationist
Price/Castle Dale Field Office

GM/lb
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Additional Productivity Data from SCS
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Maps 1 - 5




