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Subj: Amendment to Volume 9, Appendix A to Reduce the Hydrologic Monitoring program
for Sites Within and Outside Mine Permit Boundaries, pacifiCorp,
wilberg/Cottonwood Mine C/015100t9, Deer Creek Mine clotslooug, and Trail
Mountain Mine C/OtSlOOOg,Task tD #439L, Emery County, Utah.

PacifiCorp, by and through its wholly-owned subsidiary, Energy West Mining Company "Energy
West" as mine operator, hereby submits an amendment to amend Volume 9, Hydrologic
Volume, Appendix A, to reduce the water monitoring responsibilities as outlined in the
hydrologic mon itoring program.

PacifiCorp has conducted extensive research into interrelationships between the surface and
groundwater hydrologic systems and the potential impacts associated with underground
mining East and Trail Mountains. Analysis has included; seep and spring surveys, drainage
surveys, baseline data collection, in-house and consultant hydrologic studies and government
and non-government research projects. Included with this submittal, Energy West discusses
the geology and ground water hydrology within the permit areas of its mines.

Two research projects, or investigations, are included in the appendices. In Appendix A, the
United States Bureau of Mines Informational Circular No. 1994 summarizes the results of a
hydrologic research study to evaluate the hydrologic and overburden failure data to assess the
response of local ground water to underground mining in both single and multiple-seam
conditions.

In Appendix B are the results and discussion by Mayo and Associates of the investigation of
surface and ground water systems in the PacifiCorp lease areas. Neither paper presented found
any substantial relationship between the underground mining (and the intercepted ground
waters) operations and changes in the surface and ground water quantity or quality. The
papers suggest that geology and seasonal climatic variability controls the fluctuating high and
low discharge rates of surface and ground water systems on East and Trail Mountains.

ln Appendix C is a signed copy of the Memorandum of Understanding between the BLM, USFS,
and DOGM. The objectives of the MOU is to establish the roles to be played and procedures to
be followed by its signatory agencies when responding to relinquishment of a Federal coal lease
(i) to insure the protection of public lands and resources in a manner that will not impair the
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public interest and (ii) to allow the agencies to function in a more timely and effective manner
so that the rights of both the lessee and the public are protected.

Among the procedures is the evaluation of any potential impacts to the surface and ground
water systems. The MOU allows coordination and concurrence between the agencies to make
decisions on whether or not the hydrology within the federal coal lease has been impacted.
None of the agencies noted impacts to the hydrology of any of the federal coal lease areas
applied for relinquishment and signed their concurrence to the action.

Energy West is reducing the extent of the mine's hydrologic monitoring by eliminating sites that
are either 1) outside of its current mine permit boundaries, 2) outside its current federal coal
lease boundaries, 3) in areas that have been mined and are not planned for future underground
mining operations, or 4) those areas that are considered to have no economic value because of
either poor coal quality or problematic mining conditions and will not be mined. Those sites
that are being removed are outlined in the attached summary sheet.

To justify removal from the monitoring program, Energy West has detailed pertinent
information for each site to be removed. Much of the information was taken from the current
Supplemental Volume 1 - "Lease Relinquishment; Phases l, ll, and lll," or "partial Lease
Relinquishment, Federal Coal Lease UTU-64375 January 9,2OOg'. A Justification Statement for
removal is outlined by site or group of sites. General information of the Statement includes
location description, lease association, subsidence monitoring results, water quality and
quantity data, and a justification for removal. Water quality data is presented giving (in most
cases) pre- and post-mining water quality, and historic water quality. A subsidence profile
(copied from the Annual Subsidence Report) is also included to show the maximum subsidence
that has occurred within the viclnity of the site, if applicable. And lastly, a map illustrates the
physical location of each site on both East and Trail mountains.

ln 2002, Energy West submitted and received approval (by DOGM) to include in its Minlng and
Reclamation Plan its "Volume 1- Lease Relinquishment, Phase's l, ll, and lll." This volume is a
collection of information which supports lease relinquishment and the issue of "substantial
completeness" as it pertains to areas of mining-induced subsidence. Lease-specific information
supplied to regulatory agencies (those agencies described in the MOU) contains the disposition
of subsided areas with descriptions of hydrologic and vegetative impacts, if any. Subsidence
monitoring contains several years of a collection of both aerial photogrammetric and
conventional surveying information. From this information, the determination was made that
mining-induced subsidence had reached its predicted value and was considered "substantially
complete" with no significant or irreparable damage to the environment, inclusive of the
hydrology, vegetation, wildlife and other land uses. The BLM (with signatory concurrence
according to the MOU) accepted this information and approved all three 'phases of
refinquishment in April and october of L992, April 1997, and again in 2009.
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Energy West included all the information associated with the phased relinquishment into the
State mining and reclamation permit which was approved for addition in November 2002. The
BLM (with signatory concurrence of the coordinating agencies) also approved the partial
relinquishment of lease UTU-64375 and UTU-49332 within the Trail Mountain LMU in January
2009. A portion of this approved application, "Evaluation of lmpacts to Ground and Surface
Water Hydrology", is included in Appendix D. The map provided with this submittal shows all
federal coal leases previously approved for relinquishment.

Also include with this submittal is the amended pages within Volume 9, Appendix A. Sites that
are identified for removal are "st+s€k-€st". The required CL/C2forms are attached.

The information, studies, and data that has been presented in this amendment volume
documents that groundwater resources have not been impacted by underground mining
operations within the East and Trail Mountain mining areas. Therefore, Energy West is
removing the listed sites (refer to amendment volume) from its hydrologic monitoring program.
Beginning in 20L4, the stated monitoring sites will no longer be sampled for quality or quantity
of their discharge. lf the Division does not agree with Energy West's findings, please provide
compelling scientific evidence that suggests that our underground mining operations have
impacted these sites.

lf you have any questions concerning this action, please contact Dennis Oakley at 435-6g7-
4825.

Sincerely,

&rz,r"zzA s, frrZl.
Kenneth Fleck
Geology and Environmental Affairs Manager

fileCc:
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The following responses to deficiencies are formatted as found in the technical analysis
document. They are broken down into logical section headings similar to the R645 regulations.
ln each section, the regulation number along with the associated deficiency is follow by the
permittee's italicized response.

R645-301-7?t.214: Spring 79-29 - The justification for eliminating this spring from the groundwater
monitoring program is that there has been no change in pre-mining and post-mining water quality or
quantity. This explanation is justified for removal of this spring from the monitoring plan. However, this
argument was made in the first submittal and left out of the July 2013 submittal.

The soid iustificotion for spring 79-29 was inaclvertently left out of the: previous subrnittal. The

iustification is now includetd aiong with flow dato, quolity rlata, and subsidence rksto for this spring.

R645-301-73t.2142 Spring 82-52 - The justification for eliminating this spring from the groundwater
monitoring program is that there has been no change in pre-mining and post-mining water quality or
quantity. Several possible inaccurate statements are included in the justification form. Such as:

"Pre- and Post-water quality data is included for spring 82-52. Data show insignificant variances
between pre- and post- quality results."

Based on DOGM review mining began in 1975 but monitoring was not begun until 1982 and this
indicates that no premining data is available. The permittee must either better demonstrate premining
data or adjusted these statements and reevaluate spring 82-52. The justification for removal will be
reexamined after this further explanation or reevaluation.

The Division is correct in its stotement thot no pre-mining doto is ovailoble t'or spring 82-52. Mining in
the oreo near the spring began in 1975 prior to any hydrologicat monitoring. Monitoring had not begun
until 1982 for spring 82-52. flowever, B2-52 is adjacent to moins developntent anrl never been directly
undermined.

The lustificatiot'r doc.ument hos been rewritten to better express the argurnents for rentovol from the
monitoring program. The justit'ication relies on dota sets t'or quontity ancl quality af the spring,
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comparison of flow to the Palmer Drought lndex, ond the findings by the Bureau of Mines that there are
no discernible at'lects from mining on springs that ore located over barrier pillars or moins.

R645-301-731.214: Spring 89-60 - The justification for eliminating this spring from the groundwater
monitoring program is that there has been no change in pre-mining and post-mining water quality or
quantity. Several possible inaccurate statements are included in the justification form. Such as:

"Pre- and Post-water quality data is included for springs 79-38,89-60, and Ted's Tub.,,

and

"Sites 79-38, 89-60, and Ted's Tub have been monitored by Energy West Mining Company since 1979."

Based on DOGM review mining began in 1988 but monitoring was not begun until 1989 and this
indicates that no premining data is available. The permittee must either better demonstrate premining
data or adjusted these statements and reevaluate spring 89-50. The justification for removal will be
reexamined after this further explanation or reevaluation.

I he irir:crLirt,ie sia!amenis i'ic,ve been corret.i1.1.1'. [!gf ct"io lfit: tttstiiir.aticn cit]ci'ittqr,i.

R645-301-731.214: Spring 80-47 - The justification for eliminating this spring from the groundwater
monitoring program is that there has been no change in pre-mining and post-mining water quality or
quantity. Several possible inaccurate statements are included in the justification form. Such as:

"Pre- and Post-water quality data is included for spring 80-47. Data show insignificant variances
between pre- and post- quality results."

Based on DOGM review mining began in 1977 but monitoring was not begun until 1981 and this
indicates that no premining data is available. The permittee must either better demonstrate premining
data or adjusted these statements and reevaluate spring 80-47. The justification for removal will be
reexamined after this further explanation or reevaluation.

Tlte int;tcLtittltt sioien'tar'iit i:a,te be:ct", caItt:(ii.d. [|efe r 1,t' ilte t:.tstiftcotiari doti,.trt iani.

Spring 79-40 - The justification for eliminating spring 79-40 from the groundwater monitoring program is

there has been no change in pre-mining and post-mining water quality or quantity. The pre-mining
water quantity data shows flow between 2 gpm to 15 gpm from 1983 to 1988. Since subsidence was
completed in 1998 flows have ranged from 0 gpm to 2 gpm. Due to the periods of no from 2O02 to 2O04



PacifiCorp
Amendment to Volume 9

Task lD #4381
page | 3

and 2OO7 to 2010 the Division finds it necessary to continue monitoring of this location to better
evaluate these dry periods flow.

Fnergy l/t/est disogrees v,tilh ti"te Divisictn's o,s.se,<slnpnt of tlte sp.ring. pre.rnining rlato does nctt show

Jlours belr^,rt:en 2 onci 15 qptn. Pre-nirting jlctrnts lor spring 79-4A vtere: A.i3 (1981) anti 3,2 {1gBZ). During
the perioci lhat ihe sprinq v'rcss being urtderntincd, t'iavts oj i5 gpt'r't ir; L983 dov,tii lcs 5.6 iil J.98!t v,tere

reported. iictwetter, if o trtrnStcirison al lhe thret g:a!:)liec !ines (l rist Mountcin Sprinr;-<, SprinE: 79 40 vs,

Pretipitaiion, Pe ctk f!o'w (-lLtly) i,s [:a:;l"Mounlairi t,'i/eatl:e r Sloiion ar,o Polnter Drottqlit lttdex), jl is evirlept
thal tht, prer;i;iiaiictr-t artti sJt i;1q t'lav't lollovrs lltr,,trertc oJ llte Pr:lti'ier hltdrpieplcai drciugl;t inrle>;. ll'tr:
1933t,.'oir:t\,t.i;rt.i:i..;?ri€rlttdtltj;,ret.edertterJprt,ti1'liiaiict

19t4'198:',rlr;c:1986.[)tlririti||tt'nr:x!'(;\/()(''<i)!)fl7itiril:992),ex1'I(t.tlr:r}rotltill|(()nti1iOijs

( ( !'i1jJlelt!t,t.

il:l!):'--}\}bi:'',ii:'i.;i.il.;(:ii.t::.:(:iilol.ls
'l 

,' ii: :, i:,;t:::lij(r,' (),i

t)()i t;jri t{titc;iiit,tl: lti 2()0(), t}!tt?rrlC dtOUciit l(:,Itir,,ti.

!iy cc;nty arinr: tlte ['liDl tc'ilte :i',tritio t'lov; cti 79,40, Irtr:rqS,Wr:si belierves lhci ihe s(:csct-toi cltt"itatic
,,lririr'ltliii!t'(inairi!'',,|)Ov',|,i0:krriaitions)i::f.het',:t-;1i.ts!iitlgjt;ciotit:1|ot^,,oL'l(1|1!iiies

sl.rirtqs. lt is r;isc bt:lievr,:c ihat I.he active zont: oj lne grour:ov,,oi?r systern (tl';e z.ctrre oj rlirect lts,riroulic
(Oii|1-jti|]i(a!iolli''litht|lt.stl;|at,e)hr;sex;lt,rit:rit,..tiii.tt|r:
t!;t: liiq!ir:: ilr:v,ts Iltr;tttr(r(' (:,)(l)(:tie nrcd tn i9l:i.> lll L; i9E6.

.t|trcug|isilbsiderice:nicrjiia!'|ng,['''riergyil,1r:streptlrtr:dthat

1995 anci 2A0'4 (last yccr oJ ntonircring this arr:r.;). trie Jlov'"'citati:ttcttJs narntel llo,,t thtouqh tLtis ltnte
pe:ioC. f:tict'9y Vlest, til.eret'or{:, cioes noi belicve: ihcit undert:irounci ninit'tg ar suLtsicienre hcts ltgd ot;y
irrtpcci ctt-t lhe dischorge ai 79 40 or other spt ings on Easi Mcuntoirt.

1rr'to 5pvi11g5 rtppro.xirnotetit lagg ieel ta tl'te we sI of 79 40 (spriilg B0-4i ctnd 8A 44)vtere tv,.to of the eiglit
springs thal wct:: pori of ti;e Buteou af hrtines sludy (l(. 94A5, {:,epcrtse ol SS:rtnqs to Lonqwoll Caol

Mining, aI irte l)eer (.reek crt.i Coltonv\/ood lfiines, V/asatcl: PlcleGu, lJt) that iocked at lhe "et'Jects ol
ntining cnd assaciateci stibsit)ertce in \/oi)/!itg qealogtc cortditions". The Bttrt*u reccgnized thot
,,sLbsit|e:nl.ti:,l-ot|ucesti|tercIicl'lsjnr;:'e.[llttrdent!lcrclctertsttrsv'thitliirl1tlrnrclrjure

irt the liJtciro!r:gir si,s1p11t... 
-i 
he siudy adclrc:ssetl the efJrtcts of averhurden ft:i!ure ori tiyclraiogir resottrces

in nro>:ititii ,,'!i; c rrtirteG or'tc"

I i it: Sl. i.' :i )' ftit l)Oi i ii.:i i/ t
,,'",het€1!-lt]1:1-l'6,iata|ed(l\/aii0i.r{l5i.}ic:iiir,,:.€:ioclLei0v,eift0;|-tsorricrlierpii|clts
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c)eforrrialion oc(uts over iongv,tall panels as the roof caves and fractures fornt irt the overburrlen. The

springs in this sittcilt riid rtoi show a dromatic decreose in f low as was expected.

The stttdy contluded tltot the lirnited respanse observed far the sprrnqs u,as thoughl to be inlluence4 by,

sile-specific cc,trtciilion: lttol but'leted the effects of ntining. Tltese conciitions inclucie the tttick overburden
p{eset)l anci the presetice oJ t'orrnaltoris in the overburden tltat corrlcin hydrophilic rlays artcl ntudstones.
t hese clcys t//{:re. dtsctibec! to oct as oquotarc.is retording the nigration of vtater, le ssening the verlicol
extent o! stroia cjevtatering. Aciditionally, the presence of a ntussive sandstone loyer (the Castlegate
Sortclstone) c(itt coJse i:ridgirtE in the overburcier', thereby !imiiirtg subsicience onci Ihe ussaciated
h,vdra!ogic respcnse.

\\/rtl'i lhe obcve'siGl{.d rnete orr-tioclica! latts coupieci v,,itlt ihe repait l:1;1t',, Eureari oJ f,\/iiiles, ['nergy \lt/esl

is conficie rtt ihai ihc:re hrsve been no iniparts to tiie si:rings ot't ['ost cnrJ ] rot! l.r4r,:Ltntain tlge to
unae rg roLtn d coaI nti n t r;q ope ralions.

R645-301-73t,214: Spring 18-2-7 - The justification for eliminating this spring from the groundwater
monitoring program is there has been no change in pre-mining and post-mining water quality or
quantaty. The pre-mining water quantity data shows flow between 0 gpm to 18.9 gpm from 1987 to
1998. Since subsidence was completed in 2002 flows have ranged from 0 gpm to 3.G gpm. Due to the
numerous periods of since 2002, the Division finds it necessary to continue monitoring of this location to
better evaluate these dry periods flow.

At no time do the recorcis show a flow of 18.9 gpm. Nor do monitoring records date back to 1981.

Actual recorcis bet,"tteen L988 thru 1998 shovt llavrs ircn 0.A3 gpm in 1992 to l1gpm in J"SBS, i-he
highest flov,t 1o!lov'ted l'l'tr€e cans€Cutive yeors of uret to very v1/et water years. The lowesi flows recorded
(0 gpm) were Jound during three consecutive dry to extremely dry years.

"Subsidence n"tortitoring showed a steady increase (as reporteC in the 2008 Annua! Subsidence Report) in

subsidence from 1997lltraLtgh 2001"'. lhe ponels below spring 1B 2 l were completely extracted during
1997 and 1998. During this same time period, spring flow monitorino recorded its second and third
highest flov'ls of 7.5 opn in 1997 and 9.8 in 1998. The Palmer Hydrologicctl Drottqht lnrlex also reportec!
obotte norntal precipitotion for those sarne yeors. this potlern sugqesls Ihat spring flow is nost likely
reQulctled by siit11111p raltter lhori intstar.lecl by underqround mirting operations.

Sribsicit'rtct: oi iite -'priri .q1 
*/o:< re (otde d ut 1. tc 2 feei in 2008 artd wos cctt.tsidereci substantictllv tan'tplc:le .

iease i{:iir,qi;isitirt:r:i c'j ie:csc l)iLl-64375 v\/t)s retroo(ii,,,ei)t appraiterj an -tcnucrv g, 20()9 by lhe Bl h4.

i'lte [jSFS r;nc LAGh4 conct:rred t,tith tlte apitlicaiiort wltich stcteci thoi ll-iere were no intpacls to the
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notural resources v,tilhirt the orec oJ Lt7 Lt 64375

2 010.
for subsidertct: in the area ceased ns of

the leose relinqttishntenl appli(otion included a narralive vtltitl't ciiscusseci the grogna ond sgrlore water
hydrolous, of 7 rail l,,4ourtIain. This narrali'vr: is included tterein in App,enciix D.

I rtergy \A/e,st tliscgr(es vlitl:, the Divtsion rhot it is necessary, ta tontinue ntonilctring ctJ this !ccation to
beiter evctlttate |'he dry period.flon,s. Etterqy lMesl is ccniitlent thal llte ertident:e presenteci is sgt'ficient
lo sltar',t lhal tticte hc.ts l:een no intpori to lhe sprirtrs ciue lo urtclerqrotino rr'tinitta apercttior.ts.

R545-301-73t.2142 Spring 84-55 - The justification for eliminating spring 84-56 from the groundwater
monitoring program is that there has been no change in pre-mining and post-mining water quality or
quantity. No pre-mining water quality data is presented so this is unsupported. Further, the request
does not sufficiently explain the measurement of no flow from 20O2 until 2006 and again from 2OO7

until 2011. Prior to mining flows were present from 1.5 gpm to 6.2 gpm. Since 2011 flows up to 0.g4
gpm have appeared. The Division finds it necessary to continue monitoring of this location to evaluate
the return of this flow.

Discltarge of sping 84 56 follows a similor trend as most shalloru forrned springs on Fasl Mauntain. As
-(lol('d itt the iustit'icotiot't, spring 84-56 is locoteci ctn cin ecist-t'ocinq slope in \ret)/ l'teavS, \tetleIr;!irre r.crter
ortci lttis been develaperl. llorue t'e:r, ttte site hos cleteriorateci due tc caltlr: qrozing anC lcir k ol
nta inte n a nc e.

Like olher sltrittQs located irt the North Horn Forntatiot-t, spring B4-56 occurs in a pertteoble flu,ial
chortnei that irtiersects the land snrJace. The spring is underlinecl by intpernteoble ntudsianes tltat
disconnect shallav,t fornted springs t't'om lower strotigraphic structures.

Prior tcs mtning, di"'cltorges front the spring v,,ere already trencling downvtard (1954* 1gg7). The palnter
lll,drologic Drought lnciex was also trending downward during this san.te time period. The high flow of
6.2 gpttt was reporled ciuring a peak of precipitation. l'hen, in 2002, the Easl Mountain weatLter station
reported iis lowest ytrecipilatio!1 measurement. The PDHt reported extrente regianal drottght conditions
from 200C - 2004, attd uqrsin iri 2007. Energy West f:elteves that there is sullicient evidence to show that
spring flavt lroni shallo',r,t lartt^ted springs is rontralled bi,clintatic cot'tdilions ancl na{ undergrouncl ntjninq
operoli()ris. The decre asirig trettd 0f spring 84-56 is sintllar 1o thr: trena of sprittgs 79 26 and 79 32 bctth
oi tultitl; have nci l:ean unciertnine by undergrounci cocl tliining oi)ctotior)s.
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R645-301-731,214 and 728.334: Spring L7-35-t - The justification for eliminating spring 17-35-1 from
the groundwater monitoring program is that there has been no change in pre-mining and post-mining
water quality or quantity. Prior to mining flows varied from less than 0.5 gpm to more than 3 gpm from
1988 to 1999. However, following subsidence completion in 2002 every measurement has registered as
no flow or at best ground saturation. In addition, the Permittee indicates that a grazing permittee
unsuccessfully attempted to redevelop the spring in August 2000. The Division rejects the request to
cease monitoring at spring L7-35-L. ln addition, if no flow has been present since 2002 and a grazing
permittee has attempted and failed at redevelopment then the Division requires the permittee update
their MRP to address any
probably hydrologic

consequences at this location.

Spring J.7-35 1 is o loru outpul

spring entonating Jrcm the

Narth Horn Forntalian in Section

35, Township 17 South with
peak flows typically iess ihon

1.4 gpm. Recharge is lintited to

the west facinq genile upslope.

Snowpack accumulation is also

limited due to the geogrophic

lintitation and prevailing vlinds.

PociJiCorp initiated monitoring

of 17-35-1 at the locotion

shown in blue which

corresponded to the location

monitored by the previous

operator. Spring developntent

included o two foot corrugoted

metol stondpipe with a one inch

polyline supplying water ta a

metol trough protected with
vertical timbers. The piping ond

trough systern failed due to the

lock of mointe nance and

impacts f rom grazing ond

wildlife. An atiempt by the
grazing permittee wos made to
reestoblish flov,t by replacing o
portion of the polyline and

Ii J .i

'.7
!l

] --i' ,

I i,

v 11, tr. -'
q. +,. 
;_lr 

,\I

, rl I, ll i

1 1\l
' $'i\r
i' ', U'. \i. I,i\1!

.1-- nccrranlp ,l

, 'flrea '\., 
I

I \,!
| /- 35-V $.r

^t i T-l-6)- tl,*'=-.- 
=, tll: ,.

I

Spting 17-35-1 Original Site (shown as blue on the above map)
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plaLtnq a net / Ltnpratectea trouqh
alor,q the origir:r:! irortgh. Flotit

t,tas eslablished far o sht;ri Irnte,

l ; AV,, e V C r i ! ; f. y.t 1 1.., i ;, i;;,(,t/.5 I {,it I I f., t I f, Cl

iron't tne: slortdiJtpe ctito t.,r'tti llovl
1 ro n'' t tte S;;1 i ;;1; : al L.ir 0t t: O l tte

c0t')iour, f ttrrot,,, odlttc t:i'tt l0 tht,

iraljOi, l,tO;:Oit,l <(tir(€ COUlC.l ttt

ti)(:ltliOf lllg

pt) i l't(.t! {: !,. !tot.t,! i( t.,r r, t ttnt't.t:.ie C o n

ir, ,.t l:. , ;t . a,..(.: !1., ,,ttr, !t,

i( (,:.t ; i iir'(.,iti:l,t,,tni tt) ;,i,t39 Ciid

i(.,{(.:tt(: il;( t.;r(.,itt i,-'t,, (,,ie-,; 5aJi(.(: {}f
i 7 ,: : ::t;,,t': ti:., t:1,:,lap:,

(.ti,{)iO)'It;{:i(,i,.' .:::( lt:t: l:t:r:t iiti
ir;( l-:i;lii

Sitc,., lt iii tt:t: (: t ti;? ilt(,1', {.rC)\,:'.

l)c;t iii(<,r;; \,/t/o: LitiU\i./Ore of lilis
t'o(oiicu cut itta iniiitti rriot;iiai tnc

cf i7-i.5 1. Sile riet,,eloprntr,l

irir.iitc,le:d c '[tit/^ 1r')( 1 (aiIugcLL',i

i't'iti0i Si (tt')Lii:ir( (.tti( j l,t',lr,littr,
pi;'ir,c; ia iht oriaitial silt'. /',jlcr
il i f aiir;d ait€'t'itp! lo tee:stoblislt

fiov,t ai the orieinoi (lov,,er ) siie, the

Erozittg Det mitiee instcrlleci a metcl
unprc;tected Itottah at the source,

se:e adjacent pl'iota. Agairt, lack of
rnaitilcrioitte ci'ta intpr:r.ts jron
caltir: qrazirig ctnc t,.ttldirie hri;te

r'iurJt Iitt :pri: t tclittii,-n :l<ipt]t
it'toltetcb!e f'!CV,t jroir tl'te

qroufi0\ilalet s0urL€ hos been

r,r,in!?: i t)pl( C' v.'ii,, (, Li I I. i'i
(ui)tisieit! trvill'; ihr: originrti silt PacifiCori: ltcs discusseci hl,drctgeologJ'af Ihis site v.t/ith tile sttbsurfctcr,
ct'tt| :'ttrlatt ri tQrtaQ?nt?t,i uqr:Titiss clitritig 'the ieos{ reitnauisitn'ierit i:)ra(€.:s. Poriia! reitnqui:lltitat-ti (;-i

i r.at,ci i{.():i. i t't i. l"()437!; v,tr.;: (,1 l,lia)\ir.a' ;r, 21cg
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PacifiCorp
Amendment to Volume 9

Task lD #4381
Page | 8

Persc,tsnei realicinntenl in preStoratian t'oi tlie clcsure af iroii Mauntain causecl c'ot-tt'usion relatecl to the
rnonitt;ring af sile 1l 35 1. As o result, PacifiCorp pt:rsonnel irtrtdvc:rtently,coniinued to n'lonitor t!'te
or igirtci siie insteod of the graundv,roler source.

R645-301-73t.214: Because the Division's database does not contain all of the flow data presented in

the permittee's justificatlons the permittee shall electronically submit a copy of all flow data provided in
justification graph in Microsoft Excel or comma separated format.

1'he di',,i:ii;rt l;o: rtt.

('t'tl|!:it.(|i'l!0|.i(:||j:..!flei)|t:i'storlDiay1lor.,1

i)c;ic)n: 'l r: lirttii ilic /c;-.s oI i:eti!t'rtttl liv'dralo:tic tictta.

lt1 (lrt i )t ti i, i itt e 0t ilt, !

R645-301-73t,2142 Appendix A shall be updated as necessary in accordance with these findings. ln
addition, the permittee shall keep all locations within currently held leases and notate these as inactive
and that monitoring will be resumed if mine workings are ever redeveloped.

Appertdi>: /t, ltos beert rsn)ended ctnci irtr'lt,ided witl't lrtis subnittol
tir:terittiiic lheir jina'rngs on lltr: opltlit'otian cs subntilteci.

'ihe Dirtisicn shoitlrl rr:view artrl



APPLICATION FOR COAL PERMIT PROCESSING

Permit Change I New Permit I Renewal I Exploration ! Bond Release ! Transfer !

r'itle: Amendment to Volume 9, Appendix A to Reduce the Hydrologic Monitoring Program for Slter Wittrin atta
Outside Mine Permit Boundaries, PacifiCorp, Wilberg/Cottonwood Mine C/015/0019, Deer Creek Mine
C/015i0018, and Trail Mountain Mine C/015/0009. Task ID #4381 County, Utah.

Description, Include reason for application and timing requirod to implement:

Instructions: If you answer yes to any of the first eight (gray) questions, this application may require Public Notice publication.

Change in the size of the Permit Area? Acres: _ [ increase ! decrease.
Is the application submitted as a result of a Division Order? DO# _
Does the application include operations outside a previously identified Cumulative Hydrologic Impact Area?
Does the application include operations in hydrologic basins other than as currently upp.ou"d?
Does the application result from cancellation, reduction or increase of insurance or reclamation bond?
Does the application require or include public notice publication?
Does the application require or include ownership, contol, right-of-entry, or compliance information?
Is proposed activity within 100 feet of a public road or cemet€ry or 300 feet of an occupied dwelling?
Is the application submitted as a result of a Violation? NOV #
Is the application submitted as a result of other laws or regulations or policies?
Explain:

flves X tto
!vesXNo
IYesXNo
!vesXNo
flYes X No
flyes X No
!YesXNo
nyesXNo
!YesXNo
DyesXNo

flves X No
flYes X No
IyesXNo
flYes I No

{lYes X No
lYes X No
!yesXNo

SyesnNo
IYesXNo
XyesnNo
XYesINo
nyesXNo
IYesXNo

l.
2.
J.

4.
).
6.

8.
9.

10.

ll.
12.
13.

t4.
15.

16.
17.
18.

19.

20.
21.
22.
23.

Doestheapplicationaffectthesurfacelandownerorchangethepostm
Does the application require or include underground design or mine sequence and timing? (Modification of R2p2)
Does the application require or include collection and reporting of any baseline information?
Could the application have any effect on wildlife or vegetation outside the current disturbed area?
Does the application require or include soil removal, storage or placement?
Does thrc application require or include vegetation monitoring, removal or revegetation activities?
Does the application require or include construction, modification, or removal of surface facilities?
Does the application require or include water monitoring, sediment or drainage control measures?
Does the application require or include certified designs, maps or calculation?
Does the application require or include subsidence control or monitoring?
Have reclamation costs for bonding been provided?
Does the application involve a perennial stream, a stream buffer zone or discharges to a stream?
Does the application affect pennits issued by other agencies or permits issued to other entities?

Please attach four (4) review copies of the application. If the mine is on or adjacent to Forest Service land please submit five
(5) copies, thank you. (These numbers include a copy for the price Field Office)

I hereby certifo that I am a responsible official ofthe applicant and that the information contained in this application is true and correct to the best ofmy information
and belief in all respects with the laws of Utah in reference to commitrnents, undertakings, and obligations, irerein.

Kennah Fleck
Print Name

L to /zs/ Zp ts
Sign Name, Position, Date

20_\b_ 4€s- NOTARY PUBLIC :rtv rdl t r VYLIV I
BROOKELLE T.ATIGI I

Commlssion No.0C!339
Commbdon Expircs
FEBRUARY/r,2017

County of
\E/ STATE OF UTAH

Subscribed and swom to before me this

My commission Expires:
Attest: State of



For Oflice Use Only:

Form DOGM- Cl (Revised Marc,hl2,2A02)

Assigned Tracking
Number:

Received by Oil, Gas & Mining
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APPLICATION FOR COAL PERMIT PROCESSING
Detailed Schedule of Changes to the Mining And Reclamation plan

e;TE

fleaa
fleaa
! eaa

I eaa

fleaa
I eaa

fleaa
fleaa
I eaa

I eaa
l-] r rr

f,(rAdd'-
J eaa

fleaa
D aaa

n eaa

I eaa

! eaa

! aaa

D aaa

I eaa

I aao

I aaa

! eaa

! aaa

! eaa

! aaa

fleoa

fitle: Amendment to Volume 9, Appendix A to Reduce the Hydrologic Monitoring Program for Sites Wittriffi
Outside Mine Permit Boundaries, PacifiCorp, Wilberg/Cottonwood Mine C/0l5lOOtg,Deer Creek Mine
C1015/0018, and Trail Mountain Mine C/015/0009. Task D #4381 County, Utah.

Provide a detailed listing of all changes to the Mining and Reclamation Plan, which is required as a result of this proposed permit
application. Individually list all maps and drawings that are added, replaced, or removed from the plan. Include 

"hurrg". 
to the table

of contents, section of the plan, or other information as needed to specifically locate, identifu and rwise the existing triining and
Reclamation Plan. Include page, section and drawing number as part of the description.

I Replace

I Replace

! Replace

flReplace
f]Replace
flReplace
I Replace

! Replace

flReplace
flReplace
flneplace
f]Replace
I Replace

! Replace

f]Replace
flReplace
! Replace

I Replace

! Replace

flReplace
flReplace
f]Replace
I neplace

I Replace

I Replace

! Replace

! Replace

I Replace

f]Remove
I Remove

! Remove

! Remove

I Remove

f]Remove
I Remove

flRemove
! Remove

I Remove

I Remove

f] Remove

! Remove

! Remove

! Remove

! Remove

I Remove

flRemove
I Remove

f]Remove
! Remove

I Remove

! Remove

! Remove

! Remove

! Remove

f]Remove
I Remove

DESCRIPTION OF MAP, TEXT, ORMATERIAL TO BE CIIANGED
Volume 9, Appe4dix A, Replace entire appendix.

& Trail Mtn Mines Permit Number: C/019/0019. etc.

Any other specific or special instruction required for insertion of mis proposat into tne
Mining and Reclamation Plan.

Form DOGM - C2 (Revised March12,2002\

Received by Oit, Gas & Mining

RECEIUED

I t $'113

DIV.OFOIt,GAS&MININO
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T

PACIFICORP
ENERGYWEST

HYDROLOGIC MONITORING PROGRAM
DEER CREEK, WILBERG/COTTONWOOD, DES-BEE-DOVEO

ANd TRAIL MOUNTAIN MINES

MONITORING LOCATIONS

A. Surface Water Hydrology (for maps refer to Deer Creek,
Wilberg/Cottonwood, Des-Bee-Dove Mine: Volume 9 Map HM-l, Deer Creek
Volume 12 R645-301-700: Hydrologic Monitoring Map MFSl85lD Mill Fork
Lease for East Mountain locations listed below / Trail Mountain Mine: Volume 3

Plate 7-1 and Plate 7-2 for Trail Mountain locations listed below).

l. Cottonwood Creek Ilrainage System

a. Cottonwood Canyon Creek (refer to Deer Creek,
Wilberg/Cottonwood, Des-Bee-Dove Mine: Volume 9 Map
HM-l or Trail Mountain Mine Permit Volume 3 Plate 7-l)

(1) SW-l - Above Trail Mtn. Mine
(Approximately 5000 feet upstream from the inlet
culvert for the disturbed area.) 2150 feet South, 2000
feet East of the Northwest corner of Section 24,
Township l7 South, Range 6 East.

(2) SW-2 - Below Trail Mtrl Mine
(Approximately 200 feet downstream from the outlet
culvert for the disturbed area.) 1300 feet South, 1750
feet West of the Northeast corner of Section 25,
Township 17 South, Range 6 East.

(3) CCCO1 - USGS Flume:
(Approximately 7800 feet downstream from the outlet
culvert for the disturbed area.)1500 feet Norttr, 200 feet
East of the Southwest corner of Section 31, Township
17 South, Range 7 East.

October 2013
Page 1

Appendix A



PACIFICORP
ENERGYWEST

HYDROLOGIC MONITORING PROGRAM
DEER CREEK, WILBERG/COTTONWOOD, DES-BEE-DOVE,

ANd TRAIL MOUNTAIN MINES

(4) SW-3 - Below Trail Mtn. Mine
(Approximately 3800 feet above confluence with
Straight Canyon) 2400 feet South , 2400 feet East of the
Northeast corner of Section 6, Township 18 South,
Range 6 East.

UwmmeC Drahwte ff S*aight €anfen Fefer te Tranl

fi#
(+f'preximately egg feet W

ip

Grimes jVash (refer to Deer Creek, Wilberg/Cottonwood,
Des-Bee-Dove Mine: Volume 9 Map HM-l)

b.

(1)

(2)

GWROI - Right Fork:
(Approximately 1500 feet upstream of the inlet culvert
for the disturbed area.) 550 feet North, 1500 feet West
of the Southwest corner of Section 22, Township 17

South, Range 7 East.

GWR02 - Left Fork:
(Approximately 50 feet upstream of the inlet culvert for
the disturbed area.) 200 feet South, 2350 feet East of
the Northwest corner of Section?T , Township 17 South,
Range 7 East.

GWR03 - Below the mine:
(Approximately 500 feet downstream of the outlet
culvert below the disturbed area.) 1770 feet South,
1820 feet West of the Northeast corner of Section 27,
Township l7 South, Range 7 East.

(3)

d. Indian Creek (refer to Deer Creek Volume 12 R645-301-700:
Hydrologic Monitoring Map MFS I 85 1 D)

ICA - Indian Creek Above
(Approximately 2500 feet northwest of the Mill Fork
permit boundary) 400 feet North, 2350 feet West of the

October 2013

(1)

Page 2
Appendix A



PACIFICORP
ENERGYWEST

HYDROLOGIC MONITORING PROGRAM
DEER CREEK, WILBERG/COTTONWOOD, DES-BEE-DOVE,

ANd TRAIL MOUNTAIN MINES

(2)

Southwest corner of Section 3, Township t6 South,
Range 6 East.

ICF - Indian Creek Flume
(Approximately 2100 feet west of the Mill Fork permit
boundary) 300 feet North, 3400 feet West of the
Southwest corner of Section 10, Township 16 South,
Range 6 East.

ICD - Indian Creek Ditch
(Approximately 1600 feet west of the Mill Fork permit
boundary, irrigation ditch for Upper Joes Valley) 240
feet North, 2850 feet West of the Southwest comer of
Section 15, Township l6 South, Range 6 East.

ICB - lndian Creek Below
(Approximately 3700 feet west of the Mill Fork permit
boundary, junction of Indian Creek and FDR040) 70
feet North, 120 feet West of the Southwest corner of
Section 16, Township 16 South, Range 6 East.

HCCO1 - Above Deer Creek Confluence:
1400 feet north, 2200 feet west of the southeast corner
of Section 36, Township l6 South, Range 7 East.

HCC02 - Below Deer Creek Confluence:
300 feet north, 300 feet west of the southwest corner of
Section 3 1 , Township 16 South, Range 8 East.

HCC04-@ResearchFarm*
800 feet north, 200 feet east of the southwest corner of
Section 5, Township 17 South, Range 8 East.
*Not listed on map due to scale.

2, Huntington Creek Drainage System

a. Huntington Creek (refer to Deer Creek, Wilberg/Cottonwood,
Des-Bee-Dove Mine: Volume 9 Map HM-l)

(3)

(4)

(2)

(3)

(l)

b. Deer Creek (refer to Deer Creek, Wilberg/Cottonwood,
Des-Bee-Dove Mine: Volume 9 Map HM-l)

October 2013
Page 3
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October 2013

PACIFICORP
ENERGYWEST

HYDROLOGIC MONITORING PROGRAM
DEER CREEK, WILBERG/COTTONWOOD, DES-BEE-DOVE,

and TRAIL MOUNTAIN MINES

(1) DCRO1 - Above the mrne:
(Approximately 600 feet upstream from the mine
facility.) 200 feet North, 800 feet West of the
Southeast corner of Section 10, Township 17 South,
Range 7 East.

(2) DCR04 - Near CIICZ Belt Intersection:
(Approximately 5,000 feet downstream from the mine
facility.) 300 feet North, 2000 feet East of the
Southeast corner of Section 2, Township 17 South,
Range 7 East.

(3) DCR06 - @ Huntington Creek Confluence:
(Approximately 15,000 feet downstream from the
facility) 1400 feet north, 1100 feet east of the southeast
corner of Section 6, Township l6 South, Range 7 East.

Meetinghouse Canyon - South Fork (refer to Deer Creek,
Wilberg/Cottonwood, Des-Bee-Dove Mine: Volume 9 Map
HM-1)

(1) MHCO1 - Meetinghouse Canyon South Fork
(Approximately 200 feet upstream from the north and
south convergence.) 800 feet North, 1500 feet East of
the Southwest corner of Section 35, Township 16 South,
Range 7 East.

Rilda Canyon (refer to Deer Creek, Wilberg/Cottonwood,
Des-Bee-Dove Mine: Volume 9 Map HM-l)

(l) RCF-I - Rilda Canyon - Right Fork:
(Approximately 4000 feet upstream from the Right and
Left fork convergence.) 400 feet South, 200 feet West of
the Northeast corner of Section 30, Township l6 South,
Range 7 East.

(2) RCLFI - Rilda Canyon - Left Fork, below Rilda
Canyon Portals: (Approximately 200 feet upstream
from the Right and Left fork convergence.) 2400 feet
North, 21 00 feet West of the Southeast corner of
Section 29, Township 16 South, Range 7 East.

c.

Page 4
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PACIFICORP
ENERGYWEST

HYDROLOGIC MONITORING PROGRAM
DEER CREEK, WILBERG/COTTONWOOD, DES-BEE-DOVE,

ANd TRAIL MOUNTAIN MINES

(3)

(4)

(s)

(6)

(2)

(3)

Mill Fork Canyon (refer to Deer Creek Volume 12

R645-3 0 1 -700 : Hydrologic Monitoring Map MFS 1 85 I D)

RCLF2 - Rilda Canyon - Left Fork, above Rilda Canyon
Portals: (Approximately 1600 feet upstream from the
Right and Left fork convergence.) 1600 feet North,
2300 feet West of the Southwest corner of Section29.
Township 16 South, Range 7 East.

RCF2 - Rilda Canyon - Above NEWUSSD springs:
2500 feet South, 400 feet West of the Northeast corner
of Section?9, Township 16 South, Range 7 East.

RCF3 - Rilda Canyon - Below NEWUSSD springs:
2550 feet South, 1000 feet East of the Northeast corner
of Section 28, Township 16 South, Range 7 East.

RCW4 - Rilda Canyon: (Approximately 1000 feet

upstream from the confluence with Huntington Creek.)
850 feet North, 1900 feet West of the Southeast corner
of Section26, Township 16 South, Range 7 East.

MFAO1 - Mill Fork Canyon - Above Old Mine:
(Approximately 2000 feet above old mine portals @ *nd
of USFS development road.) 100 feet North, 1500 feet
West of the Southeast corner of Section 17, Township
16 South, Range 7 East.

MFB02 - Mill Fork Canyon - Above Huntington
Creek Confluence: (Approximately 200 feet above

confluence with Huntington Creek @ culvert outfall.)
100 feet South, 1900 feet East of the Northwest corner
of SectionZZ, Township 16 South, Range 7 East.

MFU03 - Mill Fork Canyon - Above Mill Fork Fault
Crossing: (Approximately 700 feet upstream of
projected Mill Fork Fault crossing) 1150 feet North,
1700 feet East of the Southwest corner of Section 17,

Township 16 South, Range 7 East.

(1)

October 2013
Page 5
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PACIFICORP
ENERGY WEST

HYDROLOGIC MONITORING PROGRAM
DEER CREEK, WILBERG/COTTONWOOD, DES.BEE-DOVE,

ANd TRAIL MOUNTAIN MINES

3. Reclamation Monitoring: Following final reclamation,
backfilling and grading monitoring will be conducted at points
immediatelv above and below the reclaimed site.

Groundwater Hydrology

1. East Mountain Springs (refer to Deer Creek, Wilberg/Cottonwood, Des-Bee-Dove
Mine Permit : Volume 9 maps HM-4 and HM-5)

trilffit+r€€l
Etk$Fring-+E
Sheba Springs *
Ted's Tub
792
79-10 +

79 t5
79-23 *

79 21
79 26*
@
79?9*
79-3?
79 34
79-35 *

79 38
79 4g

g4+
89-6s
89-66
89-67
89-68
Rilda Canyon-(Meters 2&3)z L

8Mr
8H3
80 41*
8+468
8e-4+
80-48
80-50
8++r
82 52*
81 56*

2.

* Reeessien Sh*dy Springs (Flew rtntust & S€pt€mber)

3 I-NEWUSSD controls Rilda Canyon meters. Monitoring will be
conducted when meters are functioning.

Trail Mountain Springs (refer to Trail Mountain Mine Permit Volume 3 Plate
7- 1)

T-14
H
H

H
H
H
T-10

October 2013
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3. East Mountain Springs - Mill Fork Area (refer to Deer Creek Permit
Volume 12 R645-301-700: Hydrologic Monitoring Map MFS1851D)

EM-z16
JV-9
JV-34
MF-7
MF.IO
MF-198
MF-213
MF-219
MFR-10
EMPOND
Little Bear Spring

4. Piezometric Data
a. Surface

MFR-30
RR-5
RR-I5
RR-23A
sP 1-26
sP I -29
UJV-101
UJV-206
UJV-213
Grants Spring

(l) Rilda Canyon (refer to Deer Creek, Wilberg/Cottonwood,
Des-Bee-Dove Mine: Volume 9 Map HM-l)

PI
P5
P6
P7
EM-47

(2) Cottonwood Canyon Creek

East Mountain (refe, to Deer Creek, Wilberg/Cottonwood,
Des-Bee-Dove Mine: Volume I Map HM-I)

EM.3I
CCCW-IA
CCCW-IS
CCCW.2A
CCCW.3A
CCCW.3S U
CCCW.3S L

October 2013
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Trail Mountain (r"f", to Trail Mountain Mine Permit Volume 3 Plate 7-l)

TM.IB
TM.3

b. Underground: In-Mine

(l) Deer Creek Mine (Refer to Annual Hydrologic Reports for
Locations : Map HM-2)

5. In-Mine lVater Locations

a. Deer Creek Mine (Refer to Annual Hydrologic Reports for Locations :

Map HM-2)

b. Wilberg/Cottonwood Mines (Refer to Annual Hydrologic Reports for
Locations : Map HM-3) In temporary celisation. portals sealed.

c. Trail Mountain Mine (Refer to Annual Hydrologic Reports for
Locations : PLATE 7-3) ln ternuorar.v sessation. nortals sealed.

Waste Rock \ilells (refer to Deer Creek, Wilberg/Coffonwood, Des-Bee-Dove
Mine: Volume 9, Map HM-l)

a. Deer Creek
b. Cottonwood

October 2013
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UPDES Monitoring Locations

a. Deer Creek Mine
UPDES UTOO236O4

001- Sediment Pond
002- Mine Discharge

b. Wilberg/Cottonwood Mines
UPDES UTOO22896

001- Mine Discharge @ Cottonwood Canyon (TMA)
003- Sediment Pond @ Mine Facilities
005- Sediment Pond Discharge @ Waste Roek Site

Trail Mountain Mine
UPDES UTOO23728

001- Sediment Pond
002- Mine Discharge

October 2013
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II MONITORING SCHEDULE (see enclosed monitoring schedules for
operational, baseline, and reclamation monitoring)

A. Field Measurements

Field Measurements collected during quality sampling: Listed below are the sites
which will be monitored by PacifiCorp - Energy West in accordance with the guidelines
established by DOGM; i,e.

- Date and Time
- Flow
-pH
- Temperafure
- Conductivity
- Dissolved oxygen (perennial streams only)

Surface Monitoring

Surface monitoring locations will be field monitored quarterly for all field parameters,
except Indian Creek - monitoring to be conducted during baseflow only.

L. Cottonwood Canyon Creek

a. Cottonwood Canyon Creek

(1) sw-r
(2) SW-z
(3) CCC0I - USGS Flume
(4) sw-3

b. Grimes Wash

GWROl
GWRO2
GWRO3

Indian Creek

(r) rcA
(2) , ICF
(3) rcD
(4) rcB

(r)
(2)
(3)

c.

October 2013
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2. Huntington Canyon Drainage

a. Deer Creek

(l) DCR0I
(2) DCR04
(3) DCR06

b. Huntington Creek

HCCOI
HCC02
HCC04

Flow in Huntington Creek is measured only at HCC0I by Utah Power,
and will be reported in the Annual Hydrologic Report.

Meetinghouse Canyon - South Fork:

(1) MCH0I

Rilda Canyon

(1) RCF1 *
(2) RCLF 1

(3) RCLF 2

(4) RCFz
(5) RCF3
(6) RCW4

* Baseline flow will be measured adjacent to EM-163

Mill Fork Canyon

MFAOI
MFB02
MFUO3

(1)
(2)
(3)

(1)
(2)
(3)

October 2013
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Groundwnter Monitoring
1. East Mountain Springs (see monitoring location list I.8.1)

2. Trail Mountain Springs (see monitoring location list I.8.2)

3. East Mountain Springs - Mill Fork Area (seemonitoring location list I.8.3)

East/Trail Mountain Springs will be field monitored during the months of July
and October.
by asterisks in tlre Menitering ' eeatien seetied and Trail Meuntain Springs will
be field merftered fer flerv enly frem July tlneugh eeteber, T 18: eliphant
tvtine Biseharge will b Rilda Canyon
Springs - (NEWUSSD: Meters 2 &.3; when functioning) will be field monitored
monthly depending upon accsss.

4. In-Mine

a. Deer Creek
b. Wilberg/Cottonwood
c. Trail Mountain

In-mine locations will be field monitored quarterly for all field parameters
except pH, conductivity, and dissolved oxygen.

5. Piezometric Wells

a. Surface

Piezometric surface wells will be field monitored for level only on a
monthly basis depending upon access.

(1) Rilda Canyon (see Map HM-l for locations)

P1

P5

P6
P7
EM.47

October 2013
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Cottonwood Canyon Creek (see Map HM-l for locations)

EM-3I
CCCW-IA
CCCW.IS
CCCW.2A
CCCW.3A
CCCW-3S U
CCCW.3S L
TM.lB
TM.3

6. Waste Rock Wells

a. Deer Creek
b. Cottonwood

UPDES Monitoring

1. Deer Creek
2. Wilberg/Cottonwood
3. Trail Mountain

UPDES sites will be monitored as specified in the individual permits.

Reclamation Monitoring

Surface Water Resources: (see enclosed sunmary of operational, baseline, ffid
reclamation monitoring schedules)
Surface monitoring locations will be field monitored monthly for flow and all
field parameters quarterly until bond release.

Ground Water Resources: (see enclosed summary of operational, baseline, ffid
reclamation monitoring schedules)

East/Trail Mor:ntain Springs will be field monitored during the
months of July and October.

Rilda Canyon Springs (NEWUSSD: Meters 2 & 3; when
functioning) will be field monitored monthly for flow depending
upon accoss. EasVTrail Mountain Springs (including Rilda

October 2013
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Wells:

UPDES:

Springs inel) monitoring will be conducted
until permit area reduction approval or unless otherwise approved
by the Division.

Piezometric surface wells (Rilda Canyon and Cottonwood Canyon
including TM-3 in Straight Canyon): will be field monitored for
level only on a monthly basis depending upon access.

Piezometric surface well monitoring will be conducted until
permit area reduction approval or unless otherwise approved by
the Division.

Waste Rock Wells and TM-IB: will be field monitored for level
only on a quarterly basis. Monitoring will be conducted until
sealing during final reclamation.

Sites will be monitored as specified in the individual permits

B. Quality Sampling (Laboratory Measurements)

a. Surface Water Hydrology: Water samples will be collected and analyzed
quarterly (one sample at low flow and high flow) during the first or second
week of the quarter, except for tndian Creek - quality samples will be
collected during baseflow only. Parameters analyzed are those listed in the
DOGM Guidelines for Surface Water Quality (see Table l-Surface Water

Quality Parameter List). Quarterly sampling was initiated during March
1988 and will continue throughout the year; i.e., June, September, and
Decanber. Baseline analysis was performed in 2001 and will be repeated
every five years there-after.

fl, Cottonwood Creek Drainage

(t) Cottonwood Canyon Creek

(a) SW-l
(b) sw-2
(c) SW-3

(2) Grimes'Wash

(a) GwROl
(b) GwR02

October 2013
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(c) GWR03

(3) Indian Creek

(a) ICA
(b) rcD
(c) ICB

@
(n)+aa

Huntington Creek Drainage

(1) Deer Creek

(a) DCR01
(b) DcR04
(c) DCR06

(2) Huntington Creek

(a) HCC01
(b) Hcc02
(c) HCC04

(3) Meetinghouse Canyon - South Fork:

(a) MCH0I

(5) Rilda Canyon

(a) RCFI
(b) RcF3
(c) RCw4

(6) Mill Fork Canyon

MFAOl
MFB02

(a)
(b)

October 2013
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(c) MFU03

Reclamation Monitoring - Surface Water Hydrology: Water samples will be collected and

analyzed quarterly (one sample at low flow and high flow) during the first or second week of the
quarter. Parameters analyzed are those listed in the DOGM Guidelines for Surface Water Quality
(see Table t-Surface Water Quality Parameter List). Sampling will be conducted on a quarterly
basis until bond release. Baseline analysis will be performed on the 5ft and 9th years following
reclamation. In no case will baseline sampling time frame exceed 5 years converting from
operational to reclamation monitoring.

2. Groundwater Hydrology

a. EasVTrail Mountain Springs: Water samples will be collected and
analped during the months of July and October. Rilda Canyon Springs
(NEWUSSD: Meters 2 813; when functioning) r
eisenarge) will be monitored for quarterly for quality. Parameters
anallzed are those listed in the DOGM Guidelines for Groundwater
Water Quality (see Table 2-Ground Water Quality Parameter List).

b. In-Mine: Two water samples will be collected and analyzed per mine
quarterly. Parameters analyzed are those listed in the DOGM
Guidelines for Groundwater Water Quality (see Table 2-Ground Water
Quality Parameter List).

c. Wells: TM-IB will be sampled quarterly. Parameters analyzed are
those listed in the DOGM Guidelines for Groundwater Water Quality
(see Table 2-Ground Water Quality Parameter List).

d. Waste Rock Wells: One water sample will be collected and analyzed per
location quarterly. Parameters analyzed are those listed in the DOGM
Guidelines for Groundwater Water Quality (see Table 2-Ground Water
Quality Parameter List)

Baseline analysis was performed in 2001 and will be repeated every five
years thereafter.

Reclamation Monitoring - Groundwater Hydrology:

a. EasVTrail Mountain Springs: Water samples will be collected and
analyzed during the months of July and October. Rilda Canyon Springs

October 2013
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INEWUSSD: Meters 2 & 3; when functioning) will be monitored

trrrutl*"ffi#nv*#*", ?:+hTffi nH
Springs monitoring will be
conducted until permit area reduction approval or unless otherwise
approved by the Division.

b. In-Mine: Two water samples will be collected and analped per mine
quarterly until the mine is sealed or the sites become inaccessible.
Parameters analyzed are those listed in the DOGM Guidelines for

fl"#"!#f,:r):*o 
Quality (see rable 2-Ground water Quality

c. Wells: Well TM-18 will be sealed during final reclamation. Quarterly
sampling will continue until sealing. Parameters analyzed are those
listed in the DOGM Guidelines for Groundwater Water Quality (see
Table 2-Ground Water Quality Parameter List).

d. Waste Rock Wells: Waste rock wells will be sealed during final
reclamation. One water sample will be collected and analped per
location quarterly until well sealing. Parameters analyzed are those

+:f1i;:oTJ""?o##,,H11#;'#-l*lT[1il"*waterQuaritv(see

e. Post Reclamation Monitoring: PacifiCorp commits to conduct annual
surueys to identify new discharge locations within and below sealed
portals. If discharge occurs, one water sirmple will be collected and
analped per location quarterly. Parameters analyzed are those listed in
the DOGM Guidelines for Groundwater Water Quality (see Table
2-Ground Water Quality .Parameter List). Baseline analysis will be
performed on the 5tn and 9'n year.

3. UPDES Monitoring Sites

Deer Creek Mine
Wilberg/Cottonwood Mines
Trail Mountain Mine

UPDES sites will be monitored as specified in the individual permits.

a.

b.
c.

October 2013
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III. ANNUAL REPORTS

All data collected regarding the hydrology of EasUTrail Mountain will be summarized
by the applicant in an annual Hydrologic Monitoring Report. Copies of the report will
be submitted to the Utah State Division of Oil, Gas and Mining. In addition, any raw
data collected will be submitted to the Utah State Division of Oil, Gas and Mining on a
quarterly basis.

October 2013
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DISCUSSION OF THE GEOLOGY AND THE GROUNDWATER HYDROLOGY OF EAST

AND TRAIT MOUNTAINS

lntroduction

PacifiCorp has conducted extensive research into interrelationships between the surface and

groundwater hydrologic systems and the potential impacts associated with underground mining.

Analysis has included; seep and spring surveys, drainage surveys, baseline data collection, in-house and

consultant hydrologic studies and government and non-government research projects. PacifiCorp

initiated hydrologic monitoring related to mines of the East Mountain and Trail Mountain properties,

including; Deer Creek, Des-Bee-Dove, and Wilberg/Cottonwood mines in t977 and Trail Mountain mine

in 1993. Monitoring of surface, intercepted, and discharged water conducted by PacifiCorp has been

utilized to document quality and quantity characteristics of the hydrologic regime and was not

conducted specifically to each coal lease (i.e. Federal/State/Fee).

Research by government and non-government agencies has been extended to evaluate the effects of

subsidence due to underground mining operations to the surface and ground water systems.

Subsidence of overburden in the Wasatch Plateau has often been cited for disrupting the local ground

and surface water resources overlying underground coal mining operations. However, the data

presented from these investigations have failed to find a relationship between the quality and quantity

of spring discharge and mining operations. Research also includes age dating of groundwater and the

presence of active and inactive groundwater systems.

This document presents a brief discussion of the investigations performed as well as their findings. The

complete documents for the studies are attached herein (Appendix A: Response of Springs to Lonswall

MininB, Bureau of Mines, Appendix B: Surface and Groundwater Investieations, Mayo & Assoc.).

PacifiCorp proposes to eliminate spring monitoring on certain springs on both the East Mountain and

Trail Mountain mining properties. The majority of the springs proposed for elimination are in areas

which PacifiCorp has been approved for relinquishment of the federal coal lease and/or is outside its

mining permit boundary. PacifiCorp has gathered quantity and quality data for each of the proposed

springs. The flow data is compared to precipitation data as well as the Palmer Hydrologic Drought

Index. The PDHI is based on moisture inflow (precipitation), outflow, and storage, and does not take

into account the long-term trend.

Justification statements for the springs proposed for elimination have been prepared to; outline the

status of the lease where the spring is located, give a brief description of the subsidence (if any), and

summarizes the water quality and quantity data. There are 29 springs proposed for elimination.

Locations of these springs are in areas where; U the area has been mined out and no further mining is

planned, 2) the areas are no longer included as part of PacifiCorp's mining permit, or 3) subsidence has

been determined substantially complete and the area has been relinquished. This information is

included as part of the amendment package submitted to the Division of Oil, Gas, and Mining.
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Research Conducted

The U.S. Bureau of Mines (USBM) completed an independent study (1994) of the mining impacts on the

hydrology of East Mountain (Document entitled "Response of Springs to Longwall Coal Mining at Deer

Creek and Cottonwood Mines, Wasatch Plateau, UT, Information Circular 9405, U.S. Bureau of Mines").

The data in this study was collected by PacifiCorp from springs determined to accurately represent

hydrologic conditions on East Mountain. This determination was made by an ad hoc committee

including representatives from DOGM and the U.S. Forest Service. This document is cited as support in

the environmental assessment for Coal Lease Application UTU -67939, Winter Quarters Tract (July 1995).

The USBM used spring data available from the Deer Creek and Cottonwood mines (most of which are

included in this discussion report in support of elimination of monitoring). The expected response of
springs to undermining would be dramatic alterations in flow. The lack of observed flow responses,

however, was attributed to geologically driven site-specific conditions that buffered the effects of
mining. These conditions included fhe thickness of overburden between the mine level and the springs

(1,320 - 1800 feet). Additionally, the presence of hydrophilic clays and mudstones in the overburden,

which act as aquatards, retarding the migration of water, likely lessened the vertical extent of strata

dewatering. The locations of the springs above the estimated elevations of fracturing and caving in the

overburden due to subsidence also contributed to the limited effects. The study failed to find any

springs in the study area that were impacted by mining. This report is included in Appendix A.

In 1997, PacifiCorp contracted Mayo & Associates to conduct a comprehensive study of surface water

and groundwater systems of East Mountain & Trail Mountain. The hydrology and hydrogeology of the

PacifiCorp central Utah coal leases were evaluated by analyzing: 1) solute and isotopic compositions of
surface waters and groundwaters, 2) surface water and groundwater discharge data, 3) piezometric

data, and 4) geologic information. The result of the East/Trail mountain study combine with research on

surrounding coal properties (Mayo & Associates and Brigham Young University) was the development of
a comprehensive understanding of the interrelationship between surface and groundwater systems of
the Central Utah Coal Field. This report is also included herein in Appendix B. The following is a brief

description of a groundwater model that was developed as part of this investigation:

Groundwater Model

The overall pattern of groundwater flow and surface water-groundwater interactions in the East and

Trail Mountain areas can be described by a fairly simple conceptual model involving both active and

inactive groundwater flow regimes. Active regime groundwater flow systems contain abundant

tritium (3H), have excellent hydraulic communication with the surface and thus are dependent on

annual recharge events and are affected by short term climatic variability. Groundwater in these

systems circulates shallowly and has short flow paths. The active regime includes alluvial

groundwater, all of the Flagstaff Limestone, near-surface exposures of all other bedrock formations

except, perhaps, the Mancos Shale. The near surface active regime extends about 500 to 1,000 feet
into cliff faces and is controlled by fracturing, weathering, and the surface exposures of fluvial

PacifiCorp I il
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channel sandstones. Further into the cliff faces the discontinuous character of the channel sands

prevents active groundwater flow.

Inactive groundwater flow regimes contain old groundwater (i.e. 2,000 to 12,000 years), have very

limited hydraulic communication with the surface and with other active groundwater flow systems,

and are not influenced by either annual recharge events or short term climatic variability.

Groundwater in these systems tends to occur in sandstone channels in the North Horn, Price River,

and Blackhawk Formations which are not in direct hydraulic communication with the surface (i.e.

greater than about 500 to L,000 feet from cliff faces). These sandstone channels are vertically and

horizontally isolated from each other and when encountered in mine workings are usually drained

quickly. The blanket sands of the Star Point Sandstone are also largely in the inactive zone. For the

most pf,rt, faults encountered in mine workings are part of the inactive regime.

Relinquishment

f n years L992, 1995, L997, 2006, and 2009, PacifiCorp has submitted acreage relinquishment

applications to the Bureau of Land Management (BLM) for various federal leases that are directly leased

or sublease by PacifiCorp. Applications have sought to relinquish federal lease acreage which has either
been (1) mined out, (2) considered sub-economic (unmineable) due to limited mining access because of
inherent faulting and adverse geologic conditions, and/or (3) the remaining unmined areas are burned,

and no recoverable reserves remain. Applications for relinquishment have been sought for acreage in

both the East and Trail Mountain Logical Mining Units (LMU).

These applications have been reviewed by the BLM, with regulatory input from the Manti LaSal National

Forest (USFS) and the Utah Division of Oil, Gas, and Mining (DOGM). PacifiCorp participated with a

governmental agency task force which included representatives from BLM, USFS, and DOGM to develop

a "Memorandum of Understanding for Processing of Requests to Relinquish Federal Coal Leases (10-

MOU-97-00U. This document establishes "standards for Relinquishment Consideration" including the

amount of accepted variation in annual subsidence data (refer to Appendix C). As stated in the MOU,

the area will be considered stable, if the cumulative subsidence during the pre-relinquishment period (3

years) has been 1 foot or less under normal circumstances. PacifiCorp's experience on East and Trail

Mountain has shown that the areas of minimum detectable subsidence, i.e. one foot or more, very

rarely extend outside of the outline of the total mine workings, even in areas where more than one

seam has been mined.

Field inspections and helicopter surveys conducted annually have not identified any visible evidence of
subsidence within the relinquishment areas. In addition to the surveys, PacifiCorp hosted field reviews

with regulatory agencies; including BLM, USFS, and DOGM. During the field reviews, PacifiCorp

discussed both the East and Trail Mountain subsidence monitoring program and inspected the ground

surface for evidence for subsidence. Based on the meetings and supporting data, subsidence was

substantially complete, and the areas proposed for lease relinquishment were declared stable.

PacifiCorp I il



[orscussroN oF THE cEorocy AHD THE GRouHDwATER HyDRotoGy oF EAsr AND TRArt

uourrnrnsJ

Hydrology

Since t979 detailed data on the hydrology of the East Mountain and Trail Mountain areas have been

collected, compiled, and analyzed by PacifiCorp and several government agencies. Information

collected by PacifiCorp is the result of exploratory drilling, field investigations, geologic mapping, aerial

photography, spring surveys, Broundwater tests, monitoring of numerous wells and stream stations,

climatological monitoring, and investigations by independent consultants. The data collection program

is part of a complete Hydrologic Monitoring Program which has been approved by the State of Utah,

Division of Oil, Gas and Mining (DOGMI and the Office of Surface Mining (OSM). All data collected have

been and will continue to be submitted to OSM, DOGM, United States Forest Service (USFS), and the

Bureau of Land Management (BLM) each year in the annual Hydrologic Monitoring reports submitted by

PacifiCorp.

Hydrologic monitoring plan for the East Mountain and Trail Mountain mine properties is specified in

Volume 9 Hydrologic Section: Appendix A in the approved Mining and Reclamation Plan (MRP).

As outlined by the BLM, the interested parties have agreed that under normal circumstances, the

minimum time period for continued monitoring after cessation of mining activities will be three years.

During this time period the operator/lessee will establish that the surface has substantially stabilized

according to Appendix "A",

The following sections will describe and provide detail concerning the groundwater and surface water
resources within and adjacent to the East Mountain and Trail Mountain mine properties.

Groundwater

Groundwater resources of the East and Trail Mountain mines are limited and are controlled by the

terrain, slope aspect and geologic structures. Terrain of these properties range from flat to narrow ridge

tops with gentle slopes in the upland part of the area to very steep side slope conditions along the areas

borders. The topography and slope aspect limit the amount of recharge to these areas.

Strata in the East and Trail Mountain properties are gently down-folded in the area of the Straight

Canyon Syncline which is present in the central portion of East Mountain and northeast of the northern

boundary of Trail Mountain permit. The bearing of the Straight Canyon Syncline is approximately N30"E

and the structure plunges to the southwest. Dips in the syncline range from two to six degrees with the

north limb dipping the steepest.

In the area south of the Straight Canyon Syncline the coal seam dips gently in a northwest direction

toward the syncline; however, to the northwest of the Straight Canyon Syncline the Hiawatha seam dips

in a southeast direction at three to five degrees.

The strata within the East Mountain property have been offset by a series of north-south trending

normal fault zones. Generally, the faults are nearly vertical and do not have significant amounts of fault
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gouge or drag associated with them. One of the major faults present in the region, the Pleasant Valley

Fault, has been intersected in both the Deer Creek and Wilberg mines.

The Pleasant Valley Fault consists of two parallel fractures about 150 feet apart. The fault's total
displacement (where it was intersected in the Deer Creek Mine) to the north is 150 feet with its

downthrown side on the east. The displacement diminishes to less than one foot where it was

intersected in the Wilberg Mine near the south end of the East Mountain property.

Another north-south trending fault, the Deer Creek Fault, is present to the east of the Pleasant Valley

Fault. lt limits the eastward development of the Wilberg/Cottonwood and Deer Creek mines. The

displacement of the Deer Creek Fault ranges from 100 to L7O feet with the east block being

downthrown.

A northeast-southwest trending fault system, the Roans Canyon Graben, is present along the axis of the

Straight Canyon Syncline. In the central portion of East Mountain the fault system contains up to six

normal faults having displacements ranging from a few feet to over 150 feet. Coal deposits present to
the north of the fault have been accessed through rocktunnels driven from the 3rd North section of the

Deer Creek Mine.

The rock formations exposed in the East and Trail Mountain area range from Upper Cretaceous to
Tertiary in age (see Figure HF-Z, Volume 9, Hydrologic Volume). The formations, in ascending order, are

the Masuk Shale member of the Mancos Shale, Star Point Sandstone, Blackhawk, Castlegate Sandstone

Sandstone, Upper Price River, North Horn, and Flagstaff Limestone. The coal deposits are restricted to
the lower portion of the Blackhawk Formation.

The Masuk Shale is the upper member of the Mancos Shale and consists of light to medium Eray marine

mudstones. Usually this formation weathers readily, forming slopes which are often covered by debris.

It is generally devoid of water.

Overlying and intertonguing with the Masuk Shale is the Star Point Sandstone. In the East Mountain

area the Star Point consists of three or more cliff-forming massive sandstones totaling about 400 feet in
thickness. Generally, the sandstones are fine to medium-grained and moderately well-sorted. The

upper contact of the Star Point Sandstone is usually quite abrupt and readily identifiable on the outcrop.

Even though the Star Point Formation exists throughout the entire East and Trail Mountain properties,

the low permeability and lack of recharge limit its usefulness as a water producing aquifer. Permeability

are the limiting factors of recharge, i.e., very little outcrop exposure and limited vertical groundwater

migration caused by the mudstone layers of the North Horn and Blackhawk formations. Locally, the Star

Poi nt Sa ndstone exhi bits aq u ife r cha racteristics.

The Blackhawk Formation consists of alternating mudstones, siltstones, sandstones, and coal. Although

coal is generally found throughout the Blackhawk Formation, the economic seams are restricted to the

lower 150 feet of the formation. The sandstones contained within the Blackhawk Formation are fluvial

and increase in number in the upper portions of the formation. Many of the tabular sandstone channels
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form local perched water tables. The total thickness of the Blackhawk Formation in the mining areas is

about 750 feet.

The Castlegate Sandstone, the lower member of the Price River Formation, generally caps the

escarpment which surrounds the eastern limits of the East and Trail Mountain properties. The

Castlegate Sandstone consists of about 250 feet of coarse-grained, light gray, fluvial sandstones; pebble

conglomerates; and subordinate zones of mudstones.

The Upper Price River Formation, which overlies the Castlegate Sandstone, is about 350 feet thick and

forms slopes which extend upward from the Castlegate Sandstone escarpment. Although some

mudstones are present, fine-grained, poorly sorted sandstones dominate the Upper Price River

Formation.

The North Horn Formation is about 850 to 900 feet thick in the regional area. Mudstones dominate the

rock types present and are generally gray to light brown in color. Localized, lenticular sandstone

channels are present throughout the formation. The sandstone beds are more common near the upper

and lower contacts of the formation.

The Flagstaff Formation is the youngest formation and only exposed in East Mountain area. The

formation consists of white to light gray lacustrine limestone. An erosional remnant of 100 to 150 feet
of this formation remains, forming a cap on the highest plateaus.

Waters entering the groundwater system are mostly from snow melt. The amount of water which

enters the groundwater system is highly variable from one site to another. The low surface relief on the

tops of East and Trail mountains encourage the infiltration of melting snow. Conversely, the many areas

with steep slopes have a much more limited infiltration opportunity. All of the geologic formations
which surface in the area have relatively low permeability which further reduces the amount of water
entering the groundwater system. Probably less than five percent of the annual precipitation recharges

the groundwater supply (Price and Arnow, 1974; U. S. Geological Suruey, 1979 - PacifiCorp has

referenced this report in Volume 9 Hydrologic Volume and has transmitted a copy of this report to the

Division for reference).

Geology controls the movement of groundwater. Because of the low permeability of the consolidated

sedimentary rocks in the East Mountain and Trail Mountain areas, groundwater movement is primarily

"through fractures, through openings between beds, and, in the case of the Flagstaff Limestone, through

solution openings" (Danielson et.al., 1981, p. 25 - PacifiCorp has referenced this report in Volume 9
Hydrologic Volume and has transmitted a copy of this report to the Division for referencel.

The majority of the groundwater which infiltrates the Flagstaff Limestone flows down vertical fractures

which intersect sandstone channel systems in the North Horn Formation. The majority of the
groundwater reaching this point intersects the surface in springs located in the North Horn Formation.

Very little recharge intersects the Price River Formation and Castlegate Sandstone; consequently, they

are not water saturated where intersected in the numerous drill holes penetrating those units. The
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remaining water then flows downdip (to the southwest) from the northern reaches of East and Trail

mountains until it intersects the trace of the northeast trending Roans Canyon Fault Graben. The

system acts as an aquiclude because swelling bentonitic clays along the fault prohibit most of the water
from penetrating across the fault. Most of the recharge south of the Roans Canyon Fault System comes

from the snow melt directly above. The same mode of water migration occurs there as to the north;

but, when the water intersects the sandstone channels, it migrates toward the canyons which surround

and dissects the mining properties.

Data have been collected from numerous coal exploration drill holes, from within the mine workings,

from surface drainages, and from the springs in the area. The data have identified two separate isolated

aquifer systems on the East and Trail Mountain properties; the first is localized perched water tables in

the North Horn Formation, and the second is a combination of localized perched water tables in the

Blackhawk Formation and the Star Point Sandstone which exhibits some limited potential as a regional

aquifer. Stratigraphy is the main controlling factor restricting groundwater movement and development

of regional and perched aquifer systems within the area of the mining properties. The following is a

description of the various formations and how they influence the groundwater systems. The description

is in descending order, which parallels the general groundwater flow.

Stratigraphy Description in Detail

Flaestaff Limestone

This formation displays a strong joint pattern which permits good groundwater movement both

vertically and horizontally through the formation.

North Horn Formation

This formation is comprised of a variety of rock types which range from highly calcareous

sandstone to mudstone. lts permeability is variable.

Lenticular sandstone channels are oftentimes present in the upper and lower portions of the

formation. Water which percolates down fractures from the overlying Flagstaff Limestone

works its way into the sandstones, forming the perched water tables. The actual lateral extent,

or correlation, between the perched water tables has not been identified; and it is not practical

to do so because the tables are limited in extent and variable in stratigraphic location. Many

springs have been identified where the sandstone channels intersect the land surface.

The lower two-thirds (upper Cretaceous in age) of the formation is generally highly bentonitic
mudstone which is impermeable. lt is likely that this material is acting as an aquiclude,

preventing adequate recharge from reaching the Upper Price River Formation or Castlegate

Sandstone below. The mudstones present swell when they come in contact with water.

Therefore, vertical migration of water along fractures through this material is limited because

the fractures are sealed by the swelling clays.
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The depth of the aquifers in the North Horn Formation is variable due to the rugged topography.

The localized perched water tables may either intersect the surface of the ground or be covered

by as much as 1,000 feet of overburden. They are located at least 1,400 feet above the coal

seam to be mined. Communication of water between the perched aquifers in the North Horn

Formation and the water flowing into the mine is limited in quantity and occurs very slowly. The

monitoring of the numerous springs located on Trail Mountain gives PacifiCorp the ability to
assess any effects that mining might have on the North Horn Formation perched aquifers.

With the data available it is not possible to compile a piezometric map of the water-bearing

strata in the North Horn Formation because the channels are discontinuous and not

interconnected.

Upper Price River Formation

The Upper Price River Formation is comprised predominantly of sandstone but commonly

contains mudstone beds between the point bar deposits. lt is generally void of water because it
lacks adequate recharge.

Castlesate Sandstone

The formation is thought to be fairly permeable but, where it has been intersected by drill holes,

has never been found to be water-saturated. lt is oftentimes dry or slightly damp in some

zones. lt is void of significant water because it lacks adequate recharge.

Blackhawk Formation

The Blackhawk Formation contains only perched or limited aquifers which exist within the strata

overlying the coal seams and the upper portion of the Star Point Sandstone Formation. The

perched aquifers exist as fluvial channels (ancient river systems) which overlie and scour into
the underlying strata. These channel systems were part of a deltaic depositional setting active

during and after the coal-forming peat accumulation. The largest influx of water encountered

during the mining process occurs beneath the fluvial channels. The sandstone channels are

mainly composed of a fine-to medium-grained sand with similar characteristics to the Star Point

Sandstone Formation. The semi-permeable and porous nature of the channels allows an

effective route for water transport. Other constituents of the Blackhawk Formation (i.e.,

mudstone, carbonaceous mudstone, coal seams, and interbedded mudstones/siltstone and

sandstones) generally act as aquicludes which impede vertical groundwater flow to the lower

stratigraphic units. In areas other than where faulting and fracturing have created secondary

permeability, the migration of water from the perched aquifers-sandstone channel systems of
the Blackhawk Formation to the Star Point Sandstone Formation is fimited. Extensive mining in

the Trail Mountain mine, which produces coal from the Hiawatha seam, is stratigraphically

located on top of the upper member of the Star Point Formation Sandstone. Only minor
quantities of groundwater have been produced from the Star Point Sandstone Formation. The
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coal seams of the Blackhawk Formation are effective in impeding vertical groundwater

movement. In many areas in the mine where roof coal was left in place because of abundant

thickness or as an additional effort to support the immediate roof, production of groundwater

occurred only when roof support was installed or when a roof failure occurred exposing the

overlying sandstone channel systems. The table below lists the hydrologic characteristics of
individual rock types reported by the USGS, Open File 84-067.

litholory: Sh, shale; Slt, siltstone; Ss, sandstone; f, fine grained; m, medium grained.
Hydraulic conductivity: l, impermeable to water even at a pressure of 5,(Xl0 psi.

Geologic Unit Lithology

Depth below the
land surface

{ft)
Porosity

{%}

Hydraulic Conductivity
(feet per davl
Horizontal Vertical

Blackhawk
Formation

Ss, f I,527 t4 1.5x10-2 3.7x10-3

slt L,545 3 9.3x10 o l-.2x10-'

5h L,786 2 I

ss, f 1,792 L4 1.1x10-2 3.9x10-3

Sh 2,L70 4 1.1x10-8

slt 2,265 2 2.0x10-' 2.2x10-o

Star Point
Sandstone

S5, m 2,466 t7 3.lx10-' 1.1x10-'

Ss, m 2,493 1L 1.5x10-r 6.6x10-3

The majority of the water flowing into the mines comes from within the limited fluvial channel

aquifers; however, water is also transmitted into the mine workings by way of faults, joints or
fractures, and in-mine drill holes (see Figure HF - 4, Volume 9 Hydrologic Volume). The Des-Bee-

Dove permit area is an exception. The Deer Creek Fault, which separates Deer Creek and

Wilberg/Cottonwood mines from Des-Bee-Dove, forms an aquiclude to the water migration to
the east. Since 1978 the water flowing into the mine workings has been measured. The

measurement locations in the Deer Creek Mine are shown on Map HM-z, Volume I Hydrologic

Volume, in the Wilberg/Cottonwood Mine on HM-3, Volume 9 Hydrologic Volume. Many

locations within the mines have been monitored in the past, but a limited number of accessible

long-term water monitoring locations now exists because most water-producing areas of the

mines are dewatered and stop flowing shortly after initial mining in the area.

In several locations in the Deer Creek and Wilberg/Cottonwood mines, such as retreated

longwall panels, water is being produced but cannot be measured because the workings are

inaccessible. The water entering these areas flows into numerous low areas in the mine which
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act as temporary surnps. The water is then pumped to the main sump located near the mine

portal. Because the pumping system in the mine is ever changing (i.e., portable pumps being

moved to various locations within the mine as the need arises), it is not possible to collect

meaningful data from specific areas of the mine that can be compared with data collected from

years or even months past.

The most accurate measurement of water flowing into the mine workings is achieved by

measuring the total water leaving the mine, which is done and reported annually in the

Hydrologic Monitoring Report. The total amount of water leaving the mine includes metered

discharge water as well as estimated water which evaporates from the mine workings.

Based on current data, several observations have been made concerning the Blackhawk water-

bearing strata. The sandstone, which is semi-permeable and porous, affords an effective route

of water transport; while relatively impervious shale in the Blackhawk Formation prevents

significant downward movement of the percolating water. Of the water-producing areas, those

closest to the active mining face exhibit the greatest flows. As mining advances the area

adjacent to the active face continues to be excessively wet, and previously mined wet areas

experience a decrease in flow. lt appears that the water source is being dewatered since mined

out areas of the mine do not continue to produce water indefinitely. The water source must be

either of limited extent, €.8., E perched aquifer, or have a limited recharge capacity.

Star Point Sandstone

The Star Point Sandstone Formation overlies and intertongues with the Masuk Shale. The

formation is approximately 150 to 200 feet in thickness and consists of at least three upward

coarsening sandstone units. Mudstone units of the Masuk Shale are present above the lower

two sandstone members of the Star Point Sandstone Formation due to the intertonguing nature

of the contact between the two units.

The Star Point Sandstone Formation, which immediately underlies the Hiawatha Coal Seam,

exhibits some characteristics of an aquifer but experiences little recharge. Studies conducted by

the USGS indicate that the Star Point Sandstone Formation is of low permeability, thus limiting

its usefulness as a water-producing aquifer. Most of the water discharge from the Star Point

Formation is where it has been intersected by the major canyons in the plateau or where

faulting has caused secondary permeability. Drill holes completed in the Deer Creek and

Wilberg/Cottonwood mines defined the piezometric gradient in the lower Blackhawk/Star Point

Formation System and confirmed the groundwater flow to conform with the topographic refief

and structural features, i.e., regional dip, Straight Canyon Syncline, and regional faulting (see

Figure HF-5, Volume 9, Hydrologic Volume). This, plus the fact that the Star Point Formation is

only slightly to moderately permeable, allows only limited flow of groundwater through the

formation.
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Water in most of the Blackhawk/Star Point aquifer is confined under pressure between shale

and siltstone beds within the aquifer (USGS Lines, Open File Report 84-067). Water is released

from storage from confined aquifers mainly by compression of the sandstones and less

permeable, confining beds as pressure in the aquifer declines. The quantity of water that can be

released from storage is dependent on the storage coefficient, which is about lx10b per foot of
thickness for most confined aquifers (Lohman , I97t, p. 8). Data collected by PacifiCorp on the
Roans Canyon Fault System in 1988, 3'd North fault crossing, confirmed the USGS storage

coefficient estimations, with values ranging from 1.6x104 to 7.0x10-6. Transmissivity values

computed for pump tests conducted by the USGS on Trail Mountain on non-fully penetrating

wells in the Blackhawk/Star Point aquifer ranged from 0.7 to 100 ft2 /daV with a majority of the

two results ranging from 1 to 10 ftz /day. The computed transmissivity of 100 ft2 /day was

greater than the laboratory data (listed early in this section) and was believed to be due to
secondary permeability in the form of fractures. Transmissivity results ranging from 0.7 to 10

ft2/day are indicative of the low permeability rock in most of the cretaceous and tertiary strata

within the Wasatch Plateau.

Grou ndwater Occurrence

Groundwater naturally discharges, in greatly varying quantities, from most formations exposed in East

and Trail Mountains. Approximately 75%of the identified springs issue from the North Horn Formation,

which comprises nearly the entire plateau surface of these areas. No springs have been identified which

discharge from the Star Point Sandstone or the Mancos Shale.

Within the mines, groundwater issues from short-lived roof drips, the mine floors in some locations in

the Trail Mountain, Deer Creek, Cottonwood, and Wilberg mines, and from the mine roof and mine floor
after encountering some faults. Confined groundwater occurs in monitoring wells in the Star Point

Sandstone that have been installed in the mines and elsewhere. Groundwater discharge is generally not

associated with the Mancos Shale.

Springs and Seeps

The most frequent occurrences of springs are those located about 150 to 350 feet below the top of the

North Horn Formation (see Figure HF-6, Volume 9, Hydrologic Volume). The drill hole data show a

predominance of fluvial siltstone and sandstone at that stratigraphic interval. These sedimentary rocks

represent many isolated fluvial systems which are water-bearing. The springs are formed where the
fluvial channels intersect the land surface. Because the fluvial channels within this zone are generally

not interconnected, the springs are not interrelated but share the same mode of occurrence.

Numerous springs located in the lower portion of the North Horn Formation occur when water flowing
through fluvial sandstones which are underlain by a thin zone of impervious mudstone at the base of the
North Horn Formation intersect the land surface. The surface drill hole data indicate that impervious

mudstone units occur at the upper and lower portion of the North Horn Formation. Even though these

individual mudstone layers are discontinuous, the occurrence of this type of strata exists throughout the
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East Mountain Property. As part of Volume 9 - Hydrologic Support Information, logs of representative

holes from the East Mountain exploration programs are included to document the occurrence of this

type of strata (additional drill hole data are located at PacifiCorp's Salt Lake or Huntington offices). The

springs related to this mode of occurrence are not generally interrelated because they are fed by waters

flowing through isolated fluvial channel sandstones and siltstones.

Several springs are located along the Roans Canyon Fault Graben. Generally, the springs are located

within the North Horn Formation along the fault zone. Few springs are located in the area below the

base of the North Horn Formation below where the imperuious mudstone is located, supporting the fact

that water percolating down a fracture or fault is stopped from further downward travel when it
reaches the impervious clay zone which forms a seal along the fracture. Many of the largest springs on

East Mountain are located along this fault system. Because the fault system is located along the trough

of the Straight Canyon Syncline, water from both the north and the south flows toward the fault where

it is allowed to migrate to the land surface. The springs located along this fault zone are generally

interrelated.

A few springs are located within both the Flagstaff and Price River formations; however, their
occurrence is insignificant in comparison to springs located in the North Horn Formation.

Generally springs with discharges exceeding 50 gpm are associated with faulting where permeability has

been increased by fracturing. The discharge of the springs varies directly with the amount of
precipitation and also varies seasonally. Discharge is greatest during the snow melt period, normally

from late April through the month of June. Following periods of groundwater recharge the discharge

recedes fairly rapidly at first, then gradually, indicating a double porosity effect. At the end of the water
year the remaining discharge is only twenty to thirty percent (20-30%) of the peak discharge. Annual

variations and historical comparisons are depicted in the annual Hydrologic Monitoring reports.

Spring Discharge Characteristics

More than 100 spring hydrographs have been created from water monitoring data and analyzed.

Approximately 75% of the springs discharge from the North Horn Formation. The remainder discharge

from creek bottom alluvial systems, the Flagstaff Limestone, the Price River Formation, the Castlegate

Sandstone, and the Blackhawk Formation. No springs have been identified which discharge from the

Star Point Sandstone or Mancos Shale.

Groundwater hydrology of East Mountain is a dynamic and complex process. Simply comparing yearly

precipitation values to discharge rates does not accurately reflect the complete hydrologic situation.

PacifiCorp has been comparing spring discharge rates to yearly precipitation as a simple trend indicator

since the inception of the spring monitoring program. However, thorough analysis of yearly spring

discharge data must take in account a multitude of hydrologic and climatic factors including;

. slope aspect of the recharge area (south facing versus north facing slope),

I type of vegetative cover,
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I timing, type, and areal distribution of precipitation (snow or rain),

r timing of data collection versus precipitation,

. geologic occurrence of the spring (whether joint/fracture/fault controlled, outcrop of near

surface fluvial sandstone channel systems or down gradient drainage flow systems),
r change in head differential, migration of source or source measuring point

I alteration of the recharge area: example - timbering practices, fires
. change/disruption of the discharge area: examples - grazing, wildlife, attempts to replace or

enhance the discharge location and piping structures.

PacifiCorp recognized this dynamic hydrogeologic system and designed the groundwater/spring

monitoring program based on the following criteria:

+ Stratigraphic position (geologic formations ranging from the Flagstaff Lirnestone to the coal

bearing Blackhawk Formation, structural control aspects - faulting)

+ Area of potential influence from subsidence (springs monitored within and outside the area of
potential impact)

+ Representative areal distribution of springs (takes into account the variable aspect of
precipitation)

Established water rights

Measurable flow based on historical surveys

Relia ble measuring point(s)

In addition to the site selection process, PacifiCorp established the spring monitoring program

sampling schedule (July - peak flow and October - base flow) to conform to normal early and late

season access to the mountainous terrain allowing for a consistent yearly comparison. However,

during periods of below normal precipitation, especially prolonged periods of drought, timing of
data collection can skew or miss the peak flow volumes. This is particularly evident in the southern
portions of the East Mountain and Trail Mountain. Each of the variables listed above is taken into
account to assess potential interruptions to the groundwater systems by underground mining.

Over the last thirty years, Central Utah has experienced extreme climatic cycles, including an

unprecedented record setting wet cycle in the late seventies and early eighties followed by several
prolonged drought cycles. Development of PacifiCorp's spring monitoring program coincided with
the record setting wet period elevating recharge and discharge rates to levels not achieved since

this period. Monitoring data reveals that the unprecedented record setting wet cycle resulted in

elevated flows for several years after even though the hydrologic cycle was returning to a normal
pattern. However, instead of returning to a long term normal cyclic pattern, the intermountain

west experienced several periods prolonged extreme drought. Episodic cycles of normal
precipitation following these periods of extreme drought have ultimately affected the recharge and

discharge of the near surface shallow spring systems. This is evident in reviewing similar declining
discharge recession curves of springs that are outside the influence of mining. Surface runoff data

+
+
+
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from drainages of East and Trial mountains confirms the trends of the groundwater system

monitoring.

Summary

PacifiCorp proposes to eliminate spring monitoring on certain springs on both the East Mountain and

Trail Mountain mining properties. Many of these springs have been monitored as early as L977 for both
quantity and quality of the spring's discharge. PacifiCorp instituted a Hydrologic Monitoring Program in

L979 which has been approved by the State of Utah, Division of Oil, Gas and Mining (DOGM) and the

Office of Surface Mining (OSM). All data collected have been and will continue to be submitted to OSM,

DOGM, United States Forest Service (USFS), and the Bureau of Land Management (BLM) each year in the

annual Hydrologic Monitoring reports.

In-house research has been conducted on the collected data to analyze the interrelationships between

the surface and groundwater hydrologic systems and the potential impacts associated with
underground mining. Analysis has included; seep and spring surveys, drainage surveys, baseline data

collection, and other hydrologic studies.

The Bureau of Mines conducted a study looking at mining induced subsidence and its potential

disruption to the hydrologic systems of the Wasatch Plateau. The study hypothesized that springs are

expected to show a greater response to underground mining where they are located over panels than

those located over mains or barrier pillars since overburden deformation occurs over longwall panels as

the roof caves and fractures form in the overburden. The springs in this study did not show a dramatic

decrease in flow as was expected.

The study concluded that the limited response observed for the springs was thought to be influenced by

site-specific conditions that buffered the effects of mining. These conditions include the thick

overburden present and the presence of formations in the overburden that contain hydrophilic clays

and mudstones. These clays were described to act as aquatards retarding the migration of water,

lessening the vertical extent of strata dewatering.

This discussion also has included a presentation of the geology the East and Trail Mountain mining
properties and its association to the surface and ground water systems. lt has been shown that geology

controls the movement of groundwater. Waters entering the groundwater system occur mostly from
snow melt. The amount of water which enters the groundwater system, however, is highly variable

because the terrain and slope aspect of the area is highly variable. On steeper and/or south facing

slopes, water has less chance to infiltrate into the groundwater system.

Stratigraphy has been noted as the main controlling factor restricting groundwater movement. All of
the geologic formations which surface in the area have a relatively low permeability which further
reduces the amount of water entering the groundwater system. Data collected from holes drilled

through the strata have identified two separate isolated aquifer systems on the East and Trail Mountain
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properties; the first is localized perched water tables in the North Horn Formation, and the second is a

combination of localized perched water tables in the Blackhawk Formation and the Star Point Sandstone

which exhibits some limited potential as a regional aquifer. These systems have been identified as part

of Mayo & Associates "lnvestigation of Surface-Water and Groundwater Systems in the PacifiCorp Lease

Area, East and Trail Mountains", as active and inactive groundwater systems.

Active groundwater flow systems have excellent hydraulic communication with the surface and thus are

dependent on annual recharge events and are affected by short term climatic variability. Inactive
groundwater flow regimes contain old groundwater (i.e. 2,000 to 12,000 years), have very limited
hydraulic communication with the surface and with other active groundwater flow systems, and are not
influenced by either annual recharge events or short term climatic variability.

Finally, justification statements have been prepared by PacifiCorp to justify the elimination of certain
spring monitoring responsibilities by the company. As quality and quantity parameters have been

monitored, there has been no data collected that shows any diminution or impacts to the quality of the
surface or groundwater systems associated to PacifiCorp's mining operations within the East and Trail

Mountain mining properties.

Flow data for springs has been presented comparing July's peak flow to the collected precipitation data

from PacifiCorp's East Mountain weather station as well as the Palmer Hydrologic Drought Index. The

data shows a very prominent correlation and trends suggest that spring flow is most likely regulated by

climate rather than being impacted by underground mining operations. There has been no evidence in
the 33 years of monitoring by PacifiCorp and others that suggest underground mining operations have

impacted any spring discharges within the East or Trail Mountain mining areas.

This discussion report concludes that for all the investigations, research, analysis of the data, and

information collected of the geologic and hydrologic systems within the East and Trail Mountain mining
properties, there has not been any relationship found between the quality and quantity of spring

discharge and PacifiCorp's underground mining operations.
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IPROPOSAL TO REMOVE SITE FROM WATER
MONTTORTNG PROGRAMI

Location: Section 5, Township 17 South, Range 7 East, SLB&M. These sites are located

within the Deer Creek Mine permit along the Roans Canyon Fault Graben. The two springs

approximately 600 feet apart on the southern side of the graben.

Lease Association: This site is associated with federal coal lease U-084923. The lease

(subleased by M. McKinnon) was assigrred to Utah Power & Light Co. from the Peabody Coal

Company in I 979.

Subsidence: The springs lie above anunmined area directlywest of the l't and 2nd Left longwall
panels. These panels were stopped short of complete panel extraction. Monitoring shows that

the area has little to no subsidence. No other subsidence data is included of these sites.

Water Data: Historic and post-water quality data is included for spring 89-61 and Elk Spring.

Data show insignificant variances between the historic quality and post-quality results. Historic

flow data has been collected since 1984 and has continued through 2012. This information is
found on the following page where July spring flow is plotted against precipitation data collected

from the East Mountain weather station, as well as the Palmer Drought Index for regions 4, 5,

and 6. The East Mountain weather station is located on the southern tip of East Mountain.

Spring flow shows a positive correlation with precipitation. The mode of occurrence for this site

is fault controlled. The stratigraphic location is within the North Horn Formation.

Justification for removal from monitorins: Sites 89-61 and Elk Spring were developed for
culinary use starting in 2009 by North Emery Water Users Special Services District. The spring

water is diverted into a collection line and directed down canyon through a 6" waterline and to

the slow sand water treatment plant in Huntington Canyon. The springs glve NEWUSSD

additional source capacity to meet their yearly culinary demands. Although Energy West Mining
Company has monitored these sites (89-61; 1989, Elk; 1979), the data since development of the

springs is irrelevant to the mining operations. Prior to development, there have been no reported

occurrences in which mining has impacted these sites. Historic quality and quantity data has not

indicated such impacts to the site.

Since the springs have been developed for culinary use by NEWUSSD, Energy West Mining
Company retains no legal right of entry to the site, nor control of the site. Therefore, this site

will be removed from the Energy West Mining Company's hydrologic monitoring program.

Justification Document EMS 89-61, Elk Spring
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IPROPOSAL TO R_EMOVE SITE FROM WATER
MONTTORTNG PROGRAMI

Location: Section 12, Township 17 South, Range 7 East, SLB&M. The site is located within
the Deer Creek Mine permit boundary and situated within the confines of the Roans Canyon

Fault Graben.

I+ease Association: This site has been associated with federal coal lease U-084924. The lease

was acquired by Utah Power & Light in 1977 from Peabody Coal Company. Because the spring

is located within the confines of the Roans Canyon Fault Graben no mining has not been

conducted in the immediate vicinity of the spring.

$gbsidaqce: No subsidence has occurred in the area of Spring 79-10.

Wate,f DgtA: The spring was originally chosen as a monitoring site because of its location

within the fault graben and down dip from mine workings. Its location allowed the permittee to

monitor quantity and quality parameters as related to its mining in the general area. Historic
water quality data is included for spring 79-10. Data show no abnormalities in the water quality
parameter for this area of East Mountain. Historic flow data has been collected since 1979 and

has continued through 2012. This information is found on the following page where July spring

flow is plotted against precipitation data collected from the East Mountain weather station, as

well as, the Palmer Drought Index for regions 4, 5, and 6. The East Mountain weather station is

located on the southern tip of East Mountain. Spring flow shows a positive correlation with
precipitation. The mode of occurrence as indicated above for this site is the Roans Canyon Fault

Graben. The stratigraphic location is within the North Horn Formation.

Justific.a$qB for femoval from monitorine: Site 79-10 has been monitored by Energy West

Mining Company since 1979. There have been no reported occurrencss in which mining has

impacted this site. Historic quality and quantity data has not indicated such impacts to the site.

Although this site is within a current federal coal Lease and within the mine permit boundary, its

location is in the southern extents of the permit boundary where no future mining is planned.

Sheba Spring, located 1900 feet north and 1300 feet east of Spring 79-10, will be retained as part

of the water monitoring program of the permittee.

With the facts presented, Energy West is rernoving this site from its hydrologic monitoring
program and will no longer sample for quality or quantity of its discharge. If the Division does

not agree with Energy West's findings, please provide compelling scientific evidence that

suggests that our underground mining operations have impacted this site.

Justification Document EMS 79-10
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IPROPOSAL TO REMOVE SITE FROM WATER
MONTTORTNG PROGRAMI

Location: Section 8, Township 17 South, Range 7 East, SLB&M. These sites are located

outside the Deer Creek Mine permit boundary and outside of a current Federal Coal Lease.

Lease Association: Sites 79-15,79-34, and 79-35 have been associated with federal coal lease

SL-070645N-02292. The lease was acquired by Utah Power & Light in 1977 from Peabody

Coal Company. Room and pillar mining was started in 1975 in the Blind Canyon Seam below

Spring 79-34. Longwall mining in the surrounding area includes the 2nd Left panels (completed

in 1993) to the north, I't thru Z'h Right panels (completed in 1992) to the west and in the location

of spring 79-35, and 17th Right panels (completed in199l) to the south. There has been no

second mining below springs 79-15 and 79-34.

The permittee submitted an application for the relinquishmant of 1,240 acres in April 1997 . In

March 2006, The BLM approved (with USFS and DOGM concurrence) relinquishment of this

acreage. This approval was retroactive as of the date of the submittal. There are no remaining
economical recoverable coal reserves in the relinquished area.

Subsidence: Refer to the Supplemental Volume 1, Lease Relinquishment, tab Phase III, tab

Data Report Summary for additional subsidence information. Additional data from the 2004

Annual Subsidence Report is included herein.

Subsidence in the vicinity of spring 79-35 and west of the area of springs 79-15 and 79-34
reached a maximum of less than 1 foot. The subsided areas to the north and south were of lesser

extent. Suhsidence was determined complete in 1994. There is no subsidence in the vicinity of
springs 79-15 and 79-34 and there has been no evidence to show any impacts to quality or
quantity of the spring's discharge.

Water Data: Since the area underlying springs 79-15 and 79-34 was mined prior to spring

monitoring, no pre-mining data is available. Historic data show no abnormalities in the water

quality parameters for this area of East Mountain.

Pre- and Post- water quality data is included for spring 79-35. Data show insignificant variances

between pre- and post- mining quality results Historic flow data has been collected for these

springs since 1981 and has continued through 2012. This information is found on the following
page where July spring flow is plotted against precipitation data collected from the East

Mountain weather station, as well as the Palmer Drought Index for regions 4, 5, and 6. The East

Mountain weather station is located on the southern tip of East Mountain. Spring flow shows a
positive correlation with precipitation. The mode of occurrence for these springs are peffneable

fluvial channels that intersect the land surface within the stratigraphic location of the North Horn
Formation.

Justification Document EMS 79-15,79-34,79-35



IPROPOSAL TO REMOVE SITE FROM WATER
MONTTORING PROGRAMI

Justification for removal from monitorine: Springs 79-15, 79-34, and 79-35 have been

monitored by Energy West Mining Company since 1979. All sites are located in the upper

reaches of the Huntington drainage within the North Horn Formation. They occur from fluvial
channels intersecting the land surface. Springs 79-15 and 79-35 are approximately the same

elevation as Ted's Tub and show similar flow characteristics. 79-15 is within the drainage of
Deer Creek Canyon where runoff from snowmelt is concentrated. Spring 79-35 is located below
a ridge below where snow drifts form recharging the area above. Vegetative cover in the area of
the springs is heavy which seems to delayrunoff and produces good spring flows in July.

Spring 79-34 is located in the upper reaches of Whetstone Canyon and within the drainage where

runoff from snowmelt is concentrated. The slope where the spring is located is north-facing and

within heavy vegetative cover. Like 79-15 and 79-350 these heavily vegetated areas tend to
delay runoff and produce good spring flows in July.

Subsidence within the area of the springs is minimal, averaglng between one and two feet.

Since the federal coal lease has been relinquished (with DOGM concurrence) and the sites are no

longer within the boundaries of a mine permit, Energy West Mining Company retains no legal

right of entry to the site, nor control of the site. These sites show consistently variable flow over
time. Energy West believes that the variability of flow has been influenced by climatic
conditions and not underground mining operations. Although single seam mining has

undermined these springs, there is no indication that there have been impacts from underground

coal mining operations.

With the facts presented, Energy West is rernoving these sites from its hydrologic monitoring
program and will no longer sample for quality or quantity of their discharge. If the Division does

not agree with Energy West's findings, please provide compelling scientific evidence that

suggests that our underground mining operations have impacted these sites.

Justification Document EMS 79-15,79-34,79-35
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lpRoPosAL To REMOVE SrrE FROM WATER
MONTTORTNG PROGRAMI

Locatio4i Section 18, Township l7 South, Range 7 East, SLB&M. This site is located within
the Deer Creek Mine permit boundary and within the federal coal lease U-084923.

Lease Associatio{r: This site is associated with federal coal lease U-084923. The lease

(subleased by M. McKinnon) was assigred to Lltah Power & Light Co. from the Peabody Coal

Company in 1979. The Blind Canyon seam has been mine in this lease. Panel development

began the Blind Canyon Seam in l99l from Deer Creek's 4th South Mains. Longwall mining
occurred on the west side of the 4th South Mains where six panels were extracted. Mining in this

area was completed in 1992.

Subsidance: Maximum subsidence in the area north and adjacent to SpringT9-29has
stabilized at approximately less than one foot. A comparison of the subsidence shown on

the 1996 subsidence map to equivalent maps foryears 1993, 1994, and 1995 shows

subsidence was stable and complete for this area.

Additional data from the 2004 Annual Subsidence Report is included herein for the arsa north of
Spring 79-29.

Water Data; Pre- and Post-mining water quality data which dates back to 1979 is included for

spring 79-29. Data show insignificant variances between pre- and post-mining quality results.

Historic flow data has been collected since 1981 and has continued through 2012. This

information is found on the following page where July spring flow is plotted against precipitation

of the East Mountain weather station, as well as the Palmer Drought Index for regions 4, 5, and

6. The East Mountain weather station is located on the southern tip of East Mountain. Spring

flow shows a positive correlation with precipitation. The mode of occurrence for this site is
permeable fluvial channel that intersect the land surface. The stratigraphic location is within the

North Horn Formation.

JustificFfion for removal from monitorins: Site 79-29 has been monitored by Energy West

Mining Company since l98l . The spring is located on the West side of East Mountain in the top

reaches of Roans Canyon. The spring has a western orientation and located in heavily vegetated

cover. These arsas tend to delay runoff and produce good spring flows in July.

Like other springs located in the North Horn Formation, spring 79-29 occurs in a permeable

fluvial channel that intersects the land surface. The spring is underlined by impermeable

mudstones that disconnect shallow formed springs from lower stratigraphic structures.

Spring flow is fairly consistent with the reported precipitation from the East Mountain weather

station and the Palmer Hydrological Drought Index. This site is located with a current federal

coal lease and within the Deer Creek mine permit boundary. There are no plans for any future

mining in this area as this area has been completely mined out. Permanent seals have been

Justification Document EMS 79-29



IPROPOSAL TO REMOVE SrTE FROM WATER
MONTTORTNG PROGRAMI

installed underground that completely isolates the area from the rest of the mine. Permanent

seals eliminate the potential for any further mine development.

Although the sites show decreases to their flow over time, Energy West believes that the

decreased flow has been influenced by climatic conditions and not underground mining
operations. The trend of this spring mimics the trend of springs 79-26 and 79-32 both of which
have not been undermine by underground coal mining operations.

With the facts presented, Energy West is removing this site from its hydrologic monitoring
program and will no longer sample for quality or quantity of their discharge. If the Division does

not agree with Energy West's findings, please provide compelling scientific evidence that

suggests that our underground mining operations have impacted this site.

Justification Document EMS 79-29
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IPROPOSAL TO REMOVE SrTE FROM WATER
MONITORING PROGRAMI

Location: Section 16 and 17, Township 17 South, Range 7 East, SLB&M. Historically, these

sites wsre located within the Deer Creek Mine permit boundary; however, since relinquishment
of lease SL-070645N-02292 and U-083066, (see below) the sites now lie outside any federal

coal lease or mine permit boundary.

Lease Association: Springs 79-38 and 89-60 were associated with federal coal lease SL-
A70645N-02292. Ted's Tub was associated with Federal Coal lease U-083066. The former was

acquired in 1977 by Utah Power & Light from Peabody Coal Company. The latter, PacifiCorp
was the sublessee to the Church of Jesus Christ of Latter Day Saints who was leaseholder of U-
083066. Panel development off of the 3'd South Mains was started in 1988 in the Blind Canyon

Seam for the l2th Right through 17th Right longwall panels. Extraction of these panels was

completed in l99l .

For development in the Hiawatha Seam (Wilberg/Cottonwood Mine) near the vicinity of the
springs, the 9th Left longwall panel was completed in 1992

The permittee submitted an application for the relinquishment of I ,240 acres (SL-070645N-
02292) and 60 acres (U-083066) in April 1997 . In March 2006, the BLM approved (with USFS

and DOGM concurrence) relinquishment of this acreage. This approval was retroactive as of the

date of the submittal. There are no remaining economical recoverable coal reserves in the

relinquished area.

Subsidence: Maximum subsidence in the mined area stated above reached approximately 13

feet. However, this was in the areas where double seam extraction took place 13'd thru 5th Right
longwall panel (DC) and the znd thru 5th Left panel (WIL/CTW)); south of springs. The attached

North/South Profile (2004 Annual Subsidence Report) shows only approximately 4 feet of
subsidence occulred near 79-38, 89-60, ffid Ted's Tub. A comparison of the subsidence shown
on the 1996 subsidence map to equivalent maps for years 1993, 1994, and 1995 shows

subsidence was stable and complete for this area. Refer to Supplemental Volume l, Lease

Relinquishment, tab Phase III, tab Data SummaryReport, pages 14 thru l7 andpages 24thrn26.

Additional data from the 2004 Annual Subsidence Report is included herein.

Water Data: Pre- and Post-water quality data is included for springs 79-38, and Ted's Tub.
Data show insignificant variances between pre- and post-quality results. Spring 89-60 was added

to the watermonitoring program in 1989 as a request from the Manti-LaSal National Forest. No
pre-mining quality data exists for this spring.

Historic flow datahas been collected since l98l (springs 79-38, Ted's Tub) and 1989 (spring 89-

60) and has continued through 2012. A graph shows the July spring flow plotted against

precipitation of the East Mountain weather station, as well as the Palmer Drought Index for

Justification Document EMS 79-38, 89-60, Ted's Tub
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regions 4, 5, and 6. The East Mountain weather station is located on the southern tip of East

Mountain. Spring flow shows a positive correlation with precipitation. The mode of occulrence

for Spring 79-38 is flow along permeable strata underlain by impermeable mudstone which

intersect the land surface. The stratigraphic location for 79-38 is the base of the North Horn

Formation. No mode of occurrence has been identified for Spring 89-60. This spring is

stratigraphically located in the Price River Formation. Mode of occurrence for Ted's Tub is
permeable fluvial channels that intersect land surface. The stratigraphic location for this spring

is the North Horn Formation.

Justification for removal from monitorins: Sites 79-38, Ted's Tub and Site 89-60 are located

in the upper reaches of a sub-drainage in Deer Creek Canyon. Springs 79-38 and Ted's Tub are

located in the North Hom Formation. They occur from fluvial channels intersecting the land

surface. Spring 89-60 is located in the Price River Formation. All three springs have an east to

northeast orientation in heavy vegetative cover.

79-38:

This site has been monitored by Energy West Mining Company since 1979. It's location in the

drainage with heavy vegetative cover and oriented on a northeast facing slope seems to produce

very good flows in July. However, recent recession data (refer to Annual Reports) show that the

spring loses 90 - 100 percent of its flow by October. A thorough analysis of this spring suggests

that its flow or discharge is controlled by climatic episodes.

Spring flow is fairly consistent with the reported precipitation from the East Mountain weather

station and the Palmer Hydrologrcal Drought Index. This site is located within the relinquished

federal coal lease and outside of the Deer Creek and Wilberg/Cottonwood mine permit

boundaries. There are no plans for any future mining in this area as this area has been

completely mined out. Permanent seals have been installed underground in the Deer Creek Mine

to isolate the underground workings from the rest of the mine. The Wilberg/Cottonwood Mine
has been permanently sealed at its portals. Permanent seals eliminate the potential for any

further mine development.

89-60:

This site has been monitored by Energy West Mining Company since 1989 for quality for flow.
It's location in the drainage with heavy vegetative cover and oriented on an east facing slope

seems to produce very good flows in July. However, recession data (refer to Annual Reports)

show that the spring loses 90 - 100 percent of its flow by October. A thorough analysis of this

spring suggests that its flow or discharge is controlled by climatic episodes.

Justification Document EMS 79-38,89-60, Ted's Tub
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Spring flow is fairly consistent with the reported precipitation from the East Mountain weather

station and the Palmer Hydrological Drought Index. This site is located within the relinquished

federal coal lease and outside of the Deer Creek mine permit boundary. There are no plans for
any future mining in this area as this area has been completely mined out. Permanent seals have

been installed underground in the Deer Creek Mine to isolate the underground workings from the

rest of the mine. Permanent seals eliminate the potential for any further mine development.

Ted's Tub:

This site has been monitored by Energy West Mining Company since 1979. It's location in the

drainage with heavy vegetative cover and oriented on a northeast facing slope seems to produce

very good flows in July. However, recent recession data (refer to Annual Reports) show that the

spring loses 60 - 90 percent of its flow by October. A thorough analysis of this spring suggests

that its flow or discharge is controlled by climatic episodes.

Spring flow is fairly consistent with the reported precipitation from the East Mountain weather

station and the Palmer Hydrological Drought Index. This site is located within the relinquished

federal coal lease and outside of the Deer Creek and Wilberg/Cottonwood mine permit
boundaries. There are no plans for any future mining in this area as this area has been

completely mined out. Permanent seals have been installed underground in the Deer Creek Mine
to isolate the underground workings from the rest of the mine. The Wilberg/Cottonwood Mine
has been permanently sealed at its portals. Permanent seals eliminate the potential for any

further mine development.

These sites show consistently variable flow over time. Energy West believes that the variability
of flow has been controlled by climatic conditions and not underground mining operations.

Although single and double seam mining has undermined these springs, there is no indication
that there have been impacts from underground coal mining operations.

With the facts presented, Energy West is removing these sites from its hydrologic monitoring
program and will no longer sample for quality or quantityof their discharge. If the Division does

not agree with Energy West's findings, please provide compelling scientific evidence that

suggests that our underground mining operations have impacted these sites.

Justification Document EMS 79-38,89-60, Ted's Tub
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IPROPOSAL TO REMOVE SITE FROM
WATERMONTTORTNG PROGRAMI

Location: Section 15, Township 17 South, Range 7 East, SLB&M. This site is located within

the Deer Creek Mine permit boundary and within the federal coal lease SL-070645N-02292.

The site was originally located within the Wilberg/Cottonwood and Deer Creek mine permit

boundary. The Wilberg/Cottonwood mine permit boundary was reduced which excluded the

area of spring 82-52 from its permit boundary. DOGM approved this permit boundary reduction

in20A2.

Lease Association: This site is associated with Federal Coal lease SL-070645N-02292. The

lease was acquired by Utah Power & Light in 1977 from Peabody Coal Company. Both the

Hiawatha and Blind Canyon seams have been mined in this lease. For mining areas near the

spring, room and pillar mining began in the Blind Canyon Seam in1975 from Deer Creek's 2nd

South Mains.

Subsidence: Spring 82-52 lies west of the 2nd South Mains of the Deer Creek Mine. The

mining in this area was completed well before subsidence monitoring was initiated. It is most

likely that some subsidence has occurred, but the total amount cannot be quantified. However,

no subsidence has occurred since photogrammetric monitoring began in 1980. Refer to
Supplemental Volume 1, Lease Relinquishment, tab Phase III, tab Data Summary Report, pages

l4 thru 17 for lease specific information, and assessment of the environmental impacts.

Additional data from the 2004 Annual Subsidence Report is included herein.

Water Data: Post-mining water quality data is included for spring 82-52 for years 1982 thru

2012. No pre-mining data is available. Data did not show a significant difference in quality as

compared to springs that haven't been undermined.

Historic flow data has been collected since 1982 and has continued through 2012. This

information shows the July spring flow plotted against precipitation of the East Mountain

weather station, as well as, the Palmer Drought Index for regions 4, 5, and 6. The East Mountain

weather station is located on the southern tip of East Mountain. Spring flow shows a positive

correlation with precipitation. The mode of occurrence for this spring has not been identified.

The stratigraphic location is within the Price River Formation.

The U.S. Bureau of Mines completed an independent study (1994) of the mining impacts on the

hydrology of East Mountain (Response of Springs to Longwall Coal Mining at the Deer Creek

and Cottonwood Mines, Wasatch Plateau, Ut., Information Circular 94005, U.S. Bureau of
Mines). This report is included as Appendix A in this submittal. The data in this study was

collected by PacifiCorp from springs determined to represent hydrologlc conditions on East

Mountain. Spring 82-52 was included as part of this study.

Justification Document EMS 82-52



IPROPOSAL TO REMOVE SITE FROM
WATERMONTTORTNG PROGRAMI

Justification for removal from monitorine: Site 82-52 has been monitored by Energy West

Mining Company since 1982. The spring is located on a north-facing slope in Deer Creek

Canyon. The spring has been developed; however, the site has deteriorated rapidly
(fence/collection/pond) due to cattle grazing and lack of maintenance.

Vegetativs cover is heavy in the area of the spring which may account for the good recorded July

flow data. However, during the drought periods from 1987 to 1992 and again from 2000 thru

2004 flow monitoring showed near zero or zero discharge. Spring flow continued once climatic

wet conditions returned.

Although the stratigraphic location of this spring is in the Price River Formation, it is near the

contact of the North Horn Formation in which impermeable clays and mudstones dominate the

rock tlpes that limit percolation of ground waters to lower stratigraphic strucfures or

underground mining areas.

Spring flow is consistent with the reported precipitation from the East Mountain weather station

and the Palmer Hydrological Drought Index. This site is located within a current federal coal

lease and within the Deer Creek mine permit boundary. There are no plans for any future mining
in this area as this area has been completely mined out. Permanent seals have been installed

underground. Permanent seals eliminate the potential for any further mine development.

Although the site shows a decrease to its flow over time, Energy West believes that the

decreased flow has been influenced by climatic conditions and not underground mining
operations. The trend of this spring mimics the trend of springs '19-26 and 79-32 both of which

have not been undermine by underground coal mining operations.

With the facts presented, Energy West requests that the above noted site be removed from the

hydrologic monito.ing program.

Justification Document EMS 82-52
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IPROPOSAL TO REMOVE SITE FROM WATER
MONTTORTNG PROGRAMI

Location: Spring 79-26 is located in Section 17, Township 17 South, Range 7 East, SLB&M.
Spring 79-32 is located in Section 19, Township 17 South, Range 7 East, SLB&M. These sites

are located within the Wilberg/Cottonwood Mine permit boundary and within the federal coal

lease U-083066.

Lease Association: The springs are associated with federal coal lease U-083066. PacifiCorp is

Church of Jesus Christ of Latter Dav Saints who is the leaseholder of U-the sublessee to the

083066.

Subsidence: No coal mining activities have occurred in the underground areas below the

springs.

Water Data: Water quality data is included for springs 79-26 and 79-32. Data show no

abnormalities in the water quality parameter for this area of East Mountain. Historic flow data

has been collected since 1981 and has continued through 2012. This information is found on the

following page where July spring flow is plotted against precipitation data collected from the

East Mountain weather station, as well as, the Palmer Drought Index for regions 4, 5, and 6. The

East Mountain weather station is located on the southern tip of East Mountain. Spring flow
shows a positive correlation with precipitation. The stratigraphic location for Spring 79-26 is
within the North Horn Formation. The Stratigraphic location for SpringT9-32 is the base of the

Flagstaff Formation.

Justification for removal from monitorins: Sites 79-26 and 79-32 have been monitored by
Energy West Mining Company since 1979. These springs are located on the west side of the

East Mountain within heavy vegetative cover. These springs are approximately Y, mlle from any

underground workings; therefore, no undermining of these springs has occurred.

Although these sites are within a current federal coal lease and within the Wilberg/Coffonwood
Mine permit boundary, its location is not in an area where future mining is planned. With the

facts presented, Energy West is removing these sites from its hydrologic monitoring program and

will no longer sample for quality or quantity of their discharge. If the Division does not agree

with Energy West's findings, please provide compelling scientific evidence that suggests that our
underground mining operations have impacted these sites.

Justification Document EMS 79-26- EMS 79-32
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East Mountain Spring:

Water Quality Data:

Mine Association:
Date of Development:
Date of Second Mining:

79-26
Operational
Wilberg/Cottonwood
No Developmental Mining
None

Historical Data: 1979 - 2012

MAXIMUM MINIMUM AVERAGE # ANALYSIS

BICARBONATE

CALCIUM

CARBONATE

CHTORIDE

CONDUCTIVIW

DISSOLVED OXYGEN

FtOW
HARDNESS

TOTAL IRON

DISSOLVED IRON

MAGNESIUM
DISSOLVED MANGANESE

MANGANESE

OIL AND GREASE

PH

POTASSIUM

sET SOUDS

SODIUM

SULFATE

SUSPENDED SOTIDS

TEMPERATURE

TOTAL DISSOIVED SOTIDS

368 249 320.46 35

127 33.s 54.45 37

30 0 4.65 2Q

10 4 6.44 32

6L5 43t 523.00 38

9.7 5.1 7.61 10

10 0.33 3.34 40

329 198 265.74 35

2.7 0.05 0.46 16

0.46 0 0.14 1_6

37.1. 9 31.16 37

0.09 0.002 0.02 I
0.04 0 0.02 19

0.1 0.1 0.10 1

8.6 6.9 8.10 4T

7 0.3 1.51 21

29 L1.6 15.52 32

120 I 19.s9 33

39.4 2 75.42 13

482 240 292.94 33



East Mountain Spring:

Water Quality Data:

Mine Association:
Date of Development:
Date of Second Mining:

79-32
Operational
Wilberg/Cottonwood
No Developmental Mining
None

Historical Data: 1979 - ?:ALz

MAXIMUM MINIMUM AVERAGE # ANALYSIS

BICARBONATE

CALCIUM

CARBONATE

CHLORIDE

CONDUCTIVITY

DISSOLVED OXYGEN

FLOW

HARDNESS

TOTAL IRON

DISSOLVED IRON

MAGNESIUM

DISSOLVED MANGANESE

MANGANESE

OIt AND GREASE

PH

POTASSIUM

sET SOLIDS

SODIUM

SULFATE

SUSPENDED SOLIDS

TEMPERATURE

TOTAT DISSOLVED SOLIDS

607 338 479.7 4 27

26L 39.7 90.81 26

25 0 4,00 10

28.7 L4 17.99 26

1489 700 896.08 26

L2.3 5.1 7.40 5

3 0.23 0.98 27

698 338 429.77 22

6.87 o.2 2.05 L7

2.99 0 0.36 16

66.7 L4.2 52.r7 26

0.341 0.0L8 0.09 11_

0.14 0.003 0.0s 9

0.6 0.6 0.60 1

8.29 6.9s 7.83 27

I 0.95 2.36 26

45.55 2L 35.52 26

4t? 24 9s.93 27

168.8 0.5 22.88 10

56 4.4 17.06 27

979 327 529.L1 27



to
t\|

I
orF

ll

u0
tr

a-
L
ELv,

=E0O+l-ri 3
5'r O

= *l
i E 

=#= f *P
3 -c .= L.*; T?H
S 2 F E Hn ';:. o i6R E X

# s E * $t
frzP-FFFE
.?figEIit
EEFH!gH



.aT\c:r vl

t. " l-,q'o
-qt :f
5#
aL_
r-i O
r'-l 7.
!-

l-\-:

-r'rcj
UI'rlrE

trl cfl

p'-;O
o'] N
CJsP{:lLr--- gn * m
oofn 

= L
f'=co '-- -c o
wl \JJ ra E'tJ u :.
C {-0 {..f1 f{

F
ULfTI
+, 

= 
]= ':'

ULJ
r Lr L_ C.J lat o o-;.{.,/ O tA (/..}

LIJUd{

N
m

F

frlr\
tl

bfi
b'=
cr

(#'!

t

't t.a.

.rt

,1

-..i, r I
.; f I r'-.t r

'a
a.

i"

;'J

f:

.,J

t'
ftr

, .'i, 
,,,*"1r' 

,ii't
f' . l+**{'frr,

"}h.
3F

'{ r-_,_ ,fqr
tr
itu

ff-+4r#



IPROPOSAL TO REMOVE SrrE FROM
WATERMONITORTNG PROGRAMI

Location: Section 15, Township 17 South, Range 7 East, SLB&M. These sites are located

within the Deer Creek and Wilberg/Cottonwood mine permit boundary and within the Federal

Coal lease U-0401 51 .

Lease Association: Both 79-23 and79-24 are located in federal coal lease U-040151. The lease

was acquired from the Church of Jesus Christ of Latter Day Saints in 1999. Both the Hiawatha

and Blind Canyon seams have been mined in this lease. Room and pillar mining began the Blind

Canyon Seam in 1974 from Deer Creek's 2nd South Mains. From the Wilberg/Cottonwood

Mine, I % North was advanced in the Hiawatha Seam. Longwall mining occuffed east of the

springs in the Blind Canyon Seam (Deer Creek 1987) and Hiawatha Seam (Wilbery'Cottonwood

Mine 1994).

Subsidence: Manimum subsidence in area east and adjacent to the springs has stabilized at

approximately 13 feet. The 2003 Annual Subsidence Report reported that the subsidence

has been stable since at least 1995. The springs are outside of the subsided areas.

Additional data from the 2004 Annual Subsidence Report is included herein.

Water Data: Historic water quality data is included for springs 79-23 and 79-24. Data show no

abnormalities in the water quality parameters for this area of East Mountain. Historic flow data

has been collected since 1983 and has continued through 2012. This information is found on the

following page where July spring flow is plotted against precipitation data collected from the

East Mountain weather station, as well as the Palmer Drought Index for regions 4, 5, and 6. The

East Mountain weather station is located on the southern tip of East Mountain. Spring 79-23

stopped flowing in 1987. There has been no report of flow since that time except for a small

flow of 0.2 gpm in 1998. The mode of occuffence for this site is flow along permeable strata

underlain by impermeable mudstone which intersects the land surface. The stratigraphic location

of this site is the base of the North Horn Formation.

Spring 79-24 stopped flowing in 1989. There has been little report of flow since that time. In
1998, a flow of 1.0 gpm was reported. The mode of occurrence for this site has not been

identified. The stratigraphic location of this site is the Price River Formation.

Justification for removal from monitorins: Sites 79-23 and 79-24 have been monitored by
Energy West Mining Company since 1979. The springs are located in the base of side drainage

of the Left Fork of Grimes Wash. Spring 79-23 is located approximately 1,000 feet up drainage

of 79-24. Neither spring is deep seated formational/structural type of system, rather

accumulation nrnoff associated with the small drainage. Recharge is limited and the southern

exposure restricts prolonged flow especially during periods of drought. Even in periods of
reduced precipitation, it is likely that flow exist for a short time frame coinciding with the snow

Justification Document EMS 79-23,79-24



IPROPOSAL TO REMOVE SITE FROM
WATERMONTTORTNG PROGRAMI

melt. However, with the sampling scheduled for the month of July (normal access to East

Mountain), flow from this shallow system dissipates prior to the scheduled sampling timeframe.

Mining occurred near the area of 79-23 prior to recorded flow (1976-1981). After mining was

completed, and when the area experience above normal precipitation, the spring began

discharging. This is similar to 79-24 where mining was completed in 1976 in the Blind Canyon

seam. Spring discharge was recorded starting in l98l throughl986. Mining in the Hiawatha
began in 1989 after spring discharged ceased. This sequence of mining events does not correlate

well with the presence or absences of spring discharge. It is therefore believed that mining has

not impacted these sites.

Subsidence in the area of the springs has been recorded at approximately one to two feet. No
surface cracks have ever been witnessed. It is therefore believed that there have been no impacts

due to subsidence.

These springs were shown (refer to attached flow chan) to discharge from l98l through 1986.

However, this period of continuous discharge occurred when precipitation (snow pack) was well
above normal. Energy West believes that this evidence alone shows that the springs are

influenced by climatic conditions and not underground mining operations.

Although these sites are within a current federal coal lease and within the mine permit
boundaries, their location is in the southern extents of the Deer Creek permit boundary where no

future mining is planned. The area in the vicinity of the springs has been completely mined out
in both seams of both mines. Therefore, Energy West is removing these sites from its hydrologic
monitoring program and will no longer sample for quality or quantity of their discharge. If the

Division does not agree with Energy West's findings, please provide compelling scientific
evidence that suggests that our underground mining operations have impacted these sites.

Justification Document EMS 79-23.79-24
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IPROPOSAL TO REMOVE SITE FROM WATER
MONTTORTNG PROGRAMI

Location: Section 16, Township l7 South, Range 7 East, SLB&M. Historically, this site was

located within the Deer Creek and Wilberg/Cottonwood mine permit boundaries; however, since

relinquishment of lease U-040151, (see below) the sites now lie outside any federal coal lease or
mine permit boundary.

Lease Association: Burnt Tree spring was associated with federal coal lease U-040151.

PacifiCorp was sublessee to the Church of Jesus Christ of Latter Day Saints which held the

Federal Coal Lease. In April 1997, PacifiCorp applied for partial relinquishment of 700 acres

from the lease as the area had been mined out or was unmineable due to adverse geologic,

engineering, or safety conditions.

Two seams were mined within the vicinity of the Burnt Tree spring; the Blind Canyon Seam

from Deer Creek Mine, and the Hiawatha Seam from the Wilberg/Cottonwood Mine. The spring
lies directly over the 7th Right mined out longwall panel of the Hiawatha Seam (Wil/Cot) and on
the southern edge of the C and D North mined out panels in the Blind Canyon Seam (DC). Refer

to the profile attached herein called 2004 Subsidence - Area I l. The stated panel in the

Hiawatha Seam was completed in 1993. The stated panel in the Blind Canyon Seam was

completed in in 1987.

Subsidence: Maximum subsidence in the mined area stated above reached approximately I 1

feet. However, this was in the areas where double seam extraction took place; north of the

spring. The attached North/South Profile (2004 Annual Subsidence Report) shows

approximately 1 I feet of subsidence occurred. The West/East Profile shows approximately l0 of
subsidence. Surface fractures were discovered in 1995 approximately 800 feet northwest of
Burnt Tree spring. Measurernents of the spring discharge throughout the summer of 1993 and

1994 indicated that the fracturing had no effect on the spring. Yearly subsidence reconnaissance

indicated that subsidence was substantially complete by 1995. Refer to Supplemental Volume 1,

Lease Relinquishment, tab Phase III, tab Data Summary Report.

Additional data from the 2004 Annual Subsidence Report is included herein.

Water Data: Pre- and Post-water quality data is included for Burnt Tree spring, Data show

insignificant variances between pre- and post-quality results. Historic flow data has been

collected since 1983 and has continued through 2012. This information is found on the

following page where July spring flow is plotted against precipitation of the East Mountain
weather station, as well as the Palmer Drought Index for regions 4, 5, and 6. The East Mountain
weather station is located on the southern tip of East Mountain. Spring flow shows a positive
correlation with precipitation. The mode of occurrence for the Burnt Tree spring is permeable

fluvial channels that intersect the land surface. The stratigraphic location for Burnt Tree spring

is the North Horn Formation.

Justification Document EMS Burnt Tree



fpRoposAl, To REMovE srTE FROM WATER
MONTTORTNG PROGRAMI

Justification for removal from monitorins: The Burnt Tree spring has been monitored by
Energy West Mining Company since 1979. The site is located on the ridge above Grimes Wash.

Historically, the site was developed in the 1940's as a culinary supply for the Deseret/Bee Hive
mines. More recently, the site has been developed and is being utilized by the Cattlemen's
Association. Recorded discharges from the spring shows that it trends nearly identical to the

Palmer Hydrological Drought Index and the East Mountain weather station. This trending seems

to indicate that the discharges are climatically controlled.

Like other springs located in the North Horn Formation, the Burnt Tree spring occurs in a

permeable fluvial channel that intersects the land surface. The spring is underlined by
impermeable mudstones that disconnect shallow formed springs from lower stratigraphic
strucfures.

The site has been undermined in two seams. Subsidence data shows up to approximately I I feet
of subsidence to the northeast of the spring. No surface cracking is evident in the area of spring,
however, surface cracks were found approximately 800 feet to the northwest. There have been

no reported occurrences in which mining has impacted this site. Historic quality and quantity
data has not indicated such impacts to the site.

Since the federal coal lease has been relinquished (with DOGM concurrence) and the site is no

longer within the boundaries of a mine permit, Energy West Mining Company retains no legal
right of entry, nor control of the site. Therefore, Energy West is removing this site from its
hydrologic monito.ittg program and will no longer sample for quality or quantity of its discharge.

If the Division does not agree with Energy West's findings, please provide compelling scientific
evidence that suggests that our underground mining operations have impacted this site.

Justification Document EMS Burnt Tree
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lpRoposAl, To REMovE SITE FROM WATER
MONTTORTNG PROGRAMI

Location: Sections 20 and 21, Township 17 South, Range 7 East, SLB&M. These sites are

located within the Deer Creek and Wilberg/Cottonwood Mine permit boundaries.

Lease Association: Springs 79-2,79-40,80-41, and 80-44 are associated with federal coal lease

U-040151. PacifiCorp is the leaseholder of U-040151. Spring 80-43 is associated with federal

coal lease U-083066. Panel development off of the 3'd South Mains was started in 1980 in the

Blind Canyon Seam (DC) for the ls thru 7th Right longwall panels. These panels undermine all

the above stated springs. Extraction of these panels under the springs was completed in 1986.

Panel extraction continued northward and was completed in 1991

For development in the Hiawatha Seam (Wilberg/Cottonwood Mine) near the vicinity of the

springs, the Znd thru 6'h Left longwall panel began in1992 and was completed in 1995.

Double seam mining was only conducted below spring 79-2.

Subside,nce: Maximum subsidence in the mined area stated above reached approximately 13

feet. This was in areas where double seam extraction took place 13'd thru Sth Right longwall

panel (DC) and the 2nd thru 5th Left panel (WL/CTW)). The attached map (2004 Annual

Subsidence Report) shows the springs location relative to the maximum subsidence. Fractures

were discovered in 1995 along the western extent of the 5th, 6ft, and Z'h Right longwall panels.

The subsidence was virtually unchanged between 1995 and 2004 as shown in the subsidence

profile charts attached herein. Refer to Supplemental Volume l, Lease Relinquishment, tab

Phase III, tab Data Summary Report, pages 18 -23, formore detailed information.

Additional data from the 2004 Annual Subsidence Report is included herein.

Wate-{ Data: There are two years of pre-mining water quality data for spring 79-2 as monitoring

began in 1979. Underground mining in the vicinity of this spring was completed in 1995. Data

show insignificant variances between pre- and post-mining quality results.

Pre-mining water quality data is attached for spring 79-40. Monitoring for quality parameters

began in 1979 and continued through 2012. Data show insignificant variances between pre- and

post-mining quality results.

Pre-mining water quality data is attached for spring 80-41. Monitoring for quality parameters

began in 1980 and continued through 2012. Data show insignificant variances between pre- and

post-mining quality results.

Pre-mining water quality data is attached for spring 80-43. Monitoring for quality parameters

began in 1980 and continued through 2012. Data show insignificant variances between pre- and

post-mining quality results.

Justification Document EMS 79-2, 79-40, 80-41, 80-43, 80-44



IPROPOSAL TO REMOVE SITE FROM WATER
MONTTORTNG PROGRAMI

Pre-mining water quality data is also attached for spring 80-44. Monitoring for quality
parameters began in 1980 and continued through 2012. Data show insignificant variances

between pre- and post-mining quality results.

Historic flow data has been collected for springs 79-2,79-40,80-41, 80-43, ffid 80-44. Flows
are graphed from 1981 through 2012. This information is include for these springs where July
spring flow is ploffed against precipitation of the East Mountain weather station, as well as the

Palmer Drought Index for regions 4, 5, and 6. The East Mountain weather station is located on

the southern tip of East Mountain. Spring flow shows a positive correlation with precipitation

The mode of occurrence for springs 79-Z and 80-43 is permeable fluvial channels that intersect

land surface. The stratigraphic location for these springs is the North Horn Formation. The

mode of occurrence for 79-40, 80-41, ffid 80-44 has not been identified and the springs are

stratigraphically located in the Price River Formation.

Justification for removal from monitorine: Sites 79-2,79-40,80-41, 80-43, ffid 80-44 have

been monitored since 1979 by Energy West Mining Company. All of the springs are located in
the upper reaches of the Left Fork of Grimes Wash. As mentioned above, 79-Z and 80-43 are

found within the North Horn Formation and occur from fluvial channels that intersect the land

surface. These fluvial channels lie on top of impervious mudstones without any hydrologic
connection to formations below.

Although the listed springs are losated within the drainage area of the Left Fork of the Grimes

Wash, two springs, 80-41 and 80-44, are located on a flat bench within the canyon where

recharge is limited. Their geographic location restricts prolonged flowo especially during periods

of drought. Even in periods of reduced precipitation, it is likely that flow only exists for a short

time frame coinciding with the snow melt. However, with the sampling scheduled for the month
of July (normal access to East Mountain), flow from this shallow system often dissipates prior to
the scheduled sampling timeframe. During normal periods of precipitation, the flat bench

becomes saturated and areas of discharge are formed. The gradient near the 80-44 is relatively
flat making sample collection difficult. Spring 80-41 is located downslope of the flat bench,

thereby making sample collection more representative of the area.

Spring 80-43 is located in the North Horn Formation near the base of the Flagstaff Limestone in
the head of the Left Fork of Grimes Wash. Recharge is limited and the eastern exposure restricts

prolonged flow especially during periods of drought. Even in periods of decreased precipitation,

it is likely that flow only exists for a short time frame coinciding with the snow melt. However,

with the sampling scheduled for the month of July (normal access to East Mountain), flow from
this shallow system often dissipates prior to the scheduled sampling timeframe. Flow from the

Justification Document EMS 79-2,79-40, g0-41, g0-43, g0-44



IPROPOSAL TO REMOVE SITE FROM WATER
MONTTORTNG PROGRAMI

adjacent spring 79-3 is more persistent than 80-43. However, flow from both of these shallow
systems is typically short lived and a direct function of the winter snowpack.

All the spring sites are within the same subsidence zone of the Deer Creek and Cottonwood
longwall panels. Subsidence ranges between one and one-half feet to nine feet. Spring 80-44

experienced the least subsidence at one and one-half feet.

All the sites show decreases to their flow over time. Energy West believes that the decreased

flow has been controlled by climatic conditions rather than by subsidence from underground

mining operations. The trend of these five springs mimics the trend of springs 79-26 and 79-32
both of which have not been influenced by underground coal mining operations.

With the facts presented, Energy West is removing these sites from its hydrologic monitoring
program and will no longer sample for quality or quantity of their discharge. If the Division does

not agree with Energy West's findings, please provide compelling scientific evidence that

suggests that our underground mining operations have impacted these sites.

Justification Document EMS 79-2, 79-40, 80-41, 80-43, 80-44
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lpRoPosAL To REMOVE SITE FROM WATER
MONTTORTNG PROGRAMI

Location: Section 20, Township 17 South, Range 7 East, SLB&M. Thise sites are located

within the Deer Creek and Wilberg/Cottonwood mine permit boundaries.

Lease Association: Spring 78-28 (a.k.a. Flag Lake) is associated with federal coal lease U-
083066. PacifiCorp is the sublessee to the Church of Jesus Christ of Latter Day Saints who is
the leaseholder of U-083066. The spring is located above the coal barrier separating the Main
West and Trail Mountain Access (TMA) in the Wilbery'Cottonwood Mine. These mains were

developed in 1978 and 1993 respectively. The Cottonwood/TVilberg Mine was sealed in 2001.

There are no current plans for re-entering this mine.

Subsidence: This area was undermined by room and pillar mining operations only. No

subsidence has ever been documented.

Water Data: Pre- and Post-mining water quality data is included for spring 79-28. Historical

data show insignificant variances of the results throughout history.

Historic flow data has been collected since 1981 and has continued through 2012. This

information is found on the following page where July spring flow is plotted against precipitation

of the East Mountain weather station, as well as the Palmer Drought Index for regions 4, 5, and

6. The East Mountain weather station is located on the southern tip of East Mountain. Spring

flow has been very consistent over the time period of 1993 through 2012. The mode of
occrilrence for the springs is permeable fluvial channels that intersect land surface. The

stratigraphic location for these springs is the North Horn Formation.

Justification for removal from monitorins: Site 79-28 has been monitored by Energy West

Mining Company since 1979. The spring has a west-facing orientation and located on a bench

on the western slope of East Mountain. The area where the spring is located is heavily

vegetated. These areas tend to delay runoff and produce good spring flows in July.

Like other springs located in the North Horn Formation, spring 79-28 occurs in a permeable

fluvial channel that intersects the land surface. The spring is underlined by impermeable

mudstones that disconnects shallow formed springs from lower stratigraphic structures.

Uncharacteristically, springT9-28 has had very consistent flow since 1993. Although there has

been two major drought periods, it seems flow has not been influenced greatly. Flows have

averaged about 1.0 gallon per minute.

The site is located within a current federal coal lease and within the Deer Creek mine and

Wilberg/Cottonwood permit boundaries. There are no plans for any future mining in this area as

this area has been completely mined out. Permanent seals have been installed underground in
the Deer Creek Mine to isolate the area from the rest of the mine. The Wilberg/Cottonwood

Justification Document EMS 80-46, 80-47



IPROPOSAL TO REMOVB SrTE FROM WATER
MONTTORTNG PROGRAMI

Mine has been permanently sealed at its portals. Permanent seals eliminate the potential for any

further mine development.

With the facts presented, Energy West is rernoving this site from its hydrologic monitoring
program and will no longer sample for quality or quantity of their discharge. If the Division does

not agree with Energy West's findings, please provide compelling scientific evidence that

suggests that our underground mining operations have impacted this site.

Justification Document EMS 80-46, 80-47
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IPROPOSAL TO REMOVE SITE FROM WATER
MONTTORING PROGRAMI

Location: Section 21, Township 17 South, Range 7 East, SLB&M. These sites are located

within the Deer Creek and Wilbery'Cottonwood mine permit boundaries.

Lease Association: Springs 80-46 and 80-47 are associated with federal coal lease U-040151.

PacifiCorp is the sublessee to the Church of Jesus Christ of Latter Day Saints which is the

leaseholder of the Federal Coal Lease. The springs are located above the coal barrier separating

the Main West and I't West Mains in the Wilberg/Cottonwood Mine. These mains were

developed in 1977. Two panels south of the springs (2nd and 3'd West longwall panels) have

been completely extracted from the Hiawatha Seam.

Subsidencel Maximum subsidence within the area of the longwall panels reached

approximately 3 to 4 feet. No subsidence is reported in the vicinity of the springs. Refer to the

2004 Annual Subsidence Report data which are included herein.

Water Data: Post-mining water quality data is included for springs 80-46 and 80-47. Historical

data show insignificant variances of the results throughout history.

Historic flow data has been collected since 1981 and has continued through 2A12. This

information is found on the following page where July spring flow is plotted against precipitation

of the East Mountain weather station, as well as the Palmer Drought Index for regions 4, 5, and

6. The East Mountain weather station is located on the southern tip of East Mountain. Spring

flow shows a positive correlation with precipitation. The monitoring location for spring 80-47

was relocated to the east due to private property development. Single point monitoring includes

flow from both sources (80-46 and 80-47) and has been referred to as 80-47(refer to photo). The

mode of occurrence for the springs is permeable fluvial channels that intersect land surface. The

stratigraphic location for these springs is the North Horn Formation.

Justification for removal from monitorins: Sites 80-46 and 80-47 have been monitored by

Energy West Mining Company since 1980. The springs have a north-facing orientation and

located near the ridge top of the Left Fork of the Grimes Wash. The area where the springs are

located are heavily vegetated. These areas tend to delay runoff and produce good spring flows in

July.

Like other springs located in the North Horn Formation, springs 80-46 and 80-47 occur in a

permeable fluvial channel that intersects the land surface. The springs are underlined by
impermeable mudstones that disconnects shallow formed springs from lower stratigraphic

structures.

Spring flow is fairly consistent with the reported precipitation from the East Mountain weather

station and the Palmer Hydrological Drought Index. The sites are located within a current

federal coal lease and within the Deer Creek mine and Wilberg/Cottonwood permit boundaries.

There are no plans for any future mining in this Lrea as this area has been completelymined out.

Justification Document EMS 80-46, 80-47



IPROPOSAL TO REMOVE SITB FROM WATER
MONTTORTNG PROGRAMI

Permanent seals have been installed underground in the Deer Creek Mine to isolate the area from

the rest of the mine. The Wilberg/Cottonwood Mine has been permanently sealed at its portals.

Permanent seals eliminate the potential for any further mine development.

Although the site shows a general decrease to its flow over time, Energy West believes that the

dec,reased flow has been influenced by climatic conditions and not underground mining
operations. The decreasing trend of this spring mimics the trend of springsT9-26 and79-32 both

of which have not been undermine by underground coal mining operations.

With the facts presented, Energy West is removing these sites from its hydrologic monitoring
program and will no longer sample for quality or quantity of their discharge. If the Division does

not agree with Energy West's findings, please provide compelling scientific evidence that

suggests that our underground mining operations have impacted these sites.

Justification Document EMS 80-46, 80-47
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Spring: 80-46

Elevation: 9,342 feet
Coordinate: N 39"19'26.4' W 111"08'51.3"
Aspect: North Northeast
Associated Formation: North Horn
Note: Area below 80-45 and 8A-47 is wet and
f lowing. Th is occu rs a pproximately 100 feet
below original location of springs.



Spring: 80-47
(Historic Location|

Elevation: 9,334 feet
Coordinate: N 39"L9'27.7' W 111"08'52.8"
Aspect: North Northeast
Associated Formation: North Horn
Note: Area below 80-45 and 80-47 is wet and
flowing. This occurs approximately 100 feet
below origina I location of springs.



Spring: 80-47
(Combined Single Point Monitoring)

E levation : 9,3 1,5 feet
Coordinate: N 39'19'25.2" W 11L"08'45.8"
Aspect: East

Associated Formation: North Horn

I .-



IPROPOSAL TO REMOVE SrTE FROM WATER
MONTTORTNG PROGRAMI

Location: Section 26, Township 17 South, Range 7 East, SLB&M. Historically, the site was

located within the Des Bee Dove Mine permit boundary; however, since relinquishment of the

federal coal lease, U-02664, and reduction of the permit boundary after final reclamation of the

mine site in 2001, this site now lies outside a federal coal lease, as well as the mine permit

boundary.

Lease Association: This site was associated with federal coal leaseU-02664. The lease was

acquired from the Church of Jesus Christ of Latter Day Saints in 1972. Room and pillar mining
began in the Little Dove Mine in 1980 in the 2ndNorth Mains of the Blind Canyon Seam. Retreat

mining (pillaring) was completed in this area in 1986.

In the Hiawatha Seam or Deseret Mine, room and pillar mining (adjacent to 82-51) began in
lg73 in the I tt North Mains and 1981 in the 2nd North Mains. No retreat mining was conducted

in this area of the Deseret Mine.

In December 1995, the BLM approved (with concurrence by USFS and DOGM) a partial

relinquishment of 240 acres for U-02664. In February, 2004, the BLM accepted an additional
250 acres. Both approvals were retroactive as of April 24, 1992 (date of application). In

September 2011, The BLM accepted relinquishment of the remaining 430 acres of U-02664.
The final relinquishment of the remaining acreage was retroactive as of December 15, 2006.

Subsidence: As stated in the 2004 Subsidence Report, submitted May 2005, Area 13 of the Des

Bee Dove mine site (and the area of spring 82-51) subsidence in substantially complete. Figures

41, 42, and 43 show a maximum subsidence in Area 13 of approximately 3 feet (refer to
Supplemental Volume 1, Lease Relinquishment, tab Phase I&II, tab Profiles and Isograms and

also included herein). There is no indication that subsidence has affected the flow quantity of
spring 82-51 .

'Water Data: Historical water quality data is included for spring 82-51 . Data show no

abnormalities in the water quality parameters for this area of East Mountain. Historic flow data

has been collected since 1982 and has continued through 20L2. This information is found on the

following page where July spring flow is plotted against precipitation data collected from the

East Mountain weather station, as well as the Palmer Drought Index for regions 4, 5, and 6. The

East Mountain weather station is located on the southern tip of East Mountain. Spring flow
shows a positive correlation with precipitation. The mode of occurrence for this site is
permeable fluvial channels that intersect the land surface within the stratigraphic location of the

Price River Formation.

Justification for removal from monitorine: Site 82-51 has been monitored by Energy West

Mining Company since 1982. The spring is located within the Right Fork of the Grimes Wash

drainage system. Its orientation is west-facing in an area with moderate vegetative cover. The

Justification Document EMS 82-51



IPROPOSAL REMOVE SITE FROM WATER
MONTTORTNG PROGRAMI

spring has been developed; howevero the site has deteriorated rapidly (fence/collection/trough)

due to cattle grazingand lack of maintenance.

The attached chart comparing spring flow to precipitation and the Palmer Hydrologic Drought

Index shows a very good correlation. 1983 shows unprecedented precipitation with accordingly

high discharge from the spring. As the climatic wet period merged to drought, spring flow
decreased to zero. This lasted throughout the years of drought. Spring flow continued once

climatic wet conditions returned. However, because of the variability of the climatic periods that

followed, recharge and discharge of this spring was affected.

Like other springs located in the North Horn Formation, spring 82-Sl occurs in a permeable

fluvial channel that intersects the land surface. The spring is underlined by impermeable

mudstones that disconnect shallow formed springs from lower stratigraphic structures.

Subsidence in the area of the spring has been recorded at approximately three feet. Although the

sites show decreases to their flow over time, Energy West believes that the decreased flow has

been influenced by climatic conditions and not underground mining operations. The trend of this

spring mimics the trend of springs 79-26 and 79-32 both of which have not been undermine by

underground coal mining operations.

Since the federal coal lease has been relinquished (with concrilrence by DOGM) and the site is

no longer within the boundaries of a mine permit, Energy West Mining Company retains no legal

right of entry to the site, nor control of the site. Energy West is removing this site from its
hydrologic monitoring program and will no longer sample for quality or quantity of their

discharge. If the Division does not agree with Energy West's findings, please provide

compelling scientific evidence that suggests that our underground mining operations have

impacted this site.

Justification Document EMS 82-51
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East Mountain Spring: 82-51

Water Quality Data: Operational
Mine Association: Des Bee Dove Mine
Date of Development: Blind Canyon Seam: 1980

Date of Second Mining: Blind Canyon Seam: Completed in 1985

Historical Data: 1980 - 2011

MAXIMUM MINIMUM AVERAGE # ANALYSIS

BICARBONATE

CALCIUM

CARBONATE

CHTORIDE

CONDUCTIVIW

DISSOLVED OXYGEN

FtOW
HARDNESS

TOTAL IRON

DISSOLVED IRON

MA6NESIUM
DISSOLVED MANGANESE

MANGANESE

OIL AND GREASE

PH

POTASSIUM

sET SOUDS

SODIUM

SULFATE

SUSPENDED SOLIDS

TEMPERATURE

TOTAT DISSOLVED sOLID5

4tL 275 346.29 2L

r22 46 81.413 2L

20 0 6 6

20 7.9 L5.467 7L

1000 562 842.62 2L

11.9 5.6 7.48 5

15 0.14 2.5945 22

s20 29s 407.29 L7

1_0.57 0 1.5587 L5

0.1 0 0.042 10

62.2 41 48.23 2L

o.242 0 0.0713 7

0.1 0 0.0243 6

0

8.35 7.3 7.86 2L

6.09 0.38 L.5244 t6
0

44 20.9 30.11s 2L

191 t4 139.38 2I
140 2 40.75 6

52.9 3.2 1_3.162 2t
6t2 153 5L8 2L
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5p ring: 82-51

E lcvatio n : 8,960 fcct
Coordinatc: N 39"19'l-5.6" W 111-"06'43,5"

As p ect: We st

Associated Formation: Price River, Bear Cyn

Fault Zone



lpRoposAl, To REMovE SITE FROM WATER
MONTTORING PROGRAMI

Location: Section 28, Township l7 South, Range 7 East, SLB&M. Historically, the site was

located within the Wilberg/Cottonwood Mine permit; however, since relinquishment of lease U-
479'78, (see below) this site now lies outside any federal coal lease and mine permit boundary.

Lease Association: This site has been associated with federal coal lease U-47978. The lease

was acquired in 1981. Development in the 3'd South Mains (in the area of Spring 8a-56) began

in Novemb er 1987. Panel development for the 8ft East (longwall panel below spring) began in

January 1988. Panel extraction for the 8th East panel was completed in 1989. Both the

development and extraction mining were conducted within the Hiawatha Seam only. The spring

has been undermined by mining operations.

In December 1995, the BLM approved (with concurrence by USFS and DOGM) a partial

relinquishment of 1,347.31 acres for U-47978. The relinquishment was retroactive as of April
24, 1992 (date of application). In March 2004, the BLM again approved a partial relinquishment

of 1,820.00 acres. Only 180 acres has been retained for this lease and is part of the

Wilbery'Cottonwood Mine permit boundary. The second relinquishment was retroactive as of
October t6, 1992.

Subsidence: Refer to the Supplemental Volume 1, Lease Relinquishment, tab Phase I & II, tab

Data Summary Report pages 22 - 27 . Monitoring shows that the area of the spring has subsided

up to 4 feet (1000 foot diameter). but only2 feet directly beneath the spring. Data from the 2004

Annual Subsidence Report is included herein. There is no indication that subsidence has

affected the flow quantity of Spring 84-56.

\ilater Data; Historic and Post-water quality data is included for spring 84-56. Data show

insignificant variances between the historic quality and post-mining quality results. Historic

flow data has been collected since 1984 and has continued through 2012. This information is
found on the following page where July spring flow is plotted against precipitation data collected

from the East Mountain weather station, as well as, the Palmer Drought Index for regions 4, 5,

and 6. The East Mountain weather station is located on the southern tip of East Mountain.

Spring flow shows a positive correlation with precipitation. The mode of occurrence for this site

is permeable fluvial channels that intersect the land surface. The stratigraphic location is within
the North Horn Formation.

The U.S. Bureau of Mines completed an independent study (1994) of the mining impacts on the

hydrology of East Mountain (Response of Springs to Longwall Coal Mining at the Deer Creek

and Cottonwood Mines, Wasatch Plateau, Ut., Information Circular 94005, U.S. Bureau of
Mines). This report is included as Appendix A in this submittal. The data in this study was

collected by PacifiCorp from springs determined to represent hydrologrc conditions on East

Mountain. Spring 84-56 was included as part of this study.

Justi fi cation D o cument EMS 84-s6



IPROPOSAL TO REMOVE SrTE FROM WATBR
MONTTORTNG PROGRAMI

Justificatlgn for, re{noval from monitorins: Site 84-56 has been monitored by Energy West

Mining Company since 1984. The spring is located on an east-facing slope in very heavy

vegetative cover and has been developed. However, the site has deteriorated due to cattle
grazing and lack of maintenance.

Like other springs located in the North Horn Formation, spring 84-56 occurs in a permeable

fluvial channel that intersects the land surface. The spring is underlined by impermeable

mudstones that disconnect shallow formed springs from lower stratigraphic structures.

Spring flow is fairly consistent with the reported precipitation from the East Mountain weather

station and the Palmer Hydrological Drought Index. However, this site seems more affected by
the precipitation deficit than other shallow formed springs.

This site is not located within a current federal coal lease and outside the Wilberg/Cottonwood
permit boundaries. There are no plans for any future mining in this area as this area has been

completely mined out. Permanent seals have been installed underground in the

Wilberg/Cottonwood mine complex to isolate the area from the rest of the mine. In 2001, the

Wilberg/Cottonwood Mine was permanently sealed at its portals. Permanent seals eliminate the

potential for any further mine development.

Although the site shows a general decrease to its flow over time, Energy West believes that the

decreased flow has been controlled by climatic conditions and not underground mining
operations. The decreasing trend of this spring is similar to the trend of springs 79-26 and 79-32
both of which have not been undermine by underground coal mining operations.

Because the federal coal lease has been relinquished (with concurrence by DOGM) and the site

is no longer with the boundaries of a mine permit, Energy West Mining Company retains no

legal right of entry to the site, nor control of the site.

With the facts presented, Energy West is removing this site from its hydrologic monitoring
program and will no longer sample for quality or quantity of their discharge. If the Division does

not agree with Energy West's findings, please provide compelling scientific evidence that

suggests that our underground mining operations have impacted this site.

Justification Document EMS 84-56
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t
East Mountain Spring:
Water Quafity Data:
Mine Association:

Date of Development:
Date of fucond Mining:

84-56

Operational
Wilberg/Cottonwood
Hlawatha Seam: 1987
Hlawatha Seam: 1989

Historftf,l Det* 1984 - 2012 ilr Drta: 1984-1989 Po$t-MlninE Deta; 19!10-2012

VIAXIMUM MINIMUM AVERAGE #ANAIY5I5 MAXIMUM MINIMUM AVERAGE # ANATYSIS Mru(IMUM MINIMUM AVERAGE #ANALYsIs
BICARBONATE

CATCIUM

CARBONATE

CHTORIDE

coilDucflvfrt
DISSOLVED OXYGEH

FLOW

HARDHESS

TOTAT IRON

orssoLvED tRoN
MAGI{ESIUM

DISSOTVED MAI{GAI{ESE
MANGAHESE

OITAND GREASE

PH

FOTASSIUM

sET SOUDS

SODIUM
ST.IT,FATE

SUSPENDED SOUDS

TEMPERATURE

TOTAL DISSOLVED SOUDS

406 266 339.02 43 368 3L1 34: 405 100 337.44 34 BICARBOT{ATE

CATCIUM

CARBOHATE

CHTORIDE

CONDUCTIVTTV

DISSOIVED O}ffGEN
Ftow
HARDHESS

TOTAT IROI{

DISSOLVED IRON

MAGHESIUM
DISSOLVED MANGANESE

85.9 39.7 61,146 53 86.9 51. 53.32 85.9 39.7 50.439 40
10 0 1.5 u 1 1 10 0 1.85 20
35 4 9,4585 41 LO.2 5 8.322 35 4 9.7781 32

680 360 554.28 53 68C 45C 555.5t 558 360 553.88 40
9.3 4.9 6.7692 26 9.3 6.5 8.133 9.3 4.9 5.5913 23
67.t 0.08 2.3544 55 6.3 0.9 2.534 1a 67.L 0.08 23.005 40
387 23s 290.33 s2 322 27C 296,8: 387 t5t 288.15 ao

3.8 n 0.43tr 11 3.8 0 0.43il 11

0.2 0.0625 24 0.06 0.02 0.041 0.2 0 0.0753 15

42 19.8 32.822 53 31.L 20.2 32.15,( 42 19.8 33.039
0 n 4 0 0 0 4

0.2 0.0457 35 0.01 0.01 0,01 0.2 0 0.0643 23 MAT{GANESE

OILANDGREASE

PH

POTASSIUM

sEI SOUDS

50DruM
SUT"FATE

SUSPEHDEDSOUDS

TEMPfRATURE

roTAL D|550wED 50UDS

8.42 6.1 7.478 55 8.42 6.7 7.560( 1 /.8 7.445 40
5 0.03 1.3737 2t 1.1 0.4! 0.8€ 5 0.03 1.5205 18

20.8 11.7 17.133 4L 19.4 15.€ L7.424 20.8 LL,7 17.051 32

100 l 28.168 41 M 19 28.88! 100 7 27.966 32

59 0.5 6.4348 ?3 59 0.5 8.2221 24 1 5.2857 14

49.82 3.5 28.263 49 46 5 35.25 11 49.82 3.6 24.875 33

445 tt9 ?22.02 4L 4s5 28C u4 370 179 315.84 32
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Energy West 2004 $ubeidence Report
Arca f6 Suhidence Profile
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Spring: 84-56

Elevation: 9,357 feet
Coordinate: N 39"18'42.5' W 1LL"09'00.3"
Aspect: Northeast
Associated Formation: North Horn



IPROPOSAL TO REMOVE SITE FROM WATER
MONTTORTNG PROGRAMI

Ir.oc"Ftio4: Section 21, Township 17 South, Range 6 East, SLB&M. This site is outside the Trail
Mountain mine permit boundary and within the new State Lease ML-51191. The lessee of this

lease is PacifiCorp's Fossil Rock Fuel.

Lease Association: This site is associated with State Lease ML-51191. There are cuffently no

mining plans available for this lease.

Subsidence: None

Water Data: Water quality data is included for spring 17-21-1. Data show insignificant
variances of quality throughout history. Historic flow data has been collected since 1987 and has

continued through 2012. This information is found on the following page where July spring flow
is plotted against precipitation of the East Mountain weather station, as well as, the Palmer

Drought Index for regions 4, 5, and 6. The East Mountain weather station is located on the

southern tip of East Mountain. Spring flow shows a positive correlation with precipitation.

Justification for removal from monitorine: Site l7-21-l has been monitored by Energy West

Mining Company since 1993. The spring has not been undermined and is approximately two
miles north underground workings. There have been no reported occurrsnces in which mining
has impacted this site. Historic quality and quantity data has not indicated such impacts to the

site.

With the facts presented, Energy West is removing this site from its hydrologic monitoring
program and will no longer sample for quality or quantity of their discharge. If the Division does

not agree with Energy West's findings, please provide compelling scientific evidence that

suggests that our underground mining operations have impacted this site.

Justification Document TMS t7-21-1



TRAI L MOU NTAI N SPR''VGS
SPRTwG; 77-27-7 ys. PRECIPITATION
PEAK FLOW (JULV vs. EAST MOUNTAIN WEATHER SIAItOru

Monitoring conducted by previous operetors. No mining conducted . Location of spring is approxlmately 2 miles north of
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-o-East Mountain Precipitation

Note: Prior to 1993, PacifiCorp cannot verifo flow data. Data

AND PALMER DROUGHT NDN(
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Trail Mountain Spring: L7-2L-t (T-81

Water Quality Data: Operational
Mine Association: Trail Mountain Mine
Date of Development: No mining below spring

Notes:

- Out of Lease Boundary

- Out of Permit Boundary

- Not influence by mining (refer to map)

Historical Data: 1987 - 2011

MAXIMUM MINIMUM AVERAGE # ANATYSIS

BICARBONATE

CATCIUM

CARBONATE

CH[ORIDE

CONDUCTIVIW
DISSOTVED OXYGEN

FLOW

HARDNESS

TOTAL IRON

DISSOLVED IRON

MAGNESIUM

DISSOTVED MANGANESE

MANGANESE

OIt AND GREASE

PH

POTASSIUM

sET SOUDS

SODIUM
SUTFATE

SUSPENDED SOLIDS

TEMPERATURE

TOTAT DISSOTVED SOLIDS

438 302 387.s3 5L

70 7 52.936 51_

5 0 1_.1769 13

43.1 23 30.696 51

882 627 7r7.9 48

1_0.3 2.L 4.7857 1,4

5 0.06 0.7666 46

272 ?o7 244.33 46

0.34 0 0.0945 22

0.23 0 0.0953 19

59 1_3 27.883 5t
0 0 0 3

o.2 0 0.0s06 37

0

8.2 6.54 7.592s 51_

5 1 2.047 50

0

70.5 I2 61.334 51_

40 10 17.894 51

20 0.5 5.0536 28

55.2 5.8 17.432 26

496 310 393.96 51_
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Spring: L7-21-1

E levat io n : 9, 37 1, fe et
Coordinate: N 39"20'l-0.3" Vly' l-11"14'46.3"
Aspect: West-facing
Associated Formation: North Horn
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1PROPOSAL TO REMOVE SITE FROM WATER
MONTTORTNG PROGRAMI

Location: Section Z2,Township l7 South, Range 6 East, SLB&M. This site is outside the Trail
Mountain mine permit boundary and within the new State Lease ML-51191. The lessee of this
lease is PacifiCorp's Fossil Rock Fuel.

Lease Association: This site is associated with State Lease ML-51191. There are currently no

mining plans available for this lease.

Subsidence: None

Water Data: Water quality data is included for spring 17 -22-l . Data show insignificant
variances of quality throughout history. Historic flow data has been collected since 1987 and has

continued through 2012. This information is found on the following page where July spring flow
is plotted against precipitation of the East Mountain weather station, as well as, the Palmer

Drought Index for regions 4, 5, and 6. The East Mountain weather station is located on the

southern tip of East Mountain. Spring flow shows a positive correlation with precipitation.

Justification for removal fronl moqito{ins: Site 17-22-1 has been monitored by Energy West

Mining Company since I 993. The development of the spring is dilapidated whereas the

discharge has redirected and surfaces approximately 40 feet south of the original site. The spring

still flows to the pond below.

The spring has not been undermined and is one mile from any underground workings. There

have been no reported occurrences in which mining has impacted this site. Historic quality and

quantity data has not indicated such impacts to the site.

With the facts presented, Energy West is removing this site from its hydrologic monitoring
program and will no longer sample for quality or quantity of their discharge. If the Division does

not agree with Energy West's findings, please provide compelling scientific evidence that

suggests that our underground mining operations have impacted this site.

Justification Document TMS t7-22-l
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TRAI L MOU NTAI N SPR'TVGS
SPRI tG,' 77-22-7 vs, PRECIPITATION
PEAK FLOW (JULY) vs. EAST MOUNTAIN WEATHER SIAITOA/

AND PALMER DROUGHT INDEX
No mining conducted . Spring location is approximately l mile north of

Monltoring condusted by previous operetors. mining permit and lease boundaries.

.c|.ca^cp.dC,.dF.d^cF.cP"dd.d^d.d..f *s*s.dP.d$dddddddddd'dd
+17-22-1 Note: Prior to 1-993, PacifiCorp cannot verify flow data. Data
*East Mountain Precipitation
--*-Palmer Drouoht Index



Traif Mountain Spring: L7-22-L (T-9)

Water Quality Data: Operational
Mine Association: Trail Mountain Mine
Date of Development: No mining below spring

Notes:

- Out of Lease Boundary

- Out of Permit Boundary

- Not influence by mining (refer to map)

Historical Data: 1987 - ?;0tz
MAXIMUM MINIMUM AVERAGE f ANALYSIS

BICARBONATE

CATCIUM

CARBONATE

CHLORIDE

coNDucTtvtw
DISSOTVED OXYGEN

FLOW

HARDNESS

TOTAL IRON

DTSSOwED |RON

MAGNESIUM
DISSOLVED MANGANESE

MANGANESE

OIL AND GREASE

PH

POTASSIUM

sET SOUDS

SODIUM

SUTFATE

SUSPENDED 50LlDS
TEMPERATURE

TOTAL DISSOIVED SOLIDS

406 222 307.25 65

ro7 2T 46.282 65

24.6 0 2.387 23

30 6.9 9.7523 65

858 435 538.1_1_ 62

L2.2 3.7 7.5467 15

40 0.1 6.5046 63

338 193 255.22 63

1.6 0 0.2892 36

0.2 0 0.0721 29

69 LT 34.018 65

0.0s3 0 0.016 18

0.2 0 0.0439 39

0

8.8 6.92 7.7994 65

5 0.05 r.4642 54

0.1 0.1 0.L 1_

118.4 L2 20.0L 65

200 11 L7.675 65

1,r2 1_ 22.44 25

46.76 5.5 12.843 43

424 230 292.54 65



Spring: I7-22-L

Elevatio n: 9,242 feet
Coordinate: N 39"19'29.7' W 111"13'59.0"
Aspect: Southwest-faci ng

Associated Formation: North Horn
Note: No flow occurs at traditional sampling
point (box silted in). However, flow surfaces
approximately 40 feet to the south of sample
point and flows into pond.



lpRoPosAL To REMOVE SITE FROM WATER
MONTTORTNG PROGRAMI

Location: Section 35, Township 17 South, Range 6 East, SLB&M. This site is outside the

current Trail Mountain mine permit boundary and outside any federal coal lease.

Lease Association: The springs 17-35-l and l7-35-2 are located within the former Federal lease

UTU-64375 which PacifiCorp was the lessee. In 2009, PacifiCorp applied for partial

relinquishment of leases UTU-64375 and UTU-49332 (refer to January 5, 2009 application

document "Partial Relinquishment, Federal Coal Lease, UTU-64375" and "Partial

Relinquishment, Federal Coal Lease, UTU-49332") as all reserves had been mined and

subsidence was substantially complete. The BLM retroactively approved partial relinquishment

as ofJanuary 9,2009.

Subsidence: Mining in the 5th Left Mains occurred in 1990 and 1991 and was conducted by
Atlantic Richfield Company (ARCO), Mountain Coal Company, Trail Mountain #9. After the

purchase of Trail Mountain Mine by PacifiCorp in 1992, PacifiCorp completed development of
the 5th Left Mains fuither to the south and began development of the l*t through 5'n East gate

roads beginning in 1 gg5. Development of the t Oth Right gate roads was started in lggT . Within
the area of the springs (within a ll2 mile diameter), panel development of the 5th Right through

2nd Right gate roads began in 1998 and 1999. Panel extraction began in 5th Right in 1999. The

sth Right, 4tn Right, and 3'd Right panels were completely extracted; however, the 2"d Right panel

was abandoned in 2000 after retreating only 1,200 feet due to poor mining conditions. The I 
$

Right panel was extracted in 2001.

At the completion of panel extraction of the 5'h Right through I't Right panels, a maximum of 6

feet of subsidence had occurred. However, only approximately 2 feet of subsidence has been

reported in the area of the springs.

\ilater Data: As mentioned above, PacifiCorp purchased the Trail Mountain Mine in 1992. Its
staff began monitoring the surface and groundwater sites in 1993. PacifiCorp could not verify
any quantity or quality data prior to the time of purchase. Therefore, for the purposes of this

document, data for Trail Mountain Mine monitoring sites begins in 1993 and extends through

2012. Water quality and quantity data is included for spring 17-35-1. Spring 17-35-2 has never

reported flow (refer to flow charts).

Water quality shows little variation between pre-mining and post-mining operations. Flow data

however, show a significant reduction in flow from 1997 to 2001. Two explanations are needed

here. First, as illustrated on the Flow vs. Precipitation chart, spring discharge from 17-35-l
closelymimics the Palmer Drought Index between the years 1992 and 2000. Beginning in 1999,

the region started experiencing extreme drought conditions. These drought conditions persisted

until 2004. Flow had peaked (3.3 gpm) from spring l7-35-l in 1997. However, flow steadily

Justification Document TMS 17-35-1,17-35-2



lpRoposAl, To REMOVE SITE FROM WATER
MONTTORTNG PROGRAMI

decreased until it discontinued its flow in 2000. The flow at 17-35-1 never recovered even

though the indices indicated a wet cycle beginning again in 2004.

Secondly, during the occurrence of drought conditions between the years 1999 and 2004, the

grazing permittee attempted to redevelop this spring and associated trough. Redevelopment

activities were conducted in 2000. These activities included installation of a pipeline and

refurbishment of the trough. After redevelopment of the spring, there has been no report of
discharge from 17 -35-1, however, the erosion control contour ditches adjacent to the trough were

saturated but allowed no point for measurement. Spring 17-35-2 is located above a small man

made pond. This site has no evidence of flow.

Justifiggrtion for removal from monitolins: Sites l7-35-l and 17-35-2 has been monitored by

Energy West Mining Company since 1992. They are located on a west-facing slope in sparse

vegetative cover. The stratigraphic location for the springs are in the North Horn Formation.

Like other springs located in the North Horn Formation, these springs are underlined by
impermeable mudstones that disconnect shallow formed springs from lower stratigraphic

structures.

These springs are not located within a current federal coal lease (relinquished in 2009) and

outside the Trail Mountain permit boundaries. There are no plans for any future mining in this

area, as this area has been completely mined out. Permanent seals have been installed

underground in the Trail Mountain Mine to isolate the area from the rest of the mine. In 2001 ,

the Trail Mountain Mine was permanently sealed at its portals. Permanent seals eliminate the

potential for any further mine development.

With the above facts presented and since the federal coal lease has been relinquished (with

concurrence by DOGM) and the sites are no longer with the boundaries of a mine permit, Energy

West Mining Company retains no legal right of entry, nor control of the sites. Therefore, it is
requested that the sites be removed from the monitoring program.

Justification Document TMS t7-35,r, t7-35-2



TRAI L MOU NTAI N SPR'IVGS
SPRTwG: 77-35-7 vs, PRECIPITATION
PEAK FLOW (JULY) vs. EAST MOUNTAIN WEATHER STATION

AND PALMER DROUGHT I

+17-35-1
{-East Mountain Precipitation

Hiawatha Seam - first mining 
i.rl

development began in 1998 and second i;i

Note: Prior to L993, PacifiCorp cannot verify flow data. Data

collected by other.

Monitoring conducted by previous operators.
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TRAI L MOU NTAI N SPR'fVGS
SPRTwG; 77-35-2 vs. PREGIPITATION
PEAK FLOW (JULY) vs. EAST MOUNTAIN WEATHER SIATIO/V

AND PALMER DROUGHT I

conducted by previous operators.

No flow ever recorded from this site.

{-17-35-2
{EEast Mountain Precipitation
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TrailMountainSpring: 17-35-1(T-151

Water Quality Data: Operational
Mine Association: Trail Mountain Mine
Date of Development: Hiawatha Seam: 1998

Date of Second Mining: Hiawatha Seam: 1999-2000

Notes:

- Cattlemen permittees attemped to redevelop spring in 2000

- Spring has not produced flow since 2001

- Pre-mining data includes data collected prior to Energy West

Historical Data: 1!l{ll - 2012 Pre-Minin* Data: 1992 - 1998

MA)(IMUM MINIMUM AVERAGE # ANATVSIS MN(IMUM MINIMUM AVERAGE #ANALYSIS

BICARBOI{ATI

CALCIUH

CTRBOITIATT

CHLORIDT

CONDUCTIVln
DtssowED o'ffGEn

FLOUI

HARDT{ESS

TOTALIROI{
DrssowED rRolr

MAGI{E5IUff
DISSOLVED MAilGAI{ESE

MANGANEST

OIL AND GREAST

Pl'l

POTASS[,rtvl

sEr 50uD!
soDluM
SULFATT

SUSPET{DED SOLID!

TEMPERAruRT

TOTAT DISSOLVEO SOIID!

44L 206 387,6 43 44L 206 381.95 37

56.1 27 4L.6L2 43 56.1 27 4L.47 37

18.3 0,1 5,711 18 18.3 0.1 5.71 18

59 20.3 42.47 43 59 20.3 42.15 37

970 508 770.28 40 970 s08 765.24 34

11.9 4.4 7.53 14 11,9 4.4 7.54 14

5 0.16 1.08 39 5 0.16 0.8s 33

297 180 251.31 39 297 180 252.21 33

6.5 0.04 0.669 ZL 6.5 0.04 0.669 2t
4.74 0.05 0.48 18 4.74 0.0s 0.48 18

55 24.4 36.34 43 55 24.4 35.75 37

0 0

0.46 0.01 0.08 33 0,45 0.01 0,08 33

0 0

8.75 7.74 7.98 43 8.75 7.24 8.01 37

5 0.51 1.55 36 5 0,51 1.6 33

0 0

97.2 L2 77.99 43 97.2 T2 76.34 37

85 10.3 45,23 43 85 10.3 44.75 37

488 1 66,11 28 488 1 55.11 28

55.6 7.6 24.19 16 ss.6 8.2 32.99 10

520 200 44L.4 43 520 200 435.05 37

lost'Mininc Data: 1998 - Z01Z

MAXIMUM MINIMUM AVERAGE #ANALYSIS

438 390 422.5 6

45 40 42.83 5

0

s6 4t 44.5 6

841 707 798,83 6

0

3.3 0.85 2.33 6

2s5 240 246.33 6

0

0

36 33 33.83 6

0

0

0

7.95 7,66 7.83 6

1 I 1 3

0

96 85 88.17 6

63 44 48.17 6

0

14.8 7.6 9.s2 6

s07 456 480.5 6



Trail Mountain Spring:
Water Quality Data:

Mine Association:
Date of Development:
Date of Second Mining:

t7-3s-2 (r-161

Operational*
Trail Mountain Mine
Hiawatha Seam: 1998

Hiawatha Seam: 2000

No Flow ReportedHistorical Data: 1978 - 2012

MAXIMUM MINIMUM AVERAGE # ANATYSIS

DISSOIVED OXYGE

TOTAT IRON

DISSOLVED IRON

MA6NESIUM
DISSOIVED MANGAN

MANGANESE

OIt AND GREASE

PH

POTASSIUM

sET SOUDS

SUTFATE

SUSPENDED SOTIDS

TEMPERATURE

TOTAL DISSOTVED SOTIDS

* No flow ever recorded
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Energy Wert 2008 $ubsidence Report
Area 24 $ubsidence Profile
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Energy West 2008 Subsidence Report
Area 24 $ubsidence Profile
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lpRoposAl-, To REMovE srrE FROM WATER
MONTTORTNG PROGRAMI

Location: Section 2, Township l8 South, Range 6 East, SLB&M. This site is outside the Trail
Mountain ming permit boundary and outside any Federal coal lease.

Lease Association: The spring 18-2-1 is located within the former federal coal lease UTU-
64375. PacifiCorp was the lessee. In 2009, PacifiCorp applied for partial relinquishment of
lease UTU-64375 and UTU-49332 (refer to January 5, 2009 application document "Partial

Relinquishment, Federal Coal Lease, UTU-64375" and "Partial Relinquishment, Federal Coal

Lease, UTU-49332") as all reserves had been mined and subsidence was substantially complete.

The BLM retroactively approved partial relinquishment as of January 9,2009.

Subsidence: Panel development began with the advancement of the 8th and lth Right gateroads

in 1996. Panel extraction began in the 9th Right panel in 1997 . Extraction of the 8th Right panel

followed and was completed in 1998. Subsidence northeast of the spring shows a maximum of
approximately 7 feet. Extraction of both panels stopped short (1600 feet in 8'n Right and 2600

feet in 9*h Right) because of the poor coal quality found. "subsidence monitoring showed a

steady increase (as reported in the 2008 Annual Subsidence Report) in subsidence from 1997

through 2001". The panels below spring l8-2-l were completely extracted during 1997 and

I 998.

The mode of occurrence for this site is permeable fluvial channel that intersect the land surface.

The stratigraphic location is the base of the Upper Price River Formation.

W.+tqr Data: Pre- and Post-mining water quality data is included for site 18-2-1. Data show

insignificant variances of quality throughout history. Historic flow data has been collected since

1988 and has continued through 2012. PacifiCorp cannot verifu the flow data prior to its
purchase of the Trail Mountain Mine in 1992. High and low flows coffespond directly to the

high and low reports of the Palmer Hydrological Drought Index. Flow information is found on

the following page where July spring flow is plotted against precipitation data collected from the

East Mountain weather station, as well as the Palmer Drought Index for regions 4, 5, and 6. The

East Mountain weather station is located on the southern tip of East Mountain. Spring flow also

shows a positive correlation with precipitation.

Justification for removal from monitorine: Site 18-2-l has been monitored since 1988.

Energy West Mining Company has monitored the spring since 1992. Historic quality and

quantity data does not indicated impacts to the site.

Records between 1988 thru 1998 show flows from 0.03 g1)m in 1992 to 11 gpm in 1988. The

highest flow followed several years of wet to very wet water years. The lowest flows recorded

(0 gpm) were found during several dry to extremely dry years.

Justification Document TMS t 8-2-1



IPROPOSAL TO REMOVE SrrB FROM WATER
MONTTORTNG PROGRAMI

"subsidence monitoring showed a steady increase (as reported in the 2008 Annual Subsidence

Report) in subsidence northwest of the spring from 1997 through 2001". The panels below

spring 18-2-l were completely extracted during 1997 and 1998. During this same time period,

spring flow monitoring recorded its second and third highest flows of 7.5 gpm in 1997 and 9.8 in
1998. The Palmer Hydrological Drought Index also reported above normal precipitation for
those same years. This pattern suggests that spring flow is most likely regulated by climate
rather than impacted by underground mining operations.

Subsidence at the spring was recorded at I to 2 feet in 2008 and was considered substantially

complete. Lease relinquishment of lease UTU-64375 was retroactively approved on January 9,

2009 by the BLM. The USFS and DOGM concurred with the application which stated that there

were no impacts to the natural resources within the area of UTU-64375. Monitoring for
subsidence in the area ceased as of 2010.

The lease relinquishment application included a narrative (in Appendix C of the application)

which discussed the ground and surface water hydrology of Trail Mountain. The document find
no impacts to quality or quantity of ground water discharge within the Trail Mountain property.

This narrative is included herein in Appendix D.

Energy West disagrees with the Division that it is necessary to continue monitoring of this

location to better evaluate the dry period flows. Energy West is confident that the evidence

presented is sufficient to show that there has been no impact to the spring due to underground

mining operations.

Justification Document TMS 18-2-1
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IPROPOSAL TO REMOVE SITE FROM WATER
MONTTORTNG PROGRAMI

Location: Section ll, Township 18 South, Range 6 East, SLB&M. This site is outside the Trail
Mountain mine permit boundary in Straight Canyon.

Lease Association: N/A.

Subsidence: None

Water Data: Water quality data is included for site l8-1-l (a.k.a. T-18, Oliphant Mine). Data

show insignificant variances of quality throughout history. Historic flow data has been collected

since 1988 and has continued through 2012. This information is found on the following page

where flow is plotted against precipitation of the East Mountain weather station. The East

Mountain weather station is located on the southern tip of East Mountain. The Oliphant Mine
portals discharge rarely produced any significant flow.

Justification for removal from monitorine: Site 18-l-1 has been monitored by Energy West

Mining Company since 1988. The site is located above the Straight Canyon road in a sealed

portal of the Oliphant Mine. The Abandoned Mine Lands program sealed these portals in the

1980's. The portal seal seeps water along the bottom of the seal. During a recent visit to the

portal, company officials dug a trench from the portal seal and found that the saturated ground

could produce enough flow for measurement (refer to attached picture). A dam was with pipe

was placed in the trench and a flow measurement was taken. The flow was measured at + 1.0

gpm. This flow mimics the historical flows measured between 1992 and 2000.

With this new available flow data, it appears that discharge from the Oliphant Mine portal is
consistent as it has always been. The data reported since 2001 has been in error when

documented as a seep.

This site is not within PacifiCorp's logical mining unit, or its permit boundary and approximately

Yz mile from the Trail Mountain mine workings. Therefore, it is requested that the site be

removed from the monitoring program.

Justification Document TMS 18-r-1
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lpRoposAl, To REMovE SITE FROM WATER
MONTTORTNG PROGRAMI

Location: Section 3, Township 18 South, Range 6 East, SLB&M. This site is outside the Trail
Mountain mine permit boundary in Straight Canyon.

Lease Association: N/A.

Subsidance: None

'Water Data: Water quality data is included for site T-19. Data show insignificant variances of
quality throughout history. Historic flow data has been collected consistently since 1995 and has

continued through 2012. This information is found on the following page where flow is plotted

against precipitation of the East Mountain weather station. The East Mountain weather station is

located on the southern tip of East Mountain. The surface flow shows a positive correlation with
precipitation.

Justification for removal from monitorins: Site T-19 has been monitored by Energy West

Mining Company since 1988. There have been no reported occurrences in which mining has

impacted this site. Historic quality and quantity data has not indicated such impacts to the site.

This site is not within PacifiCorp's logical mining unit or its permit boundary. Therefore, it is
requested that the site be removed from the monitoring program.

Justification Document TMSurf T-19
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RESPONSE OF SPRINGS TO LOHGWALL
CREEK AND CoTToHwooD [I,IINE$,

By Uane L M. Kadnuckl

COAL MINING AT THE DEER
WASATCH PLATEAU, UT

I

ABSTRACT

l}is report summarizcs the rcs-ults of a hydrologrc rcscarch study conductcd by thc U.s. B'rcau ofMincs (usBM) in coopcration with Energr ltrcst lalning co. at thc dccr creek -j Cottonwood Mi.cs,trGar orangcvillc, f-rr. Thc usBM cvaluatcd hydrolfo. and orcrburdcn failure data rc asscss tbcrcsltotrsc of local ground watcr to undcrground i""r .ttg in singlc- ald -ultipt"-r"". conditbas.Fourtccn springs located owr the two nint wcrc invcstigarci in thc study along with owrburdcn fail.rcrcqxrnsc causcd by longrmll paacl cfiraction spring dlt h"tg" was comparcd to clinatic rariatiou andtimc of uadcrmining to quantify rcspotrsc to undc;ur"q 5ptfug oischargc had Gn rcduccd fi,irgto bclon''uornd prccipitation during thc pcriod cralrntcd. 'it" iopoo." of springs to miniag in thcoici"ity wrs influcnccd in part bv tht ni* orrcrbrndcu p.*ii at tte study site, the prescncc ofhydrophilic dap and mudstones iu thc orrcrbudcn.stratigraphy, and elaration or ttr" ,prings aborrc thcmine lcrcL which b.ffcrcd thc effects of undermining. 
j " --

lEnvircnncntrl cnginccr, Dcnver Rcrcrrch Ccntcr, US. gor..ffi
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To quantify thc respouse of overburden sffatigraphy
to high-extraction coal mining thc U.s. Burcau of Mincs(usBtv{) initiatcd . *r"*.f,. progra' to evaruate thceffccts 6f 6ining and associatia iubsidence io- uaryinggeologic conditious- Thc rrinrao objective Jarri, p."g.r'is to undcrstand thc mechadcs of subsidcncc and over-burdcn failruc resFrnsc resurting fr; ;d;rg;d min-ing in westcrn u.s. coarficrds. 

=prcvio's 
usBh{ studieshave focused on sufacc effccts or r-o"rgro;d coal min-ing (r-sJ.r Rccognizing that subsid.o.""pioo,ilJ aftcra-tions in orcrbr'den characteristics.whi"h;-t rr irodu*associatcd changT 

T t_h" hydrologrc s!6tcn, thc progran
was cxpatrdcd to incrudc charactcrizatioo of thc ,tpoorcof hydrologic s1'stcms containcd in thc ovcrburdcn. This

study addresses tbe effects of ovcrb'rden tailr'e on hy-drologic resourccs in prorimity to a mincd area.
. 
This report describis the t"rpo*" of gro'nd water con-tained in the ovcrburdco to *a"rgro-;d;G iu thcwasatch platcau coarficrd, Thc srudy involvedGaruatiug

thc rcspoosc of tocal gro'nd watcr resourccs overrying thcDecr crect and cottJnwood *.t -1o", in Emcry co'nty,I'JT' F" gortr gf rhfu study wcrc to (r) quaorify flud'a-tions in spring dischargc associated *iir uia"trir*o rtl
lo"n loFcviry of dischargc fluchratio"+ -alljio.r"t"thc srratigraphic locations-and crcratio* 

"rrpi"g, in thcovabudcu stratigraphic colurnrr with mncs of orrrbgrdcnraiftuc.
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_Iatcrwcrt Mfuiig cortdbdtcd nuch of thc &trffi'ffiffiim;# fmr."ro*tffi^ffi*

DEER CFEEK AHD COTTONWOOD MIHES STUDY SITE
Tbc Decr crcck ard cottonwood Mincs arc locatcdin thc wasatch pratcau coalficrd in south-ccntral utah(tiryrc t). Trvo major coal sea's arc mincd in thc arcaby Energr lVcst Mioiog Co., a subsidiary of-p"JiCo.p.;thc Dcer crcet Mid op"t.t"t io tti n'oa-t*yoo

searu, and thc cottonwooi Miac produccs coar frou thc

Hiawatha Scan approxinatcly 2Ii a below. Thc Decrcrcck Minc overlics.and p.ttrv orrrraps thc cottonwoodMinc; hcncc thc study .t"" *otains arcas 
"r 

[rt singtc-and murtiprc-scam nioiog. Thc nincs afc rocatcd on EastMounrrin (clcration lglz.Ln).. Thc ili ,*;rphy istypificd by-rugged nountaias'aissccco by stream-inciscdcatryons- Thc overburden thickncs averagps SrE m butranges frou Zffi to or.r 700 E, A.proiirrg- oo localtopography.
Both mines c'rreutry efract coar'sing ronguafl rctreatmcthods, and each contains arcas of p*ir*il-ta-pil",

extracdon. Thc loal is har4 dcnsc, and rankcd B to Cbituminous. The Dccr Creck Minc opcratcs at a! avcragccxtraction height 
9f 3.3 m, and the Cottonwood Minc hasar averagc efrraction hcight of 1.6 n.

GEOLOGY

Reglonet Gcofogy

Thc uincs are rocatcd on thc wasatch plateau, a broa4north'south'trcnding 
Fu*opped mesa. Thc 

".rir- cdgcof the plateau ries on nr *J'i"i n*t of thc san RafacrSwell and is qpili"d ir e3oUy Lstrvard-dipping strata.The western cdgc 
"f.+; p].t""u is complcxly fauttcd andreprcscuts thc transition bctrvccn the b"d"d" pt"ar"u

tttrlic nurb.
prrceding thc rppendir
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rcgion and thc Grcat Basin. Geologic uniB outcropping
in thc ar'a rargc io agc from crctaccors to Tcrtiary;wid
some thin, unconsolidatcd Quatcrnary dcposits prcscnt in
strcan vdlcys.

Locrl Geology

Exposed strata in thc mine arca arc of sedirnentary
oriFn- Ttc economic coal deposits arc fourd in thc lo,ver
part of thc stratigraphic scctiou. Gcncralizcd lithologics
and thickncsscs of each gcologic unit arc summarizcJ in
fignrc 2 (6).

- 
Thc yonEgcst geologic rdt h the are4 thc Flagstalf

Linrestonc, is a frcshwatcr limestone that caps portioos of
thc top of East Mountain. Thc Fragstalf isundcrlain by
thc North Horu Formation, a varicgEtcd shalc and mud-
stonc scqucnoc dcriwd fron fluvid and lacustrinc origins.
Thc Pricc Rivcr Formation fornrs a stccp, rcceding rrop"
undcr thc North Hom and consists of a conglom"r"ti"
fluvial sandstonc with shalc layurs. Thc North-Horn and
Pricc Riwr Formations cech cortain claptoucs and nud-
stones that arc rich in hydrophilic crap. Thc fluvial cas-
tlegatc sandstonc forms e cliff bctweeu thc pricc Rirrcr
and Blackhanft Formations. rtc Blacthawlc Formation is
a marginal uariac scqucncE of lenticular sandstonc bcds
and carbouaocous shalcs with ccononic coal dcpoeits. Thc
Blackhawlc is tlpifrcd as having fluviat channils sco'rcd
lnto thc top of thc coal dcpcit* undcrlying thc Black-
hawk is thc star Point sandstotrc, a thinly Liara marinc
sandstonc $ith shalc htcrbcds at ui rasc whcrc it
intcrtotrgue with the oldcr Masuk shalc Mcmbcr of thc
Mancoa Fornation.
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I;;.r,r":x|.0:o*."l,tlf- :t:"1". is brokcn bv r
[:::11T:1n*1.:,-:l,r:_",.ishac.]o]i_o.,rJ.i
3:'j1"""":t:;:ll,'r"no',l3i-ffi;ilil;fi ilt
:o-*-T-1:'"il-1I-1T't* Platea\ a"o tt"ic ffi;:Deer Crcck, Pleasant Vallcy, and Roan* a*;;il:
thc pcrmit area (dJ. Jointing is arso prev"l.ni-irr'.rr, 

"r,and joint scts trending northcast-soutlwest and iorthwc
southcast crosscut the study arca. Figurc a ,hows t
locations and trcnds of the major structural fcaturcs.

HYDFOLOGIC SYSTETI

Grourrd Water Hydrology

Grourd watcr occurs h alr cxposcd gcorogic units d
cnsscd in thc prcvious section in continuo* or discc
tinuou watcr-bearing zoDcs. The forsratioru yield grou
nratcr fr9. pcrchcd zoncd to springd whcrc t-hc hydrau
conductivity of thc watcr-bcaring rr,oe is highcr than tl
of thc surrouuding roclq and whcrc thc firuratioss a
frad'rcd or faultcd. Thc latcral continuity of thc
pcrched water tablcs is uor known, though thire is sou
evidcncc for limitcd latcral crtcnt bascd on springs locatr
at thc samc clcvation (dJ. Thc latcral cr-ent 

-of 
watr

bcaring zonqs is timitcd bascd on tbc discontinuous Earu
of thc local topography. A continuous watcr-bcaring ur
was found to bc prcscnt in thc star point sandstor
throrrgh drillcrs' lqgs urd rcgionar ground watcr studicr

Gro'nd water in thc area is richarged rargcly fro
prccipitation, most of it from suowmclq *ri* icrcotat
into thc subsurfacc throngh fracfircs or matrir flow (f
Thc tlat top of East Mountain a[oun water to inliluatc ,

thc subaurfacc through fracturcs cxposcd at the surfac
somc rechargc also infiltratcs to t[c subnufacc on tl
mountrain IIadG. oldcr udts arc rccharged rrainly fro
*?t!t that migratcs tirough fracrurcs. Imfermeable lens,
of shalc aad mudstonc in the North Horn and pricc Riv
Formations rctard downward migration of watcr, althoul
soEc watcr is transmittcd to thc lower gcologic uni
ltuough continuous fracturcs. Gcotcchnill tJrt, p"
formcd on the North Horu Formation indicatcd hydrrpq. or swelling matcrials w=rc prcsent ia the clap a.u
mudstones that swcllcd 40 pct in ihc first hour of tcstin
( ru). As a rcsult, a largc numbcr of springs issuc from th
North Horn and Pricc Rivcr Formatioos. rh" star poir
sandstone and the Blackhawk Formation are recharge
lrom ovcrlying uni6 mainly through faults and fracturr
(6).

- 'By dc{inition, pcrchcd ratcr is .unconfincd gmund $?tcr scpaEr(
from rn undcrlying mrin body of ground uratcr by an unsaturatcd zonr
(7).

{Bydclinition, 
springs art r place wherc ground wat€r flo,r,s natural

from r rock or thc soil onto thc land rurface or into a body of urate
end thc oocunEn(r dcpcnds upon thc nrturr rnd rrlarionship of rock
cspccirlly pcrmcable and impcrmcable strata 16/.
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Watcr movemcnr is controllcd by dip of bcdding pri-
mary hydraulic conductivity, and fract.urcs. Rc$onal
ground water flow in the immcdiare arca is affcctcd by the
Joes valley and Plcasant vallcy fault zoncs, which arc
thought to bc major conduits of interbasin flow. watcr-
bearingfracturcs encounr€red in thc mines furthcr indicate
that ground water is transportcd arong faults and lracturcs
(10).

Surface Water Hydrology

As shotm on ligure 4, East Mountain forms a drainagc
dividc between Huntington crcck to thc north and cot-
tonwood crcek on the south. The norrh fork of cotton-
wood creek drains thc arca bctwccn Trail and Easr
Mountainq while Huntington crcck drains the arca bc-
twecn East Mountain and Gcntry Mountain to thc north.

5

Thcre arc numcrous tributaries to thesc creeks, most of
which are ephemeral, flowing only during prr.ipitation
evcnrs, or intermittent, flowing during tn.t ,.".oni of the
ycar.

Most of thc ovcrland drainage is derived from snow-
melt, and rnost bascflow in the streams originares as
ground warer di::hl1F.d from pcrchcd aquifc-rs issuing
watcr to springs (6, I I). Large fracture systems associated
with thc fault zoncs in thc area arc thouiht to control the
surface drainagc and may intercept 

"tce-k 
flow and divertit into orhcr basins. A lineament anarpis (12) coupred

with- a drainagc rracc analysis indicatci tt ut fi," major
trunk streams follow a rcgional northwest-southeast trcnd
and that tributary drainagcs follow cithcr a north-soutlr
east-wcst, or northcast-southwest trend. The lincarity oi
thc drainagc traces suggcsG that thc surface drainagc is
following fracture or joint systcms.

llr.asr\/ 
Genfy Mountain
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HYDROLOGIC DATA COLLECTION

Thc miniqg co'patry is rcquircd by raw to monitor
quantity of watcr resourccs wirhi" the pcrmit area. Moni-
toring includes spring and strcarn discharge, piezomctric
lcvels in thc minc floor, and minc dischargJ fro- both thc
Deer creck and cottonwood Mincs. This study focrued
on ground watcr rcsources located above thc minc lcvc[
namcly sprinqq that could potcntially be affected by min-
ing. springF issuing from East Mountain within thc Dcer
crcek and cottonwood Mincs permit area were choscn
by Pacificorp and the urah Division of oi[ Gas and
Mining to bc monitorcd for dischargc and watcr quarity,
Thirty spriryr within thc permit arca are monitored, so'c
on a scmiannual basis and somc on a monthly basis. Dis-
chargc mouitoring was started in r9zg, and additioaal
springs hara bcen addcd each year sincc that tinc; thrrs
records vary for.all fc springs monitorcd. Discharge is
mcasured by wcirs, flumcs, or manually. Thc 14 spnsgs

, selcctcd for usc in this study wcre thosc with thc toog"it
availablc monitoring records. The springs monitorcd on

a uonthly basis arc measured frorn July throrEh octobcr,
sincc they are inacccssible druing wiutcr no-ntis. Dis-
*-_sr is rcportcd from auuar runotr thto'sh bascflow in
thc fdl.

Thc monitoring is performcd to alow comparison and
ersc$srncut of thc effccts tf,1t 6ining has on ihc springs.
Jtc springs w'rc charactcrizca by-ninc pcnsotrtrcl for
i*uiog 66ch-nisrn (for cxamplc, a fracturc'or a perched
zoac), i*rios formatiou, and elcvation ucasuiemcnts
tatcn. This information is providcd in tablc l.

Watcr cntcrs thc mincs through faults, ftaaurcs, ad
drill holcE ard whcrc localizcd safi'ated zoncs (awial
sandstonc chrnn6ls) arc intcrccpted by ninc *iriog$
watcr dischargcd from thc nincs is mcasued et thc dis-
chargc poi't or a daity basis and reportcd as a montily
total. Minc watcr from thc cottonwood l\,rinc is dis-
charged into Grimcs was\ and rvatcr from thc Deer
crcck Minc is discharged into H'ntingtou crcck (fig-
ure 4).

I Trblr f ,-€prtlrg cfrrncildrdcr
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I
cross-corrclated precipitation data with spring dischargc
was pcrformed for two sf rhe rF'ingc, 

- 
_This analysis

showed that the springs in the study 
"ti" ,*rpond to jre-

cipitation evcuts wirhin 6 monrhs to I year (\fl. bir-
chargc data for springs I and M werc correlated with pre-
cipitation; this indicated that there is an approximatc
6'ronth to r-year lag timc betwccn precipitahbn eveuts
and discharge. Thc lag informatiou wils used to bettcr
assess variations duc to climatic events without coafusing
them with respo'se that may have been a result of rniniugl
Rcsults of the statisticar analysis arc given graphicaily o;
ligurc A-3- Thc graphs show thc carcuratc]d rag ti't uy
offsetting the spring llow hydrograph by r ycir on thc
prccipitation curvc; for enmplc, ru"i flow for tggz
is placcd ovcr prccipitation for 19g1. I--d variation of
lag- timc is expcctcd bascd on differences in clcration,
rccbarge sourcrc, and issuing mcchanism for each of ttc
springs studied- Thc statisticar correration glve$ an
indication of thc approxirnate l"g timc for t[" area.
Figure 44 gives thc staGtical risults showing march
position and correlation coefficicnt to dcmonstratc the
validity of thc correlation of thc two data sets.

spting dischargc nariation of both prcundermining and
postunderrrining was evaluatcd to identify if thc rp,ing
discharge changcd as thc spring was undirmincd, ot .i
mining progrcsscd closc by. Each spring rocation was
comparcd with a map of minc workings and loc"tcd with
regard to placcmeut over a mine structurc such as a paacl
or a barrier pillar, as sho*n on figurc 3, This information
is also listcd on tablc l- springs D, E, G, I, J, K L, and
N arc located wer longrvdl panels. Springs C, F, H, and
M arc located over othcr mine structurcs such as barricr
pillars or mains. springs A and B arc located in an arca
that has not been undcrmined and were thus used as
controls to idcntiff discharge fluctuations due to climatic
cvents. spring discharge was carcfully compared wirh prc-
cipitation, location of thc spring over thc ernractcd .r"r,
and time of undermining to assess rcsponsc.

INCOHPCRATED

f{ilij ? f [i]:jE
DIV OF OIL GAs & MIIhJING

ANALySts oF spRf Hc H ESPONSE 
JpOHgilrrilNc

This study conccntratcs on charactcriring the impacts
mining has on pcrchcd water-bearing roori in thc over-
burden. In thc study arc4 water-bearing zones above the
minc lcvel issue watcr to springs, rcpresentiog ro impor-
tant part of watcr supply in the region for stream basc-
flow, agriculturat irrigatiou, end wildlife habitat pur-
poscs- Fourteen springs located on East Mountain *"re
targeted for study bascd on availability of monitoring
records and proximity to thc mincs and were designatel
with a lerter idcntificr of A to N. Analysis of sprilg re-
sponse followed a mcthod 

'scd 
by coe and stowe ir.r),

which is onc of the fcw publishcd studies that havc ex-
amined rcspotrscs of springs to undcrmining. This meth-
odologr requircd r'sc of information sets including prc-
cipitatioa, sprhg dischargc, *d timc of underminin-g.

This method innol*cd comparing spring dischargi hy-
drographs to precipitation for thc pcriod of moniiorini.
Monthly and total aanual prccipitation data for watcr
yearss 1981 to 1993 wcre utilizcd and arc shown on fig-
ure A-1 in the appendir precipitation data are collected
at a weathcr station on East Mountaiu on a daity basis.
Thc availability of seasonal, monthly dischargc data
dictated using scasonal reccssion curycs to asscss mining
impacts by dctcrmining il tbc springs dcpartcd from
normal rcsponsc. Pattcrns or trcnds ln thi spring dis-
chargc rcccssion cuFvrcs wcrc sougbt to asscss if tfic ,i'riogr
showcd similar rcsponses cach laar to prccipitation, run-
off, and bascflow confitions. cu^as werc compared to
onc anothcr to fisccrn if springs in the 

".r" ,"rponded
diffcrently bascd ou issuing mcchanism (fracture 

"crsruperchcd zonc). Therc did not appear to 
'b" 

large dilfcr-
cnccs in rcsponsc as a rcsult of issuing mcchaniim. scv-
eral years of data prior to mining werc incorporated to
establish baselinc conditions. spring dischargci shown as
scasonal recession curves, arc givcn on figurc R-2.

Initial comparison of spring discharte to precipita-
tion indicated that discharge did not ir."diitely- fol-
low precipitation. Thereforq a statistical analpis that

thc *atcr lcrr ruff from October I to Scptcmber 30.

I



RESULTS AHD DISCUSS|ofl-

possibrc responscs of spriugs to coar curaction incrudc
enhanced rccharge to thc sprtng from dilarion of pri_
existing frachres, reductiou of spring discharge ou. io
drainage into subsidcncc-induccd fraJrucs o, diration of
cxisting fracturcg or flow loss- arong praacs of bcddins
scparation (g). spring' rocatcd o*t p*"h arc cxpcctcd
to show a grcatcr rcslxlnsc to 

'ndcrniniag 
thln those

locatcd ovcr mains or barricr pilrars sincc most sub
sidcnce, and hcncc overburdcn dcformation, ocfl's ovcr
thc longrvall paners. Iu a study in Apparachia cfrcrc thc
ovcrburdcn rangcd from 120 to z4i m, iapid and drarnatic
dccreascs in splng discharge wcrc obscrrcd as thc tong_

lall facc passcd undcrncath (Jfl. Trcvits and Matctic
obscrvcd a similar rcsponsc in watcr wulrs locatcd ovcr
longrrall paucls with z0 to 210 m of orarbudcn prcscnt
(15), with thc loagrrall mining mcthod, subsidcne oacuni
quickly aftcr thc coal is erractcd as thc immcdietc uiac' roof cavrcs itr bchind thc activc facc. Repora frm ninc
pcrsonncl indicatc that thc majority of subsidcnoc oasur$
at thc sitc orrcr singlc pancls within r month aftcr under-

.miniogr prcvions usBM studics rcportcd that maxiarrrar

-subsidcryc 
occ'rrcd at thasc nincs iritnio a }-ar nfrcre a

Itqoup o{ pancls had been eilracrcd (1, i). Gircn thesc
rbsenation+.- hydrorogic rcspotrsc is expcccd to occr'
$'irhiq a sirnilar timcfranc as or€rbnrdci rcsponsc, As
soon as thc orrcrburdcn fracturcs and morrcs in rcslnusc to
coal e,nraction and roof caving thc hydrolodc sptcrn ir
also altcred Thc cxpectcd rcspo*" or.pri,igF woutd be
dram atic changcs 

.in_dischargc "it"r 
u"a".,oioio"g occurcd.

lrrinur A and B rcre tocated outsidc thc arca dis-
turbed by miaing and providcd information oi rl" normal
scasonal rcsponsc,of spriugs in thc area to prccipitation orrecharge. Frol lgg6 to Lwprecipitatioo io-n" arca wils
70 jo 85 pct of normar. Thc reccssion curves for thesc
springs show a gcnerar downward treud from 19g6, ia re-
sponsc to thc.decreascd precipitation duriug that period
Prccipitation increased in 1993 and is shoin in thc in-
creasc in spring discharge on thc hydrographs (figurc A-Z).The shapcs of thc recessiou curvcs show smooth and
rcp_catablc patterus for thc period of record.

spring I is used as a watir sourcc for a stock watering
pond. It was undcrmined by submains in the Deer creck

tcnonal communica tion wirh C rO,. S.@
C,o., Scpt. 1993.

ronnq A
Minc in 1g8s' and by a longualr paacr ia thJcoftonwood
Minc in Augrst rgg3- It was uotcd that thc rcccssion
cTv€s dcpartcd frou a normar shapc coincidcut with
mjning activi ty. undcrnc a th spring r Ho*,"vcr-, aaj ustm ents
of valves and blocrrage p d" prpc iastalra 

"lt, sprirg
also occurrcd d'ring thfu timc, and availabrc data do not
allow for disringuishing thc effects of thc npo activitics.
wcetly dischargc Ec:uurc'c.ts wcre availablc aftcr thc
longwall pancr passcd undcrneath. Ar,h;ngh surfacc
tcnsbu cracJs appcarcd in thc 

"i"ioity, thc finng dis-
chargc renaincd coutart ar 0.6 L/s. 

";*tdrd 
to aerial

survEl6' thc surfacc subsidcncc in thc 
"i.i"ity 

Jr spnng t
rangcd from 0.6 to lJ a.

Spnag E was 
'adcrmincd 

by a Decr creck paner iaFeb.rary rggL This spring elrhrbitcd incooslstcnt re-
ccssion cu"'lErs in thc 

-5 fc""s prior to ,rodcrnio;rg. andthln had a flat rcccssion cuFec ia thc y'ar 
"f;, undcr-6inin& Thc surfacc subsidcucc 

"t 
sp.iog E was csti'atcd

to bc 1.6 ro t.B m.- Jhc spring has a dry fo* Oir.n"rgr,
gating dctection-9f 

{isctarge artcration .or" difficulr Itis fch that thc disc.hargc Jtcration ro, uis- rp.iog i, .
result of rcduccd rcchargc availabtc fron tri JI*r.r" i"precipitation

spriog N r+as 
'ndcrrnincd 

by a cottonurood paacr iuAu*ust 1989. Thc reccssioa .dr's for thc $pr,og harc aless consistcnt shapc rhrn 1f,666 fot spiof f and B,dthough thc shrpce_of thc spnng N cd,Eslc rcpcatco
-orrc-t rvrral years- Thc spring e*rtic thc sane rcsl'nsc
both before and rftcr *arr.i"i"g a"a t shoq,E agcncrd do*lwrrd trend fron rgg6 duc to dcccascd
precipitation. Thc sufacc subsidcnce in thc vicinity of
spntrg N rvas 0.6 to lJ m. Given thc rcpcatautc naturc orthc reccssion cunrcs, sprhg N docs not appcar to harrc
becn alfcccd by minin$

located-ovcr pillars si 6ein$ did not crhibit disccruibtc
effccts frorn undermining.

Springs H, K L, and M exhibitcd flat rcccssion curees
at somc poitrt during thc period of uonitoring In thcsc
cases' thc springs wcrc rcduced to low or no fr=o*, Thcsc
springs expericnced no-flow couditions for scrcral lcarscorresponding to thc drought years. Flow returucd in
springs K I" and M iE lgg3; spriug H had not rcchargcd
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to normal flow by 1993. The flat curvcs are likely due to
deplcted rcchargc from precipitation to the spring source
or to dcplcted storagc. springs D and N each had I year
where thc reccssion cuffes wcrc fraL but retruncd to
normally shapcd curves thc following ycar. In these cascs,
thc flat reccssion curves did not corrcspond to rimcs of
uadsypining. Thc coutrol springs, A and B, did not show
flat reccssion curves during the pcriod of study, which is
likcly a result of fracture rcchargc conditions anllocatious
at high clcnations.

Thc 
'ndernincd 

springs do not show thc dramatic de-
crcases in flos that bavc bcen obncrved in other studies.
Thc lack of dramatic effects and thc limitcd responsc ob-
scrved may be annlbutcd to sevcral factors. oni factor is
that thc springs that havc bccn undermined arc situated
abovc thc pancls at ratios of panel width to ovcrburdcn
thickncss (bctrrccu thc spring and thc mins levcl) grcatcr
than r-0. In a study by Tieman and Rauch (rd), partial to
total dcwatcring was obserncd in springs tlai *rc locatcd
above thc palcls at pancl width io overbt'dcn ratios of
0.75 to 1.0. Tablc z surumarizes thc rangc of panel width
to ovcrburdcn ratios_ for springs undermined by pancls
evaluatcd in this study. siacc the ratios .tr grr"ter than
1o for thc spring h this study, dcwatcring *oda not bc
anticipatc4 bascd on thc obscrvatio* r"d" by ficmaa
and Rauch. This docs uot preclude minor discbargc varia-
tions occurring as a rcsult of strata Eovemetrt or strcss
redistributiou. Table z also lists the estimatcd surfacc
subsidence iu thc 

"i"i"ity of thc springs locatcd ovcr
pancls.

Trblr 2--{rtor of prnd wrdfi to ovrrburdrn thrcln*r
for rptfngr owr prndr

' The ilg*at
thought to be inllucnccd*by sitc-sp."ifr. .oiEtions that
buffcrcd thc cffects of mininS.i lifrftcludc thc thick
overbruden present and thc pres"n., of formations in thc
overburdcn that contain hydrophilic clays and mudstoncs.
Results from other studics have concludcd that thc
presencc of hydrophilic clays lcsscns thc erccnt of strata
dcwatcring (Ij, I7). Addrtionany, the prescnce of a mas-
sive sandstouc laycr (the castt"git" sandstonc) can causs
bridgrng in thc ovcrbrude+ thircby liruiting sukidcncc
and associatcd hydrologic response (I).

Anothcr factol contributrng to thc timited spring rc_
spo*se was thc elerations of the springs above *ti.ii.t.a
heights of fract'ring end caving in 

-the 
owrburden, as

estimatcd-ruing formulas dcveloped by pcng fIEJ. Thc
r-efa_tionship of fract're hcight cquar to ro tlo miniug
thickncss was uscd. This rcrationslip was dcrelopcd bascd
on mining conditions c{rm'on to Eastcrn u.s. coatfictds
and docs not account for diffcrcnccs in 1Vesteru us. coo-
ditions such as thc prcscncc of nassive sandstoncs in thc
overbudcu or thickcr orarburdcu. Howevcr, no simitar
valuc has becn dcvclopcd for thc west, so thl publishcd
relationship is com-monry applicd. usc of rhe rcietiouship
indicatcd that ovcrburdcn fricturing rnight occur up to atr
clcration of 446 m from tbc Dcer-crcck Minc ani up to
3pnro*atcly 4330 m from thc Cottonwood Minc. Sp.iug
K was thc lowermost spring studicd and uras tocatia at
\n7 m, 337 m abovc thc, computcd hcight of fract.ring.
For thc case that both coal scilrtrs had beln cmacted, go-b
formation and fracturing associatcd with nining thc sccond
Iowcr scam would F il*.p"ratcd into thJ fracturing
produccd by mining_ thc fust upp"t scam.? A couceptuJ
subsurfacc ovcrburdeu failure iih"ratic is showu oo ng-
ure 5.

Although all thc springs studied werc locatcd at clc-
vations highcr than the computcd elevations of fracturing
in thc ovcrburdcn, thc springs were locatcd in a zonc
of thc overburden wherc, according to peng continuous
Snding of thc strata occurs. prcixisting tacr'es catr

4"tq in rcsponse to thc bcnding causinfno* nariatiou.
Thc bending and redistribution bf strcss-cs in the ovcr-
burdeu can also causc flow variations.

Spring Betio of penrl width to
ovrrburdcn thickncsr

Surfecr
rubsidrne, m

N

1.1

1.3
1.1

1.2

r.3
1.2
1.1

1.t

0.6 - 1.2
f.2-1.E
0.6 - t.2
0,6 - r.2
0.6 - r.2

< 0.6
0.6. r.2
0.6 - 1.2 'Pcrsonll communication with c. tkyrock', Dcprrrmcnt qf Mining

Enginccring Virginia polytcchnic lnsrirulc, Aug 1g93.
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O_riginal land surfqce

Fracture
zonc
(30r1

ring ,E
Spring I
(2,822 ml

Spring K
12,737 ml
Mine B
{2,4O0 ml

Mine A
12,330 ml

Cavlng
zono
(80

lllne B

iifne A

KEY

t Seam thlckners
r Subgtdcnce

J
T

l{ot to ecafe

Flgun +-{mcrftd otrrtsrdrn lrllurc rchr,rnrdc.

suilIrAEY
Thc usBM 

'scd 
dara auairablc frm thc Dcer crcct

and cottonrrood Mincs to pcrform a study oiundcrgro.nd
coal- mining cffccts on locd o'erburden 'hyJrologl 

Da,"uscd in thc study includcd scasonal and annuat rpring
discharge, prccipitation, surfacc subsidcucc, and wrrbur-
dca fail'rc mcchaaics inforuation. rtesc data sctr were
ns.c{ to {luandry thc responsc of 14 springs to *a"rgro*a
mining

- Eight spritrgs occurred over longwall panels. Onc ofthe eight, spring I, cxhibited a dcpl,ur. r*i e normar
recession curuc coincidcnt with thatime of -ioiog a*ivity
undcrncath it- Adjrutucnts to valvcs and blocragc of apipe installcd at thc spring also occurrcd in the sanc time

H:"|_11d_ 
conrribured to thc variations in curvc shrpc.

llhc spring cxhibited a const'nt dischargc rate in thelvceks after bcing undermincd by a longw?l pancl, inai
-'ating that littrc iariation o.cunid as a-resuriof nining.hc eight sprinqr over pancrs ail o..uoJ at rocationswhere thc ratio of pancl width to overburden thickncss wesgreater than I.0, thus limiting dewahring cffccts, as u.ils

thryrvcd p prcvious studics in Eastern u.s. coarfierds.
Sufecc subsidencc did not appcar to play a major rolc inthc rcqlonsc of springs at tht-sitc. 

s--t -

. Fou springs eryerienced no dischargc conditions dur-rng.thc pcriod of study that uarc atrributcd to cffccts ofregionel dccrcascd 
_piccipitation. sp.ings rocatcd ovcrninc structurcr ro+ as piuan s1 tr1ainc did not c*hibitdisccr'iblc cffccrs from ;htrg. ror this ttuly, ,i" Iong-t:r- :vailability of watcr teso"ccs t*r i-porunt aadthcrefore dictated cxamrnirrg thc scasonar icsponse ofsprhgp in relation to mining-

. Thc cxpcctcd rTpons: qflpnnp to undcrmining *ould
bc dranatic altcrationl in ftoi as previousry ddueotcdin othcr studics- Thc rack or onacivea ,opo*o was at.
,tri$tcd to gcologlcalty driven site-spccific coaditions rhatbuffcrcd thc cffects of ni"iog. Th* .o"aitio-* loctudcdthc thickncss of orc'rburdcoLt*r"u the miuc rcrcr andthc-springs, which ranged frou 440 to over 600 rr. studiesperformed in the Apparachian coarlierds noted.dranatic
decrcascs in spring 

-Jis"t"rgc 
and watc, t"nc[ io *cus



wherc rhinncr (70.!o 1tr r) orcrbrndcn wes prcccnt f/g
15, 17). Additiondly, thc prcscncc of hydrophiftc chy, and
mudstoncs in thc overburdcq rfiich ia 

"i 
aquitards re-

rarding thc nrgration of watcr, tilrcly lcsscncd thc vcrtical
cxtent of strata dcwatcring as has bccn obncrvcd in othcr

u

studics f/7). Thc rocatiou of thc springr above thc csti-matcd elevations of fracturing and ir*,l i" ir," o*.u*-dca duc to subsidcucc arso coutributed to thc linitcd
effects.
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APPENDIX._HYDROLOGIC DATA G,

KEY

f Total monthty precipitation 19g0-gg

H Total annual precipitation 1gg0-gg
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I. INTRODUCTION

PacifiCorp has operated the Cottonwood, Wilberg, Deer Creek, Des-Bee-Dove, and Trail

Mountain mines since 1979. The mines are located in the central Wasatch Plateau west of

Huntington, Utah. PacifiCorp is currently ptanning to expand their Trail Mountain mine north

and west to include the Trail Mountain Lease-By-Application (Trail Mountain LBA; Figure

l). This report discusses the hydrology and hydrogeology of the PacifiCorp lease area and the

probable hydrological consequences of underground coal mining in the Trail Mountain LBA.

This report is divided into 1l sections including this introduction. These sections include:

Section I Introduction

Section 2 Project Overview

Section 3 Description of the PacifiCorp Mines

Section 4 Climatic, Physiographic, and Geologic Setting

Section 5 Solute and Isotopic Chemistry

Section 6 Groundwater

Section 7 Surface Water Hydrology

Section I Conclusions

Section 9 Probable Hydrologic Consequences

Section l0 Recommended Monitoring Plan

Section 11 References Cited
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Contour interval 200 feet

O ,,nur" 1 Map shortring the principal geographic features, locations of the mine lease areas, and
mine portals.
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2, PROJECT OVERVIEW

2,1 Purpose of investigation

The purpose of this investigation is to: l) characterize the hydrology and hydrogeology of the

PacifiCorp lease area on East Mountain and Trail Mountain, 2) describe the probable

hydrologic consequences of underground coal mining to sur:face waters and groundwaters

within the Trail Mountain LBA and 3) recommend locations and protocols for surface water

and groundwater monitoring for the Trail Mountain LBA.

2,2 Methods of investigation

The hydrology and hydrogeology of the PacifiCorp lease area have been evaluated by

analyzing: l) solute and isotopic compositions of surface waters and groundwaters, 2) surface

water and groundwater discharge data, 3) piezometric data, and 4) geologic information.

Specific methods of investigation are described below.

2.2,1 Maps and reports

Existing published and unpublished hydrologic, hydrogeologic, and geologic reports and maps

were obtained and reviewed.

2.2.2 Compilation of historic water quality, piezometric and stream flow datn

PacifiCorp and its predecessors have monitored springs on East and Trail Mountains since

19'19. Both baseline and periodic water quality data have been collected from springs,

groundwater monitoring wells, streams, in-mine roof drips and wells, and mine-water

discharge points. Solute and discharge data have been collected at l4 stream sites, 96 springs,

elphc97.doc 20 October 1997
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4 french drains, mine discharge points, and 47 groundwater inflow sites within the mines. In

addition to the quarterly monitoring conducted by PacifiCorp, flow, solute, and isotopic data

have been collected at various times by government agencies, PacifiCorp personnel, and

consultants. Solute and piezometric data are also available for 16 groundwater monitoring

wells.

Historical solute, discharge, and water level data were obtained from PacifiCorp in electronic

format for use in this investigation. Only those samples for which the complete suite of major

ion analyses was available were used for analytical purposes in this investigation. The

complete suite of major ions include Cut*, Mg'*, Na*, K*, HCO;, COrz-, SOi-, and Cl'.

Mayo and Associates and mine personnel compiled site location data from information and

digital drawings provided by the PacifiCorp. These data include state plane coordinates,

elevation, geology, occurrence, and height above base of geologic formation.

2.2.3 Collection nnd analysis of additionnl solute and isotopic dnta

As a part of this investigation water samples from I3 springs, 2 wells, 9 in-mine groundwater

discharge locations, the portal of the abandoned Oliphant Mine, and 6 snow sites were

collected and analyzed for solute and isotopic composition during 1996 and 1997.

Isotopic samples for 62H, 6t8O, and 3H 
analyses were collected, sealed, and preserved in

appropriate glass or FIDPE plastic bottles. Dissolved inorganic carbon and SOi'for 5r3C,

630S, and IoC analysis were precipitated with BaClz.2HzO.

elphc9T.doc 20 October 1997
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Stable isotopic analyses for 62H, 618O, 6t3C, and 63aS compositions and unstable roC contents

were performed by Geochron Laboratories, Cambridge, Massachusetts. The 3H 
analyses were

performed by the Tritium Laboratory, University of Miami, Florida using electrolytic

enrichment and low level counting methods. Laboratory reporting sheets for isotopic analyses

are included as Appendix A

2.2.4 Stream gauging

On August22, 1996, Mayo and Associates and PacifiCorp personnel performed gain-loss

measurements on Indian Creek and Cottonwood Creek between Joes Valley Reservoir and the

confluence of Cottonwood Creek and Cottonwood Canyon Creek. Measurements were made

using a Marsh-McBurney automated pressure transducer flow meter.

2.2,5 Dnta analysis

Geochemical, isotopic, discharge, and other data were compiled into electronic format and

were analyzed by graphical, statistical, and computer methods. Solute compositions were

graphically analyzed using Stiff(1951) and Piper (1944) diagrams. Solute data were analyzed

using the computer code WATEQF (Plummer and others, 1976). Groundwater raC residence

times were calculated using methods described by Fontes (1980), Mooke (1980), and Pearson

( I e7o).
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3. DESCRIPTION OF TTIE PACTFICORP MINES

Coal produced from the PacifiCorp mines is used to fire electrical power plants in Carbon and

Emery Counties. Presently, PacifiCorp is actively mining in the Trail Mountain and Deer

Creek mines. The Wilberg and Cottonwood mines are not currently mined, but are kept open

to allow for the operation of a coal haulage beltway through the old mine workings. The Des-

Bee-Dove Mine is no longer active and is planned for reclamation in the near future.

Currently, all mining at the PacifiCorp mines is carried out using longwall mining techniques.

Continuous miners are used only for driving gateroads for longwall panels.

PacifiCorp currently mines approximately 7.5 to 8.0 million tons of coal per year. This

production rate has remained relatively constant over the past several years.

Subsidence above mined areas is closely monitored. Previously, surface subsidence

monitoring was carried out using traditional survey methods. Currently, subsidence is

monitored primarily using photogrammetric techniques. Ground subsidence measured in the

lease areas is shown in Figure 2. Subsidence in excess of 15 feet has been measured. The

greatest subsidence effects occur in steep cliffareas where the brittle Castlegate Sandstone is

exposed and in areas where mining has occurred next to burned coal and less competent

clinker beds which readily collapse under mining-induced compression (PacifiCorp, 1996a).

To minimize any potential impacts to the steep sandstone cliffs where the Castlegate

Sandstone crops out along the edge of the plateau, longwall mining is generally not carried

out near cliff areas. Surface fractures are associated with subsidence in steep cliff areas and

along the margins of longwall panels.

ewphc9?.doc 20 October 1997
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4. CLIMATIC, PHYSIOGRAPHIC, AND GEOLOGIC SETTING

4.1 Climate

Maximum summertime temperatures in the lowest areas of the lease area commonly exceed

l00oF (38'C), while midwinter minimum temperatures well below OoF (-18"C) are common at

higher elevations. Precipitation in the region varies greatly with elevation. Within the permit

area mean annual precipitation ranges from about 10 inches in the low elevations to more than

25 inches in the highest elevations (PacifiCorp, 1996b).

Since 1981, PacifiCorp has operated a weather station on East Mountain (Figure l) at an

altitude of 8,985 feet. Long term precipitation data are shown in Figures 3a and 3b. Data

from this station indicate that, of the total annual precipitation, about 5Q% occurs as summer

rains, and about 50yo as winter snowfall (Figure 3a). Although no measurements of

sublimation have been made, it is believed that a significant portion of the winter snowpack is

lost to sublimation, particularly on the high plateaus, which are subject to dry winds common

to the region. The effects of climatic variability arc shown in Figure 3b. Wetter years in the

mid-1980s were followed by drier years in the late 1980s and early 1990s.

4.2 Physiography

The PacifiCorp mines are located in the central Wasatch Plateau. The topography of the area

consists of narrow, flat-topped mesas surrounded by heavily vegetated slopes that extend to

the precipitous cliffs of the eastern escarpment of the plateau. At the base of the plateau lies

Castle Valley, which is developed on the Mancos Shale, and is naturally nearly devoid of

vegetation. Cottonwood Canyon dissects the study area dividing East Mountain from Trail

ewphc9?.doc 20 October 1997
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Mountain (Figures I and 4). Joes Valley defines the western margin of the study area.

Ground elevations in the study area range from approximately 6,800 feet near the base of the

plateau in Castle Valley to over 10,600 feet immediately north of Trail Mountain.

4.3 Geology

4.3,I Stratigraphy

In the mine lease area, seven bedrock formations crop out (Figure 5). In descending order

these formations are the: FlagstaffLimestone, Noilh Horn Formation, Price River Formation,

Castlegate Sandstone, Blackhawk Formation, Star Point Sandstone, and Mancos Shale

(Figure 6). The upland plateau of the lease area is developed on the FlagstaffLimestone, the

North Horn Formation, and the Price River Formation. The steep-walled canyons are cut into

the Castlegate Sandstone, Blackhawk Formation, and Star Point Sandstone, and the broad

expanse of lowland plateau is formed on the Mancos Shale (Figure 5). Geologic cross-

sections through the mine lease area are shown in Figures 7a and 7b.

The bedrock formations were deposited during transgressions and regressions of the shoreline

of the Western Cretaceous Interior Seaway during the Late Cretaceous and Early Tertiary.

This ancient shoreline was located along the eastern edge of the tectonically uplifted

mountains of the Sevier Orogenic Belt. Sediments eroded from the uplifted mountains were

carried toward the seaway by fluvial systems and deposited as terrestrial, shoreline, marine,

and interfingered non-marine and marine sedimentary sequences.

l0ervphc9T.doc 20 October 1997



vistatrail.cd r 29APR97

N

A

Figu re 4 Digital elevation map illustrating topographic features.
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On the terrestrial side of the shoreline, sediment deposition occurred in lacustrine (lake

carbonates, marls, and sands), alluvial plain (sands and clays), fluvial (stream sands and

overbank muds), and carbonaceous backshore (coal swamp) environments. Along the

shoreline, marine foreshore deposits (beach sands) accumulated. Offshore, sands swept from

the beaches were laid down as bars and blankets of sand in the near-shore shallow marine

water. These blankets of sand are known as shoreface deposits. The clay fraction of stream-

transported sediments which reached the shoreline was deposited as thick marine muds (shale)

in the deeper and more quiescent portions of the seaway. Because the transgression and

regression of the shoreline was accompanied by the continued deposition of sediments, a

variety of horizontally and vertically discontinuous sediment types occur throughout the coal

district. This depositional history has resulted in a heterogeneous rock record that has had a

profound effect on the water-bearing characteristics of these rocks.

The internal depositional geometry of the bedrock formations is illustrated in Figure 8. In

Figure 8, typical geometric relationships between sandstone channels (white) and intrachannel

muds (gray) are shown in the lateral and vertical relations column. In this column, sandstone

channels are illustrated as cross-sections cut perpendicular to the long direction of the

channel.

The seven bedrock formations are described below from youngest to oldest.

t5errphc9?.doc 20 October 1997
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4.3.1. I Flagstaff Limestone (Tertiary Age)

The FlagstaffLimestone, which caps the uppermost portions of the Wasatch Plateau, is the

youngest of the bedrock formations exposed in the PacifiCorp lease area (Figure 5). It

typically forms a prominent white cliffon top of the plateau. A thickness of 105 feet was

measured on Trail Mountain.

The FlagstaffLimestone consists of carbonates, marls, and some thin sandstone stringers

deposited in lacustrine, marginal lacustrine, and alluvial plain depositional environments

(Garner and Morris, 1996). It primarily consists of Iight- to medium-gray limestone

containing abundant secondary fractures produced during uplift and subaerial exposure. Thin

beds of shale and volcanic ash are present in some locations.

4.3.1.2 North Horn Formation (Tertiary-Cretaceous Age)

The North Horn Formation is the caprock of much of East and Trail Mountains where the

FlagstaffLimestone has been eroded away. Exposures of the North Horn Formation form

purple, red, or brown colored slopes. In the Trail Mountain area, the thickness ranges from

750 to 800 feet and increases to the west.

The North Horn Formation was deposited in an alluvial-plain/suspended-load fluvial channel

environment (Figure 8). In such environments layers of mud are more abundant than sands,

which occur in sandstone channels. The sandstone channels are generally isolated from each

other both laterally and vertically by mud-rich overbank and interfluvial rocks (Galloway,

1977). In the study area the formation consists primarily of shale with discontinuous
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sandstone channels, minor lenses of limestone, and conglomerate. Highly bentonitic

mudstones, which swell when wetted, are common in the lower two-thirds of the formation.

4.3.I.3 Price River Formation (Cretaceous Age)

The Price River Formation typically forms a steep, receding slope above the Castlegate

Sandstone with alternating ledges and slopes resulting from the interbedding of resistant

sandstones with less resistant shales and claystones. In the lease area the formation is 350 to

400 feet thick.

The Price River Formation was deposited from mixed-load fluvial channel systems having

sandstone/mudstone ratios intermediate between bed-load and suspended-load channel

systems (Figure 8). Sandstones and mudstones occur in about equal proportions. Point bars

that develop in this type of system are larger than those in suspended-load channel systems.

Mudstone drapes created during low flow stages of the active fluvial system separate the

sandstones from each other both horizontally and vertically.

4.3.1.4 Castlegate Sandstone (Cretaceous Age)

The Castlegate Sandstone has a distinctive cliffforming habit and typically forms a resistant

cliffabove the underlying, less resistant Blackhawk Formation. The thickness of the

Castlegate Sandstone ranges from 250 to 300 feet in the lease area

The formation was deposited from bed-load fluvial channel systems (Figure 8; Chan and Pfafi

1991). The Castlegate Sandstone is made up of coarse-grained, often conglomeratic, fluvial

ewphc9?.doc l8 20 October 1997
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sandstone with some thin interbeds of siltstone and claystone, especially toward the base of

the unit. Sandstone dominates over mudstone and individual sand channels may be thin, wide,

or interpenetrating. Although the primary porosity is high, the existence of mudstone drapes

and pervasive carbonate and silica cement greatly reduces the overall porosity.

4.3.1.5 Blackhawk Formation (Cretaceous Age)

The Blackhawk Formation generally forms a steep, irregular slope between the cliffs of the

underlying Star Point Sandstone and the overlying Castlegate Sandstone.

The formation consists of an upper non-marine, suspended-load fluvial portion and a lower

marine shoreface and non-marine foreshore portion. Massive, cliff-forming units are common

in the upper portion, and thinner-bedded, slope-forming units are common in the lower

portion. The thickness of the Blackhawk Formation ranges from 625 to 800 feet in the study

area and generally thickens to the northeast. Most of the thicker coal seams occur in the

lower 150 feet of the Blackhawk Formation.

The upper portion of the Blackhawk Formation was deposited in an alluvial-plairr/suspended-

load fluvial channel environment (Figure 8). In these delta and flood-plain environments

layers of mud are more abundant than channel sands. Sandstone channels are generally

isolated from each other both laterally and vertically by mud-rich overbank and interfluvial

rocks (Galloway, 1977). The upper portion of the Blackhawk Formation also contains some

thin carbonaceous shale layers and thin coal seams which are not of economic interest.
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t The lower portion of the Blackhawk Formation contains the mineable coal deposits and

consists of more thinly bedded sandstone and shale layers (Johnson, 1978). The coal-bearing

units of the lower Blackhawk Formation overlie and are laterally juxtaposed to marine

shoreface sandstones of the Blackhawk Formation and Star Point Sandstone. On a large

scale, these sandstone bodies are laterally continuous but terminate abruptly into the mud- and

organic-rich backshore faces in a landward direction (Van Wagoner and others, 1990).

However, individual rock layers are lenticular and discontinuous, with abundant shaley

interbeds. The fine- to medium-grained sandstones occur as thin- to massively-bedded

paleochannel deposits. The paleochannels increase in frequency, thickness, and lateral extent

upward in the formation. There is also a vertical repetition of erosional scours within the

upper sandstones (Marley and others, 1979).

The PacifiCorp mine workings are within the Hiawatha and Blind Canyon coal seams. In

most locations the Hiawatha seam lies directly on top of the Star Point Sandstone. In some

locations, a 0- 15 foot thick shaley lagoonal deposit is present between the Hiawatha seam and

the top of the Star Point Sandstone. The Blind Canyon seam lies approximately 80 feet above

the Hiawatha seam. In the Wasatch Plateau, large areas of the Blackhawk Formation have

been baked by natural burning of the coal near the surface. These reddish clinker layers are

generally more resistant and form steeper slopes than adjacent unburned layers.

4.3.1.6 Star Point Sandstone (Cretaceous)

The Star Point Sandstone, which is present throughout the area, forms massive cliffs where

exposed at the sur:flace. The sandstone was deposited as marine shoreface blanket sands which
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are laterally continuous, but thin seaward (east). Landward (west), these sandstones terminate

abruptly into the mud- and organic-rich backshore facies (Figure 8; Van Wagoner and others,

1990). Because many of the organic-rich facies have been converted to mineable quality coal,

locally the Star Point Sandstone has immediate contact with coal seams. Elsewhere sandstone

bodies of the Star Point Sandstone are overlain and underlain by lower shoreface and open

marine shales of the Mancos Formation. What this means is that the marine shoreface

sandstones are three dimensionally encased by low-permeability marine shales and fine-grained

carbonaceous backshore coal-bearing facies.

The Star Point Sandstone thins eastward and merges with the underlying Masuk Member of

the Mancos Shale. Three prominent tongues of the Star Point Sandstone interfinger with the

Mancos Shale. These three sandstone members, from top to bottom, are the Spring Canyon,

Storrs, and Panther Sandstones. In the lease area, the Spring Canyon tongue is approximately

100 feet thick, lies about 80 feet above the Storrstongue, and consists of massive, fine- to

medium-grained sandstone. The Storrs tongue lies about 120 feet above the Panther tongue

and consists of 50 feet of soft, friable sandstone. The basal Panther tongue is approximately

100 feet thick and consists of massive, crossbedded delta front sandstones.

4,3.L.7 Mnsuk Member of the Mancos Shale (Cretnceous Age)

The marine Masuk Member of the Mancos Shale was deposited in an open marine

environment. The rock is highly erodeable calcareous, gypsiferous, and carbonaceous dark

gray shale. It is continuously exposed along the eastern edge of the Wasatch Plateau. The

Masuk member is approximately 1,300 feet thick. Westward thinning wedges of the Masuk
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interfrnger with tongues of the Star Point Sandstone. Castle Valley, to the east of the study

area, is developed on the Mancos Shale.

4,3.2 Structure

The PacifiCorp study area is bounded on the east by the eastern erosional escarpment of the

Wasatch Plateau and on the west by the Joes Valley Fault System. The dip of the bedrock is

controlled primarily by the Straight Canyon Syncline, which runs diagonally through the

middle of the lease area, trending approximately north 50o east and plunging to the southwest

(Figure 5). Bedrock located northwest of the syncline axis generally dips toward the

southeast, whereas bedrock located southeast of the syncline axis dips toward the northwest.

The dips of the rocks throughout the study are gentle, rarely exceeding 6o.

Most faults in the study area trend north-south or northeast-southwest (Figure 5). The most

significant is the Joes Valley Fault System, which extends more than 20 miles to the north and

40 miles to the south of the Joes Valley Reservoir dam, and has a reported 2,300 feet of

vertical displacement (Davis and Doelling, 1977). Joes Valley is a graben formed on the

downthrown block west of the fault; Trail Mountain forms the horst block east of the fault.

Much of Joes Valley is filled with alluvium that is juxtaposed against the bedrock formations

of Trail Mountain.

The Mill Fork and Roans Canyon Fault systems, which have much less displacement than the

Joes Valley System, form narrow grabens in the central portion of Trail Mountain and in the

northern portion of East Mountain. The Mill Fork and Roans Canyon Fault systems roughly
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parallel the Straight Canyon Syncline (Figure 5) and appear to be scissor faults hinged near the

center of Trail Mountain. At the hinge location there is essentially no vertical or horizontal

displacement. Maximum displacement on these faults in the lease area is estimated to be 30

feet on the Mill Fork Fault, and 160 feet on the Roans Canyon Fault (Semborski, Personal

Communication, 1997).

The Pleasant Valley Fault System, which extends for 20 miles north of the lease area, is

located along the eastern edge of East Mountain (Figure 5). In the lease area, displacement is

less than 150 feet.

Near surface joint sets trending northeast-southwest, and northwest-southeast are common in

the lease area (Kadnuck, 1994). Lineament and drainage trace analysis suggest that the major

trunk streams in the lease and adjacent area follow a regional northwest-southeast trend and

that these drainages follow fracture or joint systems (Peters and Speirer, 1986).
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5. SOLUTE AND ISOTOPE CHEMISTRY

5,1 Explnnntion of chemical reporting units and terms

Reporting units are milligrams per liter (*g L't) and milliequivalents per liter (meq L't; for

ionic solutes and per mil (7oo) for stable isotopes. Stable isotopic reference standards are

Standard Mean Oceanic Water (SMOW) for 62H and 6tt0, Pee Dee Formation Belemnite

(PDB) for Er3C, and the Canyon Diablo Meteorite (CD) for 6305. The radioactive isotope raC

is reported relative to percent modern (1950) carbon (pmc), and the radioactive isotope tH is

reported in tritium units (TU). One TU is equivalent to 3.2 pCi L't (pico-Curies per liter).

In addition to the familiar mg L'r concentration unit, laboratory solute data have been

converted to meq L'r for analysis and reporting purposes. The meq L'r unit allows direct

comparison of reacting concentrations of cations and anions. Conversion factors between

meq L-t and mg L-t for major ions follow.

mqq L-t m-q L-l

caz* I zo.o
Mgt* | rz.z
Na* 1 23.0
K* 1 39.1

HCO; I 61.0
soo" I 48.0
cl- l 35.5

From the conversion factors it is apparent that heavy anion molecules such as SOf- and HCOi

contribute disproportionately to TDS relative to their reacting cation counterparts, such as

caz*.
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The stable isotopic composition of a sample is reported as the per mil (%o) difference of the

sample relative to the isotopic composition of a standard using the delta (6) notation defined

as:

d-
(Rro^pt" - Roonaora)

x1000 (%o)
(Rr,onao,a)

Where R: t8o /t6o, trVtH, 
"C/ttC, and tns/"S. The S notation is reported in terms of the

healy isotope in the ratio R (i e., 6t3C for t3C/t2C;.

A summary ofthe application of isotopic methods to hydrogeologic investigations is included

as Appendix B. Readers who are not familiar with the use of isotopes in hydrogeologic

investigations are encouraged to read Appendix B prior to proceeding with the remainder of

this report.

5.2 Chemical evolution of groundwaters

5.2.1 Chemical reactions

Solute compositions of groundwaters are the result of interactions between groundwaters and

bedrock lithologies and between groundwaters and atmospheric and soil gases. The general

reactions responsible for the chemical evolution of groundwaters in the vicinity of the

PacifiCorp lease area and inside the coal mines are described below:
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Groundwater acquires most of its Cozrel in the soil zone where the partial pressures of COz

greatly exceeds atmospheric levels. This COz combines with water to form carbonic acid

according to

Co4el + HzO : H2COt (1)

Carbonic acid dissociates into H* and HCOi as

HzCOr: HCOi + H* (2)

The H. ions temporarily decrease the pH of the water but are quickly consumed by the

dissolution of carbonate minerals that are abundant in the soil zone and in most aquifers.

Carbonate mineral dissolution is represented as

2H* + CaMg(COr)z: Ca2* a Mgt* + ZHCO;, and (3)
(dolomite)

H* + CaCOr : Caz* + HCOi. (4)
(calcite)

The net effect of reactions 2 through 4 is to increase the pH and the Cut*, Mgt*, and HCOi

contents of waters. Dissolution of small amounts of gypsum, which is present in many

formations in the region, can elevate the Caz* and SOi- contents in the absence of additional

Cozrer and H' according to

CaSO+.2H2O : Ca2* + SOa2' + 2HzO. (5)
(gYPsum)

Elevated Na* concentrations may result from either the dissolution of small amounts of very

soluble halite or from ion exchange on clay particles or on sodium zeolites. Halite dissolution

will increase the overall solute concentration (i.e. TDS) and will yield equal Na. and Cl'

contents when the solute compositions are reported in the meq L'r units. Ion exchange will

not directly elevate the overall solute content, but will result in increased Na* concentrations
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at the expense of reduced Caz* and/or Mgt* concentrations. Halite dissolution may be

represented as

NaCl - Na* + Cl-, (6)

and ion exchange may be represented by reactions involving the sodium zeolite analcime,

2NaAlSizOe.HzO * Caz*: Ca(AlSizOe)z.HzO + 2Na*,

2NaAlSizOo.HzO '1 Mgt* - Mg(AlSizOo)z.HzO + ZNa*,

or clay mineral exchange which may be represented as

Ca2* + Na-clay : 2Na. + Ca-clay

Mgt* + Na-clay:ZNa.+ Mg-clay

(7)

(8)

(e)

( 10)

5.2.2 Groundwater solute compositions

Solute compositions of groundwater from 96 springs, 4 french drains, 5 wells and 46 in-mine

sampling locations were analyzed as part of this investigation. Spring and well locations are

shown on Figure 9. In-mine sampling locations for the Blind Canyon seam in the Deer Creek

Mine and for the Hiawatha seam in the Trail Mountain and CottonwoodAl/ilberg Mines are

show in Figures 10 and I l, respectively.

Mean solute compositions for each spring and well have been calculated for the high-flow and

low-flow conditions (Table l). The highest discharge from springs generally occurs in July

(Semborski, 1997 , personal communication) and records with sampling dates in May, June, or

July are included in the high flow mean. The low flow mean is calculated using records with

dates from August to April. In Table I groundwaters issuing from the North Horn Formation

are classified as either low or high SOf- water.
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Fig

o
ure g Map showing the locations of springs, monitoring wells, and Rilda Canyon French drains.



^ 
Figure 10 Mine workings of the Deer Creek Mine and locations of in-mine sampling locations and

t fqtto.Tl wells. Mine workings are in the Blind Canyon Seam of the Blackhawkmonitoring wells.
Formation.



,- Figurc '11 Mine workings of the Trail Mountain and CottonwoodMilbery Mines and locations of

t g;H:r",?TpJi:gJffi,l"l:flg.monitoring wells. Mine workinss are in the Hiawathain-mine sampling locations and monitoring wells.
Seam of the Blackhawk Formation.



Table I ilean solute chemistry of springs during baseflow and highflow conditions
t.bl.l.rlr 2SAPRCl

Formation

n TDS ca2' Mgt* Na'
sites "C pH ms/L

K- Hco3- Gort' so.t'
ms/L

ca2' Mgt' Na' K- Hco3' cor'' so.t-
meq/L

$prings-brsrffow
Alluvium
Flagstaff
North Horn

lo$, sulfate
high sulfate

Price River
Castlegate/Blackhawk
Blackhawk

Sprlngs-hlghllow
Alluvium
Flagstaff
North Horn

low sulfate
high sulfate

Price River
Castlegale/Blackhawk
Blackhawk

2

3

4l
33
14

7
7
2

8.0 7.47
6.6 7.57
7.'t 7.77
6.4 7.78
8.6 7.75
8.4 7.70
8.2 7.90
7.4 7.79

4 8.4 7.47
4 6.4 1.41

63 8.1 7.68
40 8.6 7.69
23 7.1 7.6G

10 8.1 7.65
2 r 3.5 8.32
1 7.0 7.50

424
257
358
309
474
x72
359
562

12.2
5.€

16.0
t 5.s
17.7

9.8
11.5
13.5

11.5
4.0

10.5
10,0
11.1

10.6
13.7
10.3

390
260
346
313
399
442
370
532

e1 .4 46.1 14.6 2,9 405
90.4 13.9 6.3 2.8 294
81.4 30.5 23.7 1.9 356
69.1 29,0 18.9 1.5 345

110.5 34.? 35.0 2.7 383
93.2 27.5 16.4 2.3 400
79.3 34.s 10.7 1 .4 357
82.0 59.3 33.8 4.3 439

68.9 46.6 13.8 1 .5 373
82.8 11.9 4.9 1.7 275
79.5 2e.6 19.0 2.6 357
64.7 29.r 15.0 1.6 346

105.7 29.f 24.O 4.3 373
85.4 36.9 24.9 1 .8 41E
50.9 42.8 20.6 2.'l 315

143.0 29.5 46.0 12.0 470

0.6 75.8
0.4 38.2
0.8 62.9
0.9 21.0
0.5 161 .4

0.5 60.2
1.3 46.2
0.0 175.3

1.1 5S.9
0.4 32.7
1.1 61,9
1.5 20.0
0.5 134.0
1.3 61,3
2.3 70.5
0.0 215.0

4.06 3.79
4.51 1.14
4.06 2.51
3.45 2.38
5.51 2.81
4.65 2.28
3.96 2.84
4.09 4.88

3.44 3.83
4.13 0.98
3.97 2.44
3.2s 2.40
5.27 2.45
4.26 3.04
2.54 3.52
7.14 2.43

0.64 0.07
o.?7 0.07
1.03 0.05
0.82 0.04
1.52 0.07
0.71 0.06
0,47 0.04
1.47 0.11

0.60 0.04
0.21 0.04
0.82 0.07
0.69 0.04
1.04 0.11
1.08 0.05
0,90 0.05
2.00 0.31

6.63 0.02
4.82 0.01
5.84 0.03
5.65 0.03
6.28 0.02
6.55 0.O2

s.85 0.04
7.20 0.00

6.12 0.04
4.51 0.01
5.E5 0.04
s.68 0.05
6.11 0.02
6.86 0.04
5.16 0.08
f ,70 0.00

1.s8 0.34
0.80 0.16
1.31 0.45
0.44 0.43
3.36 0.50
1.25 0.28
0.96 0.32
3.65 0.38

1.25 0.33
0.68 0.11
1.29 0.30
0.42 0.28
2.79 0.31
1.28 0.30
1.47 0.39
4.48 0.29

Na:Cl

1.86
1.72
2.24
1.91
3.04
2.58
1.44
3.87

1.85
1.88
2.78
2.43
3.33
3.61
2.33
6.88
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A two-tailed paired t-test comparing the mean high flow and low flow solute concentrations

of spring and well waters organized by formation was performed (Table 2). If the t-test

values is <0.05 there is a statistical probability that the means of the two populations are

different at the 95oA confidence interval. Table 2 shows that there is not a statistical difference

in the high and low flow solute compositions of groundwater issuing from most formations.

Exceptions include TDS, Cu'*, and SOi' in alluvial groundwater systems and Cl- in low sulfate

North Horn Formation groundwater. The calculated statistical difference in K* in high sulfate

North Horn Formation groundwater is not considered valid because the difference is the result

of a single sample from spring EMS79-19.

The mean solute **poritions of groundwaters issuing from each bedrock source, (regardless

of discharge rates) are listed in Table 3 and are illustrated on a trilinear diagram (Figure 12).

The solute compositions of groundwater issuing from each spring, well, and in-mine sampling

location are illustrated as Stiffdiagrams on Figures l3 and 14.

Most groundwater discharging from springs in the study area is of the Ca2*-HCO; or Caz*-

Mgz.-HCOi type. The solute compositions of these waters are due to the dissolution of

carbonate minerals in the presence of soil zone COz (Eqs. 1-4). Most groundwaters have Na*

concentrations 2 to 3 times as great as Cl' when concentrations are expressed as meq L'r

(Table 3). Na.Cl ratios appreciably greater than I are interpreted to be the result of ion

exchange of Caz* and Mg2n for Na* on clays (Eqs. 9 and 10). Ion exchange appears to be

particularly prevalent in the Blackhawk, Price River, and high SOI' North Horn spring waters,
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Figure 12 Trilinear diagram of mean solute compositions.
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Figure 13 Stiff diagram map of mean spring water compositions for low-flow conditions



Figure 14 Stiff diagram map of in-mine, monitoringwell, and Oliphant Mine (T-18) waters.



Table 2 Faired t-test analysls of sprlng solute chemistry

Site

High Base High Base
n n TDS TDS

Base
ct'

High
K-

High Base High Base
ca'* ca'. Mg'* Mg'.

High Base
Na* Na'

Base High Base
K' HCO!' HCO3'

High Base High
so.z' so.z- cf

Alluvlum
RILDA.METER2
RILDA.METER3
RILDA.METER4
17-144

Palred t-test

Flagstatl Limeslone
EMS 79-35
PINE SPRING
SHEBA SPRINGS

Prlred t.tert

5 16 458.0 480.4
5 17 375.8 423.3
4 12 351.8 369.6
4 7 374.0 391.7

0.034

12 10 268.E ?71.7
5 2 2E1.6 234.0

12 19 249.2 264.6
0.6G3

18
3

't9

3
E

11

3
3
4

20
19
16
s

't3

14
1

5
I
7

13
2

12
6
2
6

14

85.2 94.0
70.7 80.8
66.4 71.6
53.3 73.1

0.039

83.8 93.8
87.3 86.0
82.2 91.4

0.e41

50.8
47.4
54.4
50.6
52.7
55.7
46.5
43.6
38.7
40.2
63.0
68,3
78.4
77.6
79.9
79.?
63.4
81.6
59.2
75.0
47.2
62.2
78.7
94.7
57.0
E2.5

55.7
54.0
48.4
49.6
56.2
58.0
45.3
6r.2
43.8
41.9
65.1
63.4
75.4
74.8
94.1
f9.2
67.S
E6.2
63.8
68,0
51.0
65.1
72.0
s0.3
57.9
85.0

0.150

62j 89.9
81,1 67.3
61.3 61.5

121,5 151.7
121.0 48.3
136.0 140.0
120.0 1 1 0.6
173.0 121.0
149.0 142.0
95,6 228.0
60.8 59,2
51.2 50.0

120.0 99,1
91.5 192.4
91.9 97.1

0.551

91.1 63.0
94.2 136.0
79.0 78.2
s5.6 S€,2

0.830

27.5 57.0
5.0 5,6

24.0 40.7
0.e03

0.8 1.7 299 302
3.6 4.6 268 273
2.4 2.1 272 307

0.311 0.292

Low Sulfate North Horn Forrlr,etlon
13
2

10

2
4
I
?
2
2

13
16
14
I

11

15
6
I

14
I

15
5

12

1l-21-1
17-2't4
17-22-1
17-22-2
r7-26-l
17'a64
17-27-1
17-27-2
17€8*+
1 7-35-1
BURNT TREE
ELK SPRING
EMS 79-02
EMS 79-10
EMS 7$.15
EMS ?9.23
EMS 79-26
EMS 79-38
EMS EO-46

EMS 8047
EMS 84-53
EMS 84-56
EMS 89-61
EMS 89+5
EMS E9-67
TED'S TUB

Palred t-tsrt

1 7-23-l
17-25-1
1 8-2.1
EMS 79.08
EMS 79-09
EMS 7S-16
EMS 79-17
EMS 79-18
EMS 79-19
EMS 79-25
EMS 79-28
EMS 79-29
EMS 79-30
EMS 7S-32
EMS 80'48

Palred t.test

Prlce Rtver Formatlon
EMS 80.{1
EMS 80-49
EMS E2-52
JERK WATER SPRING

Pelred t-lert

Starpolnt Sandslonr
TM.1
TM-18
TM.2

Palrod t tert

?
13

38E.4
302.5
294.3
300.0
334.0
385.9
253.5
272.5
372.O
41't.3
293,9
270.9
294.1
288.5
298.1
371.7
295.0
364.8
306.6
350.6
295.0
332.2
294.2
302.0
282.7
288.4

402.1
290.7
325.6
269.0
331.3
392.3
247.0
265.0
363.0
445.9
284.6
244.6
284.6
266.0
271.3
392.0
320.8
388.6
304.9
305.4
313.0
316.3
294.3
317.5
284.3
290.6

0.757

1 2 398.0 389.5
6 3 710.6 91?.3
14 20 561.6 579.9
1 1 390.0 206.0
1 I 3E2.0 240.0
1 I 330.0 391.0
1 1 308.0 269.0
1 2 483.0 314.0
I 2 384.0 371.5
2 1 384.0 610.0
t4 12 4't6.1 414.2
1 3 't 3 338.0 320.3
1 1 444.0 461.0
7 2 484.6 648.0
6 4 294.5 304.0

0.791

10 1 461 .7 39€.0
4 1 349.8 354.0
14 17 379.4 375.1
5 5 371.6 372.8

0.403

7 23 e62.1 950.0
1 5 1120.0 1370.0
I 6 468.0 366.8

0.708

398
3'14

341

313
367
404
280
300
390
381
330
292
366
323
32S
433
337

. 389
353
356
331
349
343
363
343
333

0.312

19.7
18.5
15.8
8.5

27.3
33.8
1 1.5
14.0
26.5
42.2

24.5
30.3
't5.7

25.3
37.2
2S.5
28.4
39,1
16.7
41.0
't6.2
30.8
14.2
9.6

22.3
30.8

17.8
11.0
26.9

8.7
19.8
35.2
10.3
7.3

25.3
47.1

26.0
19.8
12,3

9.7
19.6
30.0
36.6
62.6
18.7

26,E
37.0
26.3
16,2
17.0
2't.8
25.1

o.lf2

386 60.0 110.0
501 266.8 302.0
404 1 36.4 131 .0

332 230.4 8,6
241 193.0 2.1
318 156.0 163.0
384 132.0 1 1.1

315 274.0 107.8
310 18S.0 204.0
425 97.1 336.0
307 110,9 128.4
327 53.0 36.5
477 169.0 72.4
541 116.3 233,2
363 63.6 45.5

0.006 0.459

HIgh Sul/nte Hofth Hom Formaton

50.5 51.6
43.9 45.6
39.1 42.8
52.7 38.9

0.883

14.S 16.2
13.2 15.3
9.6 10.1

0.108

31.6
32.5
38.0
33.5
38.9
47.7
26.5
25.5
42.O

39.0
28.0
22.1
22.4
22.3
23.3
37.9
29.1
26.9
29.2
31,E
31,2
34,7
26.7
27.O

33.0
1S.0

26.5
32.7
35,3
31.4
38.4
48.9
31.9
22.5
36,6
36.3
25.8
22.2
21,0
21.9
22.5
40.4
25.6
26.0
28.0
30.7
36.8
32,4
26,8
22.5
33.8
't8.5

0.088

33.0 37.5
55.6 83.5
57,4 55.8
28.0 21.4
28.0 20.1
21.0 21.5
17.0 1 9.2
18.0 15.4
8.5 9.3

22.5 32.0
27.7 23.2
35.2 36.9
41.0 23.3
49.1 25.9
31.9 29.6

0.700

38.2 14.0
35.5 31.5
3C.0 34.3
28.1 28,3

0.t80

36.7 33,1
2.0 5.7

45,0 26.8
0.44t

1 5.4 14.9
12.6 13.4
1 1 .3 13.5
15.9 15,E

0,400

5.3 6.4
7.3 7.8
4.9 4.7

0.350

63.1
17.6
1E.8

1 1.9
18.2
35.3
10.1

9.7
51,8
72.7
14.S
7-6

15.4
5.6
8.2

14.9
14.€
38.1

9.8
15.3
18.9
16.6
7.5
3.6

1 1.E

8.1

59,1
r 8.6
27.1
15.6
19.3
32.0
13.1

12.2
52.3
f7.4
14,1

9.0
15.0
4.5
7.5

14.8
17.4
38.1
9.8

14.4
20.4
16.8
9.2
3.5

14.2

9.E
0.0!4

13,5 25.2
79.5 135.2
65.9 67.6
16.5 3.5
16.0 5.6
4.0 2.5

22.O 3.6
6.0 2.9
7.0 6.5
9,9 9.0

54.9 66.1
31.9 33.0
40.0 15.0
31.8 24.5
4.E 4.0

0.995

22.0 't4.0

r0,0 6.5
25.2 24.5
17.8 23.9

0.8{7

2.4 2.5
0.7 2.0
1.2 1.9
1.8 1.8

0.174

409 441
373 3S8
348 359
362 363

0.0s0

83,0 93.8
55,4 76.8
4?,8 59.7
58,3 63.9

0.029

25.3 38.9
56.8 52.5
27.9 23.3

O.EIG

9.5 13.7
1 1.4 1 1,1

10.9 13.8

14,4 13.7
0.2E9

7.9 6.1
2.6 3.0
4.0 7.7

0.G71

2.0
2.9
1.6
3.6
1.9
2.0
2.4
2.7
3.0
1.5
't.3

2.2
0.8
1.6
1.6
1.7
1.4
1.5
0.7
2.3
1.0
1.0
't.9

0.4
1.1

2.3

2.3
2.3
1,8

2,3
1.7
1.5
2.3
2.3
1.8
1.6
1.3
1.8
2.2
2.5
1.4
0.5
2.7
2.0
0.9
1.9
1.1

1.7

1.4

0.3
2.0
't.5

0.656

0.7 1.0
2.7 3.1
1.6 1.7
6.5 0.7
7.0 0.3
2.0 1.5
8.5 0.6
3.0 1.6

20.0 1€.3
1.6 2.0
2.8 2.2
2.4 2.7
9.0 't.s

2.5 4.8
1.0 1.5

0.040

0.9 2.0
3.2 10.0
1.5 1.6
't.1 1.6

0.270

4.4 4.9
3.0 7.3
6.1 5.9

0.3s5

32.2
23.4
10,3
9.3

11.0
27.1
16.0
1 1.3
21.7
41.4

6.8
4.5
5.7
6.9
6.4

11.2
8.3

10.2
5.6
7.7
8.5

10,9

6.4
7.6
9.2
5.6

31.5
25.3
1 1.8
11.7
10.4
27.9
14.0
12.D

23.3
43.4

7.5
7.9
7.9
7.8
6.2

11.8
7.2

10.8
4.3
6.7
9.5

1 1.0
7.2

20.0
10.0
6.5

0.044

10,1 20,5
31.6 55.4
47.3 46.3
4.8 4.S
5.8 7.2
3.9 3.3
3.2 4,9
2.9 3.4
2.p 3.1

11.8 7.9
14.7 15.9
r 9.6 1S.5
10.5 17.8
19.7 18.7
7.5 9.1

0.13'[

10.0 5.7
€.7 7.0
10.1 12.6
8.2 E.3

0.815

1S8.7 224.0
124.0 228.7
16,5 12.2

0.325

397
30s
357
345
356
3E0
270
?s8
367
378
333
290
366
315
329
422
320
404
366
362
323
345
366
359
310
319

368
418
400
289
317
321
333
320
306
423
311
326
487
469
356

301.3
545.0
72.2

272.0
551.8

57.1
0.354

409 495 86.4 20.2
415 329 48.3 173.0
424 416 42.9 36.6
429 428 27.1 52.2

0.95t 0.6G1

592 535 86.7 118.5
862 680 35.0 143.5
326 310 112.6 67.1

0*e2g 0.551

High = mean value for high frow period
Base = mean value for baseflow period



Table 3 Mean solute chemistry
].bl.3.rlr 23lPR07

n

Formation siles oC
TDS
mo/L

Cat* ct-K.HAMg'" K* Hcos' co.t- so.t-
ms/L

Mgt* Na* HCO3- COrt' SO.t'
meo/L

Sprrngs
Alluvium
Flagstaff
North Horn

low sulfate
high sulfate

Price River
Castlegate/Blackhawk
Blackhawk

In-mine
Blackhawk

non-burn-influenced
burn-influenced

Ollphant ||ine Discharge
Blackhawk/Star Point

0.7 73.1 11.9
0.4 33.3 4.4
1.0 58.3 12.4
1.3 19.3 12.6
0.5 127.0 12.0
1.2 60.0 10,9
1.2 45.1 11.2
0.0 175.5 12.3

1.1 235.9 14.3
't .2 173.6 13.6
0.7 722.3 19.9

3.7 118.6 9.1

1.52 0.33 1.89
0.6s ojz 1.75
1.21 0.3s 2.46
0.40 0.36 2.10
2.64 0.34 3. 1 4

1.25 0.31 3.21
0.s4 0.32 1.48
3.65 0.35 4.40

5
4

69
44
25
13

7

2

E.1 7.47
6.6 7.45
7.9 7.f 1

7.9 7.71
7.9 f .71

E.4 7.70
8.8 7.88
7.2 7.75

12.2 7.34
12,3 7.36
11.2 7.2

9.9

46.8 14.5
12.2 5.0
2S.l 19.8
25.2 17.2
30.5 24.4
34.6 22.7
34.2 10.7
52.3 35.7

52.3 33.5
45.5 34,6

105.7 25.2

3.94 3.85
4-2s 1,01
3.99 2.44
3.26 2.40
5.28 2.51
4.37 2.84
3.91 2.81
4.47 4.30

6.26 4.30
5.50 3.74

12.14 8.70

0.63 0.07
o.22 0.05
0.8G 0.05
0.75 0.04
1.06 0.08
0.9s 0.04
0.47 0.03
1 .55 0.13

1 .46 0.12
1.50 0.12
1.10 0.12

Na:Cl

3.61
3.S2
1.95

3.68

5.24

2.99

419
259
345
316
337
425
358
548

636
524

1 506

419

78.9
85.3
80.1
65.4

105.9
87.6
78.3
89.5

125.4
1 10.3
243.3

60.8

42.4

27.8

0.40
0.38
0.56

2.4 401
1.8 281

2.1 357
1.5 348
3.2 373
1.6 40E
1.3 356
5.2 436

4.6 414
4.6 396
4.E 561

6.58 0.02
4.61 0.01
5.85 0.03
5.70 0.04
6.11 0.02
6.68 0.04
5.83 0.04
7.15 0.00

6.79 0.04
6.48 0.04
s.19 0.02

45
40

5

4.91
3.61

15.04

2.47

0.82

2-46

0.26

6.03

21.842.68.21

I 141

2.373183.628.1

3.03

2.12

0.120,10 4.880.953.50

1 .191.611.39

Wells In Sprlng Canyon ||omber of $ter Potdt Sendstono
Star Point 3 1 3.0 7 .71 323

lrysrrs tftrt intercept the flrncoe Slrale
Star PoinUMancos 2 10.2

28.8

19.5 414.E 5.7

39.2

3s.7 1 18.3 213.8

1.22

18.04

0.09 5.22 0.02

0.15 10.31
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Two types of groundwater issue from the North Horn Formation. The more predominant of

the two waters is a Ca2*-Mgt*-HCO; type water with low TDS (Table 3). The second is a

Ca2*-HCO;-SOi- type water which has an elevated TDS as well as elevated Caz* and SO+2-

concentrations (Table 3). The elevated solute concentrations are interpreted to result from

the dissolution of gypsum (Eq 5) This second group includes waters with SO*'?'

concentrations greater than about 50 mg L-l. The distinction between low and high SO4'z-

water was determined from an ordered ranking of SO;'concentrations (Figure l5).

The Ca2.-HCO;-SO;- waters issue from two sections of the North Horn Formation. As

shown in Figure t6a, high SOi'waters are found in springs that issue within 50 feet of the

base of the North Horn and between 550 and 600 feet from the base of the formation.

Sulfate concentrations do not correlate with discharge rates (Figures l6b and l6c). Although

detailed stratigraphic information describing the North Horn Formation is not available, the

solute data suggest that there are two gypsiferous sequences in the formation that represent

evaporative depositional conditions. Low SO;- waters discharge from springs located

stratigraphically throughout the formation including from the two sections identified above.

What the distribution of high SO;' spring waters means is that flow paths within the North

Horn Formation are short and that there is little vertical communication of waters. If water

were being communicated vertically, solute concentrations, especially Cat* and SO+2, would be

more uniform in the formation.

38ervphc9T,doc 20 October 1997
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In-mine roof drip waters and spring waters issuing from the Blackhawk Formation have

elevated TDS contents relative to all other groundwater in the study area (Table 3). The

elevated TDS is largely the result of elevated Cut*, Mgt*, Na*, and SOi concentrations (Table

3, Figure l2). These elevated concentrations are the result of a series of interrelated and

cascading mineral dissolution and precipitation reactions. These reactions are discussed in

detail by Mayo and others (in press). Sources of elevated SOi' include the dissolution of

evaporative gypsum (Eq, 5), associated with the swamp environments, and the oxidation of

pyrite. Gypsum dissolution also elevates the concentration of Caz* which in turn results in the

precipitation of calcite due to the common ion effect. Caz* and Mgz* are also removed from

groundwater by ion exchange on clays and in coal deposits on the Na. zeolite analcime (Eqs.

7-10). The removal of Caz* and Mg2. triggers the dissolution of additional calcite and

dolomite (Eqs. 3 and 4).

Five in-mine samples collected from the Wilberg Mine have very elevated TDS (Table 3;

Figure 14). These samples have a mean TDS of about 1,500 mg L'r, which is about 1,000 mg

L't greater than the mean of the other 40 in-mine samples. The samples were collected near

an ancient coal burn that has greatly affected their solute compositions.

5.3 E2H and 6180

The 62H and 6t8O composition of a water molecule falling as precipitation is determined by

the temperature at which nucleation of the water droplet occurs. The stable isotopic

compositions of waters are usually analyzed relative to the Meteoric Water Line (I\4WL). The

IvIWL is empirically derived from the worldwide plotting locations of coastal zone

ewphc97.doc 20 October 1997
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precipitation and is defined by the equation 62H: I 6r8O + l0 (See Appendix B for further

discussion of the MWL). Relative to the h{WL, precipitation that forms under cooler

conditions will plot more negative than precipitation which forms under warmer conditions.

In addition to the nucleation temperature of the water molecule, several other factors may

affect the isotopic composition of recharge water. These factors include rainout and

orographic effects and the sublimation of snow prior to the springtime snowmelt.

Sublimation often causes the isotopic composition of snow to be considerably more negative

than the compositions oflwaters in streams and issuing from springs.

Except for unusual conditions such as geothermal heating above abut l00oc, the 62H and

6180 composition of a groundwater is set at the time of recharge and is not affected by

subsurface conditions such as residence time and mineral dissolution and precipitation

reactions. In other words, the recharge and flow history of a groundwater can be evaluated

independently of the solute content of the water.

The 62H and 618O composition of both in-mine groundwaters and groundwaters from springs

and wells in the lease area are listed in Table 4 and are plotted on Figure 17. All

groundwaters in the study area plot near the meteoric water line (IvfWL) indicating a meteoric

recharge origin (i.e. rain and snow; Figure 17). The groundwaters have stable isotopic

compositions considerably more positive than snow samples (Table 4). We attribute the

differences in the isotopic compositions of snow and groundwater samples to evaporation

effects prior to groundwater recharge.

42erryhc9?,doc 20 October 1997
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Table 4 lsotopic compositions of snow and groundwater
ew-iso.xls 01MAY97

6too 6ttc 6tts
(%) (9fu) (eto)

6'H
(7*)

toc

(pmc)
'H

(TU}

Snow
DC Portal
E. Joes Valley
E. Mtn
Snow #2
CCC Trail
Cottonwood Ganyon
Mean

AlluvlaUBlackhawk
Meter 3
Meter 3
Roans Canyon Spring
itean

l{ortlr Hom Sprtngs
1T-22-1

17-284
18-2-1

Mean

Prtce River Spnhgs
17-32-1

KbhlKc Contact $prings
17-3-9
1S34-6
91-72
91-73
184-1
Mean

Blackhawk Sprtngs
80-50
84-57
Mean

ln-Mine Roof Drlps
TMA X 32 {Cottonwood}
25 X 11 (Cottonwood)
1.5N X 29 (Wlberg)
UG-3 firail Mbr)
6W X 20 (Deer Creek)
MN-ME (Deer Creek)
TW-10 (Deer Creek)
Mean (w/o TW-10)

In-Mine Longwall GoD lrcas
MW Seals (Cottonwmd)
35 Seals (Deer Creek)

Oliphant lllne Discharge
T-18

Slarpoinf Wells
cccw-1s
TM-3
tfean

?J17t96
a17/96
3/21/96
3/21/96

12y13/96

12y13/96

4ru96
1A1A96

4/z96

8/23/96
8/23/96
8/23/96

12y13/96

8/23/96
12/13/96
1'J14tffi
1?,15/96
12y16/96

3/28/96
3/28/96

12/13/96
3/28/96

5,ru96
3/29/96
3/29/96

?/zil97
a2a97

1U13tg6

1Agt96
12y11/96

-133
-140
-141

-143
-140
-140
-t4t

-122
-123
-125
-123

-123
-128
-131

-127

-130

-129
-129
-127
-130
-130
-129

-124
-1 19
-122

-123
-126
-123
-130
-126
-126
-123
-126

-128
-128

-130

-130
-129
-130

-17.7
-18.5
-19.2
-19.4
-18.4
-18.4
-18.8

-16.3
-16.3
-16.6
-16.4

-15.3
-16.0
-16.9
-{6.r

-17.2

-16.8
-16.9
-16.8
-17.0
-17.3
-17.0

-16.7
-15.9
-16.3

-16.3
-16.3
-16.5
-16.9
-16.8
-16.7
-16.4
-16.6

-16.7
-16.7

-17.0

-17.3
-17.3
-17.3

-10.9
-10.9
-10.4
-10.7

-10.5
-10.3
-11.2
-10.7

-8.6

-11.2
-11.2
-9.9
-7.9
-9.9

-10.0

8.79
7.50

8.15

3.4 82.21 13.7
8.7 77.66 13.5
-0.4 73.24 11.2
3.9 77.70 r2.8

78.89 18.1
82.93 13.3
76.12 12.2
79.31 14.5

-13.6 61.s5 2.20

5.8 91.26 23.0
16.2 79.12 12.7
.4.9 75.47 14.9
7.9 79.49 2.63
0.0 s2.65 0.00
5 75.60 10.6

3.0
-2.7

-20.1
s.6

76.17
70.55
73.36

.9.6
-8.6
-9.1

23.2
1.9
l3

-10.0
-7.5

-10.6
-14.0
.10.3

-8.1

-10.5
-10.1

-15.3

-10.3 13.2
-10.3 27.7
.10.3 20.45

21.0 ?4.97 0.22
13.3 12.15 0.05
6.9 31.97 0.33

19.0 30.9s 0.13
9.3 42.23 0.14
5.1 22.U 0.10
2.2 62.39 20.8

1?,.4 27.47 0.16

11.5 21.99 1.34
13.9 14.40 0.88

21.70 0.20

10.0
1 1.7

10.9

1.10
0.00
0.55

-9.7
-7.7

46.17
24.36
35.27
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In many groundwater investigations of coal mining areas in the Wasatch Plateau and the

Book Clitrs we have found that in-mine groundwaters have isotopic compositions which are

distinct from spring and stream waters and which have more negative plotting locations.

Although considerable scatter occurs in the 62H and 6r*O data from the study area and the

data do not fit such a pattern, some preliminary conclusions may be made.

Groundwaters from wells, springs and in-mine samples collected from Trail Mountain tend to

have more negative isotopic compositions than do similar samples collected from East

Mountain (Figure 17). Such differences may be the result orographic effects associated with

the morphology of the lease area and its positioning along the eastern edge of the Wasatch

Plateau. Additional sampling needs to be performed to verify this conclusion.

5.4 Groundwater ages (3H and toc)

The concept of groundwater age is difficult to define because water arriving at a well or

spring seldom travels via pure piston flow. Instead it is usually a mixture of water molecules

that recharged at different locations and at different times, thus water has no unique age. It is,

therefore, best to think of a groundwater 'age' as the mean residence time of the water

molecules sampled at the well or spring.

In this investigation, two unstable isotopes, tritium ('H) and carbon-14 (toc), have been used

to evaluate mean residence times, Tritium is a qualitative tool indicating if groundwater has a

component of water that recharged since about 1954. Groundwater that recharged prior to

about 1954 will contain essentially no tritium. Carbon-14 provides information regarding the
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number of years that have elapsed since the groundwater became isolated from soil zone gases

and near-surface waters. Like tritium, toc can indicate if groundwater has a component that

recharged since the 1950s. Groundwaters with raC contents greater than about 50 pmc

contain anthropogenic (human-induced) carbon associated with atmospheric nuclear weapons

testing. It is not uncommon for groundwater issuing from a spring or occurring in a well to be

a mixture of old (i.e. containing no 3H) and younger groundwaters.

Groundwaterages havebeen calculated for l3 springs, g in-mine locations,2 StarPoint

Sandstone wells, and the Oliphant Mine discharge (Table 5). All springs waters, except for

spring l8-4-1, contain anthropogenic carbon and appreciable amounts of 3H and are,

therefore, modern. These springs issue from alluvial systems, the North. Horn Formation, the

Price River Formation, the Castlegate Sandstone, and Blackhawk Formation.

Spring 18-4-1 issues from the Blackhawk Formation-Castlegate Sandstone contact at the

down plunge end of the Straight Canyon Syncline (Figure l3). The spring water does not

contain water which recharged since 1954; however, the water was likely recharged less than

a few hundred years ago as is indicated by its I4C content.

Most groundwaters collected inside the CottonwoodAililberg Mine contain essentially no

tritium (Table 5) and have mean tuc 
ages ranging from 2,000 to 12,000 years. Roof drip

waters associated with faults (i.e., l.5N X 29, 6W X 20, and MN-ME) contain waters 2,000

to 7,000 years old and are not in hydraulic communication with the surface (Table 5).
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Table 5 Mean
gwages.xls 01MAY97

groundwater residence times based on 14C and 3H contents

Mean
Sample

Date

toc

(pmc)
=H residence time

(TU) (years)

AIIuviallBIacRhawk
Meter 3
Meter 3
Roans Canyon Spring

lVortft Horn Springs
17-22-1
17-28-4
18-2-1

Price River Spnngs
17-32-1

KbhlKc Contact Springs
17-3-g
16-34-6
91-72
91-73
18-4-1

Blackhawlr Springs
80-50
84-57

In-Mine Roof Drtps
TMA X 32 (Cottonwood)
25 X 11 (Cottonwood)
1.5N X 29 (Wilberg)
UG-3 (Trail Mtn)
6!V X 20 (Deer Creek)
MN-ME (Deer Creek)
TW-10 (Deer Creek)

In-Mine Longwall Gob Areas
MW Seals (Cottonwood)
35 Seals (Deer Creek)

Oliphant Mine Discharge
T-18

Starpolnt Wells
cccw-Is
TM.3

412196 82.21
12t12196 77.66

412196 73.24

8/23/96
8/23/96
8/23/96

12/13/96

8/23/96
12/13/96
12t14t96
12/15196
12/16/96

12112196

12112196

3/28/96
3/28/96

12t13t96
3/28/96

5/2/96
3/29/96
3/29/96

2126t97
2t26lg7

12/13/96

12/9/96
12t11t96

78.89
82.93
76.12

61.55

91.26
79.12
75.47
79.49
52.65

76.17
70.55

24.97
12.15
31.97
30.95
42.23
22.54
62.39

21.99
14.4

21.70

13.7
13.5
11.2

18.1

13.3
12.2

2.20

23.0
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Awater sample from drill hole TW-10, which intercepts groundwater in the Roans Canon

Fault in the Deer Creek mine, contains anthropogenic carbon, appreciable amounts of 3H, 
and

was thus recharged less than 50 years ago. The drill hole intercepted the fault in late 1988 and

the initial discharge rate was about 80 gpm. Within about two years the drip rate stabilized at

about 4 to 6 gpm. 3H and toc data indicate that, unlike other mine roof drips and fault warers,

the discharge at TW-10 is in hydraulic communication with the surface. However, discharge

from TW-10 does not exhibit seasonal fluctuations indicating that the hydrodynamics of this

system are buffered. This buffering may be due to a tortuous flow path, which means a longer

travel time, or the mixing of modern recharge water with older water. It is possible that the

initial water intercepted by the drill hole was of similar old age as other waters encountered in

the mine. Prior to intercepting the fault, the fault may have been full and rejected recharge

may have occurred. The small, stabilized drip rate , 3-4 gpm, suggests that the impact to near-

surface waters is limited. Groundwater associated with the Roans Canyon Fault, which is

intercepted by TW-10, is further discussed in Section 6.3 .2.2.

Isotopic samples were also collected from gob areas in the Cottonwood and Deer Creek

Mines (Figures l0 and I l;Table a). The gob waters have mean r*C residence times of 8,000

to 12,000 years (Table 5), and they contain approximately I TU of 3H. These gob areas

received most of their water from fault drainage and a small fraction of their water from

process water return flows. The process water was pumped from nearby creeks and is likely

responsible for the small 3H contents.
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A groundwater sample collected from the Oliphant Mine portal (T-18; Figure 9) has a mean

raC residence time of 7,000 years. The Oliphant Mine is sealed and it is unknown if the

discharge water issues from the mine roof or mine floor.

Two wells completed in the Star Point Sandstone, CCCW-lS and TM-3, have mean

groundwater residence times of 1,000 and 6,000 years, respectively. These two wells are both

completed in the Spring Canyon tongue and appear to be located on approximately the same

flow line. CCCW-IS is up gradient and TM-3 is down gradient. Assuming that the two wetls

intercept groundwater along the same flow line, travel times can be calculated using the

method described by Mooke (1980):

AT : 8270In (ap*114/akl4)

AT : 5,300 years

(r l)

where:

AT : travel time (in years)

Ers*114: 
raC activity of up-gradient sample

akto : raC activity of down-gradient sample

Assuming the travel time of 5,300 years and a distance of4 miles, the calculated flow velocity

is approximately 0.25 feet per year.
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6. GROUNDWATER

6.1 Groundwateroccurrence

Groundwater naturally discharges, in greatly varying quantities, from most formations

exposed in Trail and East Mountains. Approximately 75% of the identified springs issue from

the North Horn Formation, which comprises nearly the entire plateau surface of East and Trail

Mountains. No springs have been identified which discharge from the Star Point Sandstone or

the Mancos Shale.

Within the mines, groundwater issues from short-lived roof drips, the mine floors in some

locations in the Trail Mountain, Deer Creek, Cottonwood, and Wilberg mines, and from the

mine roof and mine floor after encountering some faults. Confined groundwater occurs in

monitoring wells in the Star Point Sandstone that have been installed in the mines and

elsewhere. Groundwater discharge is generally not associated with the Mancos Shale.

6.2 Spring discharge chnracteristics

More than 100 spring hydrographs were analyzed as part of this investigation. Approximately

75% of the springs discharge from the North Horn Formation. The remainder discharge from

creek bottom alluvial systems, the FlagstaffLimestone, the Price River Formation, the

Castlegate Sandstone, and the Blackhawk Formation. No springs have been identified which

discharge from the Star Point Sandstone or Mancos Shale within the lease area. Because of

the great number of springs for which discharge data are available, hydrographs for only

selected representative springs are presented and discussed here. The maximum flow rates for
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some springs are probably greater than those reported due to the inaccessibly of many springs

until mid-July, after the peak of the snowmelt.

6.2.t Alluvial Springs

6.2.1,1 Rilda Canyon

The North Emery Water Users Association (NEWUA) Rilda Canyon collection system

captures groundwater in a series of french drains (Figure 9) in the shallow alluvium in Rilda

Canyon (Meters 1-4) Flow meters were first installed in the piping system in September 1990

and monthly monitoring of these meters has occurred since that time. Meter 2 contains flow

from the combined discharge from Side Canyon and from the vicinity of South Spring. Meter

3 measures flow from the central portion of the collection system near Rilda Canyon Creek.

Previous to 1995, Meter 4 recorded flow from the north side of Rilda Canyon Creek. In

1995, flow from Meter 4 was combined with flow from Meter 3, and monitoring of Meter 4

was discontinued.

It is apparent from the NEWUA meter discharge hydrographs (Figure 18) that flow in this

alluvial groundwater system is highly dependent upon seasonal recharge. Springtime

maximum flows as great as about 180 gpm have been recorded at Meter 4 while the base flow

discharge at Meter 4 has been a low as 1.5 gpm. The decline in discharge from Meter 2,

which has the lowest flows of the NEWUA meters (<20 gpm) from 1990 to 1991 is believed

to be the result of maintenance problems with the piping system (Personal communication,

Chuck Semborski, 1997)

ervphc9T.doc 5l 20 October 1997



Milltd Associates
Mdcrs.spr 08 May 1997

E
o-
ol
3o

LL

350

300

250

200

150

100

50

0

Rilda Ganyon Meters (NEWUAI

{- Meter 2
{- Meter3

Meter 4
--ft Total

Figure l8 Hydrographs of Rilda Canyon NEWUA meters.



Mayo cnd Atroclnles, fC

PacifiCorp performed a pump-test during November 1990 in the vicinity of the Rilda Canyon

collection system. The results of this testing suggested that at least 90% of the flow to the

system could be accounted for by drainage directly from the shallow alluvial sediments (non-

bedrock derived). The remaining <1004 was believed to be derived from bedrock discharge.

However, it was later learned that the thickness of saturated alluvium upgradient from the

wells was thicker than that assumed at the time of the testing (Personal communication,

Chuck Semborski, 1997). If the greater thickness of saturated alluvium is used in the pump-

test equations, a value greater than 90% is calculated for the percentage of flow attributable to

alluvial discharge.

Because discharge data fbr individual meters in the Rilda Canyon collection system are only

available since the end of 1990, the effects of long-term climatic fluctuations cannot be

determined.

6.2.1.2 Cottonwood Canyon Alluvium

In an attempt to determine the nature of the alluvial groundwater system in Cottonwood

Canyon, PacifiCorp carried out a detailed hydrogeologic investigation in 1994. The

investigation included construction of monitoring wells, geophysical surveys, and detailed

geologic mapping. The results of the geologic mapping, drilling, and resistivity studies

indicated that the maximum alluvial thickness in the canyon bottom ranges from 40 to 70 feet.

The alluvial sediments consist primarily of lateral and terminal glacial moraine deposits.

Below the northwest corner of section 74, the alluvial deposits are fluvial in origin. Nested

monitoring wells were installed in the alluvium in Cottonwood Canyon and in the underlying
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Spring Canyon member of the Star Point Sandstone. The hydrographs for these wells

(discussed in Section 6.4) indicate that the alluvial deposits, which respond to seasonal

variations in precipitation, are hydraulically isolated from groundwaters in the underlying

Spring Canyon sandstone. The springs discharging near the base of Cottonwood Canyon (e,g.

Roans Canyon Spring, Cottonwood Spring) are fed by shallow alluvial systems and are not

related to bedrock groundwater systems in the Star Point Sandstone. In 1996, as a part of this

investigation, stable and unstable isotopic data were collected from the alluvial groundwater

system in Cottonwood Canyon at Roans Spring. The raC and 3H compositions of this water

(Table 5) indicate that it is of modern origin and is not related to the deep groundwater

systems encountered within the mines. The interception of groundwaters within the mine

workings, therefore, does not adversely impact groundwater flow rates in the alluvial springs

in Cottonwood Canyon.

6.2.2 Flngstaff Limestone Springs

Although the FlagstaffLimestone occurs in the highest elevations of the plateau where

precipitation is the greatest, only 5 springs have been identified which discharge from the

limestone in the mine lease area. Spring discharges respond to both seasonal recharge and

climatic factors. Hydrograph recession characteristics indicate that these springs are

dependent on annual recharge events. For example, SpringTg-35 had a maximum discharge

of about 20 gpm in 1979, but has gone completely dry at least three times since then (Figure

19a). Both climatic and seasonal effects are also illustrated in the Sheba Spring hydrograph

(Figure 19b).
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The limited number of springs reflects the character of the rock. In the lease area the

limestone is relatively thin (<100 feet) and groundwater can only flow in the few fractures

which are interconnected. Springs occur where the width of the limestone outcrops is

greatest.

6,2.3 North llorn Formation Springs

Seventy-two springs have been identified as discharging from the North Horn Formation.

Springs respond to annual recharge from snowmelt events and exhibit a wide range of

discharge rates (Figures 19c and l9d). It is not uncommon for these springs to discharge

more than 20 gpm during the springtime and to discharge less than 5 gpm during the late fall.

The discharge from Elk Spring (Figure 19c) increased from 24 gpm inNovember 1994 to 600

gpm the following July 1995.

Discharge from most North Horn Formation springs is also dependent on long-term climatic

trends. Substantial declines in peak flow discharges are observed in most hydrographs in the

late 1980s and spikes in peak flow discharge occurred in the springtime 1994 and 1996

(Figure l9c).

6.2.4 Price River Formation Springs

Thirteen springs have been identified as discharging from the Price River Formation.

Although considerably fewer in number than North Horn Formation springs, these springs

have similar discharge characteristics as do North Horn Formation springs. Long-term

discharge data are only available for one Price River Formation spring. Seasonal variability is
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apparent in the hydrograph for Spring 82-52 (Figure l9f) and by comparing maximum and

minimum measured discharges of several other springs.

Spring

Spring 79-24
Spring 79-40
Spring 80-41
Spring 80-44
Spring 80-45
Spring 80-49
Spring 82-51
Spring 82-52
Spring 89-60
Jerk Water Spring

60
ls
l4
40
t2
43

15

80
.|
J

J

5

lt
I2
l0
)
5

7

46
6

t0

years of
record

1979- l 988
t979-1995
I 980-l 99s
1980- l 993

l 980- 1985

1981-1994
1980- I 995
1982- I 995
r 989- 1 995

I 982- 1986

Maximum Minimum

) (gpm)

0.7
0.1

0.4
05
0.5

12.0

3.0
0.2
1.0

2.0

Variability
factor

86
150

35

80
24

4
)

400
-J
2

where n is the number of measurements, and the variability factor is the maximum measured

discharge divided by the minimum measured discharge. Springs with a high variability factor

generally are more responsive to seasonal recharge than are springs with a lower variability

factor.

Although Spring l7-32-l (Sportsmans Lodge spring) has a modern'oC age (Table 5) the

relatively low 3H content (2.2 TU) suggests a longer flow path than groundwaters in the

North Horn Formation.

6.2.5 BlackhnwkFormation-Castlegate Snndstone Contact Springs

Seven springs have been identified which discharge from near the Castlegate Sandstone-

Blackhawk Formation contact. Limited discharge data are available for two of these (Springs

errphc9?.doc )8 20 October 1997



Mayo crnd llsoclnles, fC

9l-72 and 9l-73). Hydrographs for these springs are shown on Figures l99 and I gh.

Maximum and minimum measured discharges are listed below:

Spring n years Maximum Minimum Variability
record (Spm) (gpm) factor

9t-72
9t-73

l0 1991-1996 9.2
81991-1996 2.3

4.9
1.0

1.9

2.3

Although the data are limited, the data suggest that the discharges from these springs are

somewhat seasonally dependent. Sufficient discharge data is not available to determine the

response of these springs to long-term climatic trends.

6.2.6 Blnckhawk Formation springs

Only 2 springs (Spring 80-50 and 84-57) have been identified which discharge from the

Blackhawk Formation. Only four flow measurements are available from two springs and

seasonal discharge data are not available. The discharges measured from these springs are

low, averaging only 1.6 gpm.

6,3 In-minegroundwater

PacifiCorp has monitored significant groundwater inflows into each of its mines since 1979.

Groundwater encountered within mine openings occurs by three main mechanisms. These

mechanisms include: 1) drainage from overlying sandstone channels which are penetrated by

roof-bolts and by vertical boring, or which are exposed during mining, 2) interception of water

bearing faults and major fracture systems which transmit water from either overlying or
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underlying horizons, and 3) upward leakage from the underlying Spring Canyon Member of

the Star Point Sandstone.

6.3.1 Sandstone channel groundwater

Numerous sandstone channels directly overlie coal-bearing horizons (Figures 20 and 2l).

These channels may be several miles long, up to 1000 feet wide and are commonly 25 to 30

feet thick. These channels have varying degrees of water saturation, which results in wet and

dry regions of the mine.

It is common in "wet" portions of the mines for roof-drip groundwater to be encountered at

the mining-face during mining operations. Most roof-drips typically are short lived, persisting

for only a few weeks before the flow completely ceases. Thus, the roof-drips appear to "dry

up" behind the mining operations. The discharges from these short-lived inflows into the mine

are typically not recorded. In other portions of the mines, the coal seam and adjacent rocks

are completely dry.

Occasionally, areas with greater, more persistent inflows are encountered. These sources are

usually associated with faults or large sandstone channels that contain greater quantities of

water. Such fault-channel systems are discussed in Section 6.3.2.2 below.

Typical hydrographs of roof drips that have not dried up immediatety are shown on Figure 22.

Carbon-I4 ages of 6,500 and 12,000 years (Table 5) have been determined for groundwaters

issuing from locations TMA X 32 and 25 X I l, respectively The discharge
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declines of the hydrographs typically follow an exponential decay, with the greatest flow

occurring immediately after the source is completely exposed and then falling offrapidly. The

tail end of the discharge hydrograph typically trails offgradually, with slowly decreasing rates

of discharge. Near the end of the discharge recession, the discharge hydrograph may appear

nearly flat. Occasionally, a hydrograph may show a marked increase in discharge after the

initial peak has passed. This is usually due to a change in the geometry of the system due to

mining activities in the vicinity of the discharge.

In an attempt to quantitatively evaluate saturated sandstone channels, a dripping channel in the

6th West area of the Deer Creek Mine was investigated (site 6W X 20; Figure 10). The

channel, located near a minor fault with very limited displacement, has the dimensions of

>2,000 feet in length, 150 feet in width and a maximum thickness of 25 feet. An array of up-

hole monitoring wells was installed across the width of the channel. The wells were l5 to 25

feet deep and were open along their entire depth. Each well was equipped with a shutoff

valve and pressure gauge. The idea was to conduct a pump test by letting selected wells

gravity drain and simultaneously measuring pressure change in nearby wells. Because a

maximum of about 2 psi was recorded in the well (i.e. = 5 feet of water) we were unable to

conduct the test. What the well did demonstrate was that the sandstone channel was not fully

saturated and it was a perched, unconfined groundwater system. Water issuing from the

channel has a mean tnc age of 2,000 years (Table 5). The perched, unconfined groundwater

system evaluated in the 6th West area is consistent with the commonly observed roof drip

conditions.
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6.3.2 Fault water

Groundwater has been encountered in 3 faults in the PacifiCorp mines. These include the

Pleasant Valley Fault in the both the Deer Creek Mine and CottonwoodAVilberg Mine, the

Roans Canyon Fault, and the Left Fork Graben in the Deer Creek Mine. The groundwater

flow regimes associated with each of these faults are described below.

6.3.2.1 Pleasant Valley Fault

The Pleasant Valley Fault is a north-south trending fault, which is exposed in both the Wilberg

and Deer Creek Mines (Figure 5). The fault was first encountered in the early 1970s by

Peabody Coal Co. during the construction of rock slopes and has been encountered in at least

4 different locations in the Wilberg Mine. When the fault was first crossed during mining,

groundwater discharge primarily occurred as floor upwelling in the Wilberg mine and as roof

drips in the Deer Creek Mine. The discharge rate was small and never exceeded 50 gpm in

any location. PacifiCorp's initial monitoring location in the Wilberg Mine discharged 50 gpm.

Within 2 or 3 months, the flow from the fault had diminished greatly and the sampling point

became only a puddle on the floor (Semborski, Personal Communication, 1997).

Groundwater discharge rates from other locations on the Pleasant Valley Fault are also small

but are more constant. Groundwater discharging from Pleasant Valley Fault sampled as part

of this investigation is of ancient origin.

Three samples of fault-related groundwater were collected as part of this investigation for

radiocarbon dating (6W X 20 and MN-ME in the Deer Creek Mine, and l.5N X 29 Fault in

the Wilberg Mine; Table 5). The recession hydrograph for MN-ME (Figure 23) shows that
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discharge has steadily declined from about 0.5 to 0.2 gpm over 4 years. Groundwater issuing

from 6W X 20, MN-ME and 1.5N X29 havetoc ages of 2,000, 7,000 and 4,500 years,

respectivety (Table 5).

6,3,2,2 Roans Canyon Fault

The Roans Canyon fault system forms a graben which trends in a northeasterly direction

through the middle of Trail Mountain and northern East Mountain (Figure 5). The fault is

parallel with and adjacent to the axis of the Straight Canyon Syncline. The Roans Canyon

Fault was first encountered in the Deer Creek Mine in a series of horizontal drill holes

completed in 1985. A second series of horizontal drill holes penetrated the fault system in

1989. The purpose of these drill holes was to evaluate the porosity of the fault system and to

evaluate the potential for dewatering of the fault ahead of mining operations. Limited lateral

communication along the fault system was suggested by the fact that discharge from drill

holes located only 200 feet apart did not significantly affect the discharge rates of the

individual holes.

The fault was first encountered in a mine opening in t st Right in January 1990. Substantial

groundwater inflows of several hundred gallons per minute occurred in each of the entries,

The water dissharging from the fault was entirely from the roof and appeared to be related to

a large, overlying sandstone channel. A small sympathetic fault with less than 5 feet of offset

associated with the Roans Canyon Fault was subsequently encountered in the Znd Right

entries in April 1990. Peak discharge from was estimated at 5,000 gpm (Semborski, Personal

Communication, 1997). The last measurement of discharge from the fault zone, from anI
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established monitoring point in 1989, was 150 gpm. Currently, the discharge from the fault

zone is believed to be less than 150 gpm. The large discharge rate from the Roans Canyon

Fault had a profound effect on the discharge rate from the Deer Creek Mine (Figure 24).

Groundwater from the Roans Canyon Fault was encountered with a series of test wells

including TW-10, a 1,100 foot long horizontal hole drilled into the fault system in the Deer

Creek Mine (Figure l0). It was apparent during drilling that groundwater issuing from TW-

l0 was from a sandstone channel that had been highly fractured. Ubiquitous iron oxide in the

fractured sandstone indicated that water in the fracture had been in good communication with

atmospheric gases (Semborski, Personal Communication, 1997) Although TW-10 is under

considerable cover (1,200 feet), it is located near the clifffaces. The cliffface rocks are

extremely fractured and open to recharge water. The average temperature of groundwater

from TW-10 is 73"C while the average temperature of other groundwaters in the Deer Creek

Mine is I l.8oC. The cooler temperature of water from TW-10 relative to other in-mine

groundwaters is attributed to the location of TW-10 near clifffaces.

The discharge rate from TW-10 has declined from about 80 gpm in 1989 to about 5-6 gpm in

lggT (Figure 23). Groundwater sampled from this location in 1996 contained anthropogenic

toC and had a 
3H content of 20.8 TU (Table 5). These data indicate that groundwater now

discharging from TW-10 is in hydraulic communication with recent recharge water.

Discharge from TW-10 does not exhibit seasonal fluctuations indicating that the

hydrodynamics of this system are buffered. This buffering may be due to a tortuous flow
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path, which means a longer travel time, or the mixing of modern recharge water with older

water. It is possible that the initial water intercepted by the drill hole was of similar old age as

other waters encountered in the mine. Prior to intercepting the fault, the fault may have been

full and rejected recharge may have occurred.

In an attempt to determine whether groundwaters discharging from the Roans Canyon Fault

deeper within the mine, away from the cliffface, are tied to active, modern groundwater

systems, a sample of the longwall gob water (3S Seals) in the Deer Creek Mine was collected

and analyzed for isotopic composition. It is important to note, however, that this water is a

composite sample of groundwater discharging from the fault and other in-mine sources, and a

small percentage of Huntington Creek water used as process weter in mining operations. The

toc age of this sample is 12,000 years, with a tritium content of 0.9 TU (Table 5). We believe

that the small component of tritium in the water is derived from the creek water. Therefore,

we conclude that the groundwater in the Roans Canyon Fault deep within the mine, away

from clifffaces, is of ancient origin and is likely not related to overlying shallow groundwater

systems.

6.4 Well hydrogrnphs

Historic water-level monitoring information is available for 16 wells from the study area.

These wells monitor groundwater levels in alluvial systems, the Blackhawk Formation, and the

Star Point Sandstone.
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6.4.1 Alluvial system wells

6.4.1.1 Cottonwood Canyon

PacifiCorp currently monitors three wells completed in alluvium in Cottonwood Canyon.

These include CCCW-IA, CCCW-2A, and CCCW-3A (Figure 9). Well screen intervals and

gravel pack intervals are:

Well Screen interval (ft) Gravel pack (ft)
CCCW-1A
CCCW.2A
CCCW.3A

96 - t26
96-126
5l - 8l

40- I 36
42- I 36
83-l0l

Hydrographs for each of these wells (Figure 25) show responses to annual precipitation. The

somewhat muted hydrograph responses may be the result of depth of the screened intervals.

6.4.1,2 Rilda Canyon

Seven shallow wells were constntcted in alluvium in Rilda Canyon in the mid 1980s (Figure

9). Hydrographs for these wells, identified as P-1 through P-7, are shown in Figure26. All of

the wells show the effects of annual precipitation. The hydrographs for P-l and P-5 show less

response to seasonal precipitation than do the other hydrographs. Well P- I is located

downgradient and is likely affected by the discharge from a series of upgradient springs. Well

P-5 is located in the creek bottom near the NEWUA collection system. Previous researchers

have suggested that the smaller hydraulic fluctuations observed in these wells are likely due to

the situation of the wells in the narrow creek bottom above bedrock highs where alluvial

groundwater is forced to flow near the surface (Semborski, Personal Communication, 1997).
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6.4.2 Blackhawk Formation wells

Only I well, CCCW-3 SU, monitors groundwater levels in the lower Blackhawk Formation.

The well head is situated atop alluvial deposits in the bottom of Cottonwood Canyon (Figure

9). The well hydrograph (Figure 25) suggests that the formation responds to annual

precipitation. However, we attribute the seasonal responses to hydraulic communication

between overlying alluvial sediments and the well gravel-pack. The hydrograph response is

similar to hydrographs in nearby alluvial system wells and the distance from the base of the

alluvial deposits to the top of the gravel-pack zone is only 27 feet. We believe that the water

level fluctuations are due to the seasonal groundwater fluctuations in the creek-bottom

alluvium.

6.4.3 Stnr Point Sandstone Wells

Six monitoring wells have been completed in the Star Point Sandstone from the surface. The

locations of the wells are shown on Figure 9, and each well is described below:

6.4.3.1 Well CCCW-1S

Well CCCW-IS is located in Cottonwood Canyon near the axis of the Straight Canyon

Syncline (Figure 9). The well has a total depth of 720 feet, and is screened between 655 to

705 feet in the Spring Canyon Member. There is approximately 475 feet of potentiometric

pressure in water in the well and the potentiometric level declined slightly, approximately l0

feet, between early 1993 and early 1995. Since then the water level in the well has remained

relatively constant (Figure 25). The well hydrograph does not respond to seasonal recharge.
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6,4.3.2 Well CCCW-3S L

Well CCCW-3SL is located in Cottonwood Canyon (Figure 9). The well has a total depth of

730 feet, and is screened between 680 and 730 feet in the Spring Canyon Member. The well

is pam of a multiple completion well with well CCCW-3SU. There is approximately 80 feet of

potentiometric pressure in water in the well and the potentiometric level declined stightly,

approximately 5 feet, between early 1993 and early 1994. Since then the water level in the

well has remained relatively constant (Figure 25). The well hydrograph does not respond to

seasonal recharge.

6.4.3.3 Well TM-18

Well TM-lB is located in Cottonwood Canyon stratigraphically below the portal of the Trail

Mountain Mine (Figure 9). The well has a total depth of 500 feet, and is screened between

380 and 460 feet in the Panther Tongue. There is approximately 350 feet of potentiometric

pressure in water in the well. The potentiometric level has remained constant and the well

hydrograph does not respond to seasonal recharge (Figure 25).

6.4.3.4 Well TM-3

Well TM-3 is located at the south end of the Trail Mountain Lease in Straight Canyon (Figure

9). A hydrograph for this well is shown in Figure 27a. The well has a total depth of 560 feet,

and is screened between 505 and 555 feet in the Spring Canyon Member. When first

completed in September 1993, the well flowed freely at the surface and maintained a constant

shut-in pressure of 64 psi (approximately 150 feet) for several years. The well was opened in

December 1996 and allowed to free flow at approximately 20 gpm for one week to
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facilitate chemical and isotopic sampling. After the sampling, the well was again shut in and

the hydraulic head has decreased steadily since that time. On 22 August 1997, the water level

had declined to 75 feet below land surface (Semborski, Personal Communication, 1997).

Although the cause of the reduction of hydraulic head is problematic, it is likely that the

decrease is the result of depressurization ofthe Spring Canyon Member in the vicinity of the

well. Mining operations in the Hiawatha seam in the southern portion of the Trail Mountain

Mine are currently located approximately 0.5 miles norlheast of well TM-3. In the Trail

Mountain Mine the Hiawatha seam is located directly on the Spring Canyon Member.

Approximately 200 to 300 gpm of groundwater upwells from the Spring Canyon Member to

the mine floor in the current mining area. Because the current mining area is located up dip of

well TM-3, mining is likely the cause of the depressurization.

Priorto mining, the elevation of the potentiometric level in TM-3 was 6900 feet. The top of

the Spring Canyon Member is exposed in Cottonwood Creek 1.7 miles southeast of TM-3 at

an elevation of 6500 feet. Because the Spring Canyon Member crops out below the

potentiometric level reflected by TM-3, there is a hydrodynamic potential for water to

discharge from the Spring Canyon Member to Cottonwood Creek. However, we believe that

very little, if any, groundwater discharges to Cottonwood Creek from this horizon and

therefore depressurization of the Spring Canyon Member will not decrease flow in

Cottonwood Creek. Two lines of evidence support this conclusion. First, natural

groundwater discharge would be indicated by springs in the Spring Canyon Member; however

no springs have been identified in this unit in the vicinity of Cottonwood Creek (Semborski,
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Personal Communication, 1997). Second, we have calculated a maximum potential discharge

of I gpm based on the assumptions described below. This discharge rate was calculated using

Darcy's law:

Q:KIA,

where,

Q: discharge rate

K - hydraulic conductivity

I - gradient

A: cross sectional area.

PacifrCorp (1994) calculated a hydraulic conductivity of 4.3 x l0-6 feet sec't for the Spring

Canyon Member from a recovery test conducted on well TM-3. A gradient of 0,05 was

calculated from the difference between the pre-mining elevation of the potentiometric level in

TM-3 (6900 feet) and the outcrop elevation of the Spring Canyon Member in Cottonwood

Creek (6450 feet) divided by the distance separating these two points (9000 feet). A cross

sectional area of 10,000 ftz was calculated using the thickness of the Spring Canyon Member

(100 feet) and a 10O-foot exposure width.

6.4.3.5 Well EM-31

Well EM-31 is located in Cottonwood Canyon (Figure 9). The well head is located on alluvial

deposits just above the Trail Mountain Mine portals. The thickness of the alluvium at the well

head is 20 feet. A 2O-foot thick layer of sandstone and a l0-foot thick sequence of
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interbedded siltstone and mudstone underlie the alluvium. The well was has a total depth of

280 feet. Although the well casing is perforated from 190 to 250 feet, the gravel-pack zone

extends from 50 feet to 280 feet which provides opportunity for vertical communication

between saturated horizons. The hydrograph of EM-31 (Figure 27b) shows that the well

responds subtly to annual precipitation and long-term climatic cycles. We believe that these

hydraulic responses are due in large part to hydraulic communication between the gravel-pack

zone and shallow, overlying groundwater systems. The Star Point Sandstone, in other

locations, does not respond to annual precipitation or climatic trends.

6,4.3.6 EM-47

Wetl EM-47 is located in Rilda Canyon (Figure 9). The well head is located in alluvial

deposits near Rilda Canyon Creek. The well has a total depth of 300 feet, and is screened

between 210 and 270 feet in the Spring Canyon Tongue. Water levels in the well respond to

annual precipitation events, and since about 1986 there has been a general decline in water

levels (Figure 27b). The annual responses are attributed to well completion problems rather

than to fluctuations in water levels in the Spring Canyon Member. The coarse gravel-pack

interval in this well is from 50 to 300 feet. The gravel used was 0.25 to 0.375 inches in

diameter. The thickness of the alluvium at the surface is 25 feet, and the bedrock underlying

the alluvium is a continuous sandstone layer that extends to a depth of 70 feet. Thus there is

only 25 feet of sandstone separating the gravel-pack from the surface alluvium. The general

decline in water surface elevation since about 1986 may be the result of climatic variability.
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6.4.4 In-mine piezometers

6.4.4.1 Deer Creek Mine

In late 1989 four piezometers were constructed in the Deer Creek Mine to monitor

groundwater levels in the lower portion of the Blackhawk Formation and in the Spring

Canyon Member of the Star Point Sandstone beneath the mine workings. The piezometers

designated DCP-l through DCP-4, and are all located in the 3rd North/lst West Mains area

(Figure l0). Each of the wells has a 2O-foot surface casing and is open for 150 feet below

that. Thus, each of the wells is open to Blackhawk Formation sandstones and claystones

located above the Hiawatha seam, the Hiawatha coal seam, and the Spring Canyon Member of

the Star Point Sandstone. What this means is that water levels represent composite hydraulic

heads and are not necessarily representative of the Spring Canyon Member or the lower

Blackhawk Formation.

Two of the piezometers (DCP-l and DCP-4) had initial static water levels which rose to the

bottom ofthe mine workings (Blind Canyon seam), and two of the piezometers (DCP-2 and

DCP-3) had initial static water levels which rose to the middle of the lower portion of the

Blackhawk Formation. Between mid-1990 and mid-I993 a transient potentiometric level

decline occurred in Wells DCP-I, DCP-3, and DCP-4 (Figure 28). Mine workings containing

DCP-Z and DCP-4 were sealed in late 1991, workings containing DCP-3 were sealed in late

1993, and data collection ended. By early 1997 the potentiometric level in DCP-l recovered

to the initial static level.
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There are two possible causes of the transient response. The potentiometric decline

approximately coincides with the Roans Canyon Fault dewatering. However, it is difficult to

envision a correlative mechanism. The fault drained a sandstone channel located above Blind

Canyon Seam and the piezometers are located below the seam 0.3 to I mile southwest of the

fault. If the decline were related to fault dewatering, there is not a mechanism for piezometric

recovery.

The transient response is most likely related to mining along the Straight Canyon Syncline in

an area located down dip and to the west of the piezometers and not to depressurization and

subsequent repressurization of the Spring Canyon Member. During mining, considerable floor

water was encountered. Upon completion of mining, the area was sealed and flooded. We

believe that the piezometric decline was the result of the down gradient depressurization and

recovery in the lower portion of the Blackhawk Formation.

6.4.4.2 Cottonwood Mine piezometers

In late 1989 four piezometers (WCP- I through WCP-4) were constructed in the Cottonwood

Mine to monitor groundwater levels in the Spring Canyon Member of the Star Point

Sandstone (Figure 1t). Each of the wells has a 1O-foot surface casing and is open holes for

60 to 130 feet below that. Thus, each of the wells is open to Spring Canyon Member and

interbedded clays separating the Spring Canyon Member from the Storrs Member. Well

WCP-1 is also open to the upper portion of the Storrs Tongue. The workings containing the

piezometers were progressively sealed starting in late 1989 to late 1990 and data are not

available after that.
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Potentiometric levels in wells WCP-2, WCP-3, and WCP-4 show no seasonal variations.

Water levels increased slightly in WCP-3 and WCP-4 (Figure 29). The potentiometric record

for WCP-l suggests some fluctuation in the hydraulic head in the well, However, it is

believed that the fluctuations in head are the result of a malfunctioning pressure transducer

and are not representative of actual conditions in the formation. The pressure transducer was

replaced in early 1990. Seasonal variations in potentiometric levels are not obserrred.

6.5 Steady state recharge-discharge rates in-mine groundwnters

The fact that in-mine groundwaters do not have infinite tuc 
ages means that there must at

some time have been some hydraulic communication between the near-surface and in-mine

(deep) groundwater systems. We believe that this communication most likely occurred during

a cooler, wetter climatic cycle, when more water was available for groundwater recharge.

An alternative way to view the deep groundwater regime is that the groundwater is in

constant flux and that the rate of groundwater movement is slow. If we make the assumption

that the water discharging in the mine from deep systems is in equilibrium with its recharge, it

is possible to calculate an estimate of the steady-state throughput of the system. These

calculations are based on an estimate of the total volume of water in storage in the system

being drained, and the calculated radiocarbon age of the water. In the nearby Bear Canyon

Mine we calculated a steady state recharge-discharge rate of 1.2 gpm for a sandstone channel

containing about I billion gallons of water. The 3,250-foot long channel, located above the

Blind Canyon seam, contained groundwater with a mean residence time of 1,500 years.

These types of calculations give an approximation of the maximum flux of water through the
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system f deep systems were currently in hydraulic communication with adjacent active

systems. However, we believe that the actual flux of groundwater through these systems is

generally less than that calculated because we do not believe that the deep systems are

currently in communication with the near-surface systems.

Similar steady state recharge-discharge rate calculations for the Roans Canyon and Pleasant

Valley faults, and typical sandstone channels located above the mined coal seams are shown

below:

6.5.1 Faults

Roans Canyon Fault/Straight Canyon Syncline:

O 
The largest single influx ofwater into the mine, about 5 x lOe gallons, was from the

Roans Canyon Fault/Straight Canyon Syncline. Carbon- 14 ages are not available directly

from groundwaters issuing from the fault/syncline. However, water from longwall gob

areas (3S Seals and IvIW Seals), which contain mostly Roans Canyon Fault/Straight

Canyon Syncline discharge water, have toc 
ages of 8,000 and 12,000 years (Table 5).

Based on these data a range of values for steady state recharge-discharge conditions are:

5 x 10e gallons (storage capacity)
: 1.23 gpm

8,000 years (4.2 x 10e minutes; residence time)

5 x l0e gallons (storage capacity)

12,000 years (6.3 x 10e minutes; residence time)
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Pleasant Valley Fault:

Only small discharges have been measured from the Pleasant Valley fault. A more

reasonable estimate of the discharge from the Pleasant Valley fault is 25 gpm for 20

years. Groundwater laC ages of 4,500 to ?,000 years have been calculated for sites t.5N

){29 (Wilberg Mine) and MN-ME (Deer Creek Mine), respectively (Table 5). Based on

these data a range of values for steady state recharge-discharge conditions are:

2.6 x 108 gallons (storage capacity)
= 0.07 gpm

7,000 years (3.7 x l0e minutes; residence time)

2.6 x 108 gallons (storage capacity)
:0.llgpm

4,500 years (?,4 x l0e minutes; residence time)

6.5.2 Sandstone Channels

Drip rate data and toC 
ages are available for three sandstone channels. The channels have

been monitored at locations 25 X 11 (Cottonwood Mine), TMA){S? (Cottonwood Mine)

and UG-3 (Trail Mountain Mine). Additional groundwater storage data and the raC

groundwater age is available from 6W X 20 (Deer Creek Mine). Steady state recharge-

discharge rate calculations are shown below;

25 X 11 (Cottonwood Mine):

The roof drip (Figure 22a) shows a gradual decline from about 0.1I gpm in 1984 to

about 0.06 gpm in 1996. The hydrograph recession suggests the drip will dry flow for
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about 30 total years. Based on a mean drip rate of 0.06 gpm the total discharge will be

9.5 x 106 gallons.

9.5 x 106 gallons (storage capacity)
: 0.002 gpm

12,000 years (6.3 x l0e minutes; residence time)

Assuming the drip at 25 X ll only represented l0% of the total volume of water in the

channel the steady state recharge-discharge rate would be 0.02 gpm. If the drip only

represented IYo of the total volume of water in the channel the steady state recharge-

discharge rate would be 0.2 gpm.

TMA x32 (Cottonwood Mine):

The roof drip (Figure 22d) shows a decline from about l0 gpm in October 1994 to 2 gpm

in April 1996. The hydrograph recession suggests that the drip will flow for 5 years or

less and the average drip rate will be t gpm or less. Based on a mean drip rate of I gpm

the total discharge will be 2.6 x 106 gallons.

2.6 x 106 gallons (storage capacity)
: 0,001 gpm

6,500 years (3.4 x l0e minutes; residence time)

Assuming the drip at TMA ){32 only represented l0To of the total volume of water in the

channel the steady state recharge-discharge rate would be 0.01 gpm. If the drip only

represented l% of the total volume of water in the channel the steady state recharge-

discharge rate would be 0.1 gpm..
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UG-3 (Trail Mountain Mine):

Reliable hydrograph data are not available for UG-3. Monitoring by PacifiCorp first occurred

inMay 1990 when a flow of 25 gpm was measured. In mid-1995 the drip had declined to

about 5 gpm. Assuming a drip life of 20 years and a mean drip rate of 5 gpm the total

discharge will be 5 3 x 107 gallons.

5.3 x 107 gallons (storage capacity)
: 0.018 gpm

5,500 years (2.9 x l0e minutes; residence time)

assuming the drip at UG-3 only represented l0% of the total volume of water in the channel

the steady state recharge-discharge rate would be 0.18 gpm. If the drip only represented 1%

of the total volume of water in the channel the steady state recharge-discharge rate would be

1.8 gpm.

6.6 Discussion

The overall pattern of groundwater flow and surface water-groundwater interactions in the

mine lease area can be described by a fairly simple conceptual model involving both active and

inactive groundwater flow regimes (Figure 30). Active regime groundwater flow systems

contain abundant tH, have excellent hydraulic communication with the surface and thus are

dependent on annual recharge events and are affected by short term climatic variability.

Groundwater in these systems circulates shallowly and has short flow paths. The active

regime includes alluvial groundwater, all of the FlagstaffLimestone, near-surface exposures of

all other bedrock formations except, perhaps, the Mancos Shale. The'*near surface" extends
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about 500 to 1,000 feet into clifffaces and is controlled by fracturing, weathering, and the

surface exposures of fluvial channel sands. Further into the clifffaces the discontinuous

character of the channel sands prevents active groundwater flow.

Inactive groundwater flow regimes contain old groundwater (i.e. 2,000 to 12,000 years), have

very limited hydraulic communication with the surface and with other active groundwater flow

systems, and are not influenced by either annual recharge events or short term climatic

variability. Groundwater in these systems tends to occur in sandstone channels in the North

Horn, Price River, and Blackhawk Formations which are not in direct hydraulic

communication with the surface (i.e, greater than about 500 to 1,000 feet from clifffaces).

These sandstone channels are vertically and horizontally isolated from each other and when

encountered in mine workings are usually drained quickly. The blanket sands of the Star Point

Sandstone are also largely in the inactive zone. For the most part faults encountered in mine

workings are part of the inactive regime.

A report by the U.S. Geological Survey (Lines, 1985) states that there exists a regional

aquifer in the lower Blackhawk Formation and Star Point Sandstone in the Wasatch Plateau.

Lines also postulates that the regional aquifer is recharged by the downward migration of

groundwaters from overlying perched groundwater systems in the North Horn and Price River

Formations. For several reasons, we believe that these ideas are incorrect. Groundwaters

encountered within mine openings in the lowermost Blackhawk Formation occur primarily

within discontinuous sandstone channels. It is not uncommon for some of these channels to

be completely dry, while others are partially or completely filled with water. Between these
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sandstone channels, the surrounding shales and claystones of the Blackhawk Formation are

usually dry. The discontinuous nature of the saturated sediments in the lowermost Blackhawk

Formation, and the unconfined conditions under which these groundwaters exist do not

support the idea of a deep, regional system with groundwater flowing from areas of recharge

to areas of discharge. Additionally, the radiocarbon and tritium age dating of waters from the

lower Blackhawk Formation (Section 5.4) indicates that, while the groundwaters from the

shallow perched groundwater systems are modern (post-1954), groundwaters from the

Blackhawk Formation and Star Point Sandstone are thousands of years old. Because the mine

workings do not intercept the Star Point Sandstone, less is known about the continuity of

groundwater systems there. However, groundwaters in the Star Point Sandstone are

thousands of years old (section 5.4) and occur in laterally discontinuous sandstone tongues

bounded by nearly impermeable shale units of the Mancos Shale. Because of the lateral

discontinuity of these tongues, regional groundwater flow regimes cannot develop.

We believe that the presence of swelling clays and impermeable shales in the rocks in the

unsaturated zone between the overlying perched systems and the Blackhawk Formation

effectively prohibit downward vertical migration of waters from the perched systems. Lines

(1985) analyzed cores taken from well (D-17-6)27bda-1 and found the hydraulic

conductivities of the shales and siltstones to be very low (i.e. l0-7 to tO'8 ft/day). One shale

sample was found to be effectively impermeable even when a hydraulic pressure of 5,000 psi

was applied.
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Because there are no areally extensive groundwater regimes in the lower Blackhawk

Formation or Star Point Sandstone within the lease area, it is not possible to draw meaningful

potentiometric surface maps of these systems.

Lines (1985) also reported that water was likely leaking from the Joes Valley Reseruoir

downward into the "lower Blackhawk / Star Point aquifer" in Straight Canyon. We believe

that this is incorrect. Groundwater collected from well TM-3, which is completed in the Star

Point Sandstone, in Straight Canyon just below the reservoir has a radiocarbon age of 6,000

years, while water in Joes Valley Reseruoir is of modern origin. Water levels in TM-3 do not

respond to seasonal fluctuations in the water level in Joes Valley Reservoir, indicating that

there is little or no hydraulic communication between the reservoir and water in the Star Point

Sandstone. Groundwater was sampled at UG-3 in the lower Blackhawk Formation in the

Trail Mountain Mine. This water has a radiocarbon age of 5,500 years, which is likewise not

consistent with water from the reseruoir,
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7, SURFACE WATER HYDROLOGY

The PacifiCorp lease area is located in the San Rafael River basin and is drained by two

tributary drainage systems, Huntington Creek and Cottonwood Creek. Huntington Creek

merges with Cottonwood Creek and Ferron Creek approximately l0 miles southeast of the

study area forming the San Rafael River.

During the snowmelt period, ephemeral, intermittent, and perennial streams carry large

quantities of runoffwater from the highlands of the Wasatch Plateau. As the temperatures

warm in the spring and summer months, snow pack melts and both stream flows and spring

discharges decrease dramatically.

The northeastern portion ofEast Mountain is part of the Huntington Creek drainage system.

Major tributaries include Rilda Canyon, Meetinghouse, and Deer Creeks (Figure 3l). The

southwestern portion of East Mountain is drained by Grimes Wash, which is tributary to

Cottonwood Creek. The western portion ofEast Mountain and the eastern portion of Trail

Mountain drain into Cottonwood Canyon Creek, which flows south into Cottonwood Creek.

The west slope of Trail Mountain drains westward via ephemeral streams into Indian Creek in

Joes Valley. These and other surface waters are retained by Joes Valley Reservoir, which in

turn discharges into Cottonwood Creek.

The hydrology of each drainage basin is described below.
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Figure 31 Map showing drainage basins, surfac,e water monitoring locations, and results of gain-- 
loss measurements on Indian Creek and Cottonwood Creek in Straight Canyon. Flow
measurements are reported in cFS.
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l.L Huntington Creek Ilrainage System

7.1.1 Rilda Canyon Creek

The Rilda Canyon Creek drainage overlies the workings ofthe Deer Creek Mine. Since lg8g,

monthly flow measurements have been made at monitoring sites RCFI, RCFZ, RCF3, and

RCW4 (Figure 3l). RCFI is the uppermost monitoring station and RCF2 and RCF3 are

located downstream near the North Emery Water Users Association (NEWUA) near-surface

water collection system. RCF4 is located below the lease boundary near the confluence with

Huntington Creek. Rilda Creek is ephemeral above RCF2 near the NEWUA collection

system and is a gaining perennial stream below RCF2. The upper, losing reach of the stream

flows across alluvium deposited on the Blackhawk Formation and Star Point Sandstone,

whereas the gaining reach of the stream flows on alluvium deposited on Mancos Shale.

Discharge in Rilda Creek varies greatly by season (Figure32), For example, in l9g5

discharge at RCF3 was 4,500 gpm in June and was only 149 gpm in September.

7.1.2 Meetinghouse Creek

Ephemeral Meetinghouse Creek overlies portions of both Deer Creek and Cottonwood mines.

PacifiCorp has performed monthly flow measurements at monitoring site MHC0I since 1986

(Figure 31). The maximum measured discharge was 6,800 gpm in September lggl; however,

there is commonly no flow in the creek during the late summer, fall, and winter (Figure 33).

The absence of flow during the dry months means that the North Horn, Price River,

Castlegate, Blackhawk and Star Point Formations do not contribute appreciable baseflow to

the creek.
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Figure 32 Instantaneous stream-discharge hydrographs for Rilda Canyon Creek.
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Figure 33 Instantaneous stream-discharge hydrographs for Meetinghouse Canyon Creek.
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7.1.3 Deer Creek

Ephemeral Deer Creek overlies portions of both Deer Creek and Cottonwood mines.

Discharge is measured monthly at DCR0I (located above the lease area), DCR04 (located at

the lower lease boundary), and DCR06 (located below the mine; Figure 31). Flows in Deer

Creek range from no discharge during dry years (both above and below Deer Creek Mine) to

several thousand gpm during the springtime in wet years (Figure 34). The lack of flow during

the dry months indicates that the North Horn, Price River, Castlegate, Blackhawk and Star

Point formations do not contribute appreciable base flow to the creek.

7.2 Cottonwood Creek Drainage

7.2.L Cottonwood Canyon Creek

Cottonwood Creek in Cottonwood Canyon drains the western slopes of East Mountain and

most of Trail Mountain (Figure 31). The drainage area is underlain by mine workings of the

Trail Mountain and Cottonwood mines. Cottonwood Canyon Creek is ephemeral from its

headwaters to near SW- I and is intermittent from that point to the confluence with

Cottonwood Creek in Straight Canyon. Monitoring station SW-l is located near the lease

boundary in the Blackhawk Formation, SW-z is located within the lease area in the Star Point

Sandstone, and SW-3 is located about I mile down-stream from the lease boundary in the

Mancos Shale (Figure 31). Flow in Cottonwood Canyon Creek varies in response to both

season and long-term climate trends (Figure 35). Discharge at SW-l was measured at 2,500

gpm in 1995. A minimum flow of 3 gpm was measured at SW-l in 1993. The near absence

of flow during dry periods suggests that there is no appreciable contribution to flow from

bedrock groundwater systems.
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7.2.2 Grimes Wash

Grimes Wash is an ephemeral tributary to Cottonwood Creek. Flow is measured at GWROI

(upper right fork), GWR02 (upper left fork), and GWR03 (below the mine; Figure 3t). The

right and left forks of Grimes Wash are usually dry except during the springtime snowmelt

season. Flow at GWR03 is sustained by discharge from the Wilberg/Cottonwood Mine

discharge. Flows in excess of 3,000 gpm during the spring runoffhave been measured above

the mine (Figure 36). Discharge below the mine is sometimes nearly absent during dry

months. The lack of flow below the mine suggests that bedrock groundwater systems are not

contributing substantially to the baseflow of the creek.

7.3 Bedrock Contribution to Strenmflow

In an attempt to quantify the contributions of bedrock formations to the baseflow of creeks in

the study area, Mayo and Associates performed gain-loss measurements on Cottonwood

Creek in Straight Canyon and Indian Creek. The location of flow gaging stations and the

measured flow rates are indicated on Figure 3 l. Discharge was gauged at three locations

along Cottonwood Creek in Straight Canyon corresponding, from west to east, to the bedrock

formation contacts at the top and bottom of the Blackhawk Formation and the bottom of the

StarPoint Sandstone. From the top of the Blackhawk Formation to the bottom of the Star

Point Sandstone the measured flow of Cottonwood Creek increased by almost lsyo. Whether

this increase represents baseflow contributions from the Blackhawk Formation and Star Point

Sandstone or measurement error is uncertain. Lines (1985) reported no significant gains

along this same stretch when he gauged streamflows in l98l and 1982. Lines does report

flow increases along the stretch from the top of the Blackhawk Formation to the bottom of

ewphc9?.doc 102 20 October 1997



Mayo and ^"*tGrimes.spw 23 Apr 1997

Grimes Wash

E
o.
ot
ogt
(s
-E
C)
.o
E

4000

3750

3500

3250

3000

2750

2500

2250

2000

1 750

1 500

1 250

1 000

750

500

250

0
79 80 81 82 83 84 85 86 87 88 89 90 91 s2 93 94 95 96 97

Figure 36 Instantaneous stream-discharge hydrographs for Grimes Wash.
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the Star Point.Sandstone to Cottonwood Creek in Cottonwood Canyon in l98l and 1982.

This increase is likely a result of interflow contribution or the forcing of water flowing

through the alluvium to the surface due to decreased permeability of alluvial sediments derived

from the Mancos Shale.

Flow measurements on Indian Creek indicated gains and losses that are greater than the error

of measurement. The significance of these fluctuations is difficult to assess because the stream

flows entirely on alluvial deposits and has abundant bank vegetation. Gains and losses could

be accounted for by flow through alluvial sediments and transpiration by plants. Lines (1985)

found only small gains and losses along Indian Creek in l98l and 1982.

7,4 Discussion

Most of the recharge to creeks within the lease areas occurs from springtime snowmelt and

from summer thunderstorms. Discharge rates in the creeks are extremely variable, and the

creeks exhibit rapid response to snowmelt and thunderstorm events. The creeks are mostly

ephemeral, and are not supported by bedrock groundwater discharge. Recharge to creeks in

the study area is not sustained by bedrock groundwater systems and thus, most creeks

sometimes dry out completely during the late summer and fall months or during periods of

prolonged drought. Most of the streams within the lease areas are losing in their upper

reaches and some are gaining in their lower reaches as they cross the Mancos Shale. The

stream flow lost in the upper, ephemeral reaches is probably lost to alluvium (Semborski,

Personal communication, 1997). As the creeks flow over the impermeable clayey sediments
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of the Mancos Shale, the water in the alluvium is forced to the surface and becomes part of

the above-ground flow in the creek.

There is no evidence of substantial bedrock discharge from Blackhawk Formation or Star

Point Sandstone groundwater systems to the creeks in the lease areas. It is important to note,

however, that this does not preclude near-surface drainage of saturated shallow bedrock and

interflow. Likewise, we do not believe that creek water flowing in the alluvium is recharging

deep bedrock formation groundwater systems in appreciable quantities.

The lack of hydraulic communication between creeks and deep bedrock groundwater systems

has important implications to potential mining-related impacts to creek flow. The lack of a

significant bedrock-derived baseflow component of creek discharge suggests that mining

operations (i.e. the interception of deep groundwater systems in the Blackhawk Formation)

will not adversely impact creek flows in the lease areas.
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8. CONCLUSIONS

The 62H and 618O compositions demonstrate that all groundwaters are of meteoric

origin (i.e. snow and rain).

Active and inactive groundwater regimes oscur in the mine lease area.

The active regime includes alluvial groundwater, groundwater in the Flagstaff

Formation, and all near surface exposures of the other bedrock formations except,

perhaps, the Mancos Shale. The near surface extends about 500 to 1,000 feet into cliff

faces. Groundwaters in the active regime contain abundant 3H and anthropogenic roC.

Comparison of long-term discharge hydrographs with precipitation records

demonstrates that active regime groundwaters: 1) are in direct hydraulic

communication with the surface, 2) are recharged by modern precipitation, and 3)

have large fluctuations in spring discharge rates which can be attributed to seasonal

and climatic variability. High-flo#low-flow discharge rates vary as greatly as 600

gpm to nearly dry; however, most high flow rates are less than 50 gpm.

Despite the seasonal variability in discharge rates, the solute concentrations of active

region groundwaters do not exhibit significant seasonal variability.

The inactive regime includes groundwater in sandstone channels in the North Horn,

Price River, and Blackhawk Formations which are not in direct hydraulic

communication with the surface (i.e. greater than about 500 to 1,000 feet from cliff

faces). Mine workings are largely part of the inactive regime. The sandstone channels

are vertically and horizontally isolated from each other and when encountered in mine

workings are usually drained quickly. Coal seams are hydraulic barriers to

groundwater flow. The blanket sands of the Star Point Sandstone are also largely in

2.

3.

4.

5

6.
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the inactive zone. Except where exposed near cliff faces, faults encountered in mine

workings are part of the inactive regime. Except near clifffaces, faults are not

conduits for vertical hydraulic communication between otherwise hydraulically isolated

pockets of groundwater.

7. Inactive region groundwater systems contain old groundwater (i.e. 2,000 to 12,000

years), and are not influenced by annual recharge events or short term climatic

variability.

8. In-mine inactive regime groundwaters occur in nearly stagnant, isolated zones which

have extremely limited hydraulic communication with other inactive regime

groundwaters in the vicinity of mine workings and with near-surface active regime

groundwaters as evidenced by the following:

a) Groundwaters discharging into mine openings have toC 
ages ranging from

2,000 to 12,000 years

b) Roof drip rates rapidly decline when water is encountered in the mine

indicating that the saturated zone above the coal seam is not hydraulically

continuous and has a limited vertical and horizontal extent.

c) Unsaturated conditions have been identified in boreholes drilled vertically into

sandstone channels located above coal seams.

9. The fact that inactive region groundwaters encountered in mine openings do not have

an infinite age means that, at some time, there has been some hydraulic communication

with the surface. This communication is extremely limited as illustrated by calculated

steady state recharge-discharge rates of faults and sandstone channels in the inactive

zone which range from 0.001 to 1.23 gpm.
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10. Groundwater in the Star Point Sandstone is part of the inactive regime as evidenced by

the 6,000 year toc 
age of the sample from well TM-3. In the down dip direction along

the axis of the Straight Canyon Syncline, potentiometric pressures in the Spring

Canyon member results in upwelling of groundwater into Hiawatha seam mine

openings. Such upwelling may locally reduce the pressure in the Spring Canyon

member.

I l. Areally extensive groundwater regimes in the lower Blackhawk Formation and Star

Point Sandstone do not exist within the lease area. Therefore, it is not meaningful to

create piezometric surface maps of these systems.

12. Streamflow is dependent on snow melt, precipitation and thunderstorm activity. There

is no apparent hydraulic communication between streamflow and groundwater

encountered in mine openings.

13. The groundwater discharging into the Rilda Canyon alluvial collection system is of

modern origin and is closely tied to seasonal recharge. This is evidenced by its modern

radiocarbon and 3H contents and by the discharge hydrographs. The alluvial

groundwater is not related to the groundwater encountered in the mines.

14. The groundwater discharging in Cottonwood Canyon near Cottonwood Spring and

Roans Spring discharges from glacial deposits and is of modern origin. The

radiocarbon and 3H contents of this water indicate a modern origin. The water in the

shallow glacial deposits is not related to the groundwater encountered in the mines.
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e. PROBABLE HYDROLOGIC CONSEQUENCES

This section describes the probable hydrologic consequences (PHC) of underground coal

mining in the Trail Mountain LBA. The determination of the PHC is required by part R645-

301-728 of the State of Utah Coal Mining Rules. This determination is based on the data and

information presented in Sections l-8 of this document. A recommended monitoring plan, as

required by part R645-301-730.200 of the coal mining rules, is presented in Section l0 of this

report.

This description of the PHC is based on the idea that the behavior of hydrologic and

hydrogeologic systems in the Trail Mountain LBA is similar to those in East Mountain and the

southern portion of Trail Mountain. These areas are nearly identical climatically,

physiographically, and stratigraphically, and share many of the same geologic structures.

Thus, the hydrologic consequences of underground coal mining in the Trail Mountain LBA

will be similar to those at the Deer Creek, Cottonwood, Wilberg, and Trail Mountain mines.

9.1 Potential adverse impncts to the hydrologic balnnce (section 728.310)

The hydrologic balance is the sum of the flow interactions between surface waters and

groundwaters and between various groundwater flow systems. Underground coal mining has

the potential to impact the hydrologic balance by:

1. decreasing creek flows and spring discharges by capturing surface waters and/or

groundwaters,

2. increasing creek flows by accelerating the rate of groundwater discharge from the

mined horizon of the Blackhawk Formation, and
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3. increasing groundwater recharge rates to overlying groundwater systems.

Subsidence-related fracturing can affect the hydrologic balance by capturing surface waters

an#or groundwaters. In order for fracturing to reduce creek flows and spring discharges,

such disturbances would have to result in the propagation of zones of increased vertical

hydraulic conductivity. We do not believe that mining activities in the current PacifiCorp

lease area have so affected surface and groundwater flows. The basis of this finding is

discussed below.

The layout of the PacifiCorp mine plan is designed to minimize subsidence impacts to the

steep cliffs of the Castlegate Sandstone (Chapter 3). As a result, nearly all subsidence that has

been measured to date (Figure 2) occurs where the North Horn and, to a lesser extent, the

Price River Formations are exposed at the surflace. Vertical fractures are less likely to extend

from the mined horizon into these formations because l) the thickness of the overburden is

from 900 to in excess of 2500 feet and 2) the North Horn Formation contains abundant clayey

units that exhibit plastic deformation and swell when wetted (Section 4.3.1.2). This is

extremely significant because more than 90% of the springs identified on East and Trail

Mountains occur in the Price River and North Horn Formations and the overlying Flagstaff

Limestone (Table A-l). These springs are effectively isolated from subsidence-related

fracturing.

Numerous springs on East Mountain and several springs on Trail Mountain have been

undermined. A smaller number of springs discharge from areas that have experienced
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subsidence. As part of this investigation the hydrographs of these springs have been reviewed

within the context of the mining history. Although some springs discharge from areas that

have subsided asmuchas l0-12 feet, there is no evidence of dischargedeclinesthat canbe

attributed to mining-induced subsidence or fracturing.

Similarly, ephemeral and intermittent sections of Deer Creek and Grimes Wash have been

subsided by as much as 10 feet (Figure 2). These creeks show no discharge declines that are

attributable to mining-induced subsidence (Sections 7. 1.3 and 7 .2.2). Underground mining in

the Trail Mountain LBA has the potential to impact intermittent side drainages that are

tributary to Cottonwood Canyon Creek, intermittent tributaries to Cottonwood Canyon in

Straight Canyon, and, possibly, Indian Creek. However, we do not anticipate that creek flows

will be reduced by subsidence-related impacts to any of these creeks. Longwall mining does

not occur beneath perennial streams, thus subsidence-related fracturing does not directly

capture creek flows. Indian Creek lies beyond the western boundary of the lease area and no

perennial streams discharge into the creek from within the Trail Mountain LBA. The

boundary of the new LBA has been drawn so as to maintain at least a 1000-foot barrier

between mine workings and the Joes Valley Fault system and Joes Valley. Therefore, the

potential to detrimentally impact flows to Indian Creek in Joes Valley is negligible.

Appreciable amounts of groundwater are intercepted by underground coal mining. Mining

quickly dewaters the saturated horizon immediately above the mined horizon and this water is

not replaced as evidenced by the rapid decline and often complete drying of roof drips. In-

mine groundwater occurs in isolated, inactive systems as demonstrated by the small 3H
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content and radiocarbon ages of mine waters which range from 2,000 to 12,000 years

(Section 5.4), with the exception of one site which is discussed below. This indicates that in-

mine waters are not in hydraulic connection with near-surface spring waters that respond to

seasonal and climatic changes and contain anthropogenic carbon and appreciable amounts of

tH.

Some in-mine groundwater sources have sustained discharges. Steady state calculations

(Section 6.5.2) indicate that the recharge rate of 0.001 to 1.23 gpm could sustain these

systems. What this means is that the amount of water being communicated from active near-

surface groundwater systems to inactive deep systems is negligible. The interception of deep

groundwater by mining is not removing water from overlying horizons.

Large groundwater inflows associated with the Roans Canyon fault system and Straight

Canyon Syncline have occurred in the Deer Creek Mine (Section 6.3.2.2). Hydrologic

concerns regarding the large-volume fault inflows are I ) the capture of water supplying

baseflow to creeks or springs, and 2) the discharge ofllarge volumes of fault-related water to

creeks. In general, we do not believe that fault-discharge waters are tied to active, modern

groundwater systems. Wells drilled into the fault system demonstrate that there is limited

lateral communication along the fault system and the radiocarbon age of large volume fault-

discharge waters are 8,000 to 12,000 years (section 5 4)

Modern water does discharge from one point along the Roans Canyon Fault (site TW-10).

However, this site is not representative of fault water discharge to the mine. TW-10 is a
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horizontal dewatering well that intercepts fractured near-surface cliffrocks. The well is

drilled from a rock tunnel driven across the fault to access blocks of coal north of the Roans

Canyon Fault. The Deer Creek mine plan has been designed to avoid mining through the

Roans Canyon Fault system, minimizing the amount of fault-related water that can be

intercepted by mining. The discharge from TW-10 has stabilized at 4-5 gpm suggesting that

the impact to near-surface waters is limited.

Mining in the Trail Mountain LBAwill encounter the southwestern arms of both the Roans

Canyon and Mill Fork fault zones. The Roans Canyon and Mill Fork fault systems are scissor

faults hinged near the center of Trail Mountain. There is little vertical offset on these faults in

Trail Mountain meaning that these faults may play a much smaller role in the transmission and

storage of large quantities of groundwater than was seen in the Deer Creek Mine. However,

the southwestern arm of the Roans Canyon fault zone is adjacent to the plunging end of the

Straight Canyon Syncline, which is associated with higher confined groundwater pressures.

Large quantities of water may be encountered if the Roans Canyon fault zone is intercepted in

southwestern Trail Mountain.

Similarly, large quantities of water may be associated with the Star Point Sandstone on the

southwesternmost section of the Straight Canyon Syncline. Mining of the Hiawatha Seam

removes the confining layer and allows water to seep up into the floor of the mine. We

anticipate that any water assdciated with the Roans Canyon Fault, the Mill Fork Fault, of the

Straight Canyon Syncline that is encountered by mining in the southwestern Trail Mountain
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witt be part of an inactive groundwater system. Therefore, the removal of this water will not

affect near-surface active groundwater systems.

The mining plan for the Trail Mountain LBA will be designed such as to minimize encounters

with the Roans Canyon and Mill Fork faults. Additionally, wells will be drilled ahead of

mining to evaluate potential high volume discharge areas. These areas will be grouted as

mining progresses through such locations. Thus, no large groundwater inflows, such as were

experienced in the Deer Creek Mine, are anticipated in the Trail Mountain Mine.

9.2 Presence of acid-forming or toxic-forming materinls (728.320)

Acid-forming materials in western coal mines generally consist of sulfide minerals, which,

when exposed to air and water, are oxidized causing the production oflH. ions (acid). The

sulfide mineral pyrite (FeSz) has been identified in the PacifiCorp mines. Although the

oxidation of pyrite occurs in the mine, acidic waters are not observed in the mine. The acid is

quickly consumed by dissolution of abundant, naturally occurring carbonate minerals (Eqs. 3

and 4). Iron is readily precipitated as iron-hydroxide and excess iron is not observed in the

mine discharge water.

No other acid-forming materials or any toxic-forming materials have been identified or are

suspected to exist in materials disturbed by mining.
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9.3 Impact of conl mining on sediment yield from disturbed areas (728.331)

The sediment load of streams can be impacted by increased sediment yield from areas

disturbed by mining activities. Disturbed areas include: l) surtace workings, 2) mined-out

areas, 3) subsided landscape above mine workings, and 4) sediment load from mine discharge

water. Sediment yield from surface workings is minimized by sediment control structures that

are installed and maintained according to the specifications in the mine permit. The sediment

yield of mine discharge water is minimized through the use of sediment ponds. The sediment

load of mine discharge water is monitored monthly according to UPDES permit

specifications.

The sediment load of ephemeral and intermittent streams can be increased or decreased as a

result of subsidence. Subsidence can locally increase stream gradients, causing higher flow

velocities in the stream channel and greater sediment entrainment. The extent to which this

phenomenon occurs in the lease area is not known; however, the impact would be localized

and short-lived. The sediment load of ephemeral and intermittent streams would be decreased

where subsidence causes water to be impounded. Here, stream flows would be decreased and

sediment would be deposited in the impoundment. This occurrence would also be short-lived.

9.4 Impacts to important water quality parameters (728.332)

Solute and trace element composition and field parameters of springs, creeks, and mine

discharge water have been monitored periodically to detect impacts to water quality.

Inspection of the field parameters and solute and trace element composition of springs

indicates no mining-related impacts on spring water quality. (It is difficult to envision a
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mechanism to affect the water quality of springs in horizons above the mine). Similarly, water

quality in creeks above the mine water discharge points has not been impacted.

As mining had progressed into areas near the axis of the Straight Canyon Syncline,

groundwater discharge into the mine has exceeded in-mine water requirements and water will

be discharged into Cottonwood Canyon Creek. The quality of groundwater intercepted in the

Trail Mountain Mine is similar to water that is currently being discharged from the Deer Creek

and Cottonwood Mines. This water meets secondary drinking water quality standards and

does not have detrimentat impacts to the quality of receiving waters. The quality of water

discharged by the Trail Mountain Mine will be monitored periodically and be subject to

UPDES permit specifi cations.

9.5 Flooding or streamflow nlteration (728.333)

As mining has progressed into areas near the axis of the Straight Canyon Syncline,

groundwater discharge into the mine has exceeded in-mine water requirements and water will

be discharged into Cottonwood Canyon Creek. The amount of waterthat will be discharged

is difiicult to determine. We expect that the discharge will be much less than maximum flows

during the springtime runoff and during summer thundershowers. We do not expect that

flooding or streamflow alteration will result from mine water discharge to Cottonwood

Canyon Creek.
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9.6 Groundwater and surfnce wnter availnbility (728.334)

Mining in the new Trail Mountain LBA will not significantly affect the availability of

groundwater. As described in Section 6.3, groundwaters in the lower Blackhawk Formation

exist in highly compartmentalized partitions, both vertically and horizontally, and the

formation does not act as a hydraulically continuous aquifer. The groundwater systems in the

Blackhawk Formation were also demonstrated to be hydraulically isolated from overlying,

modern groundwaters. The effects of locally dewatering the Blackhawk Formation adjacent

to mine openings will not have any significant impact on groundwater availability in the region

surrounding the mine.

There are no groundwater supply wells in the mine lease area. The removal of water from

horizons immediately above and below the mined horizon will not impact any water supplies.

Rather, underground mining makes water available from the Blackhawk Formation that was

previously inaccessible.
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10. RECOMUIENDED MONITORING PLAN

The proposed monitoring program for wells, springs, and streams in the Trail Mountain LBA

is shown in Figure 37 and is summarized in Tables 6,7, and I and is described below.

10.1 Springs

We recommend that I springs be monitored within the Trail Mountain LBA. The proposed

spring monitoring program is designed to provide verification that

l. groundwater systems in the formations overlying mined areas operate independently

of Blackhawk Formation groundwater systems in the mine,

2. the temporal variability of spring discharges are due to climatic variability (i.e. wet

and dry years), and

3. mining will not affect groundwater systems in overlying formations.

The spring monitoring locations have been chosen to provide information from each geologic

formation and each significant hydrogeologic feature. Locations within each of the bedrock

formations are recommended (with the exception of the FlagstaffLimestone from which no

springs are known to discharge). Monitoring locations in the vicinity of the Roans Canyon

Fault Graben within each of the North Horn, Price River, and Blackhawk Formations are

included

The chemical character of springs discharging from East and Trail Mountains is well

documented. Many of these springs have been continuously monitored for solute chemistry

for more than 20 years. As discussed in section 5 .2.2, significant temporal variations in the
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solute chemical composition of springs does not exist. As discussed in Chapter 6 of this

report, the active groundwater systems from which most springs in the lease area discharge

are not in hydraulic communication with the deep, inactive zone groundwaters encountered in

the mine. There is no reasonably likely mechanism by which mining activities can adversely

impact the solute composition of groundwater discharging from springs overlying t.h* mine

workings. For these reasons we believe that long-term chemical monitoring of these springs is

not particularly useful. We, therefore, recommend that the springs in the Trail Mountain LBA

be monitored for flow and operational water quality parameters for a period of two years.

During this two-year period the baseline chemical composition of the springs will be

documented. Following two years of monitoring for operational water quality parameters, the

springs need only be monitored for flow and field parameters.

10.1.1 North Horn Formation

We recommend that three springs be monitored within the North Horn Formation, These

springs include 17-14-1,17-21-1, and 17-22-1. It was demonstrated in this investigation that

the active-zone groundwater systems of the North Horn Formation are not in hydraulic

communication with the groundwater systerns encountered within the mine. It was likewise

demonstrated that the possibility of mining related subsidence fractures intercepting flow to

the North Horn Formation springs is minimal. We, therefore, do not anticipate any

detrimental impacts on the flow or solute chemistry of these springs. However, to document

the responses of these springs to long-term fluctuations in climate, and to verify that

subsidence fiactures do not adversely impact spring flows, we recommend that these springs

be regularly monitored.
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10.1.2 Price River Formation

We recommend that spring l7-32-l in the Price River Formation be regularly monitored. This

spring has historically been utilized as a domestic water source and will likely have sustained

flow throughout the year. Spring l'1.-32-l discharges near the distal, down-gradient end of the

Straight Canyon Syncline in the Roans Canyon Fault Graben.

10.1.3 Castlegate Snndstone and Blnckhawk Formation

We recommend the monitoring of four springs near the formational contact between the

Castlegate Sandstone and Blackhawk Formation. These include l7-3-8, 9I,72,91-73, and

l8-4-1. Spring l8-4-l discharges from the Castlegate Sandstone near the distal end of the

Straight Canyon Syncline. Spring 17-14-2 discharges from the Blackhawk Formation within

the Roans Canyon Fault Graben in Cottonwood Canyon. Spring 17-3-8 discharges from the

Blackhawk Formation on the western slope of Cottonwood Canyon. Spring 17-14-z

discharges from a shallow, active system on the eastern slope of Cottonwood Canyon.

10.2 Creeks

We recommend regular monitoring of sites SW-1, SW-2, and SW-3 on Cottonwood Canyon

Creek. SW- l is located at the approximate first occurrence of flow in the creek. SW-2 is

located within the existing Trail Mountain permit area below the mine discharge points

UPDES 001 and 002. SW-3 is located below the mine permit area near the confluence with

Cottonwood Creek.
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Indian Creek lies beyond the western boundary of the lease area and no perennial streams

discharge into the creek from within the Trail Mountain LBA. Likewise, no major springs

have been identified which discharge from the western flanks of Trail Mountain that woutd be

available for monitoring. The western boundaries of the LBA have been drawn such that

projected mining areas will maintain at least a 1000-foot barrier between mine openings and

the loes Valley Fault. Therefore, the potential to detrimentally impact flows in Indian Creek

is negligible and regular monitoring of Indian Creek is not recommended.

Reliable flow monitoring of the upper reaches of Cottonwood Creek below the Joes Valley

Reservoir discharge is not possible, Detrimental impacts on the creek flow would need to be

determined by stream gauging at an upstream point (at the reservoir discharge) and at a point

approximately two miles downstream. We believe that the magnitude of any potential impact

on flow to the creek would be many times less than the error of the flow measurement using

best available technology. Based on the information gained in this investigation, we do not

anticipate significant detrimental impacts on the creek. We, therefore, do not recommend any

monitoring of Cottonwood Creek.

10.3 Wells

We recommend the monitoring of six wells within the new Trail Mountain LBA. These

include fourwells (TM-3, TM-lB, CCCW-3SL, and CCCW-lS) in the StarPoint Sandstone

below the mined horizon, and two (EM-3 l, CCCW-3 SU) in the Blackhawk Formation.
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Tnble 6 Recommended monitoring locations and protocols.

MONITORING PROTOCOLS

Water level and flow measurements
A Monitoring well: quarterly water level measurements
B Stream: quarterly discharge measurements
C Spring: quarterly discharge measurements

Water quality
I Stream: quarterly water quality operational laboratory measurements
2 Spring: quarterly water quality operational laboratory measurements for

two (2) years, then reverting to field parameters only

MONITORING LOCATIONS AND PROTOCOLS

Monitoring Well
TM.IB
TM-3
EM-3I
CCCW-3S L
CCCW-3S U
CCCW-IS

Streams
sw-l
sw-2
sw-3

Springs

17-14-l
17 -?t-I
17-22-I
t7 -32-l
l7-3-8
l7 -t4-2
t7 -t4-3
18-4- l

Protocol
A
A
A
A
A
A

B,l
B,l
B,l

c,2
c,2
c,2
c,2
c,2
C,?
C,?
c,2

Comments
Screened in Star Point Sandstone
Screened in Star Point Sandstone
Screened in Blackhawk Formation and Star Point Sandstone
Screened in Star Point Sandstone
Screened in Blackhawk Formation
Screened in Star Point Sandstone

Cottonwood Canyon Creek (upper, first perennial)
Cottonwood Canyon Creek (below UPDES 001 and 002)
Cottonwood Canyon Creek (below lease)

North Horn Formation
North Horn Formation
North Horn Formation
Price River Formation
Castlegate/Blackhawk contact
Castlegate/B lackhawk contact
Cast legate/B lackhawk contact
Castlegate/B lackhawk contact
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Table ? Recommended groundwater operational water qunlity monitoring

FIELD MEASURE.bffiNTS REPORTED AS

pH pH units
Specific Conductivity ps/cm @ 25'C
Temperature oC

LAB ORATORY MEAS I.IREMENT S

I

Total Dissolved Solids
Carbonate
Bicarbonate
Calcium (dissolved)
Chloride
Iron (total)
Magnesium (dissolved)
Manganese (total)
Potassium (dissolved)
Sodium (dissolved)
Sulfate
Cations
Anions

mg L-t
mg L-r
mg L'r
mg L-'
mg L'r
mg L'r (3rd quarter only)
Mg L-I
mg L-t (3rd quarter only)
mg L-r
mg L'r
mg L't
meq L-r
meq L't
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Table I Recommended surfnce water operational water quality monitoring

FIELD MEASUREMENTS REPORTED. A$

pH pH units
Specific Conductivity ps/cm @ 25"C
Dissolved Oxygen mg L't
Temperature oC

LAB OBA.T ORY MEA SURELENT S

Total Dissolved Solids
Carbonate
Bicarbonate
Calcium (dissolved)
Chloride
Iron (total)
Magnesium (dissolved)
Manganese (total)
Potassium (dissolved)
Sodium (dissolved)
Sulfate
Oil and grease
Cations
fuiions

mg L't
mg L't
mg L't
mg L-r
mg L't
mg L-t
mg L-t
mg L-r
mg L't
mg L't
mg L't
mg L'r
meq L-r
meq L-r
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Application of Selected Isotopes to Hydrogeologic Problems

Mayo and Associates
7r0 E 100 N

Lindon, UT E4042

Oxygen-l8 (6t8O ) and deuterium (62H )

Worldwide, the 62H and SrsO of precipitation (rain and snow) generally follow the
empirical relationship :

62H-sq6tso )+d(7*)

Where s is the slope and dis the deuterium excess (Merlivant and Jouzel, 1983). Craig
(1961) and Dansgaard (1964) have shown that, on the global scale,.r approximates I and
d approximates 10 for coastal meteoric water. The meteoric water line (Iv{WL) is
therefore defined as:

fi2H-B(E'8o)+lo(yoo)

The 6t8O and 62H composition of groundwaters can be used to help evaluate the origin
and flow and mixing patterns of groundwaters. Groundwater recharged during cooler
climates or at higher elevations will have more negative isotopic compositions than
groundwater which recharged during warrner climates or at lower elevations.
Groundwaters which have been heated above about 100oC during deep circulation will
exhibit a positive 6180 shift relative to the 62H composition. Groundwater of non-
meteoric origin (i.e. connate and magmatic) will not plot along the MWL.

Carhon-I3 (6t3C)

Most groundwater acquires 50 percent of its carbon from soil zone water and 50 percent
of its carhon from the dissolution of carbonate minerals in the soil zone or aquifer
skeleton. Because the 6t3C of marine carbonate minerals is about 0 7oo (Muller and Mayo,
1986) and soil zone COz gas has a 0t3C of -18 to -27 7oo, rnost groundwaters have a 6r3C
of o -9 to -13 o/oo.

Sulfur-34 (6345)

The anticipated range of S3aS values in Mesozoic early Tertiary gypsum and anhydrite is
+10 to *20 o/oo (Holser and Kaplan, 1966). At non-thermal aquifer temperatures, isotopic
fractionation accompanying gypsum dissolution may be represented as:

CaSOa{,) 'oS enrichment Caz* + SO+2-

(6'nS : *ls %,o) = (6'o5 - +9 Zoo)



where the value 63uS N +15 7oo has been arbitrarily selected.

The typical 63o5 value of magmatic pyrite is about 0 7oo (Faure, 1986). A 6345 of -Z.Zo/oo

has been reported for pyrite in the Park City, Utah District (Thode and others, l96l).
Mayo and Klauk (1991) found a mean E3uS of +1.3 o/oo in groundwater from non-carbonate
(crystalline rock) aquifers in north central Utah. Mayo and Kravits (unpublished data)
found a 63nS value of pyrite in the SUFCO coal mine, Utah of +3 .4o/oo. Sulfur isotopic
fractionation does not accompany the dissolution of pyrite.

Tritium ttnl

Tritium ('H ), the radioactive isotope of hydrog€tr, has been used in groundwater
investigations to differentiate between groundwaters which recharged prior to or after the
advent of atmospheric thermonuclear weapons testing. Tritium, whose half-life is 12.26
years, forms naturally in the upper stratosphere by the interaction of taN with cosmic ray
neutrons according to the reaction:

toN+ n+tH +"C

Tritium is rapidly incorporated into water molecules and is removed from the atmosphere
by precipitation.

Prior to the advent of atmospheric thermonuclear weapons testing in 1952, tritium activity
in precipitation ranged from 4 to 25 tritium units (TU). One TU equals one tH atom per
108 hydrogen atoms. In mountainous areas, larger natural concentrations have been
observed (Fontes, 1983). During the peak of atmospheric weapons testing, tritium levels
in precipitation rose to m ore than 2,200 TU in some northern hemisphere locations
(Fontes, 1983). As of 1987, the 3H concentrations in rain water varied from 25 to 50 TU.
Unpublished data of l99l and 1992 snow samples collected in the central Wasatch Range,
Utah have'H concentrations of 20 TU or more.

Carbon-I4 (t4C )

Carbon-14, the radioactive isotope of carbon, has a half-life of 5730 + 30 years (Godwin,
1962). Carbon-I4 is produced in the upper atmosphere by a variety of reactions that
involve the collision of cosmic radiation (neutrons) with stable isotopes of nitrogen,
oxygen, and carbon. The most important of these reactions is between neutrons and laN

according to the reaction:

r+laN+toc+p

where n is a neutron andp is a proton (Libby, 1955). Carbon-14 is incorporated into
C0zrel and rapidly mixes throughout the atmosphere and hydrosphere where steady state
equilibrium between tnC production and tnc decay is attained (Faure, 1986).



The pre-industrial revolution atmospheric tnc content has been assigned the steady state
value of 100 percent modern carbon (pmc). The burning of fossil fuels and the advent of
atmospheric thermonuclear weapons testing greatly altered the r4C activity in post-
industrial revolution atmosphere. Burning of fossil fuels, whose toc had previously
completely decayed away, decreased the laC content in the troposphere in the northern
hemisphere by about 3% (Houtermans and others, 1967). Atmospheric weapons testing
greatly increased the atmospheric raC activity by the mid 1960's (Ferronsky and Polyakov,
1 e82).

The post-industrial revolution atmospheric raC perturbations and laboratory measurement
effor in measuring the rnC content of groundwater make the reliable lower limit for roc

dating about 450 years. The upper limit of tnC dating, using conventional laboratory
analytical methods, is about 35,000 years.

Estimating the age of dead wood or other organic carbon is relatively simple. The raC

activity of pre-industrial revolution organic material is assumed to be 100 pmc. The
radiocarbon date is then corrected for systematic variations in atmospheric laC that have
been established by comparing tree ring dates of the wood of Sequoia and Bristlecone
Pines with their corresponding radiocarbon ages (LaMarche and Harlan, 1973; Michael
and Ral{, 1970).

Estimating the radiocarbon age of groundwaters is not as straightforward as estimating the
age of dead organic_matter. Groundwater acquires carbon from numerous sources, many
of which had initial r4C activities of less than 100 pmc. The raC content ofgroundwat*. it
affected by four factors:

l) the addition of "live" carbon (i.e., toc o 100 pmc) from the biogenic
production of Co4el in the soil zone,

2) the addition of "dead" carbon from the weathering of minerals in the soil zone
and the dissolution of carbonate minerals in the soil zone or aquifer (i.e., tnc *
0 pmc),

3) the addition of "dead" carbon from the soil or aquifer during isotopic exchange
reactions, and

4) the addition of both "live" and "dead': carbon by other processes.

The crux of dating groundwater is estimating the initial raC activity (/,) ofthe water at the
time of recharge. This may be accomplished by using the solute and isotopic chemistries
of the groundwater and applying correction procedures. Correction procedures for
estimatingAo are in the form of mathematical equations that attempt to account for the
contribution of "dead" carbon and lnC from various sources, and for the effects of the
isotopic exchange and fractionation processes.
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18o/loorr",r6ard 

= 0.s39948"



GEOCHRON LABORATORES a divrsion or

KRUEGER ENTERPRISES, [NC.
711 CONCORD AVENUE + CAMBRIDGE, MASSACHUSETTS 02138 + U S A
TELEPHONE: (617) 876-3691 TELEFAX: t6t7) 661-01,18

STABLE ISOTOPE RATIO ANALYSES REPOHT OF ANALYTICAL WOR K

Submitted by: Ke 1t y P a yn e
I-{a yo and Assoe iates
710 East 100 l'lorth
Lindon, UT 84042

Date Received: 12 / 19 / 9 6

Date Reported: 01 / 1 0/ 9T

Your Referencer Lettef Of
16 DEC 1gg6
Energy l,rlest

Our Lab.
Number

Your Sample
Number DescriPtion 6D' 618o'

liOR-91770 q 1-73

HoH -q177 1 1 8-4- 1

H0R -91772 91-72

r-roR -91773 16-34-6

H0 R -g 1T T 4 Ccl+.dtf 1utJlr - 4-5 tt-+(

HOR -91775 1T -32-1

HOR -91776 A{-+-'- 'fv\A-j ttA/f

HOR -91777 80-50

H0R-9 1 778 84-57

HOR-91779 Rilda Canyon Meter l!3

HOR-91780 l"Ii1berg Faul! E1 XC29

H0R-91781 T-18 0llPhant SPring

i.la te r

Water

Water

Water

Water

Water

Water

1^later

1^Iater

Water

Water

1^later

-130

_130

_1 2T

_1 29

-130

-130

_1 29

-124

-119 -119

_1 23

_123

_130

-17.0
_17,3

-16.7 -15.8
_16.9

_17.3

-17.2

_17,3

_.1 6.7

ft* _15.9

-16.3

-16.2 -16,3

-17,0

fi -)f

**

t* Duplicabe preparations and analyses.

'Untess otherwis€ noted, analys€s aro raportsd in L notation and are computed as followe:

D/H standard is SMOW
lEo/r6o standard is SM0W

"Double atorn ratio

D/Hshndard = 0.000316"
l8o/16o*,",r6aro = o'ffi39948"

6R*,"''6?-= 
[* 

-,]-,*

And;



GEOCHRON LABORATORIES acn"ision ol

KRUEGER ENTERPRISES, [NC.
711 coNcoRD AVENUE + cAMBRtoGE, |vTASSAOHUSETTS 0ergg + u. s.A
TELEPHONE: {617) 876-3691 TELEFAX: {617) 661.014A

STABLE ISOTOPE HATIO ANALYSES REPOHT OF ANALYTICAL WOH K

Submitted by: Ke 1l y P a yn e
Mayo and Associates
710 East 100 North
Lindon, UT 84042

Date Received: 1 2/ 19 / 96

Date Report€d: 01 / 1 0 / 97

Your Reference: Letter of
16 DEC 1gg6
EnergY hrest

Our Lab.

Number
Your $ample
Number Description 6D' dlEo'

H0R-91782

HoR-g 1 78 3

CCC Trail Snow Water

Cottonwood Canyon Snow Water

-139 -141 *t

-140

-18.4

-18,4

** Duplicate preparations and analyses.

'Unless othenvis€ noted, analysas are reporte<l in L notation and are computed as lollows:

dRsamprel= 
tm -t].t*

Where:

D/H standard is SMOW
t8g1t66 standard is SMOW

"Double atorn ratio

D/Hstmdn€ = 0.0S316"
l8o/16or1.,r6aro 

= o'03994{t"



GEOCHRON LABORATORIES adivrsion or

KRUEGER ENTERPRISES, INC.
711 coNcoRD AVENUE + OAMBR|DGE, i'{ASSACHUSETTS 02139 + u. s.A
TELEPHONE: (617) 876-36e1 TELEFAX: (614 661-0148

STABLE ISOTOPE RATIO ANALYSES REPORT OF ANALYTICAL WORK

Submitted by: Ke1ly Payne
Mayo and Associates
710 East 100 North
Lindon, IJT 84042

Date Heceived: 08/ 15 /96
Date Reported: OZ / 24 / 97

Your Referenc€:

NB: The hydrogen isotope results for these samples, previously
reported on 29 AUG 96, were incorrect. The samples have been re-
analyued end the npu hydrogen r.rlr'lf 3 .|^e reF^Fled hal ^$r'

Our Lab. Your Sample
dlSo'Number Number Description 0D'

HOR-90674 East Mtn Snow ll1 Water

IJOR-90675 Snow ll2 Water

HOR-9C676 Deer Creek Mine Water
PortaI Snow

H0R-90677 E. Joers ValIey Res. I^Iater

tl0R-90 578 Roans Spring l,Iater

H0q-90579 I'lEl^lUL l"leter #3 I^later

H0R-9058C TMA trlater

H0R-90631 2nd S. XC 1 1 ','Iater

H0R-c10582 UG 3 Water

H0R-90583 l'tll l'tE I''Iater

HOR_906,84 T,i{ 10 t^tater

H0R-90685 5th l^lest Fault I{ater
'Eft Dupl icate preparations and analyses.

-141 -140

-143

-133

-140

- 1 2 5 -125

- 122

_123

-126

_130

-125

-1?3

-1 26

** -19.2

-19.4
_17.7

-'! 8,5

*n _15.5

-16.3

-16.3

-16.3

-16.9 -15.9

-15 .7

-15.4

-15.8

-F tt

'Unless otherwis€ noted, analyses are reported in L notation and are computed es follows:

D/H standard is SMOW
t8o/16o standard is SMOw

"Double atom ratio

D/Hs1316s;6 = 0.0ffi316"
160/16011",6"16 

= o.ffi3gg48"

dR*,''06L= | I""-0" -rl*,m
L nstendlrd 

J



GEOCHRON LABORATORES a ctivision or

KRUEGER ENTERPRISES, INC.
7II CONCORD AVENUE + CAMBRIOGE, MASSACHUSETTS 0E138 + U.S A
TELEPHONE: (617) 876-3691 TELEFAX: (617) 651.0148

STABLE ISOTOPE RATIO ANALYSES REPORT OF ANALYTICAL WORK

Submitted by: Ke 11Y Pa Yne
Mayo and Associates
710 East 100 North
Lindon, UT 84042

Date Received: 03/ A6 / 97

Date Reported: 03/ 28 / 97

Your Reference: Letter of
March 3, 1997
Energy West

Our Lab.
Number

Your Sample
Number DescriPtion 6D' dlSo'

H0R -92620

H0R -9?621

Cottonwood Mine
West Seals

Deer Creek 3rd
South SeaIs

Main Water

Water

- 1 28 -127

- 128

** _16.7

-16.7 -16.6 **

lf* Duplicate analyses on separate aliquots of original sample,

.Untess othenrise noted, analp€s are reported in L notation and ara computed as tollors:

6's,np6L= 
[* 

-'].'*

Where:

D/H
tBgltGg

standard is SMOW

standard is SMOW

O/Hrrardard = 0.ffi316"
lBo/16or1"n6aro 

= o's39948"

"Double atom ratio



GEOCHRON LABORATORIES edvisionor

KRUEGER ENTERPRISES, INC.

STABLE ISOTOPE RATIO ANALYSES

711 CONCOBD AVENUE + CAMBHIOGE, MASSACHUSETTS 02138 + U.S.A
TELEPHONE: (617) 876-3691 TELEFAX: (617) 661-01.18

REPORT OF ANALYTICAL WOHK

Submittedby: Ketly Payne

l{"yo and Associates
F10 East 100 North
Lindon, UT 84042

Date Received: 08/ 16/96
Date Reported: Og / 12 / 96

Your Reference: Letter of Aug. 13

Our Lab.

Number

Your $ample
Number Description dss'

SR-90686 Hoans SPring

SR-90687 Meter ll3

SR-90688 TMA

SR-90689 Znd S. XC 1 1

sR-90690 uG 3

SR-90691 MN ME

sR-90692 TW 1 0

SR-90693 6th West FauIt

*t Duplicate preparations

BaS04

BaSO4

BaS04

BaS04

BaS04

BaS04

BaS04

BaS04

and analyses.

-0.4

+3,4

+21.0 +21.0

+13.3

+19.0

+5 . 1

+2 .2

+9.3

*ft

'Unlsss oth€rwiss notgd, analyses a|€ r8ported in L notEtion and 8re cofiiput€d as follows:

l- sstss*rro* Idssr",oopr-= | 
*'-'- -t lxtm

L 
ils/ss"r",ro* 

J

Where:

3astss standad is Cafton Diablo troilite
ilstus = o.o4soo4s



GEOCHRON LABORATORIES advrsionor

I(RUEGER ENTERPRISES, INC.
7I1 CONCOFD AVENUE + CAMEHIDGE. }TASSACHU$ETTS 02138 + U.S,A
TELEPHONE; (617) 876-3691 TELEFAX: (614 661-0148

STABLE ISOTOPE RATIO ANALYSES REPOHT OF ANALYTICAL WORK

Submittedby: Ke11y Payne
Mayo and Associates
710 East 100 North
L indon , LIT 84042

Date Received: 1? / 19 / I6
Date Repqrted: 021 04 / 97

Your Referenca: Lef tef of
16 DEC 1gg6
En e rgy inle s L

Our Lab.
Number

Your Sample
Number Descriptlon dSf s'

sR-q1758 g1-73

sR-91759 18-4-1

sR-q1760 g1-72

sR-91761 1 5-34-5

sR- 91762 E.WIT tJ-L*) -1-$ V{/P

sR-91 753 17-32-1

SR _q 1 Td 4 EIffi Ty\A* 3 V-\-?

sR-91755 B0-50

sR-91766 84-57

BaS04

BaS04

Ba S04

BaS04

BaSO4

Ba S04

BaS04

BaS04

BaS04

+ 7.9

0.0

4.9

+16,2

+1J.2

-13.7 -13.5

+ZT .T

+23 .2

+ 1.9

+ 8,7

+ 6.9

+ 9.8

tf*

SR-91767 Rilda Canyon Meter ll3 BaSO4

SR-91 768 l,-lilberg FauI b E 1 XC29 BaS04

SR-91759 T-18 0liphant Spring BaS04

** Dupl icate preparations and analyses.

'Unless otherwass notsd, analys€s aro reported in rL notstion and are comPutad as fdlowE

dss*r.,o,"L= ["-'"t*- -., l*r*
L 

*stoq'"*"'o I
Whers;

sslus standard is Caflon Oiablo troilite sslus - o.o45m$



GEOCHRON LABORATORIES adivisionof

KRUEGER ENTERPRISES, INC.
711 CONOORD AVENUE + OAMBRIDGE, i,IASSAOHUSETTS 02138 + U.s.A
TELEPHONE: {617) 876-3691 TELEFAX: (617} 661.0148

STABLE ISOTOPE RATIO ANALYSES HEPOHT OF ANALYTICAL WORK

Submitted by: Ke 11 Y P a Yn e
Mayo and Associates
71 0 Ea st 1 00 I'lorth
Lindon, UT 84042

Date Received; 1 2/ 1 O/ 95

DateRepoded: O1/03/97

Your f,eference: L e t Le r o f
Dec. 2, 1995
Energy i'lest

Our Leb.

Number
Your Sampla
Number Description 6ils'

sR-9 1 555

sR-91667

sR-q 1 668

sR-91569

trr4t_TM_17_?_O
IIJJ

EI^t-Tl'{- 1 7 -22-1

tr.l-TI't- 17-28-4

E1,l-TtI- 1 8 -2-1

BaS0rr

BaSO4

BaSO4

BaS04

+5.8

+3.1 +2.9

_2 .7

-20. 1

**

*'F Duplicate preparations and analyses,

'Unlees othsrwis€ notod, analysas are reported in L notatlon and are computecl as followt:

6ils".,',06l= l-lt'-lt*'* -, l*rm
I 

sslfis*r",*",6 
J

Where:

sslss standanl is Cafion Diablo troilite ssl$s = o.or45(Fr4s



GEOCHRON LABORATORIES a dvision or

KRUEGER ENTERPRISES, IF{C.

STABLE ISOTOPE HATIO ANALYSES

711 CONCORO AVENUE + CAMBRIOGE. iTIASSACHUSETTS 02138 + U.S A
TELEPHONE: 1617) 876-3691 TELEFAX: (617) 661.0148

REPORT OF ANALYTICAL IVOHK

Submitted by: Ke 11y Pa yn e

I"to and Associates
f10 East 100 North
Lindon, UT 84042

Date Received: 03/ 06 / 97

Date Repoded: 04 / 14 / 97

Your Reference: Letter of
March 3, 1gg7
Energy West

Our Lab.

Number

Your Sample
Number Description 6gs'

sR - 9262?

sR - 9?623

Cottonwood Mine Main
West SeaIs

Deer Creek 3rd
South Seals

BaS04

BaS04

+1 1 .5

+13.8 +13.9 It*

** DupI icate analyses on separate aI lquots of sample .

'unless otheftvise noted, analyses ars rsported in jL notation End are cofliput€d as follows:

6ss=.,,.'6l = [ "t'"t-'* -., I *'*
[_ 

sslPsr1"n6"r6 
J

Where:

YStsS standard is Cailon Diablo troilite
sslss 

= o.o45@15



GEOCHRON LABORATORIES a division of

KRUEGER EI'{TERPRISES, INC.
711 CONCORD AVENUE + CAMBRIDGE, MASSACHUSETTS 02138 + U . S. A
TELEPHONE: (61 7) 876-3691 TELEFAX: (61 7) 661-0148

HADIOCARBON AG E DETEHM I NATION REPOHT OF ANALYTICAL WORK

Our Sampfe No,

Your Feference:

Submitted by:

GX-22180

letter of 0B/13/96

Mr. l(eI1y Payne
14ayo & Associates
710 East 100 ItJorbh
Lindon, Utah 84042

Date Received: 0 B / 1 6 /96

Date Heported: 0 8/27 /96

SamPle Name: Ti'lA ( Cottonwood )
groundwater preciPitate

AGE= i1,i50 +/- 285 C-14 years
(e+.97 +/- 0.88) T' of the

BP (C-1 3 corrected ) .

modern (1950) C-14 acbivitY.

Description:

Pretreatment:

SampIe of groundwaber precipitate.

The barium salt precipitate was rapidly vacuum filtered
and immediately hydrolyzed, under vacuurn to recoVer
carbon d iox ide from the barium carbonates for bhe
analysis. C-13 analysis was made on a smalJ porbion
of bhe same evolved gas.

Comment:

dt3Cpoe - -10.0 L

Notes: This date is based upon the Libby half life (5570 years) for laC. The error stated is *1o as iudged
by the analytical data alone. Our modern standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is referenced to the year A.D. 1950.



GEOCHRON LABORATORIES a divisionof

KRUEGER ENTERPRISES, INC.
711 CONCOHD AVENUE + CAMBRIDGE. IvIASSACHUSETTS 02138 + U. S.A
TELEPHONE: (617) 876-3691 TELEFAX: {617} 661-0148

RADIOCAHBON AG E DETERM I NATION REPOHT OF ANALYTICAL WOFK

Our Sample No.

Your Reference:

Submitted by:

GX-22181

Ietter of 0B/1 3/96

l'1r. KeIly Payne
Mayo & Associates
710 East 100 l'lorth
Lindon, Utah 84042

Date Received: 08/ 1 6 / g6

Date Heported: 0B / 27 / 96

Sample Name: 2nd S . XC 1 1

groundwater

AGE= 16,930 +/-
( 12 . 1 5 +/ -

( Cottonwood )
precipitate

470 C-14 years BP (C-1
0.70) % of the modern

3 eerrected ) .
(1950) C-14 acIivitY.

Description:

Pretreatment:

Sarnple of groundwater prec ipitate '

The barium salt precipitate was rapidly vacuum filtereC
and immed iately hyd rolyzed , under vacuum to recover
carbon dioxide from the bariurn carbonates for the
analysis. C-13 analysis was tnade on a small portion
o f t,he same evo lved g as .

Comment:

dl36psr=- 7.5 L

Notes: This date is based upon the Libby half life (5570 years) for laG. The error stated is *1o as judged

by the analytical data alone. Our modern standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is referenced to the year A.D. 1950.



GEOCHRON LABORATORIES a division or

KRUEGER EI{TERPRISES, INC.
711 CONCORD AVENUE + CAMBRIDGE, MASSACHUSETTS 02138 + U S.A
TELEPHONE: (617) 876-3691 TELEFAX: (617) 661-0148

RADIOCAHBON AGE DETEHM I NATION REPOHT OF ANALYTICAL WORK

Our Sample No.

Your Reference:

Submitted by:

cx - 221 8?

letter of 08/13/96

lulr. Kel1y Payne
Mayo & Associates
710 East 100 North
Lindon, Utah 84042

Date Received: 0 8 / 1 6 / g6

Date Reported: 0E/27 /96

$ampleName: UG-3 (Trail Mtn.)
g,roundwater Prec iPibate

AGE = 9,420 +/- 290 C-14 Years BP (C-13
(30.95 +/- 1.12) fo of the modern

co rrec ted ) .
(1950) C-14 activiLY.

Description:

Pretreatment:

Sample of groundwater prec ipitate.

The barium salt precipitate was rapidly vacuum flltered
and irnmediately hydrolyzed, under vacuum to recover
carbon d iox ide from the barium carbonabes for the
analysis, C-13 analysis was made on a sma1l portion
of the same evolved gas'

Comment:

d13C*r= -14.0 ?*

Notes: This date is based upon the Libby half life (5570 years) for laG. The error stated is *1o as judged

by the analytical data alone. Our modern standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is referenced to the year A.D. 1950.



GEOCHRON LABORATORIES a division of

KRUEGER ENTERPRISES, INC.
711 CONCORD AVENUE + CAMBRIOGE, MASSACHUSETTS 02138 + U.S. A
TELEPHONE: (617) 876-36e1 TELEFAX: (617) 661-0148

RADIOCAHBON AG E DETEHM I NATION REPOHT OF ANALYTICAL WORK

Our Sample No.

Your Reference:

Submitted by:

GX-22183

letter of 0B/13/96

1"1r. KeIly Payne
I4ayo & Associates
710 East 100 Norbh
Lindon, Utah 84042

Date Received: 0 B/ 1 6 / g6

Date Reported: 08tzT /96

SampleName: TW*10 (Deer Creek)
groundurater prec iPitate

AGE = 3,790 +/- 150 C-14 years BP (C-13 corrected).
(62.39 +/- 1.19) % of the modern (1950) C-14 activity.

Description;

Pretreatment:

Sarnple of groundwater precipitate.

The barium salt precipitate was rapidly vacuurn filtered
and immed iately hydrolyzed , under vacuum to recover
carbon dioxide from the bariurn carbonates for the
analysis. C-13 analysis was rnade on a smal1 portion
of bhe same evolved gas.

Comment:

613gps6= -10.5 L

Notes: This date is based upon the Libby half life (5570 years) for 1aC. The error stated is r1o as judged
by the analytical data alone. Our modern standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is referenced to the year A.D. 1950.



GEOCHRON LABORATORIES adivision ol

KRUEGER ENTERPRISES, INC.
7I I CONCORD AVENUE + CAMBRIDGE. MASSACHUSETTS 02138 + U . S. A
TELEPHONE: (617) 876-3691 TELEFAX: (617) 661-0148

RADIOCAHBON AGE DETEHMI NATION REPOHT OF ANALYTICAL WOFK

Our Sample No.

Your Reference:

Submitted by:

GX-?2184

letter of 08/ 13/96

llr . Ke 11y P ayn e
Mayo & Assoc iates
710 Easf 100 North
Lindon, Ubah 84042

Date Heceived: 0 8/ 1 6/ 96

Date Heported: 08/27 /96

SampleName: 6th West FauIt (Deer Creek)
groundwater preciPitate

AGE = 6,930 +/- 280 C-14 years BP (C-13 corrected).
(42.23 +/- 1.47) % of t,he rnodern (1950) C-14 activiby.

Description:

Pretreatment:

Sample of groundwater prec ipitate .

The barium salt precipitate was rapidly vacuum filbered
and immed iately hydrolyzed , under vacuum to recover
carbon dioxide from the barium carbonabes for the
analysis. C-13 analysis was made on a small portion
cf the same evolved gas.

Comment: SmalI sample; approxirnately 0.62 grams carbon.

dl3Cpsr= -10.3 L

Notes: This date is based upon the Libby half life (5570 years) for laO. The error stated is *1o as judged
by the analytical data alone. Our modern standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is referenced to the year A.D. 1950.



GEOCHRON LABORATORIES adivisionor

KRUEGER EIT.JTERPRISES, INC.
7II CONCORD AVENUE + CAMBRIDGE, MASSACHUSETTS 02138 + U . S. A
TELEPHONE: (617) 876-3691 TELEFAX: t617) 661-o148

RADIOCARBON AG E DETERM I NATION REPOHT OF ANALYTICAL WORK

Our $ample No.

Your Reference:

Submitted by:

cx -2 227 1

telephone instructions 09/16/96

Mr. Kelly Payne
Ma yo & As soc iates
710 East 100 North
Lindon, Utah 84042

Date Feceived: 08/ 16/96

Date Reported: 09/30/ 96

Sample Name: Roans SPring
groundwater PreciPitate

AGE = 2,500 +/- 120 C-14 Years BP (C-13
(73.24 +/- 1.11) S of the modern

corrected ).
(1950) C-14 activitY.

Description:

Pretreatment:

Samp 1e of groundwater prec ip it ate .

The barium salt precipitate was rapidly vacuum filtered
and immediately hydrolyzed, under vacuum to recover
carbon dioxide from the barium carbonafes for the
analysis. C-1 3 analysis was made on a small portion
of the same evolved gas.

Comment:

dt3croe - -1o'4 L

Notes: This date is based upon the Libby half life (5570 years) for 1aG. The error stated is +1o as judged

by the analytical data alone. Our modern standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is referenced to the year A.D, 1S50.



GEOCHRON LABORATORIES a division of

KRUEGER ENTERPRISES, IFIC.
71I CONCORD AVENUE + CAMBRIDGE. MASSACHUSETTS 02138 + U . S A

TELEPHONE: (617) 876-3691 TELEFAX: (617) 661'0148

RADIOCAHBON AG E DETEHM I NATION REPOHT OF ANALYTICAL WORK

Our SamPle No. GX -2 ZZT 3

Your Referenc€: telephone instructions 09/ 16/96

Submittedby: Mr. Kel1Y PaYne
Mayo & Associates
T 10 East 1 00 North
Lindon, Utah 84042

Date Received: g B/ 1E /gE

Date Reported: 0 g/ 30/ g6

Sample Name: MN-ME
groundwater

AGE= 1l,9TO +/-
(22.54 +/-

precipitate

540 C-14 Years
1.51) f of the

BP (C-t 3 correeted ) .

modern (1950) C-14 activltY.

Description: sample of groundwater precipitate.

Pretreatment: The barium salt prec ipitate was rapidly vacuum f lltered
and immediately hydrolyzed, uoder vacuum to recover
carbon dioxide from the barium carbonates for the
analysis. c-1 3 analysls was made on a small portion
of the same evolved gas.

comment: sma1l samplel approximately 0.60 grarns carbon.

dl36ror=- 8.1 L

Notes: This date is based upon the Libby half life (5570 years) for 1aC. The error stated is +1o as judged

by the analytical data alone. Our modern standard is 95% of the activity of N.B.$. Oxalic Acid.

The age is referenced to the year A.D. 1950.



GEOCHRON LABORATORIES adivrsion ol

KRUEGER ET{TERPRISES, [NC.
71I CONCORD AVENUE + CAMBRIOGE. MASSACHUSETTS 02138 + U S A

TELEPHONE (617) 876-3591 TELEFAX; (617) 661'0148

HADIOCARBON AG E DETEHM I NATION REPOFIT OF ANALYTICAL WORK

Our Sample No. GX - 22666

Your Reference: letter of 12/02/96

Submittedby: l'lr. Kel1y PaYne
Mayo & Associates
710 East 100 North
Lindon, Utah 84042

Date Received: 1 Z/ 1 O/ 96

Date Heported: 1 2/ 24 / 96

Sample Name:

AGE =

Ei-j-Tt4-17-3-g
groundwaber

735 +/- 145
(91.26 +/- 1

precipitate

C-14 years BP
.64) % of the

(C-13 corrected).
modern (1950) C-14 acIiviEY

Description:

Pretreatment:

SampIe of groundwater precipitate.

The barium salt precipitate was rapidly vacuum fliltered
and immed iatel y hyd rol yzed , unde r vacuurn to recove r
carbon dioxide from the barium carbonates for the
analysis. C-13 analysis was made on a snialI portion
of the sarne evolved gas.

Comment: Relatively smal1 sanplel approximately 0,84 grams carbon'

6t3C*, = -1 1 .2 L

Notes: This date is based upon the Libby half life (5570 years) forraC. The error stated is *1o as judged

by the analytical data alone. Our modern standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is referenced to the year A.D. 1950.



GEOCHRON LABORATORIES a divrsion or

KRUEGER ENTERPRISES, IFJC.
7II CONCORO AVEHUE + CAMBRIDGE, MASSACHUSETTS 02138 + U S A
TELEPHONE (517) 876-3691 TELEFAX: (517) 661.0i4s

RADIOCARBON AG E DETERMI NATION REPOHT OF ANALYTICAL WORK

Our Sample No.

Your Fleference:

Submitted

cx - 22667

Ietber of 12/02/96

lulr. Kelly Payne
Mayo & Associates
710 East 100 }lorfh
Lindon, Ubah 84042

Date Received: 1 Z/ 1O/ 96

Date Heported: 1 Z/24 / go

Sample Name:

AGE =

EW-TM- 1 7 -22-1
groundwaf er prec ipitate
1,905 +/- 175 C-14 years BP (C-13 corrected).
(78. B9 +/ - 1 .70) % of f he modern ( 1950 ) c- 14 act iv iby

Pretreatment:

Description: sample of groundwaf er prec ipit,aIe.

The barium salt prec ipitate was rapidly vacuurn f iltered
and iminediately hydrolyzed, under vacuum to recover
carbon dioxide from the barium carbonates for theanalysis. c-13 analysis was made on a small portion
of the same evolved gas.

Comment: smal I sample'; approx imatel y 0 . T 4 grams ca rbon .

dt3Croa =-10.5 ?*

Notes: This date is based upon the Libby half life (ss70 years) for laC.

by the analytical data alone. our modern standard is gi% of
The age is referenced to the year A,D. lgSO.

The error stated is *1o as judged
the activity of N.B.S. Oxalic Acid.



GEOCHRON LABORATORIES a divrsion or

KRUEGER ENTERPRISES, INC.
71I CONCORD AVENUE + CAMBRIDGE, MASSACHUSETTS 02138 + U S. A
TELEPHONE: {61 7) 876-3691 TELEFAX: (61 Z) 661 .0148

RADI OCAHBON AG E DETE HM I NATION REPOHT OF ANALYTICAL WORK

Our Sample No, GX - 2A66g

Your Fleference: Ietf er of 12/AZ/96

Submittedby: Mr. KeIIY Payne
Mayo & Associabes
710 East 100 North
Lindon, Utah 84042

Date Received: 1 Z/ j0 / 96

Date Reported: 1 2/ 24/ g5

Sample Name: El^t-TM- 1T-28-4

AGE =

groundwaber precipita[e

1,500 +/- 180 C-14 years
(8a.93 +/- 1.84) f, of the

correcbed ) .
( 1 950 ) C-1 4 activ ity.

BP (C-13
modern

Description:

Pretreatment:

Sample of groundwater prec ipltate.

The barium salt prec lpitate was rapidly vacuum fi Ite red
and immediately hydrolyzed, under vacuum to recover
carbon d ioxide from the barium carbonates for the
analysis. c-1 3 analysis was made on a smalr portion
of the same evolved gas.

Comment:

dt3cpoa =-10.3 "lE!

Notes: This date is based upon the Libby half life (5570 years) for 1aC. The error stated is *1o as judged
by the analytical data alone. Our modern standard is 95% of the activity of N.B,S. Oxalic Acid,
The age is referenced to the year A.D. 1950.



GEOCHRON LABORATORIES adiv''sionof

KR I-JEGER ENTERPRISES, INC.
711 CONCORD AVENUE + CAMBFIIDGE. i'TASSACHUSETTS 02138 + U S A
TELEPHONE (617) 876.3691 TELEFAX: (612) 66r.0148

RADIOCAHBON AGE DETERMI NATION REPOHT OF ANALYTICAL WOHK

Our Sample No.

Your Reference:

Submitted by:

cx - 22669

lette r of 12/02/ 96

Mr. I{e1}y Payne
Mayo & AssociaLes
T 10 East 1 00 North
Lindon, Utah 84042

Date Received: I Zl 10/ 96

Date Beported: 1 2/ 24/ 96

Sample Name: EW-TM- 1 B -Z-1

AGE =

groundwater precipitaEe

2,190 +/- 195 C-14 years
fi6.12 +/- 1.83) % of the

BP (C-t 3 corrected ) .
rnodern (1950) C-14 activity.

Description:

Pretreatment:

Sample of groundwaber prec ipitate.

The barium salt precipitate was rapidly vacuum filtered
and immediately hydrolyzedr uFlder vacuum to recover
carbon dioxide from the barium carbonates for the
anarysis. c-13 anarysis was made on a small portion
of the same evolved gas.

Comment: Relatively smaJI samplel approximafely 0.94 grams carbon.

6t3C*, - -11 .2 L

Notes: This date is based upon the Libby half life (5570 years) for raC. The error stated is *1o as judged
by the analytical data alone. Our modern standard is 95% ol the activity of N.B,S. Oxalic Acid,
The age is referenced to the year A.D. 1gSO.



GEOCHRON LABORATORIES adivrsion or

KRUEGER ET{TERPRISES, INC.
7II CONCORD AVENUE + CAMBRIDGE. MASSACHUSETTS 02138 + U.S A

TELEPHONE. (617) 876.36e1 TELEFAX (617) 661'0148

HADI OCARBON AG E DETE RM I NATION HEPOHT OF ANALYTICAL WORK

Our $ample No.

Your Feference:

Submitted by:

cx - 2267 5

letter of 12/16/96

Mr. I(e11y Payne
Mayo & Associates
710 East 100 North
Lindon, Utah 84042

Date Received: 1 Zl 1g / 96

Date Heported: 0 1 / 09 / 97

SampleName: Energy l,^lest g1-73
groundwater prec iPitafe

AGE = 1,840 +/- 140 C-14 years BP (C-13
(79.49 +/- 1'38) % of the modern

corrected ) ,
(1950) C-14 activifY'

Description:

Pretreatment:

Sample of groundwater prec ipitate.

The barium salt precipitate was rapidly vacuum filtered
and immediately hydrolyzed r uilder vacuum to recover
carbon dioxide from the barium carbonates for the
analysis. C-13 analysis was made on a small portion
of bhe same evolved gas.

Comment: Sma1l samplel approximately 0.76 grams carbon.

613Cpsr=- 7.9 ?*

Notes: This date is based upon the Libby half life (5570 years) for 1aC. The error stated is *1o as judged
by the analytical data alone. Our modern standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is referenced to the year A.D. 1950.



CEOCHRON LABORATORIES adivrsionof

KRUEC ER ENTERPR TSES, II.JC.

711 CONCORD AVEHUE + CAMBFIDGE, MASSACHUSETTS 02138 + U S. A

TELEPHONE. (617) 876.3691 TELEFAX: (617) 661'0148

RADIOCARBON AG E DETEFM I NATION REPOFT OF ANALYTICAL WOHK

Our SamPle No. GX - A26T 6

YourReference: letter of 12/16/96

Submittedby: Mr. KeIIY PaYne
Mayo & Associates
710 East 100 North
Lindon, Ufah 84042

Date Fleceived: 1 Z / j g / 96

Date Reported: 0 1 / 0g / gT

SampleName: Energy West 18-4-1
groundwater prec ipibate

AGE= j,151a +/- 15F C-14 years
(52.65 +/- 1.03) f, of the

BP (C-13 corrected).
modern (1950) C-i4 activity.

Description:

Pretreatment:

Sarnple of g roundwater prec ipitabe .

The barium salt precipitate was rapidly vacuum filtered
and immediately hydrolyzed, under vacuum to recover
carbon d iox ide f rom the bariurn carbonates for bhe
analysis. C-13 analysis was made on a small porbion
of the same evolved gas.

Comment: Relatively small sarnple I approximabely 0.95 grams carbon -

dl3Cps, =- 9 .9 L

Notes: This date is based upon the Libby half life (5570 years) for laC. The error stated is *1o as judged
by the analytical data alone. Our modern standard is 950/o of the activity of N.B.S. Oxalic Acid.

The age is referenced to the year A.D. 1950.



GEOCHRON LABORATORIES a divrsion or

KRUEGER ENTERPRISES, INC.
711 CONCOFID AVENUE + CAMEHIDGE, MASSACHUSETTS 0E138 + U S. A
TELEPHOHE (617) 875.3691 TELEFAX: (617) 661'0148

RADIOCARBON AGE DETERM I NATION REPOHT OF ANALYTICAL WORK

Our Sample No.

Your Heference:

Submitted by:

cx - 2267 7

letber of 12/16/96

1"1r. Kel1y Payne
Mayo & Associabes
710 Easf 100 North
Lindon, Utah 84042

Date Received: 1 Zl jg / 96

Date Feported: 0 1 / 0g / gT

sampfe Name: Energy hlest g1-72

AGE =

Broundwater prec ipitate
2,260 +/- 135 C-14 years
(75.47 +/- 1.24) % of the

BP (C-1 3 corrected ).
modern (1950) C-14 activiLy.

Description:

Pretreatment:

Samp 1e of groundwater prec ipitate .

The barium salt precipitate was rapidly vacuum filtered
and irnmediately hydrolyzed, under vacuum to recover
carbon dioxide from the barium carbonates for the
analysis. C-1 3 analysis was made on a smalI portion
of the same evolved gas.

Comment:

dt3croe -- 9.9 Gt
b

Notes: This date is based upon the Libby half life (5570 years) for laG. The error stated is * 1o as judged
by the analytical data alone. Our modern standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is referenced to the year A.D, 1950.



GEOCHRON LABORATORIES adivrsion or

KRUEGER ENTERPRISES, INC.
7I I CONCORD AVEHUE + CAMBRIOGE, MASSACHUSETTS O2l3s + U S A

TELEPHONE: (617) 876-3691 TELEFAX. (617) 661'0148

RADIOCARBON AGE DETERMI NATION HEPORT OF ANALYTICAL WORK

Our Sample No. GX _ 226T B

Your Reference: letter of 12/16/96

Submittedby: Ii{r. Ke11y Payne
Mayo & Associates
710 East 100 Norbh
Lindon, Ubah 84042

Date Received: 1 Z/1.,o/96

Date Reported: 0 1 / 0g / 97

SampleName: Energy West 16-34-6
groundwater prec ipitate

AGE= 1,880 +/- 190 c-14 years BP (c-13
(79.12 +/- 1.87) % of the modern

corrected ).
( 1 950 ) C-1 4 acLiv ity.

Description:

Pretreatment:

Sample of groundwater precipitate.

The barium salt precipitate was rapidly vacuum filfered
and irnmed iately hydrolyzed , under vacuum to recover
ca rbon d ioxide from the barium carbonates for the
analysis. C-13 analysis was made on a small portion
of the same evolved gas.

Comment:

6'3Cpoe =-11.2 "lE

Notes: This date is based upon the Libby half life (5570 years) for laC. The error stated is +1o as judged
by the analytical data alone. Our modern standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is referenced to the year A.D. 1950.



GEOCHRON LABORATORIES adrvrsion or

KRUECER ENTERPRISES, IT{C.
711 COHCORD AVEHUE + CAMBRIOGE. MA$SACHUSETTS 02138 + U. S A
TELEPHOHE (61 7) 876.3691 TELEFAX: (61 7) 66 |-0148

RADIOCAH BON AG E DETE RM I NATION REPOHT OF ANALYTICAL WORK

Our Sample No. GX * 226T g

YourFeference: letter of 12/16/96

Submittedby: l'{r. Ke11Y PaYne
l'{ayo & Associafes
710 East 100 Norbh
Lindon, Utah 84042

Date Received: 1 Z/ 1g /96

Date Heported: 0 1 / 09 / 97

Sample Name: Energy West €€€1il=T5 L1c)iiur - 1- S 1Lr'Q
groundwater prec ipitate

AGE = 6,210 +/- 210 C-14 years BP (C-13 corrected).
(46.17 +/- 1.23) % of the modern (1950) C-14 activiby.

Description: Sample of groundwater precipibate.

Pretreatment: The ba rium salt prec ipitate was rapid 1y vacuum f i lte red
and immediately hydrolyzed, under vacuum to recover
carbon dioxide from the barium carbonates for the
analysis. C-13 analysis was made on a sma1l portion
of the same evolved gas.

Comment: SmaIl samplel approximately 0.79 grams carbon.

6t3Croa --10.3 L

Notes: This date is based upon the Libby half life (5570 years) for laG. The error stated is *1o as judged
by the analytical data alone. Our modern standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is referenced to the year A.D. 1950.



GEOCHRON LABORATORIES a drv''sion or

KRUEGER ENTERPRTSES, INC.
711 CONCORD AVENUE + CAMBRIOGE, MASSACHUSETTS 02138 + U S A
TELEPHONE. (617) 876.3691 TELEFAX (617) 661.0148

RADIOCARBON AGE DETERMI NATION REPOHT OF ANALYTICAL WORK

Our Sample No.

Your Heference:

Submitted

GX-22680

Ie[ter of 12/16/96

Mr. Ke11y Payne
Mayo & Associates
710 East 100 North
Lindon, Ufah 84042

Date

Date Reported:

12/19/96

01/09/97

Sample Name: Energy West
groundwater

AGE= 3,900 +/- 1

(61,55 +/-

17 -32-1
precipitate

90 C-14 years BP (C-13
1.48) % of the modern

corrected ) .
(1950) C-14 activity.

Description:

Pretreatment:

Comment:

6t3cro, *- 8.6 .l
E

Sample of groundwater prec ipitate.

The barium salt precipitabe was rapidly vacuum filtered
and immediately hydrolyzed, under vacuum to recover
carbon dioxide from the barium carbonates for the
analysis. c-1 3 analysis was made on a sma11 portion
of the same evolved gas .

Notes: This date is based upon the Libby half life (SSZ0 years) for 1aG.

by the analytical data alone. Our modern standard is g5% of
The age is referenced to the year A.D. 1950.

The error stated is *1o as judged
the activity of N.B.S. Oxalic Acid.



GEOCHRON LABORATORIES adivisron or

KRUEGER ENTERPRISES, IT*IC.
711 CONCOFID AVENUE + CAMBFIIDGE, MASSACHUSETTS 02138 + U S A
TELEPHONE (61 7) 876.3691 TELEFAX {61 7) 65 r .0148

RADI OCARBON AG E DETE RM I NATION REPOHT OF ANALYTICAL WORK

Our Sample No. GX- 226g1

YourReference: fetber of 1A/16/96

Submittedby: Mr. Kelly Payne
Mayo & Associates
710 East 100 North
Lindon, Utah 84042

Date Received: 1 Zl 1 g / 96

Date Reported: 0 1 / 0g / gT

Sample Name: En e rg y ile s t
groundwaLer

AGE= 11,340 +/-
( 2tl .36 +/ -

w .Trv\-3
precipitate

280 C-14 years
0.84) % of the

p*-P

BP (C-13 correeted).
modern (1950) C-14 acbivity.

Description:

Pretreatment:

SampIe of groundwater prec ipitate.

The barium salt precipitate was rapidly vacuum filteredand immediabely hydrolyzed, under vacuum bo recovercarbon dioxide from fhe barium carbonates for theanalysis. c-13 analysis was made on a smarl porfionof the same evolved gas.

Comment:

dt3Cooe --i0,3 .t
b

Notes: This date is based upon the Libby half life (5570 years) for laC. The error stated is * 1o as judged
by the analytical data alone. Our modern standard is 95% of the activity of N.B.S, Oxalic Acid.
The age is referenced to the year A.D. 1950.



GEOCHRON LABORATORIES a drvrsion ol

KRUEGER ENTERPRISES, II{C.
71I CONCOFID AVENUE + CAMBHIDGE, MASSACHUSETTS 02138 + U S A
TELEPHONE. (617) 876.369r TELEFAX. (6r7) 661.0148

RADI OCAHBON AG E DETERM I NATION REPOHT OF ANALYTICAL WORK

Our Sample No. GX _ 2268z

Your Reference: letter of 1Z/ I 6/96

Submittedby: l'1r. Ke1ly Payne
Mayo & Associates
710 Easf 100 North
Lindon, Utah 84042

Date Received: 1 Z/ 1 g / 96

Date Reported: 0 1 / cg / 97

SampleName: Energy West 80-50

AGE =

groundreater prec ipitate
2,190 +/- 130 C-14 year$
fi6.17 +/- 1.24) % of the

BP (C-13 corrected).
modern (1950) C-14 activiby

Description:

Pretreatment:

Sarnple of groundwater precipibate.

The barium salb prec ipitate was rapidly vacuurn f i ltered
and immediately hydrolyzed, under vacuum to recover
carbon dioxide from the barium carbonabes for theanalysis. c-13 anarysis was made on a smarl portion
of the same evolved gas.

comment: Retatively smarl sampre; approximately 0.g5 grams carbon.

613Cp6s =- I .6 ?*

Notes: This date is based upon the Libby half life (5570 years) for 1aC. The error stated is *1o as judged
by the analytical data alone. Our modern standard is 95% of the activity of N.B.S. Oxalic Acid.
The age is referenced to the year A.D. 1gSO.



GEOCHRON LABORATORIES adivtsron or

KRUEGER ENTERPRISES, INC.
7II CONCORD AVENUE + CATT.IBRIDGE, MASSACHUSETTS 02138 + U S A

TELEPHONE: (617) 876'3691 TELEFAX: (617) 661'0148

RADIOCARBON AG E DETEHM I NATION REPOHT OF ANALYTICAL WORK

Our Sample No. GX - 226g3

Your Referenc€: Jebter of 12/16/96

Submittedby: l'{r. Ke1ly Payne
I,layo & Assoc iates
710 EasL 100 North
Lindon, Utah 84042

Date Received: 1 ?/ 1g / 96

Date Heported: 0 1 / 09 / 97

SampleName: Energy West 84-57
groundwaber prec iPitate

AGE = 2,805 +/- 125 C-14 years BP (C-13
(70.55 +/- 1.11) % of the modern

corrected ) .
(1950) C-14 activitY.

Description:

Pretreatment:

Sample of groundwaLer prec ipitate.

The barium salt precipitate was rapidly vacuum filtered
and immed iatel y hyd ro1 yzed , unde r vacuum to recove r
ca rbon d iox ide f rom the ba rium c,ar bonates f or the
analysis. C-13 analysis waS made on a small portion
of the same evolved gas.

Comment:

6t3croe -- B .6 ot
b.

Notes: This date is based upon the Libby half life (5570 years) for 1aC. The error stated is *1o as judged
by the analytical data alone. Our modern standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is referenced to the year A.D. 1950.



GEOCHROI{ LABORATORIES a divrson of

KRUECER EI.{TERPRTSES, INC.
7I1 CONCORD AVENUE + CAMBRIDGE. MASSACHUSETTS 02138 + U S A

TELEPHONE: (617) 876-36s1 TELEFAX: (617) 661'0148

RADIOCAHBON AG E DETE HM I NATION REPOHT OF ANALYTICAL WORK

Our Sample No.

Your Heference:

Submitted by;

cx-22684

letter of 12/16/96

l"lr . Ke11y Payne
Mayo & Associates
710 Easf 100 North
Lindon, Utah 84042

Date Received: 1 Zl 1g / 96

Date Reported: 0 1 / 09 / 9T

Sample Name: Energy West Rilda Canyon Meter tl3
groundwater preciPitate

AGE = 2,030 +/- 160 C-14 years BP (C-13 corrected)'
fi|.66 +/- 1.53) % of the modern (1950) C-14 activity.

Description:

Pretreatment:

Sample of groundwater prec lpitate.

The barium salt precipitate was rapldly vacuum fil[ered
and immediately hydrolyzed, Uflder vacuum to recover
carbon d iox ide from the barium carbonates for the
analysis. C-13 analysis was made on a small porfion
of the same evolved gas.

Comment: SmaIl sample I approximafely 0.66 grams carbon .

dt3Croe =-10.9 1."

Notes: This date is based upon the Libby half life (1570 years) for raC. The error stated is *1o as judged
by the analytical data alone. Our mo'dern standard is 95% of the activity of N.B.S, Oxalic Acid.

The age is referenced to the year A.D. 1950.



GEOCHRON LABORATORIES a divtsion of

KRUECER ENTERPRISES, INC.
7I1 CONCORO AVENUE + CAMBRIDGE, MASSACHUSETTS 02138 + U S A

TELEPHONE {61 7} 876'3691 TELEFAX: (61 7} 661 '0148

RADIOCARBON AG E DETEHM I NATION REPOHT OF ANALYTIGAL WORK

Our Sample No. GX - 22685

Your Feference: letter of 12/ 16/96

Submittedby: I*{r. Ke1lY PaYne
Mayo & Associates
710 East, 100 North
Lindon, Ufah 84042

Date Received: 1 Zl 1g / 96

Date Fleported: 0 1 / 09 / 97

SampleName: Energy West Wilberg Fault E1 XC29
groundwater PreciPitate

AGE = 9,160 +/- 240 C-14 years BP (C-13 corrected).
(31.97 +/- 0.95) % of bhe modern (1950) C-14 acbiviby'

Description: Sarnple of groundwater precipitate.

Pretreatment: The barium salt precipitate was rapidly vacuum filtered
and immediately hydrolyzed, under vacuum to recover
carbon dioxide from the barium carbonates for the
analysis. C-13 analysis waS made on a smal1 portion
o f the $ame evolved gas .

Comment:

6t3cooe =-10.6 q
ro.

Notes: This date is based upon the Libby half life (5570 years) for 1{C. The error stated is *1o as judged
by the analytical data alone. Our modern standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is referenced to the year A.D. 1950.



GEOCHRON LABORATORTES adivrstonol

KRUEGER ENTERPRISES, II{C.
711 CONCORD AVENUE + CAMBRIDGE, MASSACHUSETTS 02138 + U S A

TELEPHONE: (617) 876'3691 TELEFAX: (617) 661'0148

RADI OCARBON AG E DETERM I NATIO N HEPOFT OF ANALYTICAL WORK

Our $ample No. GX - 22686

YourReference: Ietfer of 12/16/96

Submittedby: Mr. Kel1Y PaYne
Mayo & Associat'es
710 East 100 North
Lindon, Utah 84042

Date Fleceived: 1 Z/ 1g / 96

Date Reported: 0 1 / 09 / 97

Sample Name: Energy hiest
grounduraber

AGE= 12,27Q +/-
(21.70 +/-

T-1 I 0liphanb
prec ip itate

490 C-14 years
1.33) % of the

Spr ing

BP (C-1 3 corrected ) .
modern (1950) C-14 acfivitY.

Description: Sample of groundwater prec ipitate.

Pretreatment: The barium salt precipitate was rapidly vacuum filtered
and immediately hydrolyzed, under vacuum to recover
ca rbon d iox ide from the ba rium carbonates fo r the
analysis. C-13 analysis was made on a small portion
of the same evolved gas.

Comment:

dt3croa =-15.3 .l
E

Notes: This date is based upon the Libby half life (5570 years) for laC. The error stated is *1o as judged
by the analytical data alone. Our modern standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is referenced to the year A.D. 1950.



GEOCHRON LABORATORIES a divtsion or

KRUEGER ENTERPRISES, INC.
7I'I CONCORD AVENUE + CAMBRIDGE, MA$SACHUSETTS 02138 + U S A

TELEPHONE: (617) 876'3691 TELEFAX: (617) 661'0148

RA DI OCAHBON AGE DETE RM I NATION HEPOHT OF ANALYTICAL WORK

Our $ample No.

Your Reference:

$ubmitted by:

cx-22916

IetLer of 03/03/97

I,1r. Ke11y Payne
14ayo & Assoc iabes
710 East 100 North
Lindon, Utah 84042

Date Received: 0 3/ 06/ 97

Date Reported: 0 4 / 03/ 9T

sample Name: Err e rgy l^lest
,3roundwater

AGE= 12,170 +/-
(21 .99 +/-

Ccttcnwood I"line i'ia in Wesb Seals
precipitate

440 C-14 years BP (C-13 correcbed).
1.20)% of fhe modern (1950) C-14 activibv.

Description:

Pretreatment:

Sample of Eroundwater pr"ec ipitaLe.

The bariurn salt prec ip itate was rapidly vacuum f iltered
and iinmediaLely hydrolyzed, under vacuum'co recover
carloon dioxide frorn the barium carbonates for bhe
analysis. C-13 analysis was made on a srnall porbion
of bhe same evolved gas,

Comment:

dl3cpsr=- 9.7 Et
b

Notes: This date is based upon the Libby half life (5570 years) for 1aC. The error stated is +1o as judged
by the analy,tical data alone. Our modern standard is *5o/o of the activity of N.B.S. Oxalic Acid.

The age is referenced to the year A.D. 1950.



GEOCHROI\,I LABORATORIES a divrsion or

KRUEGER EI.JTERPRISES, IT{C.
71I CONCOBD AVENUE + CAMBRIOGE, MASSACHUSETTS 02138 + U . S. A
TELEPHONE. (617) 876-3691 TELEFAX: (617) 661'0148

RADIOCARBON AGE DETERM I NATION REPOHT OF ANALYTICAL WOHK

Our Sample No,

Your Reference:

Submitted by:

cx - 229 17

lebLer of 03/03/97

lulr. Ke1ly Payne
l"iayo & Associates
710 East 100 North
Lindon, ULah 84042

Date

Date

Received: 03/06 /97

Reported: 04/03/97

Sample Name: En e rgy'l',les t
groundwater

AGE = 1 5,570 +/ -
( 'l 4 .40 +/ -

Deer Creek 3rd Soubh
precipibate

390 C-14 years BP (C-1
0.70)fi of the modern (

Seals

3 corrected ) .

1950) C-14 acbiviIy

Description:

Pretreatment:

Sample of groundwaber precipitate.

The barium salt precipitate was rapidly vacuunt filtered
and imrnediately hydrolyzed, under Vacuuill to recoVer
carbon clioxide frotn bhe barium carbonates for bhe
analysis. C-13 analysis was made on a smalL portion
of bhe sarne evolved gas.

Comment:

6t3croe-- 7-7 .l
16

Notes: This date is based upon the Libby half life (5570 years) for 1aC. The error stated is *1o as judged
by the analytical data alone. Our modern standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is referenced to the year A,D. 1950.



Ui-iIVERSITY OF

TRITIUM LABORATORY

Dat,a Release #ge-eO
Job # 8?8

MAYO & ASSOCIATES
TRITIU}4 SAIVIPLES

Diseribution:
Kel1y Payne ,-/
Mayo & Associates
710 East 100 North
Lindon, UT 84044

Energy West Mining Co.
ATTN: Chuck Semborski
P.O. Box 3l-0
Hunt ington UTn&AtttfrFscnoot of Marine and Atmospheric science

Tritium laboratory
46O0 Rickenbacker Causeway
Miami, Florida 33 149- 1098

(30:1361-4100
Fax ( 305) 361'4112

October 10, 199G

Head, Tritium Laboratory
H. Gote OsElund



CIienl: I{AYO AND ASSOCIATES
Recvd:96/08/22
Job# : 878
Final : 96/LO/09

Cus E I-ABEL INFO

ENERGY WEST purchase Order: 960103
Contacc: K. payne, B0L/785-2385,,2397(f)

710 E. 100 N. , Llndon, UT 94042
Energy West Mtnlng Co. 80I/637 -7925

TU eTUJOB. SX REFDATE QUAI{T ELYS

MAYO
MAYO

MAYO

MAYO

I,IAYO

HAYO

MAYO

},IAYO

},IAYO

I'lAYO

EAST MT. SNOI.T

sNolil #2
ROAT{S SPRING
NEWIJA },IETER 3

TMA

2nd S XC1l
UG. 3

lt}f -ME

TW- 10
Gth WEST FAULT

#1 878 .01
878 .02
878 .03
878 .04
878.05
878.06
878 .07
878 .08
878.09
878.10

9503rs
960315
950402
950402
960328
950328
960328
960329
960329
950502

1000
1000
1000
1000
1000
1000
1000
1000
1000
1000

275
275
275
226
274
270
2s0
23s
275
245

8.79
7.50

11. 2
13.7

0 .22
0.05
0. 13
0. 10

20.8
0. t4

0. 29
0.25
0.4
0.5
0.09
0.09
0.09
0 .09
0.7
0.09

*
*

*
*

* Average of duplicate runs



UNIVERSITY OF

Dist ribuLion:
Erick C. Petersen
Mayo 6( Associates
710 East 100 North
Lindon, UT 84 04 2

TRITIUM LABORATORY

Data Release #97-18
Job # 911

MAYO & ASSOCIATES
TRITIUM SAMPLES

Rosenstiel School of Marine and Atmospheric Science
Thitium taboratory

4600 Rickenbacker Causeuray
Miami, Florida 33 149-1098

(3011 361'4100
Fex (305) 361-4112

,January 3, 1997

Head, Tri.tium Laboratory



CI ient
Recvd
Job*
FinaI

MAYO and
e6/L2/05
911
e7 /0L/02

ASSOCIATES

Cust IABEL INFO

ENERGY WEST
Contact: E. Petersen,

710 East

JOB. SX REFDATE QUAI{T

Purchase Order: 96-0108
K. Payne, 80L/796-0211

100 North (F)/785-2387
Lindon, Ucah 84042

ELYS TU eTU

MAYO.
I{AYO,
l,lAYo -
MAYO.

EW-TM-17-3-9
EW-Tt'I-L7 -22-L
Ew-TM- L7 -28-t1
EW-TM-18-2-1

911 .01
911 . 02
911.03
911.04

960823 1000
960823 1000
950823 1000
950823 1000

275
275
274
?75

23.0
18.1
13.3
L2.2

0.8
0.5
0.4
0.4



UI\IVERSITY OF

Distribution:
Erick C. Pe[ersen
Mayo & Associates
710 Eas[ 100 North
Lindon, UT 84 04 2

TRITIUM LABORATORY

Data Release #97-20
Job # 916

MAYO & ASSOCIATES
TRITIUM SAMPLES

Rosenstiel School of Marine and Armospheric Science
Tritium Laboratory

46O0 Rickenbacker Causesmy
Miami, Florida 33 l49- tOgB

(30s1361-4loo
Fax (305) 361-4112

February 20, 199?

Head, TriLium LaboraEorv



CIienc
Recvd
Job+
Final

I"[AY0 and ASSOCIATES
e6/L2/te
915
e7 /o2 /L8

ENERGY HEST Purchase 0rder: 96-0109
Contact: E. Petersen, K. payne, 80L/796-0211

710 East 100 Norrh (F)/7gS-2387
Llndon, Urah 84042

JOB. SX REFDATE QUAI{T ELYS TU eTUCust I-ABEL INFO

MAYO ENERGY W.,
},IAYO ENERGY T.T. .
MAYO ENERGY W. .

I"IAYO ENERGY W. .
MAYO ENERGY W..
MAYO ENERGY W..
I'IAYO ENERGY W. .
},IAYO ENERGY 1.I. .
}4AYO ENERGY I{. .
MAYO ENERGY W. -
I"IAYO ENERGY W. .
I,IAYO ENERGY W. .

9L-7 3

18-4-1
9L-72
15-34-5 ts,t..f

G€++-t 5 cLctr)- [ s

L7 -32-I
ftffi T.fv\-i tr-tf
80-50
84-57
RILDA CA}T.M.3
I.IILBERG FEXCzg
T-18 OLI SPRING

916.01
915.02
916 .03
916 .04
915.0s
916.05
915 .07
916.08
915.09
916. 10
916. 1t
916.12

9612 r3
951213
96 1213
I51213
951209
96 1213
9512 1L
96L2I2
96L2L2
96L2L2
96L2L3
9612t 3

1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000

2s0
275
2s3
257
250
276
265
254
275
275
275
772

2.63* 0.10
-0.01 0.09
14.9 0. 5

L2.7 0.4
l. 10't 0.09
2.20 0. 12

-0.07 0.09
r0.0 0.3
1r.7 0.4
13.5 0.4
0.33:k 0.09
0. 20* 0.09

* Average of duplicate runs



/\
$t''

e

April B, IggT

TRITIUM LABORATORY

Data Release #9?_3g
Job # 935

MAYO 6C ASSOCIATES
TRITIUM SAJV1PLES

DistribuLion:
Erick C. petersen
Mayo & AssociaEes
710 East. 100 Nor[h
Lindon, UT 84O4Z

Rosenstiel School of Marine and Atmospheric Science
Tritium laboratory

4600 Rickenbacker Causeway
Miami, Florida 33 t 49- I 098

(305) 361-4loo
Fax ( 305) 361'4112

UT-IIVERSITY OF

. Gote
Tri t ium

Ostlund
Laborat ory



CI ient
Recvd
Job+
Final

MAYO and ASSOCIATES
e7 /03/06
935
e7 /o4/07

ENERGY WEST Purchase Order: g7 - 102
Contact: E. Petersen, K. Payne, 80L/i96-021f

710 East 100 North (f)/785-ZjB7
Lindon, Utah 84042

JOB . SX REFDATE QUAI{T ELYS TU eTUCus t I-A,BEL INFO

I"IAYO - COTTONIJD MINE
},IAYO - DEER CREEK 3

I,[T.ISEALS

SO SEALS
935.01
93s.02

970226 r000
970226 1000

275
2s0

1.34 0.09
0.88* 0.09

Average of duplicate runs
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IIIEIIONAilD U H OF U ]t|EE NSTAfIDIIIO

|'illnll

UgDl' lurlru of l*id ilrnrgrmmt' Utrh

u3gA, FOrrr ir?tlil. |ntffineuntdfi lrehn
Iilti ot uilh . Efrrldon ol oif. crr rrrd t|||tng

cofierminSi

Itoclslr{G oF ;EOUEBTS TO nEUHOUlt}l ;IDllrL COIL llISEE

l. EnUUr. Thir frirmonndum of Undrnrrrrding $f0ul provldrr profldurrl rnd
guiCr6cr tor coordtnrthn rnd cooprrrthn tmong thr lur||u sl Lrnd Mrnrgrftrnt
latUt, fi Fsrrrt Srrvicr lF$I, $id thr Utrh Divlrion of Oil Bm rnd Mhing {DOGMi

on thr Froctdurrr lor procmring Frdrrul corl lrrrt rrlnquirhtnrnt ruqulilr wfirn
tm Fdfrrl l6r;t no longrr wlrh6 to rfifln t l;erl Cr hg6'

tl, oFircttur^ Thr Drocffiing of r oofl brrr $linqdrhmrnt rctlon rrqultil fnput

from thr vrriour rgfnchr. fhr obfrctlv$ ol thir MOU rn to rttlbllrh thr rold to
bs plgvcd rnd procrdwg to br followrd by itr rignrtory rgf,acirr wtrtn nrpmding
to ilinquirhrnrnt of r frdrrrt corl lrmt tll to lnrun thr rotfftion of publh lrndr
rrrd rrrourail In r runnor thfi will mt inrprir thr publlc inrflrt rnd llll to rilow tfir
rg'trl* to tunctien In I lngrr thrnly, rffrctivr, rf{ichnt ryrd conrirtrnt fnrnnrf' lo
tnrt thr rlghtr of both thr lrr|6 rnd thr public rrl prottctfil'

lll. Ag1ng;1f-

A. Frdrnt Lrnd Folicy rnd Mrnrgrnunt Act of 1978.

E. tiinercl L$ring AGt of l lzo. rl mrndrd.

C. Frdrrrl Gorl L6rlng Arrtndrnrntr AGt of 1f7t'

D. Hltlonrl Forut Mrnrgrntnt Act of 13?4'

E, Utth Corl Minlng Cornrol rnd Fsclrrnttbn Act rnd thr ceoPfrrtlvr
Aer*nsnt with ttrc Officc sf $urfrcr Minlng. tfiurtrcr lllning Control

rnrf Fralrilltlon Aotl, lslttcRll, FL Bf't7'

lv. Ellft|lnil. Tnr rhnrtorY rgrnclt| hrvr mfi lt vrrhur tlln|| to drvrlop

conrirtlnt procrdu6s for thr procrming of Frdrrrl aoll her| rrlinqullhmfnll'
Nothing ln thir Mou rhrlt bt conlrrurd ro rrqulfr mofr from e Frdrrrl corl l|rmr
than ourrlnily rtquirrd bv ltw, tht trrmr rnd condithnr of thr lltil lnrtrumlnt, o7

thr s'rnrn rrguhtlrnr n 43 CFn !4!2. Thc lrruer rnd rgfr|d ugon Froerdunf rtr
tt hllowr:

t;
lr
I
i'
fr

; c 1i'",' l:; + 'lt{ YY ,l Il i il{rl ITII i It tIi ilri it: i i!il !i-li-::"':



z

|$SUE THF PTOTTEM fTATEIII|Ei{IT.

An i|r|| h|| drvdogrd tn tltrh cot*rfftitlg tht illhqulrhntil of rll or grrt of Frdrrrl

col| trilff on nfitch r cortErny hf3 complrtff mrnhe rnd rDptils fof rfflnquifhfilfnt.

Tlr intrrgrrd rgrncim in thlr rnilt,tt flfr thr Elfll, F$ rnd Uuh DOGM. Thr rrimrrV

cofrcffn ir whrthff ilr| hrltt lrr nrt thr tlril ilrd colilfltlotlr of tln htfl, rnd

thrt prhr $ rrtlnqulrhmnt, lmFrcrr on thr ftffrcr lrd 0tmr illour0tt htYr brrn
fulty drlinrrtrd rnd mitigrild, lf nrcrrflry. lltl'r rri*lnf_ ngqhilSnt ln {3 cFF

f+tf.t.3 Indlgfrf .nO rrjinqulrhnrnt rhrll !r rp$Ond Utttll thr AtttftOrlild Offlcrt

drrrm*ntr thrt tlr rrlhquirhrmnt will not fmpth ilrr pubrc Int$ilt.'

31.i,l hm r*rlrflrl rn11prl rpglicrthm to rrllngulrh rt or Ffltl of Frdrtrl cotl 1ilil
on wtrhh rrrOuground mininf, hil brtn aoncfudrd or trr hffi Ir no fongnr ilfdfd.
Ttrr comprltg trrdts1t. no ninrtntng inlrrrrt in nrlntrhlng thr hrrl ot Fonbnr of

trrrm rnd r dr*irr ro rrdusr Frdrtrl lrrrr holrllngr rnd costr of holdlng hftcs'
tnitial pvhw of rornr of thr rpfllcrtlonr irrdlcnr concffn bY $tnr end Frdrill
rgrnclrl rt to rvhtthrr hrrlr tfnnr luvr bfifi flrat rnd thr potrnilrl lmPrctr of
rfiining hlr bmn Htntlfhd.

Thr crittrir fror rccrgtine rr$nquirhmrnt lrr curruntly qontllltt ln lt CFR 34t2.1'3
srhtch indh$r rpgrwrl-bv thr Authofiiltl Offier {AOl t thFldrnt orr thi followlng;

r Thr rrllnqulfhfir;nt wlll not irnpdr thr publlg lrlcrut'
r Thr rccrurd rrrnCr rnd rovrhbr hrvr brrn prld' rnd
r Afl thr obtlgrilonr of thr lrrrrc undrr th| Egulrtlonr rnd urmr of thr lmil

Itgvc born nttt.

ELM,r rrirtlng r,risrrnancl nrndlrdr lbr undrrgrorrnd rninrr in 4tl CFfi 34l4.tlcl{21
flquirf cgmrofhd rubridfitcr rnd mrinttntncr of the vth.rl md u|rl of rurfrcr lrndr

conrilgnr wlth Surfrcr Minine Control rnd Rrclrrnetbn Act ISMCH l rrqulrrmtntr
rfid mpftCfblr rsquirlmrntt Of rn lpFrovfd $trtr progrrm.

T63 rgnncll w6h to dftfrminr thr point in tirnr rftrr eomplrtion of mining thrt thl
auttrorinC ofllcrr crn flrrd thr hgrm har rmt th| ttrmr tnd csndithnr of thr bill
rnrf fnprctr to th. rurfrcr trrvr biln wrlurtrd for po$iblr r|rtoiltlon or mitigrtion.

Ttrr rgrnclg haw rgrud r conrl$lnt proordurr ir nrcil$rV to rvelurtl whrthrr
rubtidrriet lr rubrtrniirttv comp|rtr rnd lrprctr from rubridrncs htvt bern proplrly

tnrtrd btforu |rarc trllmuirhnttlt.

Frdrrrl corl lrer61 hrw no rxplrr$on detrl rnd rrmrh r nlld il0ht of tht hr|m
until lgg rrllnqulrhmrnt il rccrptrd by thr Authorirrd Officrr, I lflil ir crncrlrd
tot noncomplirncr bv oflicirl tctlpn, or trrmlnlttr bY ltw' Exbthg Frdml
nrgut|ltonr In 43 gFR 345t ff3 y.gu3 rr to nrfin lnlormrtbn r Frdrd corl lffi||
will rubrnlt uvlth I rrqurrt for nlinquirhnrnt. In ordrr for rhr rignrtorV agcncbr to
rlrctlvrlv rvrlurtr whrthrr r rtEuttt for rrllnquirhmlnt tt rfProprittt' it rnry Er

i',i{{ii il'II1.{ illlf
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rur lo rurcnd 0O! rt^s ot 0 Elotl lutEuu rrturflsqnr crBllnr pffinra |cU AIl^lrDr

6g1l,ll|J n;l 'prlnaao ilq iJtulur fro] punor0rrpun uft{r^ lr|{r Fqrltqrur ur|(l 3rU il

HotlYZlllEUlS 3CVrUfis oNY 15fl50l38n3

.Uurrd rulu
r{l l0 uoltrrqu1upr qfp$ 1gllluog plnom rr|ru{4rtbupl rEr| Jrtftttlifi rui|Jrrlrp ilFr
puilAcur6r turwr0run! rcBlrnr flr Aq ro fit;rognr ru Aq Prttnbrr rr rill Gil|Jnr

louotilJol||Jlr|nbrr.AtHoquuA|ol'F0ututu|uJrdrquil||vlffi
'rlUlLu qTl uo lnntoc lilm n$OE Pur

SJ fttl rForlnbrl tq Or p3l^g1;fq rl u0ltlurllitr |cqrnr lurrtr r$ ul 'tro$rPuftr|rGLr

r qrur or sl rqr rol prp;mld uffiq rgu ilu rlrf ruqcH*ni lfl ro 'qqrldrccr
t U$rqr;nbu1;} ilolrq prqrgrhuort {Ferrrlqril rq of ra$l illrn HotUfi iltfl ct{l
uo fum|nccu tf u0tn0ttpilo uollrJolrll rernolilJ 'lro4lruqctl .srpnl (01 'ltoJnofil
lr,rF+l Jaulg uo $ao6url lqruuod lllql^r {nrnbrpc ol Frfflq lou |rlt rurF

*rnbrpl fur ipslr lou tl rtrr rrri ltg lEt 'lllll ttfrtl rtril ruonqmfirr ilrq fiildr
|[|l lo rrroilpuoc Pur rurr[ |||r | 11 ;tqmoilo] rHr ls ruo rll|g{FlJl lfF*t 'sJ tul 'ytflE

sr lr,tguodtil ul .fuofrlF$rr r||qr tE ruofuPuuo P4J3 ]Ut|l rqlrlHr rGl r|Elrl ${l
J|llgrqg rrlurrrlrF Pnr ilrr|| Ffil trrrFlJ 1o urd r rFillr u|rq rArq tlr$ |uolufflltr
rerr; gardr mq^il iltm $d trtl 'rrrr lg ot fiptgltltacl rql uo tuFurdrP lsnbrJ
r tg;4rgrr rlryr q1uoul I Of I fi lgrruon Hnot ilql 'Plufilrlxl utrq rr{ rglHnr
iltr Fur rrHlcrd urfif ilq uoFrurlr|ncoF nrp rqr |rur uolrruFrrjrup I llil, ol
uoflmd r u1 tt il;il SJ il11 'hflg Ftr Aurquoo r0 fq fgrrord |rrF pr ru0rprqFf0r

lo m||ilr rdurord rHaord 'Apurar rurtsrtwnu rotFnf rqt ur$ilt lllFrliillill

.p{;1tflcct tq npr tutwq1rrDullrr roltq ttulufl4nbrl rutFno or lrtltu
11lr ;;lour!r fuslruElyprorddr Oy uFtqo o[ imtrsru 1l u0tlU0ltll ro u0$lw||Crt
tutrl illt ul 'prqqldurffEr {lrourltrn uilq mrl uoFtolurg ro uotltrolrlr
terftol|r 'uo$lllrlpil m4Jnr pul lHnr rl rrrpnr rql rl{tlH^'t pur 'lllll ttlr
le crotltpuoc Fut f,rJiltl ilr prllflilr rtq rrrrQ l* rrqrf|ts ruHuufg PlJt filGi lrotl

FJ;pl;J rql to Ufif rfns urrg fiH ilrS ruopqnilrt lflll ntl^rJ lllni 5t1g 'l0ufCl
rulnfr,lng prpnr r$ il SITE urqm 'rlpurtr lrulo tltorl rnqFil $t rlntlul

ilr ur+$ ruopfarF rnrl {$tuorrl Ft ftgl rtp f,l sttrd ilf,o Aq mq*l Tru$roF
flt|$ Tlll .u$Inirf Aq'prnr,oilr il u0tlftlJluJnroF rilD |rtlof,lFFf tqilil tu|rnFul
luoriinlu il* iqrqiddr $im r1uqidwoe lupnrur Ful mu^rt ilUq lumrod AC

ruoirr1pCrru-ernailnduXrr rfrrf Foa lulrrtcorlf ut tcuriv lrt il rnrrf !ilFFT

t I lururtrrllv *Sl'lulutlrtnbullrt
1gl uotilruruncop tlrg u trlt||t rgF0 or prflaorl rt lrlltgrqo I 'tlrulllr
urufl;;npuuu u0 flrtll lmr Frrpg 1;Frr gI 'fltrcut 1311rnr lo u$nuilfncoF

Ftrr prlrncco rrq ilul lutuRu lu;ulrau0r uodt lrql I llrollt lfltr ill+ 'uolllFtll
rq F|rrFErrt tt ,uottlurmlul truquFDl u$tflfir ol rfrrfl lroc ill tol Artlfftru

t

P.:

I
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Jol JrFls u ilt{l pmr0r r^ru nOH rtql or ttFurir ArqruEtr rq|rrlrl I lo clil rqr
yrbq!'1er{} ;1gf,dl111 t$fu$d rol{uql Ful rtJrnoril lrfitfu ro} rlfp tt4lillrq qrilqrEr

ol lfttStl/troltrrdo rrpbrr ruqd uo$trllrlJru pur iululy{ Fut ruolt|lndlrr 0rr|1

gNtitrht lltoHJ gtilvdlril ]v|rt{3rod to Holtvnlv^S

'tuSFlB u! PrlrilPul
tt llor3 Uulntl ro 1gj3q fueanlpc qUil pntlcosm tlr*lur! eql rtrlluolll ol prrlnbil

l! mulruoa gt prr|rl plnor *rrl pqrtnuuilrr r or ulrarlPr fo ululltr\ lutlouuour

iinoprp4tt .ruflt t$ rr plou fil llltbt Ar$ '$crdtu! pgprtm lo iln*t ro u$rr n{l
rlfturJ$rp or prFfru lrr unoord-duusuuul rHr r{ rrfurqc Aur lt 'porrrd cgltouuotu

ili ItrlFlJtup 1gl pgr+ 1grll ufllrlntr gp*r pur ttururlrlnb] ilrq qillr lusrltuoo
tou fi3;lt tsoqr rrnlflF or p"nd'r0 r,{r-uo ,turduoc rqr UrFm lrflrJ ll|ffr rl|surEr
fusrwqr rql ,potrra lir* rrrn rlqt Fuolrq pulur luJrauot 6JoUn puc urur6tlccl
ul uo uoll$oJ IEOH rt qcttl tlilrlrutnult ltnr|run l9J 'l^otlt PrullrP fr
r;3lpnt Ailrpunrgnr rr{ roqJnr rqr ltqr qqnrrrr lllm lrrtryro0$rdo tt{t 'Fourd

in,t eur cu!,ng 'urr* rrrqllol n P|rrFluroi rt Eululru flur illPnt cultortuou.t

lc uonrnulluoc Jol poprd ru{r uJnurFlttt t 'tfgtltrrtrrnc{c l$u|or, JTFun rn$ pgilEr

rArq noH flqr lo rqrrrrf rru 'utld uofinuqnH PUr fi,nqn praorddr ilfl ul prgprdr

filmrn f13 ruqd lupoguoil 'tlulurrrolrtrll ;crpnf- Pul ug1rrrrlrt 'AEololFAq

.11;$nt pur punbrlrpun,rcipnr audrrEorlol lul uo 0ululur Punol6rpun lo $flrllr
lr|r$ Fur riFilrlOrd' $f, AillufnE Fuf 'lrnrrnu 'll99Ol pul luotllpuoc rullfsrQ

utuncop uul tfiFnu burrouu*, upbrr tilurrd ngoo Put fuotrrlndlu ilml

St|onr$ S[tllIOUHOn

,tFrql $ lulrqrFg44lrr ilrq ue uolfllrF tfss r lrelrq r||rq/rolrrfrdo
rtf, pur rrtgtlrBr rt{l uiltlrg uolffinrfilP Flrl -r;rfirur lruottlFPf ttlnbrr

1lrvr ilruful1un llrtrc trql rrlpurouv 'uolltFtJor lFtr Dutror.l.l uo ulSllftf gloffrnb il
rlrApur rt}rFrrdrpq lol ffi$Ugil 1g nlF mtr lruoluFpr ttmbrr Aru HE 'urrroold

Egpcuuo1u rcurpfrqnr rtlr lqrnp Frtcqpc rrrP 1o rplprrr r$norqr i{r rurtuilulF
H;a r;;rqyrosrdO tr4 -tlgunrruntrlc lluuou JlFun mrl lo r0ol t ut0tl $U lurr't
tt polrrd buuortu*, +n gurnF .'urgrqffi l*tun*nc rul [ut*oq$ tg ruoF rq il'*
rFlI ,prqlpiltf Aflfpun;gnl iltl 1gjpm $fl $un filpultuoc q rn'trplrtpr fAilil lug

FOUrd rUr rno*lnorfl ilfrrt p'ruofirod n i*q u'rrJ or prln!* r0 'ffln! Ft;urt
I rt F,rr ruofiipn, rurunr'rlprn 'Arlll rililt Fcn I lWr F|rllr rA$t nOH rt$ or

*o,d ${l 'lf,rrq g;ui1; nmi&r6rr lo ilrtuJqr1nbuilrt rfiarr cl OY r{l lol $fio q

.F.luhorJofit f|ol ulf{ ril FFIC

lro1 r#ilA 1;gof rql ut FurFf,nS 'rulduroa q rcurpFqtrr rrUnr rn1rq ffi* sr1 r
ol rqwogr 1131 | ]o fillfw i$i 11;11'1ru ;grrrHflfnr ;grpng 'tqqtr{ ltflu;u rql

l0 tutgnd 0r or lE ;;$tqnr rerlfil rttl 'luoFlPusc tGruou rlDufr lltll lllclFu Hr|C

trsf n$tqd r{3tlr|,\A rql q ilFnlr trrilol-pui rrorilroo Eulutw rqt *q 0upouushl
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Trail Mountain Mine

t

Federal coal Lease UTU-6 4s7s Lease Relinquishment
Appendix C

Evaluation of Impacts to Ground and Surface Water Hydrology

The following section provides a detailed description of the hydrology, including groundwater
and surface water quality and quantity, of the land within IJTU-643fi and ,uooirioing area.

since 1979 detailed data on the hydrology of the East Mountain and Trail Mountain areas have
been collected, compiled, and analyzed by PacifiCorp and several government agencies.
Information collected by PacifiCorp is the result of eiploratory drilling, field in,[stigationr,
geologic mapping, aerial photography, spring surveyr, gtoundwater tests, monitoring of
numerous wells and stream stations, climatological monito.ing, and investigations b-y
independent consultants- The data collection program is part of a 

"o*plete 
Hydrologic

Monitoring Program which h_as been upproued uy ttre Staie of Utah, Division of Oil, Gas andMining (DOGM) and the Office of Surface Mining (oSM). All dara collecred have been andwill continue to be submitted to osM, DOGM, united states Forest service (usFS), and the
Bureau of Land Managernent (BLM) each year in the annual Hydrologic Monitorini refortr.

Hydrologic monitoring plan for the Trail Mountain Mine is specified in Volume 9 Hydrologic
Section: Appendix A in the approved Mining and Reclamation plan (MRp).

As outlined by the BLM, the interested parties have agreed that under nonnal circumstances, theminimum time period for continued monitoring will bi three years. During this time period the
operatorflessee will establish that the surface has substantially stabilized according to AppendixrrArt.

The following sections will describe and provide detail concerning the groundwater and surface
water resources within and adjacent to Federal Lease uru_6437 j.

Groundwater:

Groundwater resources of the Trail Mountain mine are limited and are controlled by the terrain,
slope aspect and geologic structures. Terrain of Federal Lease uTu-64375 rang*, fro* flat toniurow ridge tops with gentle slopes in the upland parts of the area to very steep side slope
conditions along the margins of the lease. The topography and slope aspect limit the amount of
recharge to the area.

Strata in the Trail Mountain permit area are gently down-folded in the area of the straightcanyon syncline which is present in the central portion of Trail Mountain. Axis of the straightcanyon syncline is located approximately I mile west/north_west of Lease uTU-64375. Thebearing of the straight canyon syncline is approximately N30% ana the structure plunges to the
Federal Coal Lesse UTU-f43?s
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southwest. Dips in the syncline range from two to six degrees with the north limb dipping the
steepest.

In the &rea south of the Straight Canyon Syncline the coal seam dips gently in a northwest
direction toward the syncline; however, to the northwest of the Straigit Canyon Syncline the
Hiawatha seatn dips in a southeast direction at three to five degrees.

A northeast-southwest trending fault system, the Roans Canyon Graben, is present along the axisof the Straight Canyon Syncline. In the central portjon of East Mountain G fault system
contains up to six normal faults having displacements ranging from a few feet to over 150 feet.
Coal deposits present to the north of the fault have been acceised through rock tunnels driven
from the 3rd North section of the Deer creek Mine.

The rock formations exposed in the Trail Mountain area range from upper cretaceous toTertiary in age (see Figure IIF-Z). The formations, in ascenditrg order, are the Masuk Shalemember of the Mancos Shale, Star Point Sandstone, Blackhawk, Castlegate Sandstone
Sandstone, Upper Price River, North Horn, and Flagstaff Limestone. rhe cJal deposits arerestricted to the lower portion of the Blackhawk Formuiion.

The Masuk Shale is the upper member of the Mancos Shale and consists of light to medium graymarine mudstones. Usually this formation weathers readily, forming slopes which are oftencovered by debris. It is generally devoid of water

overlyingandintertonguingwiththeMasukShaleisthe@.htheEast
Mountain area the Star Point consists of three or more rurr-ror*rttg tn.*sive sandstones totalingabout 400 feet in thickness. Generally, the sandstones are fine to medium-grained andmoderately well-sorted. The upper contact of the Star Point Sandstone is usually quite abrupt
and readily identifiable on the outcrop. Even though the star Point Formation exiits-throughout
the entire Trail luountain property, the low perm*ulltity and lack of recharge limit its usefulness
as a water producing aquifer- Permeability and the limiting factors of recharge, i.e., very littleoutcrop exposure and limited vertical groundwater migration caused by the t rudrtorre layers ofthe North Horn and Blackhawk formations. Locally, ttt* st* Point Sandstone exhibits aquifer
characteristics

The Blackhawk Formetioq consists of alternating mudstones, siltstones, sandstones, and coal.Although coal is generally found throughout the Blackhawk Formation, the economic seams arerestricted to the lower 150 feet of the formation. The sandstones contained within the Blackhawk
Formation are fluvial and increase in number t th* upper portions of the formation. Muny of thetabular sandstone channels jo* Iocal perched *"t* tables. The total thickness of theBlackhawk Forrnation in the Trail Mountain area is about 750 feet.

The , the lower member of the Price River Formation, generally
caps the escarpment which surrounds the eastern limit of the property. The Castlegate Sindstoneconsists of about 250 feet of coarse-grained, light gray, fluvial sandstones; pebble
conglomerates; and subordinate zones of mudstones.
Federal Coal Lease UTU-d4g?s
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Th*,whichoverliestheCastlegateSandstone,isabout350feet

'li.*..To"l"T-*:3f--1tr1ctr extenq 
fpward .frop the 

_c-astlegate sandstone escarpmenr.
Although some mudstones are present, fine-grained, poorly sorted sandstones dominate theUpper Price River Formation.

The North Horn Formatiou is about 850 to 900 feet thick in the Trail Mountain area. Mudstones
dominate the rock types present and are generally gray to light brown in color. Localized,
lenticular sandstone channels are present throughooi trt* formation. The sandstone beds are morecommon near the upper and lower contacts of the formation.

The Flaestaff Fo,tmation is the youngest formation exposed in the permit area and consists ofwhite to light gray lacustrine limestone. An erosional iemnant of 100 to 150 feet of this
formation remains, forming a cap on the highest plateaus.

Waters entering the groundwater system are mostly from snow melt. The amount of water which
enters the groundwater system is highly variable from one site to another. The low surface reliefon the top of Trail Mountain encourages the infittration of melting snow. Conversely, the many
areas with steep slopes have a much more limited infiltration oplortunity. All of tire geotogic
formations which surface in the area have relatively low prr**ubility which further reduces theamount of water entering the groundwater system. ProbaLly less than five percent of the annualprecipitation recharges the groundwater supply (Price and Arnow, 11q.1a; U. S. Geological
Survey, 1979).

Geology controls the movement of groundwater. Because of the low permeability of theconsolidated sedimentary rocks in the Trail Mountain area, groundwater movement is primarily
"through fractures, through openings between beds, and, in the case of the Flagstaff Limestone,
through solution openings" (Danierson et al., lggl , p.zs).

The majority of the groundwater which infiltrates the Flagstaff Limestone flows down vertical
fractures which intersect sandstone channel systems in the North Horn Formation. The majorityof the groundwater reaching this point intersects the surface in springs located in the North HornFormation' Very little recharge intersects the Price River Formation and Castlegate Sandstone;
consequently, they are not water saturated where intersected in the numerous drill holespenetrating those units- The remaining water then flows downdip (to the southwest) from thenorthern reaches of Trail Mountain until it intersects the trace of the northeast trending Roans
Canyon Fault Graben.. The system acts as an aquiclude because swelling bentonitic clays along
the fault prohibit most of the water from penetating across the fault. tvto-rt oi-rr-l-.rr+e southof the Roans canyon Fault System comes from the inow melt directly above. The same mode ofwater migration occurs there as to the north; but, when the water intersects the sandstone
channels, it migrates toward the canyons which surround and dissects Trail Mountain.

Data have been collected from numerous coal exploration drill holes, from within the mine
workings, from surface drainages, and from the springs in the area. The data have identified two
separate isolated aquifer systems on the Trail Mountain property; the first is localized perched
Federal Coal Lease UTU-64S25
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water tables in the North Horn Formation, and the second is a combination of localized perched
water tables in the Blackhawk Formation and the Star Point Sandstone which exhibits some
limited potential as a regional aquifer. Stratigraphy is the main controlling factor restricting
groundwater movement and development of regional and perched aquifer systems within the
Trail Mountain property. The following is a description of the various formations and how they
influence the groundwater systems. The description is in descending order, which parallels the
general groundwater flow.

Flagstaff Limestone

This formation displays a strong joint pattern which permits good groundwater movement both
vertically and horizontally through the forrnation.

North Horn Formation

This formation is comprised of a variety of rock types which range from highly calcareous
sandstone to mudstone. Its permeability is variable.

Lenticular sandstone channels are oftentimes present in the upper and lower portions of the
formation. V/ater which percolates down fractures from the overlying Flagsiaff Limestone
works its way into the sandstones, forming the perched water tables. The actual lateral extent, or
correlation, between the perched water tables has not been identified; and it is not practical to do
so because the tables are limited in extent and variable in stratigraphic location. Many springs
have been identified where the sandstone channels intersect the lanilsurface.

The lower two-thirds (upper Cretaceous in age) of the formation is generally highly bentonitic
mudstone which is impermeable. It is likely that this material is acting as-an aquiclude,
preventing adequate recharge from reaching the Upper Price River Formation or Cistlegate
Sandstone below. (The bentonitic rnudstone will be discussed in detail in the pHC.) n *
mudstones present swell when they come in contact with water. Therefore, vertical migration of
water along fractures through this material is limited because the fractures are sealed by the
swelling clays.

The depth of the aquifers in the North Horn Formation is variable due to the rugged topography.
The localized perched water tables may either intersect the surface of the ground or bi covered
by as much as 1,000 feet of overburden. They are located at least 1,400 feet above the coal seam
to be mined- Communication of water between the perched aquifers in the North Horn
Formation and the water flowing into the mine is limiteO in quantiiy and occurs very slowly,
The monitoring of the numerous springs located on Trail tvtountain gn*s pacifiCorp tle abiliiy
to assess any effects that mining might have on the North Horn Formation perched aquifers.

With the data available it is not possible to compile a piezometric map of the water-bearing strata
in the North Horn Formation because the channels are discontinuous and not interconnected.

Federal Coal Lease UTu.643Ts
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Upper Price River Formation

The Upper Price River Formation is comprised predominantly of sandstone but commonly
contains mudstone beds between the point bar deposits. It is generally void of water because itlacks adequate recharge.

Castlegate Sandstone

The formation is thought to be tairly permeable but, where it has been intersected by drill holes,
has never been found to be water-saturated. It is oftentimes dry or slightly dump in iome zones.It is void of significant water because it lacks adequate recharge

Blackhawk Formation

The Blackhawk Formation contains o,nly perched or lirnited aquifers which exist within the strataoverlying the coal seams and the upper portion of the Star Point Sandstone Formation. Theperched aquifers exist as fluvial channels (ancient river systems) which overlie and scour into the
underlying strata. These channel systems were part of a ieltaic depositional setting active during
and after the coal-forming peat accumulation. ttre largest influ* oi water encountered during themining process occurs beneath the fluvial channels. The sandstone channels are mainly
composed of a fine- to medium-grained sand with similar characteristics to the Star point
Sandstone Formation- The semi-permeable and porous nature of the channels allows an effective
route for water transport. other constituents of the Blackhawk Formation (i.e., mudstone,
carbonaceous mudstone, coal seams, and interbedded mudstones/siltstone and sandstones)
generally act as aquicludes which impede vertical groundwater flow to the lower stratigraphic
units. In areas other than where faulting and fracturing have created secondary permeability, thernigration of water from the perched aquifers-sandstone channel systerns of the Blackhawk
Formation to the Star Point Sandstone Formation is limited. Extensive mining in the TrailMountain mine, which produces coal from the Hiawatha seam, is stratigraphically lorut"d on topof the upper member of the Star Point Formation Sandstone. only minor quantities ofgroundwater have been produced from the Star Point Sandstone Formation. The coal seams ofthe Blackhawk Formation are effective in impeding vertical groundwater movement. In many
areas in the mine where roof coal was left in place because of abundant thickness or as anadditional effort to support the immediate roof, production of groundwater occurred only whenroof support was installed or when a roof tailure occurred eiposing the overlylng sandstone
channel systems. Listed below are hydrologic characteristics of inoiuidual rock'typ"es reported
by the USGS, Open File 84-06?.

Federal Coal Lease UTU-643T5
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Lithology: Sh, shale; Slt, siltstone; Ss, sandstone; f, fine grained; m, medium grained.
Hydraulic conductivity; I, impermeable to water even at a pressure of 5,000 plunds

per square inch.

Hydraulic conductivity
(feet per day)

Depth below
Lithology land surface

(feet)

Geologic
unit Porosity Horizontal

(percent)
Vertical

Blackhawk
Formation

Star Point
Sandstone

1,52t
r,545
1,796
1,792
2,170
2,265

2,466
2,493

l.5xl0-2
9.3x10I

I
l.lxl0-2
I.txl0-E
2.0x10 ?

3.lxl0-2
1,5x10 2

3.7x10-3
I.2xl0-7

I
3.9x10-3

2.2xl}6

1.1x10-2
6.6x10-3

ss, f
Slt
Sh
ss, f
Sh
slt

ss, m
Ss, m

14
3

2
l4
4
2

r7
ll

Based on current data, several observations have been made concerning the Blackhawk water-
bearing strata. The sandstone, which is semi-penneable and porous, affords an effective route of
water transport; while relatively impervious shale in the Blackhawk Formation prevents
significant downward movement of the percolating water. Of the water-producing areas, those
closest to the active mining face exhibit the greatest flows. As mining advances the area
adjacent to the active face continues to be exce$sively wet, and previously mined wet a'eas
experience a decrease in flow. It appears that the water source is being dewatered since mined
out areas of the mine do not continue to produce water indefinitely. The water source must be
either of limited extent, e.8., a perched aquifer, or have a limited recharge capacity

Although much of the water transfer within the Blackhawk Formation is through fractures or
faults, data indicate that recharge to the Blackhawk is limited because of the above confining
formations and many of the fractures become sealed by swelling bentonitic clays which stop or
limit the water transfer, confirmation of which exists along the numerous faults and fractures
over the area. Very few springs are found within the Blackhawk except along the extensive
faults in the Wasatch Plateau, The fractures sealed readily because of the abitity of the shaley
layers to swell and decompose to form an impervious clay, preventing signifi.unt downward
percolation, collection, or conveyance of water along faultsln the Blicnrawt Formation.

Star Point Sandstone

The Star Point Sandstone Formation overlies and intertongues with the Masuk
formation is approximately I50 to 200 feet in thickness and consists of at least
Federal Coal Lease UTU-643T5
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coarsening sandstone units- Mudstone units of the Masuk Shale are present above the lower two
sandstone members of the Star Point Sandstone Formation due to the interfingering nature of the
contact between the two units.

The Star Point Sandstone Formation, which immediately underlies the Hiawatha Coal Seam,exhibits some characteristics of an aquifer but experi*ncei little recharge. Studies conducted bythe USGS indicate that the Star Point Sandstone Formation is of low p-ermeability, thus limitingits usefulness as a water-producing aquifer. Most of the water disc-harge from the Star point
Formation is where it has been intersected by the major canyons in the plateau or where faulting
has caused secondary permeability. Drill holes comp-leted in the Trail htountain vicinity defined
the piezometric gradient in the lower Blackhawk Star Point Formation System and confirmed thegroundwater flow to conform with the topographic relief and sffuctural features, i.e., regionaldip, Straight canyon syncline, and regional faulting. This, plus the fact that the Star point
Formation is only slightly to moderately permeable, allow* onty limited flow of groundwater
through the formation.

Water in most of the Blackhaw-k-Star Point aquifer is confined under pressure between shale andsiltstone beds within the aquifer 6uscs unes, open File neport ai-ooiy. w"r6" i. releasedfrom storage from confined aquifers mainly by compression of the sandstones and less
pe-rmeablg' confining beds as pressure in the aquifer declines. The quantity oi water that can be
ryl"g"d from storage is depende_nt on the storage coefficient, which is 

"uoot 
t*ioi;;t";; ;;thickness for most confined aquifers (Lohman, uzt, p. a;. Data collected by Facific-orp on theRoans Canyon Fault System in 1988,3rd Norttr f"olt 

"to.ring, "onnr-J'*r" USGS'storage

- 
coefficient estimations, with values ranging from l.6xl0a ," 7b*ro1-- ir*#ssivity valuesv computed for punp tests conducted by the usGS om Trail Mountain on non-fully p"i"t .tingwells in rhe Blaclhawk-SrT l"rli gulf.er rarE:d ftom 0.7 to tOO f faay witn 

","iirity of mEtwo rcsults ranging from l to l0 f /day. The computed transmissivity 
"iroo trlaly o,*greater than the laboratory data Qisted early in this section) and was believea to be due to

YEgty permeability in the form of fractures. Transmissivity results ranging from 0.2 tolo f( lday re indicative of the low permeability rock in most of the cretaceous ina tertiary stratawithin the Wasatch plateau.

Federal Lease uru-f4375 - Groundwater Resources

As a result of the limited recharge and geologc structures, only six low flow groundwater
sources (spring 17-35-1, 17-35-2, 17-35-3, 17-35-4, L7-35-5 and l8-2-l) are Iocated within the
lease area (see Trail Mountain Spring Data - Mining History). All of these $prings are located
within the area to be relinquished. FIow ceased aftei zwr uft"r repairs *"r" *aJ",b, d; caftle
association to the spring- Groundwater now issues 1/8 mile to the last of the originai location,
flowing at rate of 0.5 gpm (2008).

Spring l7-35-l is located in the SwNw Vaof Section 35 on a scrub/sagebrush-covered slope ar
an elevation of 8850 feet above mean sea level (see Hydrologic Drainage Map in this appendix).
Recharge of the spring is from the east. The spring is iocated in the r\roflh Horn Formation in the
Federal Coal Lease UTU-d43?s
Page t9 of72



head of small drainage system. Flow ceased after 2001 after repairs were made by the cattle
association to the spnng. Groundwater now issues 1/8 mile to the east of the original location,
flowing at rate of 0.5 gpm (2008).

Spring 17-25'2 is located in the SENW % of Section 35 on a gentle grass covered slope at an
elevation of 9000 feet above mean sea level (see Hydrologic nrainage Map in this Appendix).
Recharge of the spring is from the east. The spring is located in the North Horn Formution. This
spring site was originally established prior to PacifiCorp's acquisition of the property. The site is
located in a small drainage feeding a developed pond. plo* has never been observed at this site.

Springs 17 -35-3 - l7 -35-5 are all located in the SW % of Section 35 on a west facing slope
covered with sage/grass and sparse conifer trees at an elevation of 8700 feet above mean sea
Ievel (see Hydrologic Drainage Map in this Appendix). Recharge to these springs is from the
east- These springs are located in the North Horn Formation. Monitoring sites Il -lS-l - 17 -35-
5 were originally established prior to PacifiCorp's acquisition of the projerty and are not
included in the hydrologic monitoring program. Visual inspections during annual routine
monitoring indicates that these springs low output springs, iypically <l gpm, similarto lg-Z-1.

Spring 18-2-1 is located in the NENW Va of Section 2 ona gentle south facing grass covered
slope at an elevation of 8400 feet above mean sea level (see Hydrologic Drainage Map in this
Appendix). Recharge of the spring is from the north. The spring is located in t[e upper price
River Formation. Site development of 1 8-2-l consisted of field funr* to protect the source area
and piping of the outfall to a trough located to the south. Since the site was originally included
with the Trail Mountain Monitoring Program, site development has deteriorat*J to its present
condition, the diversion is no longer functioning and the fencing is no longer protecting tt 

"source. In addition, this site was selected by the Emery Conservancy District for inclufion in the
automated hydrologic monitoring network. This equipment also has been compromised and is
no longer functioning.

Monitoring of springs I7-35-L, l7-35-Z and 18-2-1 was initiated inIgg1 (under pacifiCorp
ownership) and has continued though 2008. In addition to the DOGM monitored springs,
Energy TVest identified and monitored springs adjacent to Lease UTU-6 4i7S in preparaltion of
future leasing- Quality and quantity data for these adjacent springs is provided to assist in
elevating potential mining related impacts. Quality from all of tle monitored springs has
remained consistent from the pre-second mining to post-retreat mining, refer tofollowing
enclosed tables and graphs. Outflow from the springs is highly dependent upon yearly
precipitation for its recharge and quanfity measurements are consistent with ittr ptrripitation
values recorded at the East Mountain Weather Station; refer to the enclosed hyOrographs.
Hydrologic monitoring completed on the Trail Mountain property has failed to iaeitiiy *,
changes in the quantity or quality of groundwater discharge f** the springs which have been
monitored.

Federal Coal Lease UTU-64375
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tII

SPRING
MINING HISTORY STATUS LOCATION Approximate Subsidence

(feet)

Type of Mining Date of Mining $ec. T. I
t;-

I

17-35-1. I Longwall Panels

J ld Right
I July 2000

Federal Lease UTU-( i437s

3s | 17S

<l
17-35-2. Longwall Panels

4'h Right
February 2000 Within Relinquishment 35 l7s 6E

l?-35-3*. Longwall Panels

4th Right
January 2000 Within Relinquishment 35 175 6E 4.5

17-35-4.. Gateroad Development
6s Right

July 1999 Within Relinquishment 35 l7s 6E 6

l7-35-5.. Longwall Panels
6th Right

January I999 Within Relinquishment 35 l7s 6E 5

l8-2-1. Longwall Panels

I'o Right
August 1997 Within Relinquishment 2 l8s 6E 1.5

rl-26-2.'* Not Undermined NA Within % mile Offset 26 r7s 6E 0
17-29-4*'* Not Undermined NA Within Vzmile Offset 28 l7s 6E 0

- 
Included within DOGM monitoring program _.. 
Not included vdthin DOGM monitoring program

*** 
Baseline monitoring conducr"o, oftIilffi



Federal Lease: UTTI- G437 s
Pre-Mining

Water Quality Reportl
04-Dec-08

LOCATION:17-35-l

PARAIVIETER

BICARBI
CALCII]M:
CARBONATE:
CHLORIDE:
COITIDUCT:
DISS_OXY:
FLOIV:
HARI}ITIESS:
IRON_TOT;
IRON-DISS:
MAGNESIIJM:
MANG_DIS$r
MANGAITIESE:
OIL_GREASE
PH:
POTASSII]M:
SET-SOLII)S:
SODIT]M:
SIJLFATE:
SUSPENDED:
TEMP-WATE
TI}S:

HIST0RICAL DATA FoR DATE: I9TT0r0l rHRoucH 19921 130
MAXIMIJM

44t
56.1
18.3

59
970

5

297
6,5

4.74
55

0.46

8.75
2.8

97.2

65
488

MIMMIJM

283
27

0.1

20.3
508

12

10.3

I

200

AVERAGE

390.869
42..1521

7.98181
43.8478
7s7.O5

72.7434
42.2086
100.333

437.304

# ANALYSES

0.16 0.85736
235 2;69.631
0.04 0.86933
0.05 0.9087s
24.4 40.2447

23

23
11

23
20

0
l9
19

15

I
23

0
23

0
23

22
0

23
23

18

0
23

0.01 5.78260

7 .4- 8.10826
0.51 1.31136

s20



Federal Lease: UTIJ- 64175

Pre-Mining

Water Quality Report:
04-Dec-08

LocATrom 17-35-2 HIsToRIcAL DATA FoR DATE: 19770101 THRoucH l99zr30

NO DATA



I
F ederal Lease: UTIJ. 6437 s
Pre-Mining

Water Quality Report:
04-Dec-08

LocarroN:17-35-3 HISToRICALDATA FoRDATE: rg?T0r0r rHRouGH re92lr30

NO DATA



Federal Lease: UTIJ- 6437s

Pre-Mining

Water Quality Report:
M-Dec-08

LocATroNr 17-35-4 HISToRIcALDATA FoR DATE: t9'T0l0l rHRoucH 19921130

NO DATA



Federal Lease: UTU-643T5

Pre-Mining

Water Quality Report:
04-Dec-08

LOCATION: lT-35-5

PARAMETER

BICARB:
CALCII.JMI
CARBONATE:
CHLORIDE:
COITIDUCT:
DISS-OXY:
FLOW:
HARI}ITIESS:
IRON_TOTr
IRON-DISS:
MAGNESIIJM:
MANG-I}ISS:
MANGAITIESE:
OIL_GREASE
PH:
POTASSTUM:
SET_SOLTDS:
SODIUM:
SULF'ATE:
SUSPEITIDED:
TEMP-WATE
TDS:

MAXIMIJM
HISTORICAL DATA

MINIMTJM

334
50

96
870

I
I
0
I
I
0
0

0
1

0

I
0
I
0
I
1

0
I
I
I
0
1

334
50

96
870

334
s0

96
870

FOR DATEr 19?70101 TIIROUGH 19921130

AVERAGE #ANALYSES

0.05

43.8

0.01

8.01

1.3

58.3
24
11

4t6

0.05

43.8

0.01

8.01

1.3

58.3
24
11

416

0.05

43.8

0.01

8.01

1.3

58.3

24
11

4t6



Federal Lease: UTTI- 64375

Pre-ilIining

Water Quality Report:
04-Dec-08

LOCATION:

PARAMETER

BICARB:
CALCIIJM:
CARBONATE:
CHLORIDE:
COITIDUCT:
DISS_OXY:
FLOW:
HARI}ITIESS:
IRON_TOT:
IRON-DISS:
MAG TESIUM:
MANG-DISSI
MANGANESE:
OIL-GREASE
PH:
POTASSIUMT
SET-SOLIDS:
SODIT]M:
SITLFATE:
SUSPENDED:
TEMP-IryATE
TDS:

18-2-r

MAXIMTJM

43r
80.6
0,r

61.7
- 1060

18.9

421
1.28

0.05

76

0.03

8.13

2.35
0.1

8l
149
s60

644

0.03 3.3141 I
351 391.833
0.04 0.188?5
0.0s 0.05
45.5 s6.5217

0,01 1,86363

7.01 7.80434
0.78 r.21347
0.1 o.l

60.7 69.4173
L?t 133.817

I q4.925

480 577.913

HISTORICALDATA FoR DATE: 19770101 THRoucH 19921130

MINIMTIM AVERAGE

406.826
63.1956

0.1
47.8695
951.15

# ANALYSES

23

23

3

23

20

0
t7
l8
t6
6

23
0

22

0
23
23

I
23

23

20

0
23

350
44

0.1

40
862



Federal Lease: UTU-643T5

Adjacent to Lease - pre-Mining

Water Quality Report:
04-Dec-08

LOCATION: 17-26-l

PARAMETER

BICARB:
CALCIUM:
CARBONATE:
CHLORIDE:
COIIIDUCTT
DISLOXY:
FLOW:
HARDITIESSI
IRON_TOTr
IRON_DISS:
MAGI{ESIUM:
MANG-DISS:
MANGANESE:
OIL-GREASE
PH:
POTASSIUM;
SET-SOLIDS:
SODIUM:
SIJLFATE:
SUSPEITIDED:
TEMP-WATE
TT}S:

HISTORICALDATA FoR DATE: l9770r0l rHRoucH 1992il30
MAIilMT]M MINIIVITIM

360
56

10

500
5.7
0.1

267
0.05
0,0s
29.4

0.01

7.34

0.8

17.3

10

5

324

AVERAGE

315.5
58.4

11.1333

575
5.7
0.1

267
0.05
0.05

38.45

0.01

7.645
0.9

18,92
24.8166

6.4

351.333

# ANALYSES
38s
60

6
6

0
6

6

1

1

I
5

I
6

0
5

0
6

5
0
6

6

5

0
6

r2.3
610
5.7
0.1

267
0.05
0.05
42.6

0.01

7.84
1.1

25.r2
40
t2

4t2



Federal Lease: UTIJ- G4I7 s
Adjacent to Lease - pre-Mining

Water Quality Report:
04-Dec-08

LOCATION: rj-28-Z

NO DATA

HISTORICAL DATA FoR DATE: r9770t0r rHRoucH r99zlr30



I
Federal Lease: UTU-64375

Water Quality Report:
04-Dec-08

LOCATIONT

PARAMETER

BICARB:
CALCIIJM:
CARBONATEI
CHLORIDE:
COITIDUCT:
DISS-OXY:
FLOW:
HARI}NESS:
IRON-TOT:
IRON_DISS:
MAGI{ESIIJM;
MANG-DISS:
MANGANESE:
OIL-GREASE
PH:
POTASSIUM:
SET_SOLIDS:
SODIUMT
SULF''ATE:
SUSPENDED:
TEMP_WATE
TDS:

8.17

58.37
29

6

365

HISTORICALDATA FoR DATE: t9?z0t0t rHRouGH 19921130

Adjacent to Lease - pre-Mining

t7-28-4

MAXIMTJM MII{IMT]M

369
49.1

30
510
6.2
1,7

248

30.4

8. l7

58.37

29

6

365

AVERAGE

369
49.1

30
510
6,2
r.7

248

30.4

8.17

s8.37
29

6

365

# ANALYSES
369

49.1

30
510
6.2
t.7

248

30.4

I
I
0
I
I
I
1

I
0
0
I
0
0
0
I
0
0
1

I
t
0
I



I
Federal Lease: UTU- 6437 s
Adjacent to Lease - pre-Mining

Water Quality Report:
04-Dec-08

LOCATIONT t7-22-t

PARAMETER

BICARB:
CALCII]M:
CARBONATE:
CHLORIDE:
COITIDUCT:
DISS_OXY:
FLOW:
TIARDNESS:
IRON_TOTr
IRON-DISS:
MAGI\TBSIUIVI:
MANG_DISS:
MANGANF^SE;
OIL_CNEASE
PH:
POTASSIUM:
SET_SOLIDS:
SODITJM:
SIJLFATEI
SUSPEITIDED;
TEMP_IryATE
TDS:

HISTORICALDATA FoR DATE: t9??0r01 rlrRouGH 1992il30
MAIilMTJM

0,03

8.54

2,.2

0.1

1r8.4
200

73

420

MINIMTJM

342
2t
0.r
8.4

s56
3.7
0.1

240
0.04
0.05

u

0.01

7.O2

0.05
0.1

T2

13

I

?62

AVERAGE

382..722
55.9555

6.225
11.611I

612.6

3.7
4.r7875

299.4375
0.27333
0.06375
38.1877

2.07142

7.79't2?,

1.13941

0.1

28.4672
27.2166

t5.2

340.388

# ANALYSES

l8
18

4
18

15

I
l6
16

9

I
t8
0

t4
0

l8
L7

I
18

18

l5
0

l8

406
107

24.6

30
697
3.7

22.1

338
l_t2.
0.14

69



I
F ederal Lease: UTIJ- 6457 s
Adjacent to Lease - pre-Mining

Water Quality Report:
M-Dec-08

LOCATIONT

PARAMETER

BICARBT
CALCIIJM:
CARBONATE:
CHLORIDE:
CONDUCT:
DISS_OXYr
FLOW:
HARI}NESS:
IRON_TOT:
IRON-DISS:
MAGI{ESIUM:
MANG_DISS:
MANGANESE:
OIL_GREASE
PH:
POTASSIUM:
SET-SOLIDS;
SOI}IIJM:
ST]LF'ATE;
SUSPEITIDEDI
TEMP_WATE
TI}S:

v

r7-22-2

MAXIMTJIVI

HISTORICAL DATA

MINIh{IJM

305
45.8

15

410
9.1

3.8
2r4

0.03
24.r

0.2

8.04

20.88

8

I

247

305
45.8

l5
410
9.1

3.8
2,14

0.03
24.1,

0.2.

8.04

20.88

I
8

247

FOR DATE: 19?70101 THROUGH 19921130

AVERAGE #ANALYSES

30s
45.8

l5
410
9.1

3.8
214

0.03
24.L

0.2

8.04

20.88

I
I

247

0
I
I
0
I
0'l
0
0
I
I
I
0
I



I
Federal Lease: UTU-6 4375

Adjacent to Lease - pre-Mining

Water Quality Report:
04-Dec-08

LOCATIONT

PARAMETER

BICARB:
CALCI{JM:
CARBONATE:
CHLORII}E:
COIIIDUCT:
DISS_OXY:
FLOW:
IIARDNESS:
IRON_TOTr
IRON-DISS:
MAGIYESIUM:
MANG_DISSI
MANGAIT{ESE:
OIL-GREASE
PH:
POTASSIUM:
SET_SOLIDS:
SODIUM:
STJLFATE:
SUSPEITIDED:
TEMP-WATE
TDS:

l7-27-l

MAIilMUI\,I

283
43.9

l5
400
8.6
z.l
215

25.6

0.17

7.88

233

MII\IIMIJM

283
43.9

AVERAGE

283
43.9

l5
400
8,6
2.1

?.$

25.6

0.17

7.88

14.25

12.

u

233

# ANALYSES

HISTORICAL DATA FoR DATE' 19?70101 rlrRoucH 1992il30

l5
400
8.6
2.r

2.15

25.6

o.t'l

7.88

14.25

T2,

lt

233

I
1

0
I
I
1

I
1

0

0
I
0
I
0
I
0
0

14.25

LZ

ll



l

-
Federal Lease: UTLI- 6457s

Water Quality Report:
04-Dec-08

LOCATION:

PARAMETER

BICARBI
CALCIIJM:
CARBONATE:
CHLORIDE:
CONDUCT:
DISS_OXY:
FLOW;
HARI}NESS:
IRON_TOT:
IRON_DISS:
MAGI{ESIIJM:
MANG_IIISSr
MANGANESE:
OIL-GREASE
PH:
POTASSIUM:
SET-SOLIDS:
SODIUM:
SULFATE:
SUSPEITIDED:
TEMP_WATE
TDS;

I
Adjacent to Lease - pre-Mining

r7-?7-2

MAXIMTJM

3lr
67.7

15

410
8.9

5

2.45

0.26
18.4

0.02

8.?6

r?-6
2,

25

213

HISTORICAL DATA

MINIMTJM

311

61.7

15

410
8.9

5

24s

0.26
18.4

0.02

8.26

12.6

2
25

2t3

FOR DATE: l9770l0l TIIROUGH 19921130

AVERAGtr #ANALYSES

3ll
6t.t

15

410
8.9

5

245

0.26
18.4

0.02

8.26

12.6

2

25

2r3

I
I
0
1

I
1

1

I
0
I
I
0
1

0

I
0
0
1

I
I
0
I



I
Federal Lease: UTTI- 64375

Post-Mining

Water Quality Report:
04-Dec-08

LOCATIONT l7-35-l

PARAMETER

BICARB:
CALCIIIM:
CARBONATEI
CHLORIDE:
COITIDUCT:
DISS_OXYr
FLOW;
HARDNESS;
TRON_TOT:
IRON-DISS:
MAGNESIIJM:
MANGJISS:
MANGANRSEI
OIL_GREASE
PH:
POTASSII]M:
SET-SOLIDS:
SOI}ITJM:
SULFATE:
SUSPEITIDEDI
TEMP_WATE
TDS:

HISTORICALDATA FoR DATE: 20000701 THRoucH 20081231
MAXIMI]M MINIMITM

438
40

44
841

0.86
248

36

7.85

I

96
46

r4.8
507

AVERAGE

438
40

44
841

0.86
248

36

# ANALYSES
438

40

44
841

0.86
248

36

I
I
0
1

I
0
I
I
0
0
I
0
0
0
I
I
0
I
I
0
t
I

7.8s
I

96
46

14.8

507

7.85

I

96
46

14.8

s07



Iv
Federal Lease: UTTI- 6417 S

Post-IVIining

Water Quality Report:
M-Dec-08

LocATroNr 17-35-2 HISTORICAL DATA FoR DATE: 2000020r rHRouGH 2008123r

NO DATA



Federal Lease: UTU-6 4S7S

Post-Mining

Water Quality Report:
04-Dec-08

LocATIoN: 17-35-3 HISToRICAL DATA FoR DATE: 2000020r rilnoucu ztulrzir

NO DATA



t
Federal Lease: UTU-6 4I7 s
Post-Mining

Water Quality Report:
04-Dec-08

LocATroN: 17-35-4 HIsT0RICAL DATA FoR DATE:1999070' rHRouGH z00gr23 r

NO DATA



'l
Federal Lease: UTU- 6457 s

Post-Mining

Water Quality Reportl
04-Dec-08

LOCATIONT t7-35-5

NO DATA

HISTORICALDATA FoR DATE: 19990101 rHRoucH z008t23t



Federal Lease: UTLI-643T5

Post-Mining

Water Quality Report:
M-Dec-08

LOCATION:

PARAMETER

BICARB:
CALCIUM:
CARBONATE:
CHLORIDE:
CONDUCT:
DISS_OXY:
F'LOW:
HARDITIESS:
IRON_TOT:
IRON-DISS:
MAGIVESIT.IM:
MANG-DI$S:
MANGAI{ESE:
OIL-GREASE
PH:
POTASSIUM:
SET_SOLIDS:
SODIIJM;
SI]LFATE:
SUSPEITIDED:
TEMP-WATE
TI}S:

18-2-l

MAXIMUM
HISTORICALDATA FoR DATE; 19970831 THRoucH z008l23t

MII{IMt]h{ AVERAGE #ANALYSES
421

71.5

0
48

r256
6

LO.2

461
0.06

0
68.5

0
0

7.6
1.16

75
196

13.5
651

326 381
56 62.4288
00

38 43.1941
839 1037.23

66
0.27 3.21
356 398.294
0.06 0.06

00
52 58.8976
00
00

t7
t7
I

t7
t7

1

r7
t7
I
I

r7
1

I
0

I7
1

0
t7
17

0
LI
17

7.28

0.87

59
lt6

7,48117
1.01285

66.6852
r57.129

6.1 9,O4tr7
560 606.588



I
Federal Lease: UTIJ- 64175

Adjacent to Lease - post-Mining

Water Quality Report:
04-Dec-08

LOCATION: t?-26-l

PARAMETER

BICARB:
CALCIUM:
CARBONATE:
CIILORIDE:
COTIIDUCT:
DISS_OXY:
FLOW:
HARDNESS:
IRON_TOT:
IRON-DISS:
MAGNESIIIM:
MANG-DISS:
MANGANESE:
OIL-GREASE
PH:
POTASSIIJM:
SET_SOLIDS:
SODIUM:
SIJLFATE:
SUSPEITIDED:
TEMP-WATE
TDS:

MAXIMIJM

310

57,5

I
694

6.6
307

39.7
0.006
0.006

'1.46

0J9

17.8

t7

HISTORICAL DATA

MINIMUM

304
56.7

7

648

I
302

38.9
0.005
0.002

7.25
0.62

14.4

l't

306.333
57.09

7.33333
669.666

3

304.333

39.24
s.33333
4.33333

736666
0.69666

16.4166
tl

8,23333

326

FOR DATE: 20010531 THROUGH Z00Bt23l

AVERAGE #ANALYSES

3

3

0
3

3

0
3

3

0
0
3

3

3

0
3

3

0
3

3

0
3

3

5.7
296

9.8
357



Federal Lease: IJTIJ- G437 s

Adjacent to Lease: Post-Mining

Water Quality Report:
04-Dec-08

LOCATION:

PARAMETER

BICARB:
CALCIUM:
CARBONATE:
CHLORIDE:
CONDUCT:
DISS_OXY;
FLOWr
IIARDNESS:
IRON-TOT:
IRON-DISS:
MAGI\IESIUM:
MANG-DISSI
MANGANESE:
OIL-GREASE
PHI
POTASSIUM:
SET_SOUITS:
$ODIIJM:
SI.JLF'ATE:
SU$PENDEDI
TEMP-WATE
TDS:

r7-26-2

MAXIMTJM # ANALYSESMINIMI]M

393
66

L2

817

I.8
350
o.2

44.9

0.004

0,003

7.33
0.98

50.95

3l

6.2
456

AVERAGE

415.75

68.4075

13.25

916

6.7
365,s

o.37

47.26
0.0045
0.003

7.86
1.0675

54.3875

34.25

7.r5
477.75

HISTORICAL DATA FoR DATE: 20010531 THRoucH z008t23t

434
72.7

t5
962

15.4

391

0.44

50.8
0.005
0.003

8.33
1.14

58.6
37

4
4
0
4
4
0
4
4
2
0
4
2
I
0

4
4
0
4
4
0
4
4

8.7
509



Adjacent to Lease: post-Mining

Water Quality Report:
04-Dec-08

LOCATION:

PARAMETER

BICARB:
CALCIIJM:
CARBONATE:
CHLORIDE:
CONDUCT:
DISS_OXY:
FLOW:
HARDITTESS:

IRON-TOT:
IRON_DISS:
MAGI{E"SIUM:
MANG_DISS:
MANGANE.SEI
OIL-GREASE
PH:
POTASSIUM:
SETJSOLIDS:
SODIUM:
SI.JLF'ATE:
SUSPENDED:
TEMP-WATE
TDS:

Federal UTU-64375

I7-28-4

MAXIMT]M # ANALYSESMINIMUM

258
35.3

30
20

689

1.1

248
0.31

38.9
0.012

8,23
0.72

52.2

27

AVERAGE

342,
44.5225

30
28.75
834.s

2.95
299.5

0.46

45.7475
0.014

8.3525
0.8925

6r.4375
38.5

9325
443.25

HISTORICAL DATA FoR DATE: 20010531 THRoucH 20081231

403
51.5

30
35

951

5.7

344
0.61

52.3

0.016

8.6
1.07

73.05
53

11.4

545

4
4
1

4
4
0
4
4
2

0
4
2
0

0

4
4
0
4
4

0
4
4

7.6
370



I
Federal Lease: UTLJ- G4375

Adjacent to Leasel Post-Mining

Water Quality Report:
04-Dec-08

LOCATIONz ri-22-l
PARAMETER

BICARB:
CALCIUM:
CARBONATE:
CHLORIDET
CONDUCT:
DISS_OXY:
FLOW:
HARDNESS:
IRON-TOT:
IRON_DISS:
IVIAGNESIUM:
MANG_DISS:
MANGANESE:
OIL-GREASE
PH:
POTASSIUM:
SET-SOLIDS:
SOI}IUM:
SIILFATE:
SUSPEITIDEI}:
TEMP-WATE
II}S:

HISTORICAL DATA FoR DATE: 20010531 rHRoucH 2008 1231

MAXIMIJM

315
44.8

l4
I

603

t7
251
1.15

0.02
33,8

0.021
0.044

8.18
l.t8

18.76

13

8.9
305

MINIMUM

239
41

0
6.9

489

2.4
229

0
0

30.7

0
0

7.38
0.84

13.9

1l

AVERAGE

265.529
43.2517
4.66666
7.641t7
528.235

6.r7164
7,41

0.214
6.66666
32.2782
0.0103

9.71428

7.85588
0,98414

t6.4523
12.2352

7.2694r
272.882

# ANALYSES

17

r7'3
T7

L7

0
17

ll
10

3

t7
10

7

0
r7
t4
0

T7

t7
0

17

I7

5.5
235



Adjacent to Lease: post-Mining

Water Quality Report:
04-Dec-08

LOCATION:

PARAMETER

BICARB:
CALCII]M:
CARBONATE:
CHLORIDE:
COITIDUCT:
DISS_OXY:
FLOW:
HARIINESS:
IRON_TOT:
TRON_DISS:
MAGNRSIIJM:
MANG-DISS:
MANGAITIESE:
OE-CNEASB
PH:
POTASSII.JM:
SET_SOLIDS:
SODIT]M:
SULFATE:
SUSPENDED:
TEMP-WATE
TDS:

Federal Lease: UTU- G4S7s

r7-22-2

MAXIMT]M
# AI{ALYSESMINIMTJM

254
46.1

l0
6

527

6.9
253

0.12

33.4
0,015
0.002

7.83
0.94

I1.19
6

AVERAGE

274.8
50.84

l0
6.8

576.8

10.1

272.2
0.354

35.274
0.0304

6.33333

8.052
l.l I

12.718

7

8.52
299.4

HIST0RICAL DATA FoR DATEr 20010531 rr{RoucH z008tz3t

299
56.4

10

7
618

14.5

300
0.68

38.6
0.047
0.012

8.29

1.42

13.8

9

12.2

324

5

5

I
J

5

0
5

5

5

0
5

5

3

0
5

5

0
5

5

0
5

5

5.7
248



Federal Lease: UTIJ- 6417 s

Adjacent to Lease: Post-Mining

Water Quality Report:
04-Dec-08

LOCATIONz r7-27-l

PARAMETER

BICARB:
CALCIIJM:
CARBONATEI
CHLORIDET
COITIDUCT:
DISS-OXY:
FLOW:
HARI}ITIESS:
IRON-TOT:
IRON_DISST
MAGIVF"SIUM:
MANG-DISS:
MANGAhIESE:
OII.-6gP6t"
PH:
POTASSIIJM:
SET_SOLIDS:
SODIUM:
SIJLFATE:
SUSPEITIDED:
TE1VIP-IryATE
TI}S:

MAXIMI]M

265
60.7

ll
546

6
262

0.89

33.8
0.008

8.05
0.73

14.7

1l

8.9

289

HISTORTCAL DATA

MINIMIJM

230
39.3

I
52r

1.8

223
0.09

2,6.8

0.003

7.83
0.44

t2.04
9

5.8
2r7

FOR DATE: 2001053I TIIROUGH z00Bt23l

AVERAGE #ANALYSES

242.25
45.5725

10.5

528.25

3.9
240

0.3275

30.6075
4.66666

7.94
0.6325

12.96
9.5

6.975
252

4
4

0
4
4
0
4
4
4

0
4

3

0

0
4
4
0
4
4
0
4

4



Adjacent to Leasel post-Mining

Water Quality Report:
04-Dec-08

LOCATION:

PARAMETER

BICARB:
CALCII.JM:
CARBONATE:
CHLORIDE:
CONDUCT:
DISS-OXY:
FI.,OW:
HARDNESSI
IRON_TOT:
IRON_DISS:
MAGI{ESIUM:
MANG_DISS:
MANGANESE;
OIL-GREASE
PH:
POTASSIIJM:
SET_SOLIDST
SODIIJM:
ST]LF'ATE:
SUSPENDEDI
TEMP_WATE
TDS:

Federal Lease: UTU-6 4I7S

t7-27-2

MAXIMI.JM
HISTORICAL DATA

MINIMIJM

257

60.52

7

535

7.5
252

0.09

23.8
0.002

7.34
0.37

10.91

10

262
65.4

I
609

13.5

z't2
0.14

?'6.5

0.002

4

4
0
4
4
0
4
4
3

0
4

3

0
0
4
4
0
4
4
0
4
4

5.9
258

7.72
0.49

t2.l
It

6.9
299

FOR DATE: 20010531 THROUGH z008l23r

AVERAGE #ANALYSES

259
63.23

7.25
57t.25

10.4
261.5

0.10666

25.1975
0.002

7.505
0.4375

11.7025
10.75

6,3

276.5
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Water Comparison

Spring 18-2-1 (Pre-Post Mining)
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Water Comparison

Spring 17-26-1 (Pre-Post Mining)
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Water Comparison

Spring 17-284 (Pre-Post Mining)
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Water Comparison

Spring 17-22-1 (Pre-Post Mining)
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Water Comparison

Spring 17-22-2 (Pre-Post Mining)
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Water Comparison

Spring 17-27-1 (Pre-Post Mining)
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Water Comparison

Spring 17-27-2 (Pre-Post Mining)
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T RAIL ]W O U N TAIN,SPR/NG,S
Spring 17-3 5-7 y,s. Precipitation

PEAK FLOW (JULY) vS. EA.ST ]WOT]NTAIff WEATHER STATI2N
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17-ss-1 **I#fr#{rr.qts- r{k
Flow ceased after repairs were made by Gatfle
Association to the spring. Groundwater now
issuing 1/8 mile to the east of the original location,
flowing at rate of 0.5 gpm



TRAIL M O U N TAIN,SPft/NG,S
Spring 17-3 5-2 y,s. Precipitation

PEAK TLOW UULY) VS. EA.ST MOITNTAIN WEATHER STATIzNI
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Monitoring site established in small
drainage feeding developed pond, flow
has not been observed at this site
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Surface Hydrology

The Trail Mountain Mine area is located in the headwater region of the San Rafael River Basin.
The surface drainage system of the Federal I-ease {JTU-643?5 forms part of the Cottonwood
Creek drainage.

All drainages in and adjacent to Lease UTU-64375 are ephemeral. The majority of the surface
flow from the lease block drains to the west in un-named drainages which report to Cottonwood
Creek. As detailed in Appendices A and B, subsidence is limited and affects of subsidence did
not alter surface flow characteristics of the ephemeral drainages.

Federal Coal Lease UTU-64325
Page 66 of72
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