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WINTER OUARTERS

GEOLOGTC ANp CpAL DATA

CANYON DATA ADEOUACY

The geologic and coal data presented in this document was collected simultaneously

information relating to this subject will be collected andbut is not complete. Additional

presented by the Bureau of Land

WATER RESqUFCFS

Essential Streamflow Data

Management.

Watercourses are discussed and shown in various reports but specially on Plate 13 "Streams

in the Vicinity of Skyline Property" located at the end of Appendix C. Runoff characteristics,

streamflow of perennial streams, and surface-water/groundwater interactions are presented

in Appendix C. A survey of the Winter Ouarters Canyon area seeps and springs have been

completed for the fall f low of 1 991 and the spring flow of 1 992.

Water Resource Inventory

Schofield reservoir if fed by the seeps and springs located in the Winter Ouarters Canyon Area

as well as others in the area. Water uses/water rights are identified on a table in Appendix

C (Continued).

Water quality - on

sources and their

(Continuedl,

Water wells in the

streams in the area, water uses/water rights, and geologic or groundwater

stratigraphic relationships to the coal seam are included in Appendix C

area are identified in the groundwater data related to the Skyline Mine.
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Flood Plains

In a personal communication with Dennis Kelly in March of 1 992, flood plain calculations were

unnecessary if not the applicant was not planning on building roads on the potential lease

area. Therefore no 100 year floodplains are identified in immediate area, however one for

Eccles Canyon has been included in Appendix C (Continuedl.

No "Natural Resource Waters" occur in the area of the possible lease, according the a personal

conversation with Dennis Kelly, March 1992. A letter included in Appendix D also discusses

resource waters.

Watersheds are found on the Watershed and Water Rights Map in Appendix C (Continuedl

"Surface Water Rights, 1992.

Groundwater Aquifers

Depth below surface, generalized geologic structure, possible subsidence areas, potentiometric

surface, groundwater recharge/discharge, rates of groundwater flow, and interrelationships

with special hydrologic features are presented in Appendix C.

sorLS ANp A$SOCTATED RECLAMATION

An Order 2 soil survey needed to provide the necessary information can be found in the Soil

Survey of Carbon Area, Utah: Soil Conservation Service. and Soil and Land Use Inventories

Schofield Project: UCO,lnc., located in Appendix D.

An approximate coal tract boundary has been included on some plates within this submission,

however, the coal tract boundary has not yet been delineated.

2
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Skyline Mine Area Aerial Photographs have been provided for the deterrnination of the extent

of the following area$:

Soil Mapping Units
Forest Areas (see Appendix H, Mt. Nebo Scientific reportl
Hay/tame Pastures
lntended Dryland Agriculture
lrrigated Areas
Alluvial Valleys
Areas of Unique or Special Concern Riparian, Wetlands

Reports and maps are included in Appendix D describing the soils present in the area, and

their classifications.

The United States Department of Agriculture report "Soil Survey of Carbon Area, Utah in

Appendix D addresse$ the area soils physical and chemical properties and water features. The

soil volumes were not calculated since the coal tract boundary lease has not yet been

delineated.

The applicant concurs that topsoil will be stockpiled and if needed revegetated. However no

surface disturbances are anticipated at this time.

WILDLIFE AND THE.EA-TENED AND ENDANGERED SPECIES

Primary species occurrence for piscinian, amphibian, reptilian, avian, and mammalian species

are identified in Appendix E. AII information pertaining to wildlife can be found in Appendix

E, Volume 4.

A rating per animal species for the biological value of ecosystems inhabitated and their

distribution by standard habitat site are located in Appendix E.

3
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The relative abundance of each animal has been denoted as common, uncornmon, limited,

rare, threatened, endangered, occasional, or accidental in "Fauna of Southeastern Utah and

Life Requisites Regarding their Ecosystems".

Rank of biological value (critical, high-priority, substantial, or limited) as well as depictions on

a map for seasonal use areas (e.g. big game winter or summer ranges and parturition areas;

fish or wildlife migration routes, avian or bat like animals roost concentration areas,

grouse/leks and associated nest/brooding areas; drurnming logs; raptor aerie or nest sites;

snake or animal dens; fish nest or spawning zones as well as rearing habitafi waterfowl

staging areas) of threatened/endangered and sensitive species or those of high FederallState

interest are located in the wildlife appendices.

Plant species occurrence, description and abundance are identified in Appendix H, Volume 5.

No threatened of endangered plant species are known to inhabit the area.

g.UL.TURAL RESOURCES

A Class I literature search for the areas to be considered for leasing and a Class ll cultural

resource evaluation in the vicinity of Winter Ouarters Canyon was conducted in October of

1991 by AERC (Archeological-Environmental Research Corporation) and included in Appendix

F. Any sites evaluated in the proposed leasing area qualify for the National Register of

Historic Places are described in the AERC report.

ArR OUALTTY

Existing Ambient Air Ouality Data

No surface facilities are planned at this time, however air quality data for the vicinity is

included as Appendix G. UCO, lnc. prepared a coal mining permit application in 1982 which
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contained a section on air quality for Winter Ouarter Canyon which has been included in the

appendix. The Clear Creek Monitoring Program including sites on Boardinghouse Peak, Eccles

Canyon and Clear Creek, prepared by Radian Corporation is also included.

Coal lease boundaries have not yet been delineated, thus level of developrnent, life of the

facility, and coal production as a function of time cannot be determined.

VEG-E.TATIPN AND LAND USE

Surface and mineral ownership are identified in Appendix H.

Vegetation communities are delineated and described in a report entitled "Data Adequacy

Information for the Skyline Mine: Vegetation of the Winterquarters Tract" (Appendix H). The

area is forest and contains no farmlands. The rangelands within the area (grazed by livestock,

big game and small wildlife), and timberlands are identified in Appendix H.

The land use in Winter Ouarters Canyon and adjacent areas consists of grazing, recreation,

forestry and natural gas transmission, there are no special use areas or cemeteries within the

area. Existing livestock use and carrying capacity are described data provided by Manti-La

Salt Forest Range Specialist and in the $kyline Mine and Reclamation Plan, Volume 1

(Appendix H).

Areas with potential reclamation problems are identified in Appendix H in the Ouestar Pipeline

Company report.

The only existing right-of-way, easements, withdrawals, or special classified area is the

Ouestar Fipeline Special Use Permit identified in Appendix H. There are no existing railroad,

transportation routes, or transmission systems within the potential coal lease area.
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.A-# U nited States
D epart ment of
Agriculture

Forest
Service

IlIant i- La Sal
National Forest

5 99 lV . P rice Ri"'er D r
Price, Utah 84501-

-

R.p l3r to:. 2.-q:0

Date: Auqust l. tSIll

James M. Parker
Bureau of Land fuIanagement
Utah State Oflice
314 South State, Suite tOt
Salt Lake City, Utah 84111-2303

pear Mr. Parker,

The Manti-La Sal National Forest ha-s completed preliminary Forest Plan consistencv antl rllta
adequacy reviews of the thrc'e general areas presently under application for le;r-sing under the
Leas+on-r\pplication procedures. Since tract tldineation teams have not vet evaluatcd the
proposed tracts and specific tract boundaries have not been rlclineated, the review resrrlts cannot
be considered final. lvlore specific information can be provicled once the tracts are tlelineatetl for
evaluatiou.

The Forest Plan consisieucy review showetl that all thrrc ;rreil^s are avail.rble for further
consideration for coal leasinq subject to application of the coal lease rrnsrritabilitv criteria (site-
.specilic review), manaqement tlecisions and completion o[ sitc*'specific evaluations. (loncerns and
threshold limitations have been cstablished for each of the rreiLs. IJntil .specific tract borrrr<laries
;r.re tlelirteated, it is not possible to Inake a tlelinitive rleterrninatir-rn on Forest Itl;rrr colsistsrncr..
Specilic Forest Plan direction for each of the are:u is as follows:

Crar: dal I C an y on / I I u nt i n g,t o n C-an-r'on ., I rea

'Ihe proposed tracts lie rvithin Coal I'lultinle [Jse Evaluation.\rea 2 {lluntinqton (]iinvon-
Gentr-v ltlountain). Further lcase i]ctions rtsittq Iluntittqton {-*any'on lbr transr}orrrtiorr
and rnine develoDment. other than srroplvitl( r'rri5tittg ouprations.',vill lrr: tit:llv,li rrntil it
is detcrmined that unacceptable irnpacts to r:xistinq resorlrces wouid not {)ccllr. StreciJic
resource concerns inciude potential conllicts with water *rualit!'anti llow. recrea[io1. traliic
on State llighway 31 (Fairview-lluntington llir4hwavJ, and visual rlualitr'.

Cotfonwo od CanyonI Nortlt Trail:Ilountain .'lrea

This proposed tract Iies rvithin Coal trlultiple [Jse Iivaluation ..\rr:a,S {Ft'rron (.larrr.on.

Cottonrvood - Trail \lountain). Coal lands other than in the.Joes Valler. (lraberr rvill
be available for further lease action consideration- [,e;:^sins ictivit_r'rvitl hr: Iirnitctl
to insure that anv activit-v rvill not adverselv aflect rninirnurn viablt: r)(]l]ulariorrs [or
manaqement indicator species. Impacts to rvatcr rluaiitv and florv are also rna_ior
concernS.

Caring for the Land atrd Servitrg People



lVinterrgrrarters Canvon ..1 ree

This proposed tract lies within Coal \fultiple Use Eraluation Area I (Pleasant Valley
- Fish Crc'ek). F\rrther lease action considerations other than for supplf inq existinq
operations will be delal'ed until current impacts to w&ter quality have beett nritiqatetl
and proposed development activities relatetl to leasing will not cause the threshold to be

exceeded. Pollution of Scofield Reservoir is the identified concern. Utah rvater quality
standards are established as a threshold for water quality. Protection of pcrentrial llows is
also a major concern in this area.

Enclosetl iue preliminary data arlequacy review reports for the thrt'e areas. The reports
specilically uldress each task itlentified in the data adequacy requirements. [n sumlnary, there

are tlata deficiencies in the areas of hydrology, cultural resources, and wildlife. The amount of
fime needed to obtain this information would depend on the size and configuratiott of the tracts
delineatetl by the tract ddineation teams. Data adequacy standards for coal reserves were not

addressed in the reporta since this is a rerponsibility of the Bureau of Land hlanagement.

If you have ;ury questiona, contact the Fotest Supervisor's Oflice in Price, Utah.

Sincerely,

/s/ Aaron L. Ilowe
for
(;EOITGE A. MORIUS
Forest Supervisor

Enclosures

cc:

D-2
D.;I
C.ltc-ed
Ir0
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SKY:IJIIIIE MINE IDENTIFICATION OF INTEREST

Utah Fuel Company, a wholIy owned subsidiary of CoasLal SEates
Energy Company, operates t,he Skyline Mines. The Skyline Mines are
or,rned by Coastal States Energy Company and Skyline CoaI Company,
the Permittees. Coastal States Energy Company is a urholty owned
subsidiary of The Coastal Corporation; Skyline CoaI Company is a
wholly owned subsidiary of Coastal States Energy Company.

UEah FueI Company has not carried on any coal mining activities in
any name other than in the name of the company as af orestaE,ed.
CoasLaI StaLes Energy Company and t,hereby The Coastal CorporaLion
(Coastal States Energy Company's parent corporation) owns an
underground coa1 mine (Mine Permit ACT/ 04t/ 002 ) f ocated near
Salina, Utah, operated as Southern UEah Fuel Company. Coastal
States Energy Company has not carried on any coal mining activity
during t,he past, five years other than those operations at the SUFCO
Mine and Ehe Skyline Mine.

CoasEaI States Energy Company currently holds an approved mining
permit Number ACT/007/005 for the Skyline Mines dated December L,
1989.

The Skyline Mines operates on lhe leasehold interests owned hy the
Permittee, Coastal StaLes Energy Company and Skyline Mining
Company. The lands on which mining occurs are a part of the ManE,i-
IraSaI National Forest. The leasehold interests involve all or part,
of t,he f ollowing coal leases, which have been subleased and/or
assigned to Coastal StaEes Energy Company and Skyline Mining
Company;

Federal Irease

Utah - 020305

Utah - 044076

ULah - 0L42235

Utah - 0147570

ULah - 073120

Count,v lrease

Carbon County
Coal Irease

legal description of

Issued to

Emmett K. Olsen

Armeda N. McKinnon

Malcolm N. McKinnon

Ivla1colm N. McKinnon

f ndependent Coal- &
Coke Company

Issued to

Date of Issuance

03 / 0L/ 62

oe / o1/5s

L0/o!/a+

05/oL/6s

Date of Issuance

Kanawha & Hocking
Coal and Coke Company

os/ot/74

the above listed coal leases are:



Federal CoaI l-,ease Serial_.#Ut,ah - 02 03 05

T. 13 S.. B. 6 E., SL Meridian, Utah

sec. 13 : SW- L/ 4 SW- L/ 4 (r,or, 7) ;
Sec. 14: SE -L/4 SE- L/4i
Sec . 23: E -t/2 E-L/Zi
Sec . 24: w- r/2 Nw- L/ 4, SE -L/ 4 NW- t/ 4, S -L/z t
Sec t 25: All (Irots 1 thru 4, S-L/z N-L/z, S-L/z) i
Sec . 26: E -L/2 E-L/2 t

containing L,439 .40 acres;

Federal Coal.Lease Seria1 #Utah - 044075

T. 13 S , n B. 6 E. , SL Meridian. Ut,ah

Sec . 26: w- L/2 E-L/z, w-t/Z i
Sec.27t lrot,s L, 2,3, 4, E-L/z, E-L/z, W-L/z,

excluding Lrawrence Reserrrior;
Sec. 34: Lots L, 2, 3, 4, 5, 6, 7, 8, and S-L/z

excluding Lawrence Resenroir;
Sec. 35: Lrots L, 2, 3, 4, 5, 6, 7, NE-t/4, E-L/2,

Nw- Ll 4, NW- Ll 4 SW- L/ 4. N- t/2 Sw- Ll 4 i
containing 2 ,357 .82 acres;

Federal Coal Lease Serial #Utah - 0142235

T. 13 S., R. 6 E., SI-r Meridian. Utah

Sec. 11: S -L/2 S-L/2;
sec. 14: W-L/2, SW-L/4 SE-L/4t

containing 520 . 00 acres ;

Federal Coal Lease Serial #Ut.ah - 0147570

T.. 13 S., R. 5 E., SL Meridian. Utah

Sec. 10: Lots e and 4, E-L/2 SW-L/4 and SE-t/4i
Secs. 15 and 22 , All;
Sec . 23: W-L/2 E-t/z and w-L/Z;

containing 2,092 .'70 acres;

Federal CoaI Lease Serial #Utah - 073120

T. 13 S.. R. 6 E.. SLr Meridian, Utah

Sec. 13: Lrots L, 2, 3, 4, 5, 6, 8;
sec . L4: NE -L/4, N- L/2 SE- L/4;
Sec . 24 I NE -L/4 Nw- L/4t

containing 557 .22 acres



Carbon County CoaI Lease

Township 13 South, Ranqe 5 East SLM

Sec . 24: Portion of w-L/Z NE- L/ 4
containing 55.0 acres

The leases above listed are subj ecE to that certain Exchange
Agreement dated SepLember 9, 1975 between Valley Camp of Ut,ah, Inc.
and Energy Fuels Corporation, a Colorado corporation. The effect
of the Exchange Agreement was Lo Eransf er t,he orrrnership of coal
right,s such that Energy Fuels Corporation , (now or'tmed by Coastal
States Energy Company and Skyline CoaI Company) , owns or controls
t,he coal which is located norLh and wesE of the Conne1ville FauIL.
The Connelville Fault, is the south-easterly boundary of the Skyline
permit area. AcLuaI location of Ehe fault may vary when
encountered through acEua1 mining operaE,ions. The result, of this
agreemenE is that only a portion of the originally leased property
is controlled by Ehe Permittee and included in Ehe permit area.

The right to enter the leaseholds conveyed by E.he Federal Coal
leases is conf erred to Ehe lessees by Ehe Mineral l-reasing Act of
L92O and the leases t,hemselves . ApproximaLely 6 ,290 acres are
conLained in the leaseholds of the leases. Due Eo limit.ing factors
of "no or thin coal areas and vertical seam proximity areas r' ,
restrictions of the Exchange AgreemenL or oLher rest,raints,
underground coal mining will occur only on a portion of the Federal
leaseholds.

Coastal States Energy Company and Skyline Coal Company, (formerly
Getty Mining Company) by the iloint Venture Agreement ef f ecLive
September 8, L978, have agreed that Utah FueI Company, a wholly
owned subsidiary of CoasEal States Energy Company, is to operate
the Skyline Mines, and that Utah Fuel Company shall have the right
to enter the subj ecL leaseholds.

The proposed North Lease area is adjacent to coal leases already
held by the Coastal Corporation and is t,heref ore a logical
extention of already exisLing leases . The Coastal Corporat,ion is
t,heref ore interested in obtaining coal leases on this area to
extend t,he lif e of the Skyline Mines which will result in Ehe
orderly extraction of this coal resource.
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ATTACHMENT A

Lithologic Descri ptions of Dril 1 -hol es

l.lQ-02, $lQ-04 , ldQ-06, HQ-08

(by James P. l,lal sh & Associates )
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Hol e Hq-02

Geochemi ca'l
Sampl e #

And Interval

Lithologic
Interval
9ol umn

0.0- 10.0

10.0- 20.0

20,0- 40.0

40.0- 70.0

70.0- 80.0

80.0- 90.0

Litholooic Descriotion

Dusky yellow (5Y614) fine- to mediun-grained

cal careous SANDST0NE,

stai ni ng, mi nor ol i ve

abundant I imonitic
gray shale fragments.

Light olive (5Y612) fine-grained calcareous

SANDST0NE and light olive gray (5Y511)

SHALE .

Greenish gray (5GY4/1-6/1) calcareous SHALE

and SANDY SHALE.

Dark.yellowish orange (10YR6/6) and dusky

yel1ow (5Y6/4) medium-grained, subround,

poor'ly sorted, si'l ty, very cal careous

SANDSTONE, abundant I imoni ti c stai ni ng '
friab le; cl aygy from 65-70'.

Greenish gray (5G4/1) CLAY and SANDY SHALE'

soft to low hardness.

Li ght ol i ve gray ( 5Y4/1 ) soft CLAY anci 1 i ght

gray (N7) sl ightly ca'lcareous, f ine-grained

SANDSTONE.

Greenish gray (5G4/1) soft CLAY and light
gray {N7) slightly calcareous, fine-grained

90. 0- 100. 0
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o
Geochemi cal

Sampl e #
And I nterva'l

Lithologic
I nterval
Co I umn

t

100. 0- 120. 0

120.0- 130.0

130. 0- 170. 0

170.0-180.0

180. 0- 190. 0

190.0-220.0

220.0-240.0

Lithol ogic Description

SANDSTONE.

Light ye'l lowish gray fine-grained calcareous
SANDSTONE, moderate hardness, and minor gray

si I ty shal e , I ocal hernati te cement.

Dark ol i ve gray ( 5Y3/ 1 ) S I LTY SHALE ,

moderate hardness , s1 i ghtly cal ca reous .

Light olive gray (5Y6/1) to yel'lowish gray
(5Y712) fine-grained, subangular, moderately

sorted ca] careous SAN0STONE , .1ocal' hemati te
cement, mi nor thi n , dark o'l i ve gray ( 5Y3/ 1)

silty shale beds.

Light olive gray (5Y7/1) to olive gray

(5Y4/1 ) fine-grained, si 1 ty, s] ightly
cal careous SAHDST0NE, l oca'l iron oxide
cgment.

Greenish gray (5GY4/1) SttfV SHALE, slightly
cal careous , and N6 fi ne-grai ned, cill careous

SANDSTONE.

Light olive gray (5Y6/1) fips-flFained,
cal careous SANDSTONE and ( 5Y4/ 1) s 1 i ghtly
calcareous silty SANDSTONE.

Light ol ive gray (5Y6/1) fine-Erained
calcareous SANDSTONE and (5Y4/1) slightly
cal careous sandy SHALE, moderate'ly hard,

mi nor carbonaceous f ragrnents , mi no r i ron

oxide cement.o
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Geochemi cal
Sanrpl e #

And Interval

Lithologic
Interval
Co'lumn

240. 0:2 50. 0

260.0-300.0

300. 0-350. 0

350.0-360.0

Li-tho]ogi c Descf i pti on

Light olive gray (5Y6/1) and yellowish gray

(5\7 l?) fi ne-grai ned si 1 ty cal careous

SANDST0NE , moderate 'l ocal I i moni ti c cement,

and dark ol i ve gray ( 5Y3/ 1) si I ty, c'l ayey ,

s1 ightly ca'lcareous' fine-grained SAllOST0t'lE.

Yel'lowish gray (5Y7/2) fine- to
mdi um-gra i ned , subang ul ar , cdJ ca reous

SANDSTONE, minor local iron oxide cement'

moderate hardness, and dark olive gray

(5Y3/1) clayey, slightly calcareous very

fine grained SANDST0NE' coal fragments in
290-300' interval .

Dark olive gray (5Y3/1) calcareous

SILTSTOI{E, mi nor carbonaceous fragments ' and

fine- to nredium-grained, yellowish gray

(5\7121 , subround, moderately .sortedi very

calcareous SANDSTONE, local iron oxide

cenent in the SANDSTONE from 330-340',

re1ative amount of SANDST0NE greater than

S I LTSTONE .

B:tr acfc C0At , blncky, fracture , and greeni s h

gray (5GY5/1) silty SHALE, and light olive
gray (5Y4/1-6/1) fine-grained, subround,

sl ightly cal careous SANDST0NE, mi nor

I i moni ti c stai ni ng.

Dark olive gray (5Y3/1) calcareous

SILTST0NE, minor carbonaceous fragments, and

fi ne- to medi um-grai ned, Y€l I owi sh gr3y

{5Y7/?) subround, rnoderately sorted, very

ca'l careous SANDSTONE.
o

360. 0-370. 0
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Geochemi cal
Sampl e #

And Interval

L i thol ogi c
I nterval

Co I umn

370.0-380.0

380. 0-420. 0

420.0-460.0

460. 0-470. 0

470.0-47L.5

Lithol ogic Description

Dark ol i ve g ray ( 5Y3/ 1 ) ca I ca reous

SILTST0NE, minor carbonaceous fragments, and

fi ne- to med i um-gra i ned , yel 'l owi s h g ray
(5Y712) subround, moderately sorted, very
calcareous SANDST0NE, local iron cement.

Dark gray (N2) silty C0AL and dark olive
gray (5Y3/1) calcareous SILTST0NE, minor
carbonaceous fragments, and fine- to medium-

grained, ye1 1 owi sh gray (S\l /Z) subround,
mrderately sorted, very cal careous

SAHDST0NE. Abundant iron oxide in upper
half of interval. Siltstone (more clayey,
darker) predom'inant in lower half.

Light gray (N6) to light olive gray very
f i ne gra i ned, sandy , cal careous S I LTST0[-|E ,

moderate'ly hard; wel I cemented, abundant

very fine grained coal fragments between

430.0 and 440.0; sandier (friab'le) toward
base.

Yel I owi sh gray (5Y7 /2) fi ne-grai ned, very

calcareous SANOSTONE and dark o1ive gray
( 5Y3/1 ) si I ty SHALE.

Medium 1 ight gray, fine-grained, subangular,

wel I -sorted , s'l i ghtl y ca j careous SANDST0NE ,

minor carbonaceous debris and coa'l

fragments, moderate hardness.

:.

(NA) carbonaceous SHALE and SILTY Sl-iALE,

accessory pyrite, moderate hardness.

47 ! .5-472.3
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Geochemi cal

Sampl e #
And Interval

I
(484.3:491.4)

Lithologic
Interval
9ol umn

47?.3-474. 0

474 .0-476.9

476.9-479.4

478.4-490.2

480.2-494. 3

484.3-497.9

497,9-492.0

Lftiologic DesciFtion

Dark o1 i ve gray ( 5Y3/l ) carbonaceous

SILTSTONE, minor coal rooting, moderate

hardness , cl ayey at 473.5

Light olive gray (5Y6/1) massive

fine-grained, moderately sorted, subround,

calcareous SANDST0NE, hard, minor coal
f ragments..

Greenish gray (5GY4/1) slightly calcareous
s i I ty I4UDST0NE .

Light olive gray (5Y6/1) very ffne grained,
nrcderately sorted si I ty SAIIDSTONE , I i mon i ti c

staining at 478.8-480.0. ,

0live gray (5Y4/1-6/1 and N4) very fine
grained silty SANDST0NE, abundant fossil
leaf casts, s] ightly cal careous,- distorted
low angle crossbeddirg, hard, coarsens to
medium-grained at 484.C, minor rusted
pyri te.

Dark greenish gray (5G2/1) silty,
carbsnaceous SttALE, iloderate handness , a,nd

greenish gray (5GY5/1) SILTST0NE, moderate

hardness.

Li ght gray ( N6 ) and dark gray ( N4 ) mass i ve ,

very fine grained, calcareous SANDST0NES,

minor thin greenisfr gray 5G5/? sha'le breaks,
darker sands , rnore si l ty than I i ghter sands ,

with abundant carbonaceous fragmenis.

o
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Geochemi cal
Sampl e #

^-.@U

Litho'log'ic
Interva'l
Col umn

?
( 507. 7-517.0)

49? .0-495. I

495. l-496.9

496. 9-497 .4

507 . 7 -508.2

508. 2-5 12 . I

512.8-520.0

520. 0-530.0

530 . 0-540. 0

Li thol ogi c Descri p-tion

Light gray (lt6-ltZ) fine- to very fine
grained calcareous SANDSTONE, distorted
bedding, moderate coal fragments, hard.

Dark o'l ive gray (5Y3/1) carbonaceous

SILTSTONE, minor leaf casts, hard.

Dark o'l i ve gray ( 5Y2/ 1 ) sandy S I LTSTONE '
abundant thin coal lamina, moderate pyrite.

Grayish brown (5YR3/1) medium- to

fine-grained massive carboneacous SANDST0NE'

dbundant and fragments.

Dark yellowfsh brown fine- to
medi um-gra i ried, moderately sorted ,

subangu'l ar, carbonaceous SANDSTONE' major

organi c stai ni ng , moderate hardness.

(N6) and (N4) crossbedded mediun-'to
fine-grained, subroundr. moderately sorted

SANDST0NE, abundant coal fragments i 10%

white fel dspar, moderate hardness.

Li ght o'l i ve gray ( 5Y6/ 1) very f i ne to
fi ne-gra i ned, subrounded, moderatel y sorted ,

s1 i ghtl y ca] careous SANDSTONE wi th da rk g ray

shal e fragments.

Dark gray (NA ) si 1 ty SHALE ' I i ght ol i ve gray

( 5Y5/2 ) SHALE, and mi nor 1 i ght ol i ve grav

(5Y6/1), fine-grained, subangular, poorly

sorted, sl ightly calcareous SANDSTONE.
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Geochemi caJ

Sampl e #

And I nterv-il.

Li thol ogi c
I nterval
9ol umn _

540.0-550.0

540.0-550.0

550. 0'560. 0

560.0-570.0

570. 0-580.0

L j _Lltg.l os f c De s cli Pt i q!.

Dark gray (N3) SHALE, in hard chips, with
minor pyrite and minor limonite staining' a

few small coal fragments and light gray (Ni)

fine sands coating and mixed with shale

fragments.

Dark gray (N3) SHALE, in hard chips, with

minor pyrite and minor limonite staining' a

few small coal fragments and light gray (N7)

fine sands coating and mixed with the shale

fragments.

Dark gray (N3) SHALE, in hard chtps'; with

minor I imonite stainf ng, and few smal I coa'l

fragments, and Iight olive gray (5Y6/1)

calcareous silty very fine sands coating and

mixed with shale fragments.

Dark gray (t-13) sl i ghtly cal careous SHALE i n

hard chips and light gray {N7} very fine
sandy SILTST0NE in hard chips and abundant

small coal fragments.

Dark gray (N3) SHALE with slickensided

surfaces, and light gray (N7) very fine
sandy SILTST0IIE with minor limonite staining

and thin dark gray partings and some black

carbonaceous Shal e fragments , s'l i ghtly

calcareous si'lt and fine sands coating shale

fragrnents.

Medi um dark gra.v ( N4 ) SHALE and dark gray

(ur) carbonaceous SHALE, and iew very small
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Geochemi cal
Sample #

And Interval

Lithologic
Interval
Col umn

:

590.0-600.0

500.0-510.0

610. 0-620. 0

Li thol ogj c Descri pti on

coal fragments , s 1 i ght'ly ca I ca reous san ds

coating shal e fragments.

Medfum gray (N5) to dark gray (N3) and black
(N1) carbonaceous SHALE, with a very few

minor coal fragments, and few I ight gray
(N7) very fine sandy SILTST0NES, and

slightly calcareous very fine sands coating
shal e fragments.

Greenish gray (5GY4/1) slightly calcareous
CLAYSTONE fragments and dark gray (N3) fo
grayi sh b'lack (H2 ) carbonaceous SHALE and

black coal fragments, a fen dusky yellow
(5Y6/4 ) hard SILTSTOI{E fragmbnts.

Medium gray (N5) SHALE in hard chipr and one
ye1 lowish gray (5Y71?) veryfine silty,
sl i ghtl y cal careous SANDST0NE fragnrent ; and

a few very smal I coa'l fragments.
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Ho]e WQ-04

Geochemi ca'l
Sampl e #

And Interval

Lithologic
Interval
Col umn

0.0- 10.0

10.0- 30.0

30.0- 40.0

40.0- 60.0

60.0- 90.0

Lj.thol ogi c Descri pt i on

Greenish gray (5GY5/1) and brownish gray

( 5YR4/1) CUV and SANDY CLAY, mi nor

limonitic staining.

Dusky yelloul to dark yellowish orange

(10YR5/6) fine-grained, subround, poorly

sorted , sI. f ghtly cal careous r -cl ayey

SAIIDSTONE, abundant I imoni tic staining-

0l ive gray (5Y5/1-5GY5/1) sl i ghtly

calcareous CLAY and SILTY CLAY.

Yel lowi sh gray l5Y7 12) fine-grained,

nel l'-sorted , subround, s1 i ghtly cl ayey r florl-

calcareous SANDST0NE, moderate limonite; and

greenish .gray ( 5G5/ 1 ) ca'l Earcou s sandy CLAY

from 50.0-60.0.

Greeni sh gray ( 5G4/ 1 ) and 1 i ght ol i ve gray

( 5Y4/ 1 ) CLAY and 5 I LTST0NE , cal careous '
moderate hardness, highly carbonaceous

(sooty) Stlf, coal fragments between

90.0-90.0 .

Yel j owi sh gray (5Y7 /?) to dark yel 1 owi sh

orange ( 10YR6/6 ) fi ne- to medi um-gra i ned,o 90.0- 1 10.0

-tt -l



Geochemi cal
Sampl e #

And I nterva'l

Li thol ogi c
I nterval
Col umn

I 10. 0-120 .0

120.0-130.0

130. 0-e00.0

200.0-240. 0

240. 0-250. 0

Lf thologic Description

poorly sorted, subround SANDSTONE, moderate

to abundant limonite.

olive gray (5Y4/1), SANDY CLAY and dark

olive gray (SYglt) sl ightly calcareous

SIIALE.

Greenish gray (5G4/1) sandy, 'sl{'ghtTy

cal careous SILTSTONE, mi nor coa'l fragments.

Gray (N6) to light o'l ive gray fine-grained,
moderately sorted, subround, cal careous

sAltDsToNE and (5Y4/1) SILTSToNE, minor

carbonaceous fragments. More clayey, more

siltstone, more carbonaceous from

150.0-160.0. Sl ightly calcareous from

160.0-170.d. Clay breaks from 170.0-180.0,

190.0- 200.0.

Light gray (tl6) to yellowish gray (5Y7/2)

ffne-grained, cTayey, calcareous SANDST0NES,

and greenish gray (5G4/1-5Y3/1) clayey

SILTST0NES. More SANDST0NE and carbonaceous

fragnents, Iess clay fnom 210.0-240.0.

Yel I owi sh gray (5Y7 /2 & N5) di storted
beddi ng, fi ne-grai ned cl ayey Cal careous

SANDST0NE, al ternati ng 1 ami na of organi c

debris-rich sand and clean sand.

Li ght ol i ve gray ( 5Y7/ 1 ) to gray ( N6 ) fi ne-

to medi um-gra'i ned, poorly sorted, cdl careous

SANDST0NE, minor coal fragments, and cark

olive gray (5Y3/1) carbonaceous SILTST0NE.

250.0-270.0



Geochemi ca'l
Sampl e #

And Interval

Lithologic
I nterval
Col umn

rt

t

270.0-290.0

290. 0-290. 0

290. 0-300.0

300.0-330.0

330. 0-340.0

340 . 0-360.0

L i tlol o$_c Descr.i plf on

Bl ack C0AL and 'l i ght cl i ve gray (5y5/ 1) to
gray (N5) fine- to medium-grained, poorly
sorted, calcareous SAHDST0NE, minor coal
fragments, and dark olive gray (5Y3/1)

carbonaceous SILTST0NE.

Light gray (N6) to light greenish gray
(5GY5/1) fine-grained, clayey, very sl ightly
calcareous SANDST0NE, minor Jocal iron oxide

cement, and (5Y4/1) SILTSTONE,

Yellowish gray fine- to medium-grain"d,

subround, Jl i ghtly cal careous SANDSTONE,

minor carbonaceous matrix.

Light gray to light olive gray
(N6-5Y6/1-5GY6/1) fine-grained, sl ightly
cal careous cl ayey SANDSTOI,IE, and dark ol i ve

gray (5Y3/1) carbonaceous SILTST0NE; less
cl ay 320.0-330.0.

Shaly COAL fragments in light gray to light
o1 ive gr?y (N6-5Y6/1-5GY6/1) ffne-grained,
sl i ghtly cal careous SANDSTONE.

Light gray (N6) fine- to mediuffi-grdined,
poorly sorted, subround, calcareous

SANDSTONE, and dark ol i ve gray ( 5Y2/ 1 )

carbonaceous, sil 
?SHALE.

Medi un gray ( N6 ) fi ne-grai ned , s i J ty,
sl ighily calcareous SANOST0NE; coarsens

downward tc fi ne- to medi um-grai ned, ye1 1 ow

J1

t
360.0-390.0



Geochemi cal
Sampl e #

And I nterva'l

3
( 434 . 9-443. 3 )

Lithologic
Interval
Col umn Li thol ogi.c Descri pti gr

gray (5Y7/?L and dark o'l ive gray (5Y3/1)

S ILTSTONE .

380. 0-390. 0 Light gray to light olive gray
(N6-5Y6/1-5GY6/1) fine-grained, sl ightly
ca]careous clayey SANDSTONE, and dark ol ive
gray (5Y3/1)carbonaceous SILTSTONE.

Light gray (N6) to light olive gray (5Y6/1)

fi ne- to medi um-grai ned cal careous

SANDSTONE.

l,ledium gray (N6) fine-grained, siIty,
sl ightly cal careous SANDSTONE; coarsens

downward to fi ie- to medi um-gnai ned. yel I ow

gray ( 5Y7/2 ) , and dark o'l i ve gray ( 5Y3/ I )

S ILTSTONE .

Light gray (N6) to light olive gray (5Y6/1)

fi ne- to medi um-grained calcareous

SANBSTONE.

N5 to 5Y5/1 very fine grained subangular

laminated sl ightly calcareous SANDST0NE,

hard, probabl y si I i ca cement, moderate

carbonaceous fragments, I eaf stem casts on

bedding surfaces, at 433.0-433,2 a greenish

gray 5G4/1 silty CLAY break.

Dark greeni sh gray ( 5G3/ 1-4/ 1 ) carbonaceous

SILTSTONE and SILTY SHALE, abundant Iarge
coal fragments, hard.

390. 0-400. 0

400.0-410.0

410. 0-430.0

430. 0-435 .8

435 . g-439. 7

439.7-440.4 Dark ol i ,re gray ( 5Y3/ 1 ) carbonaceous CLAY ,o

f,J



o

Geochemi cal
Samp'l e +

And Interval

4
( 454. 0-460. o )

LitholoEic
Interval
Col umn

440. 4-442.7

442.7-443. 3

454.0-454.5

454. 5-455.3

456 . 3-460. 0

460. 0-490. 0

490. 0-490. 0

Lithgl ogic Descriptjon

thin coal lamina.

Greenish gray (5GY5/1) and dark greenish
gray (5GY3/1) SILTY SHALE and MUDSTONE,

abundant carbonaceous debris in darker
layers, moderate hardness.

Dark olive gray (5Y3/1 to llL) coaly
SILTST0NE, hard.

N3 fine-grained, subround, ctrbonaceous

SANDSTONE, abundant coa'l cl asts.

0l i ve gray ( 5Y5/ I ) fi ne- to medi um-gra i ned ,

subround , carbonaceous SANDSTOI{E, abundant

carbonaceous matri x.

NG and N4 fi ne- to medi um-gra i n ed :l ami nated

and crossbedded moderately sorted SANDST0NE,

10fl white feldspar, 5-10% coal clasts,
noncal careous, hard.

Li ght o'l i ve gray ( 5Y6/ I ) ti n* , subrounded ,

floderately qorted, slightly calcareous silty
SANDST0NE and dark gray (N3) hard SHALE

fragments, and a few very minor coal

fragments.

Dark gra.y { N3 ) cal careous SHALE ,

nondescript, with a few minor pyrite masses

(approx. 1 rm diameter); with very fine
sands ccat'ing shale fragments,

Medium dark gray (N4) SHALE, and a few500.0-520.0

54



Geochemi cal Li thol ogi c
Sample # Interval

And Interval Col urnn L i.tlrol ogi c Descri pt i on

grayish black (NZ) carbonaceous SHALF

fragments, with yellowish gray (5Y712) fine,
subrounded , we] I sorted , cal careo us sands

coati ng shal e fragrnents.

520.0-540.0 Yellovrish gray (5Y7.2) slightly calcareous,
very fine grained, silty SANDST0NE in hard

chips; with dark gray (N3) and grayish black
(NZ) carbonaceous SHALE and dark gray SHALE

(N3).

540.0-560.0 51 i ght ol i ve gray (5Y6/ 1 ) cl ean, fi ne- and

medium-grained, subrounded n moderately

sorted, calcareous SANDSi with medium dark

gray (N4) SHALE fragments.

t
I
:

;

o



Ho I e tlQ-06

Geochemi cal
Sampl e #

Anl I nterva'l

5(o.o-30.0)
. 

- 
ta ' t':

Li thol og'ic
I nterval
Col umn

0.0- 10.0

a
10.0- 20.0

20.0- 30.0

6(30.0-93.0) 30.0- 40.0

40.0- 50.0

Lithologic Description

Light o1 ive gray (5Y5/2) to 1 ight oJ ive
brown ( 5Y5/6 ) cal careous , sandy CLAY;

fine-grained poorly sorted clayey SANDST0NE'

low hardness, moderate limonite.

0l i ve brown ( 5Y5/4 ) ca] careous sandy

(fine-grained) CHVST0NE, moderate I imonite.

Dusky yellow (5Y5/4) calcareous sandy (fine-
grained to silt) SHALE; probably thinly
interbedded r+el t -sorted sands and shal es '
rnderate 1 imoni te.

Light olive brown (5Y5/6-514) fine- to very

fine grained subround si 1 ty, cl dY€Y,

ca I car:eorJs r 5A$lDST0f*tE, l gw hardnes:s r Ini nor

coal clasts.

Light olive brown (5Y5/6) and light olive
gray (5Y5/2) sl i ghtly ca 1 careous SHALES , and

fine-grained SANDST0NES, minor carbonaceous

fragments, minor to abundant I imonite.

'-'ight ol i ve gra.v and yei i ow j s h brown

si ightly cal careous sand-v (flne-grained)

ci ayey SHALE.
t 50. 0- 50. 0

5o



l. Geochemi cal t-iinot ogi c
Sample + Interva'l

And I nJFr-val lo] umn,. Li thol ogi c Descri pti og

60.0- 70.0 Bluish gray (586/1) soft sticky CLAY,

Iocally calcareous, accessory carbonaceous

fragments.

70.0- 80.0 Dusky yellot* {5Y6/4) and yellowish brown

(10YR5/e) fine- to very fine grained

subangu'lar moderately sorted very eal'careous

SANDST0NE and minor SHALES, moderate

I imonite.

80.0- 90.0 0live gray (5Y4/t) fine-grained subangular

7(93.0-140.0) poorly sorted, very calcareous SANDST0NE,

scarce I imonite.

90.0-100.0 0l ive gray (5Y3/1) si lty r ccl'lcareous SHALE,

hard chipsr '

100.0-110.0 Mediwt greenish gray (5GY5/1) sandy clay and

SHALE, cal careous , soft, mi nor carbonaceous

fragments, and dark brownish gray (5YR3/1)

carbonaceous SHALE.

110.0-120,0 Greenish gray (5CY5/1) sil ty calcareous

SHALE and fine-grained, we1 1-sorted

SAI-IDST0NE.

120.0-130.0 Light gray (N7) to light greenish gray

( 5GY7/1 ) fine-grai ned, subangul ar,
moderately sorted' very calcareous

SANDST0NE, mi nor sha]e.

130.0-140.0 Dark yel'lowish brown {i0YR2/e) silty
carbonaceous SHALE anc rnedi um ol i ve gray

G
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Geochemi cal
Sampl e il

And Interval

g( 140. o- 145 . 0 )

g( t+s. o-185.0)

10( 185.0-195.0)

Lithol ogic
IntervaJ
Col umn

140. 0- 150. 0

150.0-160.0

160.0-170.0

170.0-190.0

180.0-190.0

L i thol og.i c Fescripti o.n

(5Y4/1) very fine grained, moderately
sorted, very cal careous SANDSTONE.

Dusky brown (5YR?12) sooty lignitic shaly
C0AL, and ol ive gray (5Y4/1) fine-grained
subangul ar SANDSTONE.

Brownish gray (5YR4/1) to medium dark gray
(lt+) fine-grained, subangular, poorly
sorted+ .gi1ty, sl ight'ly calcareous

SANDSTONE.

t.ledium ol ive gray (5Y5/1) fine-grained,
subangular, modetely sorted, calcareous

SANDST0['|E , mi nor coal fragments, -some spots

of limonitic staining, minor dark gray silty
SHALES.

Medium olive gray (5Y5/1) and medium dark
gray (N5) fine-grained, subangul ar,
moderately sorted r cdl careous SAI{DSTONE,

ninor coal fragments, some spots of
'l imonitic staining, minor dark gray silty
SHALES.

t'ledium olive gray (5Y5/1) fine-grained
subanguJ ar, moderatel y sorted , cal careous

SANDST0NE, minor coal fragments, some sopts

of limonitic staining, minor. dark gray silty
SHALES, accessory pyrite, and medium dark
gray (N4) calcareous silty SI-|ALES.

Light olive gray (5Y6/1) fine-grained, well-
sorted, subround, cal careous SANDST0tIE,o 190,0-200.0



a

Geochemi cal
Sampl e #

And J nt-qrv_=.!

11 ( 195 . o-e40. 0)

12 ( 240. 0-295. o )

Lithologic
Interval
Col.uryt.

!

200 . 0-2 10. 0

2 10. 0-220. 0

.'LL

220.0-230.0

230.0-240.0

?4A.0-e50 . 0

250.0-260.0

250.0-270.0

Li thol ogt' c -Descri Ption

moderate carbonaceous fragments.

Light ol ive gray (5Y4/1) fine-grained,
poorly sorted, subround, s'l ight1y calcareous

SANDSTONE, accessory J imonitic staining.

Dark brownish gray (5YR3/1) carbonaceous

SHALE, and I i ght gray ( N7 ) fi ne-grai ned

ca]careous SANDSTONE.

0'live gray (5Y5/1) fine-grained,
subangul ar ,mode ratel y sorted , 'catr careous

SANOSTOI{E , mi nor i ron oxi de cement ( rusted

pyrite?), and dark gray (N3) SHALE.

0lfve gray (5Y5/1) fine-grained, poorly

sorted , sl i ghtl y cal careous SAI'IDST0NE ' and

greenish gray (5GY5/1) SHALE.

Li ght ol i ve gray ( 5Y6/ 1) f i ne- to med i r-un-

grained, subround, moderately sorted'

sl i ghtly ca1 careous SANDST0NE, accessory

pyrf te.

Light olive gray (5Y6/1) fine- to medium-

grained, subround, moderately sorted,

calcareous SANDSTONE, accessory pyrite, and

dark brown i sh gray s i 1 ty SHALE.

Medium ol ive gray (5Y5/1) fine- to medium

grained, poorTy sorted, subround, s'l ightly
calcareous SANDST0NE.

Lighi olive gray fine-grained, subangular'270 .0-280. 0

qq



a
Geochemi ca'l

Sampl e #
And Interval

*i+' " **I3( 
?gs.o-311. 2 )

14( 311 .2-32,r.7)

L i thol ogi c
Interval
Col umn

280. 0-290 . 0

290.0-300.0

300.0-310.0

310.4-310.6

310.6-311.2

311. 2-312.2

312.2-313.3

Li thg.'l ooi c Descri p!i g.n

wel I sorted, very cal careous SANDST0NE,

minor iron oxide cement.

Light oTive gray, fine-grained, subround,

poorly sorted, silty, sl ightly calcareous

SANDSTONE, and dark brownish gray SHALE.

Dusky yel1ow (5Y6/4) fine-grained, poorly

sorted SANDST0NE, mi nor J i nroni te, and medi wn

greenish gray (5G5/1) CLAY, and brownish

gray (5YR4/1) SI{ALE.

Greenish gray (5GY6/1) silty SHALE, slightly
ca1 careous.

f,ledium dark gray (N4) si I ty SHALE, moderate

hardness, s] ightly cal careous.

0live gray (5Y5/1} to dark greenish Eray
(5cY4/1 ) SILTST0NE, hard, cdl careous, minor

coal fragments.

Dark gray to medium dark gray (N4) slightly
cal careous , si'lty. SI{ALE, modera.te hardness,
poorly fissi'le.

Medi um gray (N5 ) s 1 i ght'ly ca'l careous

SILTST0NE, hard, abundant pyri te coatings
a'l ong 1 arge woody f ragimen ts .

Light gray (N7) and medium dark gray (Nd)

fine-grained, subangul ar, moderately soried,
si i ghtly cal careous SAIIDSTONE, di storted

bedding with horizontal burrow structurest
313.3-320.7

6C



o
Geochemi cal

5amp1 e #
And I nterva'l

15(331.3-340.0)

Lithologic
I nterval
Col umn

320.7 -32r.7

331, 35.332 . 9

332. 9-334. 0

334. 0-340. 0

340.0-360.0

Lithol osic Descri ption

and some sand bed slumping. Darker beds

contain matrix of organic debris, harC.

l'ledium dark gray (N4) to olive gray (5Y4/1)

SILTST0NE, abundant clay, moderate coal

fragments, -sl i ghtly cal careous.

Dark brownish gray (5YR3/1) to moderate

yel 1 owi sh gray ( 10YR5/2) massi ve,

f i ne-grai ned, subangul ar r*wel J 
"-sorted

SANDSTONE, abundant carbonaceous debri s as

matri x , f i ne- to medi uffi-{f Fa i ned coa'l

fragments greater than 10 percent, friable,
rnderate hardness.

Light olive gray (5Y6/1) very fine to
fine-grained subround moderately sorted
massi ve SANDST0NE, frf able, moderate

hardness.

Light gray (N7) and medium dark gray (N4)

low angle crossbedded, fine-grained,
subround, t'rel 'l - sorted SANDST0NE , f ri abl e ,

hard , vari ab'l e amounts of coal cl as ts .

Light gray, fine- to medium-grained,

moderately sorted, subround, sl ight'ly
cal careous, cl ean SANDST0NE, minor coal

fragments.

Light gray, fi ne- to medi um-gra i ned,

moderately sor:ted, subround, cdlcareous,

cl ean SANDST0NE , hard, mi nor coal f ragmen',-s.

360. 0- 370 . 0



a

Geochemi cal
Sampl e #

And Interval

Li thol ogi c
Interval

. Col umn

370.0-380. 0

380. 0-390.0

390. 0-400. 0

400.0-410.0

410.0-420.0

420. 0-440. 0

!- i thol ogj c. Des-cri P.ti on

L i ght gray ( N7 ) fi ne-grai ned, wel j -sorted '
subangul ar, very cal careous, cl ean

SANDSTONE, hard ' accessory pyri te.

Li ght gray ( N7 ) fi ne-grained, wel 1 -sorted '
subangul ar, very calcareous , cJ ean

SANDST0NE, hard, accessory pyrite, with

interbedded medum gray SILTSTONE

Light gray (N7) fine-grained, mcderate'ly

sorted, subangul ar, cll careous , cl ean

SANDSTONE , hard ' accessory pylli te, mi nor

coal fragments.

Light gray (N7) SAI*IDSTONE, and medium dark

gray ( N5 ) ca] careous SHALE, and abundant

coal fragments.

Dark olive gray (5Y3/1) calcareous SHALE and

carbonaceous SHALE, accessory iron oxfde

cement t ,

Light olive gray (5Y6/1) ffne-grained'
rnoderat€]y sorted, subround, sl ightly
cal careous SAN$STQNE, cgarse gr'ain size coal

fragments.

o



o
Ho]e tlQ-08

Geochemi cal
Sampl e #

And I nte rva'l

16(o. o- 23.0)

. .i-+ --*.*

17( 23.0-37.0)

1g(37.0-63.0)

Li thol ogi c
Interval
Col.uqt

0. 0- 10. 0

10.0- 20.0

20.0- 30.0

30.0- 40.0

Li thol ogi c De-scri Ption
Dusky ye1 1on (5Y6/4-5Y6/6) medium-grained,

subround, poorly sorted, calcareous SAND

( tat us hnd topsoi 'l ) ' moderate I imon i te '
friable, minor o1 ive gray (5Y3/2J

non-cal careous cl ay matri x.

Dusty yel 1 ow ( 5Y6/4-5Y5/4 ) medi um-grai ned,

subround, moderately sorted (fine to
coarse ) , nroderately ca1careous SANDSTONE '
friabJe, minor'l irnonite staining, feldspars

weathering to clays, accessory iron oxide

cement.

Light olive brown (5Y5/6) medium- to

fi ne-grai ned, subround, w€l I -sorted,
moderately cal careous SANDST0NE ' moderate
'l imonite, minor clay matrix; accessory sooty

carbonaceous matri x.

Light dusky ye1 1 ow (5Y6/2*6/4) fine-grained'
subround, moderate'ly sorted, sl'i ghtly

calcareous, silty SANDST$NE, minor I imonitic

staining, accessory iron oxide cemento minor

c1 ay matrix.

Dus ky ye1 1 ow ( 5Y6/1) f i ne- t,co 40.0- 50.0

63



Geochemi cal
Sampl e #

And Interval

Lithologic
I nterval
Col umn

50.0- 60.0

19( 53. 0-70. 0)

60.0- 70.0

20(70.0-110.0) 70.0- 80.0

80.0- 90.0

Lithologic Description

medi um-grai ned, subround, poorly sorted ,
moderate'ly cal careous , s i I ty, cl ayey

SANDSTONE, minor olive gray (5Y4/1) silty
shale fragments, moderately hard.

Dusky yellow medium- to very fine grained,
subround to subangular, poorly sorted,

slightly calcareous SANDST0NE; minor medium

dark gray (N4) to olive gray (5Y4/1) clay
matri x , mi nor bl ack carbondceous '- sha'l e

fragments ( 1-5 rm) .

Greenish gray (5GY6/1-5G5/I) clayey SHALE,

poorly fissile, soft, and dark gray (H3)

sooty, silty COAL' Brd black C0AL, hard,

accessory carbonate cement.

Greenish gray (5cY6/1) clqyey, silty SHALE,

softi minor sI ightly cal careous SAI'IDST0NE '
and dark brownish gray (5YR3/1) carbonaceous

SHALE, fissile, moderately hard. '

l4edium light gray (NE) to light olive gray

(5Y6/I)' fine-grained, subround to
subangul ar, poorly sorted, moderate'ly

ca 1 careous SANDST0NE , mi no r c'l ay , mode ratel y

hard, and minor dark brownish gray (5YR3/1)

fissile SHALE, moderate]y hard.

Greenish gray (sGY6/1) s'l ighiiy cal careous

clayey SHALE and SANDY SHALE, sofi, ffiinor,

f i ne-gra i ned , cdi careous SANDST0IIE ,

moderately hard.o

90. 0- 100. 0



o

Geochemi cal
Sampl e #

And Interval

21(110.0-120.0)

?2(r?0. 0-135. o)

23( 135.0-170.0)

Lithologic
Interval
- CoI umn

100.0- 110.0

I 10.0-120.0

120.0-130.0

130.0-140,0

140.0-150,0

L-i thg,l og'ic D-essri Pti on

I'lecium gray (N5) silty SHALE, rnoderately

hard, and green'ish gray (5GY6/1) clayey

SHALE, and fine-grained, subangular, poorly

sorted , moderate'ly cal careous SANDST0NE '
fri abl e.

Greenish gray (5GY6/1) silty clayey SHALE'

soft, and black shaley C0AL, moderately hard

to hard, and 1 ight o1 ive gray (5Y6/1) ' very

firie_-lirained, si'lty SANDST0NE' minor 1 ight
gray (N5) calcareous SILTST0NE' friab]e.

tlediun light gray (N6) to light olive gray

(5Y6/1) fine- to very fine grained,

subangul ar, rnoderately sorted, cal careous '
si I ty $ANDSTQNE , mi nor s'l i ghtly cal careous

SILTST0NE, rnderately hard, and greenish

gray ( sGY 6/L) si 1 ty cl ayey shal e, soft.

Greenfsh gray (5GY6/1) silty clayey SHALE,

soft, crumbl y, 
1.nd very 1 i ght ol i ve gray

(5Y7l1) moderately cal careous SILTST0NE '
minor fine-grained SANDSTONE, moderately

hard', and bl ack C0AL , hard , brf ttl e.

Very light o'l ive gray (5Y7l1) to light gray

(N7) s1 ightly calcareous SILTSTONE' minor

c1 ay matri x , accessory fi ne-grai ned '
subangular sand, accessory carbonaceous

matri x , moderatel'y hard, and 1 i ght greenf sh

sray (::17 / I) s'i 1 tv cl avev SHALE, soft '

Light gray (N7) sf ightly calcareous

SILTST0NE, accessory f ine-grained'
150,0- 160. 0
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o

Geochemi cal
Sampl e #

And Interval

, ' 
'-> ;'j+ -;:- - :qr.'

24(170.0-221.0)

L i tho'l cgi c
IntervaJ

Co'l.uirn

160.0-i70.0

170. 0-180.0

180.0-190.0

190. 0-200. 0

200. 0-z I0 .0

L i tho l .og i c Descri pti -on

subangular SAND, and medium greenish gray

(5GY5/1) SHALE, low hardness, minor silt.

Light olive gray (5Y6/1) to medium'l ight
gray (NE) fine- to very fine gra'ined,

subangul ar, sl i ghtly cal careous s i 1 ty
SANDSTONE, rnoderately hard, mi nor greeni sh

gray (sGY6/1) SILTSTONE, accessory rusted
pyrite grains, accessory J imonite.

Light ol ive gray (5Y6/1 to 5GY6/1) silty
SHALE, minor carbonaceous and coal

fragmnts, and mediwn l ight gray (N5)

s'l ightly calcareous SILTST0NE, minor

fine-grained sand.

Light olive gray (5Y5/1) siightly calcareous

SILTST0NE, and very fjne grained SANDSTONE'

moderately hard, minor clay natrix, and

greenish gray (5GY6/1) clayey SHALE, minor

coal fragments.

Light ol ive gray (5Y6/1) s1 ightly calcareous

SILTSTONE and very fine grained SANDSTONE,

moderately hard, minor clay matrix, and

greeni sh gray ( 5GY6/ I ) c1 ayey SHALE, mi nor

coal fragments.

Light gray (N7) to very I ight ol i ve gray

(5Y7/1) fine-grained subangul ar moderately

sorted , moderatel y cal careous SANDSTOi'|E ,

hard, minor SILTSTONE, minor carbonacecus

fragments, accessory i ron oxi de cernenE

( rusted pyri te grai ns? )
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Geochemi ca l
Sampl e #

And Interval

?5(??1.0-234.5)

L i thol ogi c
Interval

CoJ umn

210.0-23 C.0

230.0-231.8

231. 8-2 32 . 6

232.6-233.0

233.0-e33.9

233.9-234.3

Lighol oFi c. DS.s cri pti on.

l4edi um greeni sh gray (5G5/1) to medi um gray

(N5) clayey SHALE and SILTY SHALE, minor
carbonaceous fragments, Jow hardness.

Lf ght gray (ll7) to l ight greenish gray
(5GY7/1) very fine grained, subround,

wel 1 -sorted, si I ty, s1 ightly cal careous

SANDST0I-IE, very hard, cernent may be do'lomi te
as weJ I as cal ci te, acces sory .fi-ne--gra i ned

carbonaceous fragnientsi 1" interbeds of
cal careous si I tstone.

0l i ve gray . 
( 5Y5/ 1) s i I ty cal ca reous SHALE ,

hard, carbonate cement may be -partly

dolomite;fractured as compression cyl inder.

Dark olive gray (5Y3/I) SHALE, irregularly
bedded, some coal rootingi vertical
sl ickensides, fractured, moderate hardness,

accessory pyrite.

LOST

0live gray (5Y4/1) CLAY

(5YR4/1) c'layey SHALE,

abundant coarse-gra i ned

accessory pyri te.

and browni sh gray

I or+ hardness ,

size coal fragments,

Greeni sh bl ack ( 5G2/I ) SHALE , modera'te

hardness , poorly fi ss i I e, modet ate pyri te on

ccal contact surface.

o

234.3-234.5

?6(Z+5.5-?55.O) 245.5-247.8 Very ciark yellowish brown (t0vaf/e)
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I

Geochemi caI
Sampl e #

A.nd In'"erva]

L i thol ogi c
i nte rval
Cpl umn

247 .8-252.0

252.0-260. 0

250. 0-270.0

?70.0-280. Q

280 . 0-2 90. 0

L i t-hol oqi c Des_cri pii on

fine-grainedn wel 1 sorted, subround'

carbonaceous SF.NDST0I{E, f i ne- to
nredi um-grai ned coal fragments ; rnoderate coa'l

rooting, hard yet s1 ightly friable.

0l i ve gray ( 5Y5/ I ) gradi ng to medi um I i ght

gray (NE) at 248.7, massive (and laminated)

fi ne-grai ned, wel I -sorted, subround, fri abl e

SANDST0NE, minor fine-grained coal

fragments.

Hedium light gray (il6) and medium dark gray

(l{4} high to low angle crossbedded (laminar

at 253. 5-254. 1 ) fi ne- to very fi ne grai ned,

subround, moderately sorted SANDSTOI'IE '
moderate hardness , f ri ab]e, bands made by

varying arnounts of coa'l fragment c'l asts.

Light gray (N7) to very light oJive gray

(5Y7/1) nediun- to fine-grained, subround,

uell-sorted, very slightly calcareous

SANDSTONE, accessory 'local i ron oxi de

cernent, accessory coal fragnents.

Light gray (N7 ) to very 'l i ght gray cl ean

medi um- to fine-grai ned, we] 1 -sorted'
moderately cal careous SANDST0NE.

Light gray (N7) to very f ight gray (5Y7/1)

fine-grained, subangul ar, wel I -sorted,
nroCerat,el y cal careous SANDST0NE , mi nor -dark

gl'ay 5:':TST0NE , hard.

rv.edium light.gray (N6) fine- to very f ine290. 0- 300. 0



Geochemical Liiho}ogic
Sample # IntervalJ And Inter1ql- Col umn

E

ilI
:

:

I

Li thol ogi c ,Descr-i sli o.n

grai ned , moderately sorted, subangul ar '
moderately ca] careous SANDST$NE ' accessory

I imoni te stai ni ng, minor si I t, moderately

hard, accessory coal fragiments.

300. 0-310. 0 Li ght gray ( N7 ) fi ne-grai ned , subangul ar '
wel I -sorted, moderately cal careous

SANDST0NE, abundant pyrite (fresh, striated

faces), minor other heavy minerals'

31,0.0-320.0 tledium gray (N6) to light olive gray (5Y6/1)

fine- to very fine grained moderately

sorted , rpderatel y cal careous si I ty

SANDST0NE, mi nor coa'l fragments , moderate

pyri te.

320. 0-340. 0 I'ledi um gray ( N7 ) very f i ne grat ned ,

subangul ar, moderately sorted, si I ty

SANDSTONE, rrmderately hard, Cal Careous '
minor $HALE, minor coal fraEments, accessory

1 imonite.

'.-
r-

-'
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Winter Ouarters Canyon
Data Adequacy October 1992

APPENDIX C
WATER RESOURCES

Table of Cont€nts

Hydrologic lnv€ntory & Baseline Study, UCO, Inc., Vaughn Hansen Associated, Inc., 1982 C-l

Surface Water Rights, Skyline Mine Reclamation Plan, Environmental Data, Vdume 4, 1992 C-2
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2.O GROUT{DI'JATER HYDROLOGY

Regulations set forth by the Utah Division of OiI, Gas and Mining

( pOCl,t ) ( Utatr Code Annotated 1,O-lO et . seq . ) require tlrat water monitor i ng

programs be established in areas of underground coal mining to monitor the

effects of mining activities and protect the hydrologic balance of such

areas. Therefore, a hydrologic investigation has been conducted on the

proposed Scofiel.d l{ine proj ect area . This report updates and supercedes

an earlier report prepared during the hydrologic study (Vaughn Hansen

Associates, I98l ) . The Scofield ltline project area, containing approxi-

rnately ?00 acres of land, lies within Winter Qr:arters Canyon approximately

two miles west of Scofield, Utah (see Figure 1). The abandoned Hinter

Quarters Mines (operated from 1876 to 1928) Iie directly east of the

project area.

2.1 SCOPE

The scope of the gror:ndwater section of this report ts to describe

the existing gr,;rrndwater hydro logic condit i ons of the Scof ie Id 14 ine

project and adjacent areas and to describe the methods that have been and

will be used to predict and rnonitor the impacts from mining. Sectians

within the growrdwater section cf thrs report vlrII cover the follornring

inaj or topics: existinE gromiwater resources , grcund'*ater dev= lopmeni ancr

mine dewateri ng , ef fects of nining operati on on the grorrtCwater'
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bydroloSlc balaace, Eltl,gatl.o! aad coatrol plals, atd grouldrat.r
[oal'tollng pla[s.

IDforuatto! used l,! pr€Darlng tbc groutdyat.F bydnologlc

c.ctlo! of tbJ's o"9ori ba! b.€a gloaBsd fnot flcld ttrestlgatlons
.Bd fro! Dcrtllelt lttcrature. Yater quellty laDplr! bave beco

aud r11l .coltllua to bG aDelyzcd by . ccltl'fl.cd leboratory. fater
rlgbts rerc dctcrllned by €rallltEg currclt nccordg of tha Utab

DLvl,sl,o! of fat.r nl8bt!.

2.2 Er{ stlno Gnoundwaten, ResouncFq

fbll ractlon of tbc roport dcelc rttb th. grou[duatcr

r.sourcc! of lot o!l!r thc Soofl.Id t{lDc DroJcot arcal bu! also of
tbe adJao.at u.r. l! uad.rlgrBchg of EooloSt rr lt rcletcr to

Irouldrag.! bydlologt t! v.!t llportrlt, rld oollcqucltly rlll bc

d1!Gu!!ad brt.flt.

2.2. I naeiotral Gtloundrret€r H?droloE:la Svlta[

lbe Drlaolpal faotor cortrollilg tbs occurr€lce ard

ayallablllty of groundtreter lD ary arca 1! 86o1ogy. !s !ot6d by

Prl.ec aad l{addell (f9?3), Doerly all of tb. rcglo! surrouadlag tbe

Scofleld l{l!e groJ€ct ar€a 1r underlal! by rocks of coltlnertaL

and [arlnc orl8l'!, colslst1D8 predoltaet.ly of Utrrbedd€d

!a!dsto[es aBd lhales. lltbough goue of tbe laad.toles 1! tbe

r€glo! senve as the prlnclpal rater-b€arlng strata, tbelr ablltty
to y1eld rater for €:telded p€rlods of tlle is !argely controll€d



t4

t
by th€ ettstcDcc of thr r.lattyelt i8p€rlceble ht.rbedd€d shalc

layers, whlctr DttsveBt tb€ doflurard Eovesettt of a !lgal.flcaEt
arourt of watGr. !i.go, the landsto!€s ara r€l,l ceuented aad bave

a lofl tr€r[eabluty.

c.olocy. l!3 Soof teld lllnc proJcot arrca licc lD tbo lortbcr!
eDd of tbr Yasatob Pletceu; oa tbo Dortbrcst tlaBk of thc Clean

Crcck lat!,cltac (Do.111!8, 19?2). Tbc d!'p of tbs !trat. 1!

8clcrilllr ra!t-Dottbnclt, rtngtlg fro[ abou! tro to !tr p.rcati
( oac to four dcgncc.r ) .

ftth tb. oro.Dtlo! of local rlluvlrl d.Do.lt!, tbc oult
c:Polod ullt on aDd lrnodlstclt. sdJao.Dt to tb. Scotlcld Ullc
DtroJ.ot .raa 1! tbc Cr.grocou! Elrot!.r& Forletlo! ot tlc
llcaevrrdo CrouD (ror Figuro e). lba Bh.okbeuk Forlrtto!, . aD

llt tbtaltl.{. torr.llo! of tlad!!e.!.r :!d rlrlci7 t! UFltr cbl.f
oo8l produccn (Stokoa, 1964). tbc !a!d! 1! tbtl 1000-foot tbtck
ucnbcr are flae- to ucdlul-trelacd eld c.!GEt.d by cltbcr calct t.
or ll,ll'oa rltb sole lroD dlccolo!8ttol. Thc !aad!to!c! t.!d to b.
loael I,a .:tGOt rld levo loo.lly htSh cllt oo!t.!t! (s9l'etcr,

1931t Doelllag, 1972). la cro€Dttol to tbl! !,s tb. Aberdcca

geld!to!., . coarsr-grrlncdl llgbt-oolorad !a!d rltb r t.blckacss

of 20 to 80 tc.t, Bhlcb eaB bc traced lbnoughout tbe regtoa

(Spleker, 1931). The general.ly dlscontinuous Eature of tbe

Eleckbark laDds aDd tb€1r eppareat lon sp€clflc yleld (Cordova,

196[ ) lldicatc that tbe Hater y16ldllg capabllltles of tle
Blackbark are only locally lrportant.

L
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Spickcr (1931) ba! ldeatlfl.ed thrcG typas of shale la tb€

Blaokbark ForEatlo!, a1l coatlleDtal lD or18i!---a coEDoD clay

sbale rhlch ls lofi ard Eralularr a carboaaceous sbaler and a

sDok€-8ray sbale uluatly alloalated rltb tbs coal. As n8! tbo

caa€ rltb thc !.rdltoar!, tbs sbales ar6 lrr.guterly bcdded

(Splekerr 1931). lbe abuadaacc of lbalc lE tbo Elaokbank aotc 8!

e barrl,cr to tbc dorurard [gv€!.!t of rater rlthla th€ foraatl,o!,

8F€atly rcducl!8 tt! ovcrall ycrtloal por!.abllltt aad tb€ "te.'rtt
of ratrr rbicb pcrcolat.! thlougb tbc forlatlo! to lorer urLt!.
Iatcr rbt.c! reaobcr tb. Bl.okblrk, tborcforc, gclerally peroolatc!

doylrald uutll i! [c.t! r rbilc l!t.r, rbtcb oaulG! borlrontal
Eoye!.Dg to tba !u!fac. o! rlotlrr :drelDr (1.c. saadstoac flager)
rlthl! tbo tornetlo!.

. f,o lalgt tsult! ar. k!or! to .rl!t rltbl! tL! Scoflcld l{lac

PioJ.ct uad. Sorc fa|rltllS frt crolult.rcd io ttc .l!t t! th.
abaldoasd gl,at.r Qualtcr! t{la.!. thcj ncarcgt taorr laJ6r frsltlBg
!y!te! ls tbs Pl.a!a!g Tallct Frult abont tro lllles .a!t of tbo

allc DroJeat alca. Otber ld.lttflcd tsultllg lD th€ er.r ba!

F.lultrd 1! orly slall dt,rpllcclGDt!. It 1! !u!D.ctcd.tb.t thele

faultr bave oaly looal bydrologlc l8port8lcc rl.tbta the Elackbark

Forlatloa b€cause of 1t.! bl'gb clsy coBtctt, 81y1ag 1t 8! ablllgy
to seal rapld Iy. Tenslon fracturlng of the ueubers llkely

llcnoase! tbe trater yl.Idhg c.Daclty due to tb€ creetloE of

sccordary porosl ty.

il

l
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loootrdlrg to tbe U.S. Geologlcal Survey (19?9), grouDdretetr

lD tbe rcglo! e:1.ts uaden rater table, artsllan, a'd percb6d

'coldttl.o!s. lfater 1t"ut" cordltions er1st prlDar11y l.! sballofl
alluvlal depollt! alo!8 la!.ger p€reDlial ltrsals ald LD r€latlyely
flat-lylng sedLueatary rocks. Arteslan couditlons exis t at
greatar depgb! rbero a colf i!l!g laycr ovcrlhs a lora gerueable .

ueEb€ F . However r pressurea are generarly not suf f tcl,ent to
produoc ftorlBg ycll!. P.rcbed otr tElredod aoldltto!! .rl!t $here

thG conflDllg laye! 11c! bs.aeatb tha ratcr-beartnt ltrata.

Oaly a l8sll Doltloa of tbc aaaual D!cotptt.!1oa, grobably

luoh bla tban f lvc pcrcclt, rGobuter tbc grouadraletr supgly
(Prlcc rad lraor, t9?4; 0.S. Csologtcal Suryct, 19?9). fb. elount
of yat€r t'Dflltratlng tbrouSb tbc lltrfacc to satureted brd! 

'.s
!D811 rlud to tha prGs€lcr of tb. rctsttycly l[p€r[€able rbalc
laycra a€ati gha luFfaoc ovc! lusb of tbc arca.

Prloc atd A!!or (19?!) l,ldlaat€ tbag Dropcrllr coB!truct€d
rel1s lu tbe Prlce River Basla rould bave only llaited ylcld!
( norually less than 5 0 gallons per ml.nute ) . tlel ls Ln . or
lDEedtatsly adJacent to tb€ ulne pnoJect area could lorlally b€

srpected to yicld lsss tba! 10 gallols p€r Einut€ (epn).

Iacreased yleld! could be erpectcd froE r.clls peDetratlng

landstones r!{ab r€te fractured ac a result of tea!lo!.

I Hoeks in

- generally have

the trountalnous areas Eear the ulne proJ ec t area

1ow specl.f1c ylelds (0.a to 0.T pereest) and low



hydraullc conducttvitles (

recoverable water Ln the

acre-feet per tqo""L nlle
( Price and Arnor , 197 4 ) .

aquif er characterLstl.s,s wl thln tbe

aqulfer teste were eond uc ted at flve

llQ-6, iilQ-8, and ltQ-12 all shown on

tes ts as outllned by Lohman ( 1 97 2 )

8

Prl.ce and If addeIl , 1 97 3 ) .

area ls snall, averaglug

tu the upper 1 00 feet of

t
Tbe volutre of

less than 600 f
saturated rock

lbe quBlltt of Srouldrat€r 1! tbe PrLo6 Blver Ba!t!
datrrloratrs ylth dlsteBoo. doragtrcal uuob tbc laDc a! lurfacc

r8to!. fot.l dlllolred !oll,d! (TDs) oo!te!t! 1! grourdr8ter ralgo

froD lGlr t,baD 200 .ll1l''6ralc pcr llt€r (q/1) 1! ald lcar the

!1n. DroJcot rlca to o"cr 3000 ngll acar th. colfluolo€ of tbg

Prloc llycr rltb thc Groco Sivcr (Prlcc aad laddcllr l9?3). fbls
l'Bo!aa!. tE tbc IDS coaacltr8tloD l! tlc lclult oC hoFralrd
ooltact of ratcr aad rool a! lravcl dlltaDoc llclcalrs, rttb
cellae !b8lc! ooltllbutl!8 tbc arJott portl.oa of thc dlsrolTad

ooaatltueati.

2 - 2 - 2 llln.. .Pro lGGq l"Fea ,i,ldulfcF! . S.epr.,, atll .. Sg..n1.pE!

lells bayc bcer drtlled, tcatcd, ald loal.tor€d Le a! cffort
go dct.ra!!e equifcr cb3laatrrt!tlcs 1a tbe Soofleld ll1!€ plojcct

.r.a. Srcp6 ald rprlDg! t! tho ar€a bavc also b€.! ld.ltlf!'cd rld
loDi tor€d .

Results of Acul-fer. Testl-nq. In an effort to de termlne the

Sco fleld Hlne proJ ec t area,

dlfferent wells (lfa-1r I{Q-1Ar

Plate 1). Illtlally, tslugr

Here perforned in welle tlQ-1r
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I{Q-ll, IfQ-5, a.d |'Q-8. Late!, drardorn and recovery tes!s rrer€
coaducted at Ye1la _itQ-1A aad lfQ-E for conparlson rltb tbe !lug
test r6sult!. Drardorn ard recovery test! were algo aolduatcd at
lfell lfQ-l2. Tt. slu8 tcrls rcre conducted by raDtdl, hJrctlDg a

quaatlty or rllugr of r.!cr dor! tb. rell and thea lcasurllg tb€
r€coycny of t!. rat€r le"e1 to lt! origiDal lovcl. tb€ data !,s
eaalyzcd by ptottllg tbc valuc of !/Eo .versug ttle (t) o! a
sclrros p10t rb3r. E ts tbc b.rd lllldc tbe f€rl at t,!'nc t (ta
acoonds) atter raJeettoa of tbe slug abova the larttat b.ad a.d Eo

!s tbc hcEd lDlrdc tbc rerr aboye tbe lDlttal bcad at the lolta.t
tbe alug' Is lnJected ( see FLgure 3 ) . Tbls plot t,s thea
lupcrl,lpo!€d oy.r tyDc our"c! Drcloltod by Lobran (lgfl, l'D rbtcb
ElEo 1! plott.d agar'lt ttrr.2 (t 1! tbc tra!!!1!!rvlty ro fectt
fqur!.d tr.r lcooad, r !,! gbc redlu.r of tho ncll cr .o.81[g {! t..t,
.!d E, Eo, ald t ar:. a! Drc"ioualy deftned). Fro! tb. lupcr-
lapored cuivca, a rrtch rlac t! rclcotto for ths vatu. of t at

+- = 1.0
r4

(1)

Tbe traasurlslvlty ts d.tcrrtDed by solylog Equatlo! l for t
after substltutt!8 in the latcb lln€ valu. of t aad the radlus of
the rell (r). Tbe resultlng value of r oa' bs colgerted to u'lts
of Sallo!! per day per foot (Spd/ft) by lultlplytlg lt by a factor
of 5lt6 r560. tbc rcsult! oc tbe clug te!t3 Derfor'ed 1! the
scoflerd l{r'!e rerrs are contal'€d 1! attacbuent a ald suElarrzed
ta TabJ'e 1. Tra's'lsslvrty 1s a !easur€ of the Droductr,ve!€ss of



t

i2 (0.255) 2
----t-t tratch t.r4

-0.00057 ftZlsec - 368 epd/ft

Figure 3. Graphlcal results of the slug test for
Well I{Q-8 when the hole tetminated below
the coal zone. -
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one. I{Lth this

systen of uuits,

l, n mlnd ,

tnu,.tl,on 2

13

and converting to

can be wrl.tten as

tbe gallon-day-foot

(3)n 264 aA = 

-

Ag

il

rberc T 1! tbe trellll'slLrity, ln SatloDs p€r day De! foot
(9961ft) i Q ls tbc coartant dtlcharSe ratc, 1l garloa! pcr Elautr
(epf)i aaC.ac l! ths drardora dlft€rcacc per log cyolc- of ..t1D€, 1!
fect. lbe recoyert t.rt cquatlo! lubltltutor ar for l.

Drardoru ald recovery ta!t! r.ro !u! La Io11 lfQ-ll. tbo dete
ar. plott.d 1! Ftguro! I ald s. Tbc .data ar. ooatatDcd la
ItteobEeDt 1.. t! tablc 1 rhorsl !!€ sltlDagcd trallalssrvrllr!
f!o[ tha dlardorD ald roooyrry !o!t! ala qult€ si!l!.an to tb€
.ltlletc flou th. llug tc!t. rbe rcooyery t.!t ruu ln rell IfQ-5

borcy.rr lldl,aat.d tbet t.hc tlraaallliyltt of th. roll rar ruch
lols tbaD tbr elth.,tcd tr.!!!18stv!ty fnou tbc slut tcltr tl tbc
saue rell. lbls Ls erpcct.d to be a rcsult of llougblDg of tbe
yell ralls aroutrd tbe casllg tbrougb tbo rtatcr gerrod tbat
separated tbo llug aDd rccovery tesls, tbus !aal!,!t Eucb or ey€D,

lost of thc rcll. Cons.queatly, tbe recovery test l'a tle11 TQ-6

probably flas a test of a slall aad qul.te 1lper[eable zola 1! tbe
upper portlon of gbe rell rhlch sas ia tbe lorcr portlo! of tb€
Blackba$k Foruatloa. tbis 1s qult€ conslst€nt ,,lth ogbe! rre1l
tests 1n tb€ Blaakbark aad starpol,'! for'atlols at !earby ElDe!
trhlch sbon lor perueabrlltles aad treDsllsslvltles. Tb€ llougbrDE
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and seallng rhlch apparently occurred in the Blackhawk Fornatlou

Ls also very coqslstent rlth other lnformatlon lndl.catlng tbe

Blackhawk has the abilLty to seal ltse1f with tiue to slgnJ.fleant

rater uoYe[eut.

lfell IfQ-12 ras drl.lled tn lloveuber of 1981 as part of an

exploratony prograE. fbe rell lntercapted a fractune zon€ rbtch
produced a sourc€ of rater that appeared to bave potentl,al aE a

cullnary water source for tbe . nine. Consegueutly drasdoru and

recovery tests r€re conducted. The resultg of these tests

lndlcattd glnller traagnisslvlttes to thosc ueasursd

drardora and rccorrery tegts for tlelt 1A ( sce Table

tttachnent l).

Ln

1

the

and

Ths qulte lou traagnlsslvltles.and flow r'stcs of thc aqulfer
trats trpdl,crtr tbat tbt Elealbrrk forretloa ' !.a et bcst I poor

aqulf er. lhs Abcrdcen Sands tone 'belor thc Lorer 0 r Connor eoal

leau Ls a Yery poor aqulfer. The lenticular nature of the

Bleckhark Foruatioa does cause rells to have sotre degnce of
Yrrtabt llty.

A potentl.one trlc eontour Dap ( See plate Z) of the nine

proJec t area has been prepared uslng wa ter leveI ue asureaents

taken Ln 0ctober of t g 8 1 fron tbe uater level llonltorlng rells .

As sboru ln thls Bapr Foteutloneirie contours bave a slntlar sbape

as tbe ground surfaee, altbough the tragnitude of tbe gradlest of

tbe potentloletrlc cortours 1s Eucb lcss tha! the land sfone I
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1s

th
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generally. The potenttonetrle surfae e

the Lower OfConnon coal seam tbroughout

above the elevatlon of

e proJect area.

Ifater levels lu the four rells for rbleb data are erailable
durtng uost of the 1981 rater yeap have aot yarled signlfleautly.
The nagnltude of uall.uuu varlatioa has ranged from Z.Z feet ln tile-

1 to 25.55 feet Ln l{erl llQ-6 (eee attachuent a).

As an Lndex of
groundrater hydrologlc eondltlons Ln the sl.ne proJect area, e f atl
I'nveatory ( i. e. duning the lor f lor season ) ras nade of exl.s ting
seeps aud sprLnga on and adJacent to tbe nl.ne proJect area.
Durlng tbls ttne, the mLne proJect area rras covered on foot *,n.1

all seepg and sprlngs found re^Fe notad on a n'ap ( see ptate 3 ) .

Flor's f non tnd tvldual sgrlngs sere vartable during the f al l
I'nveotory. Three sprLngs rere flonlng at rates gr.€a,ter than or
equal to 10 8Ptr (U1-5 at 12 gpEl U1-6 at l0 gptr, and U6-l at 30

gpu) . Sprlng U 1- 13 ray be dlscbarglng f ron old workJ.ugs of the
abandoned Htnter Quanters lllaes. l{ost of the spr{ngr }rsre f lorl,ng
less tban tbree Salloue p€r nl.nute. Saupllng of sprlngs Ln the
surround lng re8lon bas shown that flors froo a given sprlng Eay

vary by as uuch aa an order of uagnl tucie durltg the year, wl th the
hlgher flows eonlng durlng tbe snornelt season. All of the
sPrlnge ln lhe Scof leld l{lne FroJee t area are located in otr near

canyon bo t tons . Most of the sprlngs are Lccated on the west-
faclng s lopes of north-south canyons . The se springs are on tbe
down-dlp side of the rldges. l{o springs rrere f ound ln tbe porf lon

I
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of the mlne ProJect area tbat Ls wlthin the Hoods Canyon dralgage
bagin.

GFoqndu4ter Oual Lty.. l{ater guallty sauples were colleated
and analyzed for nine sprJ.ngs and flve rells lrj.thl*n and adJacent

to the Seofleld Hlne DFoJeet area aa atr lndex of grouadraten

bydrologlc conditl.ons. Tha results of the cheulcal analyses for
aatrples teken fron rells and sprl.ngs ar€ presented ln Attacbueut

B.

Groundvater froa sprlngs gad nells varl,ed frou a sodl.un to
calclun-blcarbonete type. Quarterly ererege eatlos-anl,oB dJ,agrags

of tbe water sanples collected fron tbe groundratcr sanples

eollected fron the noaltorl,ng statl,ons are gbown ou ptate l.
Total dlssolYed tollds (TDS) levels ranged fron e10 to lg80 Bg/l
f or spn!'ags , rhtlc rcll sanple s rangcd be tresn t 35 asd ? l0 aE/I-'
The aTcrage TDS conoeutratlon fron the gnoundrater sanples

eollectcd was about 430 ngl1.

f

fbp hydrogca l'oa actlvlty
fron 6 .T J.n tlell lrQ- l Z to 9 . 4

the sprLngs varl,ed lcss thau

ranged frou 6 .9 to 8 . 1 la tbe

condltlon of tbe groundrater

coacentratl.ons of btcarbonates

et al., 19?6).

(pE) of tbe grou,Bdraten h*s vnricd

la Tel l tIQ- 1 l. Tbe pH loe asured 1u

dld tbe well sanples ( pH values

sprlugs). The usually sllght baslc

ls due prLuartly t o th e btgh

(Arnerlcan Publlc Health Assoctatlon



19

As treBtloned in trore detail later Ln -Qectlon 3.2.2 of thls
report r the Ut'ah , Dlvision of Eealth bas establl.shed sone raber
qualtty crlterla for surface naters Ln the Scofleld lline proJect

erea. As groundwater contrtbutes ( tu the fors of seeps and

sprtugs ) to surface raters, tbe quallty of grouudraters La the

proJect area are brlefly coupared Ln tbts rePort to the state
standardg for gurface raters ln tbe area.

Dissolved and total lron eoaceatratl.ons Ln the sauples frou
the sPrlngs are rlthln the raten guallty staadardg egtabllsbed by

tbe state. Tbe rells bave each beea cased rltb eteel casl.ngs, and

coEseguently raEy of tbe rell sauples have had relatively hlgh

Lron coaceutrattons.

Botb anEonla aad pho,spbate levclg ln the groundrater sanples

hrvc of,tcn arceeded statc rater quallty gtandardg. Anuonia

coneentratlons bave ranged up to I.4g Eg/l ia Sprlag lt2-2. 0f the

groundraten sanples analyzed for anuonla, about tro-thlrds have

exceedcd the standard of 0 .02 r,gfJ- set by tbe s tate. Alnos t 5 0

percent of tbe sauplea tested for Fhosphatc exceeded the Etate

staadard of 0 .05 Eg/1 wltb tbe hlghest Eeasured coneeatratloa of
phospbate belng 1 .00 trg/l frou tfell IfQ- l A. Tbese atrtronl.a and

phosphate levels are falrly typlcal of other values neasured in
the Scofleld erea,

Dlssolved copper concetrtratio"ls 1n excess of state water

qualrty standards ( 0.0 1 ngf t ) have been treasured at wells HQ- I r
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t'{Q-1Ar l{Q-6. IIQ-8,

conceatratl0n neasured

20

and Sprlng

has been 0.09

The hishes t
lfell IfQ-6.

U2-2.

trg/l ln
copp.T-'

Sprlag U1-5 had a Dercury

ls above the state staadard of
bave bad Ecreury concentratl,ons

laboratory procedures.

coucentratlon of

0.00005 ug./1.

below detectable

0.0115 ug/l whtch

All other sanples

levels of routlne

lfell IfQ-8 had a dlg solved lead
rhlcb ercecds tbe etate standard fon
other dlsgolvcd lcad concentratlons
s tand ard s .

coneeatratlou of A.ZjZ trE/l
the erce of 0.05 ng./l. l1l
have becn rell rlthin state

Iclls fQ-lr lQ-llr IQ-6r fQ-8r ard SDrit!8 U2-2 bavc crcb hadl-
dl,trolycd tt!9 36sslatrat!,oa! l! .rc.!r of t!. stat. rtuderd.of v-

O.05 ra,tL. .thr hlghcat dl!.olrrd.. r1oo co!.c.!t!r!toa lac boca
!..!u!ed la I.l1 Ie-8 ac 0.26 lle,lL.

tbc colo.ltrrtl'o!! of otb.r oo!!tt'tu.!t! b.vG ooa!1!teEtI,
barE gra!.!t i.s r.rt lor ecaoc$tratloDs. For onbDlr, !lttr!.,
!1t!1tc, aad d!'llolved eluntaul, atleltc, br,riut!, chrollu!,
|lalrSarcser lolybdcauu, sclcalul, aDd valadlu! baye alrayr bccl
E'arured la lercrs nclr rltbla stage rater quarl!y standardr.
llaay Dara!.tcr! bay. genorally bc.a uadGt.ctGd r!,tb !orral
leboratory procadurcs (partlcul,alllr Eolybdelu!, ar!€81c, cbrollu!,,
veDadluE, aad sclealul).

t
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r 'riater . &1?h t e - Groundwa ter rights in and ad j acent to the
scofleld l{ine pro!ect area on fire as of Deceuber, 1gg1 wlth the
Utab Dtvision of Hater Hlghts are lleted Ln Tab1e a and shorn on

Plate 4. l{o groundwater rlgbts currently erl.st wlthln the
seofteld Hi.ne proJeet area, although la June of lggl ucO flled a

rater right exchauge apptlcatlon wl th the Utah Dlvl,sLoa of Hater
Rl8hts to effect a tranefer of 20 shareg ln tbe prtce RLver Hater
[Isers lssocJ'atlon f rom agrlcultural use to lnduetrl, aLtdomes tlc use
at tbe scof ield Hlne elte as explal.ned ia sectlon 2.3. I . Furtber
downstreau near the uouth of tftuter Quartere Canyon and La

Pleesant Yaltey Canyoar soue grouudwater rlghts have been granted.
Speclfled uses of uost of tbese rtghts are for stockratering
altbough sotre rlghts have been granted for Lrrlgatlon and doueetic
usGs. Tab1e 3 llstg €rcbaages of water rights in tbr lrgar. Thesc

etchanges are also shorn on Plate .4. Beeause of tbe dlstance
betreen the mtne proJect area and existlng groundrater nigbts and

algo because of the v€ry llnlted uae of the groundrater supplles,
the lupaet of tbe Scofleld Hiue on erlstlng groundrater rLghts Ls

erpected to be unnotlceable or DoD-existent.

Thls sectloa of tbe report dlscusses groundwater usage in the
ulne plan and adJacent areas as rell es tbe developuent of a water
supply for the trlne. The po:entlal f or mLne dewatering will al-so
be dl.s cussed.
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2.3.1 I{ater Suoo!-v

DevelopleDt of groundrater Ln the area bas log bee! a coEEon

practlae. l{ost grouadsater use La tb€ area bas been conflaed to
undevelopcd sprl.ags. for stockwat.rlDg Durposes. 56v€raI t'ater
r€lls have been colpleted 1u tbe tor! of Scofleld. t{1!lng

op€ragl.olr 1! lurroundl.Dg caDyons have drlllcd reveral flatEr nslls
to- Dr.oyide rater necdsd foi thelr op€ratlon.

ts l,adlcated prcviously, rells ta the prtce Rtver Bagla

gelerally bey€ tllttcd yteld! ercapt rbene gaadston€s have beeu

fracturcd a! e rclult of tc!!to!. tD tb.s€ ea!e!, tbc traotures
act a! coDdult! to ooavsy rater. fDcre rellc bave etcoullcrcd
tbcse fraotur.s, ttclds ar€ lelg€r. Iell Ie-12 1! lD lucb e

frrcture.

tfeM{Q- | 2 Has drllled aa part of an exploratlon progran

during tbe f all of 1 g 8l . A flat€F-yleldlng fracture wes

arcountar€d. !'a tbs nell. Consequeatly, tbe rcll.. ras colpletcd ln
rucb a tlaaaer tbat Lt could be deyetoped as a culllarlr water

lourcc lf tcsts rere favorable. Subsequeat aqutfer aDd ratcr
qual''ty talt! hay€ been favorable, aDd sulEarieg of these tests
are coltat ned la Attacbnents A aad B resDeatlvely. If l|€11 ft-12
l's lot adequatc for tbe D€eds of tbe Scofleld t{1ne, a! addilloDal
rcll(s) trlll b€ drl]'lad to aupply tbe leeded ratet!. ltCo curren!ly
otfls 100 charcs la tbe Prl.ce 8lver lilater users lssocl.atlon rhlch
stores rater LE Scofleld Reservolr; ln appllcaglon to exchange

tbe sager representcd by 20 shares of IICQrs sgoak to
lDdustrlal/!un!a1Dal use at the Scofl€:.d U1!e (dlverted froo the

t
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groundwater sys teu ) Ls currently

I{ater Rlghts. Approval of tbis

to -be granted ln Ha/ch of 1982.

pend lng rl th the U tah

exchange applicaElon

t
Dlvl. slon of

Ls expect. 
-

':de

2. ?.2 l{1n. Derat€rlnE

tlatcr eacountered lD.the rla6 1! crpected to be 8e!era11y t!
tbc fort! of aaall roof lsakcr! of usually lcss thatt flvc gallolg
per [lnute tba! dry up rllhta a fer day! or weeks. It ts erPectsd

tbat teaslo! cracl! .lsoclat.d rt.th deforDatlons r11l oaoarlottallt
yicld lalg€r 'flor! of uD to about 150 gDD. Tbcge lncrearcd florc
havc bcca cnoouatercd lD otba! rllcr ltl tb. falatah Platcau. The

flater Ead€ yitbta tbe [ln€ vlll be uled 3o! durt luppresrlol ald

f lre protectLon wl.thln the trlue. Ilater not used for these

purDoles norlellt rlll be sgorcd 1! rescrvol.r! xlthl! tbc ai!..
IB tbr evelt tba! c:ccs! rr!.r 1! Gncoulgercd uldcrground, rfo. O

rater r11I bc dlrcbargod !o ltltcr'Quartlri Crc€I t! aooordaDcc

rltb a! EPI appro"Gd f,PDBS pcrnlt that ua! l'lrued by tb. EPA on

tfay 2If , 1982.

F a I alUle

Tbe Scofleld area lD tb€ l{acatcb Plat€au coal flel,d cal

erprct !1n1!t actl'vltie! to contluuc lnto the tfleDty-flrst
ccDturlr. ls ba! beea loted, tha occurreacc and qualJ,ty of ratsr
1n auy reglon 1s hlghlt controlled by geology. Because tbe regloD

surroundlDg the ScofleJ.d }{ine proJect area conslsts of ttre sane I
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f 
-, 

geologlc f orlatloEs, llpact! f roE the Scof teld ll1!G are erpec?cd
'-

to be the rale ea tbose Elttor llpact! tbet haye occurr€d fro!
Elallg dunl!8 tbe past 100 or Eore ycars. For eraDplc, tbe

abardo!€d Ilatrr Qqartcrs lllaesl ll,Dsd frot! apDnorllately f8?6

tllough t 926., b.v. bed lo Botlo.ebl€ hpaot on tb. byd!.ology of

tho araa. Thus, Ms DFclulcd tbet !1r1!g actlvltl.s la tb€

Soof!,ctd ar.a rlll lrvc 11ttl. ady.rle l[Deot on tb. a!.€a

hydrolog1c !!r!tcr.

P-lt. 1 Hvdr.ologta Balanee

SonLn$s * fhs Seofleld t{ine proJect ar€a ls covered eatlrely
by tbe Blackhark Fonnatl,on. Tbls fornatlon conaists of

Laterbedd layers of sandetone and sbale separated by varlous

nlneable and uoaulaeable coal seana. The gandstone beds are

generally Eassive rhile the ghale layers are beutonitlc, tendtng

to snell when ret aad decoupose Lnto an Lupervious clay. Beeause

9f thls faot, tbe donnrard psrcolatton of rater througb tbe

Blackhark Foruation ls qultc ltnttcd. Thls ls Hhy ulnes Ln the

Blackbawk getreratly encounter oaly suall amounte of grouadrater

luflou (VauEhs Eansen Assoctates, May 1 981 ).

il

A abeck of tbe abandoned lllnter Quarters Mlnes, whlcb are

ad J acent to the Scofleld Mlne pro J ec t area , showed that flovs
rl,thin tbe lflnter Quarters Hines were generally quite lcr and

f alrly cotrparable to f lows rlth other nearby ulnes. Erpio:.atton

holes drllled for IIC0 shou quite siut'lar patterns of a1'r,er:ailng

layers of sbales and sandetones. Consequentlyr 1t app€ars that

the effect of ulniag in the Scofleld tllne on the groundwate:. .*1i1

rl
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be ElnlDal a! Lu otb€r aearby !1!e! sld la tb€ adjacelt, aD.aCoFed  
Ulater Quarter! ,N1D.s rblab .rG allo tB t!. sele gtaoflawt I

For[at1oB.

Fornatlons uuderlylng the Scofleld Htne proJect area tray bave

sllghtly less gbale rht ch Eay allor sllghtly Eore rater to enter
tbe nl,ue tban at other ulnes. Eoreyer, thls dlff ereBc€, lf real ,

1g €xPected to be ulnor. Renoval of rater frou nlthtn tbe nlne
beueath the local rater table Ls not €xpected to . affect the

quantLty or quallty of flor fron sprlngs rhlch erlst rl.thtn or

adJacent to tbe nlne proJcct ar€a. The rater rhlch is reuoved

fron the nlac nouth, rhlcb rould uorually have traveled to an

outlcf some dlstance frou the ulne DroJcct eroa, wt ll r€present

only a snall fractlon of the raten florlng fron tbe uatershed.

FpbstdqFce . Sbould subsldence occur, it ls fel t that tbe

quantlty of rater nlll be affseted only nlnlnally. Beeause of the

abiltty of tbe sbale uatenlal to swell and deconBos€ lnto aD

tnpervlou's clay, fnactures ln the sbale teubera do not act as

aondults r but ratber aa bsmlcrs to Dotentlally vGrtically flowtag
Hater. Thus r the quanttty of water preseat ia seeps and sprLngs

ls the area should rernaln aearly unaf f ec ted by ninl ng la the

ProJeet EFstr Thls Dattern bas been obscrved tbrougbout the coal-
alnlng areas in the Blackbark Foruation.

A photogratrDetrlc lnvestigatlon for subsldence and subsldeDce

releted vegciatlve cbant€! oyer th€ adJaceD! aDd abardoaea rratcr I
Quarters Hlnes Has undertaken by Applled Earih Sclences of
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lbelr lnvestigatloE, revealed tr...lIO

untratural breaks Ln the terraln i . They also dLd uot il. . . detect
any anotralous ehanges ln the vegetal pattern that would coinclde
rtth the occurrenc€ of subsld6nce and the posslble dlsturbance of
the auFf ace rater and. soll eaviroutreat rf . Iu getreral r ov€rburdea
wlll be greater over the Scofleld Hlae than orrer tbe abaudoned

tllnter Quarters Hineg. ConEequeatlyr any effects of subsldence

ere erPected to probably be lese tn the Scoft eld Hlne proJect ar€a

tban they Here-above tbe Hinter euarters Hlnes.

2-. ll . 2 Fugt tt,q-

The ulnes la the coal flelds of tbe lfasatch'Plateau tend to
act as lntercepton drains, The groundrater that is brought to the
surface has a lorer dlssoived solLds conteat tban nould have

exlsted lf the Eater was to contlnue lts dornrard moveueat tbrough
shale IayeFBr dlssolviag lucreaeed auouute of salt rltb dletance
($outhcastern fteh Associatloa of Goveraaents, lg??; Taughn. Hausen

Assoclates, 1979). Tbls pattern ls shoru Ln the generally strong
calcl'un-bLcarbonate type water and the lor TDS concentrations of
ulne waten fron aearby nlnes relatlve to poorer qualtty waters
ylelded f ron lotrer lu tbe s tratlgraphlc s€ctl,on. For exanple , as

explalned prevlously, tbe Scof leld l{ine proJec t ar€a sprl.ngs lssue
trear cauyoa bo t toue and have had sl lgh tly higher TDS levels than
have the rells in tbe area. These sprJ.ngs are thought to be

furtber along ln the hydrologle systen tban is tbe rater uonltored
by tbe wel Is .I
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For the reasou explalned above, the proposed Scofleld Hlne

tray have a sllghtly beaeficlal lupact on tbe chenl.cal qualtty of
rater ln tbe regJ.on, because lf any water is brought to th*
surface and discharged lnto the strean channel, the TDS leve!s
rtll be lorer tbaa lf ths rater had contiuued to trove througb the

sbalc fornatl.ous ( Bentley, et al. 1 1g?g) . Artbough suspeuded

sedluent End oll and grease uay Lncrease ln the mlne, these

sonstltuents wlll be retroved ln keeplag rltb negulatory
requlreDents prior to auy potentlal dlecbarge into adJacent
gtreaug.

Bccause of the btsb alkaltut ty and lou acidl ty coneeatrattons
La the arca ( Arffcrlng by about tuo orders of nagnitude ) , aeld
dral'nagc problens should not occur as a :result of nlnlng. Tbls Ls

fontlflcd by tbe' fact thet coal ln the area has a 1ow sulphur
aontcut,(It.S. Geologtcal Survey, 19?9 and Janes p. I{algh and

!

lssocl.atcs, IEc., lgBl ) .

2.( l{ltlcatlon and Conf-hol flans

As ras prevl,ously dlscuased r tro signlflcant inpaets to the
groundrater systen are €xpected fron the ulntng operatLou. The

Eroundnater uoaltorlag plan, dlg cussed ln the fol lorlag sectlon,
r11l provide a treaqs to f ollor the posslble ef f ec t of the rnlulug

actlvltlee on the groundrater systeB.
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2.6 Grourdwa ter--Ha;ri. t or i ns Pl an s

AD ortelslye groundwater Eonltorlng prograEr whlch began Ln

october of 1980, has beeD uldentay at each of tbe Sroundwater

statloD! sbor! o! Plate 5. llollgoriDg ras conducted on a lonthly
basl! tbrougb ADrll , 1981 (rheu acccsstble). At that t1!e tbe

noaltorlag xar r€duoed to a blaortbly basls ln accondance itltb ner

Suldcllle! lssued by tb. gtab D1y131ol of 0111 Garr and !11!1n8'

aad tbe paraletot ltst for l,aboratorJr ena:.ysls ras Dod1f1€d to tbc

acbedule outll.led 1! Teblo t. AttacbDelt B coltalns tabulatlon!
of the r.!ul.t! of thc rag€r quallty anal:/s.s. A ole-year ba8€11!e

data gathcrlDg parlod bac DGGD coDDlet€d at !o!t of tbe stet1on!

!hor! o! Plate 5, ard coBsequertly tb. DonltorlEg rchedule has

beea reoeutly uodl'fled to r€fleat llforratlo! obtalled duri!8 the

basellac perlod.

Tbc clrrentlt e:1!t1!g loDltotrlag progra! outllDed belon 1111

coltllus during tbe op€ratiolal pbase of tbe ll'ne uDlc!!

perlllslo! to ohange the Drogra! 1! obtalncd fro! the approDrl.ate

regulrlory isrncle!. Iat.r lGvc!! i! thc r.llr oD Plate 6 r11I. be

treasured quarterly (wben acceaalbl€ ). Sprl,ngs U1-tr U1-4, U1-5r

and U1-6 bave beer d€leted because tbe statloDs located at the

loutb! of tbe rc!peetl.ve dtalna8ca (U-2 aad u-3) nlll provlde

sufflcl,eat Eonl'torilg of lbc effect of !1!1rg oB tbc groundrater

rhicb 1slu€s a! sprlng! 1! the dralnages. tlell lfQ-8 has been

deleied because of 1ts close proxialty and siEllarity '"o tf ell l{Q-6,l whicb HlIl contlnue to be troni tored . l-ieli ifQ-l is being
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fTable f.,

Field Parameters

List of water quality parameEers.

Lab Parameters

I{aEer Levels-or Flow
PTI
Specific Conductance
Teuperature

Alroinr.n, Dissolved
Amonia (Mtg as N)
Arseni,c, Dlssolved
Barium, Dl.ssolved
Boron, DLssolved
CarbonaEe
BLcarbonate
Caduiun, Dissolved
CalcLtrn
Ctrloride
Gtrromium, Dissolved
Copper, Df.ssolved
FluorLde
Iron, Total
Iron, Dl.ssol,ved
Lead, Dissolved
llagnesitru
Manganese, Tocal

l{anganese, Dissolved
Mercr:ry, Dissolved
Molybdenrm, Dl.ssolved
lILckel, Dissolved
Nitrate
Nl.trire
Potassirn
Phosphace,
Phosphate,
Selenirrm,
Sodiun

***
Dissolved
Total**

Dissolved

Sulfate
*Sulfide _ **Total Coubustlble Soltds'
Total Dissolved Solids
total Hardness (as CaCOI|
Total Suspended Solids
Zinc, Dlssolved

*ooly tf vLsible coal ftuesi ol1, or grease
are obsetrred.

**S,r=f"ce 
rrater saoplee only

***G.o,*a*"t.r 
saugles only
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Donitored f or water Levels only, as If ell ItQ- t A is only about 30

feet aray and wlll pnovlde sufflelent quallty data at the slte.
Dlscharge r PH r tetrperature, and speciftc conduc tance of the
nonl'tortug sprlngs . ghorn on Plate 6 are also be1ng measured

quarterly ( rhen accessible ) . Hater quallty sanples ar€ belng
collected bl'annually fnon the spr!.ngs shorn on Plate 6 durlng hlgh
and lor-flor perl'ods aa detenrqlned by baselLne studles. l{ater
qualtty sauples r11l also be collected bl.annually frou l{ells lfe- l
aad l{Q-6 and rt thln the nlne trear the worklng f ace . I{ater qual lty
satlplee rtll be aaalyzed aecordlng to tbe schedule ln Table 4

ualest otherrl.se approved by the Utah Divlslon of Oll, Gas, and

iltnl,ng.

Basellne data ladl.cate tbat EeBy of the parameters lls bed la
table 4 ar€ of llttle or no coucern ta the . Scofleld Hlne proJeet

ar€a. Consequently; s.Proposal to neduce tbe paratretens of Table
ll for ths opGratloaal poaltortng gbase 1111 be subnlttEd at a

later date for eoualderatlon by the Dtvislon of 0t1 , Gas, and

l{lulng. t{ine rater and gedl.uent poad dts cbarge wilt be noattored
t'n aceordaace rttb the ilPDES pernlt requlreueute. Retults of all
rater qualtty data rr111 be subnltted quarterly to tbe Ubah

Dlvlsion of Otl , Gas, and l{inlng.

Post-nlnln8 uonltorlng of groundwater r111 contlnue at
representablve statlons deternlned witb tbe aid and approval of
the utan Dlvls:.on of Oir, Gas anci Hining. RepreaentativeI groundwat'er s tatlons wiil be nonl tored biannually d,urlng hish and
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1or flow
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state and
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Duratlon

slll be, de terulued afber

federal agencles.

of nonl torlng and parane ter
approprlate conaultatl.on wlt,b
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1.0 SUNFAEE I{ATEN. HTDROLOGY

Regulations of tbe Utah Divtslon of Of 1, Gas, and }llnlng

require that rrater nonitorlng prograrrs be establl.sbed in areas of
underground coal nlnlng to uoaltor tbe effects of nlning
actlylties aad protect the hydrologJ.c balance of sueh areas. TbLs

sectlon outJ'lnes the surface rater bydrologlc investlgatl.on and

tbe surface rater uonl.tonlng plan for tbe Scofteld tllue proJect

erea.

? J Sgooe

The scope of tbls rurface rater aectt on of tbls report ls to
desertbe the exlstlng hydrologte condl.tlons of tbe Scofield Hlne

iproJect aad adJacent aF€as aad to describe the uethods that have

been and rtll be used to predlct, uoaltor, and ulltlgate the

Lupacts of nlniug. Sectl.ons fllthln tbl,s surface rater Bectlon of

this report r11l corer tbe follorLng naJor toplcs; exls ting
eurface rater reaourees I surface rater developuent, coutrol and

dlverslons e €ffects of nlning on the aurface water hydrologic

balance ' ul tlgatlon and control plans , and surfaee water

monltorlsg plans.

Infortratlon used 1n preparlng the surface Ha-,er hydrologie

section of this report has been gatbered by fieid 1=vesfigations.

Pertlnent ltterature has also been exallined. i{ater quallty
(l
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satrples have been and rLll
Iaboratory. I{atEr rlghts
records of the Utah Dlvtslon of l{ater Rlghts.

Tbts sectlou of the rePort deals rlth tbe regloa in gen€ral
and tbe Scofleld l{l'ue ProJect area Eor€ Epeeiflcally. 1ratersbed
and streau cbaracterlstlcs aFe both descrlbed.

Tbe Scofield l{lne proJect ar€a ls sltuated ls the headraters
of tbl prlqe filver Basln (see Flgures I and 6). Tbe total surface
rcreagc of tb. ri!. DroJ.ag ar.e drahr to !b. €alt tbnougb rr[te, li
Quartens and tloods canyon cnceks rhich are both trlbutarLes of t{ud

Creck ( louetr;bs sallcd' Plcasent Talley Cre"nl . It should be

noted honevcn, rg ea[ bc gcen ou Flgurc T, tbet the aff;eted
surfaee dlsturbaDcc ar€a (portals, surface facllttles, acc.ss/haul
road I €tc. ) draLns only through tfinter Quarters Canyoa. Conse_
queutly tbe traJortty of thc surfaee water uoultorlag locatloas are
located rlthln If tnter Quarters canyon.

Snornelt ls tbe prluary souree of water for the perennl.al
streaEs la tbe basl,a rlth suuoer Freclpltattoa usually produclag
tt t'tre runof f ( u. s. GeologLcar survey, 19?9 ) . Epheueral streatrs
are also abuadant in the PrLce SLver 3asin, exlstrrg prJ.narlly a',

continue to be analyzed by a eertlf ied ln'_Here deterroi.ned by exaulnlng current
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evapotranspiratioa slgnl.flcantly exceed"J

lfater use upstrean f rom Cas tle Valley ( the valley contalnlng

most of the agrlcul"tural laud ) ts prluartly f or stockratering and

ladustrlal purporGs ( coal nl,nlng and electrlcal poner generatloa ) .

Tttbln Castle Valley, agrlculture and poner productlon utl,lize
aearly all of the taf lorlng rater ( ltundorf f r 1 gT 2) rlth ulniuua

flors ln tbe gagad stcaaa and nivers tu the bagin occaslonally

reaching zeril. Storage reservolrs ar€ coBtron at bigher elevatlous.

Transbasln dl,verslons oecur tbrougbout . the ar€a.

Ir gcacnal, tb. cb.ltcel qurlttt of re!.! t! tb. berdrrt.r! of .

tbG Pnt c. nlv.r lrrl! l! .rccll.lt rl,tb tb. r.t.r!t.d Etoyl.dlD8

lost of tbc dolestlc yatar !G.d! of tb. p.otrlc b.lor. Uorcvcrr$
thts qualltt raDld:'t dct.ltorrt.! u th. -str.3!a c!og! rbrlc
fonletl<iac (gertlculutt tb. l|lroo! Shrlc 1! rld rdJrc.lt to Caltl.
Yrll.t) rld r.€.lrc lrllSetlol ragul! ftonr froB lrtldr ll'tEat.d o!

Ituoo!-d.rlv.d !oll! (Prloc aad lrddcllr f 9?3). [ltblD tbG ba!!,D

for cralplcr t{uldoltf (1972, r.Dort! thrt tbc Prlo. llvcr ard lt!
trl,butrrtr! gcacrally brvc tDS co!ocrt!.tloac of 1€!s thar ll00 lgl1
ebo"r tb. strea! gatllt statlo! Jult abov. thc toy! of lslDcr shorE

la Fl.gure 6. lbe ratcr lE tbl! ar.e l! of thG calclua-blaarboDatc

type. BetflGcl tbi! pollt aEd th. coaflucacc rlth Ulllor Crc.k,

!o!t of tbc flors orlgl!.te o! or trarvclle U8!oo! lhrlcs. llucb of

tbe flov 1! d.rly.d tro! lrrlg.tl.o! r.turn flors. At tfellllgto[,
lear the certcr of tbe bas1n, th€ .Prlae Rlye! bas aa average TDS

conceltratlo! of about 1?OO DglI ald 1s of a llred cbcllical a"rO.
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( calclun-Bagnesluu-sodiun-sulf ate ) . Ai 'doodslde, about ZZ m:,les

upstream frou th,e confluence of tbe Price Rlver nlth ihe Green

Biver , the welghted average of the dls solved soll.ds soatent bas

geaerally been betirqen 2000 and 4000 trg/1 rlth the water type belag

strongly sodl,uu-sulfate.

SGdh.Dt ylald fro! tb. upp.r portlo!! ot tbc brsla is
grobably !€Elltlblc (ltuDdorff , 19TZr, loootrdiEg to tbc U.S. SoiI
Coraervatl,oa Servlce (19?5), rro!1o! ra!6! l! the prlo€ Rlvcr Bacia

varlr fro! 0.1 to 3.0 ecrq-fe€t g.r rguare all. Der yca!. Tbe bulk
ot tbo !€dh.rt tl.ld.d .aeb y.e!. rt th. routh of thc rl.ver oo!.s
fron lluitod ar.ss cor*ed rtth blgblt olodeblc rhllc! (t{uadorff ,
1972, ard lot 'tt tb... upg€r .lcvrt!'o!! ohartot.rlltla ot the
Scotl,.ld lll,!. DroJ.ot rFGa.

?-2-2 ll{ra Dlolect lrree tfatalrhcdr arrd Strrcanr

fbc Scoft'c.ld It'aa surfroa acn.rg. lt.! rltb!'! tbt drallages of
ttro D.r.lDtel !tr...r!!--f L!t.n Quar!crt atd lood! Ceayou creiks.
Eor.v.!r rurfeoo t.c!'lltle3 tla o81!r rltbi! thc dratlats of t|iltcr
Quartcrs ct€ol. tlcrc strsanc aad th.lr tlibutarlcr for! g.lerally
d€ldr:ltlc patt.rr! oyGr tb€ atrea. lhc laadsaape of tb€ areE varles
greatly, rltb !o!t of the prop€Fty be1!g cov€red rlth ooBlfer,
asPea, or lountala lhrublaBd ysgetetlrc colluBttl,a! o! falrlt stecp
sloD€s.

l{atershed e}arae+-erist! es . Siop€s wlihin the nlne prc;ect

percent ( 3 1 degrees ) on tbe sou +-h-(l area vary fron gre ater fhan 5 0
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faclag slopes of Slater Quarters Canyon to lels tbatr 4 pepceat (r.O
dcSreer) aloag thb botto! of Ilaler Quarters Ca!to!. Tbe avcrage

aloD. ovsr tbc ar.a 1! approrhately 37 pcrc€at (20 degreog) as

detcrllacd froa a l:2tr000 scalc lap of th. ar.a. llpoct! also
ealy g!.atIy baoru!. of tho !.a! rtdg.-toD looatl.o! of th. DroD.trty

ald tbc yrtrl,.ty of cbauell!cd flor dltrsotlo!!. Eorlyer, tbc

Drop€nty doe! bayr a dollnant alD6ct go tbr ea!t. The toDography 
.

1! nu88.d, rlth llrvrtl'o!! rattllg fro! about E000 !o 95OO f.st
abova loet lea 1.y.! (e raage of .bout 1500 frct).

' Irtar louroc! l'! tb. llnc DnoJcot rtrca l'loludc undryrloD.d

lprllg! aad accDr, ar yell a! llhtar Qurrtcrs ald .$oodr 
Gaayoa

ora.k!, th€ cbaraot.rt!tlc. of yblcb rlll b. oovered ta subrequcat

s.otlo!!. I'
-J

lla.ten Ouantl ty. The Eean annual, ratsr yleld f rou the Seofleld
l{ine PrsJco't r,r.i ras aalculatod by tro scparrte nethods and

couParcd fltt'h ra cg.tlu.ate of the Dean annual Heter ylcld g'ltea ln
Jeppson et al. ( t 96 8) to lnorsaae thc level of confldeBce. The

first tretbod of calculatton, ref€rred to ar rGrungkyt s RuIet, Has

orlglnally developed by Gruusky ( 1 908 ) and later adapted by gellars
( 1 95 5 ) . In accordance Hlth thLs nc thod , tbe avera,ge annual Hater

yleld can be deterulned from

a =c(Pa lfor P= 1/2n ]l (4)

A = P - 1/(4"< ) tfor P= Ll(Z o<-)l

or

(5)
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rhere Q ls th€ lean annual trater yleld, ln lnches; P 1s tbe norual

alDual preclpltatldn, 1! 1lches; and -r 1! th€ runoff coeffl.clent,
-tlD lncbes '. la alpha (-t ) og 0.015 rrar deterllaed frou guldeliles

!et fortb by Eaf,klDd (t9?6). Xornal arnual preclDltatlo! for tb€

area 1! 28 llob.s (ileggson ct al., 1968). Sub!tltutloD of
varlablcc recultcd in ao es.tlEatcd yield of 11.2 lnaher.

Tbe se eond Eethod of calculatlon Ls knorn aa

foruula (Sellars, 1965). Accordlng to thts-nethod, the

rater yl.eld 1s deterniEed from

a=P-E tanh-o

rhere a and P are as preriously deflned and

potentlal, 
"yapotransplratl.on, in tncbeg. .

eyapotransp!.ratl,on !,s estltrated at 1? lnehes

| 96 I ) . Substt tutlng P and Eo luto Equatlon 6

$ater yleld Ls e,etlnated to be 12.2 lnche.s.

0lrdeKopts

uean annual

Both estinates fron these

tbe trean annual yield estl.nate

al . (1968).

(6)

Eo is the annual

Fon the area

(.leppson ef Ll.,

, the trean annual

caleulations sotrpare favorably rl th

of 1 0.0 lnches made by Jeppson e t

P-E
o

,l

Tbe ruaoff yoluue resultlDE frou a partlcular ralbfall degtb

ras deteFulned uslng tbe ruooff curve Dunber technlque, as deflned

by tbe U.S. Soll Conservatlon Servlce (1972r. AccordlDg to tbe

curye nulb€r !etbodology, the algebralc ald bydrologlc relatlons

,o
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between storn ralnfall, so11 noLsture storage,

expressed by tbe eqyatlons

*

a= (P - o.2q)2
P + 0.8S

and runoff can be

(r)

(8)

and

cll = 1000 -
10 + S

where Q ts tb€ dlrac0 ruaoff voluae, i! llches, P Ls tbe storE

rat nf all d€pth, 1! l.lahes 3 S l.! a rat.ghcd storage f actor ' !!
l!chc!, drflDod ar the larluun Dors!'bl€ ,f,48 .oo" brtre€! P aod Qi

rt'lltt
ard C[ !s a dt!€Dstoaless erprerl!.on of 

SiFerred 
to as tbe curyr

auubcn. Curve autbcr valua! uerc cbola! ustDS lDforlatlo! luDpllad

by th€ U.S. So11 Coarcnvatlon Scrvlcr (1972rr Earkias (1973)

Harkl!! (19?9)r aad Dersoaal hydrologic Judgueat follorlag fleld
:-

obse!.vattoac. f€lgbt.d curys !u[b€t! rcrc u!.d fo! b.t.rogsleou!

arctr. YrIBer of P rsrc obtalncd lor salragld duratlo!! tod rcguru
perLods fron l,tll1er e.t al . ( 19?3) .

deelgn purpos€s r

A .24-bour I toru nas used f or

Equat!.oa ? l's beged uDon tbe alsuDptlo! that Ia = 0.2S, rbere

Ia Ls the lnlttel abstractlon froE stor! ratnfall, deflned as the

ralnfall sb!'cb nust fa1l. before runoff beg!.ns (1.e.' to satlsfy
1[t.FoePtioDr .vaporatlolr tBd soll-satef ctotage). Tberefore,

deternlnatl.on of ruaoff fro! Equatlo! ? ls vaIld only .,rheB P = Ia
or PZ 0.2S. Belou this pollt, no runoff caa occur. 

O
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a

expressed by lbe eq.uatlons O

A= LP - o-:jzs)2
P + 0.8S

42 t

and

nr? 1000
vrr 5

10 + S

Hhere a ls the direct runoff volume, ln Lnches, P 1s

(7)

( 8)

the storm

ralnfall deptb, 1! lDcbes; S 1s a watersbed storage faotor, tD

lnches, defined as tbe uaxlaun posslble dlfference betreen p and Qi

aDd CN ls a dltlensl.onless €xpresslon of S r€f€rred to as the curve

uunber. Curve aunber values sere obosen uslng inforEatlon supplLed

by th€ U.S. Sotl Conservatlon Servlce (1972r, Earklns ( l9?3) ,

Eawkins (1979), and personal bydrologLc Judgnent followtng fteld
observatl,ona. lfelght,ed curve luEbers lrere used for heterogeneous

areas. llalues of P rere obtalDed for selected duratlons and return
perlods fron Mi1ler et al. ( 1 g?3) .

design purpos€s.

A z4-hour storm was used for

Equatl.on T is based upon the assuEptloD that I. = 0.2Sr rhere
Ia 1s tbe lnltlaL abstractlon froE storE rainfalll deflned as the
rainfall which Eust fal1 before ruuoff beglns (t.e.. to satlsfy
J.nterception, evaporatlon, aad soil-water storage). Therefore,
deterllDatLon of runoff frou Equatlon 7 is valld only whe! p = Ia
or P}' 0.2S. Belon tbls polDt, [o runoff can occur.
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ls as Previously deflned; anC I Ls the average watershed s1ope, in
pereent ' Values tf Y lrere obtalned by uslug ue thods outll.ned by

Cralg and Rankl ( 1 g?T j . The hydraullc length nas taken frou aa

approprlate topog-raphJ.e Eap rblle S ras de ternl.ned f ron Equation I
once the ruaoff curve Euuber naa estluated.

Accordlng to the U.S. Sot l Congervation Servlce (19T2) , the

ratershed lag ls egual to 0.6 To and tbe tlue of concentratlon (Tc)

ls egual to 1 .5 tn. Coubinl.ng these two express!.ons tt can be seen

tha t

il
T- = l,tlLv

rbere bo th vartables ar€ as pnevlously def l,ned .

{p=tr

(10)

(11)

fbe Peak dischange constant used Ln.tbe dlnenslonless unl.t
I

hydrograph uethod ls detenn!.ned aceordlug to the equatfon

fl

Hhere q- ls the peak dl.scbarge constaut, ln cf s; I Le the dralnage'p

area, in square nlles; A ls the runoff volutre, iu lnchee ( as

deterulned by Equatlon 7) i 48lt ts a conversion f actor r and tn 1s

the flue elapsed from the begiantng of runoff to the hydrograph

peak, la bours.

Dlnenslonless unl t hydrographs are developed by slnulatlng
Bany natural unlt hydrographs us!.ng the tine to peak and the peak
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flaan (19?0) proposed

the gaura fuuctl.on

dl.nensl.onless

(12)

(f3)

unl

.o(tt
gP

.t "(-tlTP)l--irtp

(c=rn)
I

rrhere e(t) ts the bydnograpb ordlnate at tlue t tn efs, the

parauetere qp end Tp are as . prevl,ously def Lned, and Ca is a p4ra-

ue ter def lned by tbe equa tl,on

a = ep ,nt'.|-lt3tn
c3Tp

r (rgTn)

where a ls tbe ruaoff voluue ln iaches

hydrograph) and f is the gatrEe function.

Flgure

12 changes

ebarpen the

I shons

ar C3Tp

peak of

( oue insh for unl t

hor shaps of thc 'bydnograph defl.ncd by Equation

changes. The ' ht gber the value of CaTp I tbe

tbe hydrograpb.

lbc dl!.lllorlclr ullt htdrosfrDh !.thod llvgtvr! th.
dcveloDlaat of r lutoff btdrograpb fno! I coEDlcr ratBrtorD. Ibe

storu 1s dl"ld€d llto blooLs of dutrstlo! D. Valu.s of D nust bc

ler! tbaa o! cqual to tr. Practl.cally, tbo !.Icctlou of D as a

aultlpls of T. 1111 cllure tbat tbo Dcak rill b€ slcouEtercd. Tbo
P

r!!,!fa11 dlstrlbutlo! for tbe 2ll-bour !tor! 1s gcncrated fror tb.
theoretlcal f,oAl type fI storD dlstrlbutlo! lborr! ln Flgure 9.

nallfall etcess 1s Eeaerated fro! th6 ralrrfall deptbs 
"t

duratlo! D, etrd tb€ relDfall-rutoff rclatlo!!btp erpressed 1a
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Figure 8. Variation of hvdrograph shaoe with art'

3
t/Tp



r.:;:-.:.1..:i::.:.':.:i...,:.:.::.:..::_:.i:.' ,:': i: ::':.:.ij.':':i:;l'i " .-- i- ' :' .- -- :i:. -. :i .'.. :: .. ::..1-:..'i::.j::::!.i:::.::.i::i.::.i:i ..,::'l::':::.'::;:::-:il-':.'-', -l-. . . t . . . . . . : - i : . . . ' . . - - I - - - : - ' :'- -. i' : - : : : : . ' ! : : : ' : . : : : i . ' : . ' ; : : . : : : : . ' : . . . I;:::t":.::::.'i ::':':.i.-:.r:-:.i:-.-:.::!i.:::::i:ir:.::.j::i':.::.::'l{.:.i:.::::.::::::;.::.: i.::i: i:::i: i:ij::::i i, i,:::,;i::.:j i::: i i j i:: i:j, I

al
$=o

=|l-
-+
F

a

=4 fi
t\
CN
F{

.-'
tr
tr
o
14

E-6
.*.
l+a
v
o-p FvJ-lct ;;--rl J

=E-- +{
lrl t{- +r.
Fq

-t
Ft
F{
ql

$a
trr{
6l.
t{
o
Itl
=org
I
h
,l"l
fro
FH

a

o\
o
k
cc
F{
h

-:ra--t<r--dd

lr'dl'a t rylol ol t'lvJrrvu orlytn$Jntfv ottvu



49

Equatlon T. Tbe ralnfall excess fron each tlrne lucrenent of
duratlon D 1s then nulttplled by the unlt hydrograph ordinates fo
pnoduce a couponeut hydrograph. Each of the couponent hydrographs

are then lagged by a t!.ue Lncnenent D and are concurreutly summed

to produce the sytrthetLe runoff hydrograph.

Estluates of peak ralnfall related flood peaks for the naJor
streans dnalning the Scofleld Hl.ne proJect area uslng this nethod

are shorn in Table 5.

A snornclt paak diechrrge estluate for ltlnten Quertcrs Creek

$as de tennlned by eouparlng llluter Quartes Creek rttb a nearby

gaged strean ( Eccles Cneek) f or rhlch f lood estl.nate s have been

prevlously esttnated. A coupar!.son of er€a, elevatJ.on I slope ,
aspee t, so!,ls , and eoyer sharacteristlcs - shors tbat the Eccles

Creek ratenshed ( about tro nlles sout! of lf lnter Quarters Canyon )

ls rery slullar to Slnter Quarters Canyoa above tbe mine faciliflee
Iocatlon. The as'pect and area of both canyons are slullar. Both

natensheds ar€ eas t-faclng of approrlnately 3500 ecres . Tbe

average ratenehed slopes f or tbe Ece le s and If luter Quarters
ratersheds are rery sluilar at 31 ana 2T Dercent respectlvely. The

sol1s in each natershed are generally BIC hydrologlc type soils and

vegetatlve type and eover le essentlally the satre for both

watershedg.

tJith tbe sioilarlty between the tro ratersheds , it is f eL t
that tbe Peak dlscharges for Hlnber Quarters Creek do not dlffer
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greatly fron bhe peaks on Eecles Creek. The 1gg-year peak flow on

EccIes Creek h""' been estlnated to be 6 S cfs ( Vaughn Hansen

Aesociates, 1 980 ) . .0,s call be seen by corBparlng thls value with the

storu ruuoff peak flos shosn lu Table 5, the I 0O-year snoruelt
flood on Hiater Quarters Creek ls larger than the 1 O0-year storm

runoff peak flow.

Itaten ou4litv. Slnse nonltonlng begaa in October of I g 80 ,

elght surface rater gites on or near tbe Scofleld Hlue proJect area
( shorn on Pla ta ? ) have been saupled . lppeudl.r B contalns t he

results of tbe chenical analfset of surfaee rater sauples eollected
durlng thls perlod. All statlons lrere establl.shed for the

collectton of grab sanples.

As dePlcted lu Platr T t surface wdteFs ln and near tbe
I

Scofleld Hlne proJect erea are generally of tbe calcluu-btcarbouate
type. Total dtssolved solidg (fnS) concentratlons ranged frou 140

ng/I ln Hiater Quarters Cneek (Statl,on U-g) r to 4F0 ng/l la a

trl'butary to lltuter Quarters Creek (Station U-2). Betneen AprlJ.

and June r rhea streatr dlecbarges are blghest due to dlrec t
snowuel t r a dllutlng effec t occurs La aurfae e waters r tr€sul ttng in
lorer TDS coBcentratloas. Later !.n tb,e year as f low de6reases and

i's largely derived frou groundrater, this dLlutlon effeet beeotres

legs pronounccd and rDs eoncentratLons iacrease.

Suspended solids conceBtratlons curlng tbe inventory perlod

Here f ound to vary f rou 1 .0 ng/I at tbe nouth of 'rioods Canyon Creek
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(Statlo! It-5) ald tro statloBs t! th€ fllater Quartcrs araf"aef
(Statlous ll-l aadr U-2) to 636 nel;- ln t{ud Crcck (Statloa U-?). It
1r k[ox! that !u!D€!dcd !o11d! ooacaltretlo!! teld !o vary conerbat

Dropontlolatrlt rlhb floe rat. (yaugha Eaascn Ar!oc1a!e!, l9?9).
tbG ctDcrt.clc. o[ !!c Scottcld l{1!. proD.rty lubrtaltiatd! tbl's t!
that tb. btgb.!t !s!0.!dcd sollds ootacltrrtl,o!! ooounrcd durlDg

Apnil rld llay rlcl flors erc g.lGrallt blg! duc to llorrelt Fuloft.

Tbo b!rd!.og.a 10! 8ct1y1ty (pE) of tbr lurfac. rater! ra! foutd
to bc rclatlvcly coB!taat througbout tb. Soofirld lllla DroJ.ot
l'c!, ya!.y!.!g tro! 6.6 to 8.5. tlc uauelly !1l8ht balic coldttto!
of tb. curfaoc rrt.! t! itu. pFllrrlly to tt. htgh co!e.!t!rtioD! of
blcar.bolrtca (hcrtcaa Publlc Ecaltb lccoclrtlon !t !,1. , 1976r.
lr,ycr ratcr! rltb DE yllu.! t! th. raEg. of thorc ."."oo.,Q_
tbloughout tb. !t!. Dlr! ar.a ar€/.. 8rD.mfly aoi !'afh.la.d bt
Dolludloa (ucr, 19791 i

Tb€ o.!.!tlDg ag.!t! of thc Blackbtrk Forlrtlo! rF. .:DrotGd

to b. tb. !lJo! loutro. of lro! i! th€ lurfrcG ret.trr of lba l1!c
DFoJdot .rGr. I! tb€ vtoilltt of Seofleld !.!.rvot!, tt uas boe!
dctentlncd' tbat t6trr troD oolc.atratlols att. dlr€ctly ierrtcd to
flor rate, r€rultl,!g fro! tho probabl! erlocletl.o! of lron rrltb
scdhent! (Taugba Eatts.! A!roelatc!, lg?9). ErD€r1.Do. galled to
drtG !ubrtaat1.t.! tlils er tht trl,ghclt !,FoE co!c..!trat{o!! l,! th.
surface ratcr! r.r'e !.a!uFGd !,! salpl.! flltb tbe bttb€!t sucD.adcd

sol1ds levels. Therefcre, as a resul! of th€ ocourrc!c. o! tbe -
Blackbark Forlatlol tbrougbout tbe area, Ms felt that gotel, ,r"O

t
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concentratlons will iaerease durlag tbe high fl ov perlods and
decrease durlng '1o* f lorr per!.ods. Total and dlssolved iron
concentratlons varled thnoughout tbe ni.ne plan 

""*_. f ron 0.0110 to
10.0 ng/L and frod 0.010 to Z.TZ ug/1, respectlveLy (tne Iarge
traJorLty of the satrF1es had lron eoucestratlons less than 1.0
ng/ I ) .

Total Danganese concentratfons are

the nlue proJec t area, varylag durlng
0.002 ng/l Deesured ln
Statt oa U-3 to 0. S l frg/t

1or rltbln and ed J acent to

tbe Luventory perlod fron
tllnter Quarters Creek at
StEtl,oa U-7.

a

ln

trlbutar.y to

llud Creck at

t Ib. Otab DlyiltoD of goelth b., clalliflcd tbe ra!.r! rl'tbl!
ard edJaoalt to tbc Scoflrld Hllc DroJ.ct u.oa ea IC (pnotrot.d for
doD€ltr,c putrpora! nttb Drlor. tr.8glaat- b, ltaDdard colDlcte
tlaatlalt proccarca), 3l (Dnotco!.d for oold rat€r !p€cia! of gauc
flgb ald otb-.r aold rrter aqu.tt'c tlfc) r aad I (gnotectcd for
agtlilultural uccs r.rorudilg tii'itatlo! of crops erd stoot$atcrraS).
craslltlca tious lc, 31, aad t apDly to rlatcr Quarterc ead tloods
Calyo! crec&!, rhlcb dral[ Lato t{ud Creck. Tables 6 ald ? coatalE
tb€ lu'erlcal rater quarlty statrdard! eppllcabre to these varl.us
c1a!! l,f lcatr'oDs. Fer. .rccede'cs! of tbrse chellcar staldards t ers
lot€d durlng tbe ba!.li!€ atudy. fllth tbr erc.Dtio! of alloBta,
pbospbater end oDc !1lgbt G:cecdlace of d1s!olved !11ver (0.033
6B/L zt stetlo! u-l)r all of th. co!3titu€lts rere well rrltbla the
l'lE1ts es'"abrrshed for tre dlsso:,vid coBstltue!!s r! cbe che'lca:.
steldalds of Table 6.

t
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of Health nr.oerical standards for sater in
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Table 7. Nunerical standards for Class 3C water use in Utah.

Phvsical

Minimn D.0. (rg/f )
Haximm Teurperature
Ha:riuum Teuperature Ctrange
pH
Turbidity Increase (rru)

Ctremical

Caduium, dissolved
Ctrrmiua, dissolved
Copper, dissolved
Cyaaide
Iron, dissolved
Lead, dicsolved
Hercury, total
PhenoI
Seleuiuu, dissolved
Silver, dissolved
Zinc, dissolved
Ctrl of ide
Ezs

4adi,ologic,a1 (ltaximua pCi/l)

Gross Alpha
Gross Beta

Pesticides (Uaximn ng/l)

Endrin
Lindane
Methoxychlor
Toxaphene

Pollution Indicators#

BoD (ng/ 1 )
NOS as N (ne/I)

5
z7a e
40c

6.5-9-0
15#

0 .004
0.1
0.01
0.005
1.0
0.05
0 .0005.
0.01
0 .05
0 .01
0.05
0.2
0 .02

0.004
0.01
0 .03
0.005

5.0
4.0

15
30

#Investigations should be conducted to develop more infornation where
these pollution indicator leve1s are exceeded.

#*i:*At background levels of 150 N[U's or greater, a 102 increase lirnit will
be used instaad of the numeric values. Short te:m variances ilay be
considered on a case-bv-case basis.
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Pbosgbatas nerc aEalyzed 1! €ltb€n tb€ ortbo foru (a no"rtoo.
of total plospbat6) t!d./or th. tot.l for!. Of the lalple! aaalyzed
for total DbolDbatr, rhost 85 Dcrocat erca.dcd tbe llllt of 0.05
tglL. Total ghospbirtc concrltrattoa! er p raagcd fron 0.02 to s.z
atfl. tb.!c 1! !o stetc staad.ld to! ortboghoapbat. co!o.!t!e-
tlolr. Th. aDp.alelca of gbosgborus 1! tbc suFface rager! ot th6
l1aca1aaarraoa!,boettrrl,butGdtotr'o!ourceg:tbcdcgrcdat1olof
rrrl'lal t .!tc! frol g!.arlD6 ltocl l! thr rtt.t, ald at.!t y1ag

DbosDbrtcr frou lbc DbolDborou! coltclt of tba !oil! 8Dd !.dl.r.Bts
(ttoBhoy ct el. , tgT6r.

' lDotb.r r:acDtlo! to thc ltatcsGtt of fsn c:cccdaDc.! to tba .

rtudard L! a!!oDll. Eac! of tb. alght surfroc nate! rgrtions bad

3t lcrlt o!. uroura lelDrc thrt .re..dGd th. !trt. !ta!d.rd oQ/
0.02 !8/1. Ih.!. Grc..duc.! raDt.d fro! O.IO .rtll .t !ry.r.l
.ctrttoai to I.lE rgll oa uud c!...k,rt Stet!'ol u-6. oar rcdgoa for
tlc rpD.$aaoa of rll6ate h tIo Sooftcld l$,!. proJ.ct .r.r 1!
rttribut.d tc. bt'ologlorl. .dcg.ladrtlo! or. Etrtrot.lour ongratc rltt.!d
as !.!ttoa!d D!.r!'oulryr r!t!o!l8 har alro bcrl la*urcd 1!
groundrela! i! tha aFaa.

OuIy one exc€edance of Eereury was

nercury coBcetrtratloa of 0.0004 trg/1

Eeasured. A dlssolrred

Quarters Creek at Statlon U-4. all
Haa Beaaured on Hinter

other saupled Eercury
corccltratloa! r.re belor tbe d€tectlo! of routla€ laboratory
tecrEi.ques. 

I \-;

T
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l{ater tenperatures 1r,

treasured exceedln! state

sanple wai colleeted, the

Creek statJ.ons ( U-'6 and

( Statl on [I-5 ) .

Mud Creek and l{oods Canyon Creek nere

staudards of 20oC. Hben the JuIy 1gB1

water teuperature Haa ZZ0C in both Hud

U-? ) and a3oC 1n l{oods Canyon Creek

rtth the surface water

and sedlnentatlon confrol

The concentratLons of other constltuents saupled at stations
tbroughout tbe area rere geaerelly Hell below the state standard.

In Eaay lastances, trace ne tal concentrations bave bee n

consl'gtently belov the level of detectl.on by routine laboratory
teehtrlque s ( partteularly arseBr.c and c adu:[un] .

Haten ILshts. Surface rater rlghts ln and adJacent to tbe

Seof teld ttiue proJcct area oD f lIe as of Deceuber 1g81 rlth the

Utah DLvt slon of lfater Rlgbts are llsted oB Table I and showa on
tPlate 8. lll sunf ace r,ater rt ghts in the erea ars f or s tock-

rateilng e'xccpt for aona lrrlgatlon nlgbtg ueer thc uo'uth of tliaten

Quarters'Creck and oE llud Creek. Tbe very llulted us€ ln the area

Ls not expected to be adversely affected by the Scofteld Hlne.

? . ? Surfaee lla.tqfi-.Develoonent. Contnol r and. .!llvenslons

Thls Eectl,oa of the report deals

supply ln tbe area as rell as tbe runoff
neasures plauned f or tbe Scof leld Hlne.

?.1.1 tir'ater Supol:r

The surface water supply ln tbe nine proJect and adjacent
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ereas 1s ertenslvel,y used for stook$aterlng and to a lessbr exteng-

for lrrlgatioa (see plate 8). L1tt1e deveropDent of the surfscQ i

reters has occurred for stockuaterLng purpos€S r Irrlgatlon

dl.versLoas hays beo! construct€d near tbe loutb of lf l.nter Quarters

Crce k.

llo developrert of lurfac€ sater by the tllD€ 13 proDos€d.

CoD!tructlon of rat.r dlYerloD structurcc for Drotectlon of tbg

xager telourcea n111 .oocur e! dllcurlcd 1! lGotlo! .3.3.2 of thts

re potr g.

:t-?-2 S.d{nentrtlon ContFol StruotuF.r rnd D{var!{on!

Onc rsdl.reatatiou Pord rltb aorrcrDold188 ruloff controf

faallltles rlll b. rcqulr.d to Drovld. !ed1!.!t coltrol for th

soofleld ulDa. tbc layout of thc lcdlDcltatloa .Go!t!ol Plant

laoludlng Dord los.tt orr ttoDd arataqll rree b'ounilutr dttcber r 3!d

berms are lllustrated Ln Pl.etc '9. Design detall s for the

ladl'DertatloD DoDd ard iltarcGPto! dltcba! Pa!ll'!t ruuoff fron tbe

uDdlsturb.d ar€e! Drlt dlsturbcd aFca! ar€ descrLbed ln tbls
gcc tl oa .

Convevance Factlttles Deslrtn. Three dl,vers Lon dltches

t

lsturbed areas Lnto tbe se d lneilta -

Pa83 runoff fron the 1 0-Y€ar r 24-

he exception of Culvert llo. T and

'::;.=.:": 
.:"' :"::,::,".;::' ;:"il

requlred to dlvert runoff fron

tl,on pond have beeu d es lgned to

hour storn ( 2.45 inches ) . TLth

Interceptor Ditch No. 2, alI

d iver tl ng runoff fron und lsturbe
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bave also been deslgned to pass runoff fro! th€ 10-yeerr 2!-hout

stoFD. fatarceptor Dltch llo. 2 nas desl8aed to pass runoff fFo!

the 100-yearr 2{-bour storl (3.55 lnches). Culvert No.7l's a

bypass culvert for lflnten Quaft.F! Creek. TbLs cuLvettt raa slz€d

to pars tbG 1oo-yeatr ftood rblchr 1! tb€ case of tfllter Quarters

Crcck, La a saonlelt evcat as c:pla!.aed 1! Sectloa 3.2.2. fhe 100-

yean, 2l-bour !tor! produccl a tlood rhlcb 1s lnallen tbau tbe 100-

y€ar snor[elt floodl !o tbc 1oo-ysar llorEelt flood goverDed gb€

oulvert !12e. UUC n€gulstl.on! do Dot requlre derlgnlag Culv€Ft No.

? Do! IltcraeDtor Dltch Xo. 2 to'. tbc too-year floods. Eorevcr,

bcoauls of tbetr llDolt.lcs rltb rogard to tbe ov€rall de!18! of

surface facllltlcrl UCO bas chole! to us€ tha 100-year flood evclt

for deslg! DurDolc! of thcsa tro . convcyaDca!. A3 !e!tloa'3d 1[

Seotton 3.2.2. tbs 100-tcan ftood oa tllnter Quartsrs Creek at tbe

l!.ne cttc ,.s €:D6otsd to bc very ltrt']'ar to tb6 loo-year flood lD

thr noutb' of Eoolcs cr..t rbteb ba! bec! rstilated to bc about 65

ofr. fhlt 1r bGcau!. of th. vcry lt8llftcaat gllllstrttlcs.botree[

the tro ltrsaDs 8!d tlclr drilla8e ba!l!!. Congequcatly cu1v€rt

Xo. ? oa llatct Quarterc. Grsekrrt'll,.D. ll'zed so tbat lt ca! readlly

handl€ a 65 cts flood. Il faatr 1! a! effort to ba co!!€rvatltet
thc cu]'vcrt .r1I1 bc rltcd to baBdle a flood of over 80 ofs.

Culv€rts along tbe acoesc/baul road 1111 be spaced l'a accordaaoe

yttb requltrcDclts of Ul{C El?.153 aad rill bave a !l!l!uE dLeDeter

of 18 laches.

Cul,vert capacl,tles nere deterulned fron noDagrapbs presented

by tbe U.S. So11 Conservetl,on Sernlce (1972). Flgure 10 contalas a

,il'r-J
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nonagraph used for deternlnlng th€ lnlGt capaclty of the culvetts.

OutIeg capaclt!6s ,rere deterulaed fro[ the nouograph shown 1n

Flgure 11 or froq tb€ Daray-Helsbach b6adtess forEula 1D the case

of Culvert [o. 1. Iulet capacltles Soverned I'n every case. No

aurcbar8G 1s needed above tho culvert! to Pass tbe d€3LgD flox

erccpt for Culvert Xo. ?. Cult€rt tlo. ? needs a aurcbarge head of

? lnobes to pass a flow of 55 cfs, or a rurcharge head of 28 lncbes

to palr a flor of 90 cfs. . Uorc !ba! alDlc beadwall bclgbt r11I ba

providod to accoDodat€ sucb extr€De ev€lts.

thc d,'v€trslon aad t!t€!ccPtor dltohor ha"e bae! de!18n€d

aasutlllg a trap€zodlal cross-rectloD. 09Cn Cbaaael flor caPacltlrs

rcre deter8hed ualag tbc llaaaiag cquatl'o!. locordllg to tbl'!

letbod:

a = 1?.1t86 AnO'.67,S0'50
n

(f4)

rbere Q 1s gbe flotr, !a oublc fect P€! seoold; I lr tbe crosa-

lectloaal ar6a of florr 1! rquar€ fect; a ls the NaBDl'Dt rou8ba€sa

oo€fftctcat; l la !h. blrdreul:lc radlurl l! fe€tr deflaed a! tbc

arca dlyldei uy tle retted perlueter; ald s ls tbe bydraullc slope,

1! feet per feet. A Darltlu! perlllslblc velocltlr of flvc feet per

second na! assuEed 1D all cases fon dlver3l,oa ald lntcrceptor

dLgch€s r.1tho.ut a rlDrap uDlBg. a l{aDnl.!tra r0u8hle3s coefflolent

(a) of 0.03 ras used fon desitnl!8 tbe dltcbes (excePt ither rLprap

cbaonet sectlons nere used, and a roughness coefflclent of 0.038

was used). P€ak flons aud Peak flon de318! related llforBatloti for

the d1'r,ches are contalned 1n TabI e 9. Cul,verts have been slzed to
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:

paas ths peak flor requlreDent! for th61r aasoclatod dlverslon

dltches. Tbe over311 sedlDeDtatlon controt Plan, LDcluding poDd

locatlon ard requLred dlyerslo! and runoff faollltles aro

lllustrated tD Plate. 9. Flate 9 alro lloludes dl.tcbr benal aad

aulvert dLEelsloD! ald slopes.

lunoff cutryc auubenc uccd ln oo[putllg rtotrD-cau!ed ruDoff
peeL! bayo bcGB GatlDatcd ba!cd on yogetatlv€ type!r bydrologlc

!o11 grouplBslr aDd grouDd coye! densltles a! outll'!€d by tb3 U.S.

sotl Conservatl.on' Soryt ca 11972). Gro'uad oover dcacltles are takeo

fro! Islteao nesouroc DsyclopDelt CorDoratlo! (1981 ). Baled on

btdiolotlc !o!1 IrouD G, and- lage-Brar! vcgetatr,o! rltb 68 p3rcalt

co?crr tb€ r€lufttD8 curve Dulber lc 55 for lbe soutb-faol'D8 !age-

ooy€n.d llopa! Dotth of tbe atac sltc. 0! tb€ loltb-faolB8 !loD3!t

tbc veSctrtlv. coyer ts !19!lfloattly blgbcr tbaa oa tbe !age.

cov.lad !loP.!, aDd co!!3qu€8tlt tb. Gutl'Yc auubcr lhould be

s''8llftoqDtly lorer .thau 55. Bor€var foi al! trldtltunbcit rlotrc!

ooatrltutt!8 to gbc LDlerc€Dtor dl.tchclr a ourve !uDb€! of 55 n!!

used la lbe peak flor calculatl.oD!. Lbl! curvc auuber l! ctDcctcd

to ba y.!y collervattra oo tU. aortb-faclng slope!. I ruooff curvc

aunber of 90 sas u!.d for dlrturbed ar€as tbat rl11 bc drahed lDto

tbe sedl'Delt pold. lbs ruaoff curve aunberl rere ussd lD tb€

procedur€ outllaed prevlously la Secglo! 3.2.2 to couDutc Peak

fl oss .

Deslgn arlierla and calculatloR results for slzlng tho varlous

dlverslo! dltcbes ate preseated ll lable 10 aad PIate 9. A].so
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contalned in Table

for those channels'

7L

1 0 ere the requLred treau rock dlaue ters ( OUo )

requirlng rlprap.

il

SedLnentatlon Ponil Deslrn. A sedl.nentatl.oa pond rlll be

required to Pnovl.de sedluent control fon the surface factlttl.es of
the Scofteld Hine. The pond ls deslgned to contaln runoff frou the

entire dtsturbed area at tbe nl.ae slte. Tbe sedfuoentatlon pond is
deslgned to eontaln an aceuEulated sedl.nent etorage voluue of 0.035

acre-feet per aer€ of dlsturbed area draining lnto the poud. l{hen

50 perceat of the deslga sedlnent storage volune has beeu fllled,
the sedtuent wlll be eleaned out of tbe pond and dlsposed qf is an

approprlate tranner that 1111 protect tbe hydrologl.c balence.

Splllray caDaclty nequlreuents for the sediueatatlon pond are

based on runoff frou the ?F-year, Z4-bour 
. 
storn ( 2.9 lneheg ) .

Table 1 | eontalne the voluae aud Eplllray capacity 
""Oorteueuts 

for
the Pond as rell as addltloaal dcslgn related Laforuatlon. Runoff

stonage voluue req'uLrenents are based on tbe | $-5rGr,r I 24-bour

deslgn storn.

The pond deelgn de talls for tbe sedluentatlon poud are

tllustrated on PIate 1 0 nlth tbe stage-cEpactty curve for the pond

glven 1o Figure 12. The sedinentatlon pond wllL cotrsl,st of a

sediuent storage PooI, a dead pool, and a ruuoff control pool equal

to tbe inflow volutre frou a 10-f€3r1 2lt-hour storn (2.45 j.aches).

The llian Divlslon of 0t]., Gas, and l,lining reques:s thai a

deraterlng devlce be ptaced ln the pond to draw the Fcnd le'le1 down
{l



t
??

0246810L2

Depgh of sager Ln feet

J

rr
o
o

l+{
I
ot(,
r$

E 1,0
-

h
&,
.l{i

U
qt
O.
qt()

2.0

1.5

0.5

fr) l)

I

I
/
I Spillway
(d 'r 9.8n

/i
I

I

I

_:]

=-(f"
_/
lluent CIt
(d r 3.2 I

f
! zU€WEt€
f (dr
I

I

Fuourr)

rLng uevfr
6.2 fr) 

I

I

I

e

--l
1t

Flgure 12 . stage-capacr.ty curnre for sedlmentatlon ponc.



73

fo t'he botton of the runoff eoatrol pool in anttclpa-,icn of a

f uture runoff "o*Lr. Tbls d,ewaterlng devlce muet be piaeed above

the top of the sedLueut storage pool. Houever, tbe Utah Dlvisiou
of Heat tb requl.res in"t tro deratering d,evlce be placed 15 j. ihln tb,ree

feet of the toP of tbe sedluent cleanout level (60 percent). Tbus,

a dead storage pool bas been created ln order to ueet the

requl.reuents of botb' agencles.

The proposed prlnctpat aad etrergeBcy splllway systeu constste
of e corrugated netal rlser and conduLt rlth an antt-vortet devlce I

a trarh neck, aud antl-t€€D collsrs. lntl-!€Gp eollars hEve been

propo sed bas ed on re tbod s out t lned by the II, S . Enviroutrent al
Protectloa Ageacy ( l 9?6 ) . Tbe dlgcbarge eapactty of the rl.s€r._

conduLt conblnatlon rlth a n!.sen dlaueter of 2T lncbes Ls adequate

to Pa88 Peak lnflor resultlng frou the' ?5-1rearr A4-houn storn
(see Flgure l3). The stage-dlscharge relatloashtp of tbe
corrugated ue.tal rt eer aud eondult used in the pond spillray ( shorn

Ln Flgure 1 3 ) raa deternlaed fron netbods outllned by Hynear and

Eaan ( l g?? ) , rho state tbat tbe discbarge of the sptllray !.s

calculated as tbe saallest of tbe possl.ble f lors due to rel,r f lon,
' orlflce flowr oF plpe flow at any stage. The coefflcients

suggested by Hynear and Eaan ( I g?? ) Here used 1n tbe appropriate
equatlons.

Thc total eubaakuent bclght Has obtalued by adding tbe stage

at full storage capaelty' the'bead of rater over the splllray under

desi8n flor condltlons, the requlred freeboard height ( 1 .0 foot ) r

aad a f ive percent settleeent aL lorance. Tbe eubankmen., top wld tb
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Z5-year, Z4-hour stomt caused oeak
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Flow Depth Above Btser ln feet

Z7-inch plpe

Figure 13. Stage-discharge curves for e 37-lnch
spiJ.lway riser.
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should not be lese tban ( n +

eqbankmeat , tn fei t. Table 1 l

for the sediueutatlon pond.

35)/5 rhere H

surgtrarlzes the

ls the height of the

deslgn specl.f lca blons

Tbe pond enbankuent wl1l be llned
plplng rltb 1 I lnches of 1 0: I ulrture of
and bentoal.te, respectlvely.

to prevent seepage and

tbe enbanknent naterl.al

Eotb tbe sDlllray ard dsratarLtrg d.vlca lbould b€ cor!tttuot€d
of slltlrr !et.!lrlr, yltb tb€ d.rrtelilg deytce coDslctlag of a

12-1aob oortugatod !.trl trl!€r., a 6-tlob oondutt dratlltD€., .a.!
e[tl-Yort€r dovlcsr 8Bd a!tl-!.aD aollers. tb. altl.-vorter devlce
rrir ello.'ect ar a ct lallrg devlcc by Eot arror1o8 rater to b€

Dull.d dl'!€cttt fro! tbo rulfac. of tbe poDd. r ratcr cortrol gat€
velr€ r11r be 1o tbc 6-lach dl.!et.r oosdult rltbla tb. pold
albealoeat.

Sufflclclt spacc Eult bc avrllabte !'a th€ pood to coEpl.tcly
dotal! tbc ruaoff relult!,ag fro! tbe lO-y€a!, 24-bour ltorD. At
thc !e!e the, !u!ft clclt a.ttthg tl.a aurt be allor€d la ord.r to
lcet apD:.laablo 3fflualt stardards lD tb€ dLlabarSed ratGr. rt ls
tb€rcfore suggest.d tbat rater 1! tbe pold be reLeased througb the
daratarllg davlcs aftsF leveral deys, utles! tb.re 1! a good

Probablllty of occurra!ce of a rEloff-DroduclnB stora Drlor to tbat
tller urder rbr.cb cordltloD tbe ratcr should be released before the
sEorE occurreDce. Tb13 trlrl aliot{ !ufflclent t1!e for ar,r, but the
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Table 1 1 .
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Deslga,""tues of tbe sedinentatlon pond. t'
Paraneter Talue

Sedluent Storage Yoluue

Runqff Storage Voluue
( fron a 1 0-f€EF 1 Z4-hour gtorn)

Eubaukuent Height at
Deslgn Voluuer

Spillway Capaclty
( for a ?5-year , Z4-bour

Sptllray Dtaueter

Eead above Sptllray Cnest
Destgn Dlseharge

Requined Freeboard

Requl,red To tal ' Enbaaknent

Bequtred Total Eubaakuent
Iacludlng 5/ Settlenent
AIlorlnc€

Cnest l{tdth of Eubankueat

Dls turbed lrea
Gu'rve lfiunber

Eydraullc Length

lver.age Tetersbed SLope

T'p

e toru)

at

Eelgh tr

Ee lgh tr

0 .2 1 acre- feet

0.?5 aere-feet

9.8 feet

11.9 efs

2T inches

0.5It fect

1 .0 feet

11 .ll feet

1e.0 feet

10 feet

6 .0 acr€s

90

1f e5 feet

21 p€rcent

0 .06 hours

lr

rAs Deasured from the upstream toe of tbe enbankment.
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flne clay and colloidal partlcles to settle (U.S. Eavl,rontrental
I

Pro tec tlon Ageney, 1 9? 6 ) .

Rlprap shall be placed ln tbe lalet channele and belos the

outlet condut t of tbe pond to dleslpate energy and reduce eroslon

poteutl.al. Rlprap shall also be placed on tbe lnsl,de slope of the

poud ernbankment to a ridtb of flve feet on both sldes of tbe

sptllway and deratertng devlce up the fulI helgbt of the eubanknent

to protect the eubanknent froo eroslon.

SedLnenl iLsoo,sal .Plans. Federel ead State regulatlons

r€qulre tbat sedLuent, rrhl.ch hae aceuuulated in the ' pond , be

reuoved rhen 60 percent of tbe deslgn sedlnent storage voluae has

been fllled. The polnt at whlcb cleanout becotres tr€cessary rrtil be

narked rl th palnt oB the splllray rlser f 6llorl,ng con! tructl,on of
, a'

tbe pond. Sedluent renoved frou tbe pond 1111 be dlgposed of ln a

Place and uatrner tbat n111 proteet tbe hydrologlc batancer

Fgnd Ree1atraF1to,F..,, Federal aud State r€Eulatlons require that
areaa dlsturbed by pond constructlon be stabll,zed nith an effectl.ve

vegetatlve cover aa soon as possLble after disturbanee. Tbts cover

should be coBposed of aatlve and other plants rhlch are adaptable

to the elte and provlde so11 stablllty. Dlsturbed areas assoctated

Hlth tbe pond w111 be seeded rtth tbe exceptlon of the lntertor of

fhe pond below the dewaterlng device 1evel. Shallow rootlng
specles w j.11 be used to preserve the lntegrlty of the structrure.
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Hlnlng actlvltles lu the Scofleld area can be expected to
contl'nue Lnto tbe t*etrty-flrst century. Tbe occuFr€nc€ and quallty
of rater ln aDy regl.oa Ls blgbly controlled by geology. Tbe

traJorlty of the Seofleld Htne proJect ar€a is strong structurally
and consl'sts of tbe Blackhark geologlc foruatloa. Conslderlug the
laek of lnpact fron 100 years of nln!'ng !n the Scofield area, lt ls
preeuned that ulul,ag'aettvltles 111t bave tlttle adyerse lnpact on

the area bydrologle systeu.

?-!- l Ouantttv

l! !.!tlo!cd larlla! t ! thc rcpoFt , tbG laJotr D.rr!!r,e!,
drataagcs coavoylag ruloff eray fror thr r!'as DnoJ.ot "o.. .rQ
rt!..a!r t ! It lgrr Quertorg Crlto! aad roods.- Cr!yo!. ttlDllg bcacatb

Ilator Quert.ls Crcc& rlll bo lhltid !o tbet t!. ltrsa! rlll aot
be gubst d€d. CoqgequcBtly, subgldcnee rtlt Eot .eaure any

!l'8D1fto.Et t!p.ct o! tb..sur:froo r.tcr !!rct.r. surf.oc fro!,I!!lG!
1111 bt looat.d 1! Wllt.r 'euertcrs CaElroa. Onlcsc uDulual florr!
ar. .loourtar..t 1! thc !1!e, lt 1! lot .:Dcctcd tbat .!y E!D. rr!.r
rlll b€ dt!ch.!'g.d llto lurtrc. !tr.a!!. rf dlrcbarg.s b.oo!.
D.ctssatJrr tbey rlll be Eade 1! colDltalae rllh tbe f,pDEs pcrult
Dro8ra!. Evc! 1f d1!chrrges do becola E€ocssary, tbG yolu8e of
$ater lfl1I be snall coupared to tbe natural sprlngflolr. Aea
r.gu1t'tak1!81atoaccou!tthcredhcatat1oDco!tro1st'uctu!eS
snd dlyersloas, lt 1s felt tbat tbe !1!1!g ogere::or $111 ha"e tlo^
tlgaificatt lapact o! tbe surtao€ rater systee. Y
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q-4.2 Oualttv

Tbe quallty of, the flor fros the headwaters of the prlce River
Basin is exce.Ilent. Eowever, thl.s quallty rapldiy deterlorates
dolnstraa! alr tbe. gtreEDg croa! sbele forEattons aad recelve
lrrlgatlo! retura flor3 fro! Mancos-derlved so1ls. fbe lDDact of

the DlDtDg on tbl.l .lysteE rlll be very nlnor.

lbe coasttruo.gLo! of surface facll!'tles utlllzed lD colJulctl.olr
rtth tb€ scofl.eld l{l.Dc (yard areasr.roadE, etc.) wtll result iD

ts[porary l,acreagcg t! th€ cuapended sedileBt colceltrallo! of the

adJacart ltrea!. lorcyerr boeaule of co[pllalcc rttb tho

!.aguletort requ!ri.eleDt.. tbat !odlneut coatrol b€ proylded for el1

ar.aa of surfacs dlaturbaDac, coDceDttratlolr !hould bc qutckly
norlall.zed.

?.8 HltLeatlqn. .and Control_P1ans.

'Eunoff froD all dl.strubed areaa rlll bc paraed tbrough

scdlDeDt control. fecl'lltles or protected frol abaoroal eroa!'oa.
.lly dllaharge fron faottLtlcg *111 be Eoll.torcd l! accord3Dcc ulth
IIPDES pertLt staldards, anal state attd federal regulatlols.

Tbe effects of the nlnlng operatlo! o! tbe surface nater
syat€E slll bs aaalyzed tbrougb tbe lurfece sater Dotltor1lg pla!

descrlbed l'D tb€ Sectlon 3.6 of tbls report. I! the unllkely eveDt

that Eonltoring showa thaL the surface $ater systeE ls belDg

adversely affected by the Elnlng actlvlt!es, addltloDa] steps t{lf 1

,l
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be takea to r€ctlfy tbe sltuatlon 1n cooPeratlon wlth local' statet

aDd federal regulatory agencles.

1.6 Surfaee -tf Ater MonltorlEs Pl_arl

la .rtra!!.ve hydrologlc lotitorl!g progra!, r!1ch begsn la
ocBober, 19E0, has bcca uadcrray et eacb of lhe surfaoe rater
lgatlons rhotrr o! Plrtr 5. stattols t|Gre G3tebllsbsd to tloulton
[ater quarlty and quantltlr aboye eld belor tbe DlDe proJect area.
llonttorl'Bg ra! ooDduot€d on r lonthly b!!i! lbnouth ADrtl, lggl
(rbea aoccssiblc). lt, tbrt t!'!. lbs [olltotrttt rr!! rrduccd to a

blnontbly bacl,s rn eooor:dalcc rrtb lcs gurdcltaar traued by tbe
utab state Dlvlsron of otr, ca!, aDd t|i!tD8, ald th€ Daraueter rtst
fo! labolrtory analyla3 re! lodlflad to tbe lchedule outlla€d l,!
fablc tl- tttacblGDt E coatal!! tabulattonc of tbc relults of tha
*8!cr quall'ty .anelyres.

I o!.-ycar bar€lta! data gatbsrlag gerlod haa b.a! eolDlct3d
at €rcb of tbc sur:faoc [at.r ltatloas cborl o! plat. 5, aDd ths
!o!lgorl'!g ccredulc ts aor lodlftcd to r€tlect !,ltor[a!10D obtar.lsd
durlng the ba!e11ae Douttorl!g pcr!od. Thls curreatly erl.atlDg
DonltorlnS proSraB $ilr coBtlEue durlug tb. opcratloaal phas€ of
gte !lac- statlons u-t, tt-5, u-6, ard u-? bave beea delcted froE
tb€ lonltorlng Irrogtra&. Str!ioas U-5r U-6, and t-? bave bccD

deletsd becaule of ther,r r€Dotcness froa the proJect area. The

surface flater EOnltorlng statloEs shown otr pr.ate 5 are belug
roBltored quarterly (rhen acoesslble) for flon atd quality to

a
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dellreate reasotal yartetlo! a!d correlate dlscharge Hltb cbangeg

1! rater qualltt. 
,Tbe uater quallty satBples are belDg a:ralyzed for

Cbe paretetsrs llated 1! Table 4. Future data Eay shor gbat

lodlflcatlons of thi! roDttorilg schedulc anc Justlfled. lly
cbalges to th€ Eon1torlng scbedule (frequcncy otr parqBeter!) rlll
b€ lade oDly vltb tbe approval of tbe Utah Dlytllo! of OiI , Gas,

and Mlnlag. nelult! of all flaler quallty data rlrr be subtlltted to
tbat agenolr quartcrly.

Po!t-DlDl!g loDttort'Eg of surface nater rtll co!t1auc a!
r€prelertatlve atatl.on! d.tsrltEsd rltb tbc ald ard aDDnoval of tbc
utah Dt'rlllon of otl, Gar and ut!i!9. Reprcseatatlve surfaoe rater
ltatlon! r11l be loDttotrcd blaDluelly durlBg hlgb and lon . flor
co!dltl.o!!. Duration of lolitorlBg ead pera!€lGr lelcctto! rtlt be

dotsrDl,Dsd eft€! apDroprtats oousultatloa _rl!b loc.I, ltatc, aad

fcdGral egercle!.

,l
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4 .0 AL_I+llvIAL V.{-LL5y FLCCR !:TgRt!ITATICt{

Utah regulations (Ul,lC Sectl.on TEj.19c) require thai the

presence of alluvla1 valley floors ln or adjacenL to bhe slne
proJect area be Ldentlf ied . The regulations ( Ul+C Sectlon ? 00 .5 )

define an alluvlaI valley floor as trunconsolidat,ed etr€88-lald
d eposl ts holdlng s treans rl th water availabil l ty 

."uf 
f iel ent f or

subirrlgatlon or flood lrrigatlon agrlcultural ae tlvitles bub does

not Lncl.ude upland ereas rhleh are generally overlaln by e thln
veneer of colluvlal depoei. ts eoBposed chlefly of debrtrs fron sbeet

eroslon r deposi ts forued by unconcentrated runoff or slope wash

together wt bh talus , or othe r trass-Eovernent ac cutrula tions , and

rLndblorn depositsil. The exi.stence of an al1uvial valley floor 1s

theref ore de bernlned to exi.st if :

1 ) Uncot:oltdated streatr-1ald deposlts holdlng strealrs are

pre sent , and

2) There ls sufftclent water to support agrlcr:ltural
actlvltles as evldeneed by:

a) The exls tence of flood lrrlgatlon ln the area Ln

questl,on or 1-"s historical use I

The capablllty of an area to be flood irrigated,

based on s'"reaE- f low water yleld , soils , water

quaJ.ity, topogtaFhy, anC reElonaI pracr.:ces; or

Subirrigation of tne lands i; questS,on, der:-r'ed

fron i,he E:"ou::iiater s:is-"ei c:' the valle;r fLcor.

b)

c)
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ll .1 Scoce

The purpose of this sectlon of ihe report

po tential exj,stence 'of alluvial vaLIey f loors

the areas to be affec ted by surface operations

proposed Scof leld l{ine. '

Surface faclli tles as soe 1a ted rt th

area r111 conslst of the portal area

Iocated in Wlater Quarters Canyon and an

Quarters Canyon.

is to exau,ine 'r,:e

:n and adjacent to

associateC uith the

the Scofteld Ml.ne proJect

and assocl,ated faciltles

aecesslhaul road up Winter

a

fbls lcctlo! of thl! report ls dlvldcd !!to thre€ Parts.

Flrst, a gcD€ral dcscrtDtloa of bba surfecc operatlons aDd 31te

dlsturbaaces assoclated rrltb tb. Scoficld Mlae la pr.seDtGd. nertt

dlscusslors of tb. obu.ctertstlcs oi g.oEorphology and trtl8atloa'

and the nat.r qualLty asd avellablItty of Mud Creek' and lflotcr

Quarters Caayon drahages as posslble alluvlal valley floors are

prescaied. F1!.11y, tbe eoaeluslors of tbe alluelal vallcy ffoor Q
debernlnatlon are sunEarLzed.

I-2 Site Desarlptlon

The cl{nate of tbe g€$eral area is renl.-Brid to arid ar:i

continen',-al. Hean Eontbly tenperaiures I'ange f ron about 5o 3 ic

ihe nld-?Crs. Teuperatures 1n the. region ienc tc be inversell; IreL a'"ed io elevation. Average annuaL lreclpitaiicn :s
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approxinat,ely ?8 inehes. Seven'ry
!

precipi tation f al ls during tne wi.nter

reuainder conlnE as suntrer thunders tor&s

nEFaaati
lJv+ vv.-v

aS S nO-jr*

(.Iep.Dson

of

ri t,h

et ai

annual.

of the

968).

thc

=ost
.t 1

4. ? AI.1 uvl41.- Vallev Floor Charaeterlsti cs

In thls
deteralnlng the

in relatlon to

sectlon of bhe

exis tence of an

the Seofteld Hlne

report t,he varl,ous cri. teria for

al luvLal val ley fl oor are examined

proJect and adJaeeat areas.

ll .?..,l .GeqForohLc Cr.!.terta

Alluylal dcaoslts ln and edJaacat to tbe Elne 9roJcct area are

!bor! on Plata 11 . Plate l l cbors tbr ertcDt of tbe alluvLun as

prrssnt.d by DoelllDg (19?2). 1b1! pllts sbot ! thet tbe alluylu!

ls found Erlrallly eLoDS llud Cr..k 4a Ple83a.!t Yallc:r aad at tbc

Eoutb of llhter Quartcrc and lood! caltoDs. Oaly vcry uarrow bands

of illuyluD ape found along thc latter creeks above tbe canyon

loutb!.

ll .?.? I{aten 0ua1Jt:r and AvatlabllltI

An eva1uatlon of the potentlal for flood €,Frd sub-irritatlon ln

conJunctlon nith the alluvial valley floor dete:'=lnar,j,on is

presented in this secuion.

!'I oor* Irrirati ci:. Flood irriEaticn rear ihe projeci area is

currentty (and has historicaily been) co=:':=ei

areas cf llud C:'eek (in FLeasant VaLlei'r) a.c tne

io

EC

::-€ a!1uvia1

u?: of ?linter
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Quarters Canyon. Hater is di';er;ed ai several points along both

creeks to irrigate'fields on th= alluirium.

Fl,ood irrigati.on has historically not been prac+-iced on r*he

narroh' al luvlun laad upstreas 1n canyons openlng to Ple asant

VaIley. A reconnalssance survey of the surroundiug region

indicates that flood lrrlgatlon is also absent in other areas of
sluilar bydrol ogie , geologlc , and bio tLc charac terls tlcs . The

historlc laclc of flood lrrlgatlon in tbese steep, narror'r canyons

suggests that auch actlvltl.cs ar€ noe feastble Ln tbe reglon.

tf ater quallty of bo th Hud Creek and !iinter Quarters Creek is
very good. A detalled revlew of tbe surfaee water guallty has been

presented Frevlously tn thls report.

Sublnrlgatlp-n, Soue sublrrlgatl,on of vegetatlon does occur on

the alluvlal valley floors shown ln PIatc I 1. Tbe subirrlgated

speeies (nal.Dty rllIows ) are found along tbe ehaFnels of htud Creek

and Hinter Quarters Crcek. Tbls suggests that sublrrigatlon 1s

confined to the chanuel areas tlhere the water table 1s near tbe

surface (Hestern Eesources Developneat CorporatLon, 1 981 ) .

4.4 Alluv.laI-_V-a1'l ev FLoor, fdentlf lcation

Ea-ced on the f oregoing r€cci:.aissance analysts, the eanycn

ficors c'peaiag io Pleasant Yalley can.ot be consiCere: aiiu'rial,

vaile;r floors due to the rre: i 1:siteC area for supportlng an

|'
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agrj-eulturally useful. crop. The valley floor of ]1ud Creek anC the

aouth of hli.nter 'Quar',,ers Canyon, hoHever, can be classif ied as

ailu'rial. valley fioors due to t,he presence of bot,h fLood irr:gation

and lini fed subirribaiion on the ai,lu?iuE. However, it shouid be

noted t'hat the potential for an agriculturalty useful crop is very

Ilni ted . The f lood or subl.rrigated al luvi. aI are as current Iy used

are located over a nlle below the nLne facilities and are used for
pas ture.

4.q PotentJ.al Trn!j'cts to the-,A1.1 uvia-1- YALIey Floors

Plate 1 | shows that the Seof ield Mire proJ ect, area. ls on,e ul1e

above the alluvl.al valley floor at the nouth of Hinter Quarters

Caayon. Llttle potentlal exlsts for the uLue operation to lnpact

the alluvtal val ley floor. The access/haul, road to the ulne wl11

dtsturb e nlnlnal auount of alluvlal area. All surfaee

dlsturbances ln bbe portal area wl11 be protected by sedinenf

coutrol* fac1lltles and have been deslgned and wt11 be eonstructed

aecording to UHC standards and ln an envlronnentally souud tranner.

The hydrologle nonitorlng progr.atr wl11 help detertrLne the

actual lnpact of surface aetlvitj.es and aid 1n seLectlng ui'"igating

treasures r if necessarJr. Howeirer, it is f elt that the Scof ieLd Miae

and assocLabed aetlvites ri11 have no signifieant hydroicgieal.

icpaets to ?he al.luvj.al vai leys. Detalls concerninE *"his

trcn:torii:g .Drograxl are ouiiineC :-n a pre'licus sect:on oi' !hi s

re.Dort.
,l
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ATTAC III,TENT A

WATER WELL INFORI{AT ION

INCTUD ING

IfATER LEVEIS, AND AQUIFER TEST RESULTS

,l
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TabIe A-1. Nliscellaneous

o?
J-

inf orma tion per raining to We t I h.Q-l.

Location
Number:

Log
A -2.

T
I

I

perf ora teti
Il*

Length = 20 feet

(l{or ro Scale)

Hydrologic
Zone Monitored. ComPiped bel,o.Tr- .inr and

rborre coal.
Date DriIIed: I0/18/80 Surface Elevation: 8232 fr. USL

Total Depth; 37I feet Casing Depth: 140 feer

Drill Bit Diameterl - 6 1/8 inches Casing Diameter: 4 inqhes

Static tlater Level.: 8138 ft. lr{SL perforated Interval, 120 to I40 feer

fr steel casing
ground surface

4J
For Lithologic
refer to Table

t{-Q- 1

casiag depth G I40 feer

total Cepth = 371 feer
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Table h-2. Liihologic <iescripiion of f ie11 InQ-f .

t lTiloLoct c oEsGRI PT t0il5

REHTRT,S

grad poorty rortcd. tubrngulr. ttlty.

rltrt intbd lt fy r/ritror crrb €cbrrr
rlnor crlcit. crTrtrlirrtran

| 6ll' - rvltch.d to cctl on

- rod rrEtltrccag lOO.g - lOl.O

rod to uncofitol

in lro tbovc

rtlll erving. troubtc cnragrag PiPC

|rtcr flov rrcrsurcd rt 3i
irrgo$iblc to t:ll yncfa rrrll r.r€urt-df
corl co*r tror

uttcf ostput C!'5EF€d contrCe..bly t]22

CrilliaO 5-t' ic:/hr pullca prFc I t?l'
brt cdrglctety -ern r/one core 6r3rrfl9

'Sqrfrcc rc.ti.€:'!e 55 c:o5!ng noia a I

Holc lunbcr ro- I 
.

a: yl
aaEg-€IO

*h - Erlur. rcrthcfCd. tt brcsa

- b" to bh. v. rogty lroftl, $d ffgillrcrour

frA1, v. rilty. rod cflirol. intbd clry2rh

!t F. y. rllty. rod cduol . fgr (Ferly rortrdl
til tlD lt rrd, y. crlcrrrqrr (v. roct llctl

rod conrol to roft

- C g]'r td, y. crlcrr.qrr (ruct- Hgll, lrd drtllittg
- 4 g!* sof,t. rod .rgllhcrqrr
- lt to dr $:r. rrtlllrcrg$r. v. rilty' rirEc rttrd

- rl llr vlrd (v. crlcrreqrtl rcrcr O-l .O'. gemrutly
csrrol . vffr to f9r dor.a r.ctroo - flo.rinf t-t0

- 6l'1 r+ toft, r. rfgillrsag$. tittoF crrb dcbrir

- gy, rod cqrrol. y lilty. fgr' lt fy' itgr dorn snlt
fzo-ff0:pyrtt otrd l50-t!3., qr. poo"lt €ducl I

r crlcrcosr (v rerct llcll hd drtll

- g', hd. {rrt s h.?C lr rborrl I fgr (rFat Stltl

'|rrle 
rgrrr + 3r rar

gt. ulrd. dgn to f;F. crlcrrcqrr {fcy ccrl ehiPl}
5S - !D/. hd. l9r' r/intctbcdr of filtttqr

t2O lSnrlc. dr gy. gndy

tZO l3H-3S Ey to gr 9y, rod coarol

s.nG3-.ofl. f,f . lt gY. rhrl

:-o -i:E.1 - c":!i .en drill dcp'.h
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Table A-3. Water level Reasurenents in h-eii WQ-I . GrounC
surf ace is approxinalel.r' 3232 f eet abo',re i{SL.

late l lne
Depch frorn Elevati.oa above

Col 1 ar r.r(l Renarks

1?-31-80 13:30

1-28-81 L2:25

2-11-81 Inaccessible

3-I1-81 Inaccessible

4-22-81 12:30'

5-14-81 12:00

7-23-8r

9-22-81 12:35

11-13-81 1I:18

96..4

95,8

95.88

95.2

94.22

96.r4

95.94

8138.:

8138 .3

8138 .7

8139

8140 .4

8138.5

8138 .7

Co1lar is 2,59 feet
above ground surface.

ll

tt

t
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Tabie -{-4. Tabulated slug tesE daca ror l-.relL -rl,,-Q-l conCucted
when hole terminated in ine zcn,e abcve the coal.

Ground Surface'Elevation =
Static Depth to Water =
Radius of llole (r) =
Depth of Hole =
H=

o

8232 ft. l{SL.
79.3 feet
3 LlL6 iaches (0.255 feet)
371 feet
6.75 feet

Date TLne c
(sec)

Depth to
rfater

( feet)

H
(feet) *t"o

10/l s/80 10 :51

10:54:45

l0:56 I 45

10:58: 15

l0 :59:52

i I :00: 30

Il:02:30
11:03.30

11 :04:00

11:05 i 00

11 :06: 30

I I :07 :30

l1:09:00

11 : l0: 30

11r12r30

73.05

7 6.29

77 .4L

78.12

78.51

78.80

79.02

79.15

79.?2

79.37

79.52

79.60

79.66

79.71

79.81

seconds

6. 75

3.51

2.39'
I .68

l.2g
I .0c

0. 7g

' 0.65

0. 58

0.43

0. 28

0. 20

0.14

0.09

0. 00

I .00

0 .52

0,35

0.25

0, 19

0. 15

0. I2

. 0.10

0 .09

0.06

0 ,04

0 .030

0. 021

0.013

0.000

0

225

345

375

532

570

690

750

780

840

930

990

1080

I 170

12 90

At Uatch Line t - 83

2

T --J--t natch = (0'3:5)z - 0.00028 frZlr"" il ia6 gpd/ft
83

:l
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J,

lr la rrcorrdr

Figure -i.i- Gr'api iai resurts of the slug !c.;: ,-.,..
'.JeIL t'fQ-l conducted when hole i._-,=:::a;e:
in rie zone above the coal.
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TabIe A-5, lti-qceI laneous information pertainlilg :o lje lL 'h;Q- 14.

Loca tion Hyd;o Iogic
Zone ltonitored; Combined below. in andNumber: 'C0- lA

above coal.
Date Drilled: 10/23/80 Surface Elevation: 8231.9 feet llSL

Total Depth3 640 feet Casing Deprh: 189 feet

Drill Bit Diameter: 6 I/8 inchgs Cas ing Di ane teE ! l+ inches

Static LJarer Levelr 8127 feet l{SL Perforated Interval3 169 - 189 feet

{." steel casing
ound surface

For Llthologic
refer to Table

Log
A-6.

T-
I

per fora ted
I

.f_

length - 20 feet

casing ciepth = 189 feet

(Not, :o ScaIe)

iotal iepth = t40 feer
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Table A-6. Lilhologic description cf i:elI tiQ-lJ. I
t{Olc llgrOcr I(J- ll

rri?i"t

% ROCX CLASSIFICIT

totnr , g:t to ck gy. rrc afrrn
a - E( r/corl fngr. Y^/rntb€ rl

- jll , tg to ilg r. .od ,conrol

ttO 135 - gr;f. rhrftdrnt bh dr+ vfgr. corl C bh !h frrgr.
(?l - drill.d y.ry frrt. verl 3p.r1r. euttingf

l4.O iec. t..O lOt)I

- dt g'r hd, rt crlcrronr
- ft, nftdl v ctlcrronr, vfgr, [rrirr
- t* to 6I gy, rlnor corl fngr

- f,!. vfd, v ctlcercgt. r.ttirt

- 5h. H. rl lltt. .r 31.gk n rRofa

intact, rod gyrttr rlcrg clert. riaoc r*.r tstcd
bfignt (rgnndrnt vitrrral

- lnt ct. rorr gyprur cifrtatr occ.3io.r.i Fyritr
rd.r. tpod cl.rt. v bFlg{rt. 

'r0 
portlrrlE

- *d gr. lly - corllfird rmtr

55 - 9f to dr, iglr. !r ycl! rortcd,

- lt gy. rjrr. y hd. tl srlcrreotrr

th - rntEd. f..et |'r.td

Str - iy :r. roft

L lrHotGi c D€ ScRtPTIofis

f,fH/tt15

co.rtinucd frs lo4l

I rlt'

.pg..rr cr.':frs.lin {llh. qu.ftaitr,

I tto.3-trt.6i Go.l

I t19.69-t2O.l5 flocr

-

t.O-grt.l (Ut.h tt.rc GGalottrt: -

: l.O-5rt.1

^ot 
ctlcrrccua

tr- '3:t. r

3h - br ty. r.firy

I
lCSlrL - crt.D lA.lc



Table J-:. Water Level
surface is

99

me asuremen'.- s ia lfe 1 1 trQ- ii .

8231.9 feet above USL.
Ground

,|l
Date i lrTle

Ddpth from
Coi ler

Elevetion above
\{qi
-.9 u S.errarks

t2-31-80

1-28-80

2-1 1-81

3-1 1-8 t

4-22-8L

5-13-8 r

7-23-81

9-22-81

11-13-81

13 :45

I2:36

Inaccessible

Inaccess ible

11:43

10:40

12:55

10:55

107 .4

111.07

8127 .90

8I2t,. .23

Coi lar
grcund

is 3.e ft. above
surface.

tl

100.72

104.14

102.32

104.93

100.47

8i34 .58

8131 .16

8132.98

8130.47

8134.93

tf

ft

tl

tl

ll

it
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Tab1e A-8. Tabulated s3.ug test data for h'ell 
"'Q-IA 

conducted in
open hole wheri hole Eerainated in eoai zone.

Ground Surf ace Elevati.on = 8231. 9 f t. MSL

Static Depth co i.later = 154.85 feet
Radius of 'Hole (r) = 3 U15 i.nches (0.255 feec)
Depth of itole = 520 feec
H = 4.85 feet

o

Date Tine
t

(sec)

H
(feet) "r*o

Depth to Water
( feec)

L0 123180

At ltatch Line t - 100

0

90

150

240

300

360

480

600

900

1260

2

=r=t neEch

seconds

J(o:ff5)- = o.ooocsr00

4. g5

2.94

2.28

1.62

1. 34

1. 06

0.69

o.4i
0. 10

0 .02

1.00

0, 61

0.47

0. 33

0. 28

o.22

0. 14

0. 10

0.02

0 *004

151.91

L52.57

153. 23

153.51

153.79

154. 16

154. 38

154.75

154. E3

t

fa2/""" = 42o e1,d / tt
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Tabie.rr--9. TabulateC slug Eest data for iieil WQ-14 conducred in open
hole terninated in zone below coal.

Ground Surface llevation =
Scatic Depth to Water =
Radius of 'Hole (r) =
Depth of Llole '=
H=

o

8231.9 fr. ltSL
116.58 feet
3 ]lL6 inches (0.355 feet)
540 feet
9.4 feet

Date Tine
t

(sec)

H
( f eet)

*/*
o

Depth to I{ater
( feet)

LL|T 180 0

30

90

120

150

?10

27A

330

390

450

510

570

630

750

930

1110

1410

1710

1950

9.4
8.12

6. 11

5,55

5.13

4 .43

3.86

3.45

3. 02

2.7 5

2.53

2.35

2.20

1. 93

1.59

1.54

L, !+7

1. 30

i.26

1.0
0.87

0.55

0.59

0. 548

0 .473

0.413

0. 369

0. 323

0.295

o.27L
o.252

0. 236

0.207

0.182

0. 155

0. I50

0. I40

0. 136

109.46

110.47

111.02

111.45

112.15

LLz.72

113. 13

113.56

113. 83

114.05

114. 23

114, 38

114.65

114.89

115 .04

115.11

115. 28

115.32

-1,: I'jarch L:ne i =

T==?t "".ch

35 secc::is

)
_ ..(?.25i)- =! 4-iJJ

?a,

C .00048 i t*,i sec 111 gpd/ft
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3. [i ractndt

A-3. Graphicai resuiis ::- the siug :est
Well Wq-lA ccnductec when the ::oLa
inateti below the c:aL zone.

lo.oo{t

Eera-
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a

I

t

I

I

t

a

I
o

I

lu=
I
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lii

F:-gure
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Table A-10. Tabule.;ed drawdorsn and recovery data for i.rell WQ-IA. r
Date Time t t'

(nin) (nin)

Deprh
t / t' 'resar

lr#-\
\- b/

Drawdown
(ft)

Reuarks

5-15-8r 3:40 0
I
3
6
9

11
15
r9
2'L
26
29
35
40
45
52
62
70
80
90

100
110
120

, 120.5
121.0
121.5
122.0

. L22..5
123
L24
125
126
126.5
128
130
r32
134
136
138
140
145
150
160
i70
180

103.99
105.29
r05.89
105. gg

106. lg
106.45
10 7 .05
107.49
107. 97
109.03
l0g. g5

I 10. 70
111.35
lll.gg
I 12.32
113.53
114.46
I 15.93
I 16.93
rl7. g0

I 19.55
119.06
I 19.67
115.44
I 15. 95
I 15.77- 
115 .59
I 15. 34
I 14.97
I14.67
I 14.59
I 13. gg

113.93
I I3.60
113.41
11 3. 23
l !.3. c5
I I2.93
LL?.77
112.47
LLz .23
lIi.:8
1il. . 38
lli.c8

0
I .41
2.0I
2. 11
2. 30
2.57
3. l7
3.60
4,09
5. 15
5.97
6.82
7 .47
g .00
8.44
9.75
10.59
11.95
13.05
14.02
L4 .67

r 15.18i t4.79
12.55
12.07
11.gg
11.70
ll.45
ll.0g
L0.79
10.70
I0. 10
10.05
9.72
9.53
9. 35
g. 17
9.05
g. gg
g.5g
g, 35
7. 90
7 .50
7.ZA

Flou - 5,9 gpm
Hole is cased to
depth of f26 feer,
Caslug f.s perforated
lower 20 feet

tn

;,

0
0.5
1.0
1.5
2.0
2.5

3
4
5
6

6.5
I

l0
l1
14

24L
121
81
61
49
41
3r
25
2t

19.5
16.0
13,0
ll.0
9.6
8.5
7.7
7.0
5.8
5.0
4,0
3.L
3.0

:.5
i8
:0
i)
-tc
40

--u
trrJ
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Tab!.e A-13. I'iaE€r level
surface is

'f,Q

rrilegsu refiien I s
8i67.06 feet

in I'Ieil if6-5. Ground
abor,'e ]1SL.

Dai e T ime
Depch from

Col 1 ar
Elevation above

!!SL Renarks

1 3-3 1-80

2-11-81

3-1 1-8 1

4-22-8L

5-14-81

7-23-81

9-22-8L

11-13-81

L4:15

Inaccess ible

Inaccess ible

i1:00

9: 50

11 :45

9:50

115.05

90.5

111 .31

110. 5

111 .2

111 .41

8053 .51

8079.06

8058.25

8058.96

8058.36

8058. t5

Col1ar is 2.5 feet
above ground surface.

tl

ll

t

,l
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Table A-14. Tabulaied slug resr
hole when hole rerainated

110

data for I.:eLt WQ-6 ccnducted i:r
ln zc::,e above coal.

Io9en

Ground Surfaee Elevarion
Static Dep'th to l{ater
Radius oi Hole (r)
Depth of l{ole
H

o

= 8L67 ,06 f r. USL

= 88.65 feet
= 3 U16 inches (0.255 feet)
= 200 feet
= 12.15 feet

Date Tiue
t

(sec)

H

( feer)
*ttoDepth to Warer

(feer)

10 /2el80 0

60

120

r80

240

300

360

420

480

540

600

72Q

840

1560

12.15

8. 32

5. 65

3.39

2.03

1:32

0.79 '

0.44

0.27

0.15

0 .09

0. 05

0. 02

0.02

1.0

0. 5g

o.47

0. 2g

0.17

0.11

0. 054

0.036

0.022

0.012

0.007

0.004

0. 002

0.002

80. 33

83.00

85.26

86.62

87. 33

87.87

88. 21

89. 3g

89.50

88. 56

88. 60

88.53

89.63

t

At }larch Line t = 35 seconds

1
L

T- E- i match

7

_ (0..25-5 ):
A-J) = 0.00186 ftZ,rse" = l-Z0L EPd /fr
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Figure A-7. Graphic+J. results of the slug test for
I.Ie11 WQ-6 ccad,uci=: -cn€:: the hoie cer:u,inaied
in ihe coal zone
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Table A-16. Tabuiaced slug test data
hole when hole terai.nated in the

for .l.iei: ;Q-5 conducred in apen
zcne belc*- the coaL.

8i57.C5 fr. MSL
99.1? feet
3 L l]-:5 ieches (0 . 255 f ee r)
+4L ieec
10.82 feet

Ground Suriace Elevation
Static Depch Eo Water
Radi.us of tiole (r)
Depth of l{ole
H

o

Date Time
c

(sec)

H
( feet) "/t o

Depth to WaEer
(feer)

10 /30 /80 0

30

50

ul0
180

210

240

300

390

420

480

540

600

560

At Dtatch Line r = 23

_2
ar==

t natch

89.66

91.46

94.30

95.27

96.17

97 .23

98.09

98. 38

98.48

98.57

98.68

98. 70

98.72

10.82

9.46

7.66

4.82

3. 85

2.95
-1.99

1.04

o.74

0. 64

0.55

o.44

0.42

0.40

1.0

0.97

0.71

0. 45

0. 36

0.27

0. 17

0. 10

0.07

0.06

0. 05

0 .041

o,039

0.037

seconds

(0 ' 3:5) 
2 

- 0.002g3 f 12 /s"c = lSzB gpci /f t33
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Table A-17. Tabulated recovery daca i:r lielL i.IQ-6.

il

I ii

Date Tiae t (rio) ttr*, t/c'
Depih
l{aier
(feec)

Drawdown
(feet]

Remarks

5-15-81 1:40 0

3

5

l4
19

25

27

30 .5

32

34

36

38

40

42

46

48

50

55

70

80

90

alz

6.4

4.9

4.0

3.5

3.1

2.8

2.4

2.3
2.2

2.0

1.6

1.5

L.4

l0;.32

r45.55

143.51

I40.50

137,86

135 .43

133. I 9

1 3l .07

127 .67

125. I I
124.,83

L22.24

117.02

r15. 15

r 13.91

38,23

36.19

33. l8
30. 54

28.11

25.87

23.75

20. 35

18. 7g

17.51

14. 92

9. 70

7 .93

6.59

;
3.5

5

7

9

I1

13

r5

tg
2L

23

28

43

53

63

Flow E 4,6 gpu

Ilole is cased to a
depth of 336 feet.

Casl.ng Ls perf orated
in lower 20 feet.
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Figrl3g A-9. Graphlcal results of the recotrery test concucted
in Well WQ-6.
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TabLe A-18. l4iscellaneous

118

information pertal:ring Eo ''ell ';Q-E,

Loca tion
Number: t.Iq-8

Date Drilled: LL|T 180

Hydrologic
Zone Honitored. Combined below, in, aad

above coal.

Total Depth: 340 feet Casing Depth:

Drill Bit Diarneter: 6 1/8 tnches Casing Dianeter:

Static 'w-ater Leve13 8058 feet MSL Perforated Intervals 106 - 126 feet

4" stsel caslng
grouud surface

For Lithologlc Log
refer to Table A-19.

rfo;ated leng-,h r ?0 feet

casing depth E f26 feet

ictal deoth = 34C feet

Sca le )

Surfaee Elevation: 8120.75 feet HSL

I26 feet

4 lnches

e;

T
i

Pe
I

i

-L

( liot tc



{l Table A-19. LithoJ.cgie :=scriprion of i..re11 ',JQ-8.

tblr l{unbcr __.._r{__

OESCFITTIfiI

- F. rgr. rcd g:r rh fr.Er

- Elrr hd, rou.rd&rt c.rb *r frrgr

I g dr lntrl - rrd.

v/er leodl dt g4y rtr, vfgr $nd

- 9y. rofg. rod ctrrol , r*gillrcrcrr

- f,|tr pbdd. drd. latrct c*a rlictrcnrllrlE
- lf .bor$, v bGa'|, tpp.|'t tg b. rhcra lorl
o.Fcuf (prl.rr.:f larl r.crldtd ferqr

+ ffr I toft tg drd, -d cort rnd Grrt
- tik. y ctrt, rh{rdral ccai bahdf

- U(r flrd, blryr btt 1.5
riru ltqrri3r ..S *r rlcrg €l..tr aotrd

-.llr. €rrb and cal rootirrl ttrfqr$roscr rrtrrr fgr

rritlirr.

y4;
LtTI{oL0Gtc D€sCnIPrtors

FICrTilr

I trccqrr

- tly to * gy, Fld .od C*rolr cin !.trd. ilod bk rh I

- r/s (roc1 a* .oo*

-lt u rfl

- lt gltr rrlrivc. fgr. ceffce grostci or lb.v'y rln
rn Dt|r

r$rAnrs

str clrr lr frirly hd Y/ .od t rllror rnto€
gPa, aPFr.,rt

frcr.cort I 6G.

L.trf
:i5.':ao

il
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Table A-20. lriat er 1evel

surface is

120

meaSu=e,-nent S

8120.75 feei
in liell. i'"Q-: - Cr:und

above llSL.

Date Tine
Depth from

'Co11er HSL Rens:ks
Elevation

2-11-81

3-11-81

4-22-81

5-27 -8L

' 7-23-81

9-22-81

Inaccessible

Inaccessible

14:05

11 :30

54.86

54 .9

60.22

60 .34

8056.29

8055.25

9050.93

8060.91

Co-lar is 0.4 feet
eb:ve grcund suliace.

tl

tl

ll

tl

hf,r#

t
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Table A-21. Tabulated sJ.ug test ciata for I'ie11 'rfQ-3 conducced ti: open
hole when hole terainateci i.n Ehe zone above the coal.

t

Ground Surface Elevation
Static Depth to l.later
Radl.us of Hole (r)
Dep ch of llole
H

o

= 8120.75 f t. !{SL
= 53.0 feet
= 3 L|LS inches (0.255 feer)
= 161 feer
= 41.5 feet

At }latch Line t = 500 seconds

?2
T -..E-., - (O'zsst- -.00013ftZ/"". - g4 gpd/fttnatch ff- = o

Date Time
t

(sec)

H
(feet)

*rtoDepth co Water
(feer)

LLlT 180 0

65

125

185

240

300

360

420

480

540

600

560

720

840

960

1020

1320

1620

1920

2220

?q?n

2820

3120

3420

3720

41. 5

38.00

36.55

35. 20

34 .00

33.02

32.L7

31.29

30.30

29.43

29.59

27 .75

26.87

25 .27

23.75

23.03

19.63

!7 .47
1j it

10. 80

9. 32

r.5)
5.67

J.cy

1.0

0.92'
0 ,88

0.95

0.82

0. g0

0.775

0. 754

0. 730

0. 709

0.589

0. 569

o .647

0.609

o.572
0 .555

0.473

0.4li
0.301

0. 250

0 .222

0. 189

0. 151_

U.AJ/

c. l-i4

25 .0

26.45

27,80

29.00

29.98

30. 83

31. 71

32.70

33.57

34.41

35.25

36. 13

37..73

39.25

39. 97

43 ,37

45.93

50.49

5? .20

53.78

J.f . L)

56.33

)I.JL

58. 38

{l
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Figure -.\- i0. Graph::al, :e:';its of the sJ-ug tes:
conducted :: ilell .'1,-8 r,-he:r ihe hoie !er:r-
inaced ebove :he c:ai zcce. t



Table A-23. Tabulated slug tesi
hole when hole tetminated

I ??

data for i:eiL iiQ-8
in the coal zone.

coniuciei :n open

j

Ground Surface Elevation
Static Depth to Water
Radius of.HoIe (r)
Deprh of llole
H

o

= 8120.75 ft. HSL

= 64.0 feet
= 3 1/16 inctres (0,255 feet)
= 250 feer
= 20.0 feet

Date Tine
t

(sec)

H
( feet)

tttoDepth to I{ater
( feet)

1r,/8-80

At l{atch Line t

0

45

120

180

240

300

360

420

540

600

720

840

960

1080

1200

1320

1440

1560

1680

= l35 seconris

47 ,O2

50. 93

52.37

53 .44

54.36

55.03

55.7?

56.93

57 .53

58.53

59.45

60.24

60. 92

61.48

61. 99

62.40

62.70

62. 91

20 .00

16.98

13.07

11.63

10.56

9.64

8.97

8. e8

7.07

6.47

5.47

4.55

3.76

3. 08

2.52

2.01

1. 60

1.30

1.09

1.00

0. 85

0.65

0.58

0. 53

0 .48

0 .45

0 .414

0. 354

0.324

a.?74

0.228

0. 188

0. 154

0.126

0. 101

0.080

0 .065

0.055

?
t

= t nat ch

j
(0.25r) -=- I A-IJf{.Jl = 0.00048 ft2is"c 3:: gpi ''::
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Table A-23. Tabulated siug Ees;
ho le when hole terainatec

r25

daca for r"1e11 lfQ-8 ccnduc--ed in
:.n ::e zone below the coai.

= 8120.75 it. l{SL
= 64.?2 feet
= 3 LlL6 inches (0. 255 f eet)
- 340 feet
= 27 .8 feet

oPen

!

Ground Surface Elevacion
Static Depth Eo l.iater
Radius of .I{ole (r)
Depch of HoIe
H

o

Date Tine
t

(sec )

H
( feet)

H/HoDepth to l{ater
(feet)

|

11/12 /80 0

30

90

120

180

240

300

360

420

480

540

600

780

900

1020

1200

1500

1800

2100

2400

27 .g

26.55

24. 11

23. 03

20.42

18.13

L6.22

14. ig
12.89

11. 44

10. 24

9. 14

6-,41+

5 .06

3.9r
2.65

l. ))

1. 13

0. 94

0.84

1.000

0. 955

0.867

0. 828

0.735

0. 652

0.583

0.518

0.464

0 .412

0. 368

0,329

o.?32

0. 182

0. 141

0.095

0.056

0 .041

0.034

0. 030

Ac ll,atcr Li:le

33.67

36. 11

37. 19

39. 80

42.A9

44.00

45,93

47. 33

48. 78

49.98

51. 08

53. 7E

55.15

55. 31

Jl.)t

58. 57

59.09

59.28

59.38

seconcs
1

{0.2:-r)-
=tt,

l- l--

t
2r

i-l
i naEcn

,!

0 .0005; ='--' / s". 368 gpd /f t
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when E::e ho Le -ren::ac=-c :e Low
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Loca tion

ldQ-10Number:

Dare DriIls6 3 llq!,enber 198 r

Total Depth: 1.460 feet

Drill Bit Diameter:

St,atic Water LeveI:

casing depth = 900 feet

127

TabIe A-34. l'!iscel l.aneous infori:rari.cn ;e:tairing
t

Hydrologic
Zone Honitored. Combined below, in, and -aDove coal.

t{e11

Surface Elevation: 9077,15 ft. iisl

Casing Deptht 900 feet

6 Ll8 inches Casing Dianeter:

8470 ft. MSL

l+ inches

Perforated Int,erval3 None - oOen end

f4" steel casing
ound surface

t

t
iepch

(]ior Ec ScsLe )
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Table A-25. .{ater 1eve1

surface is

l2g

neasurement s

9{177.1i feer
in r.jeli r."t-i(1 . Grouni

above ]ISL.

Dace Tine

t
Deech f rorn

ioi.l ar
Elevation abot'e

}!SL Re=srxs

I I -t1-Bl

I I -13-81

51.1

507

8t+56

8470

Collar is assu=,ed Er be
3 feet above g:ound surface.



11(I

Tacle A-35. ll:sceiLanecus infornation pertai.ning to iv'el.i t;0-ll.

Loca tion
Nurnber:

h'Q-l1

Da t,e Dri 11ed: October, 1981

Total Depth: 1560 feet

DriIl Bit Diameter:

S.t a tic f.ia ter Leve I :

6 1/8 iuches

8432 f r. FtsL

casing depth

Hydrologic
Zone Monitored. Combined below, in, and

Surface Eleva

Casing Deprh:

above coaI.
tion. abt. 9300 feet ySL

880 ieet

Casing Dianeter: 4 inches

perforated Int,erval. None * open end

tr steel. casing

ground surface

tcta L iepth
fl

(Nor ro Scaie)

E+



t
Table A-l;

i30

h'E--3T level measurenents in
su:iace is abcu: q300 ieer

ifeL1 ir'q-ll. Ground
sbove :'1SL.

Deptb. from
Coiiar

Ilevat i.on
rrq:
I IU!

above
Date Time Rernarks

r1-5-81

1 1-13-81

889.5

870.0

84r2.1

8431.7

Collar is 1,7 feet above
ground surface.

;



Table f,- 2!. r':iscei Laneous
i.jeli ::o-13.

131

inf or::nat ion peria ining to{l

il

Locatlon
Numbac

''rtIO-12
Hydrologlc
Zone Monitored: Abc'.'e Coa L

Date Drllled:

Total Depth:

Statlc Watsr

November 19Sl Surface Efevatlon: 8n55.:5 ft l,lsl
Lue

Casing Depth: 50 fee:

Gasing Diameter: 5 inche s

Drllf Blt Dlameter: to 50 ft; 6 1/8" to Perforated lnterYal; 30 ro i0 feer
28O tc.

frorn _13{l to 280 f t.

Level: _8naq ft. ySL
Rffi; T 7/B',

Steel Casing

lround Surface

ft. concrete

ft. Bentonite

SeaI

Seal

Casing Deptl'. = 50 Seet

lrevel Pack

rforaEed Length = :/) feei
T

Pe

I

(t{ot to scale}

{_l
ilonrr ''oncrele P-:: = l3- iee:



t
Table A-29. i'iat+r Level

surface is

L3?,

EleaSUrements
8065.25 t-eet

in :;eL i. 1iQ-L 3 .

above ilSL.
Ground.

Dete : Ine
Depth fron

Col Lar
Ele'ration above

r.lql F.enarks

l1-r0-81 L8 :05 lb.?3 8049 .04 Ccller is 2.51 feet
above ground surface.
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Table A-30. Tabuleted drawdor.m a:r.d recct"a::: Cata fcr -..e11. :in-l3.il

Date Tirne E

(srin)
tt

(min )
tl t'

lepta
i'iater
(f:)

DrgwdoT*T,
(it)

Remarks

1 1-10-E1 l8:05 0

1

2

3

4

5

6

7

I
I
10

1l .5

t2
13

14

15.2

16

L7 .2

18

'19

2A

22

24.2

?6

28

30

35.3

40

t,=

18 .55

2r.37

2L.96

22.92

23.73

?4 .53

25 .29

25 .7t
26.33

26.98

27 .43

28.11

28.35

28 .81

29.23

29 .69

30 .04

30.43

30.71

31.13

31 .54

32.27

32.83

33.35

3&.05

34 . {.9

35.75

36.89
A- t-
J,.Ir

0

2 .54

3 .23

4. 19

5.00

5,80

6.56

5.98

7.60

8.25

8.70

9.38

9.52

19'oe
10.50

10.96

11 .31

11.70

11. 98

12 .40

12. 81

13. 54

14 .10

LL .5?

15.32

15.76

17.02

1q.15

i9. i!

Flow 36 g?n
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Table A-30 coniinued.

t

Dete i.lne c
(nin )

-tL
(rain)

Septh
'.ia 

E er
(fc)

!1--..,i^--
lJ l' c, .r 

-Jwl,i
/ t- \1--,.

Renarks

11-1r.-81

51

56

60

55

70

75

80

105

1i5
145

175

205

235

295

355

415

425

475

565

655

7h5

775

835

835 .5

836.0

836. i
837 .0

837 .5

338. i
838. i

38 .96

39 .88

40.33

40.48

40.60

40,64

40.64

40.74

40.77

41.19

41 .09

42.06

42.63

43 .50

46.01

,'55.12

45.93

f+5.70

45.93

46.00

46,36

46 .00

47 .25

45 .03

44 .80

Lt ,74

Itl... fl|

4i.52
!t!r, . !+fJ

t, t, 't l,
--. J+

20.?3

2L .ti
21 .50

2l .'i j
21 .87

21 .91

21 .91

22.01

22.W

22.46

?2 .36

23 .33

23 .90

23.87

27 .28

25.39

27.10

26.97

27 .LO

27 .27

?t .63

27 .27

28 .3?

26.31

7.6.07

25, !i
25 ..iS

25.:9
nS :i

?< :i

0

0.5

1.0

1.5

2.0
j1

3.0
?;

l67L

836
--- a-))t.ot
r18.50

JJ)

??o 1?

r?o iA
-Jf 

.JJ

Flow 36 gpm

Punp Off 4 nin.

Flow 27 gpm
Cut Back l{ater
Level Dowu To Puuo

Flow 27 gpn

Runp Of f 0.5 nin.

Fl.ow ?i gpn

Water is Spilling
Inside Casing
Very Loud
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Table A-30 coarinued.

DaEE i j-me ?

(min )
tt

(arin )
r.it'

Septh
i..ra E€ !
(it)

Dratrcic.*nr
(fr) R.e*erks

839.0

839. 5

840.0

841

842

843

844

845

847

849

851

853

855

857

859

861

863

865

870

876

880

885

890

895

905

915

a?6

935

9L5

e55

965

9i5

4.0
I+ .5

5.0

5

7

I
I
10

12

14

15

18

20

22

24

25

28

30

35

4r.

45

50

))
60

70

80

91

i00
110

120

130

140

209 .7 5

186.56

168

140,17

1 20, 29

105 .39

93 ,79

84 .50

70.58

50. 64

53. r.9

47 .39

42.75

39.95

35.79

33.12

30.82

28 .83

24 -86

2L .37

19. 55

17 .70

16.18

7+.92

12.93

LL .44

10. 18

9.35

8. 59

7 .96
'i l, F,

5 .95

l+lr.32

44 .27

44.24

t+4.L7

44.t2

44.07

44.03

43.99

43 .95

43.96

43.90

43.7L

43.69

43.66

43 .64
.43 .60

43.50

43.43

43.29

43.01

42.95

42.79

42 .62

4? .38

42.O9

41 .81

41 .35

40.93

!+0 . !+8

39 .87

39.05

37.96

25 .59

25 .5!+

25.51

25 .44

25.39

25.34

25.30

25.?6

25.22

25. 13

25,07

24.98

24,95

z+.93

. 24 .gl
zi .g7

24.77

24.70

24 .55

24,29

24 "22
24.05

23.39

23 .65

23. 36

23.09

22 .62

22 .20
6l --lL.I)

21.le
2C.33

19. i3

I{ater Continues
Spilling Inside
Cas ing

I'late: Slili ing
Ins i:e Ca s inz
l,incs: Gone

f_l
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Table A-30 continued.

Daie Tine t

(min)
il

(nin)

9estn
i.ia;: r
/ F- \

3:at*'Ccw-n
(fc)

ienarks

986

995

1005

1015

1025

1035

r045

1060

1075

1090

1106

1125

1200

151

160

170

180

190

200

210

225

250

255

271

290

355

6. 53

f,, 7,

5.91

i .6L

5 .3e

5.18

4.98

4.71

4 .49

4.27

4 .08

3 .88

3.29

Jb. )s

35 .3i
34.05

3?.79

31 .64

30.55

29 .58

28 . !.5

27 .L5

25.30

25.56

25 .04

22.7?

17 .85

t6 .62

15 ,33

14.06

12.91

11 .83

10.85

9.42

9.42

7 .57

6.83

6.31

3.99

Water ilas Stopped
Spilling Inside
Cas ing
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Figure A-13. Graphical results of the drawdown tesE for tieil. I.io-13.

go

It
I tooo

:l



t
138

o
a
C

G13t
ott
la
o

-___i --.-.._t__-:_;:i.:_:;=l-:r_:

lo

o,
tO t0o

lrtlc tr{

Figure A-li. Graphicai. results oi the recoverr tes: conductei intle 11. r..j(.}- I 2 .

tooo



rl

ATTACHHENT B

WATER QUATITY ANALYSES
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Table B-1. 'Resultsquality

i40

of chenical analyses
sauples collected at

of surface water
Stati.on U-l.

DrCr 10-12-10

Flor. cfr l..t
Srcilic CoductrFct, rdror/cr {00
Ti.p.r.tnrr, Air oE 

- 10

Tcrprsrtutr, UrGcr oC 4
pll t. t

5. t0
.0,01
0.0t

0.0t

0.040
eO.0Ol

16. t

t.o

160

<0.01
Ito.60
tlo

t.0
{0.0O1

0.050
0.036

<o.001
r1.20

c0-001
so.00t
c.14.

eO.0Ol
u.92
0.013

r0.0002
< 0.001

r.tf
.0.001
0.00r

6.e0
0.00t

.0.001

0.0:J
0.00t

( 0,001

r.7
0 .001

r 0.001
0. ll

0.c6t

ll-? t0 1l-11't0 t-it-r t

tl5
t
0
7.7

0.40
.0.0t

0 .21

0. t0

0.060
0.000

12.0

26.0

252

{0.01
Itl.0r
!!2

t6.o
{0.001
0.0t3
0.020

. b.oor
6t.00

{0.001
0.002
o.130

0.002
11.00
0 .010

<0.0002
< 0.001

r.5t
{0.o01
<0.001

12.00
0.0t5

.0.001

0 .0r0
0.015

< 0.001

t.tJ
0.00t

< 0.001
0. lf

0. 010

t.40!

< t.001
< f.001

1.30J

1-r l-tl

Inrccrrriblc

Fll-rl

Itrceerr ihlcl.?
225
I
0
r.l

1.6
410
6
I

t.t

Oil I Grrere
mair m |rtl!-l t/l
ttitntr rr ll0t-f{ r3/l
t{itrit. rr llol-tl rt/l
[itro3ea r. uEtDlf,L (?otrll q/t

?hcrphrtr rr t0t-? ?ctrl rall
ttorphrcr u F0l-l Orthl 4/t
trltrtr rr totl t/l
Sulfidr 4/l
tctrl Surpradrd lcllJr rf/l

?otrl Dfurolvrd lolldr r3/l
Tocrl Corburcibk Solidr
Crbonrsr rr COt 4/l
licr$omtr m f,00t q/l
Altrllnicy r Cr€Ot (?otrll rg/t

?atrl tlrdnrrr m Cdtt rj/l
fsidiSt rr CrG0l rf/t
lrreric rr tu (Totrl).r/f
frriur rr ll (totrfl rt/t
lorocrrI(totrllty'l
Grdrlrr rr Crl (tlrrfl rf/f
Crlcirn rr Cr rt/t
chroriur r Cr (tctrfl rf/l
Copger r Crr (trteft rdf
troa rr re ttctrll r/t

Lmd u lb (totrll r/t
Itrtncrinr rr tlg ry'l
llrngrnrrr er !h (totrl) rf/f
llrrcury rr tl3 (Totrll f/f
l{ol;bdrnn rr lb (Totrl) df
tdtil.ai{il il tr c/l
lrlrnirr rr Sr (Totrf ) ry't
tilver rr Ar (fotrll */l
Sodirrl rr tlr rg/t
tinc rr h (tctrl) q/l

Arrcnic rr Ar (Dirrolrrdl rg/l
Alurinur rr Al (Dirrolrcd) q/l
trriur rr tr (Dirrolvcd) r1/l
loron rl ! (Dirrotvcd) tflt
Crdriur rr €d (Dirrolrrd) q/l

Chloride rr Cl (Dirrolvrd) ag/t
Chtoaigr rr Cr (DirrolYcd) rr.ll
CopFer rr Cu (Dirrolvcd) rq/i
lluoride rr f (Dirrchrd) rg/1
lron rr Fc (DirrolvGd) rt/t

5*lcrriur rf 5c (Sifrolverl) rg.,r!
Silvcr rr Ar (Dirrolvcdl ag/i
tinc rr 3n (Oirrctrcd) rg/t

.0.01 l.to
<0.01 {0.01
0.15 0.2t

0.20 0.10

0.160 0.120
{0.001 0.0.0

rt.0 lt.o

&.0 t.0

252 t3l

<0.01 <0.01
lrt.?2 t?t.tt
2?6 22h

16,0 t.0
<0.001 <0.001
0.026 0.01t
0.066 0.0ut

Lrrd rr ?b (DirrolYcd) n3/t <C.001
lhnfrncrc rr lrn (trirtolvcd) ::g/1
r{€rc:rry 1s iig (Oirrolvcd} mqr I
ttoiybdeniun or lto (iirroivcc) -rll
Hicicl rr .tli (Dirrolved ) :rg./ I

<0.001
?6. EO

(0.001
<0.001

0. Ito

< 0. col
( 0. 001

0.020

cO.00l
rt.t0

<0.001
0.010
o.lJo

o.ol0 0.001
r. lt lt.tr

0.030 0.01t
{0.0002 (0.000t
{ 0.001 ( o.lxtl

t.rr 1.50
.0.001 0.001
.0.001 <0.001

It.to &.t0
0.022 0.00t

(0.oot

0.0?0
0.0t0

r 0. 001

t.6
0.001

<0.001
0.ll

0.$0

0. C07

. 0.001

0.025
0. 0?0

< 0. 001

0.ia
0.001

< 0.001
0.tt

0.040

<0.t01
0. 115

< 0. eoi
<o.iot

c. cc'

( 0. C0l
< J. C0t

-1. c02

p
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TabLe B-1. Contlnued.

D.i.

Florr, cft
Spccilic Cocductrncr, rdror/ra
?rrpcrrcurr, lir oC

?ufcrtturr, grErr oC

plt

Oll I Grrrtr
laonir rr ltttl-tt rt/l
lfitsrcf rr t(ll-t| rg/l
tlitri,tr rr Hot-il lt/l
Hltro3rn rr f.tELDlHL (torrl) u5/l

Phoryhrcr rr Rl4-l ?oGrl 11/t
?horphrtr rr pr0b-? Orrho r3,/l
Sglfrtr u S{la t/llulftdr rr/l
Tftrl Srrprodrd tolldr rg/t
Totrl Dttrclrrd Sclidr rl/l
Totrl Salurribk Soltdr
Crrbocrtr rr COt r3/l
ticrrborrrtr rr llGlt 4/lrltrllnlty rr CrC0l (torrll at/f
Totrl llrrdnrrr rr CrO03 4/l
Acidity rr CrCO3 q/l
lrrenlcrrm{Totrl)q/l
trriur m tr (?otrf).f/f
loronmr(lotrllq/l

Crdriur n Cd (?otrfl.f/f
|:rlclrn rr Cr rt/l
Chrorirr lr Cr (tocrll rr/l
Copger rr Cs (Torrtl.r/f
lron rl fr (?otrl) rt/l
Lsrd rl lb (?otrl) rc/l
ftgnrriur rr Hi q/l
Hrrrlrncrc rr lta (Torrll rr3/!
l{creury rr tt3 (Torrf ) .f/f
tlolybdrnu rr ilo (Torrf ) q/t
lotlrrrirn rr I q3/l
lrlrniur rr Sr (totrll q/l
lilYrr rr *r (?otrll tli
Sodiur rr l{r nt/l
Einc rr Za (Torrl) rf/f

Sclcniur ar Sr (Dirrolvcd) nf,/l
:ii lvt.r $d Ar r'ti{lrrlysd) rg/f
Zins.n.f ia (Dirrolvcrt) nq/1,krrrdirn

330

I
8.3

<0.01
0. 16

0.110
0.030

15.0

tl.0

175

t.50
r5r.28

t{0

<0.01
<0.001
0.out
0.ou

4.001
t7.fo

<0.001
0.010
0.080

0.002
l.2r

0.030
< 0.0002
< 0.001

1.30
< 0.001

0.0ra
3,J0

0.010

< 0.001
0.0t3
0.00:

o.6t
<0.o1
<0.01

0.t6t

It .0
t.6{t
1.0

tt0

t.r0
tll.l.
lt6

t26
<o.01

o.tt
o.0t

< 0.01

G.tlo

tf.o
t.t5
t.9

trt
t.l0
tlt.ao
lff.lo
lr0

< o.ol

it-22-tl t-2?-tl

9
140

t
t.2

0.2
< 0.01

0.12
< 0.01

0.050
0.040
2?.0
0,01
t.0

162

0.01
141.52
n6

llr
<0.01

7*13-rl

1.6
1.0
20
l?
r.l

< 0.01
o.02

<0.01

0.2t0

lt.o
0,6t
t{.0

120

Lr0
226.92
tro

tlo
<0.1

9-t2-tl ll-lt-tt
o.5
l3l
It
It
1.1 t. t

il
40.00

0.0r0

..32
0.030

0.t3

lt.00

< t.col
0.030
0.015
0.0t0

< 0.001

..00
< 0.cot
< 0.c01

0. czo

< 0.001
6.020

< 0.0nn2
< c.001
< 0 ,,J01

< 0.001

0. J05
< 0. itot

6t.00

0. t20

9.60

l. t0

1.60

< 0.001
< 0.001

0.01t
0. 01e

< 0.001

l.:?
< 0.001
< 0.010

0.210

4.001
c.010

< 0. n00l
< 4.0n1
< 1.00i

< 0.001

0..311
< 0..JOt

6t.60 ti'00

0Je0 o.tt,

ll.er u.00

l.t0

r1.60

t. to

lo.lo

lrrrnic rr Ar (Dirrolrr{} rq/l < 0.OOltturrimrr rr rt (Ditrotvrd) iq/lkriur rr !r (Dirrotvcd) q/f O.Ol0loro* ll t (Dirrolrcdl rrg/l 0.OlO9ldaiur rr Cd (Dirrolv:d) nq/l < O.OOI

Chloridc rr Cl (Dixolvrd) 4/l ll.OOChrsnriur rr Gr (Dirrotvral ,iii < O.6of
Cogpcr rr Cu (Dirrolvrd) :r3/l < 0.001Fluotidr rr F (Dlrrolvrd) nt/l
lron rr Fc (Dirrotvcd) 4./I 0.080

Lrrd rr ?b (Dirrolvrd) ag/! < O.0Oltlrrl.ne rr rr -.tr (Dirtolvrd ) ngr,l 0.010llcrcury u lt3 ( Di rrotvcC ) :rrgl i
|lolybdcniuu rr tto (tirrolveO) :ngll
t{icrcl rr !{i i!irroivtd}.rg/i

< 0.001 < 0,00!
< o.o0l 0,olo

0.02t 0.0:00.0t0 0.015< 0.001 < o.ool

to.oo 3.t0< 0.001 < 0.001
< 0.n01 < o.o0l

0.oo? 0.00t
0.0t0 0.021

< rt.00n1 < c.troo:<o.iol, < J.Co:
< 0 .'-r41 < .).0 t

0.lto

< 0.001

0.00t
< 0. col

0.1:0

< 0.c0:,

0. 0lf
< c.001
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rabre B_2. 
ff:il:;

r42

of chemical aualyses
samples collected at

of surface waEer
Statlon U-2.

Drtr

Flsg, cfr
tfrci fic Conductrncr, rrlrottlcr
?rrgffrture , Air oC

tarF.rrturr, lfrtrr oe

pll

Oil I Grurr
tnrooir rr tlf,3-ll rl/1
flcrrtr rr r|03-tl rt/l
llltrite rr llot-tl r3/l
lfltro|ar rr r.tA.OiltL (lerrl) r/l
?horphrtr rt F0*-t tocrl rfll
lhorphrcr rr i0[-? Otrho rg/l
SulfrCr rt 50r rrg/t
Sulfidr rt/l
totrl Slrpodrd frlldr rf/l
lotrl Dlmohd Solldr rt/l
?otrl GoSurcibk lclidr
Crrbocrtr rr COI rt/l
Ucrrtoilrcr rr llC0t rt/l
tthrlirity rr CrOOt (totrtl t/f
Totrl thrdnrrr rr GrC0t q/l
rcidity u C|CO3 r3/l
lrrrtic rr Ar (Totrll rt/l
kriur u !r {?otrl) rjll
!o"or .f r (trtrll rt/l
tudrinr rr C{ (totrll rf/f
Crlciur rr Cr rrll
Chtcrtn rr Gr (trtrfl rt:/f
Copprr rl Cu (?o:rfl rr/t
Iron rr Fr (totrll q/l

Lrrd rr lt (tosrl) rl/l
ttfierigr rr rl3 r|/t
tlrnjmmr rr t|l (fotrll rf/l
llrrcury rr f,j (Totrl) rflt
liolyfdmn rr Hc (Tccrll rf/l
?otrrrriua u I q/l
frlrnirr rr 3r (Torrl) ry/l
Silrer rr Ar (toCrf l q/f
lcdin m.'llr rj/l

'Zlnc rr tn (totrl) rt/l
Arrrnic rr tr (Dfurokrd! rt/l
Aluriaur rr At (Dirrotvcd) 4/lleriur rt h (Dirrolrrd) rl/l
loron lr ! (lirrolvcdl ag/l
Crdniur rr Cd (Dirrolrrd) agll

Chloridr rr Cl (Dirrolvrd) agll
Chrorriur rr Cr (ttrotvedl r3/l
Coppcr rr Cu (Dirrolvedl n3/l
fluoridr rr i (Dirrolvcd) a3/t
Iroa rr tr (lirrolvrdl n3/t

Lrrd rr tb (Dirrolvrdl 4/l
lirn3racrc rr .Urr (Dirrolrrcd) a1/t
ltrrcury rr ilg (Dirrolvcd) rru./l
!{otybdcniua rr tto (Dirrolvcd) ;rgll
l{ickcl rr !ti (Dirrolvrdl ng/l

Selcniun rr 3e tCirtolvrd);f,/I
5i iver rr r\r (lirrolvcd) ;rq/l
Iinc ar tir ifirrolvcd) q/1
Vrnrd iua

5-2?-61 t-23-fl

0.01
.00 6.0

l0
?.f t.7

r-22-t1

0.02
rt0

3
t.3

< Gol
0.1{

0.160
0.004
ll.0
36.0

tto

u,00
u3,ll

22t

<0.01
<0.001

0.030
0.016

<0,001
37.20

<o.ffl
o.olo
0,510

0.ml
ll.lil
0.020

<0.0002
<0.001

r.t0
0.00t
0.m3
l.50

O;[10

<0.001

0.022
0.036

<0.tr1

5.00
<0.001

0.010
0.20

0. lto

0.004
0.020

< 0.301
0.00t
0.010

r-tt-rr
0.004
t05
It
lo
r.5

0.52
< 0.01
< 0.01

0.250

lrt
I .6t
t.0

{t0

1.40
lle. t6
loz

t66
t.00

tt-r3-t1

0.01
< 0.ol

0.0t
< 0.01

0.270
0.0t0
19.0
0.01
t.0

tt0

0.10
0.10

< 0.01

0.230

tt.0
0.tr
12.0

rtt

IJ

0.{{
0.0t

< o.0l

0.510
0,020
t!.0
1.00

rl5

< o.0l
tta.50
Irt

tc0
t.00

< 0.01 < 0.01
Itl.t0 trzt.Ll
Ito 152

lto rot
:.NO 5.70

*
tt.00,

0,otto

lt.[o.
0.010

t.o0

t.00

100

o.tlll

t?,t2

t. tt

t.f0

< 0.001 Q.i!nr-
rt.0l0 0.r2a

< 0.0002 < 0..3f9:
< 0.ool < 0.:c:_
< 0.0e1 < 0. ;.:._

0. olo 0.1i:

< 0-cnl < 0.fr:

0.0c? c.3i:
< 0.001 < c.c4:

?6.00 tt.00

0.O.0 0.0t0

rt.:4 t1,50

u.9t l.to

6110 l.tQ

< 0.001 < 0.001
< 0.ool < 0.001

0.060 0.0.5
0.060 0.0{.5

< 0.00I < 0.001

16.00
< o.iot
< 0.001

0.020

e..0
< o.o0l
< 0.001

0.0t5

0.ilo
< o.301

0. tto
< 0.001

< r). 501 < 0.001
0.n10 0.020

< c.i00: < 0.000t
< c.tol < 0.001
< 0..'!01 < 0. cl

< l..1iil < 0.001

< 0.001 < 0,001
< 0.001 < 0.001

o.0t0 0.03t
0.050 0.02?

10,00 6. r!
< 0.001 < 0.0t-.1
< 0.001 0.ci9
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Table B-2. Continued.

Drtr

7h. cfr
Specif ic Coaductrnct, rrbor/cr
Tuprrrturr, Air tC

?rqctrturc, lllter tC

9ll

Oil I Crrrr
taronir rr lltl!-ll rt/l
llitrrtr rr lFl-tl rjll
Itittitr rt !lo2-ll lt/l
llitrojcn rr IJELDAI|L (?otell ;/l

thortlr.Ct rr FO{-l ?ccrl rg/l
Plrcrthrtr fl tfi-F Ortho r3/l
ScltrCr rr l''.a3/l
Sulfidr q/!
?otrl 3urpc. ' lolidr rtll

Totrl Dirrolvc'l Solidr q/l
lotrl Codnrftiblc Solldr
Crt'tocrt: rr COI 4/l
ticrrbonrtr rr tlG0l t/l
Altrlirity rr CrO03 (totrll q/t

totrl llrrdrcn m CrCOt 4/l
rcidity rr CrGOl 4/l
trrmic rr lr (locrf t rr/t
|rrin rr lr (totrl) .f/t
lorr rr I (?otrl) t/l

Cddriur rr Cd (Totrfl rr/f
Crlciur rr Cr 16/l
Chrcriur rr Cr {Totrl} rdl
Copprr rr Cn (Totrl) .f/f
lror rr k (totrll rf/f

Lcrd m lb (totrll q/l
t{rjncrim rr tt3 rg/l
l{rngrarrr rr iln (tocrf) rf/f
Hrrcury rr ij (totrf) rfll
lblybdcrnn rr Ho (lotrf l rj/l

tocrrrriur'ir f ag/f
Sclcnir^rr rr Se (ToCrl) rf/l
Sihcr u Ar (Tosrl) .f/f
todirr er llr l3ll
tinc rr ln (!otrl) q/l

lrrrnic r. Ar (Dirrolwd) q/l
Aluriaur rr .1l (Ditrolrcd) rf/l
lrriur rr !r (Dirrolvcd) n3,/1
loroa rl ! (Dirrolvcd) 4/l
Crdriuri .r Cd (Dirrolrrdl rg/I

Chloridr rr Cl (Dirrol*dl w/l
' Chroriur rr Cr (Dirrolved) rg/l

Copprr er Eu (Dirrolved) n3./l
flucridc rr F (Dirrolvcd) tg/l
Iron rr Fc (Dirrolvcdl ag/l

Lrrd rr ?b (tirrotvcd) rrq/l
l'rn!.ncfG rr t,|n (Dirroi.rcd) rg.r!
!{rr!crt rr :{l (Dirroiyrc) rtg/l
.{olybdcniua rr l{o {Ditrrlvcd} qi l,

Nichrl rr Ii (Dirrolvrd) rng/l

Scirnisil rr 5c (Dirrolvcd) :ng/l
Silvcl rr *r (Dirrol,vcd) ,:rg./l
I,inc rr ia {fitrolvcd! nE/l

lo-12-ro

0.0t
t60

10
5

r.5

l.t0
r0.01

0.0t

0.10

0.ott
0.030
It.0

lf .0

l6t

< 0.01
4m.t6

ttt

12.0
<0.001

0.r3l
0.025

f 0.001
to. t0

<0.001
0.003
0. r6t

.0.ogt
t0.t4
0.01{

fo.0002
{ 0.001

t.9l
{0.001
<0.001

10.00
0.011

<0.col

0. 024
0. clt

r0. t0 I

s.a
<0.'xtl
.0. 001

0.:l
0,.J95

{ 0. J01

ll-7-lo

660

?.1

< 0.01
<0.01

0.0t

0.0t

0.100
{ 0.001

12.0

11.0

t60

.0.01
t9r.12

7?,6

*4,0
r 0,001

0.0t6
0.0?0

{0.001
tt.20

<0.001
0.015
0.660

0.009
10. t4
0.010

{0.0002
< 0.001

2.69
< 0.001
{0.001

19.00
0.035

<0.001

0.0a0
0. 060

<0 .00 I

1.7
(0.001

0.010
0.16

0.630

0.006

l2-31-t0 l-2t-rt t-u-rl l-t t-rl
0.003 Inrcccrribls

3t2
I
2

7.0

2.00
< 0.01

0. l2

0. lt
0.1t0
0.0{o
t4.t

t.o

396

< 0.01
448.96

t6t

10.0
{ 0.00t

0.0t0
0.0t5

( 0.001
tr.60

{ 0,001
0.006
0.310

0.00{
19. t6
0.010

<0.0002
<o.o0l

t. ?o
0.003

< 0.001
tr.80

0.005

<0.001

0.040
0.0? !

(0.001

0. 5l
<0.001
{0.00t

0. t3
0. t20

< 0.001
0 .010

<0.oftl
< 0. col

n no(

lnrcccrriblc tnrcccrriblr

:il

c0.3cl
(0.i01

9. tot

< 0.001
{ 0.00t

0. uto

'.l
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oi chemical analyses
collected at Statioa

of surface rrater
u-3.

I
Table B-3, Results

samples
quality

Drtr

llor, cfr
Specilic €oaduccraer, rrlror/c
tcr?rrrturr, tir oC

?rnprtrturr, tlttrt 9C

plt

Oll I Grrrrr
lnnir rr f,llt-tl rt/l
ritsrcr rr trOt-ll rg/l
Ititritr rr tfol-t rt/l
tlitrogrn rr f.ttI!^HL (tocrl! q/l
?torghrCr rr t0*-t tttrl rt/l
thorpbrGr m l0l-t Ortho rj/l
Sutfrtr m *tt rf/l
Sllfift t/l
totrl Surprndrt Sotldr q/l

lctrl Oirrcltd ttllft rdl
totrl Corhrrtibk Solidr
Crrbonrtr rr C03 q/l
ticrrtcnetr rr f,003 r:/l
Altrllaitl rr Cro0t (locdl q/l

fetrl ll.rrtnrrr rr CrGOI q/l
AciCity u Cr€O3 rt/l
Arrrti: rl tr (Trtrf ! qfl
trrirr rr lr (locrl' .df
lotot rr f (Totrll ry'l
Crlriur u Grl (trtrll r3/f
filci,rn rr Cr rr/l
Clrrcrirrr rr Cr (trgrf l t/f
C€ppcr rr Cu (tctlt) t/f -

tror rr tr (tctd) rdl

Lrrd rr fb (tctrt) t/l
l{ljleriur rl lt rf/l
trrngrnrre rr ltl (?otrl) rf/l
H.rcrrrt rr ll3 (Totrl} qlt
ftolybdranr rr t{o (Totrf) rf/l
totrurinr rr f 4/l
itlrairlr.'rr Ir (t*rl) q/l
tilwr rr ir (lotdl f/l
Sodirr rr th r3/l
?[rrc tr ln (torrll qy'l

Arrmic rr tr (Dirrolvcdl ef/l
Alurinur. .r Al (Dirrotved) rrt/t
trriur rr !r (Dirrolved) rt/I
loroa rr ! (Dirrolvrd) af/l
Cedriur rr Cd (Olrrolvcd) r3./l

Orloridr tr Cl (Dlrrolvrdl a3./l
C-hroriur rr Cr (Dirrohed) r1/l
Copfcr rr Gs (DirrolYcd) a3/1
flsoridc rr F (lirtolvrd) a3/l
tron rr fe (Dirrolyed) r3/1

Lcrd rr lb (Dimolvcdl q/l
!tunlrnrr. rr ltr (Dirtoivedl rg/i
!{Gr:rry rr ll3 (}irrotvcC) rq/l
!{olir:ocniur rr l|o (Dittelvcd) nrg/l
l{icrcl rr tti iDirrolvrc ! 4/l
:iclsrriurr ar 5c (Dirrolvrrl ) nX/1
5ilvcr rt Ar (Dirrolvedl:ng/1
Zi.:rc rr la (Dirrolvcdl 

=g/l

lo-ll-f0

0.04. ato
l1
t

7.6

0.to
< 0.01

0. It
0.0t

0.0r0
0.020
tt.0

tt.o

2tf

< 0.01
t$.0r

rtl

It.0
< 0.001
0.ott
0.01t

( 0.001
ft.r0

{ 0.001
o.002
0. llt

{0.001
20.64
0.002

*0.0001
(0.001

1.62
( 0.001
<0,001

14.20
0.00t

< 0.001

0.025
0.006

< 0.00t

t.9
<0,001
< 0.001

0.lt
0. cal

{ 0.001

I
t.l

< 0.01
0.ll

0.7?o
0.os

t.0

5ll?

Itt
r.t0

l5l.0t
lro

< 0.o1
cO.Sl

0.060
0.030

< o.ml
14.to
0.mt
o.oto
6.550

0.0lt
t. r2

.o.rr0
< o.mol
<'0.001

1.02
'0,00r

c 0.001
t.50

0.060

< o.001

0. ctt
0.clo

< 0.001

< 0.001
0.010

:. lto

0.00t
0. i:c

ll-t-to t-z&fr 2-tl-ft l-lt-sl r-lt-tl
tnectrrribk lnrccrrriblc 0.0t

Ito
t

600

?.6

< 0.01
{ 0.01

0.:0

0. lt
0.150

< 0.001
tt.0

20t
6
0

r.E

1.20
0.16
0.rt

0.15

0.110
0. lio
12.00

It.o 2.c

tro 2fr
( 0.01 < 0.01
lt2.at t6t.t6

t.o tlt

!4.0 10.0
< 0.00t eo.00l
0.0t0 0.050
o.06t 0.02t

{0,001 i .0,001
12.00 tf.to.0.001 {0.001

.0.001 0.015
o.:r0 0.1t0

{0.001 o.mt
1t.00 12.00
0.0t0 0.020

<0.0002 <0.00ot
<0.001 {0.001

l.fl t..f(0.001 {e .001<0.001 <0.001
11.00 ti.00
0.011 0.020

<0.001 {0.00t

0.010 0.020
0.060 0.015<0.001 (0.001

3.5 t.6t
<0.001 <0.001
<0.001 0.010

0.01 0. l?
0.0to g.e:E

t' -,

(0.001
(0. c01

0.004

{0.001 0.001

<0.001 <0.001
<0.001 <0.00:,
0.0t0 0.00:

< 0.-101
< e.301
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Table B-3. CoutLaued.

DIC.

llcr. cfr
Sorcific GoodsccmGr, rJror/a
trerrrsurr. tir oC

trlgasr3urr. 9rc:r 9C

pft

Oll I Grcrn
tmrir rr t|tt-r qy'l
fltrrtr rr l0t-l rj/l
tfltritr rr ttot-i ry'l_
llltrojra .f LJtl.DAllL (loulj t/t
Phorphrtr m t0l-t Totrl a6.r1
Phorphrtr rr Ngl-t Ortio rj.ll
Srrlfrcr .1 SOt 4/l
Sulfidr t/l
?otrl Scr?rrdrd lclldr dl
?otrl Dfurolrr{ lcll{r q/t
torrl Cntsrtlbh Sclldr
Crrbclrtr rr COt re/l
ticrrboarte rr t0Dt q/l
lltrl,lalty rr CrGOt (tctrfl ttll
totrl f,rrdarr rt GrCOt {l
rcidity il Crcol't/l
lsr.nic rr lr (Tatrlt rf/f
|rrirr rr lr (Tcrll rf/l
lctoo rr I (totrll rdl

Crdrirn rl Ql (tctrlt frt
Cplciur u Gr Ay'l
Ghrorirrr u Gr (totltl t/f
Copprr rr Cu (totrtl rf/f
troa rr Fr (t*rtl 4/l
Lrrd rr ?b (totrll rf/l
Itr3aoirrr rr Hl rf/l
llrn3rnrrc.rt lln {totrl} */l
llersury u ll3 (totrfl t/f
l{olybdraur rr tb (Iotrft rf/f
lotrrrriur rf f rytltrknirr rr-fe (lotrfJ rf/f
Silvrr rr tr (?sCrft rf/f
Sodin rr tfr r3ll
Eiac rr la (totrt) rt/l
Arrrnic rr tr (Dirrolvrdl q/l
tlurinur rt Al (Di6olvcd) cr/l
trriuq rr !r (Dirrolvcd) 4/l
loron rr I (Dirrolrrd) 4/I
Crdriur rr Cd (Dirrolvrdl q/1
Chloridr rr Cl (Dtrrotvrd) 4/lChroriur rr Cr (Dirtolvrd) r3/l
Coggct rr Cu (Dirrolvcd) r3/l
Fluoridr u F (Dirrotrcdl adl
Irorr rr lc (Diuolvrd) q/t
Lrrd rt fb (Dirrolyrdl 4/l.tilfrarf. rr trn (DirrotucC) r3/l
Icrcuay rr Hg (Ditrolvcd) :rg,it
llolybccaiua rt lto (Dirrolvcdi ag./l
xiclrcl rr !f i (Dirrolvcd) :rgrl,

Sclcnisa rr 5c (Dirrolvrd) :g./t
SilYrt rr Ar (Dirrolvcd) ;g/i,
tinc rr tn (lirrolvrd) rg/l
Urardiun

t-lr-81

0.04
t10

t.4

< 0.01
< 0.01
< 0.01.

< 0.001
It,0
0.14

t,
0.01
t6t
t4t

t9.00

0.1?0

2r.00
0.020

1.62

r.00

< 0.001
< 0.001

0.02t
0.020

< 0.001

t.00
< 0.001
< 0.001

0.020

0- 003
0.010

< 0.0001
< 0.001
< 0.001

< 0.001

t-21-n r-22-rl

0.00r
102
t6
tt
f,.1

0. lll
t.0
r.to
It5

It-11.t1

266

7.3

0..to
0.01o
ao.0
l.F

l.{t 0.56
< 0.0t 0.0r
< 0,01 .0.0r

il r6t
r.00

2+0
<0.01

?rt xlt

a.to <0.0[
2!5.il !r.S

. llo 2rt

6f.to' n,n

l.6oa o.!2.:l

16.t2 lt.s

1. rr l.to

11.00 E.m

< 0.001 qt.00r
< 0.OOl <i.Otj

0.030 l.cl5
0.c30 :.020

< 0.001 <c.ool

It. c0
< 0.00t
< o.cei

ri,ol!r

J.:0
(l.ml
€.00t
e. It
:.0r5

0.00: <c.001
0.c:1 :.c55

< c.aci: <i.0001
< 0 ' ii" (-" 

-..*111

< ;. ::: €:. Jl

< l.il: <3.iot

3.:r: :.51a
< !. ::: (:. t0l

il
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Table B-4., Results
sauples

146

of chenical aoalyses
collected at Stacion

of surface rrater quality
u-4.

DIC.

Flor. cfr
Specific Conduclrncf , rrlror/cr
TcrurrrGutc, Air oC 

-
Trrg.rtGutr I lfuGGr oC

pH

oil I Grrrre
tmrir rr f,ltj-l{ q/l
fLtrrsr rr lEl-tt rt/l
Itirritr rr tlol-lf nt/l
llltro3er il utl.Dll[ (?otrl) rg/l

thofthrCr rr F04-l ?o:rl q/l
ttr.t$rte rr fOl-t Ortho r1/l
lulfrtr rr tO4 q/l
lrltidr rf/l
totrl lurtrndtd Srtldr q/l

Trtrl DkrclYrd follft rr/l
totrl Cortgrtibk Solidr
Crrbcart: rr COt t/l
licrrlonrcr r tlC0t rdl
tttrlinlty rr CrCol (f*rll rt/l

totrl f,rrdneu rr CrCOt q/l
rcidity rr CrCOI ry/l
Irrrlic rr lr (lctrf l rdf
irriu m tr (Totrl' 4/l
loroqrrf(lotrtlrf/l

Grd:in rr Crl (tctrtt q1/l
tlrlciur rr Cr rt/l
Chmrinr rr Ct (lotrll 4/f
CopFr rr Cu (To:rll rf/f
Iroa rr Fr (totrl ) q/l

Lrrd rr rt (trtrtl rt/l
ttgarriur rr tt r:lt
ltanlrn.r. rr Hn (totrfl .f/f
llrsrrt; rr llg (Tctrf ) .f/t
tlolyldraur r llo (Totrfl .f/t

lrtrrrriur rr E q/l
.trlmin rr lr (totd) rf/l
lilrrr rr lr (?otrll rr/l
Sodiu rr tlr ag/l
tinc rr 2a (Totrl! t/l
lrrcaic rr Ar (Dirrolrr{l rj/l
Alurianr rr Al (Dirrolrrd) 4/ltrriur rr k {Dirrolvrdl rt/[
lo"oil rr ! (Dirrolrrdl 4/l
Crdrisr rr Cd (Dlrrolrcdl r3/t

Chloridr rr El (0irrolvrd) r3ill
Chtaiur rr Cr (Dirtolrrd) q/l
Copprr rr Cs (Dirrolvcd) rj/l
ftuoridc rr F (Dirrolvrd) rf/l
Iroa rl fr (Dirrolvcdl ag/l

Lrrd rl tb (9irrolv*) rgll
ltrng.r.rc rf ftr (Dirrolvcd) rg/t
Hcrcury rr Hg (Dirrol,vcd) ng./l
Itol;rbdcniurr rr lto (Dirroivcd) *grl
l{ickcI rr :li (Dirrol,vcd ) nrg./l

Sclcniur lr 5c (DirrolYcd) 'rc/1
$ i lvcr rr ilr (Di r.olvcd ) 'rrc/ I
liac rr in {9irrolvcd) 4ll

ll-7-t0 lr-11-10 l-lt-tl r-tt-tl t-l t-rl

1.9
4t0

,
z

l0-22-ro

1.4
ilo

I
o

t . J lncsrrriblc
llt

1
o

1. t0
.0.01
0.t9

0. t0

o. tt0
0. t20
lo.0

t.0

2ro

<0.01
Irt.tf

t0.

It.0
.0,001

o.0.6
0.06t

<o.001
6t.ro

.0.00t
0.00f
0.160

{0.001
II.EA
0.02t

{0.0002
f 0.001

1.30
0,001

< 0.tol
1.60

0.00?

< 0.cot

0.02t
0. cto

< 0.301

0. Jr
< 0.001(0.lol

0.09
0.0a0

<0.901
.r. t:c

( 0.:cl
< r!. ccl

0..i07

lnrccrrriblr Inrcccrrib lc

0.60
< 0.01
0.ot

o.16

0.0tt
0.0t0
rt.0

t.0

163

<0.01
tt4. tt

20t

t.0
<0,01'l
0.{t0
0.010

{0.001
6t,10

{0.001
0.001
0. l5t

r0,001
l9 .6f
0.00?

(0.0002
(0.001

1.43
{0.0€l
<0.001

r.00
0.0r2

< 0.col

0.400
0.00t

(0.001

6.1
{0.001
< 0,001

q.13
0.0&t

<0.001

< 0.001
.0.001

0.006

( 0.01
< 0.ol

0.19

o. ro

0.140
{ 0.001

It.0

t.0

tr0

<0.01
16t.52

It6

16.0
<o.001

0.0&r
0.050

{o.obl
r1.20

(0,001
0.016
0.t60

0.010
10.0t
0,ojc

< 0.0002
< 0.001

l.t(0.00t
{o.oot

r.00
0.ott

{ 0,001

0.0t0
0.060

.0.001

3.5
<0.001
'c.0t0

0. 12
0. tto

0.00t

< 0.001
<0.001
0.0i0
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Table B-4,' Conti-aued.

Drtt

tlon, cfr
3pccilic Emductetcr, rdror/cr
?r4crrGucr, Air t
Trr?rnturr, lfrtlt oG

pH

Oil t Grerr
rmcir rr tlltf-tt t/l
lliCrrte rr lEt-tl q/l
tlltritr rr tlo2-ll rt/l
lirrotcn rr EJtLDAtlL (totrll nj/t

thcr?hrt. rr l0l-l totrl t/l
tlro.thrtr rr 104-P Ortho r4/l
SulfrCr rr SOi rtll
tulliir q/l
tctrl Srrpendrd Solitr rf/3

totrl Dfurotwi Solldr 4/t
Totrl Crturtillr Solidr
Crrtolrtr rr COt rr/l
lisrrbonrte rr tl@t eg/l
llkrlillcT rr Crcol (totrll q/l

Totrl llrrdnmr rr GeC0l q/l
Acidity rr GrCOt q/l
rttrrnic rr lr (-rocr!l -r/t
f,rrirr rr lr (trtrll f/l
toroq rr f (totrll q/l

Crdrlrlr rr Ql (totrf l q/f
crlclu rr Cr rfy'l
Chtorln rl Cr (tctrfl q/f
CorFr lr Cu (?ocrll q/f
tror m fr (Torll q/l

Lrrl rr tt llrtrl) rrll
t{rgrrrirn u ltf rdt
lholmrfc rr Ha (Totrl) .f/t
ltrrsurT rr il; (fotrf) t/l
lblybdernn m lh (?otrll rdf

toturriur rr r n/l
Srhnirr rr 5c (Totrl) rdf
tllrc m lr (to.uf) al/l
$odirr rr llr r3/l
Zinc rr Za (totrll at/t

trrrnic rl tr (Dirrohcd) rg,tl
Alntirur 1 Al {Dirrolvrd} 4/1lrri$r rr fu (Dirrolvcd) nt/l
loron rr ! (Dirrotvcd) rr6lt
Cedriur rr Cd (DirrolYcdI n3/1,

€lrloride rr Cl (Dirrotrrdl :rg/i
Chroriur rr Cr (Dirrol,vrd) rrg,/!.
€opgtt rr Cu (Dirrolvrdl ag/l
Ftuoridc rr F (Dirrolvcdl 4/l
Iron rr Fr (Dlrrolvcd) cg/l

Lcrd rr Fb (Dirtolvcd) rf/t
l{rnttn.rc rr sn (Dirrolvcd) rr3/1,
ttcrcur-t u Hg {}irtolvcd} rgi I
lolybdrliur rr !,lo (Dirrolvcc) -gr'l
llicke i rr tti (Dir rol.rcd l ltg,j l
Sclcniqa rr Sc (firrokcdl ag/1,
Siivr; rr Ar (lirroltcd) :ng,t1
Zinc rr tn (Dirrolvcdl rrgli
9rtrdira

r-t2-tt

520

I
8.r{r

<0.01
0.43

0.0t5
0.070
le.0

55.0

l6t

f.zg
L!'].;2

ltf

<0,01
<o.c0t

0.0t5
0.01t

<0,01
55.20

<0.mI
0.0Io
0.100

0.001
t.2t

0.0t0
<0.0001

<0.o1

t.lt
0.01

<0,001
t.00

0,010

<0.ml

0.011
0.010

< 0.001

t.00
< 0.001
< 0.0c1

0.010

< 0.co:
< 0.00i

.0.C€1,
< 0-gc:,

3-sc:

;-l3-aI

i.4
120

t.r

< 0.01
l.0l

< o-01

0. t60

:0.0
0. rl
r.0

210

l{.e0
1t7.tr
!6t

lotj
< 0.01

fit.00

0.ltt

u.00

t.4t

i.a0

< 0.001
< t. col

f.ctt
i.r!6

< l. f,'01

-- 99
< l -col
< 1.001

't.!lt

:.':n3
.,!. t!0
'. l0n4

< '. lcl
< -. l0l

< ' .;l0l

r ,i! I
<'.tol

F2t-{1 li-13-€l

0.9
:s

3.t

l. -r
150

ll
5.6

l.ri 0.r I
< 0.8: 0.07
< 0.c1 < 0.01

o.tilr 0.3xt

l:.m lrJ
e.83 l.tz
ll-c 1.0

tto l;[
< O.Ol t.3O

3S:-!2 !r;'60
ll€ 19.10

tzt 2S
< 0.o! < 0.01

6r.tt Ct.m

i . o.oaa

1..r{!

l.g

t6.gt

lr. ltl
< c.f::
< 0.lil

11. 1'l
<:-:"-

o.155

r3.00

l.5o

*.20

< 0-si < 0.001
< 0.iri1 e.06{t

0,3:f 0.c25
c.l:r c.0t5

< 0.4:i ( 8.lol

:.;0
<:.301
( a.cot

J. i4
0-0!r8

< t.1': . 3.;01
<!,1': i.:c6
< C. -r1:: < 1.:0Ol
<!.1:- 't.-'Ol
<:."- *:,-tl

< f. 1': < :.:01

< i...oi

,l
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Table B-5., Results
quality

148

of chemical analyses
sauples collected at

of surface ?ater
Station U-5.

Drtr

Flor, sft
Sprcilic Coaductrgcr, uhor/sr
Tcrgrtrcurr, lir'C
Tcrgrrrturr, tfrttr oC

plf

Oil I Grrur
tmair n lltt-f rf/l
Hitrrt: m l€l-l rgll
tlirritr rr llol-il q/l
llitrojm rr IJEJAI|L (torrlt t/t
llurphrtr rr t0|-t trrrt q/l
ltorphrtr rr tO.r-t 0rtho rf/f
trrltrtr rr *tl rf/l
tnlltJr q/l
trtrl turpcrdrd toltar rf/l
Totrl Dlrrclwl tolidr q/l
lotrl Cortgrtibh tolldr
Grrboortr rr COl q/l
llcrflmrtr rr tQO! a3/l
Altrlinity rl clCOJ (lorrll q/t
totrl trr.rimr rr CrGCt 4/lrciditl rr Cr6t rl/l
trrcic rr tu (to:rl) .:/t
irriu rr !r (totttl rf/f
loroamI(tcrrllrt/l

Grdrlur rr gd (?ctrfl q/f
Crl:irn rr Cr q/l
Chrorinr m Cr (totrl) rf/f
Go;prr u Cu (lotrf ) rj/f
tror r f* (tcrrll rt/l
Lrrd tr ?l (lotrl) rf/l
llrSnrrlrn m ttt rt/l
lhalurfr rr th (trtrl) rt/f
l{.scurt rr tj (Torrl} rf/f
lslyldrtulr rr ti (tocrf) rt/t
'lctrrrrirl rr I r;/l
Srlrairr er lr (torrll l;y'l
Silrrr rr tr (?ccrl) 

"f/f!9odirr rr k rg/l
llnc rr ln (totrll q/l

Arreaic rr Ar (Dirolvcdl agll
Alurirwr rr ll (Dirrelvrd) +r/l
trriur rr !r (Dirrolyrd) 

=3./floroa rr ! (Dirrelvcdl ng/l
Crdriur rr Cd (Dirrolwd) r3ll
Chloridr rr Cl (Dirrclvrdl rg/l
Chroriur u Ct (Dirrctvrd) ri/l
CopFr rr Cs (Dirrolrr.d) :4/l
lluoridc rr t (girrolird) rf/l
iron rr f: (D{trolvrdl n3i I

Lcrd rr Pb (Dirtclvcd) 4./l.tlrnfrncr. rr !..1 lDirrolvrC I r3/!
!lc;e:rr-v rr '.lg i li rtolvcd i .:rgi I
ltolybdcaiur rr !*o (girrcivrd) nSrl
.rlickcl rr jti (!irrolrcd ) rgi I

Sclrniua rr 5c (tirrolvcd) :rg/t
Si],vcr rr tr (!itrolvcd):q/l
Iinc rr ta (Dirroivcd) r5,ri

o.to 0.t0<0.01 {O.01
<0,01 0.003

l0-12-r0 ll-tt-to 1l-12-t0 l-2E-tr t-tl-tl l-ll-tl a-6-rl

l.t 1 I&90 2t9 ztt
661.
156

t.t f .o ?.t

0.f
470

t
t'

7.6

0,t
r40

6
5

t.l

1.0
1t0

I
,

1.5

1.0
25t
-2
I

t.4

t.00 0.60
0.10 r0.0t
0.04 <0,01

0.t0

<0.01 l.lo 0.60
<0.01 .0.01 0.10
<0.01 0.'02 l.:9

0.10 0.0. <0.01 0.1:

2t] 190

a.ot i0.0t
l1t.r0 !I.rr

t60 :16

f .0 lt.or0.00t s.00t
0.llr 0.070
0.ol{ 0.100

4.001 {.001
ti.o to.r0

€.001 o.00t
{.001 0.010
0.210 0.llo

{0.001 0.010
10.01 t6.!0
0.010 r.ql,

{0.0001 -:1.000t
ro,ool 0.01t

t'.14 t.tl(0.001 <0.001
{0.001 <0.001
t2.t0 lt.oe
0.010 0.0t0

{0.001 {0.001

0.100
0.005

{0.001

?.9
(o.001
<0..001

0.tr
o- 063

$.001

0.0.0 0.0{to
0.0tt 0.0u
21.0 lr.0
2r.o t.0

tto t00

<0.01 {.01
tt6.?t ttl.$zrc ttl

Ir.0 to.s{0,001 <0.001
0.1t0 0.110
0.0rt .,. 0.0t0

s.sl q.00t
ta.{o t!,ro

s.001 {0,00t
0.011 0.0tr0
0.!'r 0.210

0.00t 0.01t
26.10 tl. t2o.0l-l 0.010

40.0001 .0.0002.0.00t <0.001

t.!0 l.tlro.00l ro.o0l<0.ool {0.001
to.to r.60
0.014 0.015

4.001 <0.001

0. o,!tt 0. 1000.0t0 0.0t0<0.001 (0.001

2.t6 t.tl<0.001 (0.001
0,010 <0.001
0.24 o.tc0.050 0.160

0.001 0.00u

0.020 0.0t0 0.t{0ro.oot o.o.o (o.ool
tt.o lr.0 !..0

1.0 t.0 trt
lto tro lto

a,to $.01 <0.01
t3l.t lto.oo llr.t2zto 150 lt6

r.0 r. o lt.o<0.001 0.001 0.001
0.1t0 0.1t0 0. uo0.01t o.ott 0.015

{.001 Q.001 c0.001
fo.oo tf.to rr.ao{0.001 {0.001 <0.001
0.010 o.oto 0.0300.lro 0.llo o.2t0

0.00t 0.00t 0.011t*.oo lt.:r lt-:r0.030 0.030 0.016{0.0002 <0,0001 <0.000t{.o01 <0.001 <o.ool

0.ot

0.0?0
0,0e0
rt.0

t.o

0.10

0.160
0,0t0

t.0

tt.0

t-rt t.to0.001 <0.001.0.0O1 <0.001
ll.tc r.qo
0.006 0.010

r. tt
<0.001
<0.001

t. f0
0.016

0.0t6
0.025

<0.001

l.3e
<0.001
o.qoJ
0. t9

0. rto

0.007

<0.001 <0.001 <0.ool

o.sil 0.100 0.090
0.030 0,030 0.0.r<0.001 <0.001 <0.c0t

tt.Eo 12. ?6 t0.c0(0.001 <0.001 (o.ool
{0.001 (o.001 <0.ool

0. l: 0.:3 0.:r
0.0e0 0.0&0 0. i50

o-00: .0.001 0. JC:
t. c:c 0.::a

<0.0e0:
< 0.001
< 0.lol

<0.c01 (0.c01 <0.xJl
<0.00i <0.301 <0.i01
0.006 0.0cJ 0-toj

{0.001
<0.001
0.001

<0. col
<c.001
0. tt3

<0.001
{0.001

0. ctl

<0.001
<0.001
0.c03



r1l

t-2t-Nr

0.0t
250
l0
ll
t.3

o.t0
<0.01
<o,01
<0.01

0. lto
0.010'tt.0

<0.01
1.0

312

0.01
t46.4t
2tir

2tr
r.6

r49

tr.20

0, tt0

25.6r
0.020

!. r0

24.00

< 0.001
0. ll0
0. 3tt
0.050

< 0.001

10.00
< 0.001
< 0.001

0. 190

0.002
0. c2c

< 0. 3002
< 0.001
< o. c01

< 0.001

0. c0:
< o. 001

7-12-tl

0.t
at0
2t
2t
t.0

0.10
0.0t

<0,01

t!

3f6
l7
ll
r.0

0.tl
<0.01
<o.01

0.110

f.0
2.'r.
1.0

0.9
ur

t
I

t.t

0.30
0.05

<0.01

0.510

tl.0
0.25
5t.0

i

Table B-5. Continued.

9-i3-!r ll-ll-8rD.CI

Flw, elr
Sgecilic Conductrnct, uahol/cr
tr4rtrturr, tir -C

terirnturr. Trtrr oC

pll

Oll I Grcrrr
. Acnir rr MI!-I q/t

llitrrte rr ll03-l 4/l
tlitritr rr tlol-tl rt/l
tlrrcgm .r &tEtDAtlL (Torrl) q/l

ttnrFhrtr rr tOl-t ?otrl rf/l
lhorptrGr m tio3-! Ortho rl/l
3$lfrtr 6 960 q/l
Sulfidr rlll
trtrl Surprnded tolldr r;/t

totrl Dirrolvrd Solldr rt/1
totrl Cabrrrtiblr Solidr
Certoartr rr O0l r3ll
ficrrboo*t rr f,€o3 nt/l
rlrrtirity m CrOOt (torrl) q/l

Tctrl frrrdnrm rr CrG0! r1/l
tridtry u CrG03 rj/l
lnmic rr lr (Totrt l rf/l
|rrirr rr !r (Tctrll rf/l
tcrqu!(Totrl)4/l

Crddrr m Cd (Totrf) 
"f/fCrlcirn rr Cr rt/l

Chroriur rr Cr (?otrll tf/t
cctgrr rr Cu tlotrf) -f/f
trsr er Fr (totrl) q/l

lrrd rr lb (lotrll arll
l{rjacriur rr l|3 nt/l
Hm3merr r |rn (totrl) rrlf
llrrcury u H3 (locrl) ng/l
thlybdrnur rr Ho {Tocrl) agll

io:rrrrlur u t a3/l
Scleairr rr 3e (totrl) q/t
Sllrrr u Ar (?otrfl .f/t
todiur rr lfr r3/l
Zinc rr tn (?otrl) 4/l
Arrcaic rr Ar (0irrolvrd) nj/l
tlurinrn rr 11 (Dirrolvcd) 11g/l
lrrisr rr lr (girrokcd) rg/1
loroc rr ! (Dirrolved) rrg/l
Crdriur rr Cd (Dirrolvcd) rg/l
Chloridr rr Ctr, (Dirrolvcd) r4/l
Chroniua rr Cr (Dirrolvcd) n4/l
Cogp* rr'€u (Dirrolvedl 16/l
Flsoridr rr F (Dirrotvd! u3/l
iron rr Fc (Dirrolvrd) rg/1

Lcrd rr Pb (DirrolYcd) ng/l
lhnfrncr. rr.*t (Di..olvcd) n3/1
!{Gr3::ay rr !{3 ilirrolvc4 } ng./i
llolyirdcniur rr Yo (Dirrolvrd) trg.i I
lficltcl rr !li (lirrolvcd) rf/l
Sclceisr rr Sc (Dirrolvcd! n3/l
Silvr.r or Ar (:lirrolvcrl) ng/l
ti:rc rr ln {!lirrolvcd}:rrg/l!irnrdiuo

c.2t0

tt.0
2.17
ll.0

l?l
r.fl
26t..0
ttt
23t

{o.01

ttt t9?

o.o1 eo.ol

t?t.20 rt5'20
llo 2{2.10

t!6 2fi1
*0.01 ll.00

t6.00

0.2t0

22,J6

t.rt

It.00

< 0.001
0.010
0. l9t
0.0J0

< c.001

9,.0
<0,001
< 0.fol

0.0t0

0.004
0.050

< 0.000:
< 0.0c1
< t.001

< 0. oct

c.ci0
< 0.cot

6t.50 60.00

0.t60 0.351

tt.28 20.50

3.fr: 1.50

2J.00 22.ffi

<0.001
cO.00l

0. t40
0.040

<0.001

6. t0
(0.0Ol

0.001
0.025
0.:50

r. tot 0.00:
]. t6O 1.050

<^...C02 <0.0G02
< i. Jgt (J. C€l
< ?. :{'!t <0.31

< 0.301
< 0..101

0.:70
0 .550

< 0. col

It.00
<0..:01
< c.001

a. l:0

< i.001

: tcl
< ?.:t':t

< c.00 I

9. C10
< 0.00 i
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Table 8-6. Results
sa4les

150

of chemical aaalyses
collected at Station

of surface
u-6.

-"rater quality

Drtr

tlorr. cft
Sncific ConducBlacr, rdrol/cl
Tcrperrtrrrc, llr oC

Trtpc?rlufc, gttrr oC

9ll

Oll I Crurr
lrronlr rr tfllt-i q/l
tlitrrtr rr t|ot'tt-rl/l
!{itritr rr Fc2-tt ra/l
llitrogcn m f,.ltlJllG (Totrll q/l

lhorthrGr rt t0t-l lorrl r3/l
thorplrrcr rr l0t-l Ortho rtll
Snllrtr er tOl t/l
fslfidr 4/l
tctrl 3urfradrd Sotidr rl/l

Totrl Oirrolrrd Solidr l3/l
totrl Co,rburtible Solidr
Crrboar:r rr COt q/l
licrtbonrrr rr [COl q/l
ttkrlinity rr GrC0l (totrll q/t

Tctrl Ertdmrr rf €r€O3 rr/l
lcidltr rr Ce003 rC/l
rrruii rr Ar (to:rf) rf/f
lrrirn rr !r (Totrf) rf/f
lorco rr r (totrll rt/l

Grdrifi rr Gf (tocrll r/1
Crlciur rr Cr rt/l
Ghroriur rr Cr (tctrll rr/f
CoDgGr rr Cu (totrl) rf/l
Itoi r fe (losrll q/l

Lrrd rr lt (totrl) rr/l
Hlrurrim rr lt t/l
ttrirrorrr rr Ha (tocrll q/l
ttrriurl rr ltt (?otrf I rflt
rrolybdimr rr lto (totrtl r|/f

lctrrlrirr rr r */l
iekqiur rr'5r (tocrf l re/l
Sllvrr rr tr (lotrf ) */f
Sodirrr rr tr nf/t
tlnc rr Za (Tctrll t;/l

Arrenic rr Ar (Dirrolvrdl rt/l
Alglinur rr Al (Dirrolvcd) q/l
lrriur rr !r (Dirrolvrdl at/l
loroa rr I (Dirrolvrd! rg/1
Crdriur rr Cd (tirrolvcdl rtj/l

Chloride rr Gl (Dirrclvtd) a;/l
Chraiun rr Cr (Dirrolvcd) a1ll
Corscr rr Cu (DirrolYcd) r3./l
fluoridc rr I tDirrolvrd) 4/l
Iran u Ft (Dirroivcd) q/l

Lrrd rr Pb (Dirrolvcd) 4/t
ltrn3racrc rr gn (Dirrolvcd) ng/l
F..rcuET rr tg (lirlolvcd) ag/l
Itolybdcniuu rr Io (Dirroivcd) a3/1
Itickcl rr lli (firrolvrd) rg/l

.Br.trlniua rrt Sc (ilirrotvrdl rrr*/l
Silvct r. Ar (fifrol,vrd)':r1./l
?irrc ar !n ti!irrolved):tg/1

12-11-80 l-rt-ll
6' lt,4

100 lr5
I
1

r.6 ?.?

l.to l.to
{o.01 qt.ol
0. tl 0.0t

0.16 0.05

0.050 0,190
0.010 0.160
[o.0 al.o

10.0 1.0

tzt tl6

{0.01 {0.01
!16.$ tll.ll

:!4 256

10.0 16.0
{.001 {0.001
0.016 0.u0
0.rt5 3.!at

l

r0.00l i {0.001
61.t0', to.00

<0.001 {0.001
0.011 0.00t
0.tto o.llo

0.01t 0.005
!r.56 24.00
0.00t' 0.040

{0.00u:l <0.000t
<0.00t <0.001

1.tt
<0.001
.0-001

6.10
0.010

.0.001

0.it45
0.010

{0.001

:.00
{0.@l
0.010
il.16

c. cto

q.rcl

2.17(0.61
<o.001

5. t0
0.015

{0 .001

0.045
0.035

<o.001

r .9t
(0.001
<0.001

c.lt
0.:00

0.005

t_lr-tl r-t-fl

L.2 6.6
t7t lt6

rt
t?

t-t t.r
1.10 0.r0

(o.ol (0.0t
0.0? .0.c1

<0.01 o. It

0. lto 0.t10
0.160 c0.001
19.0 60.0

10.0 llt.00

!t0 ll0
qt.ol <0.01

Itt.6r ltl.or
26r' 23t

ql.l 2r.00
{.{El c0.001
0.0to o.tlo
0.060 0.llo

{0.001 (0.001
t1.60 ?6.tO

<0,001 (0.001
<0.001 0.011
0.t30 c.tlo

0.00e o.0ll
3t.54 t5.44
0.0t0 0.011

<o.000:t <0.0002
<0.ool <0.001

l. lo
<0.001
<0.001

9.:0
0.010

<o.001

c.045
0.0a0

.i. 001

l:. t5
<0.001
<0.001

c.rt
0. 150

.0.00 1

?.0e0
<1. lec?

<l tl',ir

t. c0l

<9.ecl
<?.0c1

?. inl

l1-12-10

.t
yn

?.t

{0.01
{O-01
0.06

0. ll

0.150
0.0r0
6t.0

16.0

It0

{.01
il'.1r

142

tt.0
e.001
o.0.t
o.o8o

.o.00t
t6,00

{.001
0.00t
0.tto

0.005
It.:r
0.050

{0.0(n2
r0,001

t.03
.0.00r
r0.0('l
u.t0
0.0t5

.0.001

0.0e0
o.0lt

c0.00t

t.5l
.6.00f
0.002

0. ta
0.010

€.001

2-t t-t I

?rosrn

<1.001
(o.001
c.00?

<0. tol
<f. !01
1.:05

<0.001
.0.001
c.00t

r. t0
n-ffit

<0.001
lO. ro
o.005

(0. nol

0.060
0.060

(0.001

16.00
<0 .001
<0.001

o. la
0.1t0

<0.001

0.006

<0.001
<0. Gol
0.001
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Table 8-6. Continued.

Drtr

Flw. ctr
lfcitlc Corrdsctracr. rdror/c
trrD.Ertut.r tir oC

Tciparrturer grtlr oC

9ll

oll t Grrrrr
lmnir u lllll-lt t/l
tfitrrtr rr tf03-tf tr:/l
tfittiEr || Ilol-tf rt/l
tllsto3rc rr r.tELDl,xL (lotrll rl/l

?lrorphrtr r. lQt-t totrl rl/l
?horphrG. m l0[-t Otthc rf/f
tultrtr m ![F q/l
Sclfldr q/l
totrl Slrgrcdd tolidr qy'l

Tosrt Dlrollrd Solldr q/l
Tosrl cocbuftiblf Solidr
crrbarrtr rr Cdl 4/l
ticrdorrtr rr llEo! a/l
lllrliaity rl CrGOt (Totrll q/t

?otrl tlrrdmtr rr Cr€Ol a/l
rcidltl rl Cr00l rtll
Arrcaic rr lr (Tocrll t/i
lrriur r lr (totrll 4/t
toroc rr ! (tctrll rf/f

Crdriu rr al (lotitll x/f
Crlciur rr Cr rtll
€hrorftn u Cr (totrf) .f/f
Copprr rl €r (Tctrfl .r/f
trlr rr .rr (totrll rl/l

Lrrd rl ?b (totrl) t/l
l{r3neriuc u ttf rf/t
llrn3raer u tra (lotrf ) .r/t
tlrreury m ij (totrf l rdl
I'blybdrngr rr lb (Totrl) rr/l

lotrrl.lr rr I rt/l
Srlcrlrrr u fr (tctrl) rr/t
Sllvrr rr tr (?otrf l q/l
todirr rr ir r3/l
tiac rr tn (?otrl) 

=/1
Arrrnic rr Ar (Dirrclwdl rfll
llurinsr il tl (Dir.olYrdl rt/l
lrriur rr lr (Dirtolrrc) rjtl
loron rr ! (Dirrolvrdl rr/t
Crdniur rr Cd (Dirrolvcal rt/l

Chloridc rr Cl (Dirrolvcd) 4/l
€hroriur rr Cr (Dirrolvcd) rt,fl
Copprr rr Cu (tirrolYcd) a3/l
Fluotidlrr F (DirrolvrCl c/l
Iron m Fc (Dirrolvcdi of/t

Lnd rr Pb (lirroivcd) rg/l
ll.rrjrnrrc rr .ttn (Dirrol.rcd) nj/l
Hctcuat rr !{l iJirrolvrc) ':rg/l
-*olybocniua rr !{o (tirrcivcd} rrgi I
llictcl rr !li rlirrolvcC) rrrg/1

Sclcnirn r 5c (Dirrolved) rtt,/l
Silvcr rr lr (liuolvcc) a3/i
tiac rr In (Dirrolvrdi rg./I
Vrnrdirrll

t l-l l-tr
6.t
$0

I
t

7.t

0.or
t0.01

0.114 0.460

tt.o s.0
3.no 1,67
t.0 12.0

ttO fll

2.40 <0.01
!.3.4t t22.fi
tst ilr,I

5-2t-Cr

t.l
230
l2
1r
6.C

0-t0
0. l0
0,0t

. 0.02

t.200
0. llo
rr. t
0,01
tlr

tlf

0,01
tlr.?1
lt6

t9t
l.t0

r-r2-fr

l.r
490
2t
22
t.5

<0.01
0.01

<0.01

0.160

48.0
0.60
t.0

166

r.E0
lot.tt
tto

ll{
<t.01

9-23-r1

6.f
t64
l!
1l
t.l

l.u
<o.01
<0.01

il r$!
<0.01

65.60

0.160

19.t6

ztr
rt.00

t?.60

0.3&0

r:t.00

t2.to

r.ilo

ll.t
0. lto

l.l0

. f.00

< 0.001
1.4s0
0.0?0
0.0t0

< 0-001

t.to
0. J02

< 0.101

l.lift

c.eoi
t.150

< 0.3n02
< :. :i'll
< c.101

< e. Jol

c.12C
< c.301

lo.lo

0.110

25. t2

2.67

6.20

< 0.0c1
0.020
0.045
0.040

< 0.001

t0.50
< 0.001

0.010

{1.040

0.003
0.020

< 0.000:
< il.001
< 0.001

< 0.001

o.0l?
< 0.001

t.6l l.ll

t6.00 25.I

< 0.001 <0.001
0.ool <0.001
0.06t 0.040
0.oao 0.0{0

<0.0n1 0.00:

16.00 ,.79
< o.col 10.00!
< c.001 <0.001

0.lE
0.160

o.col 0.004
I. i110 0,0lg

< 0.Jnot <0.0co2
<0.tql <0.C01

<:'.0.]l t0.Cl

< 0.c01 <0.001

0. $e5 0. co9
< o.col $. cot

il
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Table B-7. hesults
sampLes

152

of cheuical analyses
ccllected ac Station

of surface water
u-7.

quality

-: Jla

i!:y.;fr
jerciiic Conduct.ncc. uhor/cr
.'rrprrtturl , Air oc
icrape rt Erre . rJa3af gC

e!{

.ril I Crarr

.r*rnir rr !$tJ-tt a1/l.;irrrlr rr ltOt-tl q/t
':itrite u ilol-tf r3ll
'tirro3rn rr rJtLDlltL (?orrlt q/t

?horphrir rr l!4-l torrt q/l
fiorthrr. rr 104-l Orcho rj/l
Julfrt* rr SOi a3ll
fulfiCr q/l
letrl lrrpendrd tclidr 4/l
letrl Dirrohrd tolidr rj/l
lrrrl Corlurribk fol.idr
irrhxrtr rr COt r3/l
licrrborrtr rr fl€OJ ag/l
Atr.llisijt rr CrGOt tTorrl) q/l

totrl !{rl.laGff rr CICO3 rg/l
.uiJiry rr CrslJ 4/l
.ttrr:ris rr lr (Totel) rf/ltrriur rr lr (TeCrll ry't
:eril rr I (torrl) 4/l

r'eJrisr tr Cd (?orrll .C/f
,'llciua u fr ry/l
fhroiur rr Cr (tccrl) r:/t
i.rtF.r rr €u (?orrll af/l
lron rr Fr (Torrl I .:/l

lcd rr lt (?eielf q/l
ltljarriur rr *3 rj/l
.rrrrlrcetr rr tn (Totrll rg/l
lkrcruy rr tlj (Tortll ;q/l
.olyDJcnur er lte (Tc:rt) rtlt

?ecerrrinrufrrt.fl
jclraiur u 5e (tpt,rt) r1/l
iilvrr er Ar (lerrll a1/t
irJirrr rr lll a3/l
Iiac rr ln (Torrll .f/t

.trrcaic er lr (Dirrolvcd) q/l
tluaiaur er rl (Dirrclvr.t) at/l
lrri.r! rr tr (0irrolvcd) a;/1
loroo rr t (Oitrolvrdl nrUt
-'r,lniul rr CJ (Dirrolrcdl ag./l

.hloriJc er Cl iDirrolvrd) ag/l
*'hruaisa rr Cr (girrolvcc) rr/t
irrpl.r rr 6u (Oirrolvrc) u;/l
FluoriJr rr I (0irrolvcd) r:./l
lrca rr 9r (Dirrolvrd) rlrl

L:.rd rr ll (Dirrolrro) n3./l
rr::Jrncrc rr lrn iiirrolvroi ag/l
rlrr€sry rr !{g (tirrolvld);g.il
r:olybJcni.:o 5 !{o {firrolyrc} :rB/t
\r:rcl rr $i t)irr,rlvz.J) rgr I

:sicniur rr jc (fi,rrolvcd) .:rs,/t
rilrcr :r ir (Dirrolved) ag/l
I ra; rt l:r (Sitroivcc) agr I

t1-l t-to

10. t
t*o

f
I

7.4

0.60
{O.01
0.10

0.05

0. lto
0.020
6t.0

t.0

2tt .

<0.01
It3,04

rl.2
;

16.o
{0.ool
0.01o
0. lto

<o.001
41.50

r0.001
0.00t
0.tto

<0.001
15.r4
0.04t

,0.000t
ro.00l

:. t9
{.001
r0.001

t.00
0.005

d.901

0.035
0.050

<0.001

t.:6
q.001
(0.t0 I

0. il
0.010

(o. COI

It-r2-rc

6.t
r50

t
0

7.1

4,{O
<0.01
0.10

0.:0

0.0+0
0.01t
tt.0

7.0

Itt
<0,01

]46,rl
z*

14.0
<c.001
0.oro
0,0t1

<0.001
64.!0

!0.00r

" 
0.0u
0.J60

0.0tt
t0.tt
0.00t

0.000t
<0.001

1.40
<0.@l
ro.00l

r.t0
0.010

<c.001

0.050
0.0?5

<0.001

t .66
{0.001
0.010
0.:l

0.030

<0. D0I

l-lt-€r

2t0
0

7.t

0.40
e0.01
0.0t

0. t0

0.0{0
0.0t0

33.0

lr.0

rlt
<0.0t

tt:. E0
lt0

r0.0
{0.001
o.050
0.0{4

e0.001
tt.40

.o.001
0.003
0.tt0

0.00{
t4.00
0.040

0.000r
<0.001

t.3t
<o.001
*0.001

15.00
0.0t5

.O.0Ol

0.0t0
j .03t

4.001

r.:3
<0.001
<0. tol

c.:0
r.050

<f.001

<c.i0l
<c.l0l
;. J0?

2-l l-tl
Frorec

l-l I -rl {-t-fl

Itt t5:46
lo

E.o ?.e

10.40
<0.01
o,0t

< 0.01

0.u0
0.0t0
It.0

t.0

ttt
<0.01

291.24
tol

6.0
<0.001
0.0t0
0.050

<0.001
t3.60

<o.001
{0.oot

0. lto

0.003
2t.5t
0.0t0

0.000r
<0.001

l.tt
<0.001
<o.00t

?. to
o.0l t

{O.0Ol

0.050
0. c35

<0. c0l

t4.49
(0.001
<0. col

0. rt
0. olc

0.001
0.Jlo

<0. cco?
< c. i01
< j.;cl

0.{0
<0.01
0.04

0.u

0.220
0,001
ro.0

tl.0
lrr

<0.01
29r.t0

240

';:i:i l
'0.0t0

c0.001
?6. t0

(0.001
0.010
0.3?0

0.001
lt.5t
0.050

0.000t
<0.001

1.20
.o.001
co.00l

9.40
0.0t2

r0.C0l

0,0t0
0.030

<0.00t

ls.0c
{0. col

0.010
0. t6

0. !00

<0.00!
0.oaa

.0.00i
<0. col
0. tc!,

(o.0c1
<0.001
c.:o:

<0.00 I <0.001
r0 . .-101 (0 . c0 I
0.107 0.01c ?
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(l
Table BL7. Continued.

Dr:r

Flor, cfr
Specific Cfl|duccrneG. rrlror/cl
Tr+errtwc, tir -€
Trrperrnrrr, 'Jrtrr oC

tll
Oll I 6rrur
hnfu rr rHll rj/l
trittrtr n tEt-t q/l
tltric: rr llol-lf rt/l
tlitrqm n l.lELortll (Torrl) q/l

ttorghrrr rr 104-l totrl rt/l
?hcrghrtr rr t0l-? Orthc a3/l
Sulfr:r rr SOI q/l
Salfidr rr/l
tocrl Surprodrd Solldr r:/t

totrl Olrplrrd lolldr ry't
tctrl Cortrurciblr Solidr
Crtoute rr COJ q/l
licrilcartr rr f,Gl3 rj/l
rttrliritr rr CrCOI (lctrll t/t
totrl irtdarrr rr CrOOt rj/l
rci{ity rr Crqlt q/l
Arrrail rr lr (totrl) rf/l
!*irr rr lr (tccrl) rf/l
tcrn rr f (totrll q/f

Crdriu tr Gll (totrtl q/f
Grlcirr rr Cr q/l
Ghrnlrr m Cr (Totrll .flf
Goflrr rr Gu (tctrfl rflf
troo u Fr (?orell q/l

lrtd rr ?! (lotrll rr/l
l{rlcrrilr lr tt rf/t
lrralrnrre rr ]ta (Totrf) tf/t
tLrcurt rr hg (t6rrl) rg/t
lblFienr rr lb (?otrll rf/f
loturrin rr f rg/l
telrlrirr ru 5r-(totrll r/t
$ilrcr rr tr (tstrl) rf/f
Sodirr rt tlr rj/l
Eiac rr ta (Iotell :r/l
Arretic rr tr (Dirrokcd) */l
Alurinrn 1 Al (Dirtotvcd) a;/l
lerisr rr !r (DirrotYcd) ut/l
loror rf t (Dirrclvcd) rqlt
Crdriur rr Cd (Ditrolvcd) 4/l
Chloride r Cl (Dirrolvcd) ng/l
Chtaiur u Cr (tirrolvrd) ngll
Coppr rr €u (lirrctvcd) aglt
fluoridr rr t (firrolvcd) 4/l
Iraa rr Fr (DirrotTdl rr3l1

Lrrd rr lb (DirrslYcd) q/f
lLnl.ilerc rr !5 (Dirrolvcd) ng/i
llcacurt rr ft {llrrolvcC) rE./l
lblybocniun rt Lo (Dirrolvcd) :ng./l
l{ickrI rr .{i l.)irtolycd ) :rg./ I

Sclcniurr nr $c (:irrolvccl ng/I
Silvr,.r ar ltt (Dirrotvcd) ag,/l
tioc rr tn (Dirtotvcd) rng/l
Vrnrdiuc

223
t
t
t.t

l-tt-tl 9-t3-rl

4
402
1e
lr
f.2

l.rt
< o.0l
< 0.01

0. ItJ

E0.0
1.50
lrt

tlt

{.t0
ta6.44
e10

ll6
< 0.01 .

ll-l l-tl

333
9
t

t.9

( 0.01
0.05

< 0.01

0.500

la.0
:,59
ll.o

t2t

< 0.01
ttt.20
t69.50

lrt
!0.00

?-22-fl

roo
2'
2l
t.l

< o.ol
0.10
0.0t

< 0.01

0.tto
0.140
tr.t
0.01
ril
tl0

<0.01
tot. tf
l6t

Itr
1.90

< 0.01
0.0t

< 0.01

0.500

41.0
1.20
19.0

t6t

t.60
2l4.2r
t0t

l4t
< 0.01.il

12.00

10.000

22.56
0.t10

r.t0

1{.00

< 0.001

0. 145
0.040

< 0.001

11.00
0.00e
0.010

2. t20

0.014
0.500

< c.c00?
< 0.J01
< 4.COl

< N.?01

0.:45
< 0.cot

tt.r0

0.4e0

21.0+

r.5l

t.00

<0.001
0.020
0.010
0.0J0

< 0 .001

10. t0
< 0,001
< 0.o01

o.040

0.00?
0.060

< 0.0002
< 0.001
< 0.001

< 0.001

0 .010
< 0.itol

64.t0

4.600

16.96

t. tt

r. t0

<0.001
<0.001

0.09t
0 .0,<0

< 0.001

2t.00
< 0. col

0.010

0.001
0.130

< 0.0002
< 0. c01
< 0.001

< 0.001

0.005
< 0.001

aa.t0

3.541

t?.00

t.s

3{.00

< 0.ftl
< 0.001

0.060
0.045

< 0.001

t.I
< 0.ool

0.009
0. It
0.22r

c.m3
0.150( 0.0002

< 0.c01
t o.ol
( o.tol

0. !o{
< 0.01:
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rable B-8. ffii::
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of cherqical aualyses
collected at Station

of surface water quallty
u-8.

Drtr

Flou, cfr
lrcific co[duclrncr. rdror/cl
tirDrnturc, Air oC

?rrFerrGurrr lfrcar oC

pll

Oil & Grrrrr
lnonir rt ff,t-il t/l
tlitrrtr rr tl0t-tl 4/l
illrritr rr llo2-tl n:/l
tfl3ru3m m I'EJIHL (locrll rl/l

?lrof?hrt. rr ft14-? totrl r3/l
Phorphrtr rr t0l-? Ortho rjll
tulfrtr .. 36* r1/1
tullidr q/l
totel trrrprdrl lrlldr q/l

tctrl DlrrolYrd blldr rr/t
Torrl Go'rDcrtllk Solllr
Crrlomtr rr tOt rf/l
licrbcnrGr m i00t a:/l
Alrrlilitl rr CrGOl (tccrl) q/l

tocrl tt rftrfr rr.Cr6t rf/t
lciditl rr Crc03 4/l
trrnic rr Ar (ktrll rr/l
trriu rr !r (?otrl) rrll
forsrg f (frtrfl q/l

Grdrirn rr Cd (totrfl rf/t
Crlcirn rr Cr rlll
Chrcriu m Cr {tctrt} rf/f
Goppcr. rr Eg (tocrf l ry/f
troa rr fr (tctrll q/l

Lrrdr?b(totrl)q/t
ltqrrniur m ilt.rf/I
llrn3rcrr m ra (!otel! q/f
llrrcurt u li (totrl) .f/f
Itolybdrrnrr rr t{c (Totrl} q/l

?otgrriur rt I rt/l
Setraisr rr lr (Totrl) lj/l
Silrcr rr tr (totrf) .f/f
So4inr rr it' rg/l
Zinc rt tn (tetrll rj/l

lrrrnic rr tr (Dirrolvdl 4/t
Aluilitilr rr Al (Dtrrolrrdl q/l
lrriur rr !r (Dirrolvrd) rg/l
loron rr ! (Dirrolwdl rr/l
Crdriur rf Cd (Diuolved) q/l

Chloridr rr Cl (Dl.rrolrrd) q/l
Chroaiur rr Cr (Dirrclttd) rg,'l
Cogper u cu (Dirrolvrdl r1/I
Fluoridc rr f (Dirrolvrd) rt/t
Iron rl tr (Dirrclvrd) a3/l

Lrrd .' lb (Dirrohcd) rrt/f
llrnfrncr. rr Hn (Dirrolvrd) a;/l
!{rrcury u H3 (Dirroltcd) q/l
!{olybccniuu er !'lo (Dirrolvca) ag/1
llickcl rr lli (Dirrolvrdl :rr./t

Sr. lrnir;a,u Sc (itirrolYcn) rr:/l
s i I rr:r rr lr (Dirrolvrd ) rrr/ I
!inc lr !,n (llirrolvcd) ag,,;1

1l-?-to

2
rr0

t.6
< 0.01
< 0.01

o.15

0,rt

0.130
.0,001

at.0

u.0

tt0

{0.0[
l5t.t6

t0t

22.0
{ 0.001

0.0t0
, 0.014

{ 0.001
t4.ro

{ o.ml
o.0to
Ltlo

( o,fil
lt.tr
0.0t0

( 0.000it
< 0.001

1.r,( 0.00t
< 0.001

r.00
0.0a0

{ 0.001

0.0:0
0.0t0

r 0.00t

r.:
0.001

r 0.0O1
u.0

0.ottt

< 0.001

ll-ll-to

Itt
0
0

t.l
{0J0
{ 0.01

0.26

0.1{

0.140
0.0e0
14.0

t.0

rtl
{ 0.et
ttt.le

?rl

t.0
e 0.001

0.ott
0.0t1

( 0.001
ll,ro

< 0,001
0.010
0.lto

< 0.001
lt,rf
0.0.o

. 0.0002
{ 0.001

l.tt
0.00t

{ 0.001
t.to

0,0r0

e 0.001

0.01t
0.0.1

{ 0.001

0.lo
0.001
0,010
0.10

0.0.0

r 0.0O1
0.040

r 0.001
< 0.00t

0.010

< 0.01
o.{1

0.070
0.0ro

t,0

el.0

lft

l.l0
tt:t.10

16.

< o.01
< o.ml

0.0r0
0,ot:t

< 0.01
53.qt

< 0.61
o.010
0.tao

G 0.ml
l.5a

0.olo
< 0.s01
< 0.fi1

l.:0
0.aEr

< 0.fi1
I,S

0.sto

< o.ml

0.clr
0.010

< 0.001

< o,ml
< 0.001

0.ls
< 0.001.0.010

< c.ml
< o.ml

0. c05

l-tt-fl 2-11'tr

tarccemibk tarcerrriblr

l-ll-rl r-12-€l

lnrccrrtiblr
3io

a
f.t

< 0.001
< 0.001

0- 010
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Table B-8. Coatioued.

D.tr

FleY, ctr
Sncif lc C€nd$cttltr. rrhor/a
Tingerrturr, Air oC

TrrprrrGurrr lfatGt oC

pll

Oll I Grum
Alrpnir rr lrHt-tr q/l
iliErrc. rr ll03'll t/l
trilrlEf rr [c2't +/l
titrojrl rr r,tEltlB (?ctrll qll

tlrorjhrtr rr t0l-t tctrl *Jt
Flrorlhrt: u lrllt-l ottho 4/t
sultrtr ri sor l/r
Sulfldr q/l
tocrl turiedrd lcltdr q/t

to:rl Dirrclvrd Sotidr ry'l
?otrl CcrDcrclblr Sotidr
CrrbonrGr m C0tl rdl
llcrrbonrtr rr f,G0t 4/l
eltrliritl rr CrGo! (torrfl rr/l

totrl f,rrdmrr rr CrE0l */l
r:idltr || Crool q/l
trmii rr Ar (tocrlt rl/l
lrr|'u m !r (totrft rdf
llrstmf(tomfl{t

Lr.ir" ru cd (totrfl r/f
Grlctrr m Cr dl
Ghrnllr rr Cr ttotrfl rl/1
Cogprt rr cr tTocdt 4/t
troc rr ?r (totrl) rg/l

lrrdmll(tctdltll
t{rtortiur rr lS q/l
ttrigurrr rr ilr (tocrll rl/l
tLrcsrt rr tl3 (Iotrfl rdf
ftolybdrarr rr tb (tctrf l q/t

toG.trfis. || { tlt
Sclrniur rr 3r (totrtl q/l
3ltvrr rr tr (tctrfl rdf
lodiu rr ir q.fl
Zlnc rr Zn (fotri! qtl

trrraic rr Ar (Dirrolrrd) q/l
Alurinur- rr rl (Dirolv:d) q/l
lrriur rr tr (Dirclved) rr/l
!oro[ rr ! {Dirrolvcd) 4/f
Crdaiua er Cd (DirrolvrC) at/l

Chloridc rr Cl (Dirrolnd) rrl1
chraisr rr Cr (Dirrolvedl rt/l
Copprr rr Eu (Dirrclrrdl r3/l
tluoridr rr F (Dirrclued) at./l
Irro rr Fc (Dirrolvrdl tt/t

Lcrd rr tb (Dirrolv:d) 4/l
t{.6frn.r. rr lta {litrolvcd) t;./l
!{Grcurt rr tlg ilirrolvrd} llg/l
ttoiybdtniua rr llo (DirrolvcC) a3/l
t{ickrl rr tli {!irroivcd} nl/l

Sctcniurr rr 5c (littolvcdl :rt,f l
Silvcr sr Ar (Dirrotvrd) rg/l
lioc rr 2:r (Dirroivcdl ag/l
Vrnrdir.lr

Fl?-ll
0.t
130
ll
t,

f.t
0.0r
0.10
0.1?

<0.01

0. lto
0.020
It.0

15.0

1r0

<o.01
134.20
tl0

l2l
0.tt

t-tt-f1
l.t
t30
t5
1t
t.t

< 0.01
0. c6

< 0.01

0.t60

15.t
0.il
c.0'

2rt

t.a0
2t1. t0
194

20r
o.01

Frr;1
t
ll0
It
tt
t.0

t t-I3-tl
.t

2tl
I
I

t.t

t.r6 O.tt
< O.0l 0.06
< 0.01 r 0.01

o.tl6 0.400

l9t 346

1r.00 t.to
ro.tz tlr.$
16.00 20r.60

lrr 196
0.01 ( o.0l

rt3 95.0
t.20 1.60
r!.0 t-o

I
tt.a0

0.3t{l

6.21
0.010

D.f6

1.00

< 0.001
0. i30
0,015
0.030

< 0.001

r.00
< 0.001
< 0.001

0.150

< 0.001
0.020

< 0.0002
< 0.001
< 0.00i

< 0.001

0.00t
< 0.001

tr.40

o,lr0

16. 12

r.3t

t.30

< 0.001
< 0.001

0.020
0.024

< 0.001

t'tg
< 0.001

0.010

0.091

< 0.001
0.010

< 0.c00?
< 0.001
< 0.001

< 0.c01

0.012
< 0.001

i9.6O 6t.m

0.400 o.ttl

t6.to 11.00

r.?t t-to

4.50 t5.50

< o.col ( 0.001
< 0.001 0.015

0. illS 0.0:0
c.0!0 0.0t5

< 0.001 { 0.001

lo.oo 3.rc
< {t.001 < 0.001
< 0.001 { 0.001

o. t5
0.010 0.09t

3.C01 0.00t
0.!30 0.015

< :.:?02 < 0.cc02
< l.:01 ( 0.rol
< 0.001 ( o.ci

< c.col ( 0.001

c.30: 0.009
<.j.00I < 0.001

I
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Table B-9. Results
sarnples

i56

of cherni.cal aualyses
collected aE Station

of grouad Hater quality
ul- l.

Drtr

Flon, cfr
Sxcitic Coadsctragr, rrlror/cr
ti+rrrturr, Air oc

Trr?rrrGrrc. urcfa oc

?s

Otl I Crrrrr
frxrii ru ilf,t-t{ q/l
lfiGrrc. m llo!'lt r3/l
tli,Grit. rr tlot-tr 4/l
tfltr4m u EIEI,E^IG (rotrll t/l
?ho4futr u tOt-t ?osrl q/l
?horSrtr .. Pl-? Ortho rdl
Sulfrtr .1 59* q/t
Sulfilr t/l
totrl Srrrrrr{rl folldr rt/l

lotrl Dfurolrrd Sclldr ar/l
?otrl CrDrlrtilk loll&
€rtbrutr rr COI r3/l
licslorrce rr fC0l nf/t
Allrlirity rr CrCOI (totrll q/l

totrl trtdarm rr CrGOt t/l
fcidity rr CrGtt 4/l
Arraric rr lt (totrll q/l
lrrir rr tr (totrfl rf/t
l€ril .r ! (fccrll r|/l

Crdriu u C{ (fotrf) rr/l
{lrlritr rr Cr q/l
Chrrirn ri Cs (Tocrl) rt/l
Coprt rr Cu (Tctrll rf/t
trcr r lr (?ctrl) rt/l

Lred rr tt (torrt) q/l
ttr3xrirr u lt q/l
Hra3anrr u Hl (Totrf) t t/f
tlerG.tt m [3 (?otrl] q/f
.rlrlftrurr rr tb (tctrll q/t

totrrr.iu. rr I a3/l
lckcirr rr 3r (Totrl) rr/l
lilrrr rs lr (tctrf ) t/t
soiic ri rr */l
tinc rr En (?otrl) 4/t
Arrtric rr Ar (Sirtolrrd) ng/l
Alur,iarrr rr rt (Dirrolvrdl 16/l
lrri:r rr 3r (lirrolvrd) rri/l
lorct rr ! (-'irrolwd) nt/t
Grdricr rr Cd (Dirrolvcd) q/t

C'trlltiCr rr Ci (Dirrolvrd) r3/l
Chr*iru rr fr (Dilrolrrd) ef/l
Copprl rr Cu (lirrclvrd) ng/l
FluotiCc rr t (lirrolvcd) rq/l
troa rr 9r {tirrolveC) a3/l

L:rc rt ?5 {lirrolvcd} :ng/1
fhtttr:Grc rr tl:r (Dirroivrri) rg/l
5cri:ry rr .J.g 'l Sirroivrd ) :ng./ I
lloly:ccniur .r t{o (Dirfolvcc) rrg/l
{icrci rr lli itirrolvrC I r4/t

Sclc::unr er 5c (Dirrolvrd) q/l
Silw: rr Ar'lirrolvcd) rg/l
triac rr t:r il:rrolvcd).r3/l

l0-11-t0

0.01
t90

6
,'

t.l

ll-r-to l-lt-rl
O.0l ltrccrrriltr

510
I

a.t

11.5

llr

146.rt

t0.0

t4.00

t.t0

t.00

2-11-ll F1-ft r-zt-tl

Inrccrmlblr lrrrcccrribk tarccrrrtblr

ll.0

6lt

?56.40
610

rf .0

l9.ro

l; tf

r50

t.0

0.21

t.3
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Table B-9. Cootl.nued.

t

Drcr

llor, cfr
Sgesif ic Coderctracr, rdrolitr
?r4rrrtute , tir -G -TrrgrtrGutt, TtSaa -C
pll

Oil I 0rutr
hair rr mll rf/l
tltilsr u Ft-l re/l
tliErltt rr lol-tl t/t
iltrolrn m l.lEllllt. (totrll q/l

llrorghrtc rr t0l-l tctrt rtll
Fhofphrcr u lEt-l Ortho rr/f
tultrtr o 301 rt/t
3slfldr t/l
totrl lofFldrd loltdr r/1
totd Dfurclrrl frtllr t/l
tctrl Cdtrrclbl. Solidr
Crrbonrcr rr dol r3/l
licrtboartr rr fi00! 4/l
elrrlirity r CrGoJ (Tocrll f/t
tcGrt f,rrdnrr rr CrOOI rf/l
rctdlty m Cr€01 qy'l
lrraic rr tr (Totrl) tf/f
lrrlnr rr !r (totrll rr/f
torcrrrI(lotrllq/l

Grdrlur r Cd (tocrf) i/f
Crlrlrr rr Cr rr/l

'Ghro.irr. rr Cr (?ogrf l .r/f
Cogprr rr Cn (tctrfl rf/f
traa rr ?r (Iotrll q/l

trrd r lb (totell rr/l
tlr3rerirr u lt rf/l
ltrnjrnrre m Ha (Totrfl rt/l
H.rcrrrt rr ij (Tocrf} .r/r
l$lytdrarr n tb (Tetrl) rltf

tatrrrrlur r f rr/l
trlcairr rl 3r (totrfl rdf
Silwr rr lf (?otrl! f/l
Sodiu rr lr q/l
tiac rr la (totdl q/l

Anenlc rr Ar (Dlrrofrrd) qy'f
Alurinur il Al (Di.rolrrd) 1/llrrisr rr !r (Dirrofr.d) l|/l
loroa rr | (Dirroltdl .r/t
Crdriur rr Cd (Dirrofrd) +/f
Chloridr rr Cl (Dirrokrd! rf/l
Chroniur rr Cr (Dirrolrcdl rt/l
Copfr u Cir'(Dirrctrd) q.ll
lluoride rr f (Dirrolved) rr/I
Iron rl Fr tlirclrrJl 4/l
Lud rr tb (DirolYd) rflf
l{rntrocrr rr lta (Dirrolvedl ry/l
l{racurt u Hg (Dirrolrcd) 4/l
ttolybdrniun rr t{o (girrotvcd} rgll
:lictcl rr .ti (Dirrolvrd) 4/l
trlcniur rr 5c (DirrolYcdi rl/l
Sitvcr rr tr (Dirrolvcd) aj/l
tinc rr 3:r (Sirroirrdl ng/t
'Jrnrdirs

!-l?-rl
0.02
3lt

1.,

< 0.01
0.lt

< 0.01

0.001
zt.0

< o.gt

zl0

< 0.01
Itt

|f .00

0.2t0

It.00
0.010

r.30

J. t0

< 0.001
< 0.001

0.020
0.020

< 0,001

10.00
< 0.001

0.0r0
0.20
0.010

< 0.001
0.001

< 0-000:
< 0 .00t
< 0. Jcl

< 0.001

7-i3-ll

0-oot
t00
2l
t

< 0.01
0. t6

< 0.ol

c.390
0.140
t2. I

< 0.01

Ito

< 0.01
16,4r
2tr

t,0

fl.r0

0.250

6.12

1. tt

t6.00

< 0.001
< 0.001

0.025
c.020

< 0.001

:.03
< c-001

0.010
0.20
e.042

0.0n3
4.310

< f. Joo2
< 1.901
< l. J01

< t.001

!.005
< .1. Col

t-tt-rl
0.00f
rtt
It
6
?.1

1.46
0.01
0.02

0.ilt
0.0t0
t0.0
l.6t

l.tt

4.00

< 0.001
< 0.001

0.01t
0.020

<o.001

16.00
< n.001
< 0.001

0. t2
0.01o

I l-lt-tl

tr5

t,5

0.39
0.tl

<0.01

0.tm
<0.00t
lt?
1,26

rff
0.01 t.ff

tto lco

e.to <0,01
zlt.lt t6o.s204 ttt

96.00 tf.50

0.910 0.31t0

15.t4 ll.s

1.40

,7.to

{0.001
<0.001
0.025
0.025

<0.{x[

t.00
{.00t
0.002
0.lE
0.011

0.00{ <0.001
0.010 0.01{

<0.0002 <0.ct0t
< 0. CCI <0.001
< C.001 <0.01

< 0.001

0. 015
< 0 .001

<o.ml

0.0t6
(o.c01

'.l
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Table B-lq. Resulrs
quality

158

of che,mlcal analyses
sauples collected at

of grcund lrater
Statico U1-4.

Drtr

?lcr, ctr
Sprciflc Cettdsctrtcc, chor/cr
trrprsrluar, lir oC

?rnptrrturu, tJtGt? og

pll

Oll I Grcrre
tmnir rr tflt3-lf rg/t
ilitrrrr rr tf0t-il q/l
iliCriC. rr ltol-tf r3/l
llicn3en rr LJttr AtG (torrll af/l
fhorphrtr rr l0l-t ?otrl rt/l
PtorphrCr rr Xlt-t OrGho rtll
trrlfrtr rr SOt q/l
Sulttdr t/lTotrl turprndrd tolidr rfll
Totel Dlrrolnd iolldr q/l
Totrl Corlurtllk tolidr
Crrborrrtr rr COt rg/l
llcrttonrrr rr fiGtt q/t
rlkrliniry rr CrGOt (?otrll q/l
Totrl Hrtdr.r rr CrGO! q/l
fcidfty t| €rCOJ r;/l
Arrmic rr lr (torrl) 

"f/fBrrirr rr lr (Tocrtl rg/l
loroa rr I (tctrl) q/l
Crdrirrr rr Grl (tcrrl) 

"f/ft..rlciur rr Cr q/l
Chroriur rr Ce (tccrfl .f/f
foprp rr Cu (trmtl rt/I
Iroa rr tr (torell q/l
krd rr fb (?csrl) q/l
lnpqirn rr t|t rt/l
llrn3rnrr rr ||n (Iotrl] .f/f
Hrrflr? u f,3 (Torrf ) at/f
Itoltbdrnsr rr Ib (iouf l .f/f
locrrrriur rr t rj/l
lehairr rr 3e {Totrt) rt/t
filrrr rr Ar (totrfl rf/t
Scdirr u llr rj/l
tinc rr tn (totrll q/l
lrrnlc m Ar (Dirrokdl q/t
ilurinsr rr tl (Dirroltrd! 11/llrriul rr !r (Dirrolredl r:/i-
loron rr ! (Dirrolrrcd) rf/l
Crdriur rr €d (Dirrotvrdl 4/l
Chloridr rr Cl (Dirrolvcdl n3/l
Chroaiur rr Cr (Eirrolvrd) ni/t
Copger rr Cu (Dirrotvcd) ag/l
Fluoridc rr ? (Dirrolvrd) if/l
Iron rt lr (Dtrrotyc<tl q/l
Lrrd rr ?t (llrrolrrd) q/l
Frnpftrr. rr !{n (Dirrolvrd) rgl1,
llcrcurt rr tig (trirrolvrdl ng/i
Holybdrniur rr !{o {lirrolvci} r3/l
lf ictrl rr Ii, (Dirrolwd ) a3/l

Sotcnirra lr Sc (itirrolvcd] rrrt
.ti Ivr.r rr itr (Dirrolvrd) raF/i
!inc rr tn (Dirrolvcd) ng./I

f0-11-10

0.00t
tt00

6
t

7.2

lt.0

llto

tt6.6r
1120

t4.0

t,l,60

1..5

tr0

ll-t-6o l-:!-ll
0.00t larccrrribk

6t0
I
3

t,t

lt.0

tzt

Ito.64

t{.0

It.rit

t.zl

..IO

1..1

0.:l

l-ll-!l l-u-rt r-::-fl
lnrccrrribh Inrsccrriblc lnrccrrrlbh

t.I
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Table B-11 . 'ResuIEs

samples

159

of chenical analyses
collected at SEation

of ground water quality
ul-3.

DIC.

flr, ctr
Sprcifle Conductencr,':nhot/cr

.?G+.rrtufr. Air oC 
_

?r.g.rrturri urtcr oc

dl

Oll t Orurr
lnoir rr t|llt-tl rf/l
rirrrrf fi no!-tl !tt/l
tfitrit. m tlol-ll q/l
Itltsotrs rr utLDAl[ (ictrl] f/l
Phorphrtr rr l0t-l totrt r3/t
ttorphrtr rt llll-t Ortho q/l
S.ltrrr 1 SOf al/t
Sullldr rt/l
?otrl Snrprded 3o1[dr rl/l

Totrl Dlrrolrrd Solldr t/l
?otrl CorbutClblr Solidr
Crrbonrtr m GOI q/l
llcrrboartr rr llc0l q/l
rltrllalt; rr CrO03 (?otrl) 4/t
totrl Hudarrf rf CrCOi qll
rcidlty rr CrCOI rr/l
Arrralcrr|r(?otrllq/l
lrriu rr tr (?otrf) rf/t
toroa rr I (totrl) rf/t
Crdrftn m Cd (tosrfl q/f
t:rlcirr rt Cr r3/l
Chroriur lr Cr (fotrll ef/l
Co?Fcr rr Cu (Totrf) .f/f'Iror r."tt (Tctrll rj/l

Lerd er lb (Tosrl) q/l
t{rSnrriur rr ft r/l
ldrillrorf. rr Hn (Totrll q/l
ttcrcury rr H3 (totrf) 

"f/fllol;bdcnur rr tb (?otrf ) .f/t

lotrrlrlur rr I rr/l
Srlrtiur rr Sr (Totrl) ar/l
Silrrr rr Ar (Tocrf) .r/f
Sodin rr tlr rjll
Ziac m tn (lotrl) 4/l
Arrroic rr Ar (Dirrolrrd) r3/l
Alurinur rr Al (Dirrolrt{} aq/l
hriur rr !r (Dirrolve) nt/l
loroo rr t (Dirrolvca) rr3/l
Crdnior rr Cd (Dirralvrd) ag/1

Grloridr rr Cl (Dirroivcd) q/l
Chroriur rr Cr (Dirrolvrd) ng/I
Cogper rr Cu (DirrciYcr) at/l
flsoridr rr t (Dirroivcd) q/l
lron rr Fr (Dirrotqd) *f/t

Lrrd rr Pb (Dirrolvcc) 'ng/lt{ralrc.rr rr lrn (Dirrcivcd) ngi i
ItGriurJ rr H3 (Dirroir:i):rg./i
tlolvbdceiua rt |{o (i:rrctvcd) rg/i
lli:h:1 rr tri (Di,rrolt.:o) rrg./l

Sclrniua rr 3c {Oirrclrrd} rg/l
Silvct lr rr (Dirrolvc=) nrg/1
Sini rr tn {Dirroivcc ) .rgll

l0-21-C0

0.004
1320

6
6

r.3

15.0

t60

9tt. t0
tl0

21.60

l. l9

240

t4.0 16.00

11-7-10 l-r&tt
0.002 lnrccrrribk

600
t
5

t.t

15.0

290

t26.16

2-ll*fl t-lt-!l {-tt-tl

Inrcccrribir Isrccrrribfu Inrccurlbh

J.l

tI.60

l.lr

4.40

1..1

0.:1
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Table B-12. ,Results
samples

150

of cheuical analyses
collected at Statioa

I

trcf

ftcr, ctr
Sfrcific Conductrncr, rrhor/o
Trrterrturr, Air -C

fcrprnturr r lJrGGt oC

pll

Oil I Crrrrr
lnrlr rr tlllt-ll rt/t
tfitrrCr m t{ol-ll q/l
rlrrltr rr tlo2-fl r:/t
Nitrojrn r. f,JELDAIIL (totrtl al/l
?lrcrphrtr .. ;$l-l lcsrl re/l
tho.?ft.tr rr tol-! Ottho rl/t
tulfrtr .. 56* q/l
Sulftlr q/l
Totrl tprprdd Soliar q/l

?otrl Olrrctrd tolldr rrll
?ot.l carbsrtlbk iolldr
CrrturrGr u COI rg/l
ticrboartr m llG0l rt/l
rthrtiairy m CrCot (Totrll t/l
totrl f,rtdnrrr rr CrCOt q/t
rcidity rr CrGOt r:/l
lrrrnicutu(totrl)rf/l
lrrirn rr h (totrl) r3lt
lorocm!(Torrl)rr/t

Crdrlu n Cd (tctrl) rf/t
Grlcirn rr Cr rr/l
Chclllur rr cr (?otrfl at/f
Co?prt rr Cl (totrlt .A/f
tror rr te (Totdl q/l

lrd'rr |D trrmtl rrll
irlnrlirn o tll qy'l
llrnglmrr rr tir (tocrl) rl/t
tiGrcuat rr t3 (Totrf ) t/f
tbl,ybdrcr rr lb (tosel) rf/f

totrrrrirn er I 16/l
Srlrnin rr 3e (rotrll q/l
Silvc m Ar (trcrfJ t/l
Sodiur rr t|r r3/l
linc rr tn (totrtl q/l

Itrcnic u Ar {Dirrolvdl q/l
Alurinur rr Al (Dirrclwd) q/l
lrriur er !r (Dirrolvrd) rj/l
loron rl I (Dirrolvrdl q/t
Crdriur rr Cd (Dirrotvrdl rj/l

ehtd"ii. rr Cl (Dirrclwd) rt/t
Chro'aiur rr Cr (Dirrolved) rt,/l
Copgcr rr Cs (Dirrolvrd) a3/l
Fluoridt rr f (Dirrolvcd) q/l
Iroo rr fr (Dirrolred) r3/l

Lrrd rr ?b (Ditrolvrd! rr/l
l4rnlrnrrG rr ltn (Dirrolvrd] a3/l
!{crcur-r rr Hg (Dirrolvrd) ng/l
!{olybdcni'ra rr lta (Dirrolvcd} ng/l
lf icicl rr lli (Dit rolvcd ) =g/ 1

fclcniua rr 5c (Dirrolvcd) :r3/l
Silvcr lr,tr (Dirrolvcd) rg./1
linc rr !o (lliteolvcd) nr/l

lO-tl-t0

0.00t
l4t0

11.0

tftf

16.40

l.tr

l?0

tI.60

r. ?3

a.40

t.;

0.19

of gEorrr.d water quality
uI-4.

ll-?-t0 l-lt-Cl l-ll-lt 3-ll-rl {-22-ll

0.00t tarccrrriblr tnrccrrriblc tarcccrriblr lnrccgrlbh
160

I
5

12.o

tto

35r.12

t4.00 t6.00

l09t
900

3.E
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Table B-12. Cotrtinued.

Drtt

flor. cfl
Sarciflc CooductrGcr, rrhor/cr
Tirgerrturc, Air oc

frrpctetutrr gaGfa og

pH

oil t Grrrrr
Fnlr rr ilf,3-X rt/l
[itrrtr rr tfi]l'i :t/l
tfltritc rr tlo2-tl rg/l
tfirrora m IJEtfflG (Totrl! rr/t

?horphrrr 1i tQl-F totrt q/l
Phorlhrtr rr lE4-t Ortho ly'l
sullrtr rr t0t rt/l
Sulfldr r/l
totrl lorirrrdrd toltlr rr/t

totrl olrrolrd tolldr rdl
totrl Co$rrrclblr Solidr
Crrbonrt: rr C03 q/l
licrtbonrtr rr HCO! r3/t
rlhrliait' u Cro03 (Totrlt T/t

to:r[ lrrdnrrr m CrG0t rt/l
r:iditr .. CrCOI r:/l
trrcaii rr Ar (Totrll t/f
rrriu r tr {totrlt rt/f
loroa er ! (Totrl) rtlt

Crdrirn er Ql (Tctrf! l/f
{:rlclrn r Cr rlll
6roriur m cr (lotrfl q/f
Coorrt m Cc (Tosrf) rr/f
troi m tr (Totrll *.ll

Lrrdrrft(lotrl'df
llrrnrtiur rr tt rtlt
trrirrnrrr rr tla (tcgrf l q/l
Hrrlsrt u t|l .(totrt] q/f .

l{olybdimr ri rr (?otrft ldf

lotrrrriur m I rt/t
lrlrnirr rr Sr (totrll q/t
Sllvrt ru'lr (to:rt) r/t
Sodtrr u t|r 4/l
tinc rr Zc (lotrl) qy'l

Arrnic u lr (Dirrohedl 4/1
tluainsr rt tl (Dirrolnd) uf/l
lrriur rr tr (Dirrotvrd) l3/l
lcron rr | (Dirrclve{) ar/t
Crdrisr rr Cd (OirrolYrdl ay't

Chloridr rr Cl (Dirrolvrd) *3/l
Chtonisr er Cr (Dirrolvedl ar/l
Coslrr rr Cu (Dirrolnd) r*/l
Fluiride rr ? (Dirrolvcdl rj/1
tror rr Fr (Dlrrolrrd) .f/f

Lcrd rr Pb {Dirrolvcd} af/l
Hrolrr.r. rr rn (Dirlolvcdl ag/l
xcriury rr Hg (Dirrolvcd) ng,/l
Holybdiniur rr f{o (iirrotvrd) ag/1
lf ichrl er .{i (Dirrotvcd} rnl/1

Sclcniun rr 5r (Dirrolvcd) rag/l
Silvcr rr Ar tlirroivrd) at/l
tinc rr tn (Dirrotvcd) 

'rrgi 
t

Yrnrdirl (Dlrrolvcd) otrt

t-lt-tl
0.00{
tto

I
1,7

< 0.01
0.lt
0.01

< 0.oot
lt.0
1.50

It5

< 0.01
2tl

27?,

l-21-fl

0.002
r30
It
t
t.?

0. 15
0.0t

< 0.0t

0.1!t0
{ 0.010

ll-0
< 0.01

2r5

< 0.01
305
2to

222
r, t0

9-22-fl u-rHl
< 0.001

aag l2t
l4
5
f.0 7.5

|-rt 0.0t
< 0.01 0.0t

{ 0.01

0.250 O.JI
0.09t o.ot{l
63.0 3t-0
2.10 *-s

ltt t20

!.{t0 ( 0.01
153.t6 l3?.t0
tll 177

196 l{t
<o.ot t.0o

?r.00

0.4t0

lf.l0
0.010

t.4f

4.70

< 0.00t
< 0.001

0.010
0.020

< 0.001

t.00
< 0.001

0.0r0
0.21
0.060

< 0.001
< 0.001
< 0.0002
< 0.001
< 0.00i

< 0.001

6t.35

0.[to

It.to

l.t?

24.00

< 0.001
0.c10
0.030
0.010
0.001

t.et
< 0.00t
< o.o0l

0.23
0.050

< 0.00!
0. ti0

< 0. r!00!
< 0.cc:.
< 0.,10i

< c.g(tl

0.006

f0.00 u.m

0.140 0.t5{t

tl.ol 20.50

l.6t 2.60

5.?0 6.50

< 0.001 < 0.001
< 0.001 0.0t5

0.030 0.035
0.010 0.030

< 0.001 ( 0.001

lt.00< 0.001
o.otc
0.21
0.010

3.20
( 0.001
{ 0.001

0. r9
0.01I

< 0.001 0.002
0.010 0.018

< 0.0002 {c.0002
< 0.001 <0.001
< q.001 <0.01

< 0.001 {0.001

0.020 0.0t1
< 0.001



a

Table B-13.

162

of chenlcaL analyses
collected at StatLon

!

Results
samples

of ground water qualit;r
ul-5.

Drtr

flor. cfr
Sgrcific Ccoductrlcr, rrlror/a
?clrn3urt, Air -C

traf,rilturr r gactf gc

pll

Oll I Gnrrr
tnlir rl llf,l-tl q/l
tlltrrtr u F!-tl rj/t
llitritr rr Ho2-If at/l
rtitrojca rf r,JEDtI[. (?orrl) q/l

?h.rthrtr .. ftl-l totrl rl/l
thcrpbrtr m t0t-l Ortho rt/l
Sullrtr m S0r rl/1
fulfidr rl/l
?o:rt furpadrd loltdr rf/l

Totrl Dfurolwl lolldt r:/1
totrl Calnrtible Solidr
Crrbonrcr rr COI 4/l
licrtiorrtr rr x0Ol q/l
tllrllalty rr Cr@l (totrll rl/t

Totrl f,rrtnrm rl CrG0t {/l
rciaitt rr CrG0t 16/l
rr.dic rr Ar (Totrf l rf/l
trtiu m lr (Torrll rr/l
torolrrI(lorrl)rt/l
Grdrlnr rr G{ (?crrf} l3/t
celeirr m Gr rl/l
Chrorinr rr Ct (?ocrll r/l
copprr rr Cg (tcrrl) ry/l
trol rr tr (totrll rg/l

tr.d rr. ?b (totrt) rf/l
ilr3ntrirn rr !t rt/l
rrrrt{$f. rr Ha (toirll q/l
!{ercury rr Ng (totrf } 4/f
f{olybdrurr rr t{o (fotrf} q/f

?qtrrtrirl rr I eg/l
lrlroiu lr 3r (Totrll rf/t
Sllvrr rr lr (lotrl) r;/f
Sodirr rr tlr r3/l
tinc rr !a (Tctrl) rg/l

Arrraic u Ar (Dirrohed) r4/l
Alurinur rr Al (Dirrolvcd) 4/llrriur rr !r {Dirrolvrd} nrg/l
loron rr t (girrolwd) tt/l
Crdriur .r Cd (Dir.olrcd) ag/l

Chlcridr rr Cl (Dirrolnd) ct/t
Ghrcriur rr Cr (Dirrolrrd) n3/l
Cogger rr Cu (Dirrolvrd! n3/1
Sluoride rr F (Dirrolvrd) cf/l
trsn u Fe (Dirrolvcd) at/l

Lerd rr ?b {Dirrolvcd} q/l
lrrG:rne .e rr ltn (Dirrrlved) :rg/l
t.r:urt rr ilg (Cirrolvcd) :r5./l
troi,ybdcniurr rr llo'.Dlrrolvcd) ng/1,
llicirl rr t{i itrirrolycd) ag./l

sclcniur rr Sc (Dirrolvctl I ng./l
5i:YGr rr tr {lirrolvcc} rr3ll
liac rr ln (DirrolrcCi rrg/l

l0-fl-t0

0.01
t50'a

t
7.3

tt.0

tct

153. to
tt0

f6.0

14..0

t.t0

19.00

tt-?-ro l-tFf r

0.02 larccoribk
tr0
ll
t

7.?

!6.0

140

715.r6
t0l

t2.0

il.10

2,r2

1t.00

4.17

l-tl-tl 3-ll-rl r-21-ll

tarcscrriblc lttrccrrriblc larccrlrLblc

:.9



{l r63

t-2r-rt

I
t10

t
7.5

0.t0
<0.01

0. 25
<0.01

0.410
0.0?0
4t,0
0.01
?1.0

3E2

<0.01
tt7.96
tlt
3tf
2t. lo

+6.40

0.oto

It. t8

1.50

.46.00

<0.001
<0.001

0.010
0.090

<0.0c1

12 .00
d.001
<0.001
o.2(
0.010

<c. cot
<0.001

0. 11: J

d.c01
d.001

{}.C01

rr.0.)t
<0.,lCl

Table E-13. Continued.

Drtr

Plor, cft
scrcitic cooductract, r.ahor/o
Tcrtrrrtun, Air oC

Trlprrrtutr. tfutrt oC

9ll

oll t Grrrrr
Hronlr rr lllll't rt/l
HitrrGr rr l|ol-tl rdtl
ilirritr rt tot-tl rt/l
rltroten rr &ltt.DAlll (totrll +/1

tlrorgtrrtr u tOt'? totrl */l
thorphrtr rr !01-? Ortbo aill
trlf*r m tO* rtll
3ullidr l/l
tstrl Surirndrd lcttar q/l

Torrl Dfurobcd Solidr q/l
totrl Corboltibh Solidr
Crrboi.t. m COl ry'l
llcrrbocrSr u trGOt rl/t
Alhrlioity rr CrCOt (lotrll q/l

Totrl trrdarn r CrCo3 4/l
ktdlry rr Cr003 rt/l
Arrrtii rr lr (Totrf) rdf
lrriu rr tr {?otrfl rr/f
toron rr I (tctrll 4/l

Grlrirrr rr Ql (Totrft af/f
Crlciua rr Cr rt/l
Chrorlrn rr Cr (totrll q/t
c4?cr rr Cu (rotrll re/r
tror rt tr (Tctrl) q/l

Lmd rl ?b (totrtl 4/l
t{rtnrritn rr l{3 r|y'l
ltrigrnrrr u l|a (fotrf) rr/l
trttiurr rr fl3 (Totrll q/f
lblfbdinrr rr IT (totrf l a;/f

lotrilrlu rr I q/l
Srlrniur rr 3r (totrl) a3/1
Silver rr Ar (Totrl) r1/l
todi.rn rr tlr 4"fl
Zinc rr ln (Totrll rl/l

trrcaic rr Ar (Dirrolredl rt/l
Alurirnn er lt (Dirrolvcd) q/l
lrriul rr !r (Dilrolvcd) ng/t
loron rr t (Dirrolvcd) tt/t
Grdniur rr Cd (Dirrolvcd) a3/l

Chlotidr rr €l (Dirrolvrd) rj/l
Chroiul m Cr (Dilrolvrd) r3/l
GogDGr rr Cu (Dirrolvcd) ag/l
Fluoridc rr t tDirrolvcd) 4/l
Iron rt Fr (DirrolYcd) :rt/!

Lcrd rr ?b (Dirrolvcd) a3i I
l{rnlrnc.r rr !{n lDirrotvrd) e3./1
lr.r€urt rr Hg (lirroivco) :31 I
Hol ybdiniur rr lto (Jirrolvrc ) =3,t I
l{iclct rr tti (Dirrolvcc}:ng/l

Sclcniut r Sc (!irrolvtd) ag/l
Silvcr rr Ar (Dirrolucd) rg/l
linc rr En (Dirrolvrd) :rg.il
Vrord iuc

9-22-rl ll-I3-El

I
500 l?r

l2
r.t ?.t

o.to 0.t2
< 0.01 0.01
< 0.01 {0.01

0.145 0.600
0.016 0;olo
16l t3.0
t.lg t.t9

4tt ril

4.t0 <0.01

ilr.61 r39.I0
l;o t60

t60 l3r
< O.0l 6.m

?-2!-ll

1
6t0
27
lo
1.7

o.tt
< 0.01
< 0.01

0.1?0
0.060
tt.0
0.lt

400

< 0.01
r22.12
t46

lt0
6.0

9l.to

0.100

t4. t6

l.16

t. ro

< 0.001
< c.001

0.050
0.060

< 0.001

r .0t
< 0.c01

0 .0t0
0. t?
0 ,0s0

< 3.001
'1.0:0

< 1.00c:
< L ''81
< 1.001

< c.lol

. i:8i?

!6.40 10t.00

0.500 0.t20

34.36 11.50

t. tt

t.40

< 0.c01

0.0c?
< 0.001

5.50

t.t0

{.60
<0.001
0.005
0. tt
0.0r t

(0.001

0.0t 5
<0.001

< 0.001 4.001
< 0.001 <0.00r

0.06n 0.030
0.010 0.045

< 0 .001 <0.00.1

1fi.00
< 0.001
< 0.001

0. t5
0.010

< 0.001 <0.00t
0.0rn 0.01i

< c.coct <0.0002
< o.cel <0.c01
< o.Dol <0.0i



Table B-14 . /Results
samples

r54

of cheoical analyses
collecred ar Station

of ground water quality
uI-6.

Drtr

llor. cfr
Sprciflc CoaductrilGr, rdret/cr
h;Frrturr. Air oC

t.rp.rrtust ! lfuta? og

pll

Otl I Grrrre
trnaie o ltf,l-t q/l
llltrrtr rr t€J-If rf/l
lfitritr rr tlot-il l3/l
t{itrogrn r. fJEliDflfL (torrll ,flf
PhcrphrCr rr l0l-l torrl q/t
lhotphrtr rr to*-? Ortho 4/lSulfrtr rr 301 q/l
Sulftdr t/l
Totrl turpeafud toli& qy'l

totrl Dlmoln{ trltdr rf/l
totrl Catu*ibtr tclldr
Crbonrcr rr O0l r3/l
ticrrbmrtr rr f,C0t rtll
rltrlialt; o Cr€01 (tcrrtl t/l
Totrl f,.rdnrrr rr G*Ot q/l
rctdlty rr CrC03 q/t
Arraic rr .lr (Iogrfl rf/t
lrriur m |r (trCell.f/t
torot rl I (Iorrll r/t
Crdriur m Gl (trrrf) n/tf.rlciur rf Clrf/l
Ctralur rr Cr (?otrtl .f/f
Coppct r Gr (totrfl -flf
Iroa rr Fr (tctrll q/l
krd er !t (fccrlt rdt
ttl3tr:riur rr tf rfll
l{rtrlru.fr rr Ha (tctrf l rf/t
ltrrcrrT tt f,t (lorrll rdl
t{olybdrnur rr tb (torrll .f/f
totrtrrisr tf I t/l
Srleniur rr tr (tcrrll .r/f
Silrrt rl tr (tetrtl f/.!
Sodiu rr tlr r6/t
tinc rr tn (Tocrl) r|/t
Arrcnic rr tr (Dirrotrdl rtli
Aluriaur rr Al (Dirrotycd) q/llrriur rr i. (Oi.rolrrd) rllI
loron rr B (Dirrolrrd) q/l
Crdriur rr Cd (Dirrolved) ng/l

Chloti{r rr: Cl (Dirrolvrdl fi/lChroaiur rr Gr (Diuolvcd) ai/l
Ccpprr, ru Cr (Dirrolwd) q/l
Fluoridc rr I (Dirrolvrd) ag/l
Iton rr fr (Dirrolrrd) a;/t
Lrrd rr lb (Ditrolvrd) nrg/l
lrrntrncrc rr lh (Dirrctvrd) sr;/l
l,l.rcurf rr H3 (Dirrolvrd) ngr'l
!,lotybdcniun rr lto (Dirrolvcd) rg./1
liictcl rr $i (Dif .olvco ) *g./l

Sr. Icniun n. Sc (Di ttolvedl .rG/ !
Si lvr.c lr Ar (!lirrrrlvnri) nrf/l
linc u tn tDirrolvcdl :g./t

l0-tl-10

0.01
600

4
5

7.2

tr.0

tt0

414.t0
tiro

lr.0

!c.60

r.ll

t.o0

0.01
tt2

I
t

7.0

( 0.10
< 0.01

0.10

0.lt

0.100
0.0t0

tt9

tt0
{ 0.01
tlr.r2

t36

1.7[
0.00t

< 0.001
4.90

0.00t

< 0.001

0.011
0.06t

. 0.001

< 0.c01
0.010

0. 160

< 0.001
0. c05

( 0.001
< 0. 001

0.00t

lnrccrrrib le

u-?-to ll-il-ro l-tr-rl l-ll-ll l-ll-fl

Inrccgribk lnrccrrribk0.0t
600
l0
t

t'.2

lr -5

tto

lt?.cn
350

tt.0. { 0.001
0.01t
0. t00

{ 0.001.
tt..to llt

< 0.ool
0.olt
0.330

0.00t
tt.tt 31.6r

0.010( 0.0002
.0.001

t.60

13.c0



{l
Table B-14. Coutinued.

r65

a-lz-El 5-17-et

Inrcccrlbh 0

DIET

Florr, cft
Specific Coaduccracr, uhorlc
Tcrpr"tGure, Air oC

?caf,rrrturr. lf.3tr oC

9ll

Oil 6 Crerrr
lmnir m lftll-ll r|/l
lfisrrtr u lFl-ll 4/l
Iitfitr rr llot-tl rt/l
llilrojrn r. IJtLDAttL (torrll rr/l
Phorphrtc rr F04-F Totrl rt/l
?horphrrr .1 l(11-P Ortho rjll
tulfrtr .1 tOrt 4/t
Sslfidr rr/l
lotrl SsrFrdrd Solidr 4/l
?otrl DfurclYrd tolldr r3/l
totrl Gortcrtith Soltdr
Crrboortr rr COt q/l
tlcrrbar:c u ll€t 4/l
tltrllnlty er CrCOt (fotrll rrlt
?otrl f,rdmrr rr GrGOl q/l
rcidlty rr C|COI rr/l
trrcnlc rr tr (Totrl) rf/t
lrrirrr rr !r (Totrf ) .f/t
loron rr I (lotrl) 4/l
crdriur rr Cd (?otrf) rl/f
Crlclrn rr Cr rf/l
Clrroriur r. Cr (Tocrl) q/l
Copprr rt Crr (lotrll rr/f

, troa rllr (tctrll rdl
Lrrd u lt (locrll rr/l
ItrSprriu rr ltf rfll
ilIrl.nfr. rr Ia (fotrf ! r4/f
llrrcust rr E3 (totrl) .r/f
l{olybdrur rr tb (?crrf } .f/f
?otrrrrlsr rr I a3/l
lelrriu rr 3e (Totrl) 4/ltllYcr rr lr (Totrl) a/f
todirr rr trr 4./lllnc rr t.n (totrl) -f/f
Arr.aic rr Ar (Difrolrrll rf/t
lthninur rr tl (Dirrolrrll rr/I
lrrirn rr lr (Dirroryrdl rr/[
loroa rr ! (Dirrolrrd) rf/t
Cedniua rr Cd (Dirrolrrrt) 4./1

Orloride rr Cl (Dirrolrrdl rgll
Chrouiur m Cr (Dirralrrdl ri/l
Copgcr rr Cu (Dirrolyrd) r3/l
Flsotidc rr f (Dirrokcdl q/l
Iron rr fr (Dirrolvcd) a3/l

Lrrd rr tl (Ditrotved) ;3/l
ltrritrur.r rr rb (Dir.olvrdl r3/t
H.rcurt rt Hg (Ditrolvcd) r4.ll
Holybdcniur rr !{o (Dirrohcd} a1/l
tlictcl rr lti (Dirrolvcd) rg/l
tir.tr.nirrr ar Sc (Dirrclvcrl) n*/l
Silvcr sr Ar {Dirratved) nr/l
Iinc rr !n (f irrolvrd ) ng./l
llrnrd irrs

7-tt-tl

660

1.4

< 0.01
0.20

< o.ol

0.trr'

Ir.fl

r.6l

< 0.001
0.100
0r04t
0.0t0

< c.001

?.s

0.!l
< 0.ol
< 0.01

7.6

0. 32
0.1I

<r.ol

o.t.o
0.0:0
6..0
1.ft

e-2t-fl t l-t:-tt

501 rlo

I

JT

0.220 0. lto
0.100 0.0t{
3r.5 125
0.16 3.t9

rlt
o.ol
4[8.96
t6t

2tt
..t0

ff.ro tr.oo

Ito rt?

2.[o {o.01
3on.l2 502.60
zto rtt
tr[ !r0

< o,ot 1t.00

60.00 t.f,o

fi.3rn

{1.t6

2.7'

nt.m

0.3r0

3?.O0

r.90

15.!o

6.98 l{ .0rr r.40
< 0.001 < 0.0n1 <c.cot

0.010 < n.q6l <g.36i
0.:? 'J.:t 0.:i
0.140 o.nln 0.3t5

< 0-oot <o.col
< 0.00t 0.c20

o.oro 0.0!o
o.0ao 9-J50

< 0.0n1 r0.00t

< o.oot .0.O0t
< 0 .11{11 0.0C5
< O.non? (O.CoO:

< o.t_tol <c.001
. 0.illll (C.91

< 3.lel <0. fel

.i -nr
(0.fl:

< 0.00t
< 4.001
< 4.COO:
< t1.001
< rt. :tol

< c.+01

l.rlr 1.1n!
< r.:01 < 4. 1nl(l



t

I
Table B-15. Results

quality

155

of chemical anaiyses
sanples coliec=ed at

of gror.rnd water
Station Ul-13.

I

Drtr

flou, cfr
Sgrcific ConducErncr, r|rlror/ca
?utrreGsrc, tir 'C
tugrtrturr. litGlt 'C

ill
Oil I Grrrre
nocir u llf,ll-t rt/l
llitrr:r rr r0!-tl q/l
lriarisr m l{o2-N rt/l
ttitro3et r. HELDAIIL (tocrl) ll/l O.It

ll-15-tr

0.0t
1000
-3
t0

6.0

o.u
0.05
0.01

?horphrtr m t0&-l lotrl rt/l
thorphrtr g Xtt-l Ortho rt/l
lnllrtr u f0t q/l
3ullidr a/l
tctrl lnrpdrl tclidr q/l

lctrl Dlmrkd tolidr r1/t
totrl Ccbqrsibk Solldr
Crrbcnetr u COI rt/l
licrrbocrct rr B@l rr/l
rtrrltalty er Cr@! (tocrl) rt/l

0.rlo

rto

t$?0

( 0.01
463.S
tfil,00

16i.ff

0,a50

r0l.0o

tt.:0

20.s

torrl Hrrdarr u CrC0l rg/l 9fz
rsidity rr CrOOt r3/l 1l'00
lnrnie er lr (tsCrl) r1/l
trrirl rr lr (totrl) rg/l
lorec rr ! (lorrl) rf/l

€rddur rr Cd (trtrl) rt/f
Crtciur rr Cr r3/t
Ghrcrinr rr Cr (tosrl) rr/l
CcpFr rr Cu (tosrf ) .r/f
Iron m fr (tctrl) rt/l

krd rr tb (tot*l) rl/l
ilrtaciur rr ltt q/l
!un3rn.r. rr Ha (tctrf) tflf
rrriurr rr s| (tctrf) rflf
tbtftdiiltr er .r (tosrll rf/f

?otrrttinr u I 16/l
&lrnirr m 5r. (tcrdl rf/l
Silvrr u Ar {totrt} q/l
todir rr l{r r3./l
8iac rr to {Tccrl'} tt/l

Arrroic rr Ar (Dirrolvrd) r3./l (0'001
Alucinua rr *I (Dirrolvrd) ag/l <0'001
lrriur rr tr (Dirlolvcd) a3/l 0'tl5
llcton rr 3 (Dirrolvr<t) ag/I 0'3:0
Crdriue rr Cd (Dirrolvcd) rlrl <0":Cl

Ghleridr rr €l (Dirrolvcd) ogll 3'6C
Ctrtgri,ra rr Gr (Dirrotvrd) rgfl (0'O0l

Corsrr rr Cu (Dirrclvrd) tg/l 0'302
ii"lnic. rr F (Dirrohcd) atll 5''8
iioi .t fr (Dirolvrd) a3/1 0':'60

lrrd rr Pb {Dirrolvec) or/1 (0'C0i

i.ii.i.t. u :a (Sirrolvcd) :3/1 c'Jio
-I.l"iy u i{g (lirrolvcd):rgil <0':00:

;;i;il1"i"" ir t'.o (Dirrolvcc) ns/l <c':ci
il:i;i;;i-lPir.ot".d) asii o';cr

telcniua rr 5c (Dirrotvcd) :r3/l <C'JOI

;;;;;;-;t-rr itirrolvcd) *srl <c':c!
iii" i. ia (Dirrolvcc) cs/l c'::?
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(l
iable B-i6. . Results

samples
of cheu j.ca1 aualyses
collectei at Statioa

of grcunri water .iuality
U2-I.

Drt.

Flor, ctr
Sprcific CoGductrncr, rdror/o
Tcrgrrrtun, Air oc

fr4rrrturr, tlactr og
pll

Oil I Grrrre
hair rr lflll-tl r3/l
l|itrrtr rr t0l-tf et/l
llirri:r rr t{ol-lt rj/l
illcrotflr rr fJ!tr.DAflL (To:rll af/t
Phorghrrr rr F04-t lorrl rt/l
IttorFirr. rr tO*-p Orrho 4/lSultrtr rr S04 rt/l
Sulfidr q/l
totrl turprndrd lolldr t/l
Totrl Dlrrolwd iolidr q/l
Tocrt Ciltnrtiblr Solidr
Crrtomtr rr COil q/l
ficrrtoarc. rr t|COl r/1
ftrlinity rr CrG03 (totrll q/l
totrl f,rrdnr.r rf CrOOI rj/t
rcidity rr Crfi!3 4/llnaic r. L (tocrll q/l
f,rrirr rt !r (totrl) 

"t/flotnuI(lotrl)t/t

Crdrirr rr Crt (torrll q/l
a:rlcirrl rr Cr t/l
Chrdm rr Cr (tocrll rf/l
Cojpr u Cu (torrfl .f/f
Irao rr rr {tctrt} qfl
Lrrd er fb (toul) rr/f
Itrglrrlrr'rr tt q/l
lk*4mrrr rr h (forrl) q/l
llrrcntT rr t3 (forrl) q/f
tlolttdronr rr lb (lotrll ol/f
?otrrrrlur rr I nj/l
Srlninr u Sr (Totrll rgll
tilrtt ri tr (torrl) q/t
todi,; rr tlr 4/ltirc u ln {Tocrll q/l
Arreaic rr.tu (Difrolvrd) ry/l.llrri:rrn rr Al (Dirrehrdl n/llrriur rr !r (Sirrotvtci r3.lf
loroc rr t (Dirrohcd) 4/t€rdriur rr €d (girrolycd) ag/t

Chloridr rr Cl (Dirrolyrd) r1/lChrciul rr Cr (Dirrotrrc) ni/l
Colp.t rr Cu (tirrolred) a3./l
fluoridr rl F (Dirrolwd) nf/l
lroa rr tc (Dirrolvcd) a3/l

Lrrd rr Pb (Dirrolurdl rf/I'
llrnlrlrrr rr ttr (Dirrotvrdl n3/l
llcrrura rr Hg (Sirrolrcd) n3./l
l{oly:traiur rr Io (DirraircC) ng/lllichri rr lti (Dirrolvcd):rr3/l

lic I cn iurr nr 5c i D i rrolvti ) 4/ Il|ilvel rr Ar (Dirroivar) a3/i
trinc rr tn (Dirrolvrd) =g/l

t0-tl-fo

0.002
Il00

!
1

7.t

u.0

rtt

?19.20
590

!r.ro

t. tt

lt0

14.1

I l-r-80

0_01
f30

I
7

?.r

51.0

r60

tlr.t0
340

23. t0

r. ?t

It.0

t9.7

rto
( 0.01
3tt.t0

310

16.0
<0.001
0.cto
0.oto

.0.001
l0t

<0.0o1
r0.001
1.U0

<0.001
t3. tt
0. rrt

<0.000t
< 0.001

2. t6
0.001

{0.001
16.30
0.00t

< 0.001

0.030
0.0t0

i o. ool

r6 .0
< 0.001
< 0.0c1

0.21
0.33e

( 0.G0!
0. cct

0. c03
< 0.ccl

c.00:

l2-31-t0 i-zt-tl r-ll-rl !-ll-rl

0.004 Inrecerriblr Inaccrtriblclnrcccrtibh
+tl

I
6

7.t

2,60
< o.0l

0.02

0.u
0.2 t0
0. lto
t0.0

tr6lr6
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Table 8-16. Continued.

Drt.

tlw. cfr
Spccif ie cofldscGrnct' rrhor/cn
?crrfe rrturr. Air 'C
?rnpcrrturr. Urtct t
pll

Otl I Crrerr
Arnnlr rr tllll'I rl/l
tliGrrtr rr tFt-ll r3ll
xitritq r tlo2-tl q/l
$itrcara rr uElJAllL (?otrl) a1/t

?horghrGr u t0t-? tcgrl rf/l
Phc.Fhtt. rr t03-? Ortho r3/l
Sultrtr rr l0l q/l
3ulfidr r1/l
tctrl Surirndrl $llft t/l

?otrl Dirrclrrl Slltdr rr/l
torrl Corbrrtlbl. lolttl
C.rboort. rr COI q/l
llcerbcmtr rr ll00l rf/l
rlteltulty rr Gecot (rctrfl dt

totrl irrlarrl m CrGOt a/t
Acialct rr CrEOI rjll
rtrrlii rr lr (Iotrf l 4/f
furiur ir lr (?otef) rr/f
lcror rr | (tctrl) rt/l

Crdriur m Gd (Torrt) rj/f
crlcin rr C. t/f
Ghroriu rr Cr {totrll 4/f
Gogpcr rr Cu (tccrt) I'/f
lros rr rr (Iotrll q/t

l.rrd m ?b (Totrl) rf/t
ttrrnrriur rr il3 ry'l
Hriturrc r Ha (Tctrtl q/f
r.tctrty rr t|3 (totrlt rj/t
Folyldrnur rr tt (trtrfl .r/1

tctrrrlrrr rr I rl/l
trlrniu rr lr (trtrlt .dl
Sllvet r Ar (?otrl! rdf
tcdlrr rr lr rEll
Sinc rt ln (Tctrl I r/l

Arrrnic rr Ar (Dtrmfrral rf/t
Aluriagr m Al (Dirrclrrll rlfl
lrriur rr lr (Dlrrclwdl q/l
loron tl ! (Dirrslrrdl a/l
Crdriur rr Cd (Dirrolrrf) a/l

Grlotitc m Cl tDirrrhell q/l
Chrriur rr cr (Dirrolrrdl r4/l
topprr rr'Cc {Dimollrd} rl/t
Fluoridr m f (Dirrolwd) rr/l
lroa lr Fr (Dfurlrr4l r3/t

Lrrd rr ?b (Dirrolvrd) a3/l
ltrngrnctc rr :tn (Dirrolvrcl a;/l
!{crrr!r! rr H3 (Dirrolvcd) a3/t
l{olybdiniur rr Xo (Dirrolvcti} rgi I
!{iskri rt.{i (Dirroiucd} n:g/l

gr.lrnirrt :rr sc (llirrrolYr:dl ng/t
Silvrt rr Ar (lirrolvcd) rrt/l
Sinc rr la (Dirrolv:d) rrl/l

t-22-$

0



Table 3-17. Results
sauples

159

of cheuical analyses
collected at Statf.on

of ground w*ater qr:ality
u2-2.

Drtr

Flor. cfr
Spcciflc Ccaduc:rncr, rdrcr/cr
tcr?rtrtun, Air oC

TcrprrlSurr, 'Jrttr og

Pll

Oit I Grerrr
lnoair 4 lfltj-rf rt/l
lfitrrtr er illt.l| rt/l
Hitric. || tlo2-ll ug/l
lfitrolea rr ElULOAllL (Totrl) ag/l

thorghrtr rr lt0l-l to:rl */l
?horphrcr rr i0l-t Or:ho rtlt
tulfrtr rr SOr t/l
Sulfidr l/ttotrl 3rrpndea 3olldr rf/l
?otrl DfurolYrd lolidr rf/l
Totrl Cabnrtibtr Solidr
Crboorcr rr Cdl rt/l
f,icrrbomtr rr ltEl r1/l
Allrllal:; rr Cr00l (totrl) rr/l
Totrl f,rrdnrrr rr CrCOI r3/l
rcidity rr CrG0t t/l
Arruic .r lr (torrl) rt/l
irriu rr lr (Totrll q/l
loron rr I {Totrl) rt/l

Crdrirr rr 0l (totrll rf/f
e.rlcirt rr Cr q/l
Chrorirr rr Cr (totrfl .f/f
Copprt rr Cn (?otrll r1/l
tror rr tr (tctrl)'.ffi

Lard rr tb (totrl) q/l
!{rjacrior rr tS rg/l
llrn3rnrrr rr tl (Totrf ) .f/f
ll.rcrrrt rr f,g (toGrl} rf/f
tlotyldraur rr lb (totrfl .f/f
lotrrrrtgr rr I ry/l
Srlrniur rr Sr (fotrll rf/f
Silrcr m tr (tccefl 

"f/tSodirr rr llr rg/[
tinc rr 2a ttorrll at/l

Arrrnic rr Ar (Dirrolvrdl r3/l
Aturinur rr Al (Eirrolvrdl ag/l
teriur rr tr {Dirrolvcd) a3./l
loron rt t (Dirrolrrdl rr1/f
Crdnriur rr Cd (Sirrolvrd) ;3/t

Chloridr rr Cl (9irrolvcd! a3/l
Chroiur rr Cr (Dirrolvrdl ai/l
CoFtct rr Cu (Dirrolvrd) rg/l
Flucridc rr f (Dirrolvrd) aj/l
tron rt Fr (Dir,rotvrd) rdt
Lcod rr Pb (gi,rrolYdl ar/t
llrnfsncfe lr ttr (llitrolvrd) ng./l
.{cr3ury rr fl; {lirrolvro} rg./l
Holybdcniua rr :o (Dirrolvrd) :ng.tl
!lick:l rt $i ilirrolvcc ) rg.1 I

Sclcniut rr 3c lSirrolvcn) ag/!,
Silvrr lt,tr i-'irrolvcd) q/l
7.irrr n.r Zn (n irrolyr.d ) or:,,'l

l2-ll-fO 1-21-tt

O.0O+ lnrccrrrible
L42
u
t

?.4

l. to
< 0.01

0.02
0.10

0.100
0. rl0
t6.0

i30
r o.0l

366.00
t00

u.0
< 0.001

0.06t
0.ott

{ 0.00t
tt.60

< 0 .001
( 0.001

{ 0.091
t9.lt
0.015

{ 0.0001
< 0.001

t.tt
0.00r

{ 0.001
16.ro
0.o10

< 0.001

0.030
0.0t5

< 0.001

< 0.001
{ 0.001

0. tl0
< 0.001

0.005

0. c02
< c.001

0.00J

2-l l*rl l'l l-rl

tnrcccrriblc lnrcccrriblr
to-lr-t0

0.001

. tro

7.,

I l-7-10

0.01
t30

?
5

?.4

_l

lt0

l6t

291.t0
240

16.00

0.{60

tf .40

t.t6

l?. lo

4t.0

449

35r.52
l16

100,00

tl.20

l;13

lt.00
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Table B-17. Continued.

Dfta

llor, cfr
specitic ccaductrncr, rahor/cr
Trea"rtufr t tir -C

Tcr?rrrturtr Urttf oC

pll

oll I Grtrr
lruaie rr f,lll't r|/t
llitrrtr rr tE3'tl 4/l
ilitrirr 1 iol-lt qll
illcmgrl r. f.tA'Dt|G (?otrll nt/l

thorphetr rl !01-? totrl t/l
ttilttrsr rr t0l-l Orttro q/l
Srllrtr rr tOt rt/l
Sulftft rr/l
lotrl trrirntrd 3o116r q/t

Tctrl Oirrclvrd Solldr q/l
Totrl Cort'urcibh Selidr
Crrbmrtr rr 303 rr/l
llcerbonrtr rr f,Ool q/l
rltrlirity rr CICOI (totrl) tll

Totrl trttnerr .r CaC03 rl/l
Aciaist rr CrCOI rl/l
trroii rr Ar (Ictrll rjll
hrlrr rr lr (tctrl) rrlt
lorcr rt f (tctrll rr/l

Crtrirr rr Gd (Totrfl lt/f
f.rlclrr rr Cr t/l
Chroriur m Cr (totrf) rf/l
Copgm rr Cr (totrl) rr/l
lrra lr tr (Iotrll rj/l

trrd rr tb (tctrll rrlt
Hrtlerirl rr H3 r3/l
rrirrarrr rr t|a (totrf) t/l
ttrrcstl rr i3 (?otrfl rf/f
iloftt{$ur rr tb (Tottf ) df

lctrrrrirr rr I t/l
3rlrtitr rr lr (totrll rr/l
Silrrr m Ar (lctrll q/f
lo4lrr rr'ilr rj/l
Zinc rr la (?otrt) qil

arrcaic rr tr (Dirtcluedl at/l
Aluriarr rr Al (girrokcd) 'q/llrtiur rr tr (Dirrolvcdl rng/[
Soron rr ! (DirrolYrd) a;/t
lrrlriur u Cd (Dirrolvcd) r3/i

Clrlotidr m Cl (Oirrolvrd) n;/l
Chroriur er Er (Dirrolved) rg/l
Coppcr rr Ctr (Dirrolvrd) *3/l
fluoridc rr F (Dirrotvrd) 4r'l'
Iron rr ?c (DirrotYcd) r3/1

Lerd rr ?b (Dirrolved) q/t
!l.nlrn..r .r lin {Di..otvcC} rglt
tcrcusy rr H3 ilirrolvtC! 116/l
v.olyldcniu; rr r{o if irrolvcci ) :rg;'l
ticicl rr lli (lirrolrcd) ng/I

Sclreiur rr 5c (!irrolvcd) n;/l
Silvc; rr Ar (fitrotvrd) r3ll
iiac rr !n (Dirtolvcd) n3ri
flreeC iur

9-12-rl ll-tl-tl

?to a6t

zl
?.9 ?. t

l.[9 0.91
< 0.0t <0-01
< 0.ol <o'01

0.260 ..1.100
0.0rt 0.0I
llr tt,0
t.OO l.tl

.r! 4r0

l.60 (0.01
2r0.r t65.S
22t 30r

rll l9z
0.c1 10,00

4-22-ll

0.00r
t{0

ll
t.l

0.65
0.0t

0.0t0
0.0?0
L.0
lr.0

at0

{,to
tll.0l

212

<o.01
<0.ml

0,oto
0.05f

<0.001
ta.r0

<0.m1
0.0t0
l.tto
0.010
lt.t0
o.190

< o.mol
< 0.001

2. ?t
0.Sl
0.00u
21.00
t.0t0

< 0.001

0.0.{
0.050

< 0.001

10.00
{ 0.001

0.010

0. 9t0

0.002
0. llc

0.00t
< 0.s1

0.020

!-r.-fl
o.o{'.
600
I5
I
7,'

< 0.01
0.02

< 0.01

< 0.001
?t.0

< 0.01

.9t

< 0.01
!6t

ril

r-tt-tl

?r0

t.t

0.20
0.04

< 0.01

0.t40
0.0t0
tr.0

< 0.01

rtl
< 0.01

ttt.16
291

r30
1.00

l0?.00

0.t?0

tt.90
0.0t0

t.60

1r.50

< 0.001
< 0.001

0.0t0
1.040

< c.001

:t.00
< 0.001
< 0.001

0.ll
;t. c70

< 0.-101
< 1.lol
< ) . .'002
< :. 101
< ?.l0l

r. !c2

10t.20

o.tto

18.tt

l.t6

It.10

< 0.001
< 0.001

0.0tt
0.0t0

< 0.001

60.90
< 0.001

0.010
0.3 t
0.5.0

< 0. lnl
1. Cl0

< c. le0:
< n. l0i
< 1.00i

0. c0:

0.1ua0
< f. ?nl

t?.go t2o.0o

lt.t00 0.110

41.?6 3r-5O

t.lt l-F

It.ro r.S0

< 0.001 <0.s1
0.020 (0.0Ot
0.03t <0.035
0.060 0.035

< 0.001 <0.001

?n.00 .1.50
< 0,ool d.001
< 0.001 <0.015

0. tfi 0.23
o.OJo C.0I

n.grti {C.00 L

0.910 0.01J
< c.ino? <c.0o0l
< l.tCl <C.CO[

< 0.C01 <0.01

< 0. tql <0.001

0.01I
< c.001

J.:55
(0. c0 I



171

a

Table B-18. Results
samples

of chemj.caL analyses of
collected ar I{elI l{q-I.

gror.rnd water guality

D.tr

D.?ch to 9r:rr, tret
tfrcif lc Ccrductracr, rdrcr/a
tr;rrrGurr, Air oC

treerrturrr urcrr oC

pll

Oll I Orum
tnnfu rr llE-t rf/l
tlitrrsr rl ISI-ll ul/l
f,ttritr rr tct-ll ry/l
tfltroSm r. IJltr.DAIG (loml) t/l
Itorghrtr u l0t-? fotrt rflt
ttorglrrcr rr tlll-l 0ttic rdf
Srllrsr lr fltl rftff
fclft{r rf.fl
?ctrl turgedrl foll{r f/l
Totrl Dirrolvrl lollft rry't
torrl CorDnrtlblr Solidr
Crrbmetr r B0ll q.fl
llcrrbmr:. m fG0l t/l
tltrllalty rr Cr€0t (rcdl q/t

tocrl f,frdnrri r Cd! qll
fcidity rr Cr6t 4/l
lrrrlllc rr tr (tctrfl */t
lrrlur rr lr (loCrft rf/f
torol rr I (lotrl) q/l

Crdrlrrr rr €d (tctef) frf
Grlcln m Cr tfl
Ctrorirn rr Cr (Tocrl) tr/t
Copgrr rr Gc (Socrll rdf
troa rr ?r (trtrll.ir/l

l*rd rr ?b (tocrll {rl
llrgarriur rr llt rt/t
lrrnlrnrlr m Hl (?otrfl q/f
llrrtury rr f,1 (lotrf) q/f
lblytdrnn rr lb (tctrf l .f/t

?ct.rrrrirn rr t ty'lSrhrin rr 3r (totrft r3/f
Sllrrt rr fu (Totell t/l
Scdirr rr [r C/l
tlnc er Er (trrtl ry'l
*rrrllc rr Ar (Dlrolrrf) rf/t
Alurirrur. rr tt (Dirrolwdl q/l
lrrinr u !r (Dirrohd) q/[
toron u t (Dirrolrrd) 4/l
Crdriur m Cd (Dlrrolrrd) 4/l
Ctrloridr rr Cl (Dirrolrrc! rg/l
Chrorirrr u Cr'(Dtrrbrd) ri/l
Gopper rr Gu (Dirrotredl r;il
Fluoridf rr ? {Dlrroft€} q/l
lroc rr Fr (Dlrrolrrd) q/l
Lrrd rr ?b tDirrolved) r1/l
tlrftfrn.rr m !b (Dinoived) lt/l
llcrcurt rr lt3 (Ditrolvrd) nfr'l
ltolybdraiur rt llo (litroiued) arg.i i
lliclel m lfi (Dirrolucd) 4/l
lclrniun u 3c (Dirrolvrd) a;/l
liivcr rr tr (Dirrolrrti) rg/l
Iinc rr 3a iDirrolvrd) *g/f

l2-tl-to l-tr-tl t-lt-fr t-ll-tlt0-19-to

340

t.6

rtt

5t0

tto. ta
It2

t.0

ul.3

l.t2
0.f60

{t.00

l6t

tz .;:

0. !!0

96.4
29t

r-t2.f l
lnrcc:rriblr tnrccrrriblc 't'rl

_ll

e5.t

I
r

t.0

1.00
0.50

(0.01

0.0t0
0.010
tf .0

100

(0.01
.156.20

210

2.O
<o.ol0
0.0t0
0.160

0.001
13.t0
0.006
0.015
il.e0

o.tl4
l9,lo
0.tto

< 0.0002
<o.001

14.00
( 0,001
< 0.001

46.90
0.4t0

( 0.001

0.020
0.155

< 0.001

5. E0
{ 0.001

0.010
0.61

0.030

0.002

< 0.0c1
< 0.001

0.01:

t.t

€.ol
<0.o1

0.0?0
0.or

90.0

201

!r0

7.20
It3,.r

r6.

<0.01
<0.001

0.005
0.1t0

<o.o(n
lt.lo

<0.mI
0.050
tt.H
0.o25
16.to
0.150

<0.000t
< 0.m1

13.50
< 0.ml
< o.ml
{!.6
{r;o?l

< 0.mt

0.c0{
0.rs

< 0.mi

< 0.001
0.040

25.000

0.025
0. i.o

< 0.001
< 0.,il1

c. c:0
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Table B-1 8. Continued./

Drtr

Drptl to Ertrrr lrt
Speciflc CotductraGr, rlhor/cl
?GrFfrrturr, Air 'C
tt4tttturr, llrBlr 'C
pll

0ll I Grurr
lroair m lllll-tl q/l
liCr.t. m f|o3-tl 4/l
tlitritc rr tlo2-ll n3/l
tlisro;rn rr fJEtDAltL (Totrl) af/l
thorphrtr m TOI-? totrl rtll
ltrorphrtr rr t0t-l Otthc ri/l
Sulfrtr rr 5O4 rl/l
Sslfidr rrll
torrl iurprrtded lolldr 4/l
Tctrl Dlrrolnd tolldr r3/1
totel Edurtlblr tclldr
Crrbcartr rr O0ll rt/l
llcrrbcmtr rr xGOl rtll
rttrllllty rr'Cr0ot (totrll q/l

?o:rl Err{aeu ru Cr€03 4/l
Acidlty |. Gr€01 r3/l
Arrralc rr lr (lotrtl rr/l
lrrirr rr tr (t*rl) rf/l
loroo rr I t?otrt) rr.fl

Crdriur m Cd (totrf) tf/f
Crlcirn m Cr rt/l
Ctrrorlur m Cr (lolrtl rr/t
copgrr'rr Cu (toull 4/l
lrcr rr tr (totrl) rr/l

LrdrrltGrtdfldf
Itrgarrirrr rr ft r/l
lhalmr.r rr ila (totrtl rf/l
t{erGur.;7 rr F3 (totrf) rrll
rclltCrarr m tb {?otef} lj/f

letrrrrisr rr f rl/t
leknlrlr m 3r (tocrll rf/l
Sllrrr rr Ar (?ctrf! .f/f
Sodlrr rr Xr r3./l
tlnc ir ta (?ctd) q/l

lrrrlic rl Ar (Dirrclvrd) rf/l
llurinn. 6 Al (Dltrolvrdl rt/t
lciur u !r (Dirrolvrd) rdl
lorpa r I (Dirolvedl q./l
Grdriur rr Cd'ttirrltrrdl q/l

Chlotidr rr Cl (Dirtolvrdl a3/l
Chrorisr rl Cr (Dirrolvrdl nrl/1
Coppet u Cu (Dtrrolvrdl q/l
tlsotidc u t (Dirclvcd) a1ll
Iron rr fr (Dirrotrcd I rf/t
Lrrd rr tb (Dirrolvrd) ag/i
llrnlrftr.r rr ttr (Dl,rrotvrd) :1/l
ll.rcstT m ll3 (Ditrolvrd) 14/l
llclybdrniur rr lto (Dtrrolvrtl rj/l
llickrl rt lli (Dirrotrcdl ag/l

Sclrniur er Sc (Dirrolrrd) ag/l
5ilYer rr Ar (Dirtolvrd) ag./l
linc rr Zn (Dirrolvrd) agll
9rnrd ir:r

l-ta-tt
rt. t

t5
t
f.?

0.60
< 0.01
< 0.01

< 0.001
67.0

< 0.01

ru
0,01
tlt.00

Itf

tl.to

tt.ffi

t2.t0
o.lto

1r.50

.t.50

<0,001
<o.@l

0.0rl
0. lto
0.uof

10.00
<0.001
<0.ocl

0.0i0

0.003
0.0t0

<0.co02
<o.o0l

0. 0t3

<0.001

?-21-ll

tr. tl
600
t3
l0
t.5

0.;t
< o.0t
< 0.01

0.300
0.030
64.0

< 0.01

tr0

f.60
taf .tt
t0t

t60
<0.01

lt.lo

lt.t00

$.0r

It.r0

t6.00

<o.001
<0.001

0.010
0.160

<0.001

t.t0<0.00t
c.010

0.iI0

<0.001
0.070

<0.0002
*0.0o1

0.02?

<0.001

0. c6J
<0.001

96. lr
37t
22
ll
t.I

0.3t
< 0.01

0.0t

0.tto
0.oto
36.0
l. tt

tt. tr

IJ

o. tt
0. 12

< 0.01

0.t10
< 0.00[

t6.0
1.6?

e-12-tl tt-1;-tl

ttt lrr
It.00 < o.otIto.6o t6t.t0rl0 ilt
I64

<0.01

2l.tio

tt.t00

13.00

14.10

t?.oo

<0.001
*0.001

0 .01t
0.150

<0.001

<1.001

t. c07
<0.30r

r$
t.00

t11.00

ll.t00

It.!o

l.t0

61.00

< 0,001
0,015
0,010
0. l5$

< 0.001

16.00 l6.Jo<0.001 < o.oot<0.001 0.0tt
0.54 c.46
0 . 410 t. I-ro

0.00: < 0.0010.060 0.06r<0.0002 < 0.0001.0.001 < 0,001
<,1 .001 0. 0!

< 0.001

c.0e$
< c,001
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of chemical analyses of gror:nd water qr:ality
collected at I{e1,1 WQ 1-A.

Tab1e B-I9. 'Results
samples

9rCa

Delth to grccrr frrt
lprcitlc Coaduc:rqcr, ntror/cr
ftrtrrrturc, tir -G

lar?errturr, frtrr oC

plf

Oll I Crrrrr
lmcir ru llllS-i rt/l
Iitrrrr rr ll0l'r rj/l
ilit"lGr rr llo2-i rl/l
tlirro3m rr f.tlLDArtL (Totrll t/l
ttrorplrrtr rr ltl-t totel rt/l
thorghrtr er FOl-? Ortho rlll
tultrtr .. 36 q/l
Sulfl,dr q/l
totrl tlrFndrd trltdt f/l
firtd Dllrcltl $lidr t/ltorrl Corbnrtiblr trlidr
GrrtoarCr rr COI 4/l
ticrrboercr rr ltGl3 rg.ll
rtrrlhlty m CrOOt (tctrll t/l
Totrl trrdnrrr rr CrGOl 4/1
rcidlcy rr Grfil! r3/l
trrrtlt n tr (Tctrl! 4/llrrlrr rr tr (?otrt) rdf
torcr rr ! (totrl) rf/l
Cedrirr u Cd (lctrfl q/f
lllcftn rr Cr rdl
Chrorilr rr Ct (totrll rf/t
'Copprr rr fir (totrfl q/t
lrco rr lr (totrl) rt/l
I'lrd rr lD (l*rlt ar/l
llrjnrlinr rr f{t rf/l
t{rnjrlrrr rr l,h (totrf ) rA/f
t{.rcg?t- ri ll3 (totell q/f
lbltldrnrn u tro (!orrf) q/f
lctrrrrlur rr I q/l
Srlraln rr tr (tocrll rr/t
Silwr m Ar (totrf) qlf
Sodlrr rr lfr rj/l
Zlec r 2a (Totrll rl/t
Arrrclc rr lr.(Dirrcturdl rt/l
Ahniaur 6 ll (Dirrolrrd) rr/ltrtirrr rr !r (Dirrotvrdl rgll
loron rr ! (Dirrolwd) ag/l
Crdriur u Cd (Dirrolved) 4/l
Orloridc rr Cl (Dirrolvedl a;/l
Chroriua rr Cr (Dirrolrrerl ni/l
Eopper rr Cu (Dirrolrrdl rg/l
fluoridr rr F (Dirrotvcd) rj/l
Iron rr Fr (Dirrotvrd) q/l
Lrrd er Pb (Dirrolvrd) a3/l
!{rr3rctrr r. iln (Dirfolyrd} rgll
llcrcury u Xg (Ditrotved) at,/l
rolybdrniur rr Ho (]irtolvcd) rq./tl{ickrt rr Ii (Dirrolwd) r4./l

Sclcniun lr 5c (nirrotvrdl ag/l
Silvcr lr tr (Jirrolvcti) ng./t
!inc lr la (Dirrolvcd) aq/l

12-31-to t-rt-t0It-r-f0

tt0

?.t

19.0

$o

J22.0t
264

Ir.o

|t.60

15.t00

u.tt
0,150

It.J0

6t.r0

107.4
t50

t0
?.1

2.20. 0.01( 0.01

0.300
<0.001

5?.0

165

f 0.01
tt.40
r0.0

4.0
<0.001
0.03t
0.oto

.0.001
rt.00

c0.0Ol
0. lto

2t.700

0.0r2
10.0t
0.305

<0.0002
<0.001

1,7t
0.00t

r0.001
9.30

0.ort

<0.00t

0.015
0.050

( 0.001

l.a4
< 0.001
{ 0,00t

0.09
0. t0t

{ o.001
0.0r5

< 0,00I
< 0. scl

0.002

t{

<o.01
€.01

0.lto
0.0&0

53.O

tt6

tt5

<0.01
I0r.36
Et,00

5.6
<o.001
o.0lo
0.065

<0.@l
11..0

<0.m1
o.oto

ut.so

o.ott
u.rf
0.I40

<o.m02
< o.mt

l.to
0.ml

<o.fi1
l3.oo
0.ott

<0.G1

o.m3
0.050

<c.ml

< 0.001
0.cs

10.;00

0.016
0. :i0

< 0-so!
< 0.col

0.f?o

111.0?

io trplr

t-ll-tt
Inrccrrriblc

l-11-tl r-t:-fl
hrcccrribl tOO.?2

1..]

12.400
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Tab le B- I 9 , Cou,tinued .

Drcr

Dapch to g.crrr fret
Sfecitic Coadrccrncr, ulror/cl
?cryrnturr, Ai? oe

?*prtrlutr, rrGrt oC

pll

Oil t Oreur
lmair rr ![t3-tl rt/l
tliCrrtr rr f03-tl r3/l
fitric. o llol-ll q/l
ttlcro3ra rr IJEIOAII (Totrl l q/f

?hc.phrtr rr IO4-? totrl rt/l
lhcrpf,rcr rr Xlt't Orthc r3/l
Sulfrtr r $r t/l
lulftdr t/l
totrl tert odrd Sotidr rry'l

totrt Dfurclvra trlidr rt/l
?otrl CorDlrtiblr lolidr
Crrbonrcr rr COI rt/l
ficrrlonrtr rr tC0t rj/l
ffirllalty n €rO0! (Totrl) rt/l

tctrl f,rrdlltf r. CrG0l q/f
rciditf || Crcol r1/l
Atrrnis rr & (fotrtl r:/l
kriur rr lr (?ocrl) 4/l
torsr lr t (totel) rt/l

crdrlrn r Ci (To:rll 
"f/ff,rlclgr u Gr 4/l

6rorinr u Cr (Totrl) rr/l
Copgrr rr Cu (totrfl .l/f
Iroa rt Fe (lotrl) q/l

Lcrd rr tl (Tocrll rt/l
|lejneriur rr l{g rg/l
t{mlrn.fr rr ttn (Totrl} rf/l
t{.rcurt rr lt3 (?otrl} q/l
t'lotybdrnr rr Ho (?ogrf ) .f/f

lotrrriri rr t r3ll
trlmiur rr .tr (lctrl) rf/f
Silvrr rr tr (Totrl) rr/f
Sodiur rr ir 4/l
Zlns rr 2s (trtrl) q/l

lrrcnic rr tr (DirrolYrd) q/l
Aluninur rr Al (Dirrolvrdl rf/l
lrriur rr !r (Dirrotrrdl ag/l
lorctr rr ! (Dirrolvrdl t f/t
Crdriur rr €d (Dif.olvrd) rg/l

Orloride rr Cl (Dirrolucd) ag/l
Chrrirn rr Cr (Dirrotvrd) aj./l
Coppet rr Cu (Dirrolvrd) rrj/l
Fluoridr r l (Dirrolrcd) q/l
trcn rr Fr (Dirrolved) r3/l

Lrrd rr ?b (tirrolvctt) q/l
!{rngrncrc .. .rtt (Di..olYcd) ;l/l
ttGrcur! rr tlg (Dirrolvcd) ::rgi I
Yoiybdcair:r:r rr Ho ifitrolvcd) rg/1
!{icicl rr 5:, (}irtclved) 4i I

Sclc:riun rr 3c {Sirrolved} ngr'l
Siivcr rr -tr (Dirrolvrd):rq./l
Linc rr !:: tDirroivcC) ag/l
Trardir.ra

o,tt o.tt
<0.01 0.0t
<0,01 <0.C1

0.5t0 1.000
0.466 0.030
lt.O rl.0
t.0 t-tt

tt llt
?.to ?.t0
23r.lt 91.tf
2ot-oo t?'ro

It.o 10r.0<0.01 <0.01

Frt-ft

l0*.ls

It
t
?.6

0.5t
0.06
o. te

o.oro
t0t
c. It

rt0

<0.01
l3t. 16

.Jl

7-rl-rt

102.32
140
21
I
t.9

0.J0
<0.01
<0.01

0.510
0.t10
tr.0
0.0t

l5t

t.l0
t0.tt
16.00

tr.0
<0.01

t.60

l1.tro

16.10

1.60

22. t0

<0.001
0.010
0.00t
0. c60

<0.001

15.10
<0-001
<o.cot
0.:4
t.rt0

<0. cot
r.c30

<.J.0C0t
<0. Jol
<!.:01

<0. col

Ir.090
<1..1n1

F2t-rt

l04.tt
lfr
t2
l7
9.&

ll-lt-fl

100..ttrt
l6
9
t.5

t.00

19. flo

2,60

t.9f

< 0.001
0.cto
0.00t
0.05{l

< 0.c01

fi nrt

0. ci.

6t.t0

0.f10

ll.16

11.00

tt.00

<0.001
0.002
0.0.t
0.ilo

<0.001

12.0n
<0.001
<0.001
l.lr
0.090

<0.001
c.020

< c.,Je02
<0.001
<0. !01

<il. ilo i

t.t0

t.t00

l.l0

72.r4

<0.001
0.010
0.00t
o.060

<0.00I

c.010
<0 . c01

11.60 11.00

t0.00 13.:!
<0,001 < 0.001<0.001 o.tc:
0.12 0-:!
0.dlo 6.aic

<0.001 < 0.901
0.02c

< o.CCC: < 0.0C'Cl<0.c01 < n.:::
<0.00t c.;;

<0.00t < o.cc!



Table B-20. Results
sauples

I /.f

of chemicai 'nalyses of
collected ar Well llQ-6.

ground water quality

Drtr

Drpth to lJrtrr, fett
Sprcific Condscrrncr, uhor/cn
TcrpcrrEurc, lir oC 

-
?crprtrGurc, lllEtt oC

pll

Oil I Grrrr
lmoair rr ttllt-N at/l
ttitrrtr r l€t-tl 4/l
tfitrite rr tlol-ll rtll
tllrrcjra rr f,JELDATO (Totrll q/l

fhorDhdr rr F04-F totrl r3/1
?hcrphrtr rr Pr0l-? Ortho r3/l
$rltrtr r, 36* q/t
tulfidr 4/l
Tocrl Surgrdrd Solldr 4/l
Totrl Oirrohcd Solidr agll
totrl €orburtibk Solidr
furboutr rr CO! r3/l
llcrrbcnrcr rr ltCoS t3/1
rlkelinity rr Cr@t (lorrl) q/l

totrl trrdnerf rr CrC0l t/l
fcidity rr €rC03 rg/l
lrmaic rr lt (tctrt) rf/l
ilrirr u tr (Tosrll rr/l
toroa rr | (Tocrll rt/t

I

Crdriur rr €rl tTotrl) "t/fCrlciur rr Gr ll/l
Chroriur rr Cr (lotrl) .f/f
Cogprt tr Cu (litrll rf/l
Iron rr Fr (lotrl) q/l

Lrrd rr ?b (tctrl) 4/1
Hcanuiur rr llj r3/l
l{.ntrnerr rr Hn (totrfl rf/f
tt.fcutt rr fu (Totrf) 4/f
ttolyltrnur rr Ho (Totrl ! r3/f

tscrrrriur rr t q/l
Sclcnirn rr 5e (?otrl) r;/l
Silrrr m Ar (totrll rf/t
Sodlrn rr llr ag/l
Eiac rr tn (Tocrl) rf/t

Arrcnis rr Ar (Dirrotvrdl rj/l
Alsaiilrr rr Al (Ditrolvcdl 4/l
kriur rr tr (Dirrolvrd) nj/t
loron rr | (D{rrolrcd) ag/l
Crdaiul rr Cd (Dirrolwd) r3/1

Chloridc rr Cl (Dirrolvcdl 4/l
Chroniur rr €r (Dirrolvrd) ag/l
Copgcr rr Cu ftiarolrrrd) r3/l
fluoridc rr F (Dirrolv:d) a3ll
lron rr fc {Dlrralv:d} nq,/l

Lrrd rr gb (Dirrcl,vcd) nr3/i
!{rn!ri?rc rr ln ilirrolvcC) rg/1
!{€rcuiJt rr i3 ( ti r rolvcd ) -g./ !
!{olybdcaiurr rr lro {DirrolvcC } a4/l
llickcl rr .{i {Dirrolvcd) :ng./l

Salcai,unr rr 5c if irrclvcd ) eg/t
Silvcr rr lr (DirrolvcC) -g/l
tinc lr ln {firrcivcd) ;ri I
Uraed ius

tl-?-r0

940

r.2

170

610

100

39.100

52. t0
0.500

t. r0

t5.t0

t6.t

33,400

It-31-r0

116.05
690

l0
?.&

2,60
<0.01
<0.01

o.l0

0.tco
0.020

Ito

320

.0.o1
161.0{

lt2

It.o
<0.00t

0.0t9
0.lE

<0.001
2f.00
0.ot:t
0.lll0

tr3

0.0?t
rl-5t
0.too

<o.ooo:l
< 0.001

1.90
0.00t

r 0.001
tt. t0
0. ttz

( 0. 001

0,020
0.0i0

< 0.001

t3.EO
( 0.001
. o.001

< 0.01
0.5r0

{ 0.c01

<0.tcl
< 0. 15l

<0.01
<0.o1

0.s0
0.0u

11t

flt
TO

<0.01
tt. t6
6t.s

3.m
<0.001
o.0l.l1
0.oto

0,m3
15.60
0.ml
o.lm

t',rm
0.0u
ta.tr
0.r0

<0.ml
<o.ml

6rtO
0.00r

<0.@t
ll.to
0.120

<o.001

0.016
0.o70
0.00t

< 0.001
0.090

19.000

0.0u
c.3:0

<0.001
<0.00i

0.100

0.10
0.01'

0.001
lll

<o-01

tl0
<0.01
t7t

art

ff.00

16.t00

53.00
o.oto

f .40

t6. t0

< 0.0.r1
< 0.00t

0.0r5
0.0r0

< 0.00t

t0.00
'o.ool

0.010
0. 19
f,.050

0.003
1.09{t

< c.oen?
< t.0tlt
< o.001

< 0.cnl

7-r1-tl

I lo.6
6t0
20
tl
t.t

0.1t
0.02

0. l?o
0.010
rt.0

<0.01

!,LO

<0.01
lzl.0t
l6{

lt6
rt. t0

lt. Jao

t6. tf

6.00

r.do

< o.oot
0.010
0.003
t.070

< 0. 0ill

ra .40
< 0.001

0.030
0. tt
? .:50

< 0.001
c.l?0

< 0.000?
< 1.n01

r.1 ,06F

\ t.llol

1. l!0
< 0.ilnI

t-i:-rI

lll.r
4?0
27
lr
?.6

0.62
<0.01

0.ltt
0.ort
r0a
0.2t

El6

6.00
tt5.cl
2rr

l?r
0.01

16, loo

|r.n0

r.lo

Ir.t0

< o.ool
< 0.001

0.010
o.0t0

< o.oilt

t0.00
< 0.001
< 0.001

0.26
l.tgc

< 0.nnl
0.lln

< fl. C.rr1t
< O.tru

o.019

< o.lnl

o tlll
< 0.iln1

r-Zil-lt Fra-Ct

eo.t lrr.tt
t90
tt
I

t.l l -5

e09.9t
t36

f.0

{il.60 11.60
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Table B-U0. Continued.

Drir

Drttl tc grtf, filt
Specifis Conduclracr, rdror/o
tcqrnturr, Alr 'C
tcrprrrGurr, llrCtr'G
?ll

Oil I Grurr
lnair rr llltt-tl rl/l
llitrrtr rr fiOJ-f, 4/l
fitrltr u tal-ll rlll
fitrotrn rr EllIJllG (Totell

Ptrorphrtr rr t0{-t tccrl rt/l
?horphrcr rl F0l-t Ortho r3/l
grltrtr .r 35t6 q/l
Srrlfldr t/l
?otrl iurtrrrdrd lclilr q/l

?otrl Dfurolrrd lctldr r/t
lctrl Corlnrcibk tclift
Crrborrtr m COt rt/l
ticrrtcarcr rr llG03 rt/l
rltrlinlt; r CrCot (totrll q/l

Totrl lrrdnerr rr CrG0l rt/l
rcidity rr Cr@l al/l
Itrcric rr li (totrl) rj/l
lrtirr rr h (totrl) rrf/l
lorec lr ! (losrll rf/l

Crdrier rr Crl (tctrft rr/l
crtchn rr Cr rg/t
Chrcrirr rr cr (rctrll rr/l
CqFr rr Cu (rotril 4/f
lrra rr tr (totrll rf/t
t.rr{ rl lt (totrl} q/l
tlr:amlur rr Hf q/l
llm3rarrc rr ttn (Totrtl tf/f
t{rrcuta rr lj (lctrD T/f
ItolJHcrrur u tb (tocrfl q/f

?oGrrrriln u I q/l
Srlra,in er 5e (totrll 4/l
Sltut fr tr (fotrt) agll
lodirr rr ttr n3/l
llac rr ln {Totrl') q/l

lrrenic m Ar (Dfurolvrd) q/l
*l.Fiarf rr rl (OiHrlvrd) ag/l
lriur u lr (Diirclvrd) aj./l
loron rr ! (Dirrolvrdl nf/l
€rdriur r. Cd (Dfu.olved) rj/l
Chlotidr rr Cl (Dirrolvrd) 116/l
Chrniur rr €r (Dirrolvcd) rgrl
Copgrr rr Crr (DiuolYcd) 11./1
Ftcoridr rr t (Dirrolvcd) rj/L
trca rt te (Dirrolrrd) r3ll

Sclcniua rr Sr (Dirrolvcd) r'3- I
-{i'.ver rt Ar (firrolvrd} nt./l
Sinc ar la (Cirtolvcd) ag/l
Yrardltr

rl-lt-ft
llt.3l
rt5
ll
l0
,.2

0..7
o. l4

< o.ol
{/l

0.Et0
0.0t0
5t.0
a.tl

150

?. t0
Itt.50
lll. ao

r06
< 0.01
< 0.001

10.00

a5.00

6.50

l.t0

< 0.001
0.0..0
0. l0
0.05t

< 0,001

tt.to
< 0.001,
< 0.0t5

0.0t
0.650

Lerd rr Fb (Dirrclved) q/t < O.0Ol
!.rrara.rr rr ttr (Dlrrolvrd) a3/l O.ljO
H.rcurt n tlg (Dirrolvcdl q/l < O.OO0!
ltolybdcniur rr lto (Dirolvcd) q/l < 0.001
l{ichrl rr tfi (Dirrolvcd} a3/l 0.0!

<. J,00 t

J.lt(
< 0.col
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Table B-21. . Results
quall.ty

L77

of chemical aualyses
sauples collected at

of gronud water
l{ell WQ-8.

DIC.

De?th to llrrrt, tt|c
tpeciflc Cdaductrnct, r.dror/cr
Tcr?rrrtwe , Air oC

trrprtrturc, llrcr oC

pH

Oll f Grerrr
fnonir rr ilHt-ll rt/l
llitrrtr .. rct-l r3/l
llitritr rr to2-tf rt/l
lfltrcaro rf IJILDAf,L (torrl) t/t
?horphrt. rr trOt-! toCrl rt/l
Itorph.tf u l0l-t Orthc r1/l
$lfrtr rr Sot lt/l
lutflir t/l
?otrl lrrt;rafta Sollar dl
toGrl Dlrrlrrd lolldr rfy'l
?otrl Go$rrrtlbk Solldt
Crrbcaetr m COt 16/l
ticrrtomCr rr ltGlt 4/l
tlrrltuiq er Crfil! (Tctrll rt/l
totrl llrduen rr GrC03 rj/l
rcldl:y rr GrGOI rq/l
lrreslc rr lr (?otrll rj/l
lrrirr rr h (torrfl E/f
-lorca rr I {torel} rf/f
Crdrlrr rr Crl i?otrll l/tCrlclrr m Cr q/l
thrnln rr Cr (tctrll .:/f
CopFrr rr Cs (Totrll .l/f
Irol rr rr (totrl) q/l
lrrd rr tt (tctell rf/f
llrjrrrlur rr lt rt/l
llra3mmr rr tb (Torrl) rl/f
llrtcuqr u f,j (totrfl rf/t
lblybdrm r tb (torrf ) q/f
tctlrrrln o 3 rt/l
trlcn{rr rr tr (torrll rf/l
filvrr rr lr (tortf) */t
Sodlrr u Ir r3/l
Zlacr3l(Totdlrl/l
lrrulc a tr (Ditrolrrdl rl/l
Jtluriaur 6 al (girrolvrdl n./llrriur rr tr (Oirrolvrd) rC/f
lsronmt{Dirrllwd}q/l
Crdriur fl Cd (Dlrrolyrd! q/l
Chlcridlm Cl {Dtriolrtd} rl/l
Chrorinr rr Cr (Dirrolurft rf/t
Colprr u Cl (Dinolrrudl q/l
?luoridr rr F (Dirrolvcdl q/l
lrca rr Fr (Dirmlvrd) rf/l
Lud u lt (lirrolycd) tt/t
lhalrne.e rr ltn (Dirrotved) aq/l
llcrcurt u tt3 (Dirrolucd) nr;/l
ltoiybdcniua rr !{o (Dirrolvcd) 4/lllirkci rl tti iSirrolvcd) n*/l
Sclcaiurr rr Se (0irrolrcd) rt.fl
$i lvcr lr tr ilirrol,vrd) ng/l
linc tr Ea (lirrolucd) nq.f I
Vrnrd iua

r-fl-tt l-17-rl r-$-rt f-il-rt
6r.tf,

1.6

54.9

<0.01 0.01<0.o1 0.01
o.0l

It
r.0 6.9

0.0t
o.0l
0.01

60.2t
t50

f{r.lt
l3t
tl
I! .

t.t

0.t0
0.01
0.04

tlo
6.00
lll.01
tat

Itl
< 0.ol

0.150
0.060
tt.5

u1

tl0
<0,01

2t6.92
trf

t.0
<0.00r
o,0lo
o.otl

q.001
lf .r0

{.01
0,050

tr.000

0.3tt
ll.tl
0.3m

<0.ffil
€.sl

t.tt
o.001

4.00t
u.m

'0.!m

0.160
<o.001
.9.1
o.0l

0.100 o.lit
0.060 0.06trt.o r?.00.5t 1.rr

It4 llt
<o.01 <0.01
rt3.r6 lt9.0r
ut tlr
l6a 160 

t
1.f,5 r.to

t6,to .t;i0

?.s10

tt.tr

r.tl

r.90

t6.tlo

11,r.

l.ro

f .to

< 0.ool
< o.oot

o.ott
e .oto

< 0.001

It.00
< 0.ool

0.010
0.2r
o.42

< 0.ool
0.210

< 0.0001
< 0.001

0.co6

< 0. 001

0. eto
< o.onl

lr.ut

It.l00

21.0r

l.r?

ll.oo

< o,0ol
< 0.ool

o.0tt
0.o?0

< 0.fxrl

:6.00
< 0.001
{ 0.001

0. lt
l.frro

0.0o2
0.: to

< c.0002
< 0. 001

0.021

< 0.ool

0. tf tS
<o.0ol

<0.001 < 
'1,001< 0,001

0.020 0.llo
o.oto 0.020

d.00l { 0.001

14.00
{.001 < o.(xn
o.0ro < 0.001

0.2flt.{00 :.rro

0.252 < c.001
0.290 0.1e0

< t.0002
< 3.001

t.of,t

*:881 < n'oor

0.:50 r.0t0
<^ - 001
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Table B-21. Results
gualt.ty
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of che'nical analyses
samples colJ,ected at

of grouod water
I{ell WQ-12.

t
Drtr

DCth ta xtrr' t rc
Sfecific Cldgctracr, rdrcr/tr
trTrrrrrrcr. lir 'C
tr4rrrttrr, lltcrr 'G
pl

Oil I Ereue
Sir m Inl-il ri/l
Iitrrtr rr l6l'fl rl/l
ii:dtr rr lol-il rt/l
rltrr3a rr fJttrlAE (tocrll t/l
tlrorphrtr rr F0S-t lotrl n*/t
llrrr;irtr .r t0r-t Otthc q/l
3rltrtr m AJt q/l
fttli.r t/l
trtrl lrrpeadd lcllfu rf/l

trtrl llml"ea lctU. l;/t
lccrl Ccirrrlblr tcltdf
Crrtcrtr rr GOl rry'l
ticrr'lcrce u iCOl 4/l
rtrrlhity rr CrGo! (totrtl rt/l

trtrl lrrlrerr rr CrG03 q/l
rcifttr rr c€l q/l
Irrrlic r At (Totrl) r:/i
lrtlrr rr lr (?otrtl rf/f
fcorst(trtrllrdl

GrJrlr rr Ga (tosrfl rrf
{irlcfn rr Cr q/t
Gtrnir rr Cr (lccrll rr/f
C.t;rr rr Cr (Totrf ) l/f
trlo rr tr (tctdl r/l
kd u ft Gccrtt qlf
ttrrrrirr rr ttf q/l
Ixtrrrr rr tta (to:rf l tf/t
t|ltary er f,3 (Totrf l r'f/l
lbfrltearr r Ho (tcrrl) rrlt

lotrrrrln rr I rr/l
Selrrirr m tr (totrfl rdf
lltrrt rr lr (f,rrrtl q/f
frflrr rr Ir l/l
Eiae rr tr (tctdl r3/l

Arrrnic rr lt (lirolvrd) rl/l
rlrrin 1 ll (Dirrtlprll q/t
llrfur rr lt tDirutwdl q/l
lcro u ! (Dirrolvri) rf/f
Crdriur rr €{ (Diuolvrd} ty'l

Chtcride rr Cl (Dirrolrrd) rt/l
Qrrcirl rl Cr (Dirrolved) q/l
Cop?et rr Crr tDirrolveC) q/I
tluotidr rr F (DirrolYrdl rl/l
trn rr Fr (DlrolYd) q/t

Lud rr tt (Dirrolvrdl rfll
ll.rtrnerr rr ltr (tirrolred) 4,/1
l{GrcutT rr tl; (Dirrotvrd} rill
llolTbdrairn rr |r.o (Dirrolvrdl q/l
llictrl rr xi (Dirrolnd) q/t

Sclcnirn rr 5e (0irrolvedl rr3/t
SilYcr .. Ar (Dir.olved) :q/l
tinc rr ia (Dirrolvrd) ri/t
Yrrt dt'rr Ftrolvrd) */1
?hraol l;/l
tsEbldttt rfU

llehr hdlo-t€r:,YtEy pcl/L
letr trdto-rcrl?tgt ?cl/L

I l- I l-lt

199
I
2'6.t

.0.01
0.30
0.0?

<0.01

0.055
0.040
15.0
0.tt
6.0

rtt
{0.01
tt'.t0
2rt

ztt
t.m

3t.0

0.360

16.s

r.50

6. t0

{ 0.sl
0.qt{
0.tli5
0.055

{ 0.001

:t.t0
< 0.fiIl
< 0.00t
0.lr
0.150

<0.mI
0.m4

< 0.0002(0.mI
< 0.01

< 0.00t

0.fi6
0.010

< 0.00t
0.30

< 0.2(0.!
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O.Kell.t

Uuited States
Departueut of
Agr icu lture

Forest
$ervice Ilanti-LaSal N.F.

Reply to: 2530 llater Reeource llauageuent

subject: I{ater Besource Inveutory and Analyeie

To: Begional Foreeter

Eucloeed for Your infortation

lsl Beed C. Chrieteugen

, 
..[,EED C. CHEI$TENSEN
Foreet $uPervisor

Euc losure

ce: Il-3
J.Iaquinta
D.Ke1lY
J.Frandeen

is a copy of tbe subject rePort.

Ilatel October 3, f985

of the Price River Watershed
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TABL-E I

Line
Fuub-er

I
2
3
4
5

6
7

I
9

l0
rl
l2
l3
l4
15
l6
17
l8
19
20
2l
22
13
24
25
26
27
28
29
30
3l
32

Subnaterabed
Hpmber

400
40r
402
403
404
405
405
4A7
408
409
410
4lr
412
4r3
4r4
415
416
417
418' 4t9

, 420
421
422
423
421+

425
4?6
500
50r
502
503
600

s-u BWATERSHED NoITENCIATURE

Subra terghed
NaFe -

Upper Fish Creek
sliaight Fork of Fieh Greek
C Canyon
Pontorrn Creek
French Creek
Andrew DairY Creek
Cabin Eollor
Japaneee Creek
I{inter Quartera GanYon

lloods CauYou
Harrouc Tuunel
Fairvier l"akca
Ecc lee CanYQn

l{ud Creek
Long CanYou
Ifeatern TributerY to Bob Frigbt GanYon

:..

of Coroer GanYou

Area in
Acres

2! 96

..1666 _

3263
6245Ef;*-
I 237
1570
t r98
2826
1446
l130
2154

695
r 533

524
l24r

823
821
6r3

2735
17 57
2640
756

1855
l22l
r347
2r97

12,583
19,680

4083
5859

37,510

p southeru Tributary to Bob llright canyou

Northreat rributary to Bob Trighr Gauyou

l{ortheru Tributery to lob llright Ganyon

Second lleter GeuYon

Firat lfrter CanYou
North rnd South Fork
Seely GeuYou
Star Point
Right Fork of Hiller Creek
uilafe Fork of l{iller Greet'
Left Fork of Hiddle creek
Firb Creek
GooaeberrY Greek
Bob lfright CanYon
t{itler Greek
Price River

I
I



TABLE 5 _I,.IDEX oE- -ELoqqIJG S0TENT.I AL

Peak F'lows irrf rhe 50 Year 6 llotrr SCorm I'lverr[.
f rom llighes t to Lowest CFS/rniZ and Ranked.

QFS/mi2't, C-lassif ic.ationWatershed i{ame

Japanese Creek
Fairview Lake
Narrows Tunnel
Northwest TributarY Eo Bob

!'lright CanYon
l.lorthern Triburary Eo Bob I'tright

Canyon
SouEhern TribuEar)' to Bob l'!right Cr:.

See Iey Cartyon
Cabin Hollow
Western Tributary to Bob Wright Cn.
Star Point
Right Eork of Hiller Creek
Middle Fork of Miller Creek
First Water CanYon
Seeond [.later CanYon
Bob l.lright CanYon
Left Fork of Hiller Creek
Hiller Creek
North and South Fork of Corner Canyon
French Creek
Gooseberry Creek
Eccles CanYon
Woods'Canyon
t{inter Quarters CanYon
'Long Ganyon
Upper Fish Creek
Stralght Fork of Fish Creek
Andrew Datry Creek
Fish Creek
C Canyon
Mud Creek
Price River
Pontown Creek

I rts t illr L ulleotls
Arranged

tlatershed
NumberRank

5

6

7

I
9

r0
II
I2
t3
r4
t5
r5
17
I8
19
20
21
22
2.3

24
25
25
27
28
29
30
3l
32

407
4rl
410
417

418

416
!2?
4C6
415
423
424
425
420
419
5q2
426
503
42L
4D4
srJ I
4L2
409
403
4r4
400
401
hos
50c
4A2
413
600
403

t
2

3
4

100
82
79
62

55

47
I{3
42
40
37
36
36
36
34
33
31
?5
23
22
22
2L
2t
l8
l8
t7
17
t6
l4
r3
l2
l2

7

eme

gh

1
Extr

J

I
I

Ht

Norm

I

I

I

I

I

J
,rt

Lbu
+

oFlo*" 
shown are from printotlts in Appendix 5.
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TABLE 6

o
Ra.nk

I
I
2

3
4
4

4

5

5
5

5

6
6
6
7

7

7

7

7

INDHK oF RUNOFF CH4R4CTEEISTTCS

iirriiofi Crrrvu Nrrrnb,:r' (RCl:) - i''r)r 50 Ye;ir 6lkrttr SLtlr;: i'-'citt

Subwatershed
NurnFer .. Su_bwate-rs.hed Name

Japanese Creek
Fainriew Lakes
Narrows Tunnel
Gooseberry Creek
Northwest Tributary to Bob l{right Cn'
Northern Tributary to Bob Wright Cn'
Price River
Cabin Hollow
Southern Tributary to Bob Wright Cn'
Hiddle Fork of }tiller Creek
Bob t{right CanYon
Second ltlater Canyon
Left Fork of Miller Creek
HiLler Greek
Western Trtbutary to Bob Wright Cn'
First Water CanYon
Seeley CanYon
Star Point
Right Fork of Hiller Creek
Fish Creek
North and South Fork of Corner Cn'
I{ood Canyon
Andrew Dairy Creek
I{inter Quarters CanYon

RCN Classifi.cation

76
76
75
74
7L
7t
7l
7A
70
70
7fl
69
69
69
68
68
68
68
68
68
67
66
qs
55
64
64
64
63
63
63
62
62

gh

10
10
1t
11
11
12
l?
L2
l3
r3

407
411
410
501
417
418
600
406
416
425
502
419
426
503
415
425
422
423
t+24

500
421
409
4D5
408
400
4C3
4L?,
401
402
404
413
414

I
Extreme

l

ol
Upper Fish Creek
Pontown Creek
Eccles CanYon
Straight Fork of
C Canyon
FrencJr Creek
Mud Creek
Long Canyon

Fish Creek

I

t



28

TABLB 7r
Rank

I
2

3
4
5
6

7

I
I

10
il
L2
l3
T4
t5
I5
I7
18
19

az
23
24
25
26
27
28
29
30
31
32

SEDROUTE DATA - I}TDEX OF WATER QUALITI BASED ON SUSPEI{DED SEDIMENT

Subwatershed
_ I.lu.mber , -

426
425
503
421
424
4t7

SubwaEershed l'lame

Lef r Fork of rliller Creek
lliddle Fork of ttiller Creek
Hiller Creek
North and South Fork of Corner Cn.
Right Fork of I'Itller Creek
Northwest Tributary to Bob wright

' Canyon
Northern Tributary to Bob Wright Cny'
Bob tlright CanYon
Second l,later Canyon
Western Trlbutary to Bob Wright Cny'
Flrst Water CanYon
Southern Tributary to Bob Wright Cny'
Star Point
Mud Creek
Seeley CanYon
French Creelt
Price River
Long Canyon
Fontown Creelc
Andrew Dairy Creek
Gooseberry Creek
Japanese Creek
Narrows Tunnel '

Ftsh Creek
Stralght Fork of Ftsh Creek
Eccles 0anYon
Upper F{sh Creek
I{oods Canyon
I{tnter Quarters CanYon
Cabln llollow
C Canyon
FaLnrlew Lakes

Hg/L

2226
1933
1076
r045
919
127

72L
564
497
454
452
390
311
276
24L
r89
144
122
rc3
98
93
99
s6
81
74
74
71
70
63
60
56
52

ClasslficaEion

Mo rate

1
Extreme

I

I

I

tUeh

418
502
419
4r5
t20
416
423
4t3
4?.2
4q4
5ln
4L4
403
4D5
501
4C7
4 rft
500 '

401
4L2
40s
409
40s
4C6
402.
411

dri
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TABI,E 8 S4ROUTE DATA - r-NpE)( 0F_SEDI}fENT PRODUCTION

I s irhs;i tershed

-ex! 
Number _

421

425
426
418

4L7

503
424
502
419
415

420
413
416

404
423
600
4L4
422
403
405
501
407
410
500
401
4t2
400
409
408
406
402
411

14
l5
I6
t7

-920
2L
22
23
24
25
26
27
28
29
30
31
32

2
3
4

11
L2
l3

5

6
7

I
9

r0

SubwatershF_d NaJne

North and South Fork of Corner
Canyon

lliddle Fork of Miller Creek
teft Fork of Mi1ler Creek
Northern Trtbutary to Bob l{right

Canyon
Northr+es t Triburary to Bob Wright

Canyon
Mlller Creek
Right Fork of Miller Creek
Bob Wright Canyon
Second Water Canyon
Western Tributary to Bob t{right

Canyon
First Water Canyon
Hud Creek
Sourhern Tributary to Bob l{righr

Canyon
French Creek
Star Polnt
Price Rlver
Long Canyon
Seeley Canyon
Pontown Creek
Andrew Dairy Creek
Gooseberry Creek
Japanese Creek
Narrows Tunnel
Ftsh Creek
Stratght Fork of Ftsh Creek
Eccles Canyon
Upper Fish Creek
I{oods Canyon
I{l.nter Quarter Canyon
Cabin Hollow
C Canyon
Fairview Lakes

T/yt 2l.v:

525

450
415
369

364

349
305
285
25{)
237

233
233
196

159
149
t25
105
96
88
8s
80
77
73
70
64
63
60
58
55
51
49
46

Classification*

Ex reme

I{i,gh

tow

Moderate

J

rnsieji ficant

*S*dir*rrt Production
National Forest Plan

classification was developed for the Hanti-Lasal
Analysls of rhe llanagement Situarion (AI'{S).
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Sedroute Priutou! Reau-lte

The Sedroute program provides a title page that explaiue some pertinent
iuformation about the iedroute Report. Page I shows sediment delivery,
bedtoad, and ground rater coefficiluts and eediuent wei.ght paraoetere used in
the progran calculationa. Printout, page 2 is the sediuent routing table for
rhe irile River subrratersheds. This-taUte shous each subwatershed f lowing into
each higher order subsatershed to the National Foreet bouudary. Printout P88e

3 is th; iuput inforuatiou aud EoEe calculatioas for watershed 400 - Upper Fieh
Creek. Landtype, scree , ruuoff curve nurnber, eroa ion rate, aud water yield
rat,e data rlr* asaeubled for this ana lya ie for each laudt5rpe . The progra
calculated annual erosiou, delivery coefficieut, eedinent yicld rate, annual

iedineut yield, snrual rater yield, and the total.s for each laudtype and result
column flere deiermiued by the progran. Printout page 4 is a EurnEary of the
eristing conditioue (tltata - line frou pege 3), and uilligrame Per liter of
auepended eediuent load for the atruu8l rater yield aud tbe ennuel water yield
aajustea for bedload, Eround rater loeeee, aud both bedload and ground vater
los s gg . ij.- - 'r .1'"

fhe iuforuation ou printout pages 3 and 4 is prepared for each eubsaterehed and

ie arranged iu order of increaaing eubratersbed number.

For further inforuatioa about tbe Sedroutc Progtau' contscts

G. Deunis Kelly, Eydrologiet, Hauti-LaSal Hational Forest
599 Teet Price River llrive :

Price, Ilrah 8450r

Kelly, G. Deunia end Hebeker, Jerel, 19?6'
pqoErau $EDBOIITE, Caribou l{ational Forest, Pocatello, trdaho, usDA - Forest
Service.

SEDEOUTE Procedure for Eetinatiug Erosiou and
at the l9?8 Bu@er rneeting. AD€ricsn Society
Utah State Iluiversity, Iogan, Utah- A$AE

Kelly, G. Deunig, lg77. A Brief Suuary of Suepended $edinnt Productiou
Data Gollected froa a Fer Streame of the lliauoud Creek Plauoiug Uuit.
Caribou Hatioual Forest, U$DA - Foreet Service, Pocetellb, Idabo.

Kelly, G, Ilennie ' lg?E' .

Sediueut lupectr. Preselted
of Agricultural Engiaeera,
Techuical Peper f,o. 78..-208I.
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2.3 GROUND WATER HYDROLOGY

The principle factor control Iing the occurrence and availabi lity
of ground water in any area is geology. Nearly aII of the region

surrounding the proj ect area is underlain by rocks of continental
and marine originr consisting predominately of interbedded
sandstones and shales (See Section 2.2) . The existence of these

relatively impermeable shales tends to limit the ability of the

rock units to yield a significant arnount of water for extended
periods of time due to the recharge impediment.

The proj ect area is located in the headwaters of the Price and

San RafaeI River Basins (See. Figure 2.Lz-A). WeIls in these

bas ins norma 1 Iy yield less than 50 gal lons per minute . In the

immediate vicinity of the project area essentially dry wells have

been experienced. Exceptions to these yield estimates occur

where welIs penetrate highly fractured, sandstones.

Rock strata in the mountainous areas near the proj ect area have

low specific yields (0.2 to 0. ? percent) and low hydraulic
conduetivities. The volume of recoverable water is sma11,

averaging less than 600 acre-feet per square mi Ie in the uPper

100 feet of saturated rock.

Ground water guality in the Price and San Rafael River Basins

deteriorates in a downstream direction. Dissolved solids content
in the ground water ranges from less than 125 milligrams Per liter
in the head,waters near the Skyline permi t area to approximately
4 , 000 mi lligrams per liter near the confluence of the two rivers
with the Green River, This large increase results from the

contact of the water with fine-grained units, particularly the

saline lvlancos Shale.

o_
Information Presented in thi s

origina I consultants rePorts
more complete discussion and

presented herein may be found

section sunmarizes and updates the
found in Appendix Volume A-1. A

baseline information for sufilmaries
in Volumes 4 and A-I.
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2.3.r

The Skyline
Pl ateau, otr

the dip of
betr+een s ix

Geologic Setting of the Ground Water System

permit area lies in the northern end of the Wasatch

the west edge of the Clear Creek anticline. As such,

the strata is genera Ily towards the west, varying
percent ( three deg rees ) and ten Percent ( s ix deg rees ) .

with the exception of local alluviaI deposits, alI of the units

exposed on and immediately adjacent to the Project area are

f orrnations of the Cretaceous Mesaverde Group. The Star Point

Sandstone is a massive, medium-g ra ined sandstone which is
approximately I,000 feet thick and nearly devoid of shale in the

project area. A generalized columnar section of the Skyline

property is shown in Figure 2,2-}..

The Blackhawk Formation, which immediately overlies the Star
point, is an interbedded formation of sandstones ' shales '
siltstones, and coal. The sands of the Blackhawk Formation are

fine-to-medium- grained, tending to have loca Ily high clay

contents. The shales of the Blackhawk Formation in the permit

area are irregularly bedded and due to their tendency to swell

when wet, they should, in most cases, form an effective barrier
to vertical movement of ground water.

The youngest geologic unit in the permit area is the Castlegate

Sandstone, found only in a small area in the northwestern portion

of the permit area. This unit consists of massive medium to

coarse grained sandstones with interbedded conglomerates near the

base.

Faults within the permit area cornmonly occur as zones of Para1lel
to in-echelon fault segments with individual slips containing
gouge zones ranging from 6 inches to 4 feet wide. Displacements

are normally small ( Iess than 20 feet) with the exception of the

ConnelviIIe fautt zone which forms the eastern boundary of the

permit .area, and the Upper Joes Valley f ault zone in the

southwestern portion of the area. It is suspected that faults
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have only loca I hydro logic importance wi thin the B I ackhawk

formation because of its clay content in the permit area, Of 44

individua I f ault planes encountered to date in Skyl ine t'lines I
and 3, only 5 contained dripping water. Four of these 5 appeared
to intersect water saturated sandstone pa leo channels in the
immediate mine roof. Water also emerged from the Star Point
Sandstone along 2 f aults encountered in Skyline t*Iine 3, resulting
in some water drainage from the floor. In both of these cases,
no water dripped from the roof.

In most cases it appears the faults within the Blackhawk formation
in the permit area are not allowing vertical movement of ground
water into the mines, The most logical cause of this apparently
low permeability along most of the faults is clay content.

A detailed discussion of the geological characteristics of the
project area is presented in the preceding section (Section 2,2j,

2 .3 .2 Cha racteristics of Seeps and Springs

As a result of field investigations during f9?8, f?4 seeps and

springs were located on and immediately adj acent to the Skyline
project area (volume A-1, Hydrology) This equates to an average
of one water source for approximately every 40 acres existing in
the area, The quality of the subsurf ace water eras evaluated at
select springs and is shown in Appendix VoIume A-1, Additional
ground water quality data may be found in the tabulations
submitted regularly to the Division of OiI, Gas and t'Iining and in
Volume 4. The travel distance between water supplies is short
for the wildlife and sheep which utilize the area. Therefore,
should a frequently-used spring dry up, animals using the water
supply would not be greatly affected.

As requested by the Division, the operator conducted a survey of
springs in the South Fork of Eccles Creek area where mining will
take place during thi s permit term. Thi s survey, conductedQ,_
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during August of 1988, varies s light ly in locations from that
found in the consultant's report. The differences are most
Iikely the result of mapping errors. The results of this survey
may be f ound on Figure 2.3.2-1.

Geologic conditions play an important role in the occurrence of
springs in the project area. A maj ority of the springs issue
from west-facing slopes, often at a sandstone-shaIe interface
considerably above the adj acent stream bed. Apparently, water
which infi Itrates into the soi I and. is not consumptively used
percolates down until an impeding shale lens is met. It then
follows the shale member downdip unti I an outlet is reached
(either the surface or a discontinuous sandstone member) . Thus,
deep ground water recharge is apparently slow in the project area
due to the presence of large amount of shale.

Very few seeps and springs
fault-related, due to the
Formation. rnstead, spring
small surface depressions or

in the proj ect area appea r to be

sea 1 ing abi I i ty of the B 1 ackhawk
water appears to originate in the

basins in the immediate vicinity.

Sustained flows from individual- springs tend to be 1ow. Only four
of the springs were measured having flows greater than or equal to
10 gallons per minute during the fall, low-flow inventory. Ivlost

measurements were two gallons per minute or less. Approximately
30 percent of the sources were seeps. Some of these had dried
entirely during previous summers. Flows at a given spring may

vary by as much as one order of magnitude during the year, with
the higher flows occurring during the snowmelt season. This
observation further substantiates the theory that water supplying
the springs is generally very locaI in origin, Water originating
from a deeper, more regionalized source would normally provide a

more constant flow. It also implies that flows from springs are
quite sensitive to the amount of precipitation received during
the previous winter.

2-25



I

6 l!ryry _-_ry g 5!f_ t_e_8j-1, i;'
H X0{K 0F Eccj,.Es gFE€q .F:
q' b,rrvby 7' Sc'dEb-rfick--g;f,:i'7

\'

r,ljlC'i,.;lijl
i) rI..,l Ii;

T - .-f r--,/\\-. -::.=,f.7 '' -!-(.'-. '

J;{ffi
\
\
I]
l. t

*
+
:l

/

N
\

,ffi
', i,L+!ti
: fa.t
epy'.amt
rt1'y -4

I

4

!t

, r't it
F

rp

I$

Ir,ltl
ll
I
t
t.

l

I
I

.1

ts---l-rr/fi

o
7'tr'

2-26



I 2.3,3 Stream Seepage

A very small percentage of the average annual flow of Huntington
Creek above Electric Lake is contributed by ground water - In
contrast, ground water yield accounts for nearly 54 percent ( I . 59

inches ) of the average annual yield of Eccles Creek above
Pleasant Valley Creek. The principle cause of the high ground
water yield in Eccles Canyon relative to Huntington Creek is the
Star Point Sandstone, which is present over approximately Zs
percent of the surface of Eccles Canyon but does not appear on
the surface in the Huntington Creek Basin.

To better define recharge-discharge conditions for major streams
in the area, seepage studies were conducted on the lvlain Fork of
Ecc1es Creek, the South Fork of Eccles Creek, and Huntington
Creek. The studies were conducted by measuring the flow rate and
co 1 lecting a water qua I i ty sample at selected points along the
stream segment and at points of rnajor tributary inflow. Data
f rom that study are presented in Vo lume A-1 , Hyd,ro logy.

S igni f icant changes occui in the I'la in Fo rk o f Ecc les Creek when

it crosses the Star Point Sandstone. These changes are
especially noticeable at the O'Connor FauIt, which crosses the
stream at a point about one mi Ie downstream from the confluence
of the Main and South Forks. This fault apparently acts as a

conveyance strueture in the fractured Star Poirt, discharging
water into Ecc1es Creek.

Another significant change
occurs near the mouth of
FauIt. This probable flow
to the surface which had

beneath the stream channel,

in the characteristics of Ecc1es Creek
the canyon at the Pleas ant Va I ley

barrier appears to be bringing water
previous Iy been f lowing in the rock

Changes in conditions along the South Fork of Eccles Creek can be
Iargely accounted for by surface phenomena (hil1side springs,

The Conne Iv i 1 Ie Fau I t zone has I i tt Ietributary inflow, €tc.) .
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to prevent vertical water movement.

Dor+nstream changes in the characteristics of Huntington Creek can

also be largely accounted for by tributary inflows, hillside

appa rent
stream.
B I ackhawk

springs, etc.
portions of the
can presumablY

recha rge water

effect on the recharge-discharge characteristics of the

This confirms the previous conclusion that faults in the

do not act as condui ts to the surface, but rather , sea 1

The f low losses which do occur in the lower

stream (immediately uPstream from Electric Lake)

be attributed to recharge of the a I luvium ' This
is suspected to travel below the surface of the

shale-alluvium interface towards Electric Lake.

2.3.4 Aquif er Characteristics

Measurements at a network of observation wells installed in the

project study area indicate that gr.ound water flows in a west to
southwest direction, generally following the dip of the strata.
Flow gradients average approximately 250 feet per mile over most

of the proj ect area although a gradient averaging 700 feet per

mile was encountered in the southern portion of the lease area.

This anomaly is probably associated with the Valentine Fault

zone, which passes through one of the observation l-rell sites .

The fracture has apparently connected the sandstone'lenses of the

Blackhawk Formation with the underlying Star Point Sandstone,

thereby significantly increasing the water yield characteristics
of the rock at this point and influencing the piezometric head in
the area,

The differences between the elevation of water in the observation
wel1s and that of surrounding springs indicates that two ground

water systems occur in the Skyline project area' A shallow

system, very local in extent and discontinuous, provides water to
numerous seeps and springs through thin sandstone layers in the

Blackhawk Format ion. A deep ground water system i s present in
the saturated rocks surrounding and below the coaI. This deep

system has little apparent effect on the surface hydrologic
o.,.
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o regime of the permit area since the water is located well below

the perennia I streams of Lhe permit area . The system continues

to dip to the +rest and southwest beyond the permit area and

rernains below the Sanpete valley floor. It is not known to

outcrop down dip. A fence diagram depicting the relationship of

the wells with their location and, with the geology may be found

in Drawing 2,3.4-1.

Springs
s ha I 1ot+

reg i ona I

in the Blackhawk Formation are fed from perched water in
sandstone lenses underlain with shale weIl above the
ground water leveI.

o

Useable quantities of water f rom we I Is in either the Storrs

Sandstone or the lower tongues of the Star Point Sandstone are

unlikely unless a fracture zone is encountered. Drawdown and

recovery tests, which were conducted at two different depths in an

open test well located in the proposed portal area, indicated that
the transmissivity of the Blackhawk Formation is aPproximately 18

gallons per day per foot (volume A-I, Hydrology). No significant
difference in transmissivity exists between the coal zone and the

Aberdeen Sandsione. The low transmissivities and discharge rates

( approximately 5 gallons per minute) indicate that the Blackhawk

Formation is, at best, a Poor aguifer.

potenLiometric surfaces are below the ground surface' even in the

canyon bottoms, with the deeper holes under the Blackhawk showing

a genera I Iy higher potentiometric surface than the sha I lower

holes. East of the permit area, where the Star Point Sandstone

i s exposed, the potent iometr ic surf ace intersects the g round

surface in the canyons, thereby producing springs along the

bottoms of the canyons . Water table conditions exist primari ly
in shallow aIluvial deposits along larger perennial streams -

Potentiometric surfaces, as currently understood, are shown on

plates 11 and LZ of the Hydrology report Appendix Volume A-I.

r\
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o 2.3.4.I Waste Rock Disposal Site

There is tittle information available concerning the ground water
system at the waste rock disposal site. No test weIIs are
avai labIe in the area and there are no seeps or springs to
provide water quality data. The site is an isolated system,
located above the water table and, has littIe inflow and no

outf low. There is no known hydrolog ica I connection between the
site and Pleasant Valley Creek.

The waste material placed in the
toxici ty, A discussion of these
4,4.5.

site has tested negatively for
tests may be found in Seetion

The groundwater s i tuat ion i s comp I icated by the present of
underground workings of the o Id Union Paci f ic Fline . The present
condition of these workings is unknown and unobtainable due to an

underground smoldering fire.

2.3.5 Uses of Water in the Aquifers

2,3.5.1 Surf ace $later Rights

The water rights on and adj acent to the Skyline property which
were on record with the Utah Division of water Rights as of
Deeember, 1986 are listed in Volume 4. The locations of these
water rights can be f ound on Plate 2.3.5.I-1.

fn addition to those existing water rights identified in Volume

4, the Forest Service has water rights claims pending action in
District Court for the Seventh Judicial District in and for Emery

and Carbon Counties. The claim for upper Huntington Creek was

filed on August 19, 1983. The claim for Eccles Creek and the
South Fork of Eccles Creek was filed l{ay 18, 1987.

Surface water rights in the area
and irrigation. Stockwatering

are primarily for stockwatering
rights are almost entirely

I
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o di rect Iy
the town

of the
pasture.

2.3,5,2

on the stream. Irrigation rights are centered around
of Scof ield and in FI at Canyon, southwest of the center

property. Irrigated lands consist almost entirely of
OnIy stockwatering rights are present on the lease area.

Ground Water Rights

water rights on and adj acent to the Skyline Property, oH

with the Utah Division of Water Rights as of December,
are Iisted in Volume 4 and presented on Plate 2.3.5.2-1.

rights are primarily for stockwatering and irrigation
lawns and gardens). OnIy one spring on the lease area

filed water right. Only a limited number of wells are
in the area.

G round
reco rd
1996,

Again,
(mainly
has a

loca ted

Also shown on Plate 2,3.5.2-1 are exchanges of Scofield Reservoir
water for ground water in Pleasant Valley Creek Basin. These are
also listed in Volume 4. All exchanges are wells, with the
exception of 9I-940. Most of the exehanges serve the industrial
and domestic needs for mining companies in the area.

2.3,5 Ground F{ater Quality

The high cost associated with properly constructing and

d,eveloping the observation wel ls dri 1led in the f ormations f ound

in the area precluded the collection of reliable +rater quality
data from the wells.

Several core ho1es, however, have been used to obtain limited
ground water information. As these wells are being driIled,
static water leveIs were measured above the coal zone, in the
coal zone, and below the coal zone in the Star Point Sandstone.
The we1Is were finally cased down to the Star Point and the
bottom 20 feet of the casings were perforated. Measuring the
static water levels at different stages of dri lling showed that
deeper ground water had a higher piezometric head than the
shallow ground water. Because of this, four shallow wells were
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dri I led adj acent to
perforat ions in the
heads were measured

vertica I Piezomet ric
Data obtained from

Vo lume 4 .

four of these deep weIls, and casings with

bottorn 2A feet were installed- Piezometric

i n sha I low a nd deep ho les showi ng the

g radient associ ated r^rith the g round water '

these wells are shown in graphic form in

il

The instability of the Blackhawk Formation made it difficult to

keep uncased holes open for severar hours. Reriable water

quality samples could therefore not be obtained from the core

hoIes. severar holes were more than r,000 feet deep and one was

more than 2,000 feet deeP.

Two we1ls have been drilled in Eccles canyon to determine aquifer

characteristics of the Star Point Sandstone - The locations of

these wel}s, W13-I and w17-1, are shown On Plate 2.3'5-1' WelI

wl3-l extends through the Blackhawk Formation into the Star Point

Sandstone and is now cased. During the draw down and recovery

tests, the casing had not yet been installed.

The water quality analyses were measured from samples colrected

after periods - of pumping from the we11. $lell wl?-1 is located

adj acent to Eccles Creek in the canyon bottom and extends through

alluvial materials before penetrating the Star Point Sandstone '

The weII had been pumped for a few hours when the water quality

sample was corlected. well 13-1 was drilled near the Portal area

topsoi I stockpi Ie as a water supply source, but was abandoned

because of insufficient flow. The data, however' are useful in

showing groundwater quarity. Resurts of the laboratory analysis

of these s ampres are conta ined in the Hydro logy sect ion of

Appendix Volume A-1.

A comparison of water quality data collected from the permit area

springs , locar mines, and a wer I indicated that the springs were

of a quality similar to that of the deep ground water system of

the area. Thus, inferences on ground water quality have been

drawn principally from data collected almost entirely from

springs.

'.i -
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Almost wi thout except ion, the g round water in the a rea is of a

strong calcium bicarbonate tyPe. However, the sulfate and

magnesium influence during the period of record shows an increase
downst ream in Eccles Creek and in Pleasant Va I ley Creek near
Scofield. Although the quality of the deeper ground water is
expected to be more uniform, the data show that three distinctive
qualities of spring water can be found in the proj ect area .

Springs issuing near the outcrop of the Cast legate Sandstone in
the northwest corner of thg proj ect area have a very low
dissolved solids content (normally less than 100 milligrams per
liter). This results from the lack of shaley layers in the
Castlegate. LocaI conditions have probably resulted in the
s Iightly higher concentrations in the springs issuing in the
headwaters of Eccles Canyon ( dissolved soI ids concentrat ions
between 300 and 350 milligrams per liter). Springs issuing over
the remainder of the proj ect area have dissolved solids content
which genera l Iy varies f rom 180 to 2 60 rni I lig rams per l iter,
averaging 220 milligrams per liter, (See Water Quality Data
Volume 4 and Hydrology Section Appendix VoI. A-1. )

Seasonal changes in ground water quality constituents show no

consistent trends. Concentrations are generally lower in spring
water than noted in surface water samples t dlthough the
differences do not appear to be very significant. rn many cases,
trace metal concentrations were consistently below the detection
Iimit of routine laboratory techniques.

The sample ana lysis reports located in the Hydrology Section of
Appendix Vo1ume I-Ar Ers submitted by Commercial Testing and

Engineering Company, Denvcr r Colorado, are tendered to document
that no potenti aI acid-forming or toxic-forming materi a I is to be

found either above or below the coal seams. The equipotential
f igures do show some alkalinity producittg tendencies occur.

The analysis reports are arranged by seam, i.€.1 IvIcKinnon, Upper
O'Connor, and Lower O'Connor A; and then by sample location,
8.g., roof, floor.
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o The locat ions of the exploration ho les at which these s amples

were taken are shown on P1ate 2.3.6-1-

Obtaining ground water data from abandoned mines in the area has

been investigated but found not practical. The only abandoned

portal in the perrnit area is the old Eccles Canyon Mine. This
portal was sealed and sovered during construction of the Skyline
portal area surface facilities and is no longer accessible.

There are several abandoned mines in the adj acent area, located
in l.linter Quarters, Pleasant Valley and Boarding House Canyons '
A search of UDOH and EPA ( Storet ) records did not reveal any

discharge data from these old portals.

2.3,7 Groundwater Monitoring Program

The ground water monitoring program outlined in this section is a

continuation of a program approved with the original Mining and

RecI amation Permit APPIication. It incorporates practices
designed to provide the baseline data necessary to validate the

determination of the probable hydrologic consequences of Froposed
and existing mining and reclamation operations, The program also

is designed to meet site specific requirements and incorporates
the flexibility for change if necessary. -

A monitoring progranr is being conducted at each of the ground

water stations identified on Table 2,3,'l-3 and depicted on Plate
3 .2, 5-1.

Water quality samples are collected from the 15 selected springs
i n the proj ect a rea . The s amp les a re comprehens ive Iy ana lyzed

each summer for the parameters listed in Table 2.3.7-I. All
water samp les co I lected fo r use in thi s permit have been

collected and analyzed according to methods in either the
*Standard Ivlethods for the Examination of Water and Wastewater" or

the 40 CFR parts 13 6 and 434 .I
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o SeasonaIIy, Spring high flow and FalI low flow, these sPrings wi l1

be monitored for those constituents listed on Table 2.3.7'2- A

I i sting ident i fying the station types i s shown on Table 2 ,3. ?-3 .

rn addition to the collection of the outlined water quality data '
water level data wi 1I be collected from each of the nine wells
(if f unctional) as scheduled on Tables 2.3.7-I , 2.3.7-2 and

Z.j. T-3, and noted on Plate 2.3.5-1. Summary inf ormation on

these observat ion wel ls i s f ound on Table 2 .3 .7 -4 .

The amount of water discharged from each mine on each monitoring
occasion wiII also be monitored at the mine mouth through the use

of a totalizing flow meter or similar device. Significant
changes in the source of water in the mine will be noted during
the period of operation. Underground water pumped from each mine

wilI be monitored f or water quality. Ivline #1 discharge is
sampled at Station CS-14. t{ine #3 discharge is. samPled at

Station CS-12. Should the concentrations result in a

sedimentation pond discharge which exceeds the NPDES discharge
permit limitat ions or indicates potenti aI disturbance to the

hydrolog ic balance r f,n attempt wi l l be made to isolate the

contributing source and an eva luation made of possible
appropriate remedial action. The best alternative remedial

action wi I I be implemented as soon as practicable to ensure

protection of Eccles Creek water quality

As reguired, ground water quality data collected from the
property area will be submitted to the Utah Division of OiI, Gas,

and tvlining . Such reports wi t I be submitted within 90 days af ter
comptetion of the quarterllr monitoring program, An annual report
trhich wi I I inc lude a summa ry of water qua l ity dat a and water wel l
Ievel data f or the previous year wi 11 be submitted r+ithin 90 days

of the end of each Year.
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Table 2.3.7-1

COT,IPREHENSIVE WATER QUALIflT ANALYTICAL SCHEDULE

(SURFACE AND GROUNDWATER STATIONS}
_LOW SUMIVIER FLOW-

(AUGUST SEPTEI,IBER)

ANNUAL WATER QUALITY STATTONS CS-1, CS-z, CS-3, CS-4 , CS-6,
cs-?, cs-8, CS-g, CS-10, CS-1I, CS-12, CS-13 , CS-14, UPL-I0,
vc-6, vc-g, vc-10, s10-I, sIz-I, 513-2, S13-7, S14-4, 515-3,
s17-2, 522-5 , 522-1r , 523-4, 52 4-L2, S25-L3 , 534 -L2, 535-8,
S36-12, WRDS #1, WRDS #2, WRDS #3 and WRDS #4.

FIELD MEASUREMENTS LABORATORY MEASUREMENTS

F low
Dissolved Oxygen
pH
Specific Conductance
Temper a ture , Ai r
Temperature, Water
Tu rbi di ty

Note: Station vc-g
will use calculated
flow from Station
CS-6 and CS-f3.

Calcium
Chloride
Copper, Total & Dis
Fluoride
I ron, Tota I & Di s

Lead, TotaI
I'Iag ne s ium
lvlang anese,
Nitrate
Pho spha te
Potassium
Sodium
Sulfate
Suspended -SoIids
TotaI Dissolved So1ids

Ac idi ty
AIka linity
Arnmoni a
Barium, Total
B ic a rbon ate
Boron, Total &

& Dis

Total & Dis
& Dis

Dis

ADDITIONS TO THE CO}TPREHENSIVE SCHEDULE FOR
ECCLES CANYON STREAM STATIONS
AND W'ISTE ROCK DISPOSAL SITE 

- 
. .

Includes st ations CS-1 , CS-z , CS-3 , CS-4 , CS-6 ' CS-9 ' CS-11 ,

cs-12, cs-13, CS-I4, VC-6, VC-9, VC-10, WRDS #1, WRDS #2, WRDS #3
and WRDS #4.

Cyanide
Oi I & Grease

Pheno I s
Total Organic Carbon

w?g -22-2-L, W?9 -22-2-2 , W79 -25-L, W79-35-IA , W7 9-35-IB.
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SEASONAT
cs-?, cs-8,vc-6, vc-g,

TABLE 2 .3 .7 -2

ABBREVIATED WATER OUALITY ANATYTICAL SCHEDULE
( SURFACE AND GROUNDI^TATER STATIONS )
-HIGH SPRING (APRII JUNE} AND

LATE FAtL (OCTOBER NOVEI,IBER) FLOWS-

WATER QUALITY STATIONS CS-I, CS-2. CS-3 , CS-4cs-9, cs-10, cs-1I, cs-12, cs-I3, cs-14,
vc-10, sI0-1, s12-1, s13-2, Sl3-7, SI4-4,

, cs-6,
uPt- 10 ,
sl5-3,
s3 5-g ,s17-2, 522-5 , 522-Il, 523-4 , 524-L2, S25-13, 53 4-L2,

S36-L2, WRDS #1, WRDS #2, WRDS #3 and WRDS #4.

FIELD PIEASUREI,IEN.T ... -.,. LABORATORY I4EASUBEMENT.S-

F low
pH
Specific Conductance
Temperature, Ai r
Temperature, Water
Turbidity

NOTE : St at ion vC-g wi I I
use calculated flow data from

Dissolved oxygen wilI be measured
and VC-g.

Nitrate
Pho spha t e
Potassium
Sodium
Sulfate
Suspended Solids

Total TotaI Dissolved
Solids

Stations CS-5 and CS-13.
at Stations CS-z, CS-6, vC-6

Ammoni a
Bicarbonate
Calcium
Chloride
Iron, TotaI
I'lagnes ium
I'lang anes e ,

SEASONAT ADDITIONS TO THE ABBREVIATED SCHEDULE
FOR ECCLES CANYON STREAIU STATIONS

cs-12, cs-13, cs-r4, vc-E, vc-g, vc-10, wRDs #I, WRDS #2, WRDS #3
and WRDS #4,

Pheno I s
Oi I & Grease

WELLS WATER LEVEL ONI-'Y

Well locations: W79-10-IA , W7 9-10-18 , W7 9-I4-2A , W7 9-1 4-ZB,
w7g-22-2-L, W7g-22-2-2, W7g-25-L, W7g-35-1A, W7g-35-18.

fn addition to the high spring and late fall monitorings taken at
all stations, winter season monitoring (Decr - Feb,) for the
above abbrevi ated schedule, including seasona I addi t ions , wi I I be
taken at the following stations as accessibility permits: CS-2,
cs-3, cs-6, cs-9, cs-11, cs-12, cs-I3 , CS-14, VC-5, VC-g and
VC-10 . Station CS-IS wi I I be monitored for f low only each
Spring, Surruner and Fall beginning FalI 1988.
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STREAT,T STATIONS 11 StAtiONS

cs-r cs-z cs-3 CS-4
cs-lI CS-15 VC-6 VC-g

MINE DISCHARGE STATIONS 2 STAIiONS

CS- 12 (mine #3 ) CS- 14

FRENCH DRAIN STATIONS 1 SIAIiON

CS- I3

TABLE 2 .3. 7-3

IIIONITORING STATION IDENTIFICATION

ECCI,ES CANYON

CS- 5

vc- 10

(I{ine #1)

cs-9

HUNTINGTON

STREAI,I STATIONS 5 St At i ONS

cs-7 cs-8 cs-10

WASTEROCK DISPOSAL

CANYON

STREAII{ STATIOHS 4

WRDS #1 ---

SPRINGS 15 Stations

Stations

$IRDS #Z WRDS #3

GROUNDWATER STATIONS

s10-1
s15-3
s24- 12

s12-1
S 17-2rJIt-

s2 6-26-1-13

s13-2
s22-5
s3 4 -L2

uPt-3 *

SITE

S13-7
s22- I t
s3 5-8

UPL- 1O

WRDS #4

s14-4
s23 -4
s3 6 -L2

WELLS (II'IONITORING ) - 9 We 11 St at ions

w79-10-IA W79-10-tB w?9-14 -2F- W79-14-28
w79 -22-2-2 W79 -26-L W79-35-1A W79-35-IB.

WEttS, CULINARY -Referenced but not monitored

['II3 - 1 wl3-2 wI7-1 wl7-3

NATIONAL POLLUTION DISCHARGE

001 PortaI Area

*Discontinued spring 1989

w7 9 -22-2-L

w24-1

ELIMINATION SYSTEI4 (NPDES)

002 Loadout Area
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Winter Ouarters Canyon
Data Adequacy

October 1992

WATER RESOURCES
OUESTAR PIPELINE COMPANY'S

MAIN LINE No. 41
FINAL ENVIRONMENTAL IMPACT STATEMENT

DAMES & MOORE, 1990



b
I

I

I

I

I

I

I
p
I

I

I

I

I
t

b
T

E

Main Line No.41
Reroute at Skyline Mine
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US Department of Agriculture
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JULY 1990
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Watgr Respurceq

The issues concerning water resources are sedimentation, changes in water quality ofstreamst and possible changes in stream flow due to surface afieration result-ing fromvegetation removal and soil-compaction. Intermittent and plrenniar streams, reservoirs,springsr and riparian areas were delineateu iiom iopogr"phic maps and fiela surveys.

Background

The study area lies within two T-ajor drainage basins on the western edge of the Uppercolorado hldrologic region, .Huntington treek 'and its tributaries are within theHuntington-creek-waterlhed. Mud crEek, cooseueril i;;.k; ;; their tributaries arewithin the Price River watershed and are tiibut"ii to scofield Reservoir.

The area has T9'.T, d11 rymmers and cold, relatively moist winters. Annual precipitationranges from 16 to 30 inches and occurs 
. primarily as snow and occasional summerthunderstorm events. The freeze-fru*-p"riria is uui**"n 20 and 100 days and snowfalloccurs approximately I months^of the ye-ar. Floods in tnE 

"iu"-i.* 
produced prirnarily bysnow melt 

1, jl" spring. occasional high--int*nrity, summer thunderstorms causelocalized flooding. -'-o" -"ibr'Yr

tt t-l* Straight canyon Barometer watershed, located approximately j0 miles south ofthe study area near Joes valey Reservoir, the ;"o"t[ly average p.*cipitiii""-lr-pin in tn"conifer-aspen areas from Jyit to August ranges from abdlt' I.z to I.3 inches, thendecreases in September to about 0.8 in?rr. The-nu.uur of storms greater than 0.1 inchand lasting longer- than I hour follow the same trend. From July to August, the number ofstorms increases from 5 to I and decrease to about 3 in Sept*r,in*i.

3-r 6
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The surface hydrology of the proiect area is characterized by_ numerous intermittent

channels draining ini6 small perennial streams forming a 5lgnd5itic Pattern' Numerous

springs and seeps are prgr.qnt lrrroughout ih; project arda. The larger springs are located

on the hillslop-Js out'of Huntingtoi Creek 
"ha 

along the west edge of Pleasant Valley'

wet areas are found along the eist-facing _slopes qasl of Skytine Diive. A large marsh is

present southeast of Loiler Gooseberry"R"s*rvoir. Reservoirs within the study area

include scofield Reservoir, Electric Lake, B*.u*r Dam Reservoir, Boulger Reservoir, and

Lower GooseberrY Reservoir.

Most of the stream crossings (riparian areas) have sections."lgns the stream banks that

are slumping into the stream to some degree."ld are Partia.lly vegetated. The stream

bottoms are generally .o*poreJ_of [ine mEterials with gravels and cobbles' The stream

bottoms aton[-mud ireek h*", Scofield and Gooseberry Creek have large areas of silts

with no gravels or cobbles.

Studies in the wasatch plateau indicate that molt recharge t9 the ground-wa.ter system

is due to infiltration of rainfall and snow *"tt .t higher elEvations- Much of the water is

discharged by springs that f low trom the Flagstif f Limestone and the North Horn

Formation ority I inEit dirt"nc" from recharge 1e1s. 
(Lines 1984). This also appears to

be the case in the Blackhawk 
-Formation-itotg 

tne hillslopes .east of Huntington Creek'

Many of these springs flow throughcut the iummer and fall months. In the eastern

highland area of 
'thetooseberry griben, a lqw summer home owners have piped spring '

*iter into their homes. The watei is used without treatment'

The dissolved solids in the ground water are estimated to be generally less than 250

milligra*, p*, ii*;i;ilii. irremical testing of the ground water shows small concentra-

tions of trace elements that do not exceed 
-maximut mandatory limits for public supply

(Lines t 984).

unpublished studies by the Manti-La sal National Forest hydrologist indi-cate that

phosphate concentrarions ."ppf"i- .to ue nign_e1 in streams located near the Blackhawk

Formation than in the ruiitrr Horn 
"nd" 

Flagstaff Formations. This indicates that'

eutrophication of Scofield Reservoir, aitributei to increased pho.s.phate concentrations'

occurs n"turilty rio* ptrosprrate in ine Blackhawk Formation. None of the phosphate

concentrations measurec e*Eeeded the State of Utah minimum water-quality standards'

Specific DescliPtions

Descriptions of the water resources along each_of the segments weri obtained using

topographic maps and limited field ,econn*aissance. Locations of the stream crossings

were obtained from a fielJil;";t"f riparian areas and are Presented in Table 3-3'

Alternative A and B The existing pipeline crosses beneath 2 perennnl. streams at

Gooseberry Creek and Mud Creekl ' Ihtermittent streams are crossed just east of

Gooseberry Creek and at the head of a drainage.in.Section l4 on the Skyline lease area'

Approximately 0.4 mile of ine pipeline route iiwitrrin 500 feet of a perennial stream'

Alternative C - Burnout C-anyon Route (l) * Along the entire Burnout Canyon route there

would be rz perenniir sfilm cross.ingir-lo of dnich would be located along segments

that could be af fected by construction". Two perennial stream crosiings occur. a.long the

;irt*g iignt-ot-way on Coor*u"iry creek and on Mud creek. The perennial stream

I

I
I
I
I
I
I
I
I
I
n
I
I
nI!
I
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crossings that could be impacted by construction are located on Upper Huntington Creek
(g crossings) and on Burnout Creek (t crossing). Three intermittent stream crossings
would occur along the entire route: one east of Gooseberry Creek on the existing
pipeline, one in the canyon north of The Kitchen, and one in the canyon northeast of The
Kitchen. A small seep area with standing water would be crossed in Segment 2 at the toe
of the road fill along the paved road just south of Swens Canyon. The pipeline route
would cross through a small area of springs located on the hillslope south of Burnout
Creek. No reservoirs or marshes would be crossed by any of the segments.
Approximately 3.3 miles of the route would lie within 500 feet of a perennial stream.

Alternative C - Burnout Canyon Route (2) - The inventory along this route is the same as
Burnout Canyon Route (l), except only 2 intermittent stream crossings would occur: I
along the existing route and I in the canyon northeast of The Kitchen.

Alternative C - Burnout Canyon Route 0) - Along the entire route there would be 5
perennial stream crossings, 3 of which would be affected by construction. The 2 existing
stream crossings would be the same as Burnout Canyon (lh the 3 perennial stream
crossings affected by construction would occur on Upper Huntington Creek (2 crossings),
and the stream in Burnout Canyon ( t crossing). This route would cross the same
intermittent streams as Burnout Canyon Route (l). Approximately 3.5 miles of the route
would lie within 50.0 feet of a perennial stream.

Alternative C - Burnout Canyon Route (4) - The inventory along this route would be the
same as Burnout Canyon Route (3), except only 2 intermittent stream crossings would
occur: I along existing Segment 12* and I along Segment 15 in the canyon northeast of
The Kitchen.

Alternative D - Gooseberry Route - The entire Cooseberry Route would cross perennial
streams at 7 locations, 6 of which are along the segments that would be crossed by new
pipeline. One perennial stream crossing occurs along the existing pipeline on Mud
Creek. Of the 6 new stream crossings, I would occur on Gooseberry Creek, I on Swens
Canyon Creek, 3 on Upper Huntington Creek, and I on the stream in Burnout Creek.
There were no intermittent streams identified that cross this route. A small area of
springs would be crossed on the hillslope south of the stream in Burnout Canyon.
Approximately 1.8 miles of the route would lie within 500 feet of a perennial stream.

Valley Camp Triangte Connectors (t) ttrough (3) - Segment 5/6 (Connector 2) would cross
I small spring and Segment 8 (Connector ?) would iross below a spring located on the
hillslope that flows along the inside ditch of the dirt road. The connectors would not be
within 500 feet of a perennial stream.

Alternative E - Yinter Quarters Route (l) - Along the entire Winter Quarters Route,
there would be 3 perennial stream crossings, 2 of which would be located along segments
gf new pipe-line. One perennial stream crossing occurs along the existing fne on
Gooseberry Creek, the 2 other perennial stream Crossings would be located on Winter
Quarters Creek and Mud Creek near Scofield. Approximattly 0.4 mile of the route would
be within 500 feet of a perennial stream. Asiiciated Segments 19* and 23* cross t
perennial stream (mua Criek along Segment l g*). No spring-s were identified along these
seSments.

Alternative E - Winter Qrrarters Route (2) - There would be 6 perennial stream crossings
along the entire route, of which 5 would occur on segmentd of new pipeline. TheJ

I
I
il
I
I
n
I
T
I
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stream crossings would be located along winter Quarters creek (I stream crosstnglll:,,0

creek near Scotieta between Eroads cinyon an{ Magazine canyol (3 stream crossings)r

and on Broads canyon creeii (t it.u"* .iorring). A[proximatg]r- 2'2 miles of the route

wourd be within j00 teet of a perenniii-rtr.I*. .s'uqTent l9*, associated with this

alternative, crosses I perennial itream irrn"J creek). -No springs were identified along

the segment.



Yater Resor.Fceg

T.he primary issues associated with this project are the effects torrparlan areas caused by increased flow, effects to the qualitywater caused by sedimentation and phosphate increases, andfailure on water quality. Eutrophicaiion of Scofield Reservoirphates are carried with iedimenti.

floodplains and wetland
of stream and reservoir
consequences of slope
is an issue since phos-

Increases in runof f were estimated using 
- 
a computer program providedService that calculates the total volume 6f runoff and tne freir. tio* rate.hours and a recurrence interval of l0 yu".r i l s lnlnur) was used as aanalysis. The Japanese Creek subwatershed was chosen as the worst

by the Forest
A storm of 6
basis for the

case situation

4-t2
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because this subwatershed had the largest ratio of impacted area to subwatershed area.
For this analysisr a corridor width of 50 feet was used (early in the project) and assumed
as a worst case to expose bare soil for the entire width. Actually, vegetation would be
completely removed only where necessary (i.e,, area of the trench). Giv-en a runoff curve
number of 95' the results showed that runoff would increase by less than 4 percent over
existing conditions. Since this is the worst case situation, then increases from runoff
from the project would be considered insignificant

The soil erosion and the annual sediment yield to streams were estimated using proce-
dures developed by the Forest Service (rcetly 1,976; Tew 1973), Two subwatershedi were
used in this analysis. The first estimated sediment yield for the worst case situation on
the Japanese Creek subwatershed (along Segment l). The second estimated sediment
yield in the Electric Lake subwatershed for the proposed Burnout Canyon Route.(includes
Segments 2, 3ar 3b, 4r 9, and most of l6). Both watersheds used a 5O-foot corridor width
and an impact area of bare soil mulched to 50 percent ground cover. The results showed
that the estimated increases in sediment yield to the Japanese Creek and the Electric
Lake subwatersheds were about 0.4 percent and 0.1 percent, respectively. In reality, the
sedimentation along Upper Huntington Creek would be much less considering that the
model uses the land surface condition of the impacted area as the condition oJ the land
surface between the impacted area and the stream. [n these canyons, the land surface
between the impacted area and the stream has very dense vegetation that would prevent
most sediment from entering the strearn. Almost all sedimentation of the stream from
t!" proposed pro ject would probably occur near stream crossings from water f lowing
along the proposed corridor to the stream.

With these values representing the worst case situation and the most sensitive area, the
increases in sediment yield to streams and reservoirs near the proposed routes would be
low. However, these estimates are for the watersheds as. a whole and do not indicate
site-specific increases such as at stream crossings.

The sedimentation at each of the stream crossings was estimated using the same model
that was used for the watersheds as a whole. The area that would contribute sediment
directly to the stream was considered to be from t50 to 300 feet from the stream cross-
ing: The estimates assume a 50-foot corridor width and an impact area of bare soil
mulched to 50. percent cover. The annual sediment yield for all of the stream crossings
in Upper Huntington Canyon for the Burnout Canyon Routes and the Gooseberry Routds
is estimated to be approximately 0.27 ton and 0.12 ton, respectively. These vilues are
lPProximltely 0.02 percent and 0.01 percent of the annual sediment yield for the
Electric Lake watershed, for which Upper Huntington Canyon is a part. The results
indicate that short-term impacts from sedimentation at stream crossings would be very
small cornPared to the watershed as a whole. However, since the sedimEnt source woutd
be from a very localized area, and Upper Huntington and Burnout Creeks are high-value
spawning a-reas and important to statewide fishery restocking programs, even a small
increase of sediment could have the potential to cause a substantial impact on the
f isheries.

The amount of sedimentation at stream crossings would be substantially reduced by the
use of effective sediment control devices other than mulching.

No impaqts tg water.glality in Electric Lake and Scof ield Reservoir are expected. The
increased sediment yield from this project is small when compared to natural sediment
yields. The sediment deposition in Scofield Reservoir was appioximately 3000 acre-feet
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from 1943 to I979, which is about 83 acre-feet per year (Waddell et al. 1985). Extending
the worst case situation on the Japanese Creek subwatershed to the longest proposed
route, the increase in the amount of sedimentation is about 0.04 acre-feet. This amounts
to about a 0.05 percent increase in the sediment deposition to Scofield Reservoir.

The amount of phosphate loading from this pro ject would be directly related to the
amount of sedimentation of the streams. The estimated increase in the amount of phos-
phorus loading in Scofietd Reservoir would be about the same as the sediment yield,
approximately 0.0J percent.

Downstream impacts to the water and fisheries would be low during construction since it
would occur during nonspawning periods and during periods of low stream flow. Impacts
to fisheries in future years would be moderate due to silting in of the spawning gravels.

Areas along Upper Huntington Creek within the 500-year floodplain were identified so
that no petroleum products, chemicals, or hazardous materials would be stored there
during construction in accordance wlth Executive Order 11988. Discharge volumes for
the 500-year flood event, obtained from the Forest Service, are 159 cubic feet per
second (cfs) at The Kitchen , 233 cfs at the mouth of Swens Canyon, and 283 cfs at the
mouth of Burnout Canyon. The flow velocity along Upper Huntington Canyon is esti-
mated at 5 feet per second using Manningts equation. By dividing the discharge by the
flow velocity, the cross-sectional area that would be inundated by the water is 33 square
feet at The Kitchen, about 50 square feet at the mouth of Swens Canyon, and about 60
square feet at the mouth of Burnout Canyon. Considering the valley bottom geometry of
Upper Huntington Canyonr the 500-year floodplain lies in the low areas about 50 feet
from the stream channel.

The proposed Gooseberry Narrows Project is located just south of the Gooseberry Creek
crossing on Segment l. No conflicts between the proposed Main Line No.4I Reroute
Project and the proposed Gooseberry Narrows Project have been identif ied.

If appropriate mitigation is not implemented, the consequences of slope failure on the
water resources would be great and may include the damming of existing streams, high
sedimentation of streams and reservoirs, erosion from the area of land failure, loss of
critical fish habitat, and a decrease in water quality affecting municipal drinking water.
The tikelihood of slope failure occurrence is low for most of the pro ject area.
Appropriate mitigation (Appendix A) and caution during construction is essential along
the slope west of Gooseberry Creek on Segment I and along the north slope of Burnout
Canyon on Segment 3b, if the toe of the slope is excavated. Criteria used to assess
potential impacts are summarized below.

High Impacts

high increases in the amounts of sedimentation (approximately greater than 5
percent over existing conditions)
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Specific Descriptions

Table 4-5 shows the number of perennial stream crossings, tons of annual erosion, and
tons of annual sediment yield. It is important to note that the descriptions below
describe the worst-case results (before mitigation) generated from the model described
above.

Moderate Impacts

I nonvegetated construction areas occurring within 500 feet of a perennial stream

. sedimentation increases between I and 5 percent

Low Impacts

I small increase of sediment (up to I percent)

No Identifiable Impact

nonvegetated construction areas with no perennial stream within 500 feet of the
proposed route

no sedimentation or water quality changes

- No-Action - No short-term or long-term impacts from this project were

T

Leave in Place, Full Extraction Mining - No short-term or long*term
this project were identified.

Alternative C - Burnout C-anyon Route (l) - The long-term impacts along the entire
route would be low because with proper mitigation the impacted soils would revegetate
and sedimentation of the stream would be reduced to existing conditions. Moderate-to-
high short-term impacts (2.7 miles within 500 feet of the stream) f rom pipeline
construction would occur from the uppermost creek crossing to Electric Lake along
Upper Huntington Creek and moderate short-term impacts (0.6 mile) between the stream
crossing on Burnout Creek and Electric Lake. The spring area on the slope south of the
creek in Burnout Canyon would be avoided. From construction, the worst-case annual
sediment yield is estimated to be 0.27 tons for each of the 9 perennial stream crossings
in Upper Huntington Canyon and 0.19 tons for the I perennial stream crossing in Burnout
Canyon, until the impacted area is revegetated. Low short-term impacts could occur at
2, intermittent stream crossings north and east of The Kitchen (Segments 1,4 and t6) if
water is present or in the event of a rainstorm. The sediment from the stream crossings
would eventually be deposited in Electric Lake.

Alternative C - Burnout Canyon Route (2) - The impacts would be the same as Burnout
Canyon Route (l) except low short-term impacts could occur at one intermittent stream
crossing east of The Kitchen (Segments 15 and 16) if water is present or in the event of a
rainstorm.

Alternative A
identif ied.

Alternative B
impacts from
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Creek, and I stream crossing on the creek in Broads Canyon. From construction, the
worst-case annual sediment yield is estimated to be 0.03 ton at the perennial stream
crossing on the creek in Winter Quarters Canyon, 0.09 ton at the 3 perennial srream
crossings on Mud Creek, and 0.03 ton at the stream crossing on the creek in Broads
Canyon. The sediment from these stream crossings would eventually be deposited in
Scofield Reservoir. No new impacts would occur along associated Segment lgrr.



TABLE +5
SUMMARY OF POTENTIAL IMPACTS: WATEH

Route

Ri pari an

Area

llumber of
Perenni al
Crossings (ll

Total Annual Total Annual

Erosion Sediment Yield
(tonsl (tons)
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Alternative A

Ho-Acti on

Alternative I
Leave in Place, Full
Extracti on I'li ni ng

Alternative C

Burnout Canyon [1]

Burnout Canyon (2)

Burnout Canyon (3)

Burnout Canyon (4)

Alternative D

Gooseberry Route

Valley Camp Trlangle Connectors
(1)

(e)
(3)

Alternative E

l{i nter Quarters ( 1}

llinter Quarters (2)

Ho riparian area impacted

No riparian area impacted

Upper Huntington Canyon

Burnout Canyon

Upper Huntington Canyon

Burnout Canyon

Upper Hunt{ngton Canyon

Burnout Canyon

Upper Huntington Canyon

Burnout Canyon

Upper Huntington Canyon

Burnout Canyon

Gooseberry Creek

l{o riparian area impacted

No riparian area impacted

l{o riparian area impacted

llinter Quarters Canyon

l'lud Creek near Scofield

I'li nter Quarters Canyon

l.lud Creek near Scofi el d

Mud Creek between Broads

Canyon and l.{agazi ne Canyon

I
I

I
I

2

I

0. 00

0.00

0.63
0. t8

0-63
0. 18

0.14

0. l8

0. 14

0. 18

0.28
0. l8
I .38

0.00

0.00

0.00

0. 07

0.07

0.07
0.07
0. z1

0.00

0.00

0.27
0. 19

0.27
0. l9

0.06

0. 19

0. 06

0. 19

0.le
0.19
1.15

0.00

0,00
0.00

0.03
0. 03

0.03
0. 03

0. 0g

z

I

4

I
I

0

0

0

I
1

I
I
3

(l) - only per€nnlal strsan crcsslngs t||?actod by plp€llrc construction are prBsnted.

ilote: Upp.r Huntlngton Canyon Includ€s th€ strsam crolllng on the creek rt th3 muth of S[rn3 Canyon. For 3tred!
crolslng3 ln Uppsr Huntlngton Canyon, at the rEuth of lllnter Quarters f,riyon, llud Crelk ncar Scofleld, and
llud Crlek betrcon 8rcads Canyon and lbgazl ns Can)|on thc langth of tha arcr rfflct€d on each tld€ of th! ltrlrn
chrnnel ils e3tl||l|ted to br apprcximatlly 150 feet. For th! ltr.fi crosslng In Bumout Canyon th8 length of
ths rffected ar!! rrs ettirut.d to be 150 feet on the north sid! (gantle slope3) and 300 fset on th€ south slde
(steep sloper). The length of th€ affected raa on each rlde of th€ str€an crosting at Go$eberry Creck ras
.stlmtld to b€ approxlrBtely 300 fe.t (step slopcs).
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Moderate Impacts

I nonvegetated construction areas occurring within

. sedimentation increases between I and 5 percent

500 feet of a perennial stream

Low Impacts

I small increase of sediment (up to I percent)

No ldentifiable Impact

I nonvegetated construction areas with no perennial stream within 500 feet of the
proposed route

r no sedimentation or water quality changes

Specific Desctiptions

Table 4-5 shows the number of perennial stream crossings, tons of annual erosion, and
tons of annual sediment yield. It is important to note that the descriptions below
describe the worst-case results (before mitigation) generated from the model described
above.

Alternative A - No-Action - No short-term or long-term impacts from this project were
identif ied.

Alternative B - L*."*'in Place, Full Extraction Mining - No short-term or long-term
impacts from this project were identified.

Alternative C Burnout C-anyon Route (l) - The long-term impacts along the entire
route would be low because with proper mitigation the impacted soils would revegetate
and sedimentation of the stream would be reduced to existing conditions. Moderate-to-
high short-term impacts (2.7 rniles within 500 feet of the stream) from pipeline
construction would occur from the uppermost creek crossing to Electric Lake along
llpper f-frrnfinfitnn Creef< anrf morlerate sfrort*term impacts (0"6 nrife) hetrveen the stream
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Segments lztr 2A, 21, 23*i variation Segment 22i associated Segment lg*

Segment 12* (3.7 miles in length) is part of the existing pipeline and for purpose of this
study begins in the northwest quarier of Section 25-, 

'T .12 S., R.;i E.' (SLM) at the
headward side of the Cabin Holl6w Creek Drainage. The pipeline trends southeasterly
from near the.junction of Skyline Drive and an uniirproved iwo-track road, the latter of
which runs adjacent to the pipeline for one-half mite before turning souih. One-third
mile thereafter, the pipelini begins descending some 1,000 feet in elevation over the
next mile to the.crossing at Gooieberry Creekr-then ascends nearly 11400 feet over the
remaining 2.2 miles.

An unimproved two-track road roughly parallell the pipeline for som e 2.6 miles beginning
about 0.4 mile west of the G-ooieberry Creek 'crossing to the eastern dnd oI
Segment l2*. The roadway crosses the pipeline at numtrous locations along the
segment.

Segment ?0 (9.1 miles in length) trends east/west for approximately two-thirds of its
PIoPosed- lenglh llTF the upland reaches of Winter Quaiters Ridge'before descendingjust west of Scofield to crossings situated at an unimproved tw[-track road, Wintei
Quarters Creek and Mud Creek. After skirting the southirn corporate timits of icofield,the segm,ent turns southward "iyt! east of tftud Creek atop the riafefinl-i"p"rating
Pleasant Valley on the west and'UP Canyon to the east for the distance of l.l miles. Ai

FIGURE 8.4. THE WINTEH QUARTERS ROUTE

B-9



that point, the proposed segment turns east for .75 mile and then south for the remaining
distance.

An unimproved two-track road would run adjacent _to the proposed- pipetine segment from
the vicinity of Scof ield to the junction with either Segment 2L or 22.

Segment ZI (3.1 miles in length) descends. the ridgeline north of Broads Canyon crossing
aloig its course 2 unimprovEd roads and the stream at the mouth of Broads Canyon
befoie reaching and crossing Mud Creek. The proposed .pipeline segment then runs
upstream adjacEnt to and weit of Mud Creek until the mouth of Slaughter. House. Canyon
where the iipeline crosses to the east side of the creek near an. existing highway
culvert. Thb iegment then continues upstream to connect with the existing pipeline just
east of Utah State Highway 96.

Segment Zi* (1.3 miles in length), part of the existing pipeline, differs in elevation by

ouE1. t,200 feet between the -western end (lowest) Jnd eastern end (highest) of the
i"g*.ni. The pipeline follows the ridgetine between Boneyard Canyo-n 9n the north and

rutlgazine Canybti to the south and conlinues eastward to a topographic feature. referred
to is 'rThe El'bowt. This location marks the eastern extent of the proposed_ pipeline
iuroutu project and is situated in the southwestern quarter of Section 27, T.l3 S., R-7 E.
(SLM).

Segment ZZ (3.3 miles in length) is an eastern alternative for the Winter Quarters
Ro-ute. The pioposed segment iilstead of descending along the ridgeline of Broads Canyon
like Segment it, sidlei eastward and southward along 

. 
the .jpqgr reaches of Broads

Canyon-befo." iiloining the existing pipeline. at rThe Elbowtt. Unimproved two-track
roads exist adjacent to the proPosed pipeline alignment.

Segment l g* (Z.B miles of existing pipeline) is not a part of either Winter Quarters
noirtui (t) or (Z). However, if eithei if'these routes is selected, the existing pipeline of
Segmeni ig* cannot be abandoned as it is needed to su_qply_gas to a.tap line that joins

Ma-in Line No,4t at the western terminus of Segment l9*. Because this segment cannot
be abandoned, the environmental resources are addressed along Segment 19* not as part
of the routes, but as a setment associated with the route.

The first one-half mile on the western end of Segment 19* trends northeasterly before
turning in a southeasterly direction. The southeJstern comPonent follows the ridgeline
betweEn Shughter House Canyon on the north and Boardinghouse.Canyon to the south

and crosses atd runs parallel tb a unimproved road for nearly 0.5 mile at the western end

of the component. At the eastern end of th_e segTgntr the-topoq{hy. descends nearly
I, t 00 feet buer the last 0.5 mile, crossing State Highway 96 and Mud Creek near the
junction with Segment 23x.
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I'bst values are girren in ftis relnrt, in indr-por5d units. For thosereaders who malr prefer to use ffiric units, tlre cornrersion factors for tlretests used itt .++ reqnrt are listed belcr*. !filtiply t[" G"t-po,-A ,*it nu,the factor to obtain the nntric eguivalent.

In6-pound Conversion

factorIInit-

Acre

l{etri.c unit

.lcrefoot,
Orbic foot gnr

sesrd
Orbic foot 1nr

secmd trnr nile
Orbic foot 1nr second

trnr qluare nile
Foot
Gallar lnr minrrte
Inch

llile
Sgare nile
Iron (stprt,41000

pourds)

acJe-ft
fE /"
trt3/sl/ni
(rt3/sl,rni2

fE
gavritt
in.

0.4047 Square hectcmeter
0.001233 firhic hectffier
0.0282 Orbic neter trnr

second
0.017609 Qrbic neter per

0.01093

0.3049
0.(8309

25.{0
2.540
1.609
2.590

.0.grt2

Chenicaf cqrentra'Lisr ant ratcr teqnraurres are given. in retric units.Ch€nical onentratisr ts gflven fu rlirl+gr*" per fiid-aq,lti oi--*icrogransipr llter (ug/T,l . - lGll'igras Per liter G a urit eryressinf tie curentraLionof cheni,cal ststitrnnts-in soi.rrtisr as_neigbt tnitTigrasl -of sol"G;; unitvolue (literl of trater. ore thrsanil d;iodc pAi iiier-G-equivirentt tonre Tdligrln trtr - Iiter. Etor M lesi than Z,OOO- ryE; thenmerical nalue is about the sanne as for concertrations i" p"rt" per iliriion.
Water teqnrattrre i8 given in degrees Celsirrs (ogl r strictr can becorrrerted to degrees Fatrrenheit toFt bEr the follarirg *quatiffi,

Qf = l.g(9c) + 31. 
'

tFl

ai2

secard 5nr kilffier
Orbic meter per secwrd

IEr qluare kilGer
lileter
Liter lnr secord
Itillliffier
Oentider
K:i-[ffi,er
SEnre lcilcmeter
l{egagru (ffiric tcn}
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Eydrologic lrtonitoring of selected stream.s in coar
Fie.lds of Central and Southern Utatr-Smmary of

Data Coltect€d, August lgg-septenber 1gg4

by hn Eice ard Gerald G. plantz

TESMACT

[te U-9_ Geological $t*t-y mrducted a coal-@rology nonitorirg prognanin coal-field areas o'f central and scnrthern utah d*ttq -frugust 
ly/B-SEirleluber

1984. rhe nonitoring _was tnplwrted to determine possinfdb&orog$-iryactsof tuture nining and to proride a better nndersianding of the iryAroiogic
systems of tne coal-resource areas nonitored. Data were collecied at-19
gagiry stations-I8 statiffis in tbe prier Sirn RaEaeI, arri| Dirty Devil Riverbasinsr and t in the Kanab Creek basin. Streamflow data $ere collected
cmtinuous,ly at 1l stations ard seasralty at 5 Etatims. At the other threestations EtreaDflow data rere ellec*ed continuously during the 1g?g sater
I'ear ard then seasonally for th resi of their priods of recor+

$[ns of data collectd at each statisr inc.luded quantity and qrrality of
-streanflow; susgnnded-sedluent concentratiqrsi arrt desaiptisrs & strearbottom sediments, benthic-invertebrater Etrd pbtropfank$n- sarnples. Alsorbase-florr measurenents were nade aruruatty ulslrein from Ii ;i -the 

d"gittistations.

Strean-bottom eediuerit saryfled at nearly aII the nonitoring sites
contained 'snall to uoderate qnantitles of coalr rhich nay be attiibutedchieflY !o_ preuonitortng nl.atng. Sttearnflon sanlrled at serveral sitescontained large concentrations of srrlfate and disiolved solids. A1sorconcentrations of various trace ereuents at l0 stations, and phenols at lits-tatlonsr Gf,c€eded the criterla of tfre U.S. Ewiroruuental piotilfon *gency
fg.r qt!ry9 rater. ++ -nay be attrihrted to ffiiteworary (water yerr='LgIf-84 dne-drainage activities.

the data corrected drrring the conprete water years (rytFg4l ofnsritoriry do proei+ a better nrEerstanairri C the trldrol-ogic slnstens d tbecoal-fie1d Erreas nonitored. ft data €fso_ prqrffe a &finiti base ty wUictr toevaluate hfdrologic rmSncts of continuedbr increased coal ninin! in lhoee
area^s.

I$ECDITCTTCIT

Purpose, e$f Sccpe

llhe_PurPose of thlg regnrt is to summarize selected tryrdrologic clatacollected from Augtl{it 1978 to Setrtember 1984 in coal-field arreas of centraland southern UtatL Virtually atl data have been published in the U.S.
Geological $rnery 3|r5rual reqnrt series 'Water resourceJ Aata for UEaL' (See,
!9_t examplel Ret{illard arrd othersr 1985.} The,y are also available in thefiles of ttre U.S. Geological Srnre1r.



Collection of the data was started in August 1978, when the U.S.Geological Survey installed LZ gaging stations downstream from activeunderground coal mines and areas fEasta for urdergra:rrt *"I minirg in theWasatch Plateau, Book Cliffs, and Emery coal fields-of central Utah 
-1pI. I).Ihe 12 stations $rere Fart of a rntwork -designed to help defire the try&ofogyof the coal-rescurce areas and to protride baieLine data that crerld be-used todetermine the hydrologic impacti of future coal mining. Each station wasestablished to monitor guantity and quality of the slrearflow, fluvialsedirnent' arrl benthic inriertebrafes. Uirirry ilrg,rrt lg?8-S€ptember IgZg, ttremonitoring also included base-flow measurements at SZ iites, generally

upstream f ro_m ttre _12 g!e3ng- stations. t{ater samples for chenicaL-artirysesalso were collected at 13 of the sites used for Uase-Aow m€a^srlrements. Ihedata collected from the network during August lg?8-September lg7g were
Fblisfred by_ the u.S. Geological srnlell tfb8Ol-ard are grrufrrized in a-re6nrtby Lines and Plantz (lg8l).

Drring Octcber fg?g-€€ptenrber 1gg4- lrlrmg (EEotrer lg7g'€€Ptember 1984 the ffititoring network was nodlfiedin several ways. 'Some gaging stations Here discontiirued, and others werediscontinued, and others were
added to the network. One of the stations added (094036?0i was in tlre
Creek basin' in the Atton eoal-field area in scuthern Utatr ipf. I).

Kanab

hta collectiqr drrirg ffiober lg7FSeptenber 1984 varied mewhat frm
data ollecticn durfury !!e arly period of ftnitoring. tbr elraqile, it -*iter
year 1981 (the ysar endirrg SeptEnber 30, 19gfl sanpfes ffere dottected for
determinations of pbftqrt anl*sr instead of benttiic iivertebrates, and trater
analyses included determinations of radioctrenicals in additisr to stardard
dissolved dremie-r ians (table If. tre radioctrenical data are rpt srnnarizedin tli= regnrt, but ttrey are_ included in U.S. Geological $rrvey (lg82l.
Base-flcrd Easuret?n!: lgereraft-y. two sets a f'barl rrerd entinued 'upslrean
frm rct gagrq statisrs (rctly thrcnrgh au$fu tltt1.

Ihe nonitoTing ProgE+m nas diseontinued Septeriber. 30, 1984, alttroqgh
several $agi4g statisrs remained in cgnration for -speciaf projects.- t{tpn Uremonitorirg was started in ArrEust l5?9, 23 snat iines ferd actiue in tt.monitor was started in Argust 19?81 23 snal nines nere active in tlre
Wasatdt Platazu, Brck Cliffs' and EFtery eal fields, and thery prodgced abilt
9.2 million tons of mal that year. fhere $as no nining in ttre Alton coalfield (tab1eJl. ttrrirg the mritorirq Feri@ ttre anrual c++l pro&rction inthe ltasatdl Plateau, Emlc Cliffs, ard -mery mI fields increasft to as mrfi
as
in

17.6 niltion tsts {in I9BZ}, hrt there was crrly sffie stiloratory drillirry
the Altcn ml field.

Previols fnvestiqatiffs

Ste US. Celogicar Survey enductecl many tryilrologic strrdies in the ar?asof centrar ard scr.rttrern utatr -ffir-fierds pribr -to, aia arrirq the m$itorinf
program summarized in this regrort. Those studies resulted in many regnrtithat i{a'I gittr variotrs aspects of hydrologr. Lines and otJrers (lggi} gii,es acqilete listirq of ttree hldrologiC reprts for the entral Utatl miri61"16=area' and PricE and others (f987) girrcs a cornptete listing of $tre hldrologic
re4nrts for the scuthern utah Fat-fields area.
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:i,t,'tlt:Ht_"i: "nTtt' g lh"- u.s.. Geglosicar sunretr are assisned angiSltdigit nrrmber as stronn on Bate t andrr4Yrrr---LrrHrL tlullu'rEr as snown on Plate I and table I. ltre first trro digils, 0g,
ilflt";qtt j-11.t-J1:.-=..:lio1g arelol ptre-ams in the cotorado R:iver Basin. Trre-oiEl'#i#ffi.iH:"i" 

tf;:Rf Ci n lttrrra alrLl ^- atrr-rt t\r^a .. #il;J'ff-H'^S*T.tT"H{. ha la+rl nrrril^ D:--^ - G- --. - ! .

llf, .tfi^o;i*, j',T".'-"^11ii_i'-th".'..-oi-rhGiffiF.-'(ff E-"?*"t$tlil
::o?lflj --tg$ U is ttre rartlrest dnstrean srati;ilil iffi'"#t"|"";t":Hlof tlri.s reSnrL

FSYSIGRAPEIC. GEOTtrIC, ADD ffiXR,CrtrIC SETIIIC

Xuctr of the #r":i::i_1!i^o_*I ftrow i.:-r^**n from retrnrrs by rines and
I*=F-$:1L_p;^z:6_)-:TFli"$.*iorhersirg$il"i;;;ilff i""?J#r=:uH
H.;"1ffi H5';.**jt::*:ttrriiil"i,;"f .#'ffiHffi dfr ::';:iffi:atrl tydrologic etting of tbe ettt J utah sat-fi;t1?il

rhe area-consists |11gely of high_ltateaus dissectd by deep, windingcanl'ons. ffi altiiud6s range fim about 61000 to I[r000 feet in theWasatdr Platezu €af-field_ qf*, -ir;, gEg,t erOOO to 10p00 fe€t in tbe BookCtiffs €al-field area, and iid eour erooo t6-groo0 fdu in tn" hery coat_field area' tFcat relief cm",only ese€ds 11000 feet in the l{asatctr plateauand Book Cliffs coal-fie.ld areas-'atra i=-g"""'rJly less tban g00 feet in the&ery coal field.

ffi"F:*Hgll*-i1 F, :$r*_ Et+. sal-fields area cffisisr crriefryil;EatT":ffiffr8:El rr.blr*.rb Er,+r;qli^- ^E ^-^L---*Tffi -I:H"ST:$- F:*y: "E. 
G",ih" ffiffiJ;;i_s:Jib*;;".fr:

*,-Eil51t*f_t9T^:tg *etFfrr"?ilri-J Hff;i"*#itrp"r il'hffif;l;fOfnaiirrr in $}.a Etra,rr art Gr ^t -r a -r . . ,foruatiqr in tlre hery sal frerdl--6"1 i" the ;i;;#;k'tffi#t*fiffT;
ffi $HH;;SS*T*F tE" FE ;_fr.;;d"r#'ffi=, rf nineahre b1r

g**_ _t*_g_ the ErackbEr* is-*ir=Jil* ;ntyE
=f J,^s E"IIIbdh srrfae and undergro$d 

-;ind, 
hrt-illtiy br undergrmnd mining,

;-x";Ii:-1-H5* P,tffiqitatl-on varies {Tor abour 10 ro 40 inches on the
'ffiifr,a*'H

Utrc+ fi# |-lra +*rrrr! 
--^-s-!L-L.- - --tlost d the arurualrrflstr at trE ailxual gecipitation f"l+.d5_+lg o.ton *aprui .tti"flt * *o*,smg d thg snolrt acqunmliates on tne rriqrr waiatcrr arril litcc# 4lrt'!nr#a rlr qlaanr-DLIIEe rE Ene $lolt acculrrlates on the high wasatctr and fest Tavry;fts platealrs,

and the melttater is a principal ioor"a of streamflow durino earr,, srilrrnarsource of streamflow during early sunmer.l't ay - s e n t e m fl t-- P_t "liEi t a t i-o n- ge n e rat i y t au s 
- 

a oi ing ti=d.[ r^=il#" o rr.l ,+rdl-ttr^! - .cloudbursts whictr-cmmoray res,rrt il -*ttrid.rJlT"-i;i- -At*f,irrg.
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Figure 1.-Diagranrmatic section of geologic formations in the coal
(from Lines and Plantz, 1981, fig' 1l'

fields of central Utah
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Dissolved-solids concentrations in streamflor* in the central Utah coat-fields area genereLly are less tlnn 300 rnilligrams trnr liter in headr*aters oft'he snaller higheraltitude tributary streami arrring both higtr ard tow-1;lorrpgriods- Ihe conentrations, horyerrei, commonly ex&ea 31000- mifiigiams perliter in the dorsnstream reaches of sonre streams-, especialiy dr:rigg E*m= "fIq* flow. Ihe p:inciSnl source of the larger dissoiveO=soiias concentrationsis the lrlancos Shale anA surficial deposiis derived from the ttancos, whichcontain considerable 
-9]|Psru e1rd olher Cornparatively easily dissolved ninerals.llpse minerals are di-s-solrred and carried to the streams- by overlard -rrmoff,

ground water, and grorrnd rater derived frcru irrigatioFi+uin florrs.
Itlater occurs in vir_tualty all the rocks that underly the central Utattcoal fields. fhe $agstaff f,inistone of lbrtiary afp and tb-rth Eorn Eromationof Cretaceous and Tertiary age discharge water €o numerous spiings in thehigher- IHrts of the lgasaEch and West -Tavaputs Plateaus. Tlre BtackhawkFonnationr Star Foint Sarrfstm d Cretaceous €€r and ttrg Ferrsr Sandstsret{enber of the l{ancos Sha1e diEcharge water to n-ine workings and to severalsprurgs- Ttre Ferrsr Sandstqe l{etrel also ts tapped bi seveiaf w4ls near thetmn of hery. Seepage frm some of'the formati6ns hifp* to su.stain the baseflow of the streans.

Dissolved-solids concentrations in the ground water vary onsider*ly
lgnenAing-on altibrde an{ geolsgic formation Springs that disd;rge frm theFlagst+f Linestone and trortli Horn Formatiori tr-idn on tne wasatch plateau
-g-erlera{y contain less than 500 nilligrans per titer of dissoivea iotias.I{ater that clisdrargeq,frron the Irtancos Strale G the loner altitudes g*r*raffy
contains more than 3p00 afrrigs6ss pr liter of dissolved solids. ltine raterfro'rn ttre Etackhask Fortation -aril star Fcint sa gmG$- *rGL" IOOto 1'000 nilltgrrtrrs rleE liter of dissolved sollds, bu{ uin" nater frou theFerron Sandstone t{ember contains as muctr as 51000 uilligrams per liter ofdissalved solids.

f,J.tog @I-rie.ld Area

The follosittg discussion is taken partly from a regnrt by price andothers (19tr/). Rders are referred to ttrit reirt for arldi-tional infornation
*o$ the pfsiograghic, geologic, and tr5prol{ic setifrg d the Altsr sal-field area and dja nts coat tierds of sdrthern- utarr

Tte Alton coal-field area is made up largefy of benchesr terraces, andtig! p-lateaus which are dissected by dEep, iarrory carryons- Land-surfacealtitudes rangE frm about 5'000 feet sr ttre-torser benctrei to trore than gr000
feet on the raunSuuunt plateau, aftal local retier -".rnonli &.e"o" r"ooo tbet-

Rocks that range in age from ilurassic to Quaternary are exposed in thealel _5hry .Te nostly of continentat sedinrentary origin-, consisiirq ctrieftyof shale, siltstone, amd sandstone, as shown diigranilaticailt in iigure Z.
Those formations are mantled in nany places by stream-vallef alluvium andother uncstsolidated detrnsits of quaterirary agd fte prinJipif coaf-Uearing
formation is the Dakota sardstone of creticeoirs €€r ult trr* Tropic shale oi
Cretaceous age also contains some coal seams. Both formati6ns containconsiderable $/psilIr ant o'ther comEnrative.Iy easily dissolned mjnerals.

. aa.-,!';t-.
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Figure 2.-Diagrammatic section of geotogh formations in the Alton coal'field area

{adapted from Doelling and Graham. 1972. fig. 6}-



Average annual precipitation in the Alton coal-field area ranges from
less than 12 inches in the lo'*er attitudes to about 25 lnches in the higheraltitudes. ltlost of the precipitation faLls drrring October-Aprilr generatly
occurs as snolr whictr accummnlates in ttre higher altitudes. Ttrose higtFaltitude
sncr4ncks are the principal sorrrce of streamflor* in the area. t'iry-September
precipitatiqr cornrnonly falls drrring thunderstorms or cloudbursts which can
result in local flash floods.

Average atltttal rundf fram the area ranges frm less than 05 in6' (less
than 30 acre-feet per square nile) in the lower altitudes to about 5 inches
(about 267 acre-feet 1nr square rnile) in the higher altitudes. Itre high-
altitude runotf is produced chiefly by snmrmelt, rhereas the low-altitfiderurrff is produed &iefly b1l local ttrunderstorns. I'lost of the rurdf frm
the area is to lGnab Creelcr whidr rri qqhalges direc{Iy into the Colorado River
about 50 niles south of the Ariaona-Utah State linE. Some rtnoff from ttre
area is to ttre Virgin and Paria Rivers (in the Colorado River gasin) and to
the Sevier River (in the Great Ba.sin).

Dissolve#solids conentrations 'in ttre streanflm in hedflater areaEi are
generally less ttnn 500 nri r r igs+ms per liter during priods d both hi$ andlqr flff. lltre mrentrations generally e*ceed 11000- rnil ligrruqc per liter irl
scme lorrer stream readres, driefly during priods d lqr flor. Ere principal
source of the_larger li.ssclved-solids concentratiorrs is the Tropic Sha1e.
I'tinerals are dissolved fron tbe Tropic Sha1e and carried to the streams by
orrerland runoff ant b1r grorrt rater that seeps ttlrcrs the shale.

Ifater occurs in virtualty'atl fornations that underly the Alton coal-
field area. itost of the elposed fornations discfrarge water to springs in the
dr€ap hrt they probably trcu1d not yrefd more ttran about 50 gattffis gnr ninr:te
to indlvidual wells. The Havajo sandstone of Triassic(-?l-andJurassic agel
wtricb is not etqlosed in th area, is a higtrlgro&rctive'regiaral quifer-in
southern UtaIL" It disdrarges rater to marryr springs along Kanab Creek suth of
the Alton coal field' and it is tafped blr a nunber of irrigation wells ttrat
yield as muctr' as 11000 gallons per minute sesreral niles soutb o'f the Alton
coal ficfd. Wtttrin tbe sal field, however, the Navajo lies benea,th swerat
htrndred to nore T*t Ir000 feet of lourger formatione -

Dissolvetkolids srentrations in grornd water in the Altm rc-rl-'field
area Yary considerably depending nainly on altitude and tbe geologic
formation SE rings that discharge from the lfasatch Formation in the high
plateaus generally contain less than 500 milligrap* per liter of dissolved
sol ids. I{ater in t-he Tropic Shale commorrly contains more than 3,000
milligrams per liter of dissolved solids. Water in the other exposed
formations generally contains 500 to 21000 nirligrarus EEr liter of dissolved
solidsr the maller enentratims ocanrring in the higher altitures.
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ltud Creek arrd Eccles 9+nrron Creek

l,!ud (Pleasant Vatle,y) Creek originates on the Wasatch Plateau at an
altitude of about 91600 fiet in an arei directly underlain by the Flagstaff
Limestone. lltle stream deserds about 11600 feet to wtrere it enters Pleasart'
Valley near the community of C!.ear Creek. From -that Enint it meanders
norttriard through Pleasant Vaffef ard enLers Scof ield Resenroir (sotrrce of ttE
price River) at alout ? 1600 feet. Station 09310?00 (pl. I and table 1l is
about I mite upstream from Scof ield Resenroir at 7 rl20 feet. Eccles Canrygn
creen is one o'f serreral streams tlrat enter t{ud Creek frcn tlre west between tie
conmunity of Clear Cre€k and Scofield Reserrroir. Station 09310600_ (p1. I ard
tahle 1) 

-ras estahlished near ttre nouttr of Eccles Carryon at 7t980 feeL

Coaf nining Has started in the lfrrd Creek basin eting the late 1800rs anl
has entinued internittentty to ttre present (1985). IXrring the monitoring
period at station 09310600 arE 09.31ft00, several nines were active in.the l'fird
been basiru As noted bry tirps aird Plarrtz (198I' tr O, att tlre mitres lrofrre
waterr but nost of the water prcduced is used and constned in the mining
operattons. It ls rpt knonrr htr nuctr water is disdrarged frm mires to lfid
Cieek or its tribrrtariesi hwelverr sudt dischaEge generally seems to be of
good cheuical +rality. For exaugit€r tlr€ dissotve#solids concentration of
iaier disctrargh f r& the utah tio. 2 t{ine (pr. U in sertenber 1975 was {fil
niltigrrans tEr llter. (See LJrts and Plants, 1!l8l' 1l. 6.)

Eceles Carglon credc entlrs ltrd Cre€k aborrt J nirgs r4rstrean from statim
09310?00 (pI. 11. l$e annual mean flw in Ecctes Carryon creekr where it is
gaged at itation 09310600, ranged from 1.54 cubic fgg! PeJ second in water
tsil fggl to 6.?g qbic feed, pr -seond in water {ear 1984-_(tahte 31. t'tost d
-ttre annual flor in Eccles Canlton creek is f rm late April ' o earlg il-trlyr as
stromr in figure 3. Itre naxit'un reorded 1n'al( flon at statim 0S110500 ras
?l-0 cubic f-eet per eecond on l{ay 23r 1984 (tabre 3l '

Ihectrcnical$lalrtydstreuflminEcclescanymisgerreraltygpo.t'
that i;, the water- is CienicaUy zuitahle for uost cotrncn use$ Dissolve#
solids @nentrations in {5 sanges collected at station 09310600 duri$g tbq
Igg0-94 water years rarqed frm ieO to 490 nitlignaff; per liter wittr a mean d
ZgJ urtlligrans- per liter (table $. Calqiunr magresiunr and bicarbonate were
ttre doninant tons found in the samples. Tlith the exception of 'nanganeEet
co"cenirations of traee elements tf,at were analped sere maller ttran the
criteria d: tie u's. Enrrirqmentat Protect'ion lgercy (lfl6} for drinkirg water
suppri*=l. tttre mean concentration of Tangqlesl for 28 sampl_eg was CI
*iliograns lrr literr oompared to a criterion of 50 nicrogr^ans pgr_ liter. .ltr|e

Fhenol onent:ations in sme sarngiles exceeded the criterion of I microgram
per liter (u.S. Enrirsmental Protectim lgenqf t L976t tr 183).

Ift" criteria of the U.S. Ervironmental Protection Agenc,y (19?6) are in
total ions, whereas the values listed in tables 4-21 in this report are in
dissolved ions.
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Tabl"e 4.*.uery of dterica'f anallses of streroflow fu1 ncar* Carlon creet at
staticn 09310600, HErter llearsi 198F84

[ < indicates actuar value is gnaller tnan the detectabre rarue strqml

Prognrties and onstihrents
bhr. of

analltses tlean
ttinimm-
rmximJf,

of

47
46

47
42
33

46
37
25
31
25
25
19
I

23-
I
I

30
26
L7
1{
33
31
43
43

'43
38
43
46
E
38

rr
E
ILgr

=
=

Dissolved solids, srm of €rtsitihrerits
Ox1'gen, dissolved ( 0r l
Carbon diocide, d.issEtued (ql
Afkalinity {Caffi4},
Bicarbonate (EQ{1r
Carbonate (@e)t-
Nitrogen, disEolved (N)
Nitrogen' orgpnic rriesolved (Nl
Hitrogen, amria d,issofved (Nl
Nitrogen, nitrite diesolrred .(Hl
Hitrogen, nitrate d"issolrrcd (Nl
t{itrogen, nitrite + nitrate dissolved (H}
Ptto€trtnruSl rriesstssd (P)
Pfroryhcrus r,, ortlp ptnsBhates
Carbon, organic dissolvecl (C)

dissoltnd (P)

Streanflow (eubic feet per secont)
I{ater tenq=rahrre (degrees Glsius}
Specific onductarne (microsierEnsi

per c€nti.rrgter at Zf Celsius)
pH (units)
Scdiua-adsorptian ratio

Ear&ress, (as Ca@rl
Ealeryss, (E nqrcdrbqrate, C+l
ra] citm, dissohred (Ca)
llagrrnsirm, dissolved (Hg)
Soditrm, dissolved (tla)
Potassir.u, dissofrred (Kl
Chloride, dissolved (CXl
tulfate, dissohred (Sal
Fluoride, dissolved tFi

6.0
7.0

5It

.13

293
9.0
2.7

zt7
E6

1.5
.90

:''o

5.9
n2

39. g
69.3
23.4
5.1
2.r

r0.0--
42.0

.19
6.7

0.9ts53
.(Fr4.5

285-880
7.6-8.6

.1-.3

f60={90
7.6-10.3

.!H.3
ulF:MO
2flF360
.(H.0

.16-3.4

.0(F2.2
<.01-.100

<.014
<.05-1.2

- <.01-r.2
<.01

<.00r-.100
l.2-3g

15(F*t0
.(F170
4t-85

9.4-59
2.5-12

r.r-3.1
2.(FITO

13.(H.4
.r0-.60
5. l-10Silica, dissolved ( SiOZ )
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lbbfe 4.-*rcry of dreri_cal anallses of streoflos in Eo+r* Canlpn credr atstatiotl 093106fi1, nter lears lllfll-94-{brltinred

Prqnrties ard csrstitents
No. of

analyses I'Ean
t{ini.srr
naxirum

67

bo

{'
CL
Tt
E
!b
or

E

Arsenic, &issolved (As)
Bari.um, dissolved (Ea)
Eorcr, dissolsed (Bl
Cadmitu, dissolued (Cdl
Ctrrcmiuu, dissolved (Cr)
Cq4nr' dissotrrcd (orl
Iron, dissolved (FE)
L€ad, dissolved (ftt
Lithim, dissolved (Li)
llarqarnse, dissohrcd (Hnt
tlercury, dissolsed tEgtNidel, dissolved (t{i}
Selenium, dissols€d {Se}
Strqrtirn, dissolwd (Srl
Zinc, dissolved (znl
Pherpls

l8
5

E
r6
zfi
l5
39
19
I

28
T}

7
17
9

20u

<1-1
<100-I00

<Ir3,600
<1-2
<20
<10

<11200
(I-2

<r0-30
16-rl0

<-r
<l-3
4,-2

<10-230
<3-180

<I-8 orn*'a-eld-Eint detemined by titration in the field.
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Sustnrded-sediment concentrations in 90
station 09310600 ranged f rom l0 ruiltigrams
45'100 rnilligrams [Er liter ar ttay 30, IgB3.
loads deterrnined frcnn trre suspend#sediment
data Erre as follows:

streamfloqtr sanples collected at
per liter January 13, 1gB1 to

Instantaneous zuqended-sedinent
samples cqrcentrations and flow

I{ater year
@load

(tonq/day)

l{inisun t{aximm

1980
1981
1992
1983
1984

0.15
.03

lil:lj

228
6.9

ffilff
(Iloeterninea frcm dditiaral s4iles coltected for anotber project.

Benthic irvertebratcs and phl|toglanlctft nryr be urdicators d the greneral
lluality r-{ streadtcr* and strearbofton habitJts. Good d.iversity (uiritorn
distrihrttsr d organimsl in benttric-irretrtebrate saqiles eernraliy reflects
ttrFolltrted strearbottm srditiqrs. Also, god diverlity bf p4bplankton
"lg a predoninare d green algrae nry refl.ec+ gernrally E""d &Eoical- -q=lity
'of tbe Hater. A_ predouinance of btue-green algae -uay be indicative otrclatively large dissohrcdtoliris encentrations tindrnirt nui-ientsl in tbewatea Trro benthlc intrcrt€brate samgrles mltected at statiqr 09310600 in the
1980 water yeg- !4 fai5ly god diversity-that is, a fairly unifomdistrubution bf indiviclual o_rganisms. (see t.s. Geological sursei, fCei, p.
?11.1 Fg1:r Ft{ftoflasrlcton o-[ilo coltected at th same Eite tuEi$g irbter tear1981 had a good repr^e_sentation of green algae sith good divErsity [u.S.Geological lunrey, 1982? p. 2281. Blue-green algael horenrer, Here rell
rePreserted in tbe sanples coltected dnring Argrrst slen the streanflory rilas
relatively warlr ailt it€ ffiids wrcerrtration was relatively large.

Station 0931(It00 on ttril Creek nas qErated cantinrcrrsly duriry tbe ly/ts
!!^rat-er years (table 11. firyurrl mean flos drrring that period-r-anged frou
552 cr$ic feet_ pr semrd in rater year lggt to 30.7 q$iifeet Fer secgld insater year 1984 and averaged IBJ cubic feet per second (table 3). l,tost of
the amua-l f,lm ocflrrs fron early l{ay to nid J,lfy, as strorn in figpre 4t afittttis flow is drief,ly fne to spnuefC the naxinrn pe€k ctisctrarge iecorded atstation 0931fi00 was 389 qrbic feet trnr sesrd on uay 21, .lgg4 (-tahle 3).

Results of base-flos Deasurements made along Hud Creek during August
lg?8-Septenber 1984 are illustrated in figure 5.- fire treasurements shorr
stbstantial infloss frsn clreeks in Boardirrytror:ser Eciles, ard Winter Quarters
Canlons.
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from Augnrst 1978 to Septernber 1S41.
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Dissolved-solids concentrations in 51 streanflow sarytes collected at
station 09310700 cturing August 1978-September 1984 ranged from 170 to 390
milligrams Eer liter; and the mean was 315 milligrams per liter (table 51.
Dominant ions fourd in the samples were caicium, inagnesium, and bicarbonate.
Of the trace elements that trere analped, cadnium arrt uralgarnse were forrrd in
conentrations tbat exeed the criteria established h1r ttre U.S. Enrironrnental
Protection Agency (f 976) for drinking-water suSplies. Ttre ma:cimum
conentration of ea&itm artd nanganese were 53 anf 70 miclrograms per liter,
and these exceeded the criteria of I0 and 50 nicrograms per liter-for those
elements. Ilt $enol curertratim in sone sa4rles exffi ttre criterion ofI microgram Per liter (u.s Epircnnental Pro'testisr trgencyl lgt6, tr 182).

gspenaeO-sedinent wrerrtrations in 137 streamflow saqiles coilected at
station 0931ft00 ranged frm I'r[ nirrigraqe gnr liter m ilanrarl' I3r 198Ir to
lr59_0 milligrams per liter on ilay I, 1980. Ttre largest suspended-sediment
loads are durtng t{ay and ilune when suqrended-sedl.nent con-centrations are
larger and the anotrnelt runoff produces the greatest sustained streanflow.
Iarger concentratlone and loade, hmeverr conld occur ln nrnoff from EdE€r
irtense ttunderstorms. trrstarrtan*xrs @ lods deteruined fron
tfte @ saqrles collected-at statisr 09310700 are as followe:

Water I'ear
@load

(tons/day)

l{inirun llaxiun
'rfig
1980
1981
1983
1!184

0.37
-85

lll':il

1{r
55{

lil'llH
(Upgggmined frcm addttional saopfes cotlected for ansftr Er€Sest.

Benthic tnaertebrates $ere Earyled at etatiqr 0$1fl00 ftur tines ering
the 1979-80 rater years' and pfutoplankton sere saupled at the 6ane site
durlng the 1981 water year. lte bentbic iJflertehates hd good diversity as
noted by r,ines and P1antz (1981, p. 11) tndicattng an al4rarentty unpolfutea
stream-botton ensl.rorunenb The phtoplankton (ftve saqflesl had fairly
unrforn distrlbutlon of gEeen algae (U.S. Geological Srnreryr 1982r p. 2351.
Sme blu4reen algae was found in all firrc Fh5ruqrfanktqr sau5rter

Bemer Creek

Beanrer Creek originates on the Wasatch Plateau at an altitude of about
9P00 feetr ard lt deserds Sout 2'100 fe€t, to its mnflrnnce with ttre Price
River at about 71100 feeL 1t?re creek originates on the €at-Searing Btact<trark
Formation and flows over progressively younger geologic formations to its
mouthr where it is on the Flagstaff Linestone. lfhe Gordon Creek Ho. 2 l{ine
(P1. 1) exted.s irrto the tgnr Bearrer Creek basin- ftat uine sas in operation
during the cqrlete rnonitorirg priod.
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fable a--J5mary of dreaical analyses qf stre?''rficn in tird g:eek
GI3IO?OO, nater yens I!I?FE4

[< indicates actlal valrc is smaller than tlre detestable vahn

at statisr

shownl

Prol=rties and constihrents
Ho. of

anafpes l.lean
l-tini.n-ur
naxi.mrn

Streanflcn' {cubic feet 5nr seerrt}
Water f,ennFejahrre ({ilegrees Gfsius}
Specific conductare (nicrmierens

1nr centireter at 2f eelrirrsl
FE (units)
Sodiuwadsorptiqr ratio

oissotved solids, s.m of mnstituents
Oclgen, dissolved (q l
Carbon dicide, dissElv€d (ql
Allcalinity (Caql.
Bicarbonate trfQ{yr
Carbnatc (@rlr-
Nitrogen, disEolved (tq
Nitrogen, organic dissofved (Nl
Nitrogenr ffio!3 rrissolued (!l|
Hitrcgen, nitrite dissolved (ti)
Nitroqen, nitrate dissolsed (Hl
Hitrogen, nitrite + nitrate dissolved
nrcrymrus, d.issolrred (p)
ptn*tprusr,'orthl ptrosptates dissohred
Carbon, organic 4{i€solved (C)
Ear&ress, tas CaGr)
Erleess, (€ rmcErtsu,te, Cam3l
Calcirm, dissohr€d (Cal
I.lagrresirm, dissolved (ilgl'Sodir.lo, dissolved ttlal
FoEassiuo, dissolved (Kl
(trloride, dissohred (C1)
Sulf,ate, dissolved (SOal
Firroride, di+solved {Fi
Silica, dissolved (Si%l

59
58

59
52
54

lg.6
8.1

515

.17

315
9,2
2.5

r98
n9

1.6
.82

_'tu

6.9
275
44.0
59.0
22.9
6.4
2.5
9.{

45.7
.20

5.0

1.5-245
.0-23.0

2ss-650
7. 6-9. 6

.(F.4

170-390
7. (F11.1
1.1-6.7
r39-350
17F360

.0-16
.29-l.2
.05-1.2

<.01-.140
<.014

<.05-.65
(.0I-1.5

<.01
<.001

l.F3g
130-360

.047
41-89

7.0-30
2.6-15

1.ts1.5
2.4-24

rg .0-92
.10-.60
4.F9.0

^E
-=-: e (Nl

(Pl

51
49
39
47
37
38
20
15
22
15
15
33
25
23
16
53
42
54
54
il
49
54
57
31
49

JT

E
f,t
b(tl

=
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TabI€ a+troary of chffiiJcar am,Iles d stre-flm in fd Geek at statiqr
093f|Itm, mter lrars M7l-8{r-€rtinrd

Prognrties and srstitsrents
lb. of

analyses ltban
l{ini.u.r
naxinn

Ltt

3
ft
yr

rf
Lr

=

-At"*i", 
disstrhrrd (Bst

Barirn, dissbd (Eal
Bordr, dissolved tB)f;-'tiu, dissok;d (Cdl
Chrcniunr disslrrd (Gl
Cc;4=r, dis€olvd (Oll
Iron, dissctfvd (E)
I€ad, dissolvecl tEblLitlriu, dissoltrd (tit
Uarsarcse, dissohrd {lhl
lGrcury, dissokrcd (Egt
NicJtel, dis*tlueal (llil
Selenium' d,issofrtd (Set
Strcntir.m, dissohrd (Srl
Zlrtct dissolved t8nl
Ptemls

22
5

32
ul
18
LI
39
t8
13
el
10

6
2t
ul
22
16

-

-
-

59

-
201

<1-2
<1{XFl00
<r0-180

3, 53
€0
<10

4.0-210
<.-30

<1(F20
uF?0

<.1
n2

<1-l
rt0-260

<-35
{.-7

int &terined by titratisr in tfie fieLd.
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The monitoring program suumarized in this report for Beaver Creek rras
Iinited to onfy a s€ries of base-flo+r measurements. Ttle U.s. C,eological
Survery, hosever, has operated st,ation 09312?00 on the creek (pl. 1) iince
nater year 1961 as part of a Statewide network. (See Ret{illard and oth€rsr
ll95'_ and preyious reports in that series.) Average flow for rater years
196l-84 ues 4SB cr:bic feet per second, and ttre Eean nsrtUfy flow ranged- from
about, 0.68 cubic feet per second in January to about 24*5 cubic feet per
second in l{ay. Ttre naximum peak flow was 204 srrbic feet per second ttay 2?,
1913, and tlnre ras rp flotr sr a nrmber of days. -

l,laximun, ninimum, and average base floss in Beaver Creek as measured
drrring August 1978-August lg8t (grereralty tso €erts d neasrements per year)
are related to geologr in figte 6. Se average hse flgg iltctre-ced abolrt 0J
cubic feet per second [ler mile where the strean crosses the Blackhawk
Foruation and Castlegate Sandstone, and decreased about 0,I cubic feet per
second 1nr mile vttre the streeFt crosss the Price Rirrer Fomation ard yourger
rocks.

During 195F70, some rater-quality data were collected at station
09312700. Sose data are sunnarized by t{nndorff (Ig7z, table 4}. Ttre data
shfit that dissqlve+&lirae conentratics in the streadlm rargred frm 203 to
nL rnirligrans lnr liter, fif that calcirn ant bicarbqrate serl fte dminant
dissolved ions.

Effs-eeeh
Wllloy CeC< origil*cs an tle 6eetr Rltet F@*lo C tts"U"ry age at

- 
a! dtttude d about 91200 feet oD the weat layrputs Etatear-_ Si strean

J acseds ron_ rh'- 3p00 fe€t tlrqg gogessi,eelf ol'&r geofogic Gooat!.qrsto ita cotrfl'uetre rltb tbe prlce River at about 61000 feeL At tbeodlrrce bd stra'-s ale a tb eal€ring Ela&.rk lbr*to. Cbal ln
tbe Bf$,ark uas beiry rtn€d at tie BEztab l|irres GL l) ln the lmr Wllts
Gcdc iLafnage iltiry tb Ddtoriry prlorl o ffild Gee*.

: strtton ogll290o (pl. lr table ll rag otErat€at o lorcr rtuor crectr
alurlng rater t/Gals 198(F81. Dqta coLl,esteil it that statim supI,leEent tbe
lory-tem 5egorit at utlBtrea! atatioa 093U1800 (pf. 1l yhich ii part of tb€
U.S. eofodcal SEtGfs statai& Detrrcd. Glrfuad d ottrerer L!18!il.

trhe rrrnar rcra fl* d t'tUd Ge* at, stttio 0glil!r00 ras 173 qffc
feet, per secood in rater year 1980 aDil 4-58 qrbt c fect, Inr secotrd Ln rater
year 198I (table 3). lbe uariune aininrur and average dally nean flor
recorded at t.h stattan atrring tbe 2 yder lEara are sb|rn ln fignrre 7, rhich
shag uost of the annual flos in willow Creek is fro April to atuly. lbeotEe d the fld ls chiefty sneuelt fro tbe We6t Eavqruls ptateart qre
&Gt-teE! inqeres ln ftd abring A;gust ad Septeober r€flect nndf fr@
thrderstorus. lb uaxinu F.k fld tecotdeal * the statton ras 210 q$ic
fe€t lpr secord on E:!l 23, 19gl (t'lrr e 3).

Durfry Augnst l9Feugust 1981, seren ets d base-fLe nea.s8eoents sereE* atoDg Wlllor cedc itcnstr*- fro statlqr 0S12800. Sose neasureoerts
are related to geofo$? in figure 8. Set *sr a slight gain in fI* wbre the
streao crosses the Nortb Eorn brratidr ht virtualll' rc drange in flor rbere

.l it GGss older rod(ls, ilrcluifiry the @al-beariq sfrckbdk norn*.iqr.v
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Chemical analYses of 2{ stremfl,or* sanples collected at station 0g3IAg00ou-ri19 the 1980 and l98L rater leass are summariserj in table E. DissoLved-solids concentrations il tlg sanples ranged fEoro 350 to Bl0 m:lligrams perliterr with a mean of 591 Ei:lligrins p€r iiter. Hagnesium ani bicarbonatewere respectiy."ft thg dodnant cation and anion in most of the sarnplesregardless af the total dissolv+salids cancentrations, AfthoLgh st-rqrti,-was foutd in concentraticns as _large as 11100 nictragrarori lrr litlr, no sthertrace elenent that Has anallzed uas found in cqrcentrati6ns tjret e:(ce€d ttecriteria establish_ed try th;[t.S. Enriror-entaf protection Agerrcy g976) fordrinkirE'water -str[4rlies. rnalysis of eigrt -iftt* for phenol concentrationshcryed tttat .a11 eqtnled or er&eded the -u.E g#ircnme#r pro,tection egency '

(1976' p. r83) criterioin of I u.icrogrran per titer.
sedinent data also tfere collected at station 0$12900 dr:rirq the 1gg0 ard5-= saY -Jtr!

*9*,-:lft^_ry1t". - fficrtrJeicr= in z0 sanErtes ranged frm-t5- -5.>w

3^3.*rlgtry-,''p"t,liF_r5-trq+r G, 1980, ro 4,se0-qiuGanr-e p€E rirer sr
Fj* H,^-19^9.^ ^-ts_ 

caEur4ed iasrai*srecirs i"@ iiiai-ilrrs"d
)60 *d i*ffi]'oiffiiiH#

E:I-gg- + I*er IEar rgg- enuyses d streau-#tcn sedims ar statisr
HHry **flE--th.t e* sea*nts "-t"ist d as mrch as ZJ percetn-coat.

-- !'---.!

H: t*-f**t_T,oe of tb sal is rp*rean coat storage or rine €Fpits anttre lafll surfae.

Trro benthic trwertebrate_ saqrles r€re caffect€d ering flater IEar Ulgg
and- five-plqlqPlanlcton .sa+il.es uere cotlected during ril"r yea; 19u atstatl'on 09312900. lbe nenthtc invertebrates hd f"i[y g""d- d*E"it,, (tt"S.
Geologicar srrveyl ul8lq- tr ?{8lr inclicati$g arr +[ai€stli treotlta-#rea*bottm ernrironmenL Tha pEtigfairtstcc sfimee osiderahle nariaf,im is thesauples (U.S. Geologtcal $Eretril9&l, p 2a6lo

Price River

Flow of the Prl.ee Rl-ver qgrstrean from statl.u 09313000 (Ft* I, table 1l
18 Eeg+ated at Scofteld Eeeivoir. Between station 09313000 and ScofieldEsenroirr the Prl'ce River reeivrs sigErificant rlf,ofl'E frm the l{hite truverard Beaer and I{LIItr Creds. ft gratah uining 6. na5 niniDg Gi-in ttr"grenerat area d stati$ 0SUI0O0 etiry nater years UtS0Fgf uhen th statiqrtvaa being uonltored. -

Prior to the trtrritorlry_1rry6s' station 093Iil100 vas opertee for nar4,yearE as lnrt of the U.S. Geoil.ogierl Srrnre,yts stataide netrr6rk. tte arurual.average flm at the staiori duittg 37' veii" of 
- r.cora, i"c.ruairrg themonitoring period, was 112 c.rrbic tedt pet'second (table 31. The maxi mum,ninimtrmr ond averag_e- daily rean flos at the station drrring tbose ii iears,rhictt is strmn r| fi_Ette 9, irdicates a relativat ,rif"fr- lear-ru:ni flwthat reflects regn:lation d Scdield Fsenroir- Se shrt-tetm peaks d tbemaxlmrn daily mean in Atryrst ad Septenber proUanfy 
"r* a*- to tbrsderstornsover the drainrye basins d ste or nore d tlre ttrri€ nain trihnaries to ttePrice River. lttre naxiTuu_-pea* flor vas 91340 qrbic feet per secrnd onsepFe,nber 13' l9+o (table 3). Tbis fIov, which resr:rted f rom thunderstormactiviEr over the drainage basins cf tbe three abovrmentioned iEibutariesrcaused cmsiderahle ftood dalqe in th€ cities d Price arrl He.llnr fgrgler anllitarsell, I972r p. 53) .
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o
:llahle 6.4urary of cfreir.iear arrrrys€a of streadloc i.a t{ilt-ofl Creek at

staticn 093f-An0r nEt€r ll€ars UFe{[.
[< indicates atral rralre is sualler than tfe detectahle valrn stptrnl

Prryrtir and qrstibrent-s
$b. of

atalltses
t{ininr
qn.fi rUnlthan

St;Fartrttr('r (q$ic feet pr seed)
Hater teq=ratlre ((degre€ Gl.sitsl
+ecific s,drtare (qi.crcigrHas

Per eentiatcr * 2f cd.eius|
Fg (rrtrits)
SdirrdsoEFticn ratio

25
23

E
25
E

12.1
10.0

9il
1.8

591
9.3
1.9

284.
331

7.3
.{5

-'37

:

6.2
3{2
6s
s6
rl9
TT
2.7

26.1
ul{

.26
12.2

0.35-173
.(F?r.0

{5(F1r280
8.1-8.8
.F2.0

35(H10
6 .4-r2.0

.74.7
21(F35{l
23tl-120

.(F1.6
.15-.7{
.ll-.63

<-01-.030
.01

(.05-.06
<.01-.?7

<.01-.2{0
.(Xl1-.010.

1.5-14
r8H{Xt' .(Fls{l
32.0'€A

2VT2
30-100

1.?-3.6
9.8d[5
70-300

.2H-50
6.8-15

Dissoly€d solids' s.m of ststibrcnts
G1qen,. diss'ltrcd (O2)
Carborr disddE, dissdhrEd (ql
AUralinity (CEql,
Bicarbnate (Fffi1r
narboete (G}*}r-
llitrtr{Fn' disSolrred 1tr}

(ru
(r$
(ru
tNl
disslved

2l
E
24
24
24
2l
I
I
{
{
4
I
{
rl
8

E
24
E
25
E
25
E
25
n
25

Iba
=L
'DCI
lr
Ert
br
=
=

Hitrcgen' or1fic dissfeed
fritrogen, roia dissolsd
Hitrcapo' nitrite dismfrred
lfitrogen, nitrate disslYed
Nitrogen' nitrite + nitEate
PtnqltpEUsl disslved (Pl
no+mtus' orttp ptn*tates dissoltndgarh' orgnic dissolved (C)
Ear&tess' (ES HDr)
Ear&r€rs, (Gt rwrcErbcrrate, CaA%l
Calcir.n, dissokrcd (Ca)
I{ryrEsirn' dissoltnd (Itgl
Sodirn' disslsed (l{al
Potassiu' dissoltted (Kl
Chftride, dissluad (Cl'l;
S.rlfate, di.ssohred tSorl
Htrroride, disslved (Fi
Silica, d.issole€d (Siq)

(Nl

tPl
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Table 5.-srorary of
statiqr

analyses of
mtcr lears

chenical
0!1312900,

streanfllos in lfillow Creek atI9gHf--{cntinrcd

Prolnrties and onstibrerrts
lib. of

analyses titearr
HiniuJrF
naxirun

6
UI
L7

2
5
2

L7
6
6

L7
2
2
6
5
6
I

l-It

Lo
CL
dt
Eit
q

=E

Arsenic, dissolrred (As)
Barirm, dissolved {Ba) 

-

Borcn, dissolrred tBl
Cadmirn, dissolrnd iCatChrsnirn, dissotved 

- 

tCit
Cq4nr1 disslved (Orl
fr€n, dismlved {Fb}
L€ad, dissolved (HDi
Littritm, dissotved ir,it
Uangamse, dissolsed (lht
I'terory, d.issohred (Eql
Nidtel' rlisenlved (Hii-
Selenium, dissolved (Sel
Strqrtirn, dissolrrcd tsit
Zirrct dissfeed (Zn)
Hnmfs

2.2
ls0
t:

2.5

:
28
12.2

1.7
7L7

4.2
7.2

2.0-3.0
r01200

6{F180
<l-l

<r(F10
2-3

<1F90
<r-2

2(Frm
ts30
<.1
<1

r.(F3.0
35(Fl,100

3.(F7.0
r.(F:13

r'F':r#ervr-Ipint 
detemi$ed $r titration in the field.

29



-t
-Jt--:J-ii J ""ii;

+ C fr-'..
+tL' I tt -;iE { '...:::1'J.'.'.'.... *

"--': ( ----..::::i:ii:iiilL-: I _.*::ll.-
f I ':rJ-sq' ( -iii!!?-,i I fi'r**-*-t, { -J:::t_ I -";:;li!:.......

;: | -iJJJJJi;;;"r";"r"r'-i t ...:*..
,'-t | 

-tt'{

i' I ;i.
,i J 'i'

-t I .t""""

t" / ;:t
,' / ."-rI.i, / ,::....
':. \ -..11:::td \ .'..-_t { "'*..

t'\ii \ "..-.st"..
'rtrrrr \ {.t:

] \ 
"""r"r..

ri \ ,t"r* \ -rF;.1:, \ [-....'l:==t 1 -t3:
tt.
a___- \ _.-

G-a. t- "'-r:*4. \__r
t____-_

-"--

a
a
a
a, i 

^-r_- {. ia'---- \ :r--:;D t .ir-- 
\ :-t_t

---t- ) 'tr--_--___, a irl:{t irli
-tliil:

-a-o ) :rtL:*Fr2
lerr\:

rIa\l,t.
-. I '-'-1r

---J ( t'?f:_.
5$Erol*tt
€ed

,"- I "'!
.5{:rtL-{:

a\
-.1 l 

.rre 1

t{3
--f ( ;1..

t)i { .':-.
t- ) -..'tr- f t-r

.l!
ltb

a

t{;
O-€tCova co

ctl
F

o
F
rrl
ft
CD

|,lr-
G'€
t-
ID
€

=a'
fJ
(i'
rF
ft
CDo
co
lrJ
ilt
I
(}'l

lH
6
b
ct
-eG
og
t-L
oElD)

t-o
3
-9IF

c€o
E

=ct
E
E
=E
g

E
EIc
IE

o-
ED€
o
a
E

.Ex
(E

=I

a;
(D

.9
l!

a

c9
=G

F
J
=-

&r
=4

FGE

a

oi
o-G

a
E
Ctr

=
a

G
trf
&-

a

z,G-l

I
CJtrlct

a

cl
=

a

l{
c)ct

- aoI
E}
-

0N0c3s u3d I33J CIgm NI 'Ho'u Nu3l{ I'IIU0



Dissolved-solids conerrtrations in 24 streamflow sa4fles colrected from;;ryffi-i#il;i1#Hfronr ?nfi fn qan nilri----- r!!^ - !,r
f.'T' : ti, to 

.j-lo^ .,1*1ig: l*_nT 
- 
i ii J ; i dn ;;;; "i i i z Tiiiffi*,i' il,' ffi

;;il;;ir-;'J.ff;hH'#ffi:
If C E\rri rruuaat-r1 f.r_!^a! ^- t ,u.s. Errrironruental protection Agency (ry/6) toiarir*irrg*"teffi#r't":t frephenol concentration in some slnpies, howevel, exceedd the eriterion af IfETlggn_centration in some slnpies, howevel, the eriterion of 1

conentrations d erryeneea sedinent in 2f stremflor{ sa4iles coltectedat station 09JL3000 rangedtron 58 to 1"520;ilrigrans_IEr rid;-drgirf-rateryear 1980 and fron 2l Eo 4,270 nillisians p"r iitq_dil;irt;uater year tggt.@ su@ road; rf@-ti* 2.? 6f,r70-tir-E; dayduring water yeai 1980 ano fion 0.E9 to r;0i0 lln-s per day guring warbr year
Itnh.ffi* as nuctr as I IErent d the- strean+dLtm Eldtuerrs sanpt& ar

microgram Fer liter.

T? H:i,5Hg"_^irges{ra!= collecr_ed at starion 0e3r3000 drrrirs;ffi;i;ii;t"f.2531 - inrjfir.rfi-*. L* =FE--!r-- .--^.r r --! ^:

p. 2531.
distributisr d ireen atgae rith g""d- di"=rdty- fuJc-"iogi""r Sunrery, l9g2,rr^ tE"l

$eqins Carn/€n qFek.

. -spriry carryon creelc orglnates on the wasatcb plateau at an altltude ofabout 91800 feeL rt desends abcut 4'000 feet to tts conflirence wtth tbePrice River at about 5rfl10 feet. All the cretaceous foruations shown onfignrre I are e4nsed in tE gr1/on, am st*ion.og3utgm G rocatea where tx=creek florrs qr the lranos shale-at'an altitude of 
-Cru0 -ffr'

q?+ nintng Etarteil ir +Eirq _carryon frrrfirg 'the IEte l8oofs ant csrtirured

t

' Ibe results of base-floy [eaaurenents uade tn S?ring Canyon creet(upatrea' fro' atation 09313040 aEe rerated to georogy--i" EiG" u. senarked increase rn_base fror beginnit s "b"ot 
25 niles upstream fron tbe

*"9""T, prpabry refl€ts ircreased +liii i"fr-r, r.-G-;fr;*i; near theI ontact bebre€rr ttc t{ancos stale ard-the -sjt"r Eornis"ds#:' *-
U

lrrternittently ts tbe pe*nd Os-85). 
- qgirry tire ncritorirg lnriod of rsater[:::: ]flr;pr_-?1,_"!*ig 0?3T0{o; c_o"r-*ai actr""rfidar ar rhe Brazrarr

years l$tg-8l at
tzEGLfll{ines (pl. 1} rith lnrtals- tu gplitig canyoa. igst of-the water produced bythe rnines is consued in _tlE_"fi,irrg qnratiaisi honererr i saLL, tut unlcnmnIHH=*trIf, Lin-tn-nriirf s--"pdti;",*ildJlrHsJn: unilsrcffn$Enti$r interaittently disearge{i r" *.il'g Catrsan creett.

HryI*_qe.an p.us ar stirion osltidio--durG
l'tost of the€Le .in +ring canyon credc originates inpllrrel treErn flors at stat.iqr 0s3li040 durins-fil 3 vears

ntes in seegs or qprings.
l_ f'ears cf record ranged

::g"l*1'*j..,-tfr :.T:-g31ra^dur+F-Ftg$*tsri'ff;.4l;;t';Jf E
lil#b. I 

-= t#i' H';in'il .T;ttrnlrgl+lrr raa..'l&^J .c-- !r-^-: ;*#dffi:H#Itta t?f ar.kl - G-^.r- r -was 27L cubic feet per second on July lztltgt if"lf" 3lr- resulted from athunderstorm.
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Table ?,-sunnaqr of cDenin-r anaryses of strearflor ir uE Price River at.staticnog3It0oo'mterIEaIE'rgffir

[< indicates rctual 
""rue-is 

sna[er-t],4tt ttn &tectable rralrn stpwnl

lb. of
analyses tiban

l.l,inirurF
uaxim-unProperties and corrstihrents

25
23

E
25
E

24
E
24
24
2l
24
I
4
{
{
{
I

rtl
4
I

E
2l
E
25
E
25
25
25
n
25

L3

boc
.tt

Et
E

=

Streamflon (cubic feet per secord)
Iitater t€qErahrre (degrees Cef-sfuEl
#cific oord.rcarrce (qicrci@ls
lpnr centi.efer at 2f Celsiusl

gn lunitsl
Bdirrabsorpticn ratio

124
9.{

5-n

.7

361'- 9.8
1.{

?XI
250

5.8
.70

--35

.TT

.0'll5

7.0
255
14.8
tt
TI
n.7
1.9

1?.2
88

.2
8.1

6.8418
.0-20.0.

33H30
8.r4.0
.3-1.0

20{t480
7 .5-13.1

.5-3.9
r{{F290
170-'100

.F22
.20-.94
.11-.52

(.0I-.0fl1- 
<.0r0

<.05-.50
.03-.50

.01(F.270
(.00I-.010

2.2-15
r6F390

(FI3TI
36-85
16-4?

7.H6.0
.9-3.2

5.8-{I.0
28-200
.h.3

3.3-14.0

O*=or*r* solids, srn of qrstitsrents
O$tqetl, dissolved (q)
caiEon digi.de, dissdtved (qt
All€finity (Caqlr
Biearbnate (qEl'
Carbonat€ (O"1-
Nitrogen, disEolv'ed (N)

Nitrogenr organic dissolvert (tl)
Nitrogen, mlqria dissolved (Nl
Nitrogen' nitrite dissltrcd (Nl
Nitrogen, nitrate dissolveit (Nl
liii6g"t, nitrite + nitrate dissolved (10

Plrtrttfulir dissolvd (Pl
irh;eitrc*s, ortlp ptro*trates dissoftnd (Pl
Carborr, orgatd.c diss+lverit (C)
Ear&ress, (6 Casr)
Ear&ressr tas ncnrErtmaiEe' ffi31
Calcitm, disEolved {Ca}
tiiagrnsir.E, dissolved (Hgl
Sodtium, disslved (tlal
PoEassirn, dissoltnd (Kl
Ctrloride, dissolved (CXl

Sutfate, dissalved ($cl
F]uoride, dissolvefl (FI
Silica, di ssolved (SiG2)
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Dissorved-sorids concentrations ir 37 streamfl0w sampres taken from

sprr'' Gnytrr creek ar ,r"ii;-09313.0d0 ;anged-f;;-4er to^!,500 milligrans

per r*eri wirtr a mean ora-,-zEo ;tuil#-F{Lrd tirnr"-et' l{agnesirm and

srrrfate were tr* aori*rrt ;;i* .td lrti*- 
- srontiuu was the dffiir'nt trace

element, wittr csrentr"ii*" as f"rdl"- f'lOO-uicrcgr?** 'Per 
liter' Of tJE

trace erements that w*r?-;"ly"Ai"*y.r".q ur,a ierenilm were fo'nd in

concenrrations rhar ;;;aed trt*-EiiEer.ia "rt.utished 
by the u's'

Brrrironmenral pror*oi*-ilifi-irflif rli -at-it*irgtater sr'ggrlies' btb th
naximum and mean ,orrorrf,ratior,s oi ""n*nirn 

*i.."."a g4E-criterion of 10

nicrograms_per rit"r, frJ-il;,"tii'n-conceotiat-iln of lead exceeded the

fiii"ti* d-50 nicrograui tEr liter'

@ffirt @ in 25- st,eanfts sa'tiles couect€d frm

sprins canyon creeh .tri-iri*-ogrig0'i0 d,*-i"s ril l leils of nonirorins

rarrged f rcn j ,rqigrd-Ei- fi:n,;-i?ceder'e .Jgel 
-!g 99'800 qrilr igrans

per Ifter onJu+r 12, 198f 
- 

rnstantarreour ="d;dfi;+idtit roads ranged

irom 0.0s to 0.0? tons ffid";-e,rritg rarer y*.irFlg, 0'01 to 0'43 tons Eer

day in ware-ri*.r-ieq.il;dtt*i;=; u-t'o4t:t:rt;t.t tons per dav in

rater year igft:--No deiero,in tis,= ;; r* cf ttt corysitisr sf aryenaea

sediment in samgrres *rG*-d E*iog-ft-mitotitE e"tioa m AEtrst 29'

1969r trcnrerer, -ffoirrg 
6ffi-"t"*, 

o*ff* E;G-at a ratc of 0'6 ',fiic 
fe€t'

per secondr had r"o=p.ff#Jl=Eii"l"i cmc"otrt-tion of 2'260 nilligraus Per

iiter ard eft 90 p"rdil-c-tm @ sas coal orurdodf t g20

p. 3?1. [t*t likely- #;;s of *"-*tl EErticles are coal spillsr- uine

sSnirsr ana-ear-rddi;-i;*itio'-";=i#a *itn .o" earrier nir=s in &
CaffltUft -^rr{ArA

Four s4r'es d becrhic l!:*-:'H-H,,ffi.ffiHitt#'u*rffi Tffi "'i"ff 'Hfu g,*pfi F,;Tffi*J*lH,?lHl?":Wiiuf ,5'HlffiiFLffi frfr fuffi-=#HJ":T:**h?*.1yeiiifitr-;-ii1a-flg1g'.*
'dfi#trb" -ffi i*er--tPar 11a51-:

il:ilifl"k'I'J"uffi'fi ffiffi.HffiT-*#""ItrT'#;i.'":n*t;*t':;*mg[l"&:'Jffi*dH' Gfi;i&r s''\rev' 1!182' tr 2601'

:[re tgrttr Eork of @rfur cred( origin+ei orl tbe sar-beari$ Etacfhank

Formation aCan altit*ffEf-"mot gre-ffiit"=t' strean has cut a canlron

trrrough tm rir*irn**,-d-th" o,e, slrrogir-rorr"tis'" shnrn in fi*'e L rt

ffilri*t* 
Dosr'c iG hs"-E;i-rr' c""l

t{ost d tre Gordm cred. rb. ? rtin€ i5 in rt* ts-rth ry* of frrdon cre€k

drainage. The nine *qr_iiin"1"!i*-e;i"g tne .couprere monitoring period'

accordtrg to rines "rg 
prin6 (lgsr, JJzT=-, *rili-qr"ntiw of water vhidt

is interm*ten_rly aisffirs-e_!-.ttd the ri"*l*ui== " aiisotved-solids

concentration of auont r;00 
-;irlt*d p.r titer. ' frl; G about 35 percent of

u* rarge* aioorrr"a*olia" *rd'#d; Flpd inEran Geek near stere it

disdrarge= tiT* *io -iiEr-il$"rd"=ff , Lr72, rabre 4) -
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Tahre 8'-smary of r+reqlca!^T*^rpes 6f streanFtory in qlring cqtrn c.reek

r < indicates *ff"iHil l3=Hsg,T;fr ffi8"13?t 
-;" 

shs,nl

Prognrties and omtihrents
lb. of

analltses
l,tinim-r
raxim.rm

.-. L

- 

3I=
- 

L3c
t
EeLg

=

Strea'nfl*r (orbic feet pr seorrt)
Ft.T -leryerahrre (egrees Cetsiuitqpecific cordrctarn lnicrmiffirs'

Fer grntiqeter at 2f Cebiusf
FE (rrnits)
Sdiuradsorptiar ratio
Dissolved solids, sn of onstitrrintsft1gen' dissolved (q)
Carbn rlicide, dissStved (ql
Alkatinity (Caql-
Bicarbonate (rt0ilr
Carbonate (@r1r-
Hiirogen, disSotvet (Hl
Nitrogen, orgenic aiisofve (Hl
-tfftrogen, 

er-c'ria dissolvqt igi
Iitrogen, nirrite dissofvd iniNitrogEn, nitrate disslytd aHi
Iitrcgen, nitrite + nitEate diisrpea
fmsenons, dissolped (pl
hsFho.rrfir orttp ptoqtrites dissolved
F"$n, organic drssolien (Cl
Earftess, (as Caql
Ear&ess, _{as rmcEtara,te, Cql
Calcir.u, dissolved (Cal
t{4resirn, dissolrrcd. (l{gl
Sdfun' rricsolsrEC (Hai
F*assiuT dissol,ved (Et
Chltrider dissLved (Cti
SrLEate, dissohnd ($, i
El$oride, dismlved (Fi'
Silica, dissolved (Si0tl

(rq

(Pl

1.4
11.4

37
37

t7
37n
37n
36
35
36
36
7
I
I
3
7

UT
I
8
In

36n
37
TI
37
sr
37
21
37

2,890

1.6

2,260
9.0
f.g

38:r

T
7.1'

_.71
-5.9
6.0

:
9.7

lr{rm
I,Ulo

202
2s8
t{l
l?.5
g{.9

1'3{10
.{

11. {

0.05-38 .0
4.(F26.0

77(F3,200
7.8-9.4
.3-5.5

48r-2,600
7.0-1I. 2
I.F7.?
10H10
rH20

_(F2
3.1-8.5
.{(F1.4',

<.01-.llg0
<.0i-.020

5.(H.g
1.5-7.8

<.01-.220
<.001-.03{l

2.FB
Il0-2,100
z7(F1,700

?9-2El
4:t-380
15-360
1.FZI
36-120

200-1r5{n
.3-.5

5. (F16

n



:Hre &4rmry d ctaical aalyses of stredros in Qpriq canFt seek
at statiqr 0g3ljl{t10, *ater yeErs 1flts8l#'i'nrd

lib. of
analyses

Hinimr
mxims

Prc6=rties and constihrents

5

1
173

23

11
2

2L
3
7
3

2I
u
IO
21

3
3u

10u
I

3
=
3g
6

rl
-st

=
=

Arserric, dissohJtd {As)
Barir.mr dissolved (Eal
Borm, dissoltrcd (Bl
C&iuu, dissotr.ved (Cdl
Ctrrcmirn, dissolved (Crl
Cffir, dissolved (Ol)
rri;l, dissolved (EEl
L€d' dissolved (Hc)
Littrirn, dissoltred (til

dissslsed (l{nlHan€rEser ol-sFrrles $!
rgEurv, dissolv€d (Eg)lErctrrYr
llicket dissolved tl$l
Selenirn, disshred (Sel
StrmEirn, dissolsed (Srl
UirE' dis$In€d tUnl
Plcnote

r50

2.7
15

I'2ffii

<1-3
100-200
<r(F?00

<1-1
<I0-30

F10
1H0
<1-81

r50-190
1(F50

<1-1
1-6

3-2r
1100(F1,400

1(F$
I l'{

rfi: d ercl Foint &te4ineil by titration in tlp field'
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Coal Creek

coal creek originates rlear the crest o'f the Book cliffs at an altit|xb ofabout 9'000 feet. lte headwat*i 
"r"* is unoelrl"i; Ea;" Green River andI{a's€ltctt Formations d $ertiary +. rtre strean has ffi a-aeepr_ nErrrffi carrJroninto ttre Getaeorrs formatiffi; sliq* -inti-E re r. ure-crsrner is steep to tbebase of the Book cliffsr- th.r-elfi the *fean ueanders or., a gently Elo*irrgplain on the ltancos shale io il-s-bnfrrrenceiittr tuJpiice River. $tation09313965 (p1' I' tahle 1l is on 

-td 
star Foint sandstsre at 61370 feet

rhere sas no active coal nining in the coal creek basin during tbeuonitoring periodr lhere .r.r- h*ror"r, sererar trundred acres of teasedFederal coal (pl. rl ard trso 
"ui"a.,ea nines in tle basin

seasonal records rere ellected at station 0g3ulg65 &rfurg rater rars199-81 (tahle 1l' rhe naxiilm, minimuu, and-arrerage daily trean flon remr&dat tlre station is Ebottn. fu figrrr; 13. lir*t d the 
-iecordid- 

f:low is f.* ratel{ry to earry June, and it ,riifrf"lt"I nrin15ily fron rnffi"rt in ttre higheraltitudes of the basir- rtrc ;trrun F"rL fion-recorded at the stad; a-irgthe 3 rater- 1ears d easorral rGrd, -rhich--Gs 
4Sg qrbic feet, pr semrd srfignrst, 13r L9ngt resultd frm-an-irt*,* thdrstoru.

Base-:ELGf'@ tn 6al Geek r+strean frcm staLidr 09313965 allerelated to g,eglogy in figrrre ril-rb;wefrg-e ana naxinum base-flon vatuesindlcate trrat tbe-strean fairp-flrfro boui-the Erdchiwk.Foruatlsr d theStar Foint sanclstare. GE nlnfur nalrro, tme,ver, indtcate that ttre streulees flow near tae ffimint ooffiae
The dissolved-solids coneentratims tn u streuflqr saqrres €Ilect€dfrom coar creek at statisr 0$1396i d,ilG-tt* rr/ret i'ater years rargeit frm{80 to 810 liuig5aEs rrcr ritere rith; ilan of 605 nitligrams per titer(table 9l' nafr|esirn ah ;"di"t '*r. _generally tbe dcniffr1g catisrsr sbflebicarbonate ana srrlfate resre generally the doulnant anions. of the traceelements that were *31-:{"eh' aalganese and n.icury $ere found incorrcentrations that exeed the ciiterd estabri"rtea ry tb=-'u.s. ElwirmentalProtection Agen-cy (1976) for e;*Ting--w€l-t supplies. rbe marinumortentrations d nanganese and trercurtr were g0. anl-f ni.iogrFn$ Iler literrcomPared to criteriabr 50 and 2 uicrog_rams per liter. rhL maxirnum thenolconcentration ras 35 uicrograms per iit*ri compared to a criterion of Iniaogram gnr liter.

Ifdrologic monitoring on ttre lbrth Fork d Gordon fteek rra,s lirited to;d;ilil:,#rcstrf #e rr# {.1-a^^
fftr;._: 

.,.L*I?=; T:=":i::T_"^=i;rtr.d 
'i; 

;iii"q, i,'"r_fr:,-:* ii,'ffi .il;
ilS=::.,,Ht5 l= IIA *.'"""=" -*is,ir-i-olrEi-alrAi;: ;io.;;-l# ;lHttre confruence of coal c"rry* 

-"ttd tft Horth Fork oT co*rai*ffieek.
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Figure.l2.-8e flow of the Hor$ Fork of Gordon creek as related
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I,
DRILY HERN FLO}.I. IN CUBIC FEET PER SECOND
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Table 9'-s'tmarlr of, ctEaicaf anallees of streuftos in Oo.ar Creek at station
09311955, sater yers UntsSl[< indicates rctual vahn is-sraUeithan the detectahle value shcrrn]

Prognrties arxd onstihrcnts
lb. of

anallees l€an
l.tiniru-E-
ua:cfun.m

IrI=

-; e
.16
.L7
.020

23
22

23
23
23

22
23
22
22
21
21
7
6
6
6
6
9
3
6
I

23
22
23
23
23
23
23
23
14
23

t
Erf
o

==

Streafflow (cubic feet pr seord)
L{"t*T -terqnratrrre tOegrees elsiuitqpecific corrirctarrce inicrei€firlriper centimter at 2f Calsius)
FE (units)
Sodirmdsorptisr ratio
Dissolved solids, srm of enstihrents
O<1qen, dissofured (O,l
Carbon di,*i're, dissSlved (ql
AlJ<atinity (C+).
Bicarbonate (FgEyr
Carbonate (@r1r-
Hitrogen, disSolved (Hl
Hitrogen, orlnnic aissifveA (H)
Nitrogen' 'grrmnia dissolved aNiHitrogenr nitrite dissofved iHiNitro6n, nitrate dtssokrcd aHiHitrogen, nitrite + nitrate diisofvea
Ptnspnons, disslved (pl
Phcqlhorusr orttp pho+hates dissolved
FF, orpic Aissofvea (Cl
Earenss, (as C#rt
Ear&ress, (as narcerUarate, Cql
Calcirn, dissolved tCa)
uagrEsirn. dissolsed (!tgl
Sodirnr dissolved (tE)
FoEassir.m, dissolrrcd (K)
Chloride, dissolved (CXl
Sulfate, dissolved (SO,l .

Fluoride, .tissolved (FI-
Siliea, dissotved (Siq l

3.1
12.0

Y
1.8

605
8.8
1.5

317
350
l7.l

.76
tl,26

=

il.,
3Sl
45.5
52
54
TT
43
?t

178
.4

8.0

0.3H.33
.(F22.5

76rLoA2O
9.3-9.0

. 5-3.0

48H10
6.9-11. 6

.5-3.I
26F.{O0
3f0-{70

g-41
.3F1.90
.l!F24.0

.070
<.010

.o?-ui
.0{-.29

.01(F.0gl
<.001-.0{o

3.4-50
2rH00

.(FUlo
2F?8
28..78

22-110
2.4-r2.0

11-52
rr(F2?0
.03-. 5

5.7-9.6

(Hl

(Pl

43



,IbbLe 9.-€tuary oe $gtaf sralyses of strenfltr in ryf Cred( at station

$313!t65' €t€r F;- rg?9{r+tinred

Itc. of
analYses

Hinimm-
ffixim.m

Froprties and constiblents

Arsenic, dissolved (Asl

eari.m; d.issolved (Ba) t4l
-;

39

"3

-
5'72

-

9
2

l4
3
7
3

14
9
I

lrl
3
3
I
I
I
I

1.8 1.0-'11.0
10F100

?0-230
<I

<I(H20
<F30

<1$-86
<1-ul
2(F50

2.(F80
<.I€
<1-2

<r-4.0
t[7(Fuo

<3-70
il-35

t-o

o
e
s
E
,l
bI

=

Boro0r dissofved (Bl 
- -

Cae.i r-, dissolved -(ElCfrtc.i,*, disslved (Crl
C.mr, dissolved t0r)
Idn, di.sslued (EEl

reA, dissolved (P,bl

iiU,i.,n, dissolwd [ti)
r.r" , dissolved (th)
hrilry, rili+edrsed (+g)

iri.*"r, dissorveit (rtiI
Ablettirs' tlissolrrcd -(Se)
Strcntitn, dissolrrcd (Srl
iirrc, Aiseofvea (znl
Ptemts

\ag6.4lrpoift&terine.lbytitrdiol|istEfidd.
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The sustErrded-sediment csrcentrations in 13 streanflmr sarqrles coltected
d95-i|S the J w1t9r years of nonitoring at station 09313955 iangea iio* 3
y1]]iSrans per liteC on Jrrly 12, FSf tdZ,ZIO mitt1g..,* per fiter eugu"t fZ,I98l- Instantaneotrs suspend#sedinent loads catcrrlited fir station Olgffffiduring ttre rfi9-81 water years are sumnarized as follons:

9t@lods
(ttrrs/dar)

Water lear Itiniun llaxism

1ff9
1980
19AI

0.21
.04

I#s than .01

0.49
312

6.4

o

6al was only 0.4 prent d the strean:bottm sedinents saryled.

Trro sa^nplel of benthic invertebrates at station 09313965 during wateryear 1980 shored about the sane diversity as the one benthic inverfebrate
sanpl_ed during water year 1ft9. (See Llnes and Plartzr 1981, table 2,1
eccording to r,ims and Plantz (1!181,_ pr. 23) r the dirrcrsie' irrtides a fairli
bealttly streu#ttffi enrisqruent- now sa4rfes C fftofl,ar*tqr eging-rater
yea_r ryfl all had a falrly unlform distrtbrrtion of green algai (U.S.
Geological Stlryery, _Igs?, p. 265}. This probably reflectl the fairly iooAchenical qrlarity of t*he streamflorr as-indica[eo bt' its dissolved+olids
coneentratisr (table 91.

-Soldier Creek

Ihe Soldier Creek d.rainage basin is adjacent to and east of the Coal
Cred( basfn ,Like Coal Creek, SotAter Cred( orfginates near tbe crest of tb
Eook Clfffsr but at a sonewbat lwer altitude lanout 81800 feetl. sofdtei
Credc also has cut a caqron through Cretace'ouri fornationsr ana Lt aIeO
neanders over the I'Iancos mate to the Price Rfyer. SEation Oigff ytl tpf . f ,tahle I) ts qr the Elackbask Formation at an afEtilde d 6rGS0 feet

The Soldier Canyon ttine was in ognration durl.ng water years lg7g-Bl.
ilost d ttE water-profircd in the uine is cansuned in the niniry oSnratiars;
borerrerr a suallr hrt unlmown qlEntit1l is discharged intermittentty €o-sofaier
Cred(.

Station 0g3illf/5 was oSnrated seasonally during th 1f/F84 rater yeaEs.
l{arimumr minimunr and average daily mean flow in Soldier Creek is sho-rn tnfigure 15. t{ost d the f,lotr is during_ Aprildrne, and it. resqlts 6iefty from
snowmelt in tne higher altitudes of the drainage basiru Ttre short--term
increases in flor during Junetilweder resulted fron thunderstorns rtr thebasin ltre naxlmum pak flm recorded at station 09313ft5 drrring g1g seasqraf
record for water lleErrs 197FS4 Has ftz cubic feet pr securd an September 23,
1981' and it resulted frm a thnderstorm.

Baseflor meEuilrrenerrts in Soldier Creek r4l€trem from station 0931397s
are relat'ed tg geolcl!tr in figrrre 16. tre narimta vahns irdicafe tbat SoldierCreek loses flot slighlly where it crosses the Castlegate Sandstone or thel+tEr Fart d the Blackhewk Formatiqr, ht it gahs flcry substantialty from
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ttre rorrer part d the Blacktrarwk. lttre urinirnrm -ard average valrres indiCate a

consistent n"in frm ttre castlegate "fr ;ffiitt*r'' 
'- u tt*ie was any d'isdnrge

from rhe sordier car*ori-ni".--a*id th" basrflow measurementst it tras

negligi-ble.

Ttre crrenicar $rarity of the w1!er in sordier creek is- similar to that of

the water in coar credri'ho*rerrer, ".Jrairrg 
to r,io" 

""d--Prantz 
E9g1' tr 24'l '

t'rere a'e sone nouable_ differences fr;i"g ig"-#;- "onaiti*"' 
lltrelr srrggest

that this piJu"nry inaitesi airr.r;;h in-some sources of ground-water

disctrarge i,, tu*-two_b.=il;- *r_"'lirloroea;"otia= concentrltions in 31

streamf,low samlrtes coue,J"e tio, sofrlli c;Ak l1-Et.rio-1-Oi:$gzs raneed

frqn 280 to ?16 pirrigr;; pJlitJ; "itF 
t *"*-ot sg3 nlrlignarns Inr-Iiter

(rabre r0). sodiun, ,"6Esium, .nd'."tcium-**il-tttr a"tf;t cations' and

bicafronate ard "*ilf*" 
tlE-tft;;irt"rrt-*i*"- or-tr= trace erenerrts that

were anarlzed, o$r ""##";-""- 
rorrr,a in "*io*tr"ti*= 

tbat exceeded the

cr *e r ia esrabr ishe{ 
"frf;ro 

;. ni;ffi;t-;rrt"r'riot""tio'' AsencT ( I 9t 6 ) fo r

dr inking-*"ter srrlpriJ"I--dJr"iir,- "or,".rri'-"-ii* 
or nittgd*:: It" 60

micrograns per l*err "ry*F *_lEilJiilof 50 nicrograns fu ritert' ft
maximum purnor concentrition was ig-nicrogr";J p*i-riter' comEnred to a

criterisr d I nicrqru EEr liter'

rh @ cmentratisrs in uI stree'fiw samles callect€d

ar srarion o-$irs?s raffi r;fi r*rieTan: i"i iig 
-": 

Jtrli e' resr' 'to

406 nilligrirns E,er rrt-er on Aug,fr- rztt_- o{ 
-tue same y*ir' - eoal was 0'3

gnrcent C tne dseairtnts sugtl'd'

sir saryres of bes,.brc irrr'ert€brates sgre'correct'ea at stauim 09313975

ourirus tneTirgg udi tesz iqgei;;E Qe ;frG" tot '*+9r JFar 1e80

shored about rie ""ri 
ei;r"itv-JJtb;:g iJirai*, v"ri rng 6'ines and

plantzl lggtr F ZZlt .rrd the 
"*tn1?t-Io:Uo,,.n 

water Ygars n"A fairly good

di,rers*ies c -ner*urc-iil*tt rr"rli=- *t: 4stui're-'be€n 
indicative of an

unpol rrn J sTriaruottii 
-"-rrv ri orffi nt -rt i f; iltfr li-it*"t1 ebr ates sanpled

during *it*r year rggz uere-""t irrrry *"Joited' rio" sanples of

1ffi51".gs*a*J=:f #;#;rur.*-'*m'*ff -ffi
indiete" r-J;rfg""d micar qrralitilr.

u$ou' cre€k ie, a trihrtarll of Grassl, T+ creek, nLi"' is disssse. in

the foilowing section--. o,rgJft^ cre&lrleinates neii tur crest of the Boolc

cliffs ar drr'htiure_c ;ilt sraoo i*c- r'* 1r*"at ttas- srt a steep c?rryEn

ttrrors trosr, c ttr r"*E*, ;h*rr';iig*" il; ig ."ry"'o= dorft 1'800

feet, to the b"st d the ffiaiffsr wherereor i[ *"totet= ffit a relative'Iy

row-gradienf on the uan6s shate *i,ffiffiii#1T#it*::*;: ffi:
s,5oo feet- 

-il"iiil 09313985 (P1' l
d;ilrg Blactrhak Forn*ion'

Ho nines $ere act_ive in the Dugout crg{.basin <t'rinq the nonitoring

period ar =lJiol ogErlges. 
-rt*ri-ar* 

"*rr*rff-tiio"""tta'""i"" 
of leased

Feaerat .o*t in ttre u"iii-lpr' if r howeverr "tt;-exploratonr 
nining was

,*arted ws.'*a, fro* tft--rt-:ti* in-ieent v-"ari EE proeost:'l (198$ sage

Foint+lgorrt Carryon uitt" *Uf trarre pott=f" in-Drgout ca'ln'tu
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![abl€ l0.-Sruary of ctuicar aralllses of streaflm in Soldier Creek at
statiqr Og3ljlfts, mter lrea-Es lytg-8{

[<irdicates actr:al rralue i.s ffiIter tlran-tJn detectable value s]Ellln]

Prcgnrties ard constibrents
[rb. of

analpes lban
l.tinigl.r
Exi.mn

.-. bI=
!- L

- 

3c
UI
E
Ibti

.=
=

$fieamr]ss (orbic feet pr seerd]
t{ater tgrEnrahrre (degrees Glsius}
ftlecific orrirc{are (uicreiuts
lnr centig,er at ASo Cefsirrsl

FH (uni.ts)
SdirradsorpLicn ratio

E

Dissolved solids, srn of rctihrents
Golgen, dissolved (O")
Carbon diside, diss6trred (ql
Alkalinity (Caql.
Bicarbffiate (8fi1r
Carbonate {Or}r-
llitrogen, disEoltred (Nt
Nitrogenr orgirnic diesohaed tHl
Nitrogenr ffia$iil di.ssol$ed tgl
Hitrogen, nitrite dismleed (Hl
Hitrogen, nitrate disslved (Nl
Nitrogen, nitrite + nitrate dissolved tHl
em+mEUSp dissolved (p)
pmqnontsir orttp FtEqtrates dlssolwd (pt
Carbon' organic dissolyed (Cl
Ear&ress, (as Caoort
Ear&ress, t6 rsrcErtsrate, CaA%l
Caleiu' dissofved (Cal
tlagnesiln, dissoltred {ffgl
Sodim+ dissofved (tral
Potassirn, dissolsed (K)
Ctrloride, dissolrred (CXt
Srtfate, dissolved (SOal
Fluoride, dissolved (FI
Silicar dissnlved (Siq)

33
31

33
31
33

31
3t
el
B
21
21
9
1
7
?
7

20
LI
7

l8
38
x2
33
33
3t
33
Il
13
E
33

6.3
15.5

r3
.2

133
8.0
1.7

310
209
13.4

.5i3

_.39

-
:

8.2
302

1.0
{1.7
{4. I
79.6
4.0

15.1
7:22

.47
8.1

0.35-3{
.(F25.5

50(Ft,l]go
8.1-8.8
.6-4.0

2fiF?ro
6 .7-11.5

.8-3.8
210-,14{l
2'l{}€0O

(F26
.2(F1.2
.r8-.85

(.01-.130
<.0r-.010
<.05-r1{
<.01-.2{

<.01(F.0go
(.00r-.0{{}

2.*32
r5F390

.(F{7
31-65
18-58

2r-r50
r.5-9.6' 5.2-30

44-23{l
.2(F.?0' 6.5-9.6
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Tabr'e l0'--€ma'y d ct*icar anarlces of streaftsr is sldier Gees( atstati$ oeture?s; ;Ei;*= ufu

PrqnrLies ard Etstitrnnts lib. of
analyses tGan

I'tini.qry
naximm

\3
1E

=|'
CL
tt
F

orL tt

E

i*=F"i", dissolved (AslEarium, dissofvd-{Ea;'
lolol, dissqhrcd (Bl '
Cadnirm, aissofrei-icarffi fffi+#,
_rrolr dissolrcd (Fi) '
If"9r dissorvd irbi
!_ithirm, dissotvid- ir,i fuarqamse, dissolsEd iltrf

ffif'**ffi,i*+i''

l6
5

24
10
XI
10
25
l{
u
2!:t

r0
9

r5u
15
15

35.5
Ir8

<l-2.0
<10F290
<{tF3r0

<1
<10

€-3
<10-14tt

<I-19
2Hs
. 7-60

<.1-I.3
<l-lil
{.-3

3110-630
<3-60
<l-39

Selenirn, di"sfiai-ifof
Strsrtirm, dgi*,;G;tffiffi (srr
PtErEfs

rlB3

-
-.t

'@ deErirred hr titratiffi * a* rr*L
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Seasonal records $ere collected at station 093L1985, during uater yeErrs
1980-8I. llte mardnurr minirpt:m, erd ataerage daily mean flow slnr.n in figure t7
indicate that most of the recorded flor in Dugout Creek is during l.lay and
June' resulting fron snovmelt in the higher altitudes. the short-term
increas€s in discharge during August and Septenber, honever, indicate that
considerable flcry in ttre creek resrrlts frorn tturnderstorms. ltre mzu<imrmr peak
flcr'r recorded at the station Has 127 cubic feet per second on September 5,
tgal (table 3), and tlat flql resulted frm a tturnderstorm.

The chenical quality of the streanflow in Dugout Creek is apparently
sliehLly better than that of Coal and Soldier Creeks. Dissolved-solids
concentrations in 15 streuflw se'rfrl gs @ltected at station 0SU985 durfug
sater years 1980-8t ranged froa 35O to 480 milligraus per literr uittr a meanof 396 nilligrams per liter (table lI). Calcinn and nagnesiun sere the
dcninant dissolved catiqrs and hiryarhrate was tlre dminant dissotved anioru
None of the trace eleuents that vere analyzed were forsrd in coneentrations
that erceed the criteria established by the U.S. ffiironmental protection
egenqf (ffi6l for drinking*ater s+filies. rtre nainn Fherni conaentratim
wa.s I0 nicto![rarn,e 5nr liter, cmpared to a criterion of I nicrogran gnr liter.

Sr+erfee-seain€nt trrffiratisrs in It streeprlm sansiles altected at
station 09313985 dtrring water years lgqFgl ranEerit frm $ sirligrmps 1nr liter
on July 9, 1981 to 11000 nilligrans per liter on April 30, 1980.
ffi @ loads catculated for tbe statisr ranEail from
0.01 to 38 tfiis per daf erri$g uater year t98O and frm less than 0.0I to OJtg
tans lnr @r during ffi,er year 1981.

$ro saqtes d Hhic invertehates collected at station 0S13985 ering
Trater Far Ulfll shareat good dlrcrslty (ES. Geological $urrcy, l!181, tr nA.
Five s+Et1es d Fbftqlanlctcn eollecteil at th siue site durfug water year
1981 shosed a fairly uniforn distribtrtion of green algae (U.S. Geological
Surery, i982, p- 2751.

Grassr lttail Creek

Grass,y Trail Creek originates near ttre crrest d ttre Book Ctiffs at an
altitude of about 10,000 feeL rte channel has firt througb ruost of the
fonations shorrr in figure I as it descends sfeeply nore than 31000 feet to
tbe base of the Boot Cliffs near the town of Sunuyside. Frm there the
channel is on the l{ancos Sbale, until its confluene uith tbe Price River.
Station 0931{3{0 (pl. I' table 1l is at Sunnyside at an altitude of 61540
feeu :&€ Sunnyside .tines (F1. 1) sere in o5nration in tle Grassy Trail Creek
hacin drririg the nsritoring period at the station

According to Lines and Plantz (1981, p. 28); about I cubic foot E)er
seccnd of unffinsumed rine raf€r is disdarged to Grassy Trai r Creek rrystream
fron station 0931431{1. llte mine waters relnrtedly hane dissolved-solids
concentrations as large as 11500 uilligrams per liter (I{addell and others,
19 81, table 8).

The aruruat trean flcry in Grassy Trair Cre€k recor&d at station 09314!40
ranged f ron 2.43 cubic feet per second during rater year 198I to 24.2 cubic
feet Per second during water year 1983, with an average of 9.89 cubic feet
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DhIe L[.{mrI of drenical ana\es of 5facamfrcrr in Uryart Geek atstaliqr 0g3Utgg5, mter yers lgg(Fgl
f< indicates actual ualr.c is gnaUer ttran tte detectable ralse shs.ml

Prognrties and onstihrents
blc. of

analyses t{ean
l+ininrr
ltafri rFrfll

Streamflon (crrbic feet per seerd)
ll"teT _taqnrahrre ( egrees rroleiusl
qFecific orrductare lnicrosiemns

IEr e€ntireter at ZSP Cefsius lpE (units)
Sodirnradsorptifi ratio
Dissolved solids, su of @nstibrerits
G<1qen, dissolved (o")
Carbon dicocide, dissEfrd (ql
AU<atinity (Caql.
Bicarbonate (ffi;r
Carbonate (O?)r-
Nitrogen, di.sEohrcd (Hl
Hitrogen, organis rticsnlrred (A)
Hitrogenl 4{tncnir dissolved ittilfitrogen, nitrite dismfved iuiHitrogen, nitrate disslved aHiHitrugen, niErite + nitrate dGsofved
Pttos[*uEUSl dissolved (pl
ptrcEltrcEuril orttp Fhc+hates dissolved
F Ftt' orgnnic dissofrnd (cl
Ear&ress, ias C&l
Ear&ress, {as rsrclrbanate, C#3}
Calciuu, dissolved (Cal
llagresirru, dissolrred (Hgl
Scdir.rm, dissolved (ttal
Fotassium, dissolved (K)
Chloride, dissolved (CXl
Sulfate, dissohmd (SOa lFluoride, dissolved ( Fi
Silica, dissolved (Siq)

I6
r6

r6
l6
16

I.g
r0.3

ty
.6

396
. 9.7

2.6
2n
347

2.6
.39

-'37

-.Ot

9.1
325

38
58
rt4
23
2.9
5.9

8l
.3

9.7

0 .05-ljl .0
l.{Fan.5

s9H20
g.r-9.6
.4{1.6

350-'{90
7.(Flo.g
1.3{.3
2{r350
3At-4An
.H.0

.24-.65

.32-.43
<.01-.040

<.01
<.05-.21
<.01-.21

.01(F.0al
<.001-.050

2.F17
300-s80

Iffis
sH8
36-52
1FZ7

1.7-,[.1
4.H.9

51-110
.F.5

7.5+.9

ri (Nl

(Pl

I5
t5
15
15
l{
l{

6
3
3
3
3
6
3
3
6

16
15
16
16
16
t6
r5
16
u
16

5
E|'L
ET

=
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Table Ll'-f;rcry of ctraicar arEll=es-of Tlletrr"*r + D€a,. o'ed( atstatiffr 093139g5, -'.tT'frr= 
rgfl,*r-ccntsi,"*d

Prcperties arrt erstitrnnts No. of
anallees l{inim,.m

marcinurn ,
lban

3

o
CL
$
E
.l
g
=E

Arsenic, dissolred (AslBarirur, dissolved (BaJ'
9olo,, di.ssolr,ed -(it-'
!1tuirm, dissor*i-icaf
Chrsoiua, diI.Ffi;t*-#T"lflt
_rrogr dissok ed (di'
If"9r dissor$ed iftiLithir,m, dissofrrcd-if,i tttanearEse, q1;g$_i"rflleratry, Cissqunc r*rr
Nicx<el, dissorvd-rifi'

6
2

u
3
5
3

u.
6
5u
3
3
6
5
6
6

I.2

-U

-35{

1. (F2.0
<r00-100
<t(Fl50

<l
<I0
€

<l(F20
<1-,f

1F30
<r-25

(.I-.2
(I-2.0
{,-1.0

320*t00
€-,1

<l-10

Selenirm, dissoirn i-;t,Strsrtirn, tr- --_-r-'zi',";G;ffiH (sr;
Pherpls r --' '

int detemined by titration in the fierd. o
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Eler sectrld (table 31. the naximum peak flow recorded nas 631 cpbic feet
:** $ Ti{ l_Il +lB. _rlt* *a*1q,rm, minimnm, trrd average Aoify nean ftowti Crdf-Fffi i" Gt.l"r,ca*ar-rlnr& t -!^- r-l--- !L ^

.-J tsomewhat later than the corresponding pefts for llugoutr- soldier, .rra ioarcreeks' which atso head near the ciett of the B6ok trirr=. iqoie snowaccummulates in ttre Grassy 1tait Creek basin because the creek originates at ahigher altitude than do ttre other streams, arrd t}re-*cr, Ggiro to nelt latcriJr tfie spring.

The base flor in Grassy Trail Creek increases substantially betweenGrassy Trail Resenroir and-station 0g3l{3i0 (fig. lg). Ttre inirease isattributed to grorurd-rater inflow trom rocks younger ttran the Castlegate
Sandstone and to internittent dischllges of miie witer (tinei and pl"ttt",
1981'- p.- 

-281 
. The intermittent diicharge of mine water results inonsiderable variations in base flow downstrean frm tbe Snrryrside ttines.

The dissofved*olids cqrentraLim.s in 4? streanflow sangrles mllecterl atstation 09314340 ouring- water years 197F84 ranged froln 330 to lrg00
Tj.4_igr?qF [E_r liter; wilh a uean concentratiqr d gie nilrigrar" p*r riet(table 121. A seasonal variation in the ratios of dissolvEa ions-in ttestrearyflow (Lines and plantz, lggl, f ig. l?l is related to the qrr"rrtity otdissolved-solids, which in trrrn is retateO to seasqral variation cf'streaflos
and inflow of nine uater. In gercrfllr tslerrer, calciun ana ruE'toirrn -were ttedminant cationsr atd bicarbqrate and snlfate rere the dminant aniqrs, Semine water nay 1n_ssibly be a aource of the sulfate. Of the trace elementstttat flere anallzedr only lead ras fqnd in srentratisrs that exoeeded tlecriteria of the u.s. Ervironnental protection Agenqr (19z6r tr- sl- fordrinktngr*ater sr44iltes. ltrn uaxinrn cqrcentratlsr oE feaA was Si iicriJ=arsInr llterr conparea to a critcriqr d 50 micrograns per ff[r.--fte *ite-igato
+*-nry be a EoURE d lead. ft uarimrm srentrltiqr C Ehenol *"s 

"no,tt{0 nicrograms pr literr oqnred to a criterion of I ntcrogrin per liter.
qrentratisrs in 25 streauflow eaqrles coLlested frsmGrassy-Itall Creek at statiqr 0S1/[t10 rarged fron 4 -itligrans per liter anI?!ft 13, tglgr and rleceuber 9, t!190, to fr640 mittigraus p+ litd;n ttrry- n;1980- iftre largest calcnlated instantansrs @ner3g lod was Slgtong peT dary on l{ay 22' l!1frl. Sal was aborrt 1? ftrcent of the strean=bgtton

sertinerts tlat rere sql€d. fte princfin1 soure of tbg coat prcfaUfi G t5anine water because tie strean entains -cqrsiderable quartitie'; ofGi+*td.dsal parttctes during Sreriods d uine daratering.

t{ine sauples of benttric invertebrates collected at station 0g3l{340
_dltrttq wqteT years _I5lg, 1980, ard 19S2 !* good diversity. (See tor e*anpfeLines and Plantz, 1981, table 2 and p.3Z.l Five sanplis of pryrtoplankion
collected during rater year 1981 proUanty reflected the vari-anie ihenicatquality d the streaflotr. Green atg"e hd-a uniform distrihtion in the fivesaryrlesi howeverr blue4reen algae-afpearea in relatirrely larger numbers inthree of the samples tU. S. Geological Survey, Igg2r p.293). -
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rabre r2'--€ruarv 
T-Hr*;n:l--:ttTTqg in rassy rrail &edr at

[< i'dica** ".*HH,itlitH{'.H-tTF lvrr-B{actual rrah-c is srr+r l"r thai ue a"tectaure ralue sfrerrr I

Prolnrties and orrstihrents
Ilb. of

analyses fGan
l{irim.c-
tnarri ilr nr

stredler (g!ic feet per seord)
Ftq-leqer1l1e (desrlns eGiGfqpecific mntrtam iqr"r*icr;ns'IEr eentileter at lf C-r*ir:s) -
FE tunits)
Sodiun-drrptiqr ratio

{9
49

,gl
{9
tlg

l0.g
I0. g

t'01
6.0

988
g.g
1.7

{20
471
22.3
0.62

.32

5.3
302
10.{
{4.9
{5.9

216
{.{

23.9
355

.52
10.7

0. 15-204
. (F23.0

51(F2,600
9.1+.1

.6-r{

330-1,900
5 .5-11. ?

.6-3.9
2{rH-/o
250-770' .F75
.26-1.1

.lH.63
<.01-.210
<.01-.0{0
<.05-.35
<.01-.35

<.01-.060
<.001-.0fi1

L.6-22
?:S.'{20

, .0-83
2{.76' 
33-64

23{30
. 1.Fr5

2-FT|
s9-730

.lFl.0
4. ?-16

Laa.

Ic
t
E||
to

=

Dissolved dtfo, srn of mnstituents
OxlgenT dissolrcd (Orl
Carbori dieide, aissSiwa (qlAfkafiniry (Cffi"1_
$in-rbonatc (dil
Carbnate (O"1r--
Nitrogen, die66lved tHl
llitrcgen, orgnnic aridrrca WlNitrogen, arlne+ia dissoi*d i*i
|litrogen, nitriE dfa$rgud ini
l!*trosen, nitrlE dra$lrlec iiiillitro*nr ni!5ib + ttilnte dfimrvec (HlPIEqttDEultr ejssnfvg fpift"--p'ffit,*.'rEarqress, (as C#rl
Earftess, (as rgrcdibqra,te,,Cam3l
Calciu, dissol,red (Cal
I.lagrEsirm, dissoled {l,bl
Soditu, dis$lv€d (tbi rr
ForEassirn, dissoleid irt

47
rtg

39
39
39
39
Irl
l0
10
t0
l0
?3
ul
r0- 
2:l
{S,
39
{9
{9
.09

49
{9
{9
32
49

'-
--

-
-

Ctrloride, dissolvd fCx.i
+fEate, dissolued (S. i
Etuorider dissolved 

- 
{FT'Silica, d.i.sstved tSiqt
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Table l2.-fimry oE dmi.rr anallrses of strcarFttr in Eassy ,:fraif Credr at
Etatigr {lll3l{tt$, EEr learE Un9.8rffirtEirrred

Prc6nrties ald srstitrnnts
lib. of

anallee
t{inimn-
rnatirnm

-

-390

-

trofl
L
Ic
a
Er|
r

=

Ars€nic, dissolsed (Asl
nrriune dissnfvd {Ba)Bcct. dissolrcd (Bl
Ca+rqilu, dissolved (Cdl
Chrcmirn, d,isslrrd (Cr)
Cctr4nr1 disstltrcd {OllIrot, dissolved (tEt
[.ed, dissolved lF]Littriu, disso1rnd (til
EngarEse, dissolsed (tfirt
tEcury, dissolved (Egl
ltidrel, disslvert Nil
Seleniun' dissplved (Sel
Strcntirur dissolred (Srl
ZirE' dissolved (znl
Ptrrpf.s

r8
3

32
I

t2
I

32
t2
u
32
I
8

l8
15
1?
20

{,-3
{.fiFl00
€-rt0

<1
<f(Frm
€-2.0
<1F{O
<1-55

<r{Fg0
<1-30

(.1-1.4
<1-,1.0
4,-2.0

26tH10
340

<n}

1@ &termined gr titration in the field.
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Eorse canyon creek-originates near the crest of the Book cliffs at anattitude of about 9'600 f;et'-r;i 
"nu*"r;;_cur I "t*ep garyon through nostof the formations iho*tt in fi;;is t 

"= 
ira"rcends sqe-E$v more than 3,000feet to the base oi-trt* B*L*'&Trr" il"r tft Generrarri-ri" (pr. u. srationHtHit t%rt'rffe l) is-rnil-the rorser ila ot E"r*'C'*n at a' arrirude

Ttre trnrtal of the Genena l{ine (pl- 1} is in Eorse carryron, but the mineworkinqs entend into aeiace't;;*;G G=i;. The mine nas in olnrationdtrrins -t"ttitdi"g 'il- 
"gri* 0$r43zr.-- fr;;di'g Io uii*" ard prarrL o9gr,p' 32) an average or-anout' ffi ::t-+ F;;"r second nay be discharged#"#tflff:v rim -*" GE td'iil to Eorse brvon s:redc just rpsrrea rrm

llhe arrilral mean flm in Eorse 
_Cartrron creek at station 0g31{il4 ftrirry t5.monitoring-Perlod ranged tron o-zg crinic i".+ per-seconddur_ing water yeaErg*' to 

'-4:-crrbic 
i*t-pei-"eaa,Fo*8.;;; I*"t_EEii-(tahre 3). Eros arthe statiqr is intermild* # e,ti* rniianre ai inocated in figure 20. fuvariation is cue €ttiefif tr i"dilitt trl- di;drurg" d wate. fru t&e Genwaf'tine to Horse 

-carryon crlek- rt" ni"ri',rn p"r"k riorleiioia.a riui g3.0 qrbiefeet 1nr secard o* september s; Lafi;i;T*.Joa*a from a thrrrirerstou-
Baseflon neasurqrertts arong P*: caryon credr (fig. 2u ssf thil tbecreek was dry at least onee at eEch -sitJ-'nr; lveragg varues indicate so'eground-water r,nfros to ure creei rron trr-e 

-irjr* 
ii-o;; 

. 
casrlegatee oEElacfchask Fom*isrs. Both tr.-#"Fge ard nariun varues, Dortrer, rerlectthe disdrarge of water to tE =rlJi frm tie Generva rthe.

llost sf tbe strearnfLor sqiles ll[ected at_ station 0sr4il4 for cb€EicaranalYses q4nrentlv t*r,: g-trr oi-*'tirrly_ irr T$--dfi; e dissorveeEorrss enerrtratists In 33 +'fotGs rarged-i{ no-tJ l-Tqo_mirrigians tErliterr wirh a uean orlrEioTffrTg.rami Iler ritlr (t"biE t3l. sodirn andsulfate Here fte dmdatt rsrs -rn- 
{irg3trii rr-t tm saqrre+ 

".rqrtiu r€rsfound in qrcenEations."s 
larug L z"o-oo rioEr* lnr riter. tr tb traceelenents that trere itt"ll*"d gily rrrE *se ex6eoea iG Eit"ria estahlistreaby the u's' gnrironmental pro1tec11,9" ls"iA o9?6)- i;; driakins-narersuptrflies' I*re narimun conentratio-n or ianginese *,as sio micr-ogr-ar" perliter' cmpred to JEriterrm oeT0;ft-A,I;fp.r rirei.- -fu marius Fbenor;?ffi**:t I&?.t 

nl'crost*-rer Hier, c'onprea ro a crirerion of I
$sFer#sedinerrt conenEratims in 21 strerorrff ow sa4iles collected frmHorse canvm creek at station ogrJiit +i* $qtgr _years r-g7+81 ranged from2 milligiaqs per riteron ;"rr*ry.-ie,- rgeTii i,zt_o nittigrams p*r riter ont{ay 4' l98l' rhe malter urentratisrs r"trE"t row-noi peri<rsr nbereasttte larger onentratiJls g"o.r"lii refrECEJ.t", trruidiq d'r*rg Enriodsof high ft*-I:"*F"*- it* sncEnelt or tlurnda;stor*s. calcrrrated s'+endea-sediment loads rang# fron ress ttran 0,0t1tr.1 ir* p., a"y in uatEiyear1979' from less th;; 0-01 lobJg-lL"f€T aay auring-water year 19gor-andf:%:H"H.flf3ffi#%ffiTd$Hr veEu rs'r. coal *.s' srry
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Figure Zl--Bae frorn of Horue ialvm creek as rermd to georogy (basedon 7 meas'rcnren* made at each gte torn ou*r, fgzg to August rggl r.

62



.-.

-v Table l3--Smary oE ctuical aatyses of stredElm in brse Carr1rcn credr at
statiffi 0!l3f$71, mter Far t!I?g-Ef

[< indicates actual vahn is maller t]ran-the detectable nalue strqml

Prolnrties and constihrents
lib. of

analltses l-lean
I'tinirtllrF
neximm

Streasflow (crbic feet pr secordi
T*ater tenq=rature tdegrees Oelsius)
SFecific cordrptalre (miermiffFts

per centineter at 2f Celsiusf
FE (units)
Sodirradsorptian ratio

Gtr"otr* solids, srn of constihrcnts
ft1qen' dissolved (o? l

| g35PT f-ioride, diss6lved (qt
NJalinity (Cam?),
Bicarbonatc 1m0{1r
Carbnate (6?)r-
Nitrogen, disEolved (tI)
Nitrogen, orgEilnic dissolved (Hl
Nitrogen, arrcnia dissolved (H)
Nitrogen, nitrite dissolved (H)
Hitrogen, nitrate dissolved (Hl
Nitrogen, nitrite + nitrate disrnfved (Nl
Ptto+hortlsr .rissolved (Pl
ptn*tprusp ortlp ptp+nates dissofved (pl
Carbon, organic dissolved (Cl
Ear&ress, (as Caq)
Ear&ress, (as nsrcirbffate, CS3l
r^l sirrf,, dissolved (Ca)
t{agrresirnr dissolrrcd (Hg}
Scdiunr dissolved (lhl
Potassitn, dissolved {K}
Chloride, dissolved (CXl
$rlfate, dissolved (SOa)
Fluoride, dissolved ( Ft
Silicar dissolved ( SiOZ l

33
33

33
33
33

0. 34
1?.3

r'rr
6.r

1,8!10
7.9
2.1

370
{26
13.g
1.25

_.30

- .61

-
6.4

709
340

93
u5
359

8.6
80

n4
.30

lr.3

0.014.61
6.(Frt.5

1,390-7, ff10
8.24.7

1.(F12.0

970-,{ r2AO
6.(F10.6
l.l-4.2
rt9-,{90
340-570
.(F25.0

.44-22.0
.05-.{9

<.01-.610
<.01-.060
<.13-1.20

.13-1.20
<.01-.050

<.00b.020
1.4-19.0

42(F1r600.
10(F11300' 5r-210

65-260
ut(Frr000

4.6-26
t8-r,500

440-1,3fi1
.2(F.50

7.1-15.0

---
D
CL
$
E
I

.g

=

33
33
33
33
32
32
9
7
7
7
7

II
4
?

11
st
33
st
33
ilt
33
33
33
16
33
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rabr'e l3'-flrcry d ctaicar anallees of streaflsr in Ecrse Gflrm credc atstatim 093I{l?4, rsfor Far fg?gFgt-GntirrEd

PrctErties ard srstitrents lib. of
analyses

Uinimlr
nalri.mml€an

I
2

16
I
6
I

16
7
9

16
I
I
I
I
9

t0

to

3o
5
Ee
.El

=
=

Arsenic, dissohred (As)
Bariun, dissolued (Bal 

-

Borcr, dissol,ved (Bl
Catuim, d.issolved iCat
Chrcmiun, diselved tCif
cq4nrr_ dissoteed toitIron, dissofved (FEl
f€ad, di.ssolved (pbi
Littrirm, dissoltrEd if,it
ttangarnse, dissohrcd (ltrl
Irlerorry, dissolved fEotNidtel, .rissolved (Hii'
Seleniun, d.issolued tsefStrqrtirn, dissolved- tSi r
Zirrtr, dissolved (Znl
PtErEIs

-11 280

<l€.0
100-100
o6-tg0

I
<20

2. <IHIIO
<l-{7

<r(H30
<r-5{o

<.i
I

<1-5
72(F21000

<3-f,t
<I-5

IEtred-€ld-Enint detenired by titratigr in ttE field.
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o

Three samples of benthic invertebrates collected at station 0g3t 437 4
during water year 1980 had abou'u the sane fair-to-poor diversity as those
reported by Lines and plante, (I9gl, p. 35) for water year IgJg. Ttrreephytoplalllgn samples collected during water year 1981 (U.S. Geological
Survelt' 1982r- P.29U t,q{ a poor distriEution of green algae, and a tiirty
uniform distribrrtion of blue-green algne,

SAN RAEBET RT'ER BESIN

Euntinstm. Creek. GgfileII Cafivtrl Cre€k.

qC Tie Fork

Huntington Creek originates on the Flagstaff Linestone at an altitude
above 101000 feet on the lfasatch Plateau- The creek has cut a deep, naErow
canl'on into tlre Htagstaff and tne rndertying Getaaous fornations - 

strown on
figure- 1. It flows f rom its carryron into Castle Vallef at about Sr000 feetr
wlrere tt tns incised the Hancos Shale. Statiqrs 0931?99? and 0931S000 are crr
the llancos Shale betrreen 61200 ind 61500 feeL Flor of the stream is
regulated .at several qlstrearu reenroirg

_ Dgling the 1979 water year, nonitoring sas at staLion 09318000 (pI.1,
lable U ' rhich was olnrated by Utah Foger & Light Co. Ixrring the 1981 andrgu water yeaEs, monitorinf sas at statioi' 0g3l?grt (p1.- lr table l).
station 0S1?99l ts 13 ntles r4rstrea frm statim 0$tgn0, and tlre recordsof the two stations are virtually equivalert th€ fta oltected at station
093lH100'durtng the lSlg rater year are smarized tEr LiEs and El.antz (l!l8tr
p. 35-39). the data collected at station 093I?99? dnriry the 1980-El sater
years are stnmarized tn $ds relnrL f,f,l th data coffedrd at botb statiqrs
are published by Ret{illard and- others (fgg5, ind previous editions of that
regnrtl .

Crandall Canyon creek and Tle Fodrr trftutaries to Euntilgton Creelc,
alm euld be affected bf oal ninirg. ftEe Etreeqs uere nsritored at gagflrg
statl.ons 09317919 and 09t17920 (pl. I, table ll. station 0g31?glg, rtrictr rs
near the mouth of Crandall Canl'bn, is on the Star point Sandstone at an
altitude of 7'350 feeL Station 0931?920, vhich is near the mouth of Tie
Forkr also is on the Star Point Sandstoue; hrt it is at an altitude of about
71400 feeL Eoth stations were ogrerated co'rtinuously drrrinq the t$/g water
year_ (see Lines and Plantz, 1981, p. 351 lart only seasonally during the
remainder of the monitorftq priod (tahle l).

llhe Euntington Creek drainage basin is
trnrts of the central Utatr coal-fields area-
basin were leased for coal nining in 1980,
lrtost d the mine rrorkirrgs require desateringr
a total of less than f drUic-foot per secoriE
Euntirqton Creek. The mine waters reportedfy
IEr liter of dissolved solids.

one of tle uore actively-nined
t{ore than 201000 acres in the

includ.ing the Deer Creek t{ine.
hrt anei I ehl s data indicate that
of mine vater is disctrarged to
contain about, 500-800 nilligrans

A ptential exi.sts for u-ine-relateri interbasin transfer d gror:nd sater
betryeen Euntington Creek basin and adjacent basins. For exauple, the Deer
Creek l{ine workirgs harre been e:ctencled into tbe Co'ttsmood Geek basin, ard
workings d the Eiarsattra t{ine (p1. 1} harrre been erEended frcm the ttiller Creek
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basin into the Euntington creek basin. Also, workings of the Belina Nos. Iand 2 rtTs probabry *ilr -t t.tte rrqu the t{trd Geek ba;irl into ttre nuntingrtonCreek basin

Lines and Plantz (tg.81' fig- 20) showed that most of the annuar fror incrandall canlon qredt durittg ut*-ig7l.*it"f r*r" was from mid Hry to earlyJdy' probably due to nell-ing & -rrigtr_:arfituae *o*.- - Figur e zz of thisregnrt, whictr includes reerds foi tfre ig/g-*it*r ],ear and seasonal record forwater years 1980-84, indicatJJlnit lilp.A selsonar ftow begins in lareAPril' During ttre 1979 
-water year'- ttre rdt- n* in aandart carqon creek atstation 0g3U9lg rras 2J9 .rtff=lo-p", 

=*srrd (t"Ha3i. Ttre n_aximrm Feakflcry recorded in crandarl-catEErlEle.-at #3tibn 0g3l?g1g was g7.0 cubic feetgnr second on trlay 24, IgBl, wfrictr iesrlted frm srpwnelL
the dissolved-solids qrentratims in 30 streamflm sanples colleEtedfrm cranihrl- caryron credr at "t"ti*r o$riiri 

-q5tutg 
-Ang,r"t 

lg/g-septeuber198{ ranged fron- 229 tq 320 ;illG;ffp"r tirer, witn a mean of 263miuigtra'c. pr ltter (tanre-r{}--Eidg, n4nesiun, ard bicarbonate were thedominant ions in all t\ sanpres. conceritrations of none of the traceelements that rere lSaryzee-Eic*"4*a rhJ;riteriJ 
""t"nrished br theEnvironmental protection egen"y'iffr6t f;;drinking_water supplies. Ihenzucimum $renol eoncentratiin f"d 25 ;G;"gfus per liter, compared to acriteria of t nicrogra pr titei- - 5-v5\4tri

rhe s''Eenile&s€r{in'ert onertraEiqrs d Ul sa4rles obtained durfug tbenonitorirry period ranged fror a G- qt rialigr*r IEr liter. tbe cateaflatedittstantarEous ryseendeEF€edrnert fi"dr d= Eiil. ogSrzgig r"rrE.d fro 0Jlg ts0J5 tons Per dar drrrtng_rater {+ rytg; oJi to 0*sttois per day drrringwater year 1980; and lele than b.or to o:s tJtr" per day drrring water year1981' stream-bottou eiaGEni 
"lirpi"a d;rfr; water years rgsr and rggzconsisted of less tian 0.6 grerert. *.1.

saqrles 6f berrthic iwertebratT anr @ mL[este6 at statton0s179ul gobabry reftect tbe chearcal g,r"li{' .r- ta sueanfror (as describedearlterl rn craftau canfon creelc.- -qp sa6t.F d uduertt,i" funrertebratescollected during *ater -year tig0 (US. G@iraf S_u_1yeryrr 19g11 p. 30S) hadgoott ctlversityr ana tfrc sanpf-es'oe itflgtsI-*rlile cafleci€d dollrg water yeartltgt tu.s. ceotogicar sffi€f;-rgga, ;r'ii5i-a].Eprqrd rrniforu dtsrrihrrion dgreen algag - ' __' ---' 
-strearnflow in ri'e srt, as in cr. *g+l_carrym sedr,, occurs chiefty frmsrqrnelL 

'ftre 
fr.ow per eguare nile in Tie For-fhowerrer, is muctr less than itis in crandall canyon cre&c ttanre rf b""",t*-the crardarr carr'on credr basi'generarly is hi$rer arsit receiieJ;o*; pre*ipit"don urilIi.-ri. Fork basi&

station 09317920 (Pl. l, ta.ble r), which is near the mouth of Tie Forkwas olnrated mntinrnusly furing the lgtg wateiy""r. jtre mean fl.m for ttratperiod was 2.04 crrbic fEet per-"ec;t-d- -Til;Li**, *irri*,*, and averagedaity mean flow (fig. 231 rectects narim,n *o*ert nhofi ar:ring rate april-June' rtre naximrm p.-k flow *as 2s0 crrbic feet pr secord on April 30, 1gg0,whidr resnlted frm-sncrrmelL

The dissorved-solids concentrations ,n ?2 streanflow sangrles mllec1edfrm Tie Pork at station 0su9i0 dil;ing sater years tg7Fgl ranged frou 240
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frab}e -r4'-s'wry of ctuif]3$rpes of streaflsr in candarr can*r crekstatisr 0g3l?g1gr nater yEEs lg7tsg4[<indicates actral value is gnaiter tlEn the detectable value sh*,rn]

Progerties and constihrents
No. of

analyses t{ean
l{ininnm--
mxim,.rm

30
30

30
30
30

30
30
20
20
20
20
IO

6
6
6
5

I8
L2

6
18
3r
20
30
30.30
30
30
30
23
30

r'o

o
ct
JI

E€
E|I

=

S-treamflow (arbic feet per seorrt)
ryateT -lenperah.rre tegrees Cetsiuit
SFecific orductare lnicreierens'per centirreter at 2f Celsius)
1s (unitsl
SodirradsorpLisr ratio

Dissolved solids, srn of mnsLihrents
O:<1qen, dissolrrud (Orl
Carbon diocide, dissEtyed (q)Ekafinity (Cs1l_
Bicarbonate (mfi1r
Carbonate (O?lr-
Nitrogen, disEolved 1fr1
Nitrogenr organic dissifveA {u}Nitrogen, anmria disootved iUi.Nitrogen, nitrits diss+hF,r iui'NitrcAen, nitrate atcmnu.O ipiNitrogen, nitrite + nitrate dGsolved
Plrosptnrrtsr disshrcd (pl
Phoqthomsl orttp pho+hites dissolsed
9atF"' orghnie aissofsed (Ct
Ear&ress, (as ffirl
Ear&ress, (as rsrcfirbcnater CSe)
Calcilu, dissolrnd (Cal
lilagresirm, dissofwd- (Hgt
Scdium, dissohred (Nat
Fotassir,m, dissolsed (El
Chl.oride, dissolved {(Xt
Su1tate, dissolrled (Srl
Fluoride, dissolrred 

- 

{Fi-Silica, dissolsed (SiOz l

(H)

(Pl

4.7
11.5

-t1

.12

263
g.g
1.3'

226
262

7.9
.5{l

_.38

:

3.9
248
31.7
55.4
29.4
5.2
1.4
4.6

32.3
.13

6.0

0 .38-49
.(F25.5

3sH80
g.l-g .7

.1-.3

2?g/-32fi
7.1-rll
.7-2.5

19F280
230-330

.FAn
.IFl.1
.l{-1.1

<.01-0.070
<.010

<.05-.05
<.01-.20

<.01-.060
<.001-.010

1.4-9.2
230-300

L2-5'I
4ffi3
21-35

4.ts6.7
.50-4.1
3.4-6.3

20-43
.lF.20
4.9-7 .0
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Table l{-{mary of drenical anallses of streafLm in Crandalt Can}an creek atstatisr 093l7gM, mter lrears lyrg-84

Prc4nrties and cqrstitrcnts
[b. of

analyses
lfinim.mr
maxisnrnl.Eart

Lo
=
L
lDq
UI

Ea
o

=

Arsenie, dissolved (Asl
Bariru, dissoltred (Ba)
Eklrmr dissolved (Bl
Cadnirm, dissolved (Cdl
Ctrrcmium, dissolved (Crl
Cq4nrr rriesolred (OIl
fron, dissolved (EEl
L€ad, dissolved (ft)
Litlrirm, dissohred (tit
tlangarese, dissolrred (ltr)
trtero.rry, disso'lvrd (Eg)
Nickel, dissolved (Hil
Se.Ienium, dissolved (Se)
Strsrtirm, dissolved (Sr)
Zincr dissolved (Zn)
Pttrnls

15
5

23
9

UI
9

23
14u
23

9
9

15
TT
15
15

ur5

<l-2.0
<100

<r0-60
<1

<10-10.4
<3-10
<1-15

<1(F30
<r-17
<r-.9
<t-10
<r-1

180-220
<3-82
<1-25

o

o

I4Fi a€d-€lrd'Eint detemined er tltration in ttE field.
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to 330 milligrams per liter, with a mean of 287 nilligrams per liter (table
15) - Calcium and magnesium were the dominant dissolved cationsr Errd
bicarbonate was the domhant dissolrred anioru ltone cf the trace elements trere
found in concentrations that exceeded ttre criteria established by the U.S.Environmental protection Agenqp (lg?6) for drinking-water supplies. Ttre
maximum trheno1 conCentration sls 39 nicrograms pe; liter, c6ripared to acriterion of I micrograr 5nr litea

Ihe suspended-sediment conentrations in 13 streanflow sang[es collectedat station 09317920 auring ry 199-8i water years ranged troru Z milligramsper li-teq on Jannary 261 1981, to 648 nilligr-ans per titer on gay lS, iggO.
the calculated instantaneous susgnr#sedinent loids at the station ranqedrangedthe calculated instantaneous susgnr#sedinent loids at the statfrm 0J2 to 0J7 tglq^per qry fuirg watcr year 1f/9, 0.03 to 45 tons per foq'
cturing water year lg80r dnd less ttnn 0.0I to OJZ tons per day durin{'r*atel
year 198I. 6aI was 05 percent of the stream#ttm sedinerts s"nfed at the
station.

Trro salEtles of bentiic innert&ates collected at station 0931?920 durfuE
the 1980 water year had fairly god'diversity (U.S. Geotogical Sunreyr lggl;
tr 3101r reflectirg an ap[Erertly ungnlluted strearn-tottm- erruirquenE at the
tlts 9*_tttg _sampling. Firae ptrytbplanftsr sangiles coltected dunrq sater year
1981 had a {3ir1y uniform distrilutim d green algae (u-S. Gealogieal Sunrryr
1982, p. 318).

Station 093179yt was ognrated mntinrnusly etirg rater years ltl8o and
1981 (table U. rtre annual trean.flos ranged fron 63 crrbic feet per second
dtrrtng water lrear I98I to Il2 qrhic feet, per secqra in rater ]'eat igg0 (hble
3). llaxinunr minimtm, and arrerage daily uean flm recorded aE ttre station is
shcrrlr in figur e 24.

Bas*flor measurements in Euntirgton Creds uere made upstream fromstation 0931'8000 during Angrust 1978-Augrust 1981. Ihe iesnlts of those
measurements, which are related to geolof in figure ZSt lnficate negligihle
gain or loss of florr as tie strean crosseg -the ttanos Shale or the star fointSardstse. Disdrarge frm the Deer Creek tline did rff, reactr the strean &rring
1979 (Lines and Plantz 1981r p.351; therefore, it sas assrmed not to have
done so during the eutire lnriod of baseflon neasur€ments.

l$re cfiemical analyss of 25 streanfLm eanliles cotle(ted fron Hgntilgton
Cre€k at station 0931799 erfng Octder l9rtsSegeder 198I are summarized in
tahle 16. Dissolved-€alids conentratiqrs rangeit fron 160 to fiA ruitligrams
trnr liter, wittr a mean of 218 nilligrrans IEr litea rhe donfuant cauioi was
ealciun and the dmirrant anion wali bicarbqrate. tsne d tjte trace elements
that xtere analyzed were found in conentrations that exceeded the criteria
estabristred W ttre u-s. Enrironmental prdection Arncy (Is/6) for drinking-
water stqfiies. Ttre nacinun phenol onentratsion was 1{ nicrcgrans trnr litei,
cunpared to a criterion of t nicogrm lnr liter.

Suspended-sediment data $ere'collected at station 0931799? during the
1980 and 198I water 1€ars. @ conentrations in 23 streamf,low
samSiles collected ranged frcra 5 to l'830 rnilligranl per liter. Itre calcglated
instantaneous sustrend#sedimerrt loads at the station rangred from 2J to 1rffig
tons per day during the 1980 water year, and f ron 0.39-to 529 tons per-day
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i[ahle 15.{mry of cheni.ca.l anallces of stredlsr in Tie ruk at
staticn 09317920, mter l,€ars lln}-8f

[<furdietes ffiral rrahe is sraller tlran ttE d€teetable tahre sttcrnl

Prog=rties and onstihrents
lb. of

anafyses
nininr
r4'{irnln

22
22

22
22
22

22
22
2t
2L
21
21
7
6
6
6
6
9
3
6
9

22
2L
22
22
22
22
22
22
14
22

b|'
=l|'a
s
Erl

3
=

Streartrlcn (crDic feet pr seord)
Irhter trryerature {&qrees Oetsins)
qFecific mtdrtare (nicreirors

lnr cEnti.eter at 25J Glsirrs)
FE (units l
Sodirradsorptisr ratio

2.4
7.9

488

0.08

w
9.3
I.5

2U
fiz

7.0 -
.74-
.32

:
.!7
.30

-'027.2
zffi
31.9
57
30
4.2
1.7
4.9

34
.1

6.2

0.38-26
.(Fr{.0

425'{80
8.2-8.?

.(F.l
zlltF330

? .9-11. 4
.8-3.3

205-280
23(F34{l

.(FI6
.32-2.0
.12-.52

(.01-.06
<.01-.0r

.0El-1.{

.0EF1.l

.01-.02
<.001-.040

1.F21
220-310
8.(F55
-49-70

. 18-35
3. (F5.3
i.0-,1.6
3.6-9.8

18-41
.1-.2

4.8-?.0

Dissolved solids, sn of constihrents
Oaclqen, di*solved (O?l
Carbon dieide, dissdlved (q)
AII<aIinitY (t.acE\I.
Bicarbonate 1qQ{1r
Carbonate (O"lr-
Hitrogen, dis5olved (lt)

tNl
(N)
tNl
(Nl
dissof-"red

Nitrogen, orgnnic dissolved
Nitrogen, amsria dissolved
Nitrogen, $itrite dissolv€d
Nitrogen, nitrate disrphted
Nitrogen, nitrite + nitratc
*nspnorusl dissolveit (Pl
pfpsptrorusr ortln ptn+hates dissoltred
Carbon, organic dissolved (C)
Ear&ress' (as C#r)
Ear&ress, {as rrorcErbcrrate, CaO%)
Ca1ciu, dissohred (Cal
tlagresirm, dissofvEd (figl
Scdium, dissolved tllal
Fotassitn, dissolrrec (K)
Chloride, dissolved (C1)
Sulfate, dissolrrcd {SOa )
Fluoride, dissolved (Fi
Silica, dissolved tSiq)

(Nl

(Pl
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Table l5.-*rcry sf 'c*rsnir.-r 
anallmes of stra?ilnflgp in Tie 16rk atstatiffi 0!IIIZ!120, ster Fars fg?lHl*rtinred

Prqnrties and cqrstitrnnts
Ho. of

analyses tban
l-iinimnr
maxirum

L|'
Loe{
Eabg

E

Arsenic, dissotved (Asl
Barir.m, dissolved tBa)
Borcr, dissolsed (Bt
ffiirm, dissohrcd (Cdt
(ltrcmirru, dissolrred (Crl
Cq4=r, dissofv€d (orl
frcn, disslved (Ebl
L€d' dicsoltt€d tgr)Littrirn, dissolrcd if,it
ilafigarese, dissol.rred (ltrt
lfrqtryr dissolwd (Egl
Hidel, dissotved (Hii-
Selenirm, dis$l$ed (Sel
Strcntirm, dissofved {Sr}Zinc, dissofped (zn)
Pferpfs

9
2

14
3
?
3

1{
I
I

t{
3
3
I
I
I
9

232

<1-2 .0
<100

<1(F60
<1

<20
4-2

, <I(FtlO
<I-Ul

<10-30
<10
.10

.(Hl
<1-1

2fi1-260
<3-50
l-39

rri:eeenFpint deteuirrcd by tiLation is ttn fierd.
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Tab1e 16.-srmary of ciaicat arra-l1ses of streaflan in Erntingtcn Creek at
station 0{t3179yt, tater tears lIlfrHl{cntinred

Prc4nrties arrt crnstitrrerts
No. of

analyses t€an
titinim.tm--
maxinnun

3

=|'
ct
fl

E€
g
=E

-ers*,i", 
d,issolrred (Asl

Barium, dissolved (Ea)
Eortrr, dissolved (B)
Cdniun, dissolrnd (Cd)
Cttrcmiun, dissolved tcrlI'c[4nr' dissolved t0r]
Iron, dissolved tfEl
L€ad, dissolved (Fl
Littrirm, dissolrred (ti)
t+'Iarqarese, dissolsed (t{n)
lErolry, d,issolved (Hg)
Nickel, disstrlved (Hi )
Seleniun, dissolved (Sel
Strqrtir.m, dissolved (Srl
Zinc, dissolved ( Zn)
Plerpts

9
2

n
2
9
2

20
9
9

20
2
2
I
I
9

TI

., lf rt

Itr
A'J

1:r3

<1. 0-2. 0
<100-200
<10-160

<1
<t(F20

1-r
<I(FILO
<1.0-l
<10-30

4.0-32.0
<.1

1.0-2.0
<r-r.0

1r0-170
<3-7.0
<1-14

o 1Pio6-srd-Foint deternined by titratim in ttn field.
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duri_ng the IgBl water year.
santrfles.

coal Has l-2 trrcrcent of the stream-bottom

six samples of benthic irnrertebratcs collected at station 0g317g9? duringthe 1980 and 1981 water years (u-s. c,eo_logicql sunreyf 19g1, p. 315; 19g2, p.325), and the benttric ir#ertebiitE= couected at =.-*ition 0g3rg000 drrriry the1979 water year (Lines and Prantzr 19sr, p. 39), all apparently reflect theexcellent. chenicar -quarie' of water in nintington creek (tabre 16). Threesanples of pt4toplankton weie corlected at stati&r ogilzgg? rtrring uater years1980 and 1981. Green algae were well distributed in most early summersamplesr but bluFgreen atgae Has more doninant in tt * engo"t (tow-flow)saqrles.

FoEtom*nod Cre*
Oottomood freek originates on the Hlagstaff Linestone at an altitude ofabout l0'500 feet on theirasatctr ptateau. - rt has cuC ia**p, narror canyonthrou$r the Cretaeorrs fornations- *tqgn + rig,rr€ l, ana snere it energs frmtF.". ca-rryon into castl,ejdrery iC is flonlhg over the t{ancos shale at analtitude of about 5 

'000 feeL H loser reactr oe the cnedr reaeives mst, ofits flow by releases f rom ,roeE v"li.f ilG;roir_ through straight carryrorustation 09324200 -(P1.. 1,- table 1) ii upsti."r from ttre confluence rithstraight canfon, uut it is severai turnaiea leet downstreErm f rom the Trair.l,lountain {irg (pl. l}. At the station, Cottorr*ood Creek G ilo,rirrg on theStar Point Sandstsre at an altitde d 619{0 feet
Ttre Trail l'tountain {ine was placed in operation seneral years beforestation 0932rn00 sas installedr anl- the land fevef i+g requird , ; ,iogTurtal-faqilities teft onsiderable r6ose silt and sril-"frd*# t" otton*ood Geekrhe mine was in oSnration _turing tt"-rqrit";G peiioa, -hrt 

4prenery it didnd disdtarge water into o'ttormmA creelc. sfra workings ff tbe IEer creekIitg {p1.- ll-advanced fron the Eunti;gto" cr"*r. basin into tbe cottonsoodCreek basin during tie mnitoring perioL
Data mllected at station o9Fi242ig d,rrtlg tbe lg/9-g[ w*er years (table1) st4l5flement streainftcxr and water-quariw aita collected at the long-termgqgllE station 0S24500r shidr is anout 3 tiires do+rnstream frm fhe €rftuencewith straight cany-on (P1- U. (see Ret{il1ard and otters, r-gas, p. rgs.} Ttremean flow recorded atttation a9324200 during the rgtg-*iter year was 0.g?cubic feet Pe-T second -(t-able r). rtis is ress than t percent of themrresSnndirq flory recorded at stition 09324500. Itre m4rimu, min1unr ErlilaveragE da:ily mean flqr qf oottorryood freek at, station 0gB2{200 is stro*nr infigure 26- ttuctr of the flow is from late t{ay to early July, ehiefly inreq[Pffie to snonmelt on ttre l{asatctr Plateau. ItrE naximrm'pat flgtd, recssded

Tas gnly 22.0 cubic feet per secorrd on June 5, lgg0, ard the nininun sas zero(tablg 3). ' -.- 
E'v -s*-su '{"t

A series of base-flow measurements (generally two sets per year) weremade ulgtg 
-oottorrsood Geek qrstream frm station ogfe+zog dnrilg August lgr/g-August 1981. Ttre results of those measurenents are related [ol"""r"ry i"figrrre 27. Ihe stream seems to gain some flos where it crosses the BlackhmkFormation Ttre mininuu flow 1-ine, honever, ind.icates some loss from thestream.
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Chemical analyses of 22 streamflon sarqrles collected at station 09324200
ouring the 1979-8I water years are summarized in table 1?. The dissolved-
solids concentrations rarged frqn 290 to 460 milligrams trler literr with a meanof 350 milligrElms Per liter. l.lagnesiun and calciua were the dqninant cations
while bicarbonate was the dominant anion. Of the trace elements that were
analyzed' lead and manganese hrere found in concentrations that exceed thecriteria established bf- ttre U.S. Ervirarmental Protection Agency (fg76), for
drinki4g-laJer. st44iliet ttre maximun cqrentration of lead and manganes€ nas
130 and lt0-microgran! Per literr corqnred to ttre criteria o'f 50 iicrograms
Per I ite r for both ions. Ttre maximum concentration of phenol w js 13
micrograms [Er literr conqnred to a criterion c'f I microgram pe] liter.

Suspended-sediment data were collected at station 09324200 during the
1979 trater year' and according to Lines and Ptantz (198f, p. 44) the
instantaneous _sustrnnded-sediment loads ranged from 0.01 to 0J0 tqrs IEr da1r.
The-suspended-sediment eoncentrations in 13 streamflow samples collected
during the 1980 and 1981 water years ranged from 4 milligrans per 1iter in
June and August 1981 to 1fi70 nilligrams per liter on Hovemner 10, lg80.
Caleulated instantaneous suspended-sedirnent loads ranged from 0.2I to 32 tons
per day during thg 1980 water year, and from less than 0.01 to 0.51 tons per
day during ttre t98I water year. SEreanr:bottm sedinents qrsisted of as nuch
as 4.! pereent coal.

Trro sa4iles of benttric irnrertebrates were collected at station 09324200
cluring the 1980 rater year (u.s. Geologicar sunrey, l98l, p.323) and five
samples 9f phytoplankton $ere collected during the 1981 water year (U.S.
Geologicat $r_nrefr 1982r _ p. 3351. Ihe benthic irnrcrtebrates collected drrring
water year llqg had good diversity' as did the two samples collected during
water yeif 1979 (Irines and Plantz, lg8lr p..{4}. The ptrytoplzuikton samplei
contained a uniforn distributitrl of green algae, but some bluegreen algae was
obsenred in euE:st and September (1or"- flow) sarnSiLes. ' ;

DIRIY IHTIL RIVER BASI}T

Oritcbupqh_Creek, JEorrvulsion Canvan Creelg , and

Christiansen wash

Quitdtupan Creek originates on ttre sonthern part of ttre l{asatc}r plateau
at an altitude of about I0r800 feeL It heads on the Flagstaff tinestone arxt
has cut a cartp_n thro-ugh tlre Cretaceorrs formations shown in figure l. Station
09331900 (pl. 1r table 1) is on the coal-bearing Ferron sandstone l,lember of
ttre ttancps Sha1e at an altitude of 51900 feeL

Corwulsion Canyon creek and Christiansen wasir are tributaries of
Ouitchupah Cre€k. Convulsion Canyon creek origlnates on the Flagstaff
Linestone at rn altitude of about 9,000 feet. ft cuts through the- coal-
beanrtg Brackhask Fornation and joins Ouitdlrpah creek at an alti[udh of atput
6'600 feet, Station 09331850 oh Corwulsion Canyon creek (pl. 1, table t) isat an altitude of 7,120 feet. Christiansen Wash originates qr the Castlegate
Sandstone at an altitude of about 8,800 feet. It cuts through the oider
Cretaceous fornations shorn in figure I and joins ouitchulEh-Creek at an

._. altitude.of about 51900 feet. Station 09331950 on Ctrristianien t{ash (pl. I,
O 

tabre l, is lpstrean from the onflrrnce with Qnritctupah creek at an ariituai

B1



Tabl.e l7.4mry of daica.f analyses of streaflcn in bttsnnd Cred< at
staticn 0932i1200, nater yers lg?tsSt

[< indicates actual value is gnaller than the detectable ralue sfrcsrn]

Pro6nrties ard onstihrents
Itlo. .of

ana.Iyses
l{.inim.r
rnrcirnrn

22
22

22
22
an

22
a2
2L
7J
21
2L
7
6
6
6
5
9

,3
6
9

zt
21
AT
22
22
22
t2
22
14
22

b
E'

3
EL
JI

a
o

=

Streamflo* (cnbic feet per secord)
ttater teqnrature {egees Celsius}
qFecific corductarrc (nicrosi+nnrs

per c€ntineter at Zf Cefsiusl
FE (units)
Sodiuradsorptio ratio

(Nl
(Nl
(Hl
FI}
dissolved (Nl

1.6
11.7

5?3

0.5

350
g.g
1.3

262
299
11.6

.72

.34

.24

.n
., 

J'01
6.2

2gI
32.5
48
{0
L7
2.3

ll.6
57

.l
6.9

0 .20-rL .0
.F21.5

50H50
g .3-8.9
.34.5

2go-,460
6 .8-11.6

.6-3.3
19?-44t1
240{20

.FlA
.zFl.l0
.l3-.68

<.01-.0?0
<.01-.01

.08-.34

.08-.52

.01-.02
(.001-.040

1.5, 1t9

25rF340
.HI
34-ft
31-47
L}lz
.8{.1
8.5-19

40-80
.1-.2

5.8-7.2

Dissolved solids, sr.m of enstihrisrts
Oqrgen, dissolvd (O"l
Carbon diside, dissdlrrcd (ql
nUetinity (Caq),
Bicarbonate 1m0{1r
Carbonate (@r)r-
Nitrogen' disSolvrd (tll
Hitrogen, orgarric dismfved
Nitrogen, amnqri-e diqc+rrred
Nitrogen' nitriE r{isErlrr*r
Nitrogen, nitraE .riss lved
Nitrogen, nitriE + nitfiate
Ptp*trcmsl disslved tPtptrceptcmsr ofrto ptn*hatcs dissol$ed (P)
Carbon, orgnnic fiicsolsed (Q!
Ear&tess, (€s Ctr+rt
Frr&ress, (as rgrcdrtcnate, Cql
Caleiu, dissolrcd (Cal
l{agresiur, dissolwd (Hgl
Soditm' rrissolved (lla)
Fotassirm, dissofsed (El
Ctrloride, dissoleed (Cl'l
Sulfate, dissolrcd (Sr)
Fluoride, dissolsed (fi
Silicar dissolved tsiql
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EabI€ l?.Jsnary of ciaical anallces of streafigg in 6ttcrmcd Credr at
station (Xl32{2m, tater lrars f9?H1--€crrtinred

Prcperties arrl ffiistitrffis
hb. of

anafyses
Itinimr
naximmI'ban

I

9
2

l4
3
6
3

14
8
I

14
3
3
9
I
9
9

La-=
o
CL
Ut
E
f,tgr

=E

Arsenic, dissolrred (Asl
Barirsn, dissol',red (Bal
Borqr, dissohrEd (Bt
Cadmirm, dissohred (Cdl
Chrcnirn, dissolved (Cr)
Cc64nr, dicsnlrrerr (Orl
Iron' dissolved (FE)
[.€ad, dissolved (ft]
Lithiu, dissol\red (tit
tlarmrge, dissokrcd (tfirl
liErcury, dissohnd (Egl
llidce.l' Cissnkmd (t{1}
Selenirlu, dissolved, (Set
Strsrtirm, dissol,red (Sr) 

_

Zinc. dissolsEd (Znl
PtErEls

tl8

u2

<1-2.0
<r00

20-200
<l

<1(Ft0
<2-2.0
<r0-3{t
<r-130
<1o-{t{t
<2-20

<.1
<1
I

300-39{t
<3-10
<l-Ul

fri@ &tertued h, titration in tft field.
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of 51920 feet. The confluence of Convulsion Carryron creek and Christiansen
Wash with Quitchupah Cre€k are on tJre coal-benrirq Ferron Sandstone l{ember of
the l'tancos Shale.

Hore than 61000 acres of Federal croal trave been leased in the Auitdilryah
Creek basin upstrean fron stations 09331850' 09331900r and 09331950 (p1. U.
Ttre Convulsion Canyon lrtiner uglstream from station 09331850r was prodrcing ooal
frqn ttre Elackhmk Forru*ion durirg ttre ccqilete nonitorirg period at that
statioru Ttre Emery Hine uas producing coal frm the Ferrsr Sandstone l{eder
during ttre monitoring priods at stations 09331900 and 09331950.

According to Waddelt and others (198fr table 8), as much as 0J cubic
feet 1nr securd of unconsumned mirre water sttainirg about 275 mil ligrame 1nr
liter of dissolved-solids has been dischargd intermittently from the
bnvrrlsion Canlon l,line to $nrnrlsion Car1non creek. !fte dminant ions in rder
from the Snrnrision lrline rrere rnagresinn, calcium, arrt bicarbonate. ,

Accordirg to Lines and Plantz (1981, f 1?l t an average of 0.7 qrbic ft"t
Eler second of unconsumned nine nater Has discharged in 1979 f ron the Enery
t{ine to Quitctrrpah Geek. Sp water disdtarged from ttre hery l{ine is of txtor '

chernical quality. Three saqites €llected duriry 1916 ard 1979 shsred a raqF
of dissofved solids frm 3r040-5ri00 nirrigaass pgs liter f,ires and Plantzt
1981, p. 47). ltre predminant dissolved ions were sodim ard sulfate.

Seasqral records sere cotlected *, statitrr 09331850 on ftrnnrlsion Caryql
creek, dnring uater years l98r-84r ard gS na'riqu[r minimur and a\rerage daily
Dean flows are sho$n in figure 2& l,Iffit, d the flow ffi'urs dtJring tfre npril-
Jure trnri.od. of snorrmelt. Ite marimrn Feak flcl recorded at tbe statiqr ras
34.0 eubic feet per second on July 3.0r !,98{; rhich resulted frou a
tturrderston.

Ehe dissofve#soflds srcentratims in 14 stremflow sangit es coltected at
station 09331850 ranged frm 320 to S0 qi lr igrans gnr literr wittr a mean of
509 nflLligrn'ns lnr liter (t$le lS. Calcium' uqnesiun' anil bicarbonate sere
the dorainiurt ims in no6t mrngil,es. Of th trae elemenEs that were anallzedr
only manganese was found in concentrations that exceed the criteria
estintistled by tlre U.S. Endrsrnentat Prstection lgency OgtO for tlrinkinry
water sr44rlies. llte naxinun ctrrcentratitrr d narganese wlrs 61 nicroltrans 1,er
liter, Conpared to a criterion of 50 nicrogrars per liler. lthe maximum
concentration of boron ras 790 nicrograms Per liter' which exceeded the
criterim of 750 niaograns tEE liter for laq-tem irrigatim on sensitive
crops (U.S. Ervironmental Protection Agenqr, l,n6t P. ?5). The naxinrrm
colcentratisr of Ehenol was 9 nicrqgraF+ [pr liter' cqnred to a criteriqr of
I nicrogram per liter.

A smalt qnfitity of sedinerrt data u,ere collected at statiqr 09331850. A
streamflow sample collecfed on October 22' 1980 had a sus1lended-sediment
concentration of 17 milligrans per literr and another sample collected on
SepEember 'l| 1981, had a srspended-sedinent csrcentratiqr of 180 rnir.|igsams
per liter. Calculated instantaneous suspended-sediment loads at station
09331850 auring water year 1981 ranged from less tttan 0.01 to 0J3 tons per
dry. No bottffi-s€diuent s4les flere €Llect€d.
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TabI€ l8.---f,.rc-ry of duirr
cTed( at statiffi

[ < indicates mr.ral valrc is

ana,lyses of streaFl<rr in Csruulsim Carqtcrt
09331850, r*rt€r Fars UIEI-8{
gnaller than EtE detectable value stptnl

Prolnrties and orctihrents
No. of

aralyses
ttini.nnr
ueximst

1{
Irl

14
14
14

14
14

7
7
7
7

:

;
9

9
14

7
14
I4
14
14
14
14
14
14

o

3
CL
s
E
c
CT

=

Streartrlow (ctbic feet pr semrd)
ttater tqnrahrre (&grees Oelsius)
Specifie orrluctare (nicrwi€ttEriri

per centi.eter at ef Cefsirrs)
FE (units)
Scdirwadrcrpcicn ratio

0.85
12.5

39s

.71

509
8.0
2.3

2r7
307

3.3

_.56

=
;
4.5

428
103
81.7
54. I
33.5
3.6

35.5
156

.26
1r.5

0.15-1.?
4.5F16.0

68(F1,330
8.1-8.6
.50-1.0

3aH60
7.H.4
1.4-4.0
zAF330
26{F000
.(H.0

.37{1.76

:

.o3-l.r
<.01-.080

1.3-8.4
30ffi{0

88-15{t
58-rt0
3H0
23-51

2.H.6
r.H?

1rxFz80
.2(F.50

1(F13

Dissolved solids, sn of enstihrents
Oxlqen' dissolved {Or}
Carbffi dicide, dis$lved (ql
Nka.IinitY (cnT\1,
Bicarbnate (m0{lr
Carbonate (O1lr-
Nitrcgenr disEolved (H)

(rf)
tHl
(Nl
(N)
dissolved

Nitrogen, organic dissplveal
Nitrogen' ffinani-a disglve6
Nitrogen, nitrite dissolved
Nitrogen' nitrate disslued
Nitrogen, nitrite + nitrate
Hpsphorus' d.issolved (Pl
ftpe4ltpnrs, ortlp fto*nates dissoltnd
Carbon' organic diss+lued tCl
Ear&ress, (ari C#}rl
Eardness, (s rsrcirbsrate, C#3)
Calcirn, dissohred (Cal
l{agresirm, dissolrcd (Hg)
Sodirn' di.ssolved {lbl
Potassirnr dissolwd (Kl
Ctrtoride, dissolvd (Clt
$rlEate, dissolvEd ls0dl
Fluoride, di-ssolved (Fi
Silica, dissohred (Siql

(N)

(P)
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TabI€ l8.*rcary of daical analyses 6f sfse=tFio* in brwul-sicn Canlon
creek at staticn 0!1331850, $ater years 1981-84€ntirued

Prc4nrties and ccnstitr.cnts
llc. of

analyses l,ban
t{inirusr
maximm

7
3

14
7
7
7

14
7
3

t4
7

.7
7
3
7
6

bIt

IDe
tt
E
f
Or

=

lt=*,i", dissolrred ([B]
Barirm, dissofved tBal
Borcn, dissolved (B)
Cadutirru, dissoltred (Cdl
Chrqdum, dissolved (fr}
Cq4nr, dissolved (or)'Iron, dissolved (Ets)
L€ad' dissolved (Hl)
Lithirm, dissolrr€d ttil
uangrcse, dissolved tltnl
titerolry, dissolved (Egl
Nickel'''dissolved (Ni )
Se1enium, dissolved (Set
Strcntir.m, dissofsed (Srl
Zinc, dissolved (Znl

jrernls

r3

i.=
2l. g

1.7

r1
3.2

<1-3 . O
<100

100-790
€

<lrlo
.4-2

<LFTI
<1-3w

9.(HL
(.1-.4

l.(F2.0
<l-'{.0

sfiH5{t
<F3{l

l.(H.o
.lrE5.:#1pint determined hf titration in tJn field.
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Ttpo of five samples of ptrltoplankton cotlected at station 0g331g50 durirqwater year 198I had large ounts of_ Fu*.gr*n 
-algae 

(u.s. Geological survelr,1982' p' 36U' The samfres *ete corr".t* auring August and september, andthey apFrentJy represent lorrfrm ondition,s
station 09331900 on QuitchuSnh creek was operated continuously duringwater years 1979-81- Ttle annual mean flow ranged from 6.23 cubic ieet persecond drrring. water year lr9 to 10.8 orbic feet -Fer 

second during water year1980 (table 3). trre maximum, minimum, and a,rerafr-d"ift *on ftcm stror*n infigure 29 indicate that the ftw is-relatively uniform throughout the year.This reflects a. signi{icgt .ground:*"iei coilponent of the totar flow inQui.tch-ulnh creek- peaks duriiig epiii-Ju""-r-i$resent snowmert runoff , andpeaks d**q JulFltwenber_re[reienl storm runift from thunderstorms. Ttre$$gut peak flm recorded ai station 0933f900 .during water years tg?g-gt was2'590 cubic feet- Pe-r second on septemGi-bl rger (Eable 3). ftrat flowresulted frqn a thunderstorm.

Base-flow mea{ilrrements in Quitchupah Creek durrrg water years IgIFgL arerelated to geology in figure 30. Ttre average, maxinum, and minimum valuesshor* an increase in the uase flm of Ouii;h;Hh creii eoirnstream f rom u.s.Higtnray 10. _According to r,ires and praitz dbfr; tr 471 , ttre increase irr flotri-s chieft-y due to the return of rater diverted for iiiigilior" Ttre returnflow results in an addition to ttre dissolve#sqlios conentiitions, onsistingnainly of sodim and sulfata

The dissolved-solids concentratisrs in 39 streanflow sarqrtes collectedfrom Quitdttryah creek at station 09331900 dnring waf,er years fg7fgf ra'gedfrom 580 to 4'300 milrigrqgs per literr wiitt iig* ot r]zeg nilligrams perliter -(tahle I9l. ltre marrer srentriuons prrb.hli rp"L"ott nsrdf frmstorms and snoruelt, whereas the taiggJ-c6ncentfati6ns represent minedisctrarge an{ iffigatiar return flon. soairm and sulfate were ttre dcminantions in virtuarly atl .th" sarptes r-*giiarJss of the.dissolved-solidsconcentrations. Strontium tras iound in concentrations as large iJ+rAOgmicrograrus per literi howsrer, nqn o€ the trace etenents that were anallzederceeded t$e criteria estahli+F by tne u.s--u,orird;ental-Frotection Agency(1976) for drinki-rgtater srmties' rhe uaximrn Eherp1 mnentration was 120miclog'rans per liter, coryareE to a criterion of f nicrogrm tEr liter.
Auituhupafr creek transgnrts consider+g quantities of sedimert eEingstorns3nd trnriods d srq*nelL ste suspen#dinest cqrentrations in 35streanflow saqrles sllected at station-0g33rgoo d,uft *"i*r years rg7g-glranged from 15o nirr_igr?Ts trEr riter on Decenber 13, ry/d tJ iolzdffiiilGramspr liter on l{arctr 6, IgI9. rnstantaneous suspenfleil-sediment loads calctrlatedfor ttre station ranged frgm 

^1-9 to 41120 tons-per .t"/-d*in;- water year Lglg,5.4 to 322 tons per day during water year fgEO, ant 2.3 6 ttg tons per daydunng water year 198I. coat ias 0J Snrent d the streaffittm sediments.

The two- saryIes of benttric irvertcbrates collected at station 09331900during ttre 1980 vater year lud poor 
. 
diversier (U-S. Ceological Sunref r lgglrp' 354) ' rhe four sanples of g&toptankton thai were cottected durind wateryear 1981 (U.s_. Geologicat Sunrei, f-geer p.36?i n.a go*ai.tr*"*ntations ofboth green and bluealeen alga€. 
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BRILY TIERN FLOI{. IN BUBIC FEET PER SECOND
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trahle lll.*rc,ry of drenicaf analyses of stredlfir in Sritcnaan Cree{c atstaticn $1331900, ster yerst
[ < indicates actual vahn is snaller Uran trre

1rr9-8r
detectable rralue shcrrml

Prolnrties and qrstihrents
Sb. of

analyses tlean
l,tinim.ln
ra:ciranr

.-. L

- 
|'

I=

-L
l|'
CL
6
E
EL
.g

=

Streanflor* (cubic feet pr seorrt)
I{ater,taqnrature (degrees &Isins)
Specific orrductarne (cierosi€nerrs

IEr c€nti.ileter at Zf Cefsiusl
FE (unitsl
Sdiuradsorpticr ratio

Dissol.red solids, sr.m of €nstihrents
Oc1ryen, dissolved (ql
Carbon diodde, diss6tued (ql
Alkalinity {caQt-
Bicarbonatc tffitr
Aucalinrty (Caq)
:Itr-=TJTF)Carbonate (@elr-
Nitrogen, dis5olved (lst
Nitrogenr organic di esnhnxt
Nitrogenr amria dissfved

. Nitrogen, nitrite dismf.ved
Hitrogen, nitrate d.issol$ed
Nitrogen, nitrit€ + nitEate
ntnsptnEusl disslved (pl
ftrspfnnffip ortto Ftnqlhates dissolved (p)
earbon, orgnnic dissolvd {Cl
Ear&ress, (as Caql
E-Iero", _(as rsrcdrbsrate, CS%)
Caleim, dissolved tCal r-
lfagresir.m, dissolved t!{g}
Sodirrm' di csolv€d (16l
Fotassirra, dissolved (K)
Clrloride, dissohr€d (CXl
Sulfate, dissoh,Ed (SOal
Fluoride, dissolved (Fi
Silica, dissolved (Si%l

(Nl
(rfl
tN)
(Nl
dissofved (N)

6.?
ll.0

trt::
5.4

l,760
9.3
3.0

. 341
lm?

3.9
2.r
o-.oo

;1.8
1.0
1.3

:
?.3

660
319
rut

88
326

5.5
s8

939
.5

8.9

0.97-25
. (F?6.0

89(F5,500
g.r-g.g

2.0-13.0

590-4 ,300
6 .3-11.9

.7-r5
212-960

250-r,190
.(FI4

I .0-4.?
.14{1.?g

<.01-.050
.010-.050

. 4L-2.1

.42-2.9
<.01-.190

<.001-.100
2.7-r3,0

330-1,700
.0-11300

69-230
37-280
71+60

.9-r7
15-140

220-2,6fi)
. 3-1.0
5. 8-14

39
39

39
39
39

39
39
38
38
38
38
l1
9
I
9
I

I3
4
9

t3
39
38
39
39
39
39
39
39
u
39
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EhIe l9.-€.rcry of dreqical anallles of
statisr 09331900, mter lrerrrri

stredltr in Sritcnaal Cred( at
Ift9-81-GsrtirrEd

PrqErtieE and cqrstitr^ents
Iil]. of

analyses l_€an
l{inimm-
maxi.ura

o

=3
CL
It
E
.!
g

=
=

Arsenic, dissolrred (As)
Bariun, dissolved (Ea)
Eorqt, dissolrred (Bl
Caftnirn, dissolrred (Cdl
Chrcmiun, dissolved tfrl
Cq4nr, dissolved (Ol)
fron, dissolved (EE)
L€ad, dissolved (Hrl
Lithir.m, dissolrred (Lil
lGngarnse, dissohjed (Hnl
Ittercury, dissoleed (Egl
Nickel, dissolved (ilii
Selenium, dissolvEd (Sel
Strq,rtir.m, dissohrcd {Sr}
Zinc, dissolved (Znl
Plerpls

u
2

22
2
I
2

22
8u

22
2
2

u.u
10
L2

150

-

IUr

3.9
rr9lo

-

<l-2.0
100-200
<20-700
<1-2.0
<r(F20
<2-2.0
<1(F40
<r-39

40-r80
{-30
<.tr
2.0

2. (F7.0
780-,{,8fl}

<3-An
<r-1an Ilr'irceend-point deterined by titration in the field.
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Although Ctrristiiulsen Wash is intermittent in its rryper reaches, it isperennial at station 09331950. Tte annual mean flo'* at-ihe staiion rangedfronr 2-09 $tbi" feet per second du{rtrg water year 1981 to 6.42 cubic ieet pr
second ouring wate_r year 1984' wi't-r an atrera{-e of 3.9 qrbic-f*t-p*i-seond
(tabte 3) - t'lost of ttre nor* is during epril-fugrust (fig. jit , b{rt tfte malcimun
Eeak flotr was I'540 cubic feet, per second on septenler -8, fgaf, which respltedfrom a ttrunderstorm.

The ctremical quatity of the flow in Christiansen Wash at station 09331950is similar to that of lne flow in euitchupah Creek at station 09331900.Dissolved-sol ids concentrations in 46 streimflow sanples collected fromChristiansen_w-ash ranged from 450 to 41500 milligrans p*i1it.r, with a meanof 21440 niLligr.ans Per liter (tabie 20)r aria sodiun and 
'suflJte 

weregenera'lly the dorninant ions. I?re naximutr determined cqrcentrations for lead,manganeser and seleniuq of 59, 300r and 60 rnicrograns per liter ttanfe ZOiexceeded the criteria of 50, 50r and l0 microg_ran,6 per titer estabiished bithe u.s- Ervironmental Protection Agency (1-9?6, p" Silor arinii-ng-ratersupplies. Ttre maximum fhgnot conentra-tion was iZ nicro{Eratrs pe; Iiterrcomlnred to a crriterion of I nicrogratr per liter. s --

. $sFended-sedinent conentratims in 3t streanfton samtrrles collected fronChristirurcen Wastr at station 0$31q50 rarged frm 7g niligra* EEr liter trrSeptember 2L, 1980 to 151200 nilligranl per liter on Siptenftr C, tggl.rnstantaneous suspended-sedinent |oads ranged from 1.6 td3ie ti"" i*r daygolitg wqter year-1979' 0.83 to ?0 tons per 6ay A,rritrg *"1"r year lg-g0, and0.95 to 57 tons per day during water yeai 1981: coal ras 0J forcJnCor thestrearbottm sediments.

Five sary{es of berttric inrrertebrates at statian 0$3fg50 during water
Ylars 1980 ard f98a had about the sme diversity as tbrce se'Et€d n1r iiins 

"nOPlantz (1981' p- 531 durrfrg water_lear 1rt9. itry au agpa;enuf rifiected
lttg gener!1ly'.q9or_ _cheTical qualltf of the flo& fn Oiristianiln wasn asindicated in table 20 anl disorGsed eirtier. Four s'Ttitei oe *Err;Flanktan atstatJon 09331950 dtling 1r-ate5 tear Ul81 strowed tairiilfrra -di;E=iff 

bdi atso
3^$irly uniforn distribution of blue-green_a1gae-(U-.S. Geologidf Survel',1982r. P. -371). thi" probably also reflected tfre gln"r.lry p.or *tt*ri".r
E:alitlt of streamflor.

KAIUB CREEK BHSIN

Sink Valle$r Wash

station 09403550 was otrnrated in sink valley T{ash during lggl (pl. r).Although the stream wal dry during all visits to the station-, g"g"-ieight
record indicates that there were -short pqriods of nininal fld dn Uay 1g,
_{*_V 16' A}gust I3r and.l5r.and Septenbef 5 and 14. Srsnorptrol"gy of Sinl*
Y"Ilq ltash indicates that ttre chamel lras carried large tlows tlat resiltedfrom intense thrnrderstorms.
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Tabl€ Z0--Smary of ctuirr analfrE€s of streaflcr in Christiansen t{astr at
staLisr 04t331950, mter }rears f9?FB4

[< indicates actual vahn is gnaller t}ta; the detectable value strcnm]

Prolnrties and mrstihrents
No. of

analyses l,lean
ttinirnr
na:cirnrm

Streantrlow (crrbic feet per seorrt)
lateT _tenq=rature (degrees Glsir.rslqpecific mrductarEe (nicrosirnens

lnr c€ntinreter at Zf CefsinsI
pE (units)
Sodilwadsorptisr ratio

Dissolved solids, sr.ua of mnstihrenrts
Orlqen, dissolved (q)
Carbon diocide, diss6lved (qt
Nlsatinity (CaCs1),
Bicarbonate 1mQ{ 1r
C-rbonate (Se) r-
Hitrogen, disEolved (N)

(N)
(Hl
{N}
(ru
dissolved

47
47

47
47
47

4.1
L0.5

3'r3
4.6

2r4J}O
9.2
3.2

420
t[:12

5.1
7.5
l.{
0.053' 9.1
6.9

-
13.0

rr090
788
155
166
3s6

7.0
52.6

1r1[I0
.49

10. 6

0 .40-24 .0
. (F2{.0

69(F5,040
g.l-9.7
r.(F9.0

450-4,500
6.?-12.2
r.2{.6

1912,600
2r(H60' .(F:18
1.3-23

..4F2.5
<.01{1.14{l

.030-.c90
1.6-23
.76-13

<.01-.17
<.001-.03{1

3.tsz{
290-2,100
'Fl'?(Xl

53-3tm
3s-310
lm-710
r.2-17

7.3-150
150-2,9(X)

.3F.70
5. 5-16

I tl

3e
5F
E
CI

=

Nitrogenr erlfanic dissolved
Nitrogen, annsria dissolved
Nibrogen, nitriEe di*solved
Nitrogen, nitrate dissolved
Nitrogen, nitrite + nitrate
Ptpqltprusl dissolved (pl

(N)

(P)

45
47
39
39
39
39
16
I
9-

I
I

2l
12

9
21
47
39
47
47
47
47
n
47
30
47

ftnqUorusp, ortlo pho+hates dissofrcd
Carbon, orgnnic dissolved (Cl
Ear&ress, (as Caffirl
lag&rcss, -(as rsrcirbcnate, Cs3l
Calciun, dissolvrd (Cal
l{agrcsiun, dissCIlTred (I.lg)
Sodium, dissolved (Na)
FdEassitm, dissofved (Kl
Chloride, dicsolved (CXl
SuIfaEe, dissolved (Sal
Fluoride, dissolved (Fi
Silica, dissolved (SiOz )
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I
Tabf€ Z0.J$.rcry of daica.t analyses of streaflar i.u AEistiansen tilastr at

statisr 0933U150' ster yurs I5/H{#irrEd

Prc4nrties arrl srstitrnnts
No. of

analyses l€an
l{inimrrn-
marimrn

17
5

30
I

I7
I

30
15
L4
30
I
I

17
ttl'
u
I8

|'

t
EL
rt
E
I

g
=

Arsenic, disso.hrcd (As)
Bariun, dissolrred (Bat
Borm, dissolved (Bl
Cadmir.m, dissohed (Cdt
Chrcmiun, di.ssolved (Gl
Ccg4=r, di.ssolved (Or)
Iron, dissolved (FE)
L€ad, dissolved (H]l
Litlrim, dissolved (ti)
llangarnse' dissolted (lhl
llerorry, dissolrcd (Egl
Hidcel, dissolvd (Hil
Seleniun, dissolved (Sel
Strsrtirm, dissolsed (Srl
Zinc' dissolved (Zn)
Pterpls

-

306

lo
-aJ

197

I? E
L''.J

1'700

<r-2.0
<100-200

50-590<r{
<r0-20

1.0-3.0
<10-60

<tr'-59'
5tr-370,

8-300'(,I-.8
<I-U}

2.0-60
530-3,4(Xt

<3-94
<1-22

rg:"ee-erd-point detemirrcd by Eitratio,n in tlE fi.eLd.
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thcnpson Creek

ltroqlson freek originates on ttre Wasatctr tbnuation of Tertiary age at an
altitude d about I'100 feet ne€rE ttre ctest d the Pink Cliffs, sotrtlnrest d
Fryce Carqon t'Iational Fark. It is a headnater tri-hrtary of Joturson fteek, ttre
largest tributary of Kanab Creek that drains tne A1ton coal fiet& Ttrampson
Creek drains strata of Tertiary and Cretaeous ager ineluding tJp coal-Uearing
Trcpic Shale of Cretaeors afF.

Station 09403670 uas otrnrated on Thompson Creek during the 1981 water
YeaI _(P1. I' table l). Ttle daily mean flou in ltrorupson Creek at the stationis illustrated in figrure 32. rhe uay-.rune flow sils ini"efy frm mtrmelt near
the crest cf ttre Pink Cliffs. the short-tem increases in ilm during Jtrne-
SepEember reflect thrsrderstorm rturoff. Based on an indirect meitsurement naae
near station 09403flI0 on tlugust l{, 198I, a ttunrderstorn prdred a maximum
peak flor of 11030 qrhic feet per second.

Ctrenical analyses of eight streamflow -sarr[rles collec+ed f rm Ttrompson
Credc at station 09403FI0 dtuing ttre 1981 water year are srmarized in table
2L lltre dissolve&solids concentrations ralged frcn Ir100 to 11800 nilligrams
lnr literr wittt a mean of 11400 nilligrams [Er litea ttagrpsirm was generally
the dominant cation, dnd srrlfate was generally the doninant anioru None of
the trace elemertts ttrat rere anallzed were found in mentraeions ttat srceed
the criteria established bg thaEnviroruoenta.l ProtectionAgency (19?6) for
drinkirq-tnter sr44rl,ies. Itre maximtm Fhenol srentra'tion was I nicrograms
gnr literr cmSnred to a criterion d I nicrogra trnr liter.

.l Soe of the geologlc stata akaineit by lba4lson Gedr are easlly erodedrIt tbeaefore, potentfal atuEl seatiDcrrt yiefats to Sq'sm Ged< are largp Gr.g
DepEEheft d Agriq8ture, lt3). sandbetg O97!lr Ir 29 reporteal a uad D
suaenaea-seaiue* qrotr&tqr d 322,000 ntlligrans Fi fites tn nrly l9ZZ.

$EPeodeesedirelt crentratidrs in seren stred,or. 
"r"FI* 

dtaireil at
station 09103570 durtng the 198I rater year raged fro 458 nllligrans perllter on July 13r 1981, to 18tr00 aiutgtaus Fr llter on Dec€dei 3, 19-90.
Instalttarccps susperdei!€ediEert, loads raryall tro lt29 to 131 tons per €f.trn strean:bdto seiliDerts qtsisteat d lbout llJ pered' oaf.

ftro of ttrree Ft[ftoplankton saqiles collected at sitatisr 094035-t0 drrring
the 1981 water year hada predominance of btue-green algae (u.S. Geological
Survery, 1982, p. 407).

ffiu,usrGils

An objective d t}re monitoring trrogram srmarized in this retrnrt was to
deternine trydrologic irqncts of futrrre coal mining in coal field,s of central
and souttrern Utah. During the monitoring period of August l978-September
1984r coal production nearly doubled at existiry mines in the coal fiefds of
central Utahr and ttrere sas no mining in the only coal field (A1ton) of
southern Utah included in ttre monitorinq pragram. Data collected during the 6
sater years of monitoriry rer'l ect ttre effects of both gxemonitoring nining
and contemporary (water years 19?9-84) mining. Stream-botton sediments
sampled at nearly all the monitoring sites contained suall to moderate
quantities of coal. This nry be attributed chiefly to the prFmonitoring
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lbb1e zl--Smary of cfEmir-r anal},ls€s of streaflcrr in trcryscrr Cred< at
staLicn 09403670, rater y€r lllSl

[ < indicates actrral value is maller tran tle detectable r.alue strclml

Prolnrties and cocstituents
llo. of

anallrses l.|ean
ttinirnrtr
maxi-mm

Streanflow {crrbic feet, 1nr seond}
I.later tenqnrature (degr€es Celsius)
SEecific cordr-starne (microsielens

per c€ntirEter at Zf Cefsirrs 1
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mining activities. Streamflos sampled at several sites contained large
conceritrations of sulfate and dissolved solids. Also, concentrations of
various trace elements in streamflor.l at I0 sites, ard of phernls in streamflc,r"r
ag I8 sites exceed the criteriaof the U.S. Environmental Protection Agency
for drinking water. This nay be attributed to minedrainage activities
assmiated wittt Ete cantemgnrary minirg.

Anotter objectire of the npnitorirrg program srmmarized in ttris relnrt was
-to obtain fiydroloqic data reeded for a better definitisr or understarding of
the hydrotogic systems in the resoure areas tpnitored. Tre large volume of
data ioffec[ed drrirg the 6 water lears of monitorirg will hefp bott-t the ctal
ognrators and regulalory agerries to better understard ttE hl/drologi_c slEtelus
i; their coal-rlsourcE aieas of interest. The data also provide a more
definite data{ase with Hhich to erraluate arqr adtrerse hydrologic iryacts that
migrt result frcrn increased 1rct-mfiitoring ninirq in those mat-field areas
rsritored.
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GENERAL H':TDROLOGIC COHSIDENATIONS
RELATED TO

coAr DEVELoPMENT AIID SUBSEQIIENT IlgAcTS

the following reporr is being prepared for Utah Fuels Cornpany at the suggestion

of the office of Surface }lining. SEipulations pertainiug to hydrology uere

uade by gSH when the uining peruit eras granted. Following a technical dis-

cussion in Denver wj.th the OSM staff on November L7, 1980, Mr. Nadolski

suggested that preparatLon of a repor E containlng the i.nf oruation discussed

at the meeting would neet the hydrologic stipulations Pertaining to fault and

ground water identification.

Experience at other mines in'the vicinity will be used to project probable

impacts resul-ring from the new Skyline Hines project- Since hydrologically

similar conditions exist in the area, experience from oPerating mines Pro-

vides a-rather consistent pattera. Iiltlen excePtious do occur, they have been

caused by anouolies that are reasonably identtfiable. These excePtions will

be discussed.

Description of ltvdroloFicallv Related Aspects

Topography, land use, geology, climate, and water qgality and quantity all

inf luence hydrology and the i.upacts resulting frou nining. A brief dis-

cussion of these factors will provide a background for the more detail eon-

slderation of impacts Eo be expected from coal uiniug at the Skyltne Mine'
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Topography of the l{asatch Plateau coal field can be subdLvided into three

disttnctly characteristlc zones. Ttre generally easr-facing slopes, uhere

the coal is e:rposed, are steep and roeky, often with narrow promontory

ridges. Rainfall Ls less than potential evapotranspi.ration. Most runoff

occurs from nelting snorrs and suuuer thunderstoras. Springs and seeps

are scarce on the steep rocky slopes.

Further to the west the watershed is less steep, the elevarion is higher '
rainfall is sufficient to produce a good vegetative cover, and nutrerous

sprLngs exist. Snor.rpack is heavier than on the steeper surfaces to the

east, and thus base flows from springs are Breater. Springs seldom flow

Eore than five gallons per minute. Most springs Ln the fall flow only one

-oI .qTo ga.+qnl ler min_ute-

Farther to the west, the watershed

considerable snowfall accumulation

and with nr,merous springs.

LS

an

a high, rather flat plateau with

the winter with hearry vegetation

Geol.ogic Formjrt ions

Ttre coal bearing formatlon ls Blackhawk composed of alternating layers of

sandstone and shale with several mineable coal searns. The Blackhawk fc '-n-

ation is underlain with up to 11000 feet of rather uniform Starpolnt sand-

stone. This rrnderlying sandstone layer is very dense, uelI ceuented, and

has a low transmlssivity. I{ater moves through the Starpoint sandstone

uainly ln fractures.
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Above the Blackhawk fotmation ls Castlegate sandstone. Some Castlegate

sandstone exists on the northern portion of the Skyltne Hlne properry

rrhere tt is extensively fractured and rather perueable.

Sandstones

are dense,

significant

Ttre basis f or the fo llowing

and adjacear ro the Skyline

exl.stl.ng mines.

discussion is a detailed study of faulti.ug on

project augnented by careful observations wLthlo

Ln the BLackhawk as uell as the underlying Starpoint sandstone

well-cemented, and have low Eransmissivity. They are not

I

I

sandstone in

stone.

rdater yie lding acquif er s . Most water travels through the

fractures, both in the Blackhawk and in the Starpoint sand-

Shales Ln the Blackhawk are very resistive to downward movement of rrater.

Consequently' Eost spriugs occur beLgw a smal1 basin where rnore than normal

snolr acctnulates. Groundwater from melting snow, after percolating below
..

the soil Eantle Eoves downdip on the top of a shale layer mainly in fractures

ln the sandstone to the ground surface. Most springs occur on the downdip

side of the formation.

Ttre land is used primarily by livestock and by wild gaue. A few springs

have been developed with watering troughs.

Faults and Leakers

I

I

I

I

I

I



principal faults bear north, northeast. A couplementary Pattern, approxL-

uately orthogonal ro the principal faultlng pattern, bears east. IilithLn

the mines, water generally does not travel in the faults nor does tt gener-

atly back up behind the faults. Leakers near the faults are not noticeably

different from leakers farther frou the faults.

Norually the flou froo leakers will not exceed 10 gallons a minute, and

the flow wil1 decrease noticeably within a few days. Host leakers have

dried up 500 feet behind an active workiug face. l\lo noticeable excePtions

have occurred iu mines relatively near the Skyline Hine ProPerty. Recently

in the plateau Mine, a fold was encountered with a tension crack in the

roof through which occurred an tnitial flow of 150 gallons a uLnute. I{tthin

a few days, the f l-ow dropped considerably. At u. s. Fue1s, a f low of 2o0 gpn

frou a fault has continued without noticeable reduction in quantity* Over-

head on the surface, a sma1l perennial flow occurs along the edge of a

graben. TLre surface streaEr serves as an overlying source of water that Per-

colates down into the uine '

I{hen uining above the regional water tab1e, f low into the mine f roro leakers

is frou downward percolating nater backed up above a shale layer that

generally lies above the coal searn being mined. Iilhen thls perched rrater is

removed, the leaker stops f.1owing. ltre exception is near the east portal

where overburden is 1ess, and where more snow acctmulates on the east' f aci-ug

hill near the mine entrance. In the late sprlng, oelting snolt percolates

into the nine through the more fractured overburden near the faee'

.l
'j

il:l I
'j
" .-'t_

=lIrl' r'F.\'t*J
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o
I{tren ul.uLng belou the water table, the flow frou leakers sil1 decrease wlth

tine , but Eore rrater can be e:rpected than when nining above the water table -

Tenslon or faults, which serve as collector plumbing, will be encoufltered

occasLonally and flow will occur untll the Hater table Ls lowered below the

uine.

;

T
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Porential hydrologic i-upacts fron uining on the Skyline Mine ProPerty will

occur from altering both the water table and also the perched water conditious

above the water table. Changes will occur as a result of water drainage into

the mine and also from subsidence.

Subsidence Inpacts

As plllars are pulLed or as long wall nining occurs, subsidence will extend

to t,he surf ace when the overburden is shallow and weak or fractured. Iu

the Plateau Mine where piles have been pulled over rather extensive areas'

surface disturbance has occurred prinarily ln the rocky Proulontories rrhere

overburden is shallow and fractured. In thes- areas where subsidence has

occurred, essentially no springs or surfaee $aters exist.

Ort the Skyline property, the overburden even'near the portal i.s uuch tuore

comparable to the adjacent Valley Camp Mine where no adverse surface sub-

sidence has yet been observed from extracting pillars.

Subsidence cracks resulting from the Skyline Mine are expected to heal rather

quickly because of an abundance of organic Eatter and because of the weather-

ing of shaLey layers. The weathered shale will tend to block laceral and

vertical $ater movement, in a subsidence crack. The general absence of springs

along the numerous nor-mal and tranverse faults indLcates that subsidence

cracks vlIl not seriously alter the surface Eater supply.

I'

I

C
t

t

I

I

I

I



Hore than 150 water sources rrere found on and adjacent to the Skyllne lease

during the lnitial phases of the baseline study, averaging one for each

40 acres. Hence, if a giveu spring ls altered, the lnpact will not be as

severe as lf only one lrater source existed in each section (640 acres).

The overlying formations are knorcn to be strong (except on the rocky prollo-

tories east of the Sk-vline Hine). ltre angle of draw has been estimated to

be less than 15 degrees, which also is indicative of strong overburden

u.eterial. Serious subsidence cracks will likely not occur except near the

portals where the overburden is shallow and fractured.

Tlre general conclusion is that subsidence will have a minor lmpact on surface

and subsurface hydrolegy. The surface water supply for wildlife and cattle
.- I -_'

should not be signlficantlY

Groundwater ImPacts

I,ltren uiuing above the water table, perched water above the mine will be

drained. Wfuen mining below the lrater table, Eore water nill be intercepted,

drawdown of the water table will occur, and soue change in yield will result.

To understand the relative uagnitude of these impacts, the hydrologic Pro-

perties of the formation need to be understood. A statenent of general

conditions is based upon e:rperience gleaned from core drilling, from test

wells, from rtater wells, and f rou f lotr Lnto other uines '

reduced.
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IIoLes drilled into Ehe Blackhauk are very unstable. An open hole will sluf f

badly withtu a few days. The shale weathers readily. Unless a fracture ln

the sandstone is encountered, the yield of water from core holes, test wells,

and water-producing wells drilled i.nto the Blackhawk has been less than 10 gpu,

f requent 1y le ss than 5 gpm. Ttre sand layers r ils previously stated , have low

transuissivities. The underlying Starpoint sandstone is also very tight.

Two water wells drilled by Valley Canp into the Blackhawk near the Skyline

lease hrere unproduct ive , yielding less than 5 EpE. Valley Carnp dr i1led

another well below their portal area into a fracture in the Starpoint and

obtained a flow in excess of 50 gpm,

C Coastal States drilled a rilater well near their portal area that went through

the Blackhawk and into the S tarpoint sandstone . Ttre sustained yie Id was
.--:'':lJ:-:.-:;-j:-jl:-''.....=-.-'-'_:;:'

' less lliao 5 gpn. Coastal Statea atteDpted to drlll Lrto a fraetule zone

thls rell but sas unsuccessful itr locatlng any fractures. Tlrey drllled

Dore rrater sells 1u a fractured area east Ln the portal of Eccles Canym

for

two

near South Fork. Both we1ls encountered fractures in the Starpoint sandstone,

and the sustained yields may exceed 100 gpn. Thus, a $ater-producing aquifer

does not exist above or below the coal veins. The only possibility for ob-

teining a water well in these formations is to drill iuto the sandstone where

a fault has fractured the fornation.

ltre sustained flow frorn the fault ln the U.S. FueLst u1ne, the producing well.

below the Valley Caup portaln and the ttto producing weIls drllled by Coastal
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t

States Ln Eccles Canyon near South Fork all have a significant slmilarity.

In each case, a streErm exists on the ground surface, a large fault is

present, and the sandstone is fractured. The Valley Cap and Coastal States

wells are getting their water from fractures in the Starpoint sandstone. The

overlying streans are likely recharging the fractured Starpoint.

An Lnteresting similarity exists between the productive Valley Canp-Coastal

States wells and Little Bear Spring in Huntington Canyon near the Srrisher

Hine. Little Bear Spring is issuing from a fracture in the Starpoiut sand-

stone, Extensive tests have confirmed that the water is not coning frou

the Blackhawk fo:mation in the watershed Eo the west. Rather the water

issuing from Litt1e Bear Spring is moving frou Huntington Creek further

upstream.-through a fracture in the Starpoint. Likewise the productive

Valley C"rp-Coastal States wells are receiving their water through frac-

tures in the Starpoint sandstone, and the lrater is likely couing prinarily

from overlying streams, not frou the Blackhawk formatioa in the watershed

to the west.

Hovement of wafer dovnward through the sandstones to the regional Water

table is slow and is inpeded by shale layers. llost of the water that per-

colates into the rather permeable surface soils reaPPears in nearby seePs

and sprlngs, Recharge of the regional trater table is gEeatest under the

relatively flat high plateau above the 9500 feet elevation, where greater

opportunlty exists for percolation and where the precipitation is signt-

cantly greater than the transpiration-

t

I

I

I

I

I
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Lateral trovenent beneath the regional water table Ls very slou, Gradients

are steep and the regional vater table is generally a considerable dl.stance

be low the bot tou of the canyons . Detailed ob servatf.ons f rom a helicopter

on the Plateau lease area indicate that movement of groundwater Ls so slow

that when the water table approaches the ground surface in the botton of the

canyons, deep-rooted vegetation extracts the water before it reaches the

shallow-rooted grasses, which are the principal source of forage for game

and livestock. Distribution and variety of the shallou-rooted grasses show

that they obtain their water from local. precipitation" not the deeper water

tabIe.

Figure I shows the piezometric contours in the Blackhawk formation while

Figure 2 shows thern for the Starpoint. sandstone. The groundwater divide

oecurs slightly east of the topographic dlvide where the preclpf.tatiog Ls

greatest. the piezometric divide ln the Starpoint l.s approxinately_ one-half

mlle west of the divide in the overlying Blackhawk.' this shlft is caused

by the uigration downdip as the grounduater encounters the shale layers in

the B lackhawk . Dischar ge of groundwat,er to the east of the lease occurs

in the lower part of Eccles Canyon where Starpoint sandstone is Dot overlain

sith Blackhawk. Here where shale layers are absent' seePs and springs are

in the bottom of the canyon and are indicative of the position of the water

tab1e.

Groundwater flow to the west is overlain with Blackhawk' and the water table

generally lies well below the botton of the canyons. Voltne of recharge ls
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not sufficient to brlng the water table to the surface. To the west ln

the Blackhawk, the nater table Is under the perched springs whlch appear

generally on the hillside underlain by shale.

ltrus in sururary, the amount of water seeping downward to the regional

water table is snall, tuovement is very slow, and a contribution frou the

regional- water table to adjacent streass and springs is small. Regional

groundwater is used prinarily b"' deep-rooted trees rather than grass. Host

of the water yield leaving the watershed coues from nelting snows and srrrumer

thunderstortrs. A change in the level of the regional water table caused by

mining wilJ- not uaterially affect surface flows or surface vegetation.
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the downdip region where the $ater is being used would likely be severar years

because of the low transmissivi-ties. The tree shown in Figure 3 has 1ts roots
extending to the lrater tabre - A srnall change in depth to water caused by

uining trould not significantly alter the growth of the tree. The deep-rooted

vegetation in most areas where the Blackhawk formetion exists keeps the water

table below the root 'zone of sharlower forage plants,

si'nce in the Brackhawk, the sprlngs are assoclated r+ith perched water, they
uould not be af fected by a change in water table depth. Likeui.se the f orage

in the canyon bottoms would not be significantly affected, because the water

table is generally below the rooting depth. rn lower Eccles canyon where the

springs do emerge from the Starpoint formation ln the bottom of the canyon,

solDe slight change in flou'might be expected because of the water intercepted
at the uine,

I{ater Ltvel s it the . Va lenr ine El:Lt
Earlier specific reference l;as made to the possibility of placing observation

wells adjacent to the Valentine Fault to determine the Likelihood that ex-

cessive water would be encountered when the mine reached the fault. Because

of overburden, lt is difficult to precisely locate the fault and to delineate

Lts dip angle. To intercept the fault at a specific depth would be difficulr.
Also, to know when the fault was intercepted would also be difficult unless

a fracture rsas encountered. since Dost faults encountered in the mines have

not exhlbited fractured areas, and since nost faults encountered in the mlnes

arer not tensl'on faults, the ability to place observation wells meaningfully

adjacent to the valentine fault is questionabre.
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Tension cracks, which yield considerable waterr generally occur in the tension
portion of e fold' rather than in faults. The mine operators cannot predict
with uuch certainty r**rere these folds will occur. The only practical solu_
tion is to have enough PumP capacity availabre to handle a flow of ar reast
200 gpu when and if such a flou, occurs.
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Suunary

Coal mines within the l{asatch Plateau exhibit rernarkably similar condltLons.

Hence ' experience gleaned from operating mines can be used to predict prob-

able operating conditions ln the soon to be developed Skyline Hine.

The lnpact frou minlng on the surface and ground rrater hydrology will be

uinlual. Subsidence should not alter signlf icantly the availability of

surf ace lJater. Runof f f r rm the watershed comes nainly from Del.tl.ng snow

and suurruer thunderstonos. Changes in sater table depth resulting frou

mining will not significantly effect the yleld of ground Eater to down-

stream users. l'lost of the percolating water reappears in nearby seeps

and sprLngs.
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REPLY TO:

SU&/ECT:

TO:

2540 Water Uses and Development February 27, 1981

I"lunicipal trrlatersheds - Price City Water
Collection System

A. Joel Frandsen, Branch Chief - Watershed

This memo docr:ments information abcut the Price City llater Col].ectiou
Systern gained from Mr. Ifurk llansen during a phone conversation on
February 26, 1981.

The prinary rrater supply for Price City is seven springs near the
confluence of Price River (Fish Creek) and l.ltrite River at Colton.
It, is belieVed that these springs flow from a bedrock aquLfer.
However, it also appeais that the rate of flow from these springs
vari.es with the water level in Scofield Reservoir. Ttre State of
Utah has classified this as an approved system.

In addition, Price City orrns shares of Scofield water which
supplements the spring sources during late sunmer and dry years
when water use is high and spring flows are down. The ScofieLd water
Eust be filtered and treated, since it is a polluted source. The
filtration and treatment plant is near Castlegate. In addition, price
City purchases rrater (5-fO galJ.ons per minute) from Utah power and
Light Gompany?s well source near Colton. This well supplement is
especially helpful during winter low flow periods. 

.

Price City is also a menber of the Price River Hater Improveuent
District, which supplies all of the water to the surrounding. areas
outside of Price City aud Helper. Ttre water supply for the Pri.ce River
}later Improvemeut District is also the Seofield Reservoir. The supply
iq used uainly during dry years.

,t. ll**; ?u?
G. DENNI.S KELLY
Hydrologis t

cc: D-3
HCall
JLucero
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l0'0LISToFSURFACE-WATERSTATIONS

Location Period and type of record
Station

Site

No.

(see figure

6.1.1)

No. Name Latitude Longitude

ottto'"

Drainage

ar€a

{square

milesl

Discharge

Water

quality

2

3

4

5

09163550

09163?00

091 80500

09182600

09309s00

09309600

09309800

0931 0000

09310500

09310600

09310700

0931 1000

0931 1500

14 o93 | 1 700

0931 2600

0931 2700

Harley Dome Wash near Harley

Dome, Utah

Cisco Wash near Cisco, Utah

Colorado River near Cisco, Utah

Salt Wash near Thompson, Utah

Fairview ditch near Fairview,

Utah (Transmountain diversion)

Fairview tunnel near Fairview,

Utah (Transmountain diversionl

GooseberrY Creek near Fairview,

Utah

Gooseberry Creek near Scofield.

Utah

Fish Creek above reservoir, near

Scofield. Utah

Eccles Canyon near Scofield,

Utah

Mud Creek below Winter Ouarters

Canyon. at Scofield, Utah

Scofield Reservoir near Scofield.

Utah

Price River (Fish Creek) near

Scofield, Utah

Price River near Soldier Summit,

Utah

39 09 2s 109 08 40

38 57 50 109 20 10

38 48 38 109 17 34

38 57 10 109 39 30

393936 111 1938

394003 111 1841

3s4027 111 18 15

39 42 57

39 46 28

39 41 07

39 43 18

39 47 15

39 47 13

111 17 58

111 tl25

111 09 22

111 0938

111 07 30

111 07 10

394940 111 0030

3.1 l tgsg-eg

29 1 
t gsg-zq

24,100 1895-1981 1928-81

3.9 1'tggg-z+

1949€?

l967-81

7.9 195969

29.1 197881 197841

154 1941€1

155 1917-21 , -
1925-31 , .

193869

180 1961€3

23.3 lgt247

53 1938€7

16.8 1930-31.

1940-81

60.1 1931-32,

1938-81

5.5 1979-81

75.6 1967€1

26.1 1960€1

62.8 r962€1

77A 19?9€1

rg79€1
10

11

12

13

15

16

r8

19

09312000 North Fork White River near

Soldier Summit, Utah

09312500 White River near Soldier Summit,

Utah

39 56

39 55 20

White River below Tabbyune 39 52 33

Creek, near Soldier Summit, Utah

Beaver Creek near Soldier Summit, 39 49 50

1r1 04

111 03 25

rrl 02 12

1105807

394637 1104730

39 43 37 110 51 4t

Utah

09312800 Willow Creek near Castle Gate'

Utah

09312900 Willow Creek at Gastle Gate, Utah 1979€120

ffi



Station Location

l-atitude Longitude

ot"ottr

Period and type of record

Discharge

Water

quality

Site

No.

{saa figure

6-1.t1

No. Name

Drainage

ar6a

(square

milesl

21

22

,23
24

25

27

28

29

32

33

35

36

37

26

30

31

38

39

34

09313000

09313040

0931 3500

09313965

0931 3975

09313985

.09314000
09314200

09314250

09314280

09314340

09314374

Gt31,'t400

093r4500

0931s000

0!13151 50

09315200

09315400

093 1 5500

0931 5900

Price River near Heiner, Utah

Spring Ganyon below Sowbelly

Gulch, at Helper, Utah

Price Fliver near Helper. Utah

Coal Creek near Helper. Utah

Soldier Creek below mine. near

Wellington, Utah

Dugout Creek near Sunnyside,

Utah

Price River near Wellington, Utah

Miller Creek near Price, Utah

Price River below Miller Creek,

near Wellington, Utah

Desert Seep Wash near Wellington,

Utah

Grassy Trail Creek at Sunnyside.

Utah

Horse C;anyon near Sunnyside.

Utah

Coleman Wash tributary near

Woodside, Utah

Price River at Woodside, Utah

Gresn Biver at Green River,

Utah

Saleratus Wash tributary near

Woodcide. Utah

Saleratus Wa*r rributary No.2
near Woodside, Utah

Salefatuc Wasfr above Cottonwood

Wash, near Green Hiver, Utah

Saleranrt Wach at Green Riwr,

Utatt

Browns Wash rributafy nielr

Green Riwr. Urah

394308 11051 55

3941 19 1105309

39 39 05 110 51 25

394209 1104038

3941 43 11036 52

394047 1103252

393040 1104050

39 32 11049

392659 1103738

392516 1103844

39 33 20 110 22 46

392726 1102133

39 23 11A24

391550 r102045

385910 1100902

39 08 110 20

39 06 r10 19

3901 t10t8

385853 1101446

38 59 110 06

415 1934€9,

1979€r

23.0 1978€1

530 1904J4

25.3 1978€r

17.7 1978€1

5.8 1979€1

850 1949€8

62 ltgeo-l+

956 197?€1

191 1972€1

40.1 1978€1

12.5 1978€1

I3.6 '1959€g

1,840 1ti09-11,

1945A1

,+4FSO 1894-1899,

19CI4€1

10 l tgsg.l+

4.4 l rgsg-z+

tao l rgsgee

r80 1948-70

3.g9 l tgsg-z+

1979€1

1978-81

rgzSsr

1978€1

1979€1

1978€1

1978€l

"'194649,'

1951-81

r928€1

40

65
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Tab1e I. USGS gaging sEacions in Pieasant Valley.

l;u.1loer S l, a: ion Near County Drainase Area

093 10500
0931I000
093 I 1500

Fish Creak
Scof ield Reservoir
Price River

Sco i ie Id
SccfieIC
244 ur (800

Carbcn
Carbon

fg) do'*nst.ream of the

(55 niz)
kn2 (l:: ni?)

168
401

dam

srrfocewolgr SOmgllng Slle
6rourorrttl oltE;v.ttol tfLl
stcg tircltc t trrtllrO Slrfrot

I

I

I

I
1

lr
lr''--; "-'-

, l'

),4
{-,,fr

rrrttr ourrlElt Clt

N

-' tt' ao' I

lioie: Pleasan; Valle1' Creek is also

F:gu=e 5. Locaiion ot- wacer sanPLing

,t€_ r

krnor"tr as lhrri Creek.

s iEes.

r.tj I



Table ?. Sheep ailctments
i.lacional Forest
VaIleT, Utah.

on the l"lanti-LaSal
in the Pleasant anc

faII,

RecreaEion is characterized by boacing
fishing in the summer, hunEing in.the

snowmobiling and cross-counrry skiing
during the wincer.

Pooulat io.n

The populat ion of the Eown of Scof ield
and of tiire' summer home develomenEs var ies
widely between Ehe sumuer and winEer seasons'
i;;iilra boasrs a year-round tesidency oi 35'
which incteases to 150 during Ehe sunmer
monEhs. The average farnily iize is 3'18
p"opf u Per housetrotd. The su$mer home
f,*o.'Iop*incs af,e vacated during, the winEer
and eirly spr ing, with Ehe- p-eak pop,ulat ion
;;;";;i;'B uitwe-Cn Memor ial -D."y 

"ld- 
Labor

Day (souC-heasEeEn uEah Associacion of Govern-
r"hr! 1980). Bolocas subdivision and Ehe

Eou'ty Street subdivision at the noruh end of
ifru tlte and Petry's boau camP just sourh of
Ehe ouEIeE provide space for bous-ing' 'camP-

ine, and ottier f ac il it ies urostly {qt summer-
;ffi; Eecreational use- A fer+ residenEs sEay

"if 
yeaE. So$e additional year-round"homes

;;; iocatea in the setElenenc eE Clear Creek
and oEher scaEEered locations.

A StaEe Park, which hosted 125'000
visiEors during it,e summer of 1979, is
Iocated south of the counuy subdivision on
it,. shoreline of the reservoir. FaciliCies
include Ewo trailers used as Iiving ouarEers
for the state rangeEs' parking-arear a L'ater
iupprv obtained irom; neaiby 42 m (140
l;i'ilell, e boaE EamPr t€sEtooms and a

f ish-cleaning sEaEion.

A I lotuent Nane A! lotuenc Dages

Bob llrighc
Yellou Brush Flat and

Trough SPring Ridge
Hon Peak
Coal Ridge
Burnouf
Ee c les
Bean Ridge
French Creek
Granger Ridge
t'l irrter Quart ers
Bennion
W. Bear
tl;'Fish Creek
E. Fish Creek
C Canyon
Silver Creek
Cabin Hollow
E. GooseberrY
Hansion
Jchnson R'idge
PoudEoun
E. Bear Ridge

1,013 JuIy I to Sepc' 30

1,849 JuIy
601 July
371 JuIy
678 Jul,y

I,000 JulY
I,000 JuIY
I,156 July
I,156 JulY

848 July
656 JuLy
663 July
897 -. JulY
991 July
900 July
936 Ju!'Y

I,050 JulY
?69 July
727 July
684 JuIy

1,4 17 July
I,200 June

I rc Sepe. 30
I co sept. 30
6 to Sept. 25

to Sept. 25
to Sept,. 30
co Sept. 30
to Sept. 30
ro s€Pt, 30
ro sePt. 30
to S€pt. 30
Eo SepE. 30
to Sept. 30
to Sept. 30
Eo sePt.30
to Sept. 30
to Sept. 30
to Oct 30
Eo occ. 30
ro sePt. 30

I to Sepr. 30

ll co Sepc. 30

(personal communieation: usFS: llanci-LaSal National
Fore.gt, 1980)

tilt lD Ll'oJ|or

tlr Nt'09' 
e'$tq'rofr'

CP#A) Lrl") 16 *)

f,utlLs'*'nJlolJ

{,'ta 
Cr.+tL

zo

rz, 13,

,t

l0

zb, Z3

zy



I.IETTiODS A!{D PROCEDURES

Selection of SanPIlng Sites

Several f actors I{eEe cons idered {ql ilg
r[r" *l;;l;n 

- 
o]- 

-eanpling 
s ites: l) I ikell

locaE ions f or dltecr ion -of conuaminanEs; 2)-

r+ide areal "ou*i"i"- 
of - tt'* Iower inhabited

Darrs of che ;;;i;;-t) accessibiltrl;. 4)
5";;;'-p*ttittiJ"r ""a 3)- economics' PoinEs
where cont"tio"nit'n*i" l-ikeIy to be detected
were 1) oo*"lJiiai*nt fron Elle or -leach
i iJrit-'(p"iti"fri"try in €reas where houses
;;;- "1utf"t*dti-ii 

'in ,vallev alluviurn down-

sf,ream of po"-liu.t1 poituriott soutces; and 3)

i"- ""irly 
'arI-wiurn'ar rhe EouEh of canyons

;h.;" grizing occurred' Wide areal coverage
piotiaEa a [enerar. sampling of. 

-qI?:ndwaEerI;;u*i""clo;--1; 
-ir," bis inl Aciessibility

;;;-"- pir"r icaf 
"or,, 

iderar ion tn Ehe dr illing
of weIL "nJ-Eh; 

eollection of sanples'

'wners, 
permt-ss ion dicrat;J 

- itt* locat ibn of
;;;;;"r 'Heii;. Economics -(well dt iIIing
cosEs and .n"fyEicaI t-osLs),was- a factor
in deEernining'Ehe number of wells Eo be

d r illed.

N

lndividual "9
I

r1

ttrcE t.

Figures 5, 6, and 7 and Tables 3 and D-2

(Aop*r,Jix D) show !!t* welI locaEions'
'i;ii*;i-,-'"niln 

-it- 
" flowing *?lrr ,*1= the

;;i; ="t'priog-s'rJion on che -north end of Ebe

scof ield .Res"t"oii, ut"h' I'lells #7' 3 ' and 4

;;;- ioi"t"a in itr"'golota,s. subdivis ion on the

".r.-;;;;;- "f' ,h; s"orietd Reservoir' wells
;;-;"J e are--in the Scof ield Reservoir
c*pl'ite 

-subd-iuiti.o".. 
.Th is subdivision and

;il'-elroi;; 
-subdivis ion were characEet-

iiua by clusters of Ehe - 
f ew scote coErages'.

c;;;a*inauion of the shallow groundwatet ans

rhe Eeservoit by domestic Haste from septic
."rt 

-teach 
f ields and Pit p:ivies Ti,ght l,t"HI

Cuu to a high g-EoundwaEer tabre (r'l'l'
n frorr the giount surface) and the shorr
Aitl"n." U"?"**n the,,shoreline and Ehe

;;;;#;t ( res s- Jh"t' 200 m) ' t.le lr #7 i s
located ao*ttlltad ienE of Ehe sEaEe park
s*pric Lank leich field which Eteats wasres

;;b;;;"J 
-iio* tour ists ?n-o- sPorEs'en dur ins

ih;-ipring' sulnmet, and falr'

WeIt #8 is in PerrY's BoaE CamP' The

cvner cies ignarlci a weII iocar ion aPP-toxinate-
i;";- huidred neters souchwesu of rlt piE

i'l t'Iilt,'-t[l.l Has noE a gooti locac ion Eo

ciececc Ene polluEanEs ir on p ir pr iv ies '

I
/ -,aaa, clt'or

TUEttf clltol

vooEs crltqfl_

Locacion of groundwatrer obsenra-
tio.t wells adiacent to the Scofield
Resenroir.

Descr ipc ion

SCOFIELO RESERVO]R

Figure 6.



'" 1.,,\

i . :l
r*f

ttr,

.*.

.lF

.t

Figure 7 . Town of Scofield and location of groundwaEer obserirration wells.

Il-eIl #9 is locared in the Hud Creek
aIluvluu, downstream of the town of Clear
Creek and approximarely t0 rneEers (33 feet)
from the sEreambed. AIEhough the exact
Ioeat ion of the toern communal t iIe leach
f ield was unknown, the weII iras estirnated to
be downstrean of the f ield. There are tr{o
surface wateE sanpling sites near welL #g(Figure 5), wells 124 and 27 IocaEed sourh
and north, resDeci iveIy, o f C Iear Creek
E OHN.

1f lt-ell #10 was drilled by a privare firm

-nde: 

contract r+ith Coasral St-aces EnergyVConpany. Ir is aE Lhe base of Eccles Canvon
r.rh ich r{'as .used nosr Iy bl' hr"rE;;-;J}'i;-
nickers prior to Ehe beginning of coal con-
Peny oPerations.

I.JeII f 1I was drilled in the Hud Creek
alluviun at a distance of appEoxinately 150
EeEers (490 feet) fron the Valley Canp Coal-
Conpany leach fie1d.

One cluster of four welle is located
south of Scof ield. I.IelI #12 is located sourh
of Ehe tohtn and wesE, of Mud Creek in a
pasture. I,JelI #I3 is nearby but east of Hud
Creek. In addiCion, tno uncased, un-nunbered
piezometeEs or observation weIIs Here drilled
only f or the meas ur enent of rratet table.
Their location and Ehe observations made in
then are given in TabIe D-1 (Appendix D).
lfells i12 and 13 were selected Eo define rhe
groundwaEer qual icy upsEream from the
Eorrn of Scofield. The norEh group of wells
(#15 Eo 19) Has established to assess the

IO



Jure :. Location of saupling siEes.

Sire Location Drilled Depth Latirude Longltude

(n) (fr)

I,reI[ # I (F].osriug)
IJe11 il2
lJeI[ #3
lJell #4
l{elt f5
llell /16

llell #7
I{ell #8
I.lelI #9
l.letl # l0
l.Iell /l I I
Iiell # 12
lrell # 13
I{eIl # 14

I{ell # 15

I{ell # t6
lJell rl17.
I,lell il l8
Well #19
IJell #20
Wetl f21
I,tell /122
l{ell /123

North l,ake Locaticn
Boloras Subdtvtston, Orr
Bolotas Subdtviston, Pappas
Bol.otas Srrbdivtsion, Joufflas
Corrnty St. Subdlv., First Arre.
Cor-urty St. Subdlv., 4th Arre.
State Park
Perryfs Boat Caup
Clear Creek
Eccles Canyon
VaILey Canp Coal Co.
South Proflle /l l, llallsten
South Profile /12, Tucker
ScofLeld Town
North Proftle #!
North Profile #2
North Proflle #3
Horth Proftle #4
North Proflle il5
t{oods Canyon
Sectlcn 29 Canyon
Mountain Hone Subdlvl.sicn
FLsh Creek
Souch Edge
North Edge
FLsh Creek
North Edge
South Edge

of Clear Creek Town
of Scofteld

Clear Creek Tovn
Scofteld

Surface
Surface
Surface
Surface
Surface

SanpIe
Sanrple
Sanple
Saryle
Sauple

#24
It25
ti26
#27
lr28

390
390
39o
3go
390
390
3go
390
3go
3go
390
390
39o
39o
390
3go
3go
390
3go
390
390
3go
3go
3go
3go
390
39o
390

Irlo
I110
1l lo
I llo
11lo
1l lo
rl lo
1110
11 10
1l lo
I110
tllo
1l lo
I llo
1t lo
ll lo
1l lo
1l lo
lllo
1110
1l lo
1l lo
lllo
1110
lllo
1l lo
1l to
1l lo

9,25'
8.?1f
8.22'.
8.12'
9.00'
9.03f
7.921
7.961
9.18'
9.451
9 .50'
9.70 '
9.60'
I .66'
9.7r'.
9 .651
9.59 I

9.53'
9.471
9.90'

r0. 17r
10.29 r

10.55 '
9 .20'
9.64',

10.54 |

9 .23',
9.40 |

of
or

5. l0 20'
5.67 lg|6"
6.40 2l'
6. 10 20'
5. l8 L7'
5.49 18'
5.33 17r6"
4.ZO 13'gk"
3.05 10 '
8.33 27',4"
5.18 17f
2.59 8'6"
2.gg g'6"
4,27 14,
3.35 lll
3.50 ll'6
3.05 l0'
2.74 g',

3,35 - lll
3.oq g'Io"
5.03 16'6"
6.21 20 '7"
4.42 14 |6"

49.751
48. l7 '
48.09 '
48.0 3'
47.651
4 7.5 g'
47.431
47.251
39 .12 r

41.08 t

41.82',
43.30'
43.28',
43.54'
43.94'
43.93'
43.82'
43.81'
43.80'
44.2.3
45.11
45.57f
46 .53'
39.46 '
43.66 r

46 .65'
39.21f
43.36 |

EroundwaEer undetflow and groundwaEer quality
downsEream of the Eoetn. The comparison of
data from the wells north and souEh of the
t own $ras expected Eo pEovide inf ornat ion on
the impact of the town of Scofield on ground-
water qualicy. Surface sanpling siEe #28 is
in the Ftud Creek neer nell #12.

I,IeII #I4 is located in Ehe town of
Scof ield approximaEely 50 mereEs (160 feet)
f rom ltud Creek. Th is well s ite rras selected
in en sEtenpt Eo assess groundwaEer quality
in a residenEiel aree. Sutface t{aEer sanpling
site #25 $as in the !{ud Cteek neaE well #15.

I.IeII #20 ls located at the mouth of
I'loods Canyon, 20 meEerg (60 feet) Hest of the
road. The depth of this well was linited to
3 rneters (fO ieet) by an impassable boulder.
Sulfur springs and seeps rtere found 75 meters
(250 feet) up-gradient'of well #20. Cattle
and sheep Eraze in this canyon fron June to
Septeurber.

The locat ion of weII #2.1 was established' : aE the nouch of a inall canvon beLween Tucker
Canyon and l.loods Canyon, ttt is weII s ite was

Io"en to evaluate the groundwater ouality of
ft undeveloped bas in trh ich was sub ject to
Vccas ional 1 ives rock e1r az ing . Seeps are

s icuated 60 treEers (200 feetl norrhwlsE of
the welI.

WeII #22'is located near
MounEain Home Subdivis ion
alluvium of Tucker Canyon.

are located at the mou'Ehs of
vaIIey aIluviutr Eo monitor diffuse
poIIuEion to rbe reservoir.

tJe 1I #23 i s at the mouEh of F ish Cr eek
Canyon, 3 meters (10 feeu) west of the road.
The only huuan acE lviEy in the area Has
fishing. One surface sanpling site, #26, tlas
in Fish Creek near well #23. I.IelIs #20 to 23

the
in

enErance to'
the valley

canyons in
sources of

t
I
t
FI
t
t
i'i
i
i

.tl

.'t

it
Fn
'l
i.l
I
t'

As ind icated above, many r+ells fleEe
located to noniLor point-souEce pollution,
i.e. r pollution oEiginating fton a weIl-
defined source such as an individual sepEic
tank system or a Eroup of systeds. Other
s anpl ing s ites, such es sur f ace wstet, trere
intended to Bonitor diffuse sources of
polluEion contr ibuted frou naEure, town,
livestock, and mines.

Dr i 11 in1-Ca s_rn-E_-EEd Defe lopj-gg.
Ene UDsetvaE ton tleIIs

A hydraulic auget was used to drill the
f irst 3 treters (10 ft) of the 50 Em (2 in)
d iaseEer well. SoiI samples stere collected,
labeled, and loggeci. A 50 rnm (Z in) dianeEer
sEeel pipe nas used as a tenporery well
casing. LfeII logs are in Appendix D.

I1



ugusE 1980 sanPling.Periods' two
oicainers Here used for several

Here planned for the conEinuing analyses on
ttt* piojecE. Particulaces in turbid saurples

"in 
ttJt coliform colonies on Ehe f ilEer

"Fi"i-incubaEion 
or heavy DecaIs rnay Eill

Ui"ceria by toxicity- The Eoxicity problen
*.r handlei by Ehe add it ion of a chelaling
;;;";- ;tt ictt s us pend s heavy tne c-aLs (EPA
r9 78) .

As shown ln Appendix A, concentraEions
of zinc exceed thq -chreshold Eequiring the
chelacing egenE for manY weLIg.

I{ateE Qualitv-An?lYs i3 end
lleEhods EmProved

I{ater sanples were analyzed for varlous
combinations'of physical, - chemicalr- 9ld
ul"tJei."l wateE <iuiricy - parameters. (Table
4i. "tlac.r qualiEy analy-sis data in Appendix
A give the resulEs of each Eest.

Among che vatious water qualicy p"t"t*-
ceEs, onty cerEain analy-ses w-ere c.oumon Eo

att 'wetfd and aIl sarnples throughout Ehe
enE ire study per iod. Thesg pataneteEs
inctuded Eempeticure, PH, coliform bacteria'

"r*onia-N, 
oicrite-N, -nirraEe-N' oEthoPlg?-

pttic., rotal phosphorus, 8.0q5, and seec,tf J1
ionduct iviEy. Th is PaEE ial waEeE qualLty
analysis was performed on waEer sampres
obrained rrJm- "Jir" ?rl-e ' 10, 18, 20, an'd 22

throus,houE Ehe enE ire study per iod ' WateE
co f ieEr "a 

f rom Ehe E ema in ing - 
s arnpl ing e ites

was EesEed for all Ehe paramecers - of Table
i:- Cotpl*t. analys-es were conducted on
**.r"i' sierf *"Jit tnly once (wells #11' L2'
14, 15, 17-, 19, and 21)

The availabilicy of Erailers equiap-e{
wich laboraEory facilicies enabled more tielcl
measur ements E; be made dur ing the- .J-uIy and
A;;;"L tgao samPling period. -In addiEion Eo

DH, tenpeEaEure, an-d bO, Paraneters neasured
in' ttre'f ield mobile laboraEory were .B.O.U:'
otthophosphate' ammonia-nitrogen, corrtorm
bacEeiia, 

-and fecal stEePEococci'

Temperature was measur'ed with IneEcuty
Ehermomeiers which had been calibraEed etith a

s Eandard cett if ied Ehernometer ' pH .wa-q
neasured with a Pottable battery oPeraced Pn

r.c"i. The pl{ meEer was caI ibrated in-
mediitely prioi Eo use in Ehe field, using pH

lu ii"r" L."O , 7 .0 , and 9 .0 . D issolved oxygen
tras Ineasurud Uy DO met"rs in Ehe beginning of
the srudy. Due Eo fteezing-of elecErodes and
apparenE nalf unct ion, the D0 tneteE etas

i5ji"."i Uy ltach Kits during. November 1979'
FeLruary and April l?qg samPline' During :l:
Hay uhrbugh Aulu s r 19 q0 s anp-I i-ne per iods ' Ene

Winkter metfri'a az ide nodif icac ion (APttA

et aI. 1976) was used.

BacEeriological test's of warer samples
incluced Eocal - coliform and fecal , coliforn
u.iir rhe i;;; fgSo sameling per io<i ' Fecal
sIrepEococci (APHA eE a]. 1976) were neasured
in july an<i'Augusc I980' Here'a0'45 u

f ilrer .r.* -Lr"a -f,o f i}cer a 10 rni and 100 rnl
wacer sample. AfLer incubation, Ehe nunber
of coloniis Ehar developed was counced'

L7

3.8 I icer
weIls to
analy seslrovide enough Hater for seeded BOD

bn a nunber of the samPles.

Inasuuch as Ehe elapsed tine becween
sanpling and analyzing tras* tearly 32 hours
for'sone samples, a delayed-incubaEion t'tF

r.in"a -(EPA idzg) was used'in May. - I0 nr and
100 nI samples for the tocal coliforu micro-
orqanisms were f ilrered through -a 0'-45 LPor:
; i;;--;;;Lt"n" f irter, us ing a T ilcer ing rl:=.k
(oi ground glass) connected ro a Punp tthlcn
orovi]des a v-acuur and dra$s tfaEeE through thg
'f itt"t. The f ilter was placed in q PqqE i
a i"tt with the holding medium' The holding
medium served to keep coliforro alive in the
Eitt"t Papef,, Uut did not allow the bacEeEia
t o gE ow . the hold ing med iuu was P,t:qtt-:j
orru 

-d"y in advance of the- saupl-ing dace and

inrp*.i"0 for conEaminaEion Eefore leaving
Ehelab.Theusualglass-boctlesamPleswere
i"[""-to. the purpoie of co'pafison be.ween
;h;- H";brane 

-f fff,ir Merhod and Ehe Delayed-
incuU"c ion HembEane Filter- HeEhod' Gonpara-b.le
results lrere obtained (see Appendix E)'
Tweezets t"t* sanitized by riirii'ng tn-70
percenE ethyl alcohol and f lamin-g' T.he

I unn"f ana f ilUer lrere san it ized by inmers ion
i; 70 p*t""ni ethyl alcohol for a least 20

minuEes, f ollor'red by r ins ing with wsll water
and sEerile PePtone waEer. AuEocldved 0'1
percent,peprone waEer with pH of 7'0 + 0'I
9ras useo

I Labels on all conEainers indtcated Ehe
lJs ice numUli and appropr iaEe analyses Eo be

-;;;d.ctea. F ield 
- bobk enEr ies wete then

"t't".f.*a 
fo. comPleceness with regar.d to

p I ace, t ime , d at e, a-nd Pert inent obs er -
vat ions . Sample boc t Ies etere placed in a

Iarge conE"ln"l (cooler) for Ehe PuEPose- of
naiiuaining Ehe sample aE a temPeraEure jusc
above the ireezing foint. During Ehe wintet'
a numbe. oi Ehe"sinples (ParricuIarIy -the
coliforrn samples) froie during EransPoEE from
Lhe f ield *bf f s ites Eo rhe -p-icFup c.ruqlS '
Freezing of a water -samp-le- 

wiII .lT"tcrcalry
increaserheEaceofcorrformkill.Fecal
coLiforn is very sensiEive to f-reezing
condic ions. Therlf ore, f tozen samples $tere
;;;-analyzed for bacreria conLaminarion' In
more modeEate tenPeraEures ' - Ehe Samples

""i"- 
packed wiEh sn6w oE ice in a cooler Eo

nainEain samPles ar a temPeEaEuEe jusE above
. the freezing Point.

NiErare- and nirrif,e-niLrogen was Pre:
served in che field by adding.concenErated
iutfuii. acid to the sarnPle-(APHA ec al'
f 976) . In addit ion heavy metals ''reEe -Prel
;;;;;; by acidifying th-e samFle' Five (5) 9r
ion.""ct'aced nitiic- acid Pe; liuer of sln9l9
was added aE Eh e t ime -of 

s anp I ing (APHA

eE aI. 1976).

Upon comPlecion of sampJ.ing, th? equip-

=eni i'nd hose were rernove<i from the well
sit,e. The well ssp was greased, -if necessary'
;;;-;"pra"*a. e"l*a on Ehe.samples taken Ehe

f irs c two $onEhs and in orciet Eo inprove Ehe

reliabiliry of the dara, rodificaE ions



Table 4. WaEer qualicy paraEeEers and procedures for analyses performed'

Biocireuical Orygen De*and (80D5)

Total Colifo:m
Fecal Coliforo
Fecal STreptococcl
lIBA5
Fluoride
Total Dissolved Solids
Total Fhosphonrs
Orthophosphorus
Annonia
NtEEite
NitraEe
Healry Hetals (t.e. Cd, llo, lfn,

Cu, Co)
Calcium
ltagnesium
Potassium

Sodiun

Boron

'ChLoride
Alkallnlty
Temperature
ConducElvltY
SuIfate
Dlssolved Oxygen
pH

Standard Herhods APHA er al' 1976

Standard Hethods (Henbrae) APttA et al' 1975

Standard Herhods (Xeubranel APIIA et aI. 1976

Standard ltethods (lleubrane) APHA ec aI' 1976

Standard Hethods (Surfacrants) APIIA et aI' L976

Standard llethods APIIA ec al' f976
Standard Hethods APEA et al' L976

EPA Hethods EPA 1976

Srrickland & Parsons (Murphy-Rl.ley Technlque) SErickland & Parsons 1968

Solorzano (Indophenol) Solorzauo 1969

srrLckland & Parsons (niasotizaEion ueehod) strLckland & Parsons 1968

Srrickland & parsons (Caduir-u-Reductiou Method) Stricldand & Parsons 1968

Standard Hethods (Arouic Absorptl-on
Specrrophoromerry)

Scandard Hethods
Standard Hethods
Standard Hethods'(Ato*l'c Absorptlon

SPectroPhorouecry)
Standard Hethods (Accnic Absorpcion

SpectrophotoueEry)-
Sraudard Methods (Rtoutc Absorption

Spectromerry)
Staudard llechods
Standard Hechods
Standard llethods
Standard Flechods
Standard Hethods
SEandard Dlethods
Standard Hethods

APIIA et al". 1976
APIIA et aI. 1976
APIIA et al. 1976

APHA et al. f975

APHA et al. Lg76

APIIA et al. 1976
APITA et al. 1976
APttA et al. 1976
APIIA et al. 1976
APIIA et aI. 1976
API{A et aI. L976
APIIA et al. 1976

18
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Table A-10. I{elI #I0.

Occobqr Hovc.obcr FebnetT ApEdf Hay Junc July Augusr

e::
Teop

rtr (oc)
Hacer (oC)

Depcb to lfater fable (fc)
(u)

:"* DcPth {tnches)

m (q/r)
pE (Fteld) ' "

Coltfotu
Totel/100 El
Fccrl/100 nl
Fecal StrePtoeocct/100 u.L

l{lrrogco
. l{Er-tl (ug/f)

Hoi-tl (oe/1)
noi-tf (ug/l)

Ptiorphacl
ortho (rrg/f)
Totgl (ue/r)

roo (se/I)

IDs (us/l)

Jpectftc Conductlvtty (uohos/cu

- 
st ?,SoC)

Carlonr
Ire (us/I)
t{g ar CaCO, (ug/l}
K (ug/l) r
Ca ar CaC03 (as/l)

Aulous
cr (og/I)
Soa (ue/I)

. s (ug/I)

fosal Bardncsr ae CaC0, (ug/f)

Tosal Alk^ElltrttY ar CaC0t (ne/l)

pH (Iab)

Surfretsas er HBAS (ug/f)

10-25-79 t1-25-79
10:00 I I :00

2-?4-80
t0:00

4-2r80
8:20

ll
4.5

-3.72
-1.13

35

2

. 6.3

<l
<l

4l
0.07

z

5.21-80
16:35

34
6

-4.25
-1.29

0.8

7.1

<l
<l

l9
0.18

5

6-22-80

'''
5.5

-5.43
-1.65

7.2

<l
<l

23
0.27

3

7-22-80
L2:20

2t
7

-6.08
-1.85

2.8

7.6

Ifell
Buried
la
parLiug
lor

;
-7.02
-2. 13

2.2

<l
(l

608

-6

-6.64
-2.20

6.7

<l
<l

36
0.06
I

<10
3l

578

-6. 13

-1.86

5E

1.5

7.2

<l
<l

z3
0.99
20

7Z
0.05

4

2
5

<l
<l
I

l8
0. 13

3

<10
48

24
33

1.0

10 <10
15 8l

<l <z

<10
48

<l

<10
r03

523 539 532 492 555

7.30 7.40

lh (ug/I)
?b (rre/!) -'
se (::g/1)
is (:':e/1)
Zs (r:g/1)
F (os/r)

I
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Table A- tt. WelI i,tIl .

October Noveuber April !{ay June JuIy August

Date
Time

Teup
Air (oc)
waser (oc)

Depth to l.lacer Table (ft)
(n)

Snow Depch (inches)

Do (ne/1)

pH (Fte1d)

ColLfort
Total/100 nI
Fecal/100 ul
Fecal streptococci/I00 uI

Hitrogen
NHr-N (ug/1)
No;-N (ng/l)
No;-N (ug/r)

*,o"pl"t"
Orrho (ug/1)
Toral (Ue/t)

BoD (ae/l)

TDs (mg/r)

speclflc conductLvt.t a:y;;j;i

CatLone
Na (ng/1)
llg as CaCO, (ng/l)
K (rne/l)
Ca as CaC0, (ng/l)

Anlons
cI (us/r)
so4 (Bs/I)
B (ne/r)

Total Eardnegs as CaC0, (mS/I)

Total Alkaltntty as CaC0, (n8/l)

pE (Lab)

Surfactaut aa HBAS (uB/l)

TracE InorganLcs
As (pe/U
Ba (pg/l)
cd (ue/1)
cr (ug/1)
cu (ue/1)
Fe (i.g/r)
He {ue/r)
tln (uS/1)
P'o (uS/1)
Se (ug/l)
*e (pg/r)
Zn (!e/1)
F (ns/r)

10-25-79
1l:00

10.5

-7.25
-2.2r

?.7

<l
<1

l5
0.05
5

117
148

0.60

480

602

7

<3

4
85
0.535

<30

<l
39
<3
<8
<7
<l
<0.5
<6
t

<I
.,

15
0. 16

rr-35-79
8:00

).f

-7 ,18
-2.19

r.0

6.7

<1
<1

r.5
0.04
I

152
152

I

461

648

7

4-?0-80
10: 15

L7
6

-3. 73

-1. 14

0

2.5

6.6

<I
<l

<r0
3. 34
2

r01
10r

1

434

869

5-20-80
16r40

-1.9'I
.L.2L

3.3

6.9

<1
<1

I5
5,82

?q

l3?
r35

I

550

929

6-32-80

26
6.5

-4 .68
-1.43

7.O

<1
<1

<r0
4.49
I

"i_Zt -EO
14:10

25
I

-6.75
-2.06

1.3

7.3

1
<1

4

l6
0. 53
7

67
112

<1

514

687

114
115

<2.

558

850

8-2 3-80

18
9

-7 .60
-?.32

3.2

6.7

<1
<1

1

20
0.4s
5

23 <l
78 80
0.2 0.31

472 492.

420 394

8.07 7.35

<25

<5
<ll

<6
<1
<1

0.41

50
67

566

908

149

343

125

347

9
144

3
389

10
r38

3
306

11
108

6
46

2
65

<1
74

<19

20

20

r54

361

8.30

<100

<1
<50

<3
<r0

<7
<12

5
<5.
<1
<1

3
t6
0.38

2
72
<0.1

444

345

8.44

<25

<1
20
<2

<rl
<7

<11
3

<5
<l
<1
<6
/.8

0. 32

19
7l
0.39

533

198

7.38

<25

<1
<3
<2

<11
<7

<11
?.6

<4
13
<I

3
56
0.38

15

<7

0.44

66



Table A-12. Well #L2.

October Noveober FebruarY Aprtl l,lay June July August

Dare
Tine

Tenp
err (oc)
tlacer (oC)

Depth to lJater Table

Snou Depth (tnches)

Do (oe/l)

pH (Fleld)

Collfonn

(fr)
(u)

Total/100 ul
Fecal/ 100 m'l
Fecal StrePotococcl/100 ul

NLtrogen
Nu^-N (ug/l)
soj-u (ne/l)
No;-N (ug/l)

?hosphate
ortho (ue/l)
Total (ug/f)

BoD (ug/l)

TDs (us/I)

Speclflc conductlvlty {u$}roe/cn
at 25oC)

Catlona
Na (ug/l)
Hg ae CaC0?

K (oe/I)
Ca as CaCO3

AnLone

(ns/1)

t"e/i)

10-25-?9 11-25-79 2-24-80
12:00 12:30

4-20-80 5-20-80
l1:40 14: l0

6-22-80

26.5
6

-2.2r
-0.68

7.2

<1
<l

200
0.08

<2.

<10
56

<2

495

677

t3
90
10

300

29.9
53.3
0.39

390

413

7 .03

<25

<l
4

<2
<11

<7

I 120
1.4
206
<l
'2
<3
50

0.18

7-2.7-80
13:35

8-23-80

;
-2.67
-0.82

7.2

<1
<1

35
0. r3
l2

3
220

,
-3.L2
-0.95

6.7

<l
<1

34
<0.04

I

<1
39

645

-2.73
-0.84

3s

I

7.3

<l
<l

36
1.05

3

<10
136

l7
4.5

- 1.45
-0.45

0

1.5

6.3

40
<I

42
0.13
t0

794

;
-1.95
-0.60

3.2

6.9

<l
<l

43
0.06

4

<10
<10

I

894

I

I

68
0.06

4

39
39

1.5

485

<2
<11

<5

323

211
<l
<l
<3

0. 12

4
3

25 20.5
10 l0

-2.00 -2,48
-0.61 -0.76

3.7 1. 7

1 .5 6.6

<I
<I

3

30
0.04

6

3s
37

477

777

<5
t1

t

873 577

Cl (ue/I)
S0+ (ue/I)
s (nsll)

Totel nErduess ae CaCO, (ng/l)

Total AlkallultY ae CaC0l (ug/f)

pH (f,ab)

Surfactant ag IIBAS (ugll)

Tracc InorgauLce
As (us/l)
Ba (ug/l)
cd (ug/l)
Cr (ug/r)
cu (ue/l)
Fe (ug/r)
Eg (ug/I)
Hn (rrg/I)
pb (us/1)
Se (uglr)
As ('rg/r)
Zn (:rg/1)
F (es/l)

7.67 7 .L7

87

-298

305
75

0.82

385

355 300

8. 31 7 .33

<25

.

<12

r87

o
0.23

67



Table A- 13 . ttell /113 .

October Noveuber Febnrary APril Hay June JuLy Augrst

Date
Tine

TenD
eir (oc)
t'Jater (oC)

Depth to t{ater Table (ft)
(n)

Snou Depth (tnches)

Do (ne/l)

pH (Fteld)

ColLf orrn
Total/100 trl
Fecal/100 d
Fecal,.Screptococct/ 100 o.1

Hl.trogen
M.,-N (uell)
Noi-N (ne/I)
Noi-N (ue/l)

'Phosphate

Ortho (ugl1)
Total (uel1)

BoD (us/l)

TDs (ue/l)

Surfactaut as UBAS (ue/U

Trace Inorganlcr
Aa (us/r)
Ba (pg/l)
Cd (ue/I
cr (us/t
cu (Ps/t
Fe (ug/l
Hg (ug/l
lb (ug/l-
Pb (ue/I
Se (!e/1
Ae (lig/r
zn (ug/I)
F (ue/r)

10-25-79 l1-25-79
14:00 13:00

2-24-80 4-20-80 5-20-80
13 :25 12:00 15 :05

7-24-80 8-:3-80
12:30

24 20.5
l0 ll

-5.87 -6.30
- t. 79 - r.92

1.1

7.1

<1
<l

3

136
<0.04

3

33
130

I

5?3

851

6-22-80

;
-3. 48
- 1.05

1.8

<l
<l

169
0.07

I

I
386

<3
98

<l
72

<0.05

484

443

8.28

<30

<l
tt3
<3
<8
<7

5579
<0.5
278
(l

. <l
7

33
0. lr

;
-3.19
-1.15

6.6

<l
<l

53
<0.04

I

-4
3.5

-3.48
-r.06

79

1.3

7.2

rl0
<1

32
0.56

5

<10
243

<l

400

594

10
57

0.20

312

294

8.09

t2 15
1.6
201

r3

rlt

1.0

6.6

<l
<l

l13
0.04

I

<5
494

2

459

904

- 1.50
-0.45

0.9

7.0

<l
<1

lo
0.05

4

z1
25

<I

572

1055

<l
48

<0. I

359

371

8. 19

<l
39
<2

<Il
<7

<lr
3

83
<1
44
<6

178
0.32

-4.5 r
-1.41

7.2

7
<l

47
0.10

z

<10
tl5

<2

510

716

1.3

7.2

<l
<1

J

ll3
0.04

6

17
I

26
I

24 36
210 128

0.70 I

526 325

E06 439

40
73

494

891I Spectflc Conductivlty (unhos/cn

- 
at 25oc)

Catioue
Na (ng/I)
Hg as CaCO" (ne/l)
K (rne/l)
Ca es CaCO, (og/f)

AnLons
cr (ne/I)
SOr. (ue/I)
B (oe/l).

Total llardness as CaCO, (ng/I)

Total Alkallntty as CaCO, (of/I)

pH (Lab)

149

328

996
120 195 I55

532
31 164 356

88
ls7 9l

212 222

7,4
44

0.45

511

402

7.47

27

<l
24
<2

<lr
<7
88

2
tl3

I
<I
<3

t23
0. 15

149

318

7

43
0.91

467

415

7.63

<5
<ll

232
<l
<l

0.27

<l
5t

0.34

477

429

7.24

<25

<12

253

I
58

<1

48

l5l

s04

7.55

<100

2
r60

<3
<10

<7
10,200

2
543
<l

6
<3

360
0.26

369

445

8.3

200

86

0.37

68



Table A-20. HeIl #20-

Septetber October lleceober AgrtI llay July August

Date
Itse
Vr.q

Atr(oC)
I{arer (oC)

Depth Eo lJater Table

FZI-79 lS-16-79

-8.50 DrY
*2.59

12- l r-79 4- 1,F80 5-21-80
t2: l0 15: 15 1l:50

6

Dry DrY -3-83
-I.17

9-2

7.3

16 20.5
10 t0

-0.88 -4.38
-o.27 -l,33

6-22-90
l8 :40

-0.17
-0.06

7.0

j

84
0.59

<z

7-23-80
20:50

8-22-80

2t+
9

(fr)
(u)

Suow Depth (tuches)

oo (ue/I)

pE (Fteld)

ColLfota
TotaU 100 t!.1
Fecal/100 El
Fecal StrePtoeoccl/100 uI

NlEroEen
ffi.-H (ug/r)
No;-H (ng/I)
Hoi-N (ug/r)

Phosphate
ortho (ue/l)
Total (ue/l)

soD (ue/l)

lDs (Es/l)

7.3

7.5

olt
2

3.9

7.2

25
0.04

.5

<l
<l

2

<l
<l
<l

<l
<l

15
0.39

7

u5
292

<l

90
106

125 100
r52 131

<2 1.5

SpeetfJ,e Conductlvlty (uotroe/cn
at 25oC)

CatLons
tfa (us/l)
Hg as CaCO" (os/f)
K (ms/l) r
Ca as caco3 (ng/f)

furions
cr (us/l)
sOa (us/l)
B (ns/l)

Total llardnese ae GaCOt (ng/l)

Total Alkaltntcy as CaCO, (ne/l)

plt (tab) i

Surfactant as HBAS (ug/l)

585

7.4L 7.58 7.67

o

Trace
As
Ba
cd
Cr
Cu
Fe
Hg
ltn
Pb
Se
Ag
Za
F

Inorga"ofcs
(ue/r)
(ug/1)
(ue/r)
(ue/1)
(ue/1)
(ue/1)
(uel1)
(ug/1)
(uel1)
(',rel r)
(ug/ r)
(us/r)
(lle/1)
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Table A-23. lfell lF?3.

October Noveuber Aprll April Hay June July August

DaEe
Tiue

lr23-79
18r00

8.5

-5.96
-1.E2

5.0

6.1

<l
<l

68
<0.04

I

<l
?6

<l

e85

395

1t-25-79 4-1F80
14:00 lE: 15

4-20-80 5-2I-80
16r00 l8 I 15

-5.60
- 1,71

0.7

6.s

<l
<l

72
0.14
I3

<10
L2

<l

7.36

6-22-80 7-23-80 8-22-80
20: l2

-2.00 -5.00
-0.61 -r.52

<0. I

7.55

Temp
err (oc)
warer (oC)

Depth Eo t{arer Tabre 
[:;)

Snor Depth (tnches)

Do (ne/l)

ptt (Fteld)

Collforu
Total/100 El '

Fecal/ 100 rql
Fecal Screptococct/ 100

Nl.trogeu
l{H,-H (ug/l)

. Noi-N (ng/r)
No;-N (ue/l)

Phosphate
ortho (ug/l)
Toral (ue/f)

BOD (ns/l)

rDs (ue/l)

Spectflc Conductlvtty (untroe/cu
ar 250C)

Catlona
Na (ns/l)
Hg ae CaCO. (nS/I)
K (ug/l) J

Ca as CaCo3 (us/l)

Aniour
cI (ug/I)
soa (tu/l)
B (ns/l)

Total Barduess as CaCO, (u8/f)

Total Alkallutty as CaCO, (ue/l)

pE (Lab)

Surfactant s8 HBAS (ue/f)

Trace Inorganles
as (us/l)
Ba (ug/r) '

cd (ug/I)
ct ("rs/1)

. Cu (ue/l)
Fe (us/I)
Ee ('Je/1)
lfrr (ug/1)
Pb (ug/I)
Se ('.rS/1)
Ae (rre/l)
Zn (us/l)
F (sg/1)

24
I

2L
7

.,,,

5

1.6

<l
<l

1.7

7.6

<l
<l
<I

<l
<l

2

98
0.17

2

140 9l
<0.04 <0.04

47

<10
43

3.5

t..rt 7. 78

6
30

0.80

327

504

<1
t7

0.535

30
30

4
288

184

3
r3

5
80
<3

200

o

472

244 227

8.36 8.3

<30

<l
83
<3
<8
<7

2Z tl40
<0.5
249 182

1
<1

6
r8 27

0. t2

78



Table A-26. Surface sample #26.

October Aprtl l{ay June JuIv August

Dace
TLoeI

-ED- 
ii, (ocr
water (oc)

. I)epth to lJater Table

Snow Depth (lnches)

Ilo (ng/I)

pE (Fleld)

Collforo

t(Ft3-79 4-20-40
17:30 16:00

5-20-80 2-22-80
18:30

7-23-80 8-22-80
20: l0

z4
16.5

2L
200

23
L7

22
5

(fr)
(u)

Totat/100 ul
FecaUl00 ul
Fecal Etreptococct/100 ul

Nl.trogen
ffi"-N (ug/f)
No;-N (us/r)
No;-N (ue/l)

Phosphare
orrho (us/r)
Toral (ue/f)

BoD (ns/t)

TDs (ug/l)

Speclf lc ConducclvttY (Unhos/cn
ar 25-C)

9.6

9.2

115
106

49
0.13
3

15
15

0.90

24L

<t0
0.34
4

29
136

2

285

69
0.46
6

:185
t85

I

334

8.4

60
0.20

:
<10

36

<2

323

8.49

10
4

30
43

t0

90
<b

8.0

6.8

8.0

8,4

7.8

8.r

30 10
25 30
T!fiC 40

28
<0.04 <0.04
3t

33 10
62 L2

2.2

343 323

Eaclons

- 
Na (rns/r)
llg as CaCO,
K (ms/l)
Ca as CaC0,

Anlons

(ng/ r)

(ne/r)

5
54
<3

L22

cl (rng/ l)
S0,. (ms/ t)
B lug/l)

Toral Hardness as CaCO, (tae/I)

Tocal Alkalinity as CaC03 (trs/t)

pH (Lab)

Surfactanc as UBAS (Ug/l)

Inorganics
(ue/ 1)
(us/1)
(pg/r)
(ugi r
(ug/r
(ug/r
('lgi r
(trs/ I
(ue/1
(ug/ r
(uel1
(Pg/ r
(me/I

I
15
<0.05

<30

<l
60
<3
<8
<7

8
<0.5
ZL
<1
<1
I

<1
0. 08

8. l6 8. 54 8.61 8. 31

ee
As
Ba
cd
Cr
Cu
Fe
Hg
Yn
Pb
Se
Ag
Zn

Tra



Table A-28. Surfaee sa.mPle #28-

lprtl Itay Juge July August

-
-/:lrlc-- 

Il:De

Teup
Atr (oC)
uaser (oC)

Depth to t{eEer Table

Total Hardness aa

Total Alkaliniuy

pH (Lab)

4-20-80
12:00

5-10-80
19: 30

;

-u.0

61
0.94
I

33
3370

4

6-22-80

E.I

-106
-200

23
0.28
3

L6
8

25
I1

26
IO

(fr)
(u)

Snow DePtU (tnches)

,. Do (us/l)

pH (Fleld)

Collforu
toraUtoo nl
Fecal/100 B1
Fecal ltrePtococct/tOO

llltrogen
ffi"-N (us/1)
Ho;-N (us/1)
No;-H (us/l)

Phosphace
ortho (us/r)
Tocal (US/l)

BOD (us/I) .

TDS (ne/I)

Cartons
Na (ns/l)
Mg as CaC0"
K (us/l) J

Ca as CaCO,

Anions
cr (urs/l)
so+ (ug/r)
B (ng/l)

(lus/r)

(me/U

I

1.6

830
55

180

1r{TC
Ttftc
r}ITC

zr0
<1

62
0,57
7

32
42

265

504

20
2?

<l

191

303

100
L77

<1

222

4't8

93

182

48

121

-9
60

5
50

15
36

Surfactant as I{BAS (Ue/I)

Trace Inorganics
As (ue/l)
sa (ug/r)
cd (ue/l)
cr (us/l)
cu (Ug/r)
Fe (ug/l)
ttg (ue/1)
ltn (ue/l)
Pb (ue/r)
se (ue/1)
Ag (ttg/t)
zn (ug/I)
F (mg/t)

<1
36
<2

<11
<7

13

<7<4
<1
<1
<3
87
0. 24

I SpeclfLc Conductlvtty (uutroa/cn

- 
ar 25oc)

18
220

<2

200

293

z
59

2
133

141

318

t
41

2
LlZ

CaCO, (ue/l)

as CaCo, (ne/I)

t10

218

8.30

<100

<1
<50

<3
<10

<7
106

3
131
<l
L5
<3
24

0. ?6

5

7.3
<0.1

2r3

t46

8,39

48

1.5
19.9
0.1

L92 .

135

8.28

<25

<l
<3
<2

<1r
<7

39
r.6

19
?
2

<3
20
0.20

7-?2-84
14:05

8.8

8.4

44
0.05
2,

3

L2
<0.1

169

186

8. 36

<5

17

<6
<1
<1

0.42

8-23-80

20. 5
l3

8.3

8.1

30
<0.04

6

5
40

0.1.

275

234

8.26

<25

0.28

83



APPENDIX D

OBSERVATION WEI.L LOCATIONS AT.ID IIGS

Table D-l. Piezometer Lnformation.

$tte; East
LocatLon:

Date
Time
srIL
Snow Depth

Plezometer Near I{eIl #13
SouEh Proflle

10-25-79 11-25-79 2-24-80
14:00 13:00 13:25

-z:lok" -3'6_3t4,, -r;1i,,3t4"

4-20-80 5-20-80
12:00 15:05

Subnerged -l'5k"
lt7tt

Site: South Plezometer Near Well #f3
Locatlon: South Proflle

' Date
Tine

10-25-79
14r 00

4-20-80
12:00
-1 1/9"

5-20-80
15 :05

-7 3l4"sr{L -3'1 314"

11-25-79 2-24-80
13100 13:25
-3' 4" -2.'7 3/8t'

Slte: North PLezometer Near Well #17
LocatLon: North Proftle
Date
Tl.ne
SHL
Snow Depth

I r- 26- 79
11: 00
-7t 6tl

2-24-80
[8:00
Dry

3? 2r'

4-20-80 5-20-80
16:35 15:50

-7',2, 7 lg* -4t 10 5/8"
trt
L

Slte: Ifest PLezoueter Near Well ltLl
Location: Horth Proflle
Date
Tiue
srnl.
Snow

9-?5-79

-2t 10t'
Depth

I 1- 26- 79
11: 00

-7' ll l/9"

2-24-80
18:00

-8'5 1/8"
33"

4-20-80 5-20-80
16:35 15:50

-7|7 314" -4t 11"
24"

SllL = Static Water Level
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Other well locacions--Pleasanc Valley sEudy area'Table D-2.

ClAtrI
$tr.{gER

x-578
x-1581
r-430
x-1245
827
r-660
r709
r-1166' 1350
290, x-175
r-397
x-336
284
112
!93
285
206
2?3
x-1483
3401
340?
x-l64
x-45?
x-777
200, 3460

r-1560

x-1114

x-l058

I{A"YE

Albert S. Ve1tri
Eraest Ssler:eo
freresa A. PhelPs
G1:rn HaEthetrs
Boyd Bunnell
Jascs D. Eertelsen
Clede Asdrelnl
Carl E. Eatch
Frascis E RndY Scartealne
Bobert S. t{allard
Frank Harrelll
ChrLs Jouflag
Carboa CountY
Carbou CouutY
Jancs J. Diancntt
Paul Hrnclns
Paul Suttou
G. Pete Frcndsec
Welno Burton
l{alno Burton
Louls Gorl'shek
Bobert Radakovlch
Valley CauP Coal CooPanY'
HountaLn Fuel SuPPIY Co' end

Utah lfatural Gae ConPanY

Coastal States EuergY CouPanY

Coastal States EnergY ConPanY

PrLce Rtver !{ater Ugers Assn'

tocATrg{

151ar1wl Sec. 3' T12S' R7E

$F:ltISr Sec. 3, T12S' R7E
gtll6gtff Secr 3, TI2S' R7E

SlFdrft Sec. 3r Tl2S' R7E

S!ftSlfk Sec. 3, flzS' R7E

Slf{SIft Sec. 3, TI2S' B7E

ltE!{sF& sec. 4, rl2s' ElE
lrEdF.k Sec. 4, TLZS' R7E

ltEl'sEk Sec. 4, T12s' R7E

Sg*gflt Sec. 4, f12Sr R7E

SEkSF* Sec. 4, T12s' R7E

SElrSEk Sec' 4' T12s' R7E

$#Nf'k sec. 9, T12s' R7E

sl.ltdfEk Sec. 10, i12s' R7E

slftNllk Sec. 10, t12S' R7E

$ftS!ft Sec. 10, Tl?s' R7E

nwkllmc Sec. 15' t'LzS, R7E

lftxek Sec. 30, T12s, R7E

SIllaSEls Sec. 32, fLZS' R7E

SfllrSfk Sec. 32, T12S' R7E

S!ftSEk Sec. 32' T12S' R7E

M$rSI.lrr Sec. 5' T13S' R7E

SEkSEk Sec. 8, T13S, R?E

SllhSEk Sec. 8, T13s ' R7E

SEkSI{tt Sec. 13, T13S' R6E

SrkSrk Sec. 13, T13s' R6E

S$kSl.lk Sec' 17, T13S' R7E

shsl.lk sec. 13, T13S' R6E

t{EkNEk Sec. 23' T13S' R6E

sEkNTilr Sec. 24, T13s' R6E

I{!llr}l!lk Sec. 30, T13S' R7E

DSPTH/STATIC

120'/45

100r /60
g5f

aLO' 175

Wetl #1 North Lake Locacl'on

Sauple Nurnber

t

Depch

0r - gt'

th' - rlt'

lllr' - 14'

14' - 17b'

17k' - 19'

19' - 20f

lfell is iocated in an area of

Cased to 20' HiEh 1" PvC, periorated
surface casing ceoeuced ln Place'

FesgrlPt$on

Dark, flne quartz sandy, sllr and clay
r{ch ln organics. Drilled rlLth sol'Is
augeE.

Dark, fJ'ne quartz sandy, sllE and clay
rlch ta organlcs. Drilled wl-th Jet
rlg froo 8k' to base of bore hole'

Graylsh brown coarse lron scained quarte
sand to flne stlt and elaY'

Graytsh aedium quartz sand trl'th soue

sllr and claY-

ltediuu gravely, grayish quartz sand -
gravel is rounded sandstone fraguenEs'

Coarse rounded sandstone gravel
tlith gray quartz sandsEone'

silcing of the lake'

frou 12' - 20' rrirh ll" galvanleed
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tlell f2

Saople ltuaber

ORR PROPERTT

Deprh

o-3'

3: -j
5' - th'

8l!t - 9'

g' - loh'

loh' - 14'

14' : l8t'

Dept.h

0-4'

4' - l0tt'

lok' - 14'

14 ' - L4]t'

I

?,

99scr-lPcLon

Brotrn, sandy soll trith soue rouaded
pebbles uP to h" ln dtaneter.

Brosn, sandy soll lrlth sooe rouuded
pebbles up to Y' ln dl'anerer.

Erormish gray fine quartz sand
trlth sose fine gravel-

BrwtrLsh graY fl'ne quertz sand
utth coarse pebbles l" Lu diaucter'

Tasnlsh brorm uedlun quartz Eand

end sl,lt - drtlled to l0h' rlth
solls au-ger'

Tan uredlun quartz sand and sllt -
drtlled co l8k' rtth Jet rtg'

Tan coarse quartz sand to flne ellt.

Cased to 18ll' trl,th 1" PVC' Perforatd fron I' to 18hr , nlCh ltt' gal vanLzed
gurface caslng ceoented ln Place.

Well #3

Sanple_l[uuber

1

2

3

4

PAIPAS WELL

Descrl.ptlon

Llght Ean fl.ae stlty sand wlth pebbles
up:Eo lb" Ln dlaneter.

Light tan fl.ne silty sand slth pebbles
up to th" !n diaaeter - drtlled trtth
soils auger.

Coarse ro fine ltght tan sand lttth
gooe sandstone rock fragoents -
drllled with Jet r1g.

Sandy clay layer - claY is llghr
lu color and flrn.

Coarse to fine llght tan sand,

Hediuo gravel siEh can sand rock
fragments froo several dif,ferent
sandstones.

Cased to 20' riith i" PtrrC, perforated fron 13' to 20' trith 1%" galvanized
surface casing ce:nent in Place.

5 l4l' - l5k'

6 16t' - 21'
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IfeII f4

9ap.ple l$r.uber

I
2

3

4

5

6

JOTTFTT.f,S gEtI

Cased to 20' lrlth I' PVC, perforated frou
gurface casLng cemented tn plaee.

ErscrLPtl'on

Tannlch brona stlty soll.

Badly ueathered ssndstose boulder.

f4nnlsfu brono oedLrn qr.Ertz sllty
taD,d.

TamLsh brorm edtui e'artz allty
eand ntth claa - drtlled rLth eol'ls
au8cA.

TaunLstr brorn fine qr:artz sLlty sand
fr.th screaks of cIaY --drtlled co
depth rrtth Jec rig.

Taunlsh bronu flne quartz atlty eand
ntth rooe layers of uedl,r.u to coarse
land.

7' to 20t, rtth 11" galvaelzed

3t

4'

0

z',

3'

.D_epth

_21

4' - l0l

r0'

15'

- 15'

- 201

WeIl. #5

Saqple Nuuler Depth

I 0-11'

2 Ll' - 13'

13' - 15f

15' - Ll'

Flrst Avenue llell

DescrlptLog

Taanish flue sllty sand,

Tanulsh oedlr:m to fine stlty sand -
contains soue clay.

Tanalsh uedl.rrm eo fl,ne sand-wLch
nedf.tu ro fLne gravel - gravel ls
sandstone fragneats - very angular.

ltedtrjo to coarse sand wlth uedluu
gravel - gravel is sandgtone
fragments.

Cased with l" PVC Eo a depth of 16r sith perforatlons frou 9' to 16'
Surface cased uith l!t" galvaaizeC pipe 1l' long cenented I'n place.
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HeIl f6

Sanale .rlrsber

Cased uith
cased uith

9lell #7

Sauple Nunber

I

Il,euth

0 - 10'

11'

lE'

Depth

0-g'

gr - l4l

14' - 15r

15' - l7t'

10' -
l0r -

z

3

2

3

1g'

4ch Avenue lJell

Ilescrtpttou

Ltght Ean fLne send to coaEs€ silt -
drtlled lrtch soLls auger.

Ltght Eannish tfhLEe stlty clay. 
-.

Ltght tan uedfus to flue gravel rLth
gaad and flru claY.

Coarse gravel - lost clrculaEl.os.

. Desgr.{ptlon

Tellowlsh tan silty quartz'sand stth
sone hLghly weathered pebbles Eurnlng
to clay - drIlled wlth solls auger.

Sane as above - drl,lled wlth Jet rlg,

Iannlsh coarse to ftne sand tttth lerge
angular gandsEone fragments rlrh cluups
of gray clay.

Tan gravely coarse to fl.ne sand rrlth
clunps of gray clay.

frou l0k' to 17kt, surface cased

I^ost clrculatlon eE 18' in coarse gravel, urrable Eo eontlnue drtlltug-

I' PVC to 1?r ctth F5 perforatl.ons from 10' - 17', surface
l|r'galvantzed ptpe lh' long.

STATE PARK TJEI.L

t
Cased nith l" PVC to
uith lL" galvanlzed

WeIl #8

Sample Number

17tt, perforaated
ptpe 2t' loug.

PERRY.S BOAT CAffP

Lost circulation several tlEes.

Pesc.rlptlon

Rust brownr very flne sllt aud clay.

tellsrclsh brorrn flne sand lrith sooe
sllt.

Ttrln hard layer - no cutlings to
suggesE coarse matertal.

FLrm graytsh nhite clay.

1

2

Depth

0-8'
gt - llr

11' - 11k'

llk' - 12tt'

Cased to
surface

12k' with
casing 2L'

1" Pvc, perforated from
Iong ceoented in place.
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tfell 19

Sanple lfrsber DePth

0-3'

IlescrlPtlon

Batlroad bed oacerlal sLth coal lnter-
-fued along tlLth screp lron fragneucs'

Derk brortr coarse el'lc rl'th uediuo sand

slzed eoal fragnence wlch iutenuiteat
llghc tau aaod end cl'lt.

Llght tatr laud ead rLlc rinl,lar co

::ttt 

cucouuEered ebonre'

Dlscrlptl.on

Flne t,o coarse eandY sllr,
ulth Erace of claY'

Sllty fine coarse sand rrlEh
soue clay and silt.

Fine to coarse sandY ftne
gravel with claY and silt.

Grades to sandY ftne to
coarse gravel to coarse
sand wich soue gravel.

for Daine and l'loore

CI.EAR CREEK

I 3'-8t'

8t' - 10'

Cased to 10r rl.th lt' F{C, perforated frou Zkt to I0r wLth 1*" galvenLzed

furface cesLng ceoentcd I'n place.

I

IJeII #10

Sample Nr.mber

ECCLES CSIIYOH

Depth

0-15'

15' - Zl'

zL' - 29'

2g' - 3t'

irlell wes drilled bv Raymond Incernational Inc'
Consultant Engineers.

.. rl

Cased to 29'uith t" PVC, perfcrated from 9'- 39'sith lk" galvanlzed

surface casing cenenEed [n placed'
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,.rI. ,rr.

S.anpie llrrober Dsprh

I 0-1'

VALI.ET CAI{P IJELL

lt-4'

-6r

- 10h'

10t' - lzt

12' - 17'

Cased to 17' rrith 1'r FVC, perforated
surfdce caelag cenented ln place.

Descripclon

Ltghc brorrn fl,ne to coarse
sand slth fl,ne Eo coarse gravel-
f,tll oaterlal.

Dark bronn fl.ne to uedl,uq sandy
soll trlth sorae pebbles.

Dark brosn fl.ne to coarse
rich soue pebbles.

Llghc brotrn fLne to eoarse sl,lt
stth flue sand,

Llght tan fl.ne t,o coarge saud
ul.th flne gravel

Ltght tan ftne t,o coarse gand
rl.th gravel lncreealng uutll
clrculatlon $as lost

froa 11r to 17' with ltrr galvautzed

4t

6t

t{e11 /112

Sauple Number Depth

t 0-2'

SOUTH PROFILE #1

?'-4'

4' - 5k'

5b' - 6'

6' - 7'

7' - 8It'

gk'

Cased to 8kt sith l" PltC, perforaEeci
surface caslng cenented in place.

Descrtptlon

Dark brsrn-black soll wl.th sorne
sand and sand-sl.zed coel fregments.

Tanulsh browu soll wlth ltghc
colored quartz sand lnterrl.xed.

Tannish brown soil and sasd lrl.th
layers of yellowish ran iron
stained sand and gravel.

Gravel layer sith rounded pebbles
up to l" in diamet,er

Dark gray
fine sand.

Ilark gray
flne sand

mud wlth some stlt and

mud with some sLlt and
with a few pebbles-

Large rock at bottoru of hole
stopped progress.

fronr 4' ro 8\'
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tlell fI3

Sauple t{r.rnber

t

SOU1T FROFIIJ 
'2

Dep.th

0'-3'

3' - 5t'

5h, - 6h'

6t' - 7h'

7h' - 9'

9t - th'

th'

Cased to tht utth a 6r sectlon of It'
extenslon, galvaulzed surface eastng

Descriptlon

Dark brorsn-black sotl nich sooe
sand and sflc.

Tanq{sh bronn sotl uLth llghc
colored quarta sand, soue tron
or llnonLte stat'nLng'

Brotm stlty fLne co medl'ut sand,
sooe tron or lioonLce rtaf'ol'ug-

Dark brown "$o{,1" clltY sandY
riEb a few pebbles about 1" ln

- lengch.

Taoslgh brown alltY eaod Fltir
gravel tncreasLng ln Percent
and stee.

Tau End graY nedlun gravel'
angular sandsto$e fragaents rLth
sooe sllt and sand.

Cobbles - Dlscontlnued drl'lllng'

tefloa plpe attached to a 3r galvanlzed
ceqented tn Place.

.i

t

lfell #14

Sanple Number

-

1

SCOFIEIJ) IOT{II

DeetE

0-3'

3t-6t

6r - 10h'

101!r - 13.

13' - 14r

Cased to 14' lrLth l" Pvc, 95 perforatLons
surface casing cemented in Plaee'

104

DescrlPtlgn

Dark Brorrn soLL !.lth soEe
stl,t and saud.

Hediuu brorm stltY sandY soll
wl.th sote suall Pebbles.

Gray uedJ.Irs to ftne sandY st1t.

Tan fLne to coaEse sand $t'th
fl.ne to trcdius subround sand-
sEoue gravel

Tan flne to coarse sand wirh
fine gravel - lost cl'rculatioa.

3

4

o irou 4' - 14' stth ltr galvardzed



Ifell f15

SFnple lfr.ruber Deoth

I 0-2r

- z ?,-5'

5'-g'

- gh'

HORTE PROHTLE 
'I

Descrl.ptl,ou

Dark fl,ne sl.lty soll.

Dark flne stlty soll nl.th Lncrease
lu clay.

Tau to brosn sLlty
sand slth sooe clay
staLul.ng presenE.

Ttrin gravel layer.

flne co nediun
- lron

gt

gr

9lr' - l0h'

10tr - 11'

Cased to llf ulth l" PVC, perforated frou 6t
surface castng cemenEed Ln p1aee.

Gray sLlty clay layer r{th a fes
!' Pebbles'

Flne co nedlua sand rtth silell
aaounEs of flne gravel.

Eedrock or boulder Bear bedrock -
drtlled lnto tt a few lnches -
ueathered sandstone.

to 1l' rtch 2t" galvanl.zed

Ifell #16

Sanple Nuuber Depth

I 0'-5L'
2 5'-7h'

NOP.IE PROFILE #2

De.scrlptlon

Dark fl.ae sandy sllty soll.

Darh fine sandy sllty soll
wl.th fl.ue gravel.

Saudy gravel - very petmeable -
euger bic cane out clean - no
sample.

Subrouud uedirrn to coarse gravel -
gravel was sandstone fraEaent,s.

Subrouud to rouud fJ.ue grave!,.

Subround medluu to coarse gravel.

7k' - g'

g' - l0'

l0' - 11'

11' - l1!r'

Cased to ll-'4" utth lt'Pvc, perforaced fron 5'4" to 11t4" sith lt"
galvanized surface casiag cemenced in place.
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Ifell 118

Sauple l{unber

I

283

4Foth

0- 3'

3t-6t

6t

6t -7r

7'-9t

HORTE PROFTLE 14

Caeed to 8r with lf PVC, perforated frm
rurface casl,trg ce[ented 1o place.

tlell fl7 lloRllE PROFILE

DescrLptLog

Ilark flue stlty sotl.

Taa Eo brorra sllty clay rl.Eh
r{aor :rff}uscs of flue gravel.

F{ne to ucdluu gravel layer ouly
e fen lnches cbtch.

Tau flae to costrsc sltr1r clay -
soue lron orlde staLning pEeEeEc.

Tan fLne Eo coarae etlty clay rlth
layers of flae to uedluu gravel.

3' to I' rlEh lt"

#3

galvauized

o

Sauple Nunber

I
2

3

Sauple llumbFr

I

Depth

0 - 4}ttt

4\' - 7''

7t-91

g' - l0r

DePth

0-3t'
3+' - 4t'

4+' - 5k'

5lr' - 7t'

h, _gry

gk' _ 11'

Cased rlLth 1r' teflon Eube, perforaced fron 2'3"
wtth lt" galvautzed plpe cenented 1n place.

I{ell #19 N0RIE PROFILE fi5

Des.crl.ptl,on

Dark fine sllty soll.

Tan to brorm sllry clay rtth thln
gravel layer eE 6r.

tlght tan flne eand to sllty clay.

Llght tan fine to coarse sand
with fl.ne to uedl,um gravel rounded
pebbles and sendstone frageuents.

to 9t3" and surfaee caeed

Descrfp_t*.?n

Dark flne stlty soil.

Dark ftne sllty soLl grades
Luto tan siltlng sand.

Tan coarse sl.lty sand lrlth oLnor
auounte of fLne gravel.

Tan coarse sllty sand wLth fl.ae
to medl.uu gravel - gravel cor
prlsed of sandstoue fraguents.

Fl.ne to coarse gravel rrl-th tau
stlty sand matrl-x.

Fl.ne to coarse gravel slth tan
stlty sand macrlx.

frou 6' Eo 1l' sLth lk" galvanizedCased co 11' rrith 1r' PVC, perforated
surface casiug cesenEed ln place.
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9t-

9t 10"

Cased to 9'lo" r.lth l'l
gurface caetng ceneuted

trctl 120

Sauple $uober

I

tJell #21

Sanple, NunbeT

I

2&

4

5

6

Cased to
surface

tDoDs cArttolf

gh'

PVC, perforated
Ln place,

gt

13k'

- 14t'

- r6h,

perforated
place.

6t

9'

3'

5t

z

3

4ep-th

0-3'

Depth

0 - 4'

4t-

10r -

13k'

t4k'

DeserLptl.on

Dark sllEy sandy sotl ylth rurf
roots and other organtc oaterlal.

- 
Tannlsh brorrn sl.lty flue sasd.

IJght gray ftae Co nedLnu qu:rEtz
eand aod silt.

Tan fiue to oedlrrn quarta saud
aud silc.

Botton - flru Uoofa"r or bedrock.

frou 4hr to 9t10" vlth 11" galrranlzed

SECTION 29 CAIIYON

16k' wi.rh l" Pvc,
casing cemented ln

De,sc'rlptloTr

Dark brown to black flne sllcy
soil wlth sone organlcs.

Gray-black stlty soll.

Gray floe to coarse sLlt wl.th
ffru clay and layerg of, flne to
uediuu clay.

Gray ftne to medluo saad w'lth
stlt and clay,

FLae gravel slzed sandstone
fragnenrs and fl.ru gray clay -
bedrock at l6kr.

frots 6' co l6f niEh lk" galvanf.zed

LA7

\--



Cased co 20r 7" wtth li'PVC, perforated froa 7' to 20t7" ulth 2Ir" gElvaal,eed
eurface castng cenented tn place.

Ifell f2?

Sauple Frnb.er

1e2

3

485

667

t{ell #23

SauplF .Nrtgler

I

2

3

4

Ii}In|TAI:I HOHE

Cased to l.4k' srl.th I" PVC, perforared
surr-ace casing ceoented ln place.

DescrlPtlo_n

Ltght brorrrr stlty sol.l.

Taun{sh brorm fiue to mediuo
gand and el.lt nl.th ftne gravel.

Tellorrlsh tan flne tq qedlrru
rand and stlt rl.th ftne to uedir.o

- gravel.

Tellowtsh tan ftne to coarge eaad
slth f,l.ne to nediun gravel.

-l
tellmrteh ten stlt and clay uLch
r€athered sandstone pebbles,

t{esthered bedrock - angular broken
gandstone fraguents

Bedrock - randstone.

Descrl.ptlon

Light tau sllty very fl.ue sand.

Lfght tatr sllty fine sand tllth
Iayere of coarse sand.

Dark bronn fLue to coarse sand
wLth pebbles up to 1".

Gray sllty fLae to coerse sand.

InterrltanE layers of coarse sand
and flne gravel utth pebbles up
to l" lu dLaneter dl-spersed
throughout.

frou 11' to 14j!' rrtth lt" galvanJ.zed

Depth.

0-g'
g' - 12'

12' - l3t'

t3k' - 1g'

18, - 19k'

19b' - a0tr'

2r'

D.epth

0-5'
5t - 7.t

7r-gt

g' - gk'

8t' - 14+'

FISE CNEEK

t
F
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APPETIDIN G

SLUG TESTS IN SEI.ECIED OBSERVATION T{EIIS



S'luq Tes,t Data

lfel'l flz

St{L - 70.49 cra

l{ell Oepth - 272.73 cm

Perforated . t21.92 cm to bottom

Depth to
Bedrock . 762.00 cm

Estlmated Yo ' 30.5 cn

Tim
t sec.

J - 69I.51 cm

L./"*' 63.8

Drawdown
Y. fl.

3tJ
7,8

0
10

Fc

ttr

. 1.27 cm

. L91 cm

Lr ' 202.24 cst

L* ' 12r'92 cn

4.3.5
$r.60

A=5.5

B=1.0

tn h'

,, (r .zt r;lnlz rz.iretK-@

! .0026 cm/sec

ffi+
2.916

t
I0 sec

. 30.5 ctnrn -7:EG

llel l #r4

Sl uq Test Data

SllL = 1lil.35 cm

tlell Depth = 444.50 cm

Perforated = 121.92 cm

Depth to
Bedrock = 76?.00 cm

Estlmated Yo = 30.5 cn

Time
t sec.

Drawdown
Yt !t'

30.5
3.6

0
10

"c

t
= 1.27 cm

= 1.91 cm

L* = 33I'r5 cm

L. = 322'58 cm

H = 648,65

L./"r* = 168.9

Roltnf=,ffi-
= 3.62

* = 
(l'l'rEElls['*?'

= .0019 cm/sec

#rn 30.5 cm
3.6 cm

-L22



lfql I f20

Sl.uq Test Data

St{L ' 177.8 crn Time
t sec.

l{ell Depth . 307.6 cm

Perforated . 137.2 cm to bottom 3g

llepth to
Bedrock ' 307.6 cm

Est{mated Yo . 30.5 cn

. I.27 cm Lr - 129.8 cm

.l.9lm L'170.4cm
e

H'129.8cm C.3.8
-' L./r*'89.2 en

Drawdorn
Yt m'

30.5
7.9

t,

fi-
?
Lf

Fe

f*

"h.
'3.30

*'(''fi'til}l*t*io' #
. .0005 cm/sec

I.Iffi

l{el'l #21

.ffi

'ns#

Sl uq Test Data

S}JL

r. = 1.27 cm

F* = 1.91 cm

'102.55

Lw = 401'oo

Le = 320'57

Drawdown

j. *'
30.5
4.0

Tlme
t sec.

t{el1 Depth = 503,55

Perforated = 182.88

Depth to
Bedrock - 76?.04

Estimated Yo = 30.5 cn

0
10

H=659.45 A=5.5

L*/"*=167.89 B=1.0

IRtnf=

= 3.74

, - (1.27 cm)Z (s-z+)"-m
=.0019 cn/sec

1 .'_ 30.5 cm
T0 'f, l:0-

ln (401.00 cm/l.91 cm)

L23
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APPENDIX N

GEOLOCY AND STRATIGRAPTIY OF THE WASATCH PLATEAU COAL FIELD

9_eolory

The tlasaEch Plateau coElpE ises Tert iary
and CreEaceous sEreEa, PEedominently - line-
stone, sandstoner and ehale that differ ln
resisEance to erosion; the llnestones and
sandsLones form cliffs, and the shales
forn slopes. The consolidated rocks of the
[tiasacch Placeaul coal f ield Isee Figutes N-l
io N-41 ... renge ln age fron Late Cretaceous
Eo Paleocene. -[See taUte N-1.] (Davig and
Doelling 1977, P. 3.)

Strat lgraphv

Hasuk Shele
The Masuk Shale ls Ehe uPPernost member

of rhe Hancos Shale. It consists of Light
srav Eo blue gtay sandy narine shale of
Sanionian age. Jhe uasuk 

-ranges ln chickness
from 91 Et Eo 396 tr (300 co 1r300 feec) and
f orns Ehe s Lope at Ehe base of Ehe I'lasatch
Plateau beneath Ehe Scar Point Sandstone.
(Davis and Doelling L977, P- 3.)

SEar PoinE Sandstone
The oldesr formaEion, Campanian in age

(Upper CceEeceous), exposed in end around
ptiisanr Valley is Ehe SEar Poinc Sandstone'
The Star Poinr is considerably thicker here
Ehan in ocher ParEs of Ehe Il-'lasaE5h, Plateau
coal] f ield; on the eIesE side of Pleasant
Valley berween Clear Creek and Scofield at
least'304 m (1r000 fc) of sandstone have been
Heasured bdneath the horizon of the Hiawatha
coal bed.... The uhickness EaPers Eo 61 m

(200 ft) in the eastern Pa-rc of Ehe coal
f ield. '(DoelIing 1972' P. 2L7 -)

As the lovrermost of three formations
compos ing Ehe l'lesaverde Group of chg Wasacch
Plateau, the Srar Point consists of several
Ean, utass ive, cIi f f - foruing- sands Eones
ieo.rat*a by one or several shile tongues of
Eh; underfy ing l'{asuk Shale. (Davis and
Doelling L977 , P. 3. )

The Hancos ShaIe is noE exposed at the
surface benearh the sandstone. The yellow-
gray sandstone beds are trosEly oass ive
Eur'occasionally broken by shale PaEtings or
DarEings of shaley sandsEone. The anount of
it't"le -in Ehe unii is also cons iderabLy less
than to che east. (Doelling 1972' p. 7-17')

Blackhawk Formac ion
The Blackhawk Formation, Ehe middle

nenber of the llesaverde Groupr conEains Ehe
n inable coal beds of Ehe 1{as at'ch PIaEeau '

All the thick end tnPortant coal
Ehe lower half of Ehe formaci'on-

beds are in
The Black-
the Eype
mtne at

hawk Ls CanganIan ln aB€, and
section ls neaE the BLacknawk
lliawatha (sec, 3, T. 15 S., R. I E.)

The uniE cons lscs of ll'ght to ued iun
Brey sandsEone, lighc gray to black ghale'
I ieh t to ned luu giay i i lts-tone, and coal.
Ih; sandstones are Bost1y fine grained and
weaEher Lo ehades of can' yellow btown,
yellow gEay, and occa-s-ionally- wh tte- They
iorn lelgis and clif f s. The shales and
a ilr sEones under I ie covered a lopes . llany
of the e iltsEones and darker ghales are
c ar bonaceou s r conc a in ing leaf irnpr inEs of
sequoias, f erns, end wlll'ows.

Price River Formation
CastLesate Sandstone Henber. The Price

River t uember of
the Hesaverde Group, and the Cestlegare
Sandstone ls the lowermost unic of the Price
River. The CaeEleg4te is Caopanian [n 88e'
and the type section is in Price River Canyon
about 3.-i kn (2 tri) above the old Eorttn
of Castlegate

Along Ehe easEern front of the plateeu
and wirhi-n Ehe canyons, Ehe unit f orms Ehe
upperrnost cli f f of the escaE-pnenf 

-. - ^ Rang-ing
iir'thickness from 45 Eo 152 m (150 Eo 500
fE), tt consists of fluvlal sandstones'
conglomerates, and a few Ehin beds of ETay
saniy shale. The sandsEones, chiefly med.iun
to coarse grained and mass ive, weatheE
to shades o1 tight gray, tan, ifhiEe, qgd
yellow brown' The cliff' however, generally
iras a light gEay hue. The conglomeEaEes 'l ight gr+ in rnosr places , c,ontain pebbles
of - wh iEe 'quartz iEe and gray f ines tone in a

coetse sandy maErix.

Upper Price River Hember. The uPPel
Pr ice teep receding
s lope above Ehe Castlegate -Sand-stone clif f '
The' sttaEa are ptedominantly fluvial sand-
sEones, but Ehete' ate a few thin interbedded
pebble congloneraEes anci Etay. shales. The
i andsEones eEe gray, EEay ish E an r !al'
and brown; trost arE rnddiuln Eo coarse grained,
but some aEe fine grained.

Norctr Horn Forrnacion
The NorEh Horn generally forms slopes

and, in places, produces a hunmocky terrain'
t,lostly it cons iits of shales, bur ir has
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subordinace auounts of sandstone and Ehin
beds o f wh ice and I ighc gE ay freshwacer
IinesEone. Distant views of the formarion
ittog ir discincrly pink or salmon colored'
Lace CreEaceous fbssits have been found in
Ehe lower Part of rhe unitr- and Tertiary
fossils havl been idencified frou the UPPeE

p art
Flagscaff LimesEone

The FlagscaEf was Ehe origtlal niddle
member of Ehe l'lasatch Formaclon, buc - I't not{
h"s formaEional scaEus- The unit forms a

Hh iEe cl if f around Ehe h ighest summics

"na r idges of the plat-eau and cons ists of
wh ite ari'a lighe graj, th in-bedded lacusEr ine
l iurestone w-tttr- sode th in beds of gray
shale and dense whire volcanic ash' The
Flagscaff is Paleocene in age.

0uarternary Deposlts
Unconsoi idaced ions-ist of slluv lum

(s-cream channel anl yalley fill deposits)'
ieLoIiEh, ElaciaI drifi, EloE-eines, .and
l"itr'riil'(i?cluding talus) on slopes- and 8c
Ehe base ol slopes ind cliffs. These deposics
consisr of urixdd ProPorEions of clay, silt,
sand, and gravel with boulders.

SLruct ur e
Tectonically, Ehe WasaEch Plateau ls ln

a Eransifion zone between Ehe relauively
itabte Colorado PlaEeau on Lhe easE side
inJ-utt" relauively courplex and unsEable Basin
and Range Province on che west side' 0n the
**it r iE" tt," sEraEa of Ehe Plateau d ip inco
a compLerly faulEed tnonocline r whereas
on Ehe eaet side, 8€ntle diPs Prevail
ina iiults are Less numerous IFigure N-51.

The PleasanE VaIIeY faulE zone is a

norEh-crending graben wiCh an ave-E-age widrh
oi- "louc 

6.a "km" (4 uri) . The bounding f aults
h ave Ehe greatesEs d isplacedenEs ' -uP Eo 457

"-tf ,500 fi), but many splinter faults within
itti- ton" hive much ies-s. Th is f aulE zone
exrends from the north end of Pleasant valley
souEhward across HunE ingEon Creek and dies
;;;--i;-itt" clifis just north of cotconwood
ireek becween Grinei Wash and Danish Bench'
ioavis and DoeIIing I977, P. 4-9')

The lmportance of faulcs has been $ell
illusEEaEed'by Taff (1906' P. 343)3

The pr incipal faulr of Ehe Pleasanc Valley

"rouo 
is the wescernDost one. Ic follows the

;;;l- Jio. of the varley in an almost due
sourh couEser crossing che foochills and
rout= near the scream an? passing Ehrou-gh rF*
;!;; ;ie;s oi Scofield'and CIear Creek'
ll"ictr of Scof ield it lies in a srra'Py valley
and is noE Eraceable. I'thether there is

""t"ii*" 
of fracEures or a single faulr is

ooi a*cerrninabie . . o . Near the- head ' of the
valley oPPotli" Clear Cceek the Ehrow is
nearly 304-n (1 

'000 ft) - . .

' Two elonsace faulcs parallel the IJdEe
on the east g=id. of Pleaslnc Valley' - Thelt
d isplacemenE ls unknorrn; several paralleling
subi id iary faulrs poss ibly occur beEween
theu.

The sEraEa enclose a north-south Erend-
lne anElcline wtEh an tll-deftned axts and an
*"-ri 

" 
ia. f aulted by Ehe Pleaeent Valley

zene. E ast o f P leis anc Valle-y Eh e beds
;;;-n*""ry ttoi izoncal dipptng iqq" Ehan 2

desrees. To che HesE Eh;-bedg dlp-l Eo 4
;;;;"-; notihot"scerly down che gencle limb of
Ehe anc icline.

Unconformi E ies
The uPPer Gretaceous foruatlone ln Ehe

l,lasacch plileau reveal a remackable EuCC€3-
t io.t of slixed and lntertongu lng nar lne and
;;;iinentaf i*di*"tttt. Up tlo th-e end of the
a*fosition of the Blackhawk sErata' these
s ed ioent s are na inly f ine gr a tned , Ehus
i;Ji;;hg retatively iong intdrvals o.f quiec

"na un i f 6rm cond i t'ions .- Th e er os lon and
iiJod of the to"tt" clasEics of Ehe Casule-
;;;;-sanajsrone produced an erosional discon-
Eorrri cy at the coP of Ehe Blackhawk Forma-
tiJn.' These coarse conEinentaL sedinents
indicare "trJcJ-aGturbance 

Eo the west and

;;;b;-bly Ehe first-phase of che Laranide
Iioi.ni" The moder-of depos.ition of Ehe

Priie i{iver FormaEion produced rnany inrra-
iott"rional disconformiEies and locaI un-
conf ormi E ies. (Davi s aira DoeIIing 1977 , P'
9 -10. )
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2 .4 SURFACE WATER HYDROTOGY

As previously discussed, the Skyline permit area is located in
the headwaters of the Price and San RafaeI River Bas ins .

Snowmelt is the primary source of water for the perennial streams
in the two bas ins , with only a sma 1 I amount of the tota I f low in
the region being derived from rainfalI. As a result , flow
volumes per unit area are high in the headwaters and low near the
mouths of the two basins,

The qua I ity of surface water in the headwaters region i s
excellent, with total dissolved solids (TDS) concentration
normally varying between 100 and 400 milligrams per liter.
However, this quality deteriorates rapidly as the streams cross
the saline lvlancos ShaIe downstream and receive irrigation return
flows from Flancos-derived soils. TDS concentrations in the Price
and San Rafael Rivers, near their confluence with the Green
River, generally vary between 1,500 and 4,000 milligrams per
Iiter . Sediment yields in the two basins experience s imi lar
gebgraphic variations, with the bulk of the sediment yielded at
the mouths of the two major rivers coming from those areas which
are underlain by the highly erodable lylancos Shale. Data

summaries presented in this section are taken from the Skyline
water quality monitoring program, Flundorff (I972) and

Southeastern Association of Governments ( 1979 ) . Information
presented in this seetion summarizes and updatEs the original
consultant's reports found in Appendix Volume A-1.

2.4.1 Drainage Basin Characteristics

Portions of four perennial watersheds drain the Skyline project
area and include the Eccles Canyon, Green Canyon, Winter Quarters
Canyon (aI1 tributaries of Pleasant VaIley Creek in the Price
River Basin) and upper Huntington Creek ( a tributary of the San

Rafael River) . Channels draining the permit area form dendritie
patterns, with stream channels of the area flowing in all four
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major directions.
the Utah Division

AIl sufface streams have been classified by

of Health as follows:;O
rIC
o3A
o4

protected for domestic use with prior treatment process '
protected for cold water aquatic 1ife, and

protected for agricultural uses including stockwatering.

Electric Lake has been classified as 3A and 4 while Scofield
Reservoir has been classif ied as IC, 3A, 4, and +teII as 28,

protected for recreational uses ' exctuding swimming.

S1opes on the permit area are steep, averaging approximately 3 I
percent. Dominant drainage aspects are to the west in the

Huntington Creeh Basin and to the east in the Price River Basin.

The landscape varies greatly, with most of the permit area being

covered with conifer and aspen vegetative communities.

Because of the climato log ica t condit ions of the area ( high

precipitation and low evapotranspiration resulting in excess

water) , there are numerous water sources in the Skyline_ Proj ect

area . tilost of these are undevel0ped spr ings, i**p" ana =tr*ams '
The one notably developed- water body located partially in the

proj ect area is Electric Lake , a 3 I, 200 acre-foot reservoi r whose

upstream tip covers a small portion of the southwest corner of

the project area in the Huntington Creek Basi.n. This reservoir
is owned and operated by Utah Power and Light ComPany as a

storage facility for water used at coal-fired Power plants.

The thick vegetative cover on the Froject area has resulted in a

wel l-maintained soi I of high organic matter content , thus

developing a more open soil structure with high infiltration
rates. As a result, the potential for runoff from a rainfall
event on the proj ect a rea is low . Thus , snowmelt produces most

of the runoff from the area during periods when soils are frozen

and/or saturated.

!

;
t

i-t
'1

{
I

:

I

I.

-'--
-t -. _
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2.4,2 Flor+ Characteristics

The seasona 1 di st rihut ion of f lows in the perenni a I st reams

draining the project area is typical of western high elevation,
snowmelt streams, where the majority of the flow occurs within a

relatively short period of time in late spring and early sunmer

(Apri1, Flay and June). Flows in Huntington Creek above Electric
Lake can be expected to vary from I to 100 cubic feet Per second

while those of Eccles Creek above Pleasant Valley Creek normally
vary between I and 50 cubic feet per second.

The watersheds draining the project area yield an average of
appro:(imately 13.5 inches of water annually to the Price River
Basin. However, because the relatively impermeable Blachhawk

Formation underlies aIl of the Huntington Creek Basin above the

southern boundary of the proj ect area (either on the surface or

directly beneath.the surface member), the yield to the San Rafael

River Basin is slightly higher (averaging apProximately 16 inches
per year) .

A significant surface water quality samPling program has been

conducted 
- in Eccles Creek and Huntington Creek as l-rell as in a

representat ive s amp 1 ing of seeps and sp rings in the Skyl i ne

permi t area . The fol lowing brief ly describes the maj or water
guality characteristics of the Permit area.

Surface water in the Skyline project area is of a calcium
bicarbonate type. Total dissolved solids concentrations in the

area are generally lowest during the months of April through June

when f lows are highest and affected by the di luting effect of
di rect snowmelt . As f lows decrease and the maj ority of the f low

is derived from seepage of local groundwater systems, the

di lution effect becomes less pronounced and dissolved solids
concentrations tend to increase. As a result, the dissolved
solids content of surface water in the area varies from less than

I00 mi I I ig rams per I iter ( headwaters of Hunt ington Creek during
the high flow season) to slightly grealer than 500 rnilligrams per

liter (Eceles Creek during low flow conditions) '
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Suspended so 1 ids concent rat ions in the area tend to va ry

proportionately with flow rate. During the snowmelt runoff

season, concentrations are also naturally higher in Eccles Canyon

than in the Huntington Creek drainage basin. Channel erosion,

although relatively low throughout the area, aPpears to be rnore

extensive in the steeper Eccles Canyon than in the Huntington

Creek Basin and is probably the source of most of the inereased

sediment concentratiorls. tvlud slides, when present, add

considerably to the suspended solids concentration.

Hydrogen ion activitY (PH) tends

surf ace waters on and adj acent

v a ryi ng no rrna 1 Iy be tween 5 - 5 and 8

water with low aciditY and high

drainage problems do not develoP

permit area.

to be rather constant in the
to the Skyline Proj ect a rea '
.6. The basic condition of the
alkalinity indicates that acid
as a result of mining in the

Oi
TotaI and di sso lved iron measurement values vary widely

throughout the area, with the potential source being the i ron

contgin_ed in Blackhavrk -Formation _cementing agents. Total iron,
which varied in measurements from less than 0.01 to over 45

milligrams per Iiter during the observation Period, tends to be

somewhat directly related to the f low rate, and is associated

with sediment loading, In contrast, dissolved iron tends to be

much more constant.

TotaI manganese concentrations in the area were low I varying

normally between 0.01 and 2.0 milligrams per liter with
occas iona I higher concentrat ions associ ated with sediment

Ioading. No distinct seasonal variations were noted.

Baseline concent rat ions of various const i tuents were norma 1 Iy
well +rithin the State of Utah standards for waters of the Skyline
project area.

A summary documenting the water quality data in the mine area may

be found in Volume 4.
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2.4.3 Sediment Yield

The Skyline proj ect area has a sediment yield which averages

approximately 0 . 44 acre-feet per square mi le per year ' based on

methods developed by the Pacific Southwest Inter-Agency Committee

( 196g ) (Vo1ume A-I, Hydrology, pd9€ 49 ) . This converts to a total
annual yietd of 1.25 acre-feet of sediment to the Price River

Basin and 3.0? acre-feet of sediment to the San Rafael River

Basin. The majority of this sediment is yielded as suspended

sediment, with only a small fraction occurring as bedload.

2.4. 4 lvlonitoring Program

The surface water monitoring program outlined in this section is
a continuation of a program approved with the original t'Iining and

Reclamation plan application. rt incorporates Practices designed

to provide the baseline data necessary to validate the

determination of the probable hydrologic consequences of proposed

and existing mining and reclamation operations. The prograrn also

.V' _ -. is _ _des-igned- Jo _lS9t sitq specif ic requirements and have the
---!-- -^-: 

|.^-: 
--flexibility for change if necessary. Surface water monitoring

programs are conducted at each of the appropri ate stations

identified in Tab1e 2.2,7-3 and shown on Plate 2.3.5-1. Surface

water stations in Eccles Canyon were sampled more frequently than

those on Huntington Creek during the initial Phases of mining.

Eccles Canyon stream stations as shown on Tab1e 2 -3 -7-3 and are

analyzed f or those constituents identif ied in Table 2 -3.7-2 r+ith

an annual monitoring as per Table 2,3. ?-I. South Fork tributary
station CS-15 will be monitored for flow only beginning fall 1988 '

The purpose of Lhis station is to check for subsidence effects
from longwall mining.

Samples are collected annually from all surface water stations

and analyzed as outlined in Tab1e 2.3.7-L. These samples are

co 1 rected during summer low f low in the month of August or

September each Year.
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As mining has progressed towards Huntington Creek, seasonal
samples from the five Huntington Creek stations are being
collected when access permits and analyzed as outlined in Tables
2.3.7-I and 2,3.7-2.

Sampling will continue at all surface water stations throughout
the post-mining period and ' unti 1 the reclamation effort is
determined successful by the regulatory authority. Samples will
a Iso continue to be ana lyzed for the Parameters out Iined in
Tables 2.3.7-1 and 2.3.7-2 throughout the post-mining period,
unless deletions in the list of parameters is determined to be

appropriate.

In addition to the above out lined monitoring program, UPDES

discharge permits have been acquired as necessary, l'lonitoring
and operation of all surface water discharges are conducted in
accordance with conditions of this permit. Discharges of water
from disturbed areas wilt be in compliance with aII Utah and

federal water quality laws and regulations and with effluent
limitations for coal mining contained in 40 CFR pa{t 434, A copy
of this permit (UPDES No UT-0023540) is appended to Volume A-1,
Hydrology Section. The monitoring locations are shown on DIap

2,3.6-1.

As requiredr water quality data collected from the surface water
monitoring stations will be submitted to the Utah Division of OiI,
Gas, and Ivlining, Such reports will normally be submitted within
g0 days of the completion of each quarterly monitoring program.

An annual report, which will include a summary of the water
quality data for the previous year, will be submitted within 90

days of the end of each year.

The Permittee conducted a

downslope area west of the
19 84 and found no seeps or
surf ace water monitoring
exceedingly ephemeral nature

search for seeps or springs in the
rock disposal site in the spring of
springs. Shou1d surface flow occur,
will be carried out, though the
of the water f lows in the area wi I I
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necessarily affect the frequency of sampling. The Permittee
cornmits to the following surface r+ater monitoring program when

surface f low is present.

I . Four moni toring stations wi 1 1 be establ ished: two

stations on the drainage from the east and two sites on the
drainage from the south. Stations will be located both above and

below the rock waste disposal site in each of the drainages.
( See Drawing 2 .3. 5-1. )

2. When flow is present, these stations
when accessible, flt the same frequency
constituents as the stations in Ecc1es Creek.

tabulated and rePorted in the same manner as

quality data.
3. The data from these stations will be

non-point source contribution from ground water
procedure offers the best potential for deteetion
contaminat ion ,

wilt be monitored,
and for the same

The data wi 1I be

the Skyline water

eva luated for
aquifers. This
of ground water

qt
The Upper O'Connor .seam' requi red a breakout to improve

venti lation. The breakout is on a south f acing s lope in a -siile

canyon of the South Fork of Ecc1es Creek (see maP no. 3.2'11-1).
A new road was built across this canyon to gain access to the
breakout area. The canyon flows water in all but the driest of
years. During construction, the creek was sampled above and

below the site on a daily basis. The samPles were tested for
total suspended solids and settleable solids as an aid in
regulating construction activities and in implementing eontrol
measures, Construction related solids fluctuations were

encountered throughout this phase of the project.
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ST'RFACE WATER IIYDROLOGT

Regl onal Surf ace Hydro-logL c Sys tem

The Skyllne Property ts situated Ln the headwaters of the PrLce and San Rafael

Rlver Baslns, wlth the Carbon-Enery county ll-ne narklng the watershed dlrrtde

(see Flgure 1) . Approxl-nately 1820 acres draln on the s ur f ace t o the eas t

prlmarlly through Eccles Creek, a tributary of Pl-easant Valley Creek which

reaches the PrLce Rl.ver vla ScofLeld ResenroLr (see Flgure 4 ). The drainage

from the remaLnlng 4470 acres west of the dtvide flows towards the San Rafael

Rlver vla HuntJ.ngton Creek.

Snowmelt Ls the prLmary source of water for the perennLal strearns ln the two

uraJor baslns wlth summer preclpltation usual-ly produqing lltt1e runof f (u. S .

Geologl cal Survey, 19 79) . Ephemeral s tream,s are als o abundant ln the Prl-ce and

San Rafael Rl.ver Baslns, edstLng prlnarlly at lower elevatl-ons where evapo-

transplratlon slgnlficantJ.y exceeds precipLtatl-on.

Ifster use upatrean froD Castle Velley (the lonocllnal valley contalnlng most of

the agrlcultural lald noted ln Flgure 4) ls prl.rnarlly for stoclqtaterlag and ln-

duatilal purposes (coa1 rolning and electrlcat power generatlon). lfLthln Castle

valley, agrlculture aad pouer Productlon utlllze nearly all of the lnflowlng

weter (Mundor Ef., Lg72, rdth dnlaun flowe in the gaged acreama and rl'vera in the

t o baglne occaslonally reachlng zero. Stotage reservolrs Ere co@n at hlSher

elevatlons. TransbaeLn dlverslons occut throwhout the area'

In genetal, the cheal.cal quallty of water ln the headwaters of the Prlce and San

Refael River Basins ls excellent, lti th these ltetersheds prowldLng nost of the
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doDestr,c vaBea needs of tbe people below. Horever, thls quallty rapldly deterlor-

etes dqrna treat! es the atreeDs cross shaley foriatlonE (parttcularly the Mancos

Shale ln and adjacent to Castle Valley) and recelve Lrrlgatlon return flowa fron

lande altuated on l{ancos-derLved sol.ls (Prlce and l{addell, 1973). wlthln the

Price Rlver lasia, for e:ralple, Hrmdorff (1972) reports BhaE the Prlce River and

Its trlbutarles generally hag a dLssolved sollds content of less thau 400 n111t-

grsns per ll,ter above the upper strean gagLng statlon shown ln Figure 4. The

uater tB thts sEea lB of the calciuu bl.carbonale type. BeBreen thls polnt and

the confluence Blth Dfl.I1er Creek, uost of the flows orlgLnate on or traverse

Mancoe eheles. lluch of the flow ls derlved fron lrrlgatlon rerurn flons. The

Prlce Rlver at lfelllngton, which is near the center of the basLn, has an average

dlseolved aollde content of sbout 1700 ullltgr.-o per ltter and ts of a nLxed

cheolcal type (calclumagnesiresodftq sulfate). At woodstde, $hlch le about

22 olles upstreao frou the coafluence of the Prlce River wl. th the Green Rlver,

the welghted average illeeolved sollds conteot has generally been betneen 2000

anil 4000 trl.lllgrans per ll,ter, uLth the water type being strongly sodlum sulfate.

Slnllar deterloration patterns exl8t ln the San Rsfael RLver BasLn.

Sedlment yleld from the upper portlons of

gtble (Hundotff, 1972). According to the

erosLon rates ln the Prlce and San Rafael

feet per Bquare uLle per year. The bulk

the trouths of the mal or rl,vers cornes f rom

erodable shales (Hrrndorf f , 19?2) .

the two naJor basLns Ls probably negll-

U.S. So11 Conservation Service (1975),

River Basins vary from 0.1 to 3.0 acre-

of the sedl,uent ytetded each year at

llmlted areas covered wlth hlghlf
I
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Dral.naSe Ba8ln Characterlstlcs

Portlona of four perennlel watersheds draLn the Skyllne ProPerty Lncludlng

Eccles Canyon, Green Canyon, WLnter Quarters Canyon (a11 trlbutarles of PleasanE

Valley Creek ln the Prlce Rl,ver BaeLn), and Huntlngton Creek (a trlbutary of the

San Rafeel Rlver). Channels dral.nlng the leaee area forn dendrLtlc patterns' elth

streaa channels on the property flooing ln all four Dajor dlrectlons. The land-

ecape of the area varlee greatly' nith Eost of the property b-eLng covered ltl.th

conlfer and aspen vegetatlve courmunitles on relatlvely steep slopes.

Slopes on the lease area vary from greater than 120 Percent. (50 degrees) near the

Carbon-Euery county line to less than one percent (0.6 degree) along Huntlngton

Creek. The average elope over the area le approxlnaiely 31 percent (17 degrees)

aa deterulned frou a 1:241000ecale nap of the a:ea. Dool.lant aspecta a"e of the lrest

on the Eoery County slale of the property and to the east on the Carbon County

sLde. The topography Ls sonewhat rugged, with elevat,ions ranglng from 8510 to

9655 feet above mean sea level (a range of 1145 feet) .

Because of the cllEatologleal condltions of the area (hlgh PreclPttation and low

evapotrangplratliln resultlog ln excess naEer), there are nurerous ttaCer aources

on the Skyllne Propertt. Dloat of these are undeveloped sprlngs, seeps, and

streamB, the chaiacterlstl.cB of whlch w111 be covered iri subsequent aectLons. The

one aotable developed water body locaEed Partlally on the property ls Electrlc

Lake, a 31,200 acre-foot reaernoLr rthose uPstres! tlp covers E guall Portlon

(103 acree) of the aouthneat corner of the ProPerty ln Huntlngton Creek. Thts

reaervoir ls owniil and opetated by Utah Power and Llght Conpany as a storage

faetltty for water used at coal fired power plants ln Castle Valley.

I
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Ralnfall-runoff, relatlons of the skylhe ProPeEty were deEernlned I'n order to

glve an Lndex of general aurface hydrologle condltlons and as a gulde ln desLgnlng

future runoff control faeilltleg. Ttre tunoff curve ntnber ' as defltred by the

u.s. sotl conservatlon Senrl,ee (1972), uaa used as a basLs for thls detenLnatLon.

According to the curve ur.nber uethodoloSy, the algebralc and hydrologlc relatlons

becween sto!0 rainfall, eoll Dolsture sBorage' and runoff Can be cxpressed by the

equaEl,ons

E (P-O.25) 2

P{{.85

and

cH = 1999
1$l-s

where q lE the dl-rect runoff voh:ue, tn Lnches;

ln Lnches; S l-s a wat,ershed storage faetor, ln

the maxlngm poggLble dLfference between P and Qi

expressl.on of S referred to aE the curve number.

(2)

P ls the stom ral.nf all dePth '

Lnches, def J.ned origlnallY as

and CN ls a dlmensLonless

(1)

It is knotr! that runoff cunre alobere tetrd to vary invetsely wl'th Precipltatlon

depth ln foresteat DouotalB watershedg (Eawklns ' 1973)' I! later etudles of

this phenouenon, 
.Ilawkt 

ns (1979) concluded that a relatlvely constant runoff aource

(1.e. IttnpenLouer') area producea thls tnverse relatlonshlp. Because slldland

waterehede aeldou experleace overland florv, thls constaot soutce area colncl'des

generally rLth the area occupled by llve (PerennLal) slreaDs and nearby LupenrLous

ereae (roade, etc.). llawkLae (1979) found that the eurve number could be



17

exPressed as

where

(3)

(4)

aud C 1g the fractlon of the tocal area contalned lnthe source area. DaEa were

presented by Earkins (1979) for varlous walersheds throughout the Rocky l'lountaln-

Intetrountaln region as well as values of C deterolned by an lteratlve leaat

squares technJ.que. Gondliions at trro of the naEersheds studled by llawklns

(Morrla Creek and West Branch of Chtcken Creek, located on the Davls councy

Experfuental Taterehed near FarElngton, Utah) coBpare favorably wllh the surface

characterletlcs of the Skyltne Property. The relatlonshlP bettfeen CN and P at

theee trvo satershedg la presented ln Flgure 5. Also ehorn on thlg flgure for

refireoce purposee ls the cunre deplctlng CNo, whlch Hawklns (1973) deflnes as

the curve nuEber for a glven P below whlch there Ls no runoff.

fhe cuwe ln Flgure 5 shlch descrlbee the I'leat Branch of Chlcken Greek ls pre-

euoably representetive of those watersheds on the Skyllne ProPerly rhere road

developuent 18 extenslve and adJacent to the streao J.haorrel (1.e. l{atn Fork Eccles

Canyon, lluntlngton Greek, etc.). The cunre rePreseatlnB Horr1s Creek Preslaably

deecrlbea condltl.ons of watereheds where load developaent ls ulnhal or nonexl-stent

or' where old roads located away from the channel have been reclaLued' DakLng the

Ilve streaD the EaJo! aource area Ln the basln through channel lDtercePtl.on (1.e.

Burnout Canyon, etc.). Note that runoff characterlsilcs ln a saterehetl can be

descrlbeal by both culves, dependlng uPon the epecLflc locatlon of concern wLthLn

the eatershed (L.e. Buntlngton Creek, ae a whole, Ls described by the upper curve

but subbaslns, such ae Eurnout Canyon, can be represented by the l{orris Greek curve).

CN = 100
1+ p.f (c)/Z

f(c) = 1+ 2c $cz +sc)b

I
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Tlro co@ente should be nade abouE the lnforeatlon Presented 1n

otentl al for rtmoff from a rainfall event on the SkyllneFlgure 5. Flrst' the Potenttal lor runoll lro!

propelty Ls 1o!r. Ae Hawklns (1979) hae LndLcateat and ag can be seen ln Fl'8ure 6,

theteraclnequatlon4canbethouShtofasequlvalenttotheruroffcoefflclent

ln the equallon Q = CIt and tends to be constanB for a wlldland nater8had rtlth a

perennlal etream (unllke CN). Thus, only a very snall Portlon of the rainfall

beconee runoff (bettreen 0.29 anrl 0.75 Percent, dePendlng uPon natershed condl-

tlone).ThlelndlcateithatrunofffronlheskyllneProPertyoccursalmost

entlrely fron snoruelt, not ralnfa11.

A second cou$ent ls that the curves sho$n ln Flgure 5 essune that overland flow

la non-exlstent froo the Dajollty of Ehe watershed' This ls a reasonable

assunPtlon for the Skyllne Property uniler Eost clrcuEBances because of the

hlgh lnflltratlon rate relaclve to atonn lnteneity and the aPParent uniform

anteeedent uol.eture condltlons of the soll surface created by relatlvely low

sumer ralnfall volumes (eee the prevlous dlscuselon on local cllmate) ' Extrenes

ln ralnfall intensliy and/or soil wetness Eay cause areas other than the normal

SOUrCe areaS to contrlbute runoff ' and thua create alepartureg froo the curves

ahoml.n'Figures5and6.suchcontlitlonsareasgunedtoberareontheSkyllne

Property.

Flow Characteristlcs

to determlne the average annual water yteld

the level of confLdence. Grr.rrskyIs Fotmula,

Grunsky ( 1908) and la_ter reworked by sellars

Three hydrologtc methods were used

from the area, therebY lncreasing

whLch was orlginally devEloped by

(1965), states that
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and

2q = c'P

zt

(for P4 1/ (Zctl I

q E p- t/(+cr) (for p2 t/(zc.))

(s)

(6)

o

where q is the long-term average annual runoff , ln lnches; P l-s the long-tetm

average annual precipttatlon, Ln Lnchesl and ot is a runoff coeffl-cLent, ln
-ltnches . A value of 0.015 was assumed for o'. based on guidelines set forth

by Hawklns (1976). Thus, Ll (2.() equals 33.3 which ls greater than P (30

l.nches) and equatLon 5 Ls used for deEermLnLng the average annual rrrno f f f rom

the Skyltne Property , wlth a res ult ing v€rlue of I 3 . 5 Lnches .

A eecond nethod used to estimate average annual water yteld from thearea Ls

often referred to as OlrdeKoprs Formula (Sellers, 1955 and Llnsley, 1975).

Accordlng to thls method,

a=P ,otahhL
where q and P are as prevl-ously defined; Eo

and tanh represents the hyperbollc tangent.

on climate, P and E; on the Skyline PropertY

respectively. SubstLtutlng these values Lnto equaElon 7 results ln an average

annull water yield of 14'0 Lnches.

Ttre final uethod used to deteroine average annual flows.Ln the Skyltne ProPerty

erea raa through the derivatlon of flow duration curves for Buntlogton Creek

above Burnout Ganyoa and Eccles Creek above Pleasant Valley Creek. The flow

duratLon curve, Le itescrlbed by Searey (f959), coublnes lnto one curve the flow

characterlstl,cs bf a atEeam throughouE the range of observed dlseharges and can

be defl"ned sa a cunulatLve frequency cutse that shona the Percent of tloe durlng

rht ch epeclfled dtsehirges were equalled or exceeded in a given period. Although lt

(7)

ls the potential evaPotransplratlonl

As noted l-n the previous dlscussLon

are equal to 30 and L7 lnches,
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does not shon thc chronologlcal aequencc of.,these f1olt6, lt can.be used to deterolne

aeveral hyrtrologlc characlerlstlcs o! e ltatershed, lncludlng the leen annual flow.

Long-tet! flon dureCton CurteA et the fiJo locatloas of concern l,ete derlved flou

short-tcra exletlng records uelng the Lsdex Etatlon nethod deecrlbed by Searcy(1959).

AccordiDg to the Lode:. slatlon Eethod, flor duratloa curves are prepared for

the perlod of record at the short-terB stailon and Ehe correspondl.ng Perlod of

rccord at the long-terr! (lnder) gtatlon. the dlscharges at selected Percent-

duratlon Potnts o! the cutl'e of the short-ten Etatlon ere then Plotted on

logarlttElc paper agatnst the dl.schargee for the asae Percent-duraEl.on Polnls

fro[ the cune of the long-terin statlon. The relatlon betneen dLschargee at

the tro stetl,onE for the ghort concurrent Perlod ls assr.rmed to rePresent the

relatloa for a long perlod. Followlng the constluctlon of the long-tero flott

duratloD cune for the ladei atatlon, the flon aval,lable a glven Percenf of

tiDe st the long-ter8 statlon c8n be ueed to erter the curve of relatlon (baeed

on the Bhort perlod of recoril), 1n order to obtain the adjusted (to long tern)

f16t available the saoe PerceBt of tLne at the short-terE 6tatlon'

Short-tet! re'cords o! Euntlngton Creek ebove Eurnout Canyon rtere gathered froE

utah Poner !!it Llght coEpaly sho lalntatned a contlnuously recordtng temPorary

gaglng statloD at the alte flm october, 1971 throuSh SePtelber' 1973 (a Perlod

of two retcr years) prlbr to the conatluction of Electrlc Lake. InstanEaBeouE

dl,scharge leeaureDeula ugde durlng the Perlodlc collectlon of water quallty asoPlee

nere used for the short-tero record on Ecclea Creek above Pleasant Vallej Creek'

Theae dl.acharges rere rankef froo hlgh to low to obteln s duratlon cure. It ls

agarned that the lnatantatreoua diacharge t'as equal to the aeaa dally dlscharge

for the day of leaaureDeot (eee RlggE, 1959). Ttre Perloil of record foE these
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15 ueasurements sparrned water years 1976 throi;gh 1978.

(nonthly f lows and f low duratl,on tables ) f or possible

obtained f ron the U. S. Geologl.cal Sunrey. 
'

Long-tdrm records

Lndex statLons were

o

fhe aelectlon of an lndex (long-cern) statLon was based on comparLsons of

uouthly flow voluues for eoneurrent perlods of tecord of llunElnggon Creek above

lurnout Canyon and flve gaged atreaos ln the general area. The asauoPtl'on was

uade that the behavt or of Eccles Creek would be srrllar to that of Euntlnglon

Creek and that an lndex Statlon chosen for lluntLngton Greek would ' therefore '
aleo be vel1d for Eccles Canyon. Couparlsons were uade uelng llnear, exPonen-

tl.alr logerltbulc, and gedletrlc regreeslons wlth the slandard error of the

estlDate eelected ae the obJectLve functLon to be ulnlmlzed. Results of the

llnear regresslone (lthlch Proved to be euPerlor) are sumarlzed in fable l. In

thLs tsble! Se lt the etandard error of the esttEate, io acre-feet per uonth;

12 ie the coeffleleat of deterrlDatlon; and r.ls the coefflclent of correlacion.

Eaaed on these re6ult6r the I'lhlte Rlver below Tabbyune Creek near Soldier Su@lt '
utah (usGS statlon No. 09312600 wlth en 11 year perLod of record fros octobet

1967 through SepteEber 1978) was eelecteil as the lndex station for both Huntlng-

totr Creek and Ecclee Creek.

Flgures 7 end 8 gLve the flow duratlon curvee for eateE years L972 and L97 3

of Buntl.ngton Creek above Burnout Canyon aad the lndex statLon (White Rlver

belor Tabbyune Cre6k near Soldier Su@l.t ' Utah). Note the change of scale on

the ordlnates of the two flgures. The curve of relatLon:ls plocted ln Figure 9

uslng dlecharge vaiues correspondlng to the equal PercenE duratLon points of

0.1, 1.0,5.0, 10.0, 25.0' 50.0' 75.0,90.0,95.0' and 99.0. Based on thls curveI
I



Table 1. Results of LLnear regressLon
Creek above Burnout Canyon and
for trater yeara L972 and 1973.

24

analyses of nonthly flows of Huntlngton
local long-term stream gagtng statLons

Comparlson Statlon s" tZ

l.ttrlte Rlver below Tabbyune Creek
near Soldler Sunmlt, Utah

Beaver Creek near Soldler
Srnnrlt, Utah

Huntlngton Creek near
Huntlngton, Utah

Hlnnle Haud Creek near
Myton, Utah

Wlllow Creek near Castle
Gate, Utah

330

401

429

447

59s

0.929

0.99 3

0.978

0 ,868

0. 765

0.963

0.945

0.937

0.9 3l

0. 875

of relation and the long-term flow duratLon culrte of the Lndex station, the

long-term flow duratLon cunre of Huntington Creek above Burnout Canyon was

developed (Ftgure l0). Ttre dotted sectLon Ln the low flow regLon of the adJusted

HuntLngton Creek flow duratlon curve Ls based on Lnstantaneous dLscharge estL-

metee made by Dr. Robert N. tJLnget of Brtghan Young UnJ-verslty ln conJunctl'on

wlth btologlcal sample collectiorr= at the stte durl-ng the suErer of L977, a

period of severe drought l,n the uestern UnlBed St'ates (Hughes et al' , 1978) '

Ttre htgh flow sectLon of the culrre was estLuated based on an obsenratLon by

Searcy (lg5g) that strearns rhose htgh flows coEe largely from snotmelt tend to

have flow duratLon cunres wlth flat slopes Ln thetr uPPer sectlons.

Searcy(1959),.n.llcategth8ttheavelagearrnualflowofaatreaocaabefoundby

deterDlnlDg the area under the flow duration cunre. lhLs deterllnatlotr Ls Preeented

ln Table 2 for ltuntl'ngtoa Creek above Burnout Canyon' fhe lndLcated average
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I 000

100

1.0

100 1 000

Dlscharge, ln cublc feet per. second
whtte Rlver below Tabbyune creek near ,soldl-er sumnlt, utah

Flgure 9. Correlatlon between Huntlngton Creek above BurnouE Canyon
and l.Ihlte River below Tabbyune Creek near Soldler SunrmLt.,
uEah for water years 1972 and 1973, based on dlscharges of
equal percent duration.
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Table 2. Computatl.on of long-tentr mean
above Burnout Canyon, based on ltre

dis charge
adjusted

of Huntlngton Creek
flow duraELon curve,

Duratlon Cunre Percentages

Intenral

DLscharge (cfs)

Llnl t s
Mean of
Limits

a for Hean
of Lfunits

Increment ln
Int enral

o

0,00 0.10

0.10 0,?0

0.20 1.00

1.0 3.0

3.0 5,0

5.0 9.0

915

15 25

25 35

35 45

45 55

55 65

65 -75
75 85

85 9s

95 99

99 99.6

99,6 99.8

99.8 100,0

Total

0. l0

0. 10

o. g0

2.0

2.0

4.0

6

10

10

10

10

'10

10

10

10

4

0.5

0.2

4.2

100.0

0.05

0. l5

0.50

?.0

4.0

7.0

L2

20

30

40

50

50

70

80

90

97

99. 3

99,7

99. 9

209

195

168

128

92

59

30

9.2
:

4.1

3.2

2.7

2.4

2.1

1.6

1.05

0.75
j

0.65

0. 61

0.61

0. 21

0.20

l_.34

2 .56

1. 84

2.36

1. 80

0.92

0.41

0, 32

4,27

o,24

0.21

0. 16

0.11

0. 03

< 0.01

< 0.01

< 0.01

L2.84
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annual flow of 12.84 cubic feet per second convert,s to an average annual yteld

of 16.0 Lnches over the 6944 acre watershed.

The relatlvely h18h estllated average annual flow rate of 15 lnches could be caused by

one otr Dore of a ferr reasons. Flrst, the posslblllty exlsts that the nethodology and

the essuDpttons tthlch were ueed do not apply to the condltlons atudled. SPeclf-

tcally' the cunre of re!.aElon developed froE dala durlng ttater years 1972 and

19?3 uay, 1a actuallty, trol be rePresentatlve of long-tem condltlons. The

ahape dlffeterces bettteen the Thtte RLver curvea shown In Flgures 8 and 10

lndlcate that thls le llkely a naJor cause of tbe hlgh estl-Eate.

A second reagon f,or the hlgh water yleld I's that uost of the lluntlngton creek

watersheit above BurDout Canyon ls irnderlaln by the relatlvely LnPerueable Black-

hawk For:EsElon., As a result, a telatlvely snell amount of snornelt LnfllErates lnto

th€ soll Datrtle. Ihus, a greater portlon of the preclpttation whlch reaches the

uateE8hed le ylelded to direct runoff durlng the sno$relt runoff season.

A flnal explatretl.on for the htgh rater yleld relatlve to other estlEates also

dealg wlth the geology of the area. As noted ln a previous sectlon, the sgrata

ln the ltca dtp to the rrest (gee ?late 1). As s resulr, soue rat6r nay travel

beneath the ground in sandetone layera fron the adJacent Portlon of the frlce

nlver leal.n to the uuntlng,ton creek raterehed. Although no preclse estlnate can

be given of the atrouot of tteBer falllng lnto thls category' lt ls susPected

to be snall relatlve to the total yletd of the ogtershed. ThLs assuoPtloB l-a

based on the fact that the conllauous sands ln the area (1.e. the Aberdeen and

Star polnt Sandstones) dlp conslderably below Huntlngton Creek (Doelllng ,1972)
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and are capped by shale layers, provJ-dtng llttle opportunLty for. the sands to

yteld water dlrectlY to the creek'

Fl'gureslland12glvetheflowiluratl'oncunegforlfateryearslgT6through

1g78 of Ecclee Creek above Pleasant valley Greek and the lode:r etatlon (White

Rlver below Tabbyune Creek oear Soldler Su@Lt ' Utah)' The curve of relatlon

ls glven ln Flgure 131 baged on the dlscharge at equal percent duratLon polnts

of 5.0, 10.0, 20.0, 30.0' 50.0, 7O'0, 80'0, 90'0' and 95'0' The long-term flow

duratton cunte ls preeented 1n FLgure 14'

As eas the case ltlth FLgure 10, the shePe of the Eccles Creek curve ln Flgure 14

rras eaEheted Ln the uPPer and lower portlons ' Once agaln' the lcr flow estLnate

was baseil on lnstantaneous dl'seharge Deasurements taken ilurlng 1977 by Vaughn

BanEenAegoclatesl.o'conJunctlonwiththecollectlonsofwaterqualltysamples.

The htgh flow reglon ttas estLuateil based on hydrologlc Judgement and the fact

that BnorDelt atreaEs tend to have flat flow duratlon curves ln thelr hlgh

florl portion (Sear'cy, 1959)

The area under the Eccl-es Creek long-t'e1u duratLon

to Table 3. The Lndlcated average annual flow of

converts to an average annual ytet-d of 13.4 Lnches

Thls coEpares favorably wtth the est,lEates comPuted

and OltdeKoPts For:mulas.

eurve was coEPuted accordj'ng

5.43 cublc fee! Per second

over the 3510 acre wat'ershed '

prevLously bY GrunskYIs

i

o
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Table 3, Computatl"on
above Pleasant
curve '
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of Long-term tnean
Valtey Creek, based

dlscharge of Eccles Creek
on.the adjusted flow duratLon

Duration Curve Percentage

Interval

Dlscharge (cfs)

LLnLts
Mean of
LLmlts

a for Mean
of Limits

Increment ln
Int enral

0.1 0.5

0. 5 1.0

l.0 3.0

3.0 5.0

5.0 9.0

9 -'15

15-35

25 35

35 45

45-55

55-65

65 75

75 85

85-95

95 99

99 99.6

Total

0.4

0.5

2.0

2.0

4.0

5.0

l0

10

l0

10

10

10

10

l0

4.0

0,5

100.0

0,3

0. 75

2.0

4.0

7.0

t2

20

30

40

50

60

70

80

90

97

99. 3

40

36

28

2L

15

9.0

5.6

4.5

4.1

3.8

3.5

3.3

2.5

1.6

1.3

I.3

0. 16

0.lg

0 .56

0 .42

0 .60

0.54

0.s6

0.46

0.41

0. 38

0.36

0. 33

0.25

0. 16

0.05

0 .01

5,43
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In order to deterolne the seasonal dlstrlbutlon of flows ln the skyllne Property

ere8, average Donthly flons of Huntlngton Griek above Durnout Canyon for water

years 1972 and 1973 were conputed as a percent of the average annual flow for the

eaue perloil. These results are plotted ln Flgure 15. Alehough the exact Per-

centaBes w111 change fron year to yiar, the dlsEributlon Pattern La expected

to renald fa{rly constant' as evldenced by the flows of gaged streans ln the

aree (Bee Flgure 16). Ttre seasonal dlstrlbutlon shown in the tlto flgures, whlch

le presr.roably rePreaentatlve of conditl'ons in perennial streams thEoughout the

Skyllne ProPerty area' ig tyPlcal of western hlgh elevatlon, enonrelE slreans'

rrhere the [ajorlty of the flolr occurs irlthln a relaclvely short anornt of tlme

ln late sprlng and early s tllmer .

Baseil on the flor duratLon curve Presented ln Flgure 10, nean dally flolls ln

Ihntlngton Creek above Burnout Canyon can.be exPected to range fron an occasional

occasional high of aPProximately 200

to Figure 14, the mean da{lY flows

ltkelY vaEY between I and 50 cublc

low of about 0.6 cubic foot Per second Eo an

cublc feet per second. SLmllarly, accordlng

Ln Eccles Creek above Pleasant Valley Creek

feet per second.

EstLmates of peak flow recurrence Lntervals ln

based on technlques presented by Fields (1975)

the 25- and Sfl-year recurrence lnterval flood

related to channel geonetry characEerl.stLcs.

Skyllne ProPertY' the followlng relatlonshiPs

1.57
= 3.7I{

2.5

1.58
= 3.9W

50

the property area were made

. Accordlng to Ftelds (1975)'

discharges of Utah streams are

$peclftcallY, for the area of the

were found to aPPlY3

(8)

and (e)
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where l{ ls

are the 25-

respectl.ve

cent.

the wldth of the channel bar cross sectlon, Ln feetr Erd.lZS and qSO

and SQ-year recurrence lntenral flood dischargES, respectLvely' The

sEandard errors associated wrth equatlons 5 and 6 are 28 and 33 per-

Table 4 preseots the resultlng flood frequency

errors are relatlvely htgh for the prediction

appear to be reasonable.

lnfortaEion. Alfhough the standard

equaEions, the dJ-scharge estluate

Sur f qce. {a ter .-Qu-aft tv

Fourteen sltes on and adJacent to the skyline property were chosen for rhe col-

lectj.on of baeelr.ne eurface water qualrty data. (see Plate 3). statlons were

l0cated to obtaln data from streams above and bel0w potentlal surface dLsturbances

and polnts of lnflow to and outflow from the lease area. published informatLon

was aleo searched for local data and water qualley l,nformatLon was found for two

statr.ons on preasant varley creek near scofleld (scR-z and scR-3) as tabulated

by Hundorff (1g72) and the souEheasrern urah AssociaEl-on of Goverrrments (1977)'

All stattons were establlshed for the collectLon of grab samples'

water quallty sanples coll.ected by \4IA were analyzed accordlng to the I'tst

found J.n Table 5. Analytlcal uethods utllLzed in the field and Ln the laboratory

are surunarr.zed ln Attachment A. Fleld analyaes w:re conpleted imnedj'at'ely uPon

eample corlect,lon. samples $ere preserved for later laboratory analysis accordLng

to rnethods outlr.ned by the amerlcan publrc Hearth AssociaLlon et al' (1976)'

Attachment B contains the resurts of chemicar analyses of surface water samples

collected ln the ProPerty area during the basell-ne perl'od'
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Table 4. Flood frequency
and adjacent to

dlsdrarge estlmates of eelected Etreatra on
the Skyllne ProperEY.

S t ream
Channel Bar
Wtdth, ln feet

Z5-Year Peak,
tn cfa

50-Year Peak,
tn cfe

llaln Fork E ccles Creek
above South Fork

South Fork Eccles Creek
above tLaln Fork

Eccles Creek above
Pleaeant ValleY Creek

Huntlngton Creek above
Burnout Canyon

2,0

2.5

3.5

7.0

ll.0

1.5.6

26,4

78, 5

11. 7

16 .5

28.2

94.4

seasonal varlatl.ons ln nster quallty, as lndexed by naJor catlona and anlons '

are deplcied on ?late 3. . As 1s Eo be exPected, rotal dlssolved gol1ds con-

centratLona ln the area are lo.rest durl.ng the Donths of APrll through June when

flors are hlghest and affected by the dllutlng effect of dLrect snow8e1t. As

flo|re decreage later in the year and the l-Jorlty of the flow ls derlved fron

aeepage ouE of loca1 Srouod uatet aystens' thle dllutlon effect becones less

pronowrceil and coacentratLona tend to lncrease (see FlgurelT)'

Accordtng to PlaBe 3, aurface rater ln the skyline ProPerty area is of a

strong calcfuo-blearboaate type, nhlch agreea with the flndlngs of Ursrdorff

(lg72r. l{agnesl'r.a concentratlons tetrd to Proportlona'tely Lncrease wLth loner

flows, eepeclally at the louer elevaliona (see the results of Btatlons VC-5 '

VC-9 r VC-10, SCR-2' qnd SCR-3). Total dlssolved Eollds concentratlona are rela-

tl.vely 1or thlougtrout the general area, ranglng fron less than 100 ullllgrans per

llter ln the headnaEels ofEuntlngton Greek Basln durlng the- hl-gh. flow aeason

(etatlona CS-8 and CS-IO) ro eltghtly gleater Ehan 500 "tlitgt"* Pet ll'ter ln

Pleasant Va1ley Creek ilurlng 1o$ flow conill tlons (statl.ons SCR-2 and sCR-3).
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Table 5. ConpreheneLve ltater quallty analytlcal schedule

Field Heaeureuents Lab oratory Heas urements

Illscharge
Dlssolved O:<Ygen
pH

Speclfie Conductance
Temperature, Alr
Teuperature, l'later

Acldt ty (as CaCO -4)

Alkallnlty (as C;co3)
Auronla (NIIg as N)
Arsenic, Total
Ars enl-c, Dl"ssolved
BoD (S DaY)*
Barlum, Total
Barlum, D{-ssolved
Btcarbonate
Boron, Total
Boron, Dtssolved
Cadnitrm, Total
Cadmlr.un, Dissolved
Calclr-sn
Chlortde
Chromlr:m, ToEal
Chronlr:n, Dlssolved
Copper, Total
Copper, Dissol,ved
Cyanide
FluorLde
Gross Alpha RadloacttvttY
Gross Beta RadloactlvltY
Iron, Total
Iron, Dlssolved

Lead, Total
Lead, Dlssolved
IIPN Fecal Collfotm
FIPN Total Collfor:u
tdagnesLum
Manganese, Total
Mercury, Total
Nltrate (HOl as N)
011 and Grease
Phenol
Phosphate (PO+ as P)
PotassLum
Selenium, Total
Selenl-trm, DLssolved
Sllver, Total
Sllver, Dlssolved
Sodtum
Sulfate
Suspended Sollds
Total Dlssolved Soltds
Total Organ{c Carbon
Turbidtty (NTU)

Zl-nc, Total
ZLnc, Dissolved

*Above and belos proposed surface dlsturbances
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240

220

200

180

160

140

120

0

0.0 4.0 32.0 36.0

Ftgure 17. varLatlon Ln dl-ssolved solids concentration wlth f10w rate
aE '6Eatlon UPL-10 '

Suapended eoll.ds concentratlona in lhe area tend to vary proPortLonalely elth

flort rate, although the relstlon 1s not as distlnct as Ls the case ltlth dlssotved

sollde. As a reeult, concentratLons are generally hlgher durLng the snomelt runoff

perlod than durLag that Portlon of the year when baseflow conditions exlst' The

data aegeBbled to date also Lndlcate that suspended soltds concenEratlons durlng

thesnot'seltrunoffperlodarenaturallyhlgherlnEcclesCanyonEhanlntheHuntlngt

Creekdralnagebasln..Drrrlngthlsperlodltlsnotunco@onforsuspendedsoll'ds

concentratlonel.nEcclescanyontos'.gnlflcantlyandnaturallyexceedFederalcoal

olnlng effluenc atandards (45 ulLllgrarns Per llter; see OSM regulatlon sectLon

817.42r. llonever, thls dlfference tends to dlsaPpear as the low flos season

o 8.0 12.0 l5.0 20.0 24.A 28,0

Flow Rate, lfl cubic feet Per second

o

\. 
o

' \r-
OO

o

o

o

o
.rZ =l .625

\

o
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aPproaeheg. As an exaEPle, the average suspended sollds concentratlon for the

perlod of record durJ.ng the months of Aprtl through June equalled l78 ull1f.grams

! o"r llter at vc-9 (5 eanples) and 7.7 nilllgraos per llrer ar upl-10 (3 sarples).
DurLng the uonths of October through December, concentratl-ons dropped to ll.0 and

6.7 milllgrans Per llter at VC-g (2 samples) and UPL-10 (3 samples), respectJ.vely.

Channel eroslon, although relatLvely low Ehroughout the area, appears to be more

extensl've l-n Eccles Canyon than ln the Huntington Creek Basin and is probably

the source of uost of thls difference durlng the high fLow season (see Renfro,

1975).

Hydrogen loD rctivlty (pE) over the skyllne property area tends to be rather consrant,

varylng noroally between 7.5 and 8.5. The sl!.ghtly baslc waters tn the area reault

frm the high bicarbonate concenlrations (Aoerlcan Publlc Health Associatlon et al.,
1975). ArihouSh pll values tend io be slighrly htgher durlng the sprlng and sumer

Eontha ' probably due to the Lncreased dlssolved carbon dloxide uptake by aquallc

I 
oreanlsoe durlng dayllght houra, the relatlvely constanr and basl.c ptt lndlcates

that waters ln the area ere loB glgnLficantly lnfluenced by pollutLon (Hen, l97o).

rhe baslc cordltLon of the seter, together rdth the low acldlty (naxluun meagured

nas 28 ullllgrsna per llter aa calclun carbonate) and the relatlvely hlgh arkalLnttyr

lndlcatea tha! acld dralnage probleDs should rot develop as a result of Blnlng ln
the property area.

Soth total and dlssol.ved lEon concentrations vary wLdely over the area, lrlth the

source llkely bel.ng the ce[eDtl.ng agents ln the Blackhank Forratlon whlch nere

prevlously uentioned. Totel Lron, rhlch has varled over th" .r". frou less than

O.Ot to 5.84 nllltgrats per lLter durtng the basellne perlod, tends to be someDhat

dlrectl.y related to flor rate (1.e. higher concentratLons durtng the ano$Delt runoff

Perlod). Thla ls es exPected' due to the probable assoclatton of lron t'lth aedl.Dent,
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whtch tends to lncrease wl,rh f low . To tal Lron concentra tlons also Eend t.o be

hlgher Ln Eccles Canyon than ln Hunt l-ngton Creek ( See FLgure 18 ).' probably due

somewhat to the Lncreased sedLment concentrations ln Eccles ianyon relatlve to

Huntl,ngton Creek as prevlously dLscussed.

seasonal concentratlons .of dLssolved lron at a glven stallon aPPear to be nuch

uore varlable than toBal lron. As a result' no speclflc patterns can be detected

lolrwer, dlEaolved lron concentretlona are norually one-flfth to oBe-lenth of the

concurreat totel iron concentratlon. The dlffetence la greatest durLng the sprlng

then tolal lron conceutratlons are greateat.

rot8l danganese concentratl,ons Ln the area are Loet, varylng noroblly between 0.02

and 0.06 ullllgro-e Per llter. The 1ow sanganese concentratlons are 1lke1y

associated elth the 1or acldlty (Heu, f970). No dLstlnct ""t"on"l 
variatl'ons

cen be notlced.

The Utah Divleion of Eealth has clasElfled all sater ln the Skyllne Property area

as lC (protected for dooeatLc use rleh Prlor treatEent by iiandard couplgte treat-

Eent proceaaee), 28 (Protecteil for recreatlonal ,r""", L*"l'''dtng awLulng), 3A

(protected for cold water aquatle 11fe), anit 4 (proEected for agrlcultural uses).

Ttre nuoerlcal atandarde whlch apply to these claesiflcatlons are glven Ln Table 6.

Becauae the cheulcal etandards are generally for dlssolved consBliuents. few ex-

ceedancee have been Doted durlng the b33e1he sludy. One eample collected at VC-9

Hay 11, 1979) ehonred e:<ceedances of dLeeolve<l coPper (0.017 ullllgrams per lLter,

exceeding the ltit by 0.007 ullllgraos per llter) and dLasolved zlnc (0.051 utllt-

grens per llter, exceedlng the ltllt by 0.011 ullllgraEs Per llter)' Slngle

e*ceedances of the state atandarils were also detected for cyanlde (statlon GS-l on

May 11, 1979) and nitrate (statlon Cs-9 on August 23' 1979)'
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FLgure 18. . Seaeonal variatlon of averege total lron eoncentratlons
Eccles Canyon and Huntlngton Creek durlng the perlod of
record.
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Health numerl.cal standards for water lnUtah DLvislon of
the state.
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ExceptLona to the atatement regardJ.ng few standard exceedances deal wlth Phenol'

unLonLzed amonLa, and total phosphate. ApproxfunaEe1y t9 percent of the phenol

analyees llsted ln Attachment B exceeded the state standard of 0.01 tuJ.lll.graus

per lLter. Hogt staELons had at least one sanple with an exceedanee. A maxlmum

concentratlon Ln the area of 0.194 mLlltgrarus per lLter was noted aE UPL-3 on .Iuly

19, 1979. The reason for the relaELve abundance of phenollc compounds ln the

Skyllne Property area ls not precLsety known slnce lt l-s normally consl.dered

an lndicator of uaste producEs. Ilowever, the U. S. Envl-ronrnental Protectlon Agnecy

(1975) tndtcates that phenollc compounds also arl-se f rom naturally occurrJ-ng,

organic Bourees, The breakdown of organic resldue Ln the area (both plant and

anLmal) uay be the source of whlch of Ehe background phenol occurrences.

l{ost of the seDples whoee background arnaonla conceDtratlons exceeded the state

gtandard for claea 3A waters (0.02 ullltgrans per 1lter) were collected at statLons

VC-6 and VC-9. Although amonLa colcentratlons at Eost statlons durlng the perl'od

of record sere leas than O.O0l ol,llt grans Per ltter, lt has not been uncmon to

flnd eoBcentratlons of 0.1 to 0.2 !11118ratls Per l1ter ln Eccles Canyon. The

preaence of auonla ln the local strears 1e probably the result of blological

degredatlon of nltrogenoue orgenlc Eetter'

Nearly 50 percent of the total phosphate basell.ne samples exceeded the stdte standard

of.0.05 lllllgrars per llleE. Although the standard naa exceeded at least once at

nearly all rtadlons' nost of the h18h PhosPhste coBcentratlona were tecorded at

statlons UPL-3, VC-5, and VC-9. PhosPhate concentragiona ln the area have ranged

fron lesg than 0.002 to 2.00 ullllgrans Pet llter' averaglng notoally about 0.07

tll1llgraEs. VaElat1ons are ageln large, nlth no detectable Pattern. A PortLon

of the phosphates lay result fron the degreatatlon of anlual raates reaultlng frou

grazlng ln the area (tten ' 1970). llost of the PhosPhates enEerlng tlte atreams '
l
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hoeever, are probably carrled in on sedloent and have as thelr aource the phosPhous

coneent of rhe solls (HcElroy et al., 1976). Thls Phosphatb-sedluent lnleraction

explalne the generslly hlgher phosphate concentratLons Ln Eccles Creek relaBlve

to lluntt ngton creek above Electrlc Lake (see the Prevlous dLscussion on sedlsent

concentratLons) .

Ite concentratlons of other constltuents sa,arpled at aEallons throughtout the area

are generally well below the state standard. In Eany in3lances ' trace Eetal

concentratlons are conslatently below the leve1 of detectLon of rouline laboratory

technlques (Partl,cularly araenlc' cadnlun' $ercury' selenlum' and sllver) '

Sed Luent Yie ld

E8ltrates of the average annual sedimenE yleld to be expected froo the skyllne

property area were uade uelng the ?sIAc uethod (Paclflc south'test Inter-Agency

coml.ttee,t968)an.ltheUnlversalsol'lLossEquatlon(U.S.Sollconservatl.on

Servlce, 1977; Clytle et al.r 1978. Tables 7 and 8 conta''n the pararrcter estl.dates

andeedl.mentyleldconputatlonresultsoftheresPectl.vel0ethods.UslngEsedlEent

dellvery ratio of 25 percent (based on Renfro, 1975), the Everage annual eedlnent

yield predleied by the Unlversal Soll Loss Equatton ls 1.41 tons Per acre. Ttrls

convertato0.52acre-feetPeraquareullelfasedl.nentunltwelghtofS0pounds

per cublc f,oot ls ageuoed (eee Flaxaran, 1975)' Thls coupares favorably ttlth the

estl'ete uade by the PSIAC neEhod, conslderlng the accuracy of ihe rnethods, al-

thoughltlsfelt.tobeaoser'hathtgh.ThegedlEentdellveryraEloestlEace

probably eccounts for a naJorlty of the dlfference'

Becauae of the cost lnvoIved, a measured esElnate of sedLsent yleld was not nbde'

Holtever, based on gulilelLnes glven by Strand (1975) for grLvel-boEton aireaDs'

it ls estfuated Ehat approximately l0 percent of the sedluent ylelded froB the
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ProperEy uslng the PSIAC
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yteld est{maEe of the Skyllne
me thod

Factor Des crlptJ-on Ratlng

Surfaee Geology

Solle

Cllnate

Runoff

Topography

Ground Cover

Land Use

Upland Erosion

Channel ErosLon

Interbedded shales and sandstones,
moderately fractured

Hedlum textured wlth htgh percentage
of coarse fragments

Preclpl"tatLon prlmarlly as snow,
nrnf a

Large volume, htgh peak per rrniE area

Steep, hlgh rellef, Llttle flood plaln
development

Area cornpletely protected

Ordlnary road constructLon, Lntenslve
grazlng over some areas, recent logglng

About 25 percent of area characEerlzed
by landsltde eroslon

Occasslonally erodlng banks, uoderate
flow depth

10

20

-10

0

Total
-

Sedlnent yleld (frour Ftgure 19 ) = 0.44 AF/urt'ly

Table 8. Average annual sedlment yieLd estLmate of the Skyltne Property usLng
the UnLversal So11 Loss Equatl-on.

Equatlonr A = RKLSCP

VarLable HeanJ.ng Asslgned Value

R

K

L
s

c

P

A

Ralnfall factor

So11 erodabtltty factor

Slope length factor (800 f.i
Slope gradJ.ent factor (gtZ) t)
Cropplng Eanagement factor

Eroslon control practice factor

Estl-nated solL loss (tons lacre/year)

26

o.24

30

0.03

1.0

5.62
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property area occurs es bedload. Ttte reuainLng 90 Percent occurs presuneably

as suspended sedLnent load.

Assurnlng that the PSIAC estl.mate ls correct, the Skyltne Property ytelds an

average of 1,25 acre-feet of eedlment to the Prlce RLver BasLn and 3'07 acre-

feet of sedLment Eo the San Rafael Rlver Basln. Although no publtshed sediment

yteld data are avallable for the upland areas of the two basLns, chJ.s l"s undoubted-

Iy only a small portlon of the total amount of sedlment yielded from the mountalnous

areas of the Prlce and San Rsfael Rlver BasLns.

llo+ltorLng S.rogram

An ongolng hydrologlc monltorLng program wtll be conducted at each of the statJ.ons

shown on Plate 4. In order to eoncentrate on areas of inmedlate Lmpact, however,

!t ls proposed that the surface water stations in Eccl-es Canyon be sampled tuore

frequenEly than those on Huntington Creek durLng the lnltlal phases of construction

and mlnlng, Data wtIl be collected at all of the prevLously establlshed sEatlons

ln the tno baslns wLth the exceptLon of CS-l. Thts staElon was orl-ginally estab-

llshed because of a potentlal mlne yard whlch was consLdered upstream from Ehe siEe

and later abandoned. Statlon VC-10 wtll allow adequate monltorLng of activltLes

Ln the South Fork of Eccles Canyon withouE CS-l. In additlon, statLon CS-6 wtll

be establLshed lnnediately upstrean from the proposed loadout factllty as an ald

ln uronltorlng lts lmpacr. This station will be located at or near the slte of a

proposed U.S. Geologlcal Sunrey strea"m gaglng statlon on Eccles Creek, thereby

increasl-ng the a$ount of data avaLlable at the slte-

Sanples wtll be colleered from all statlons shown on Plate 4 annually and analyzed

as outlLned in the comprehenglve schedule gLven ln Table 5. These samples w111 be

collected during the month of August each year to allow sufficient tLtoe prior to

-



snotrfall to collect sddltlonal data lf the laboratory results show unlque, unex-

pected eondltlons. SaryIes s111 be analyzed accordlng to Attachuent A and pre-

oeaved as prevlously out1lned. Those stallons where sanples w111 be collected

for BO) analyses w111 lnclude CS-2' CS-3' cS-6' cS-9' CS-ll, anil VC-9.

In addltion to the aunual comprehenslve aaElples, sEatlons ln Eccles Canyon rl11

be saupled Eonthly (uhen aceesslble) durtng constructlon and rhe flrst two years

of operatlon. Theee aanples trlll be analyzed for the Paraneters llsted ln the

abbrevlated echedule glven ln Table 9. If future data lndl-cate a need, paraneters

uay be added to or deleted frorn thLs table wLth tlne. Followlng the flrst two years

of nlue operatlon, the frequency of eanpllng wlll be decreased to a seasonal basls

(iPrlng runoff, early fall, nld-ulnter) nnless data Ptlor to thls tlne lndlcate

that an uostable eondltlon e:dgts.

The derlvatlon of Table 9 nas based on the need to clarify background conditlons

and future lupacts. Because of the lnherently hlgh chenlcal quallty of $arers

ln the Skyllne Property area, as determlned by the basellne study' suspended eollds

has been lncluded ln'the abbrevleted schedule as the slngle nost Lqortant tnpact

lndlcator. Aruonla, phenol, anil phosphate are includeil i"."rr"" of the hlgh back-

ground concentratlon5 founil prevlously. Total dlssolvid sollda, epecl'fLc oonductance,

terperature, and the oaJor cattons and anlons are lncluded as lndexes of oaJor c.hange.

Total tron, total Danganese, and pH deternLnatlons are requlred by OSI'! regulatlons.

As Dlnlng progresses tolrards Huntlngton Creek, seasonal saruples u111 be collected

aleo froo the flve Iluntington Creek etatlons when access Pernlts and analyzed as

outllned ln Table 9, beginnlng one year prl.or to any PotenElal rmderground lnpact.

As w111 be the case ln Eccles Canyon, couprehenslve analyses (Table 5) w111 be

run ouce a year (ln AuBust) even after seasonal sampllng beglns.o
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Abbrevl.ated rrater quallty analyElcal schedule.

Fleld Heaeuregents Laboratory Heasurements

Dlscharge
pH
Speclflc conductance
Temperature, air
Tenperature, water

ArnmonLa (ffir aS N)
Bicarbonate-
Calclutu
Chlorlde
Iron, Total
Magneslum
Hanganese, Total-

Phenol
Phosphate (PO+ as P)
Potass lum
Sodlum
SuIfaEe
Suspended Soltds
Total Dissolved Solids

Surface water monitorlng wtll contlnue on a seasonal basls (sprlng runoff, fall,

and mld-wLnter) as outlLned l-n the abbrevLated water qualtcy echedule (Table 9)

durlng the post-nlnlng operatlons. Post-mlning data collectLon w111 contLnue at

eaeh of the statlons untlL the reclamatlon effort ls deemed successful by the

regulatory authority. The August sample wlll contlnue to be analyzed accordlng

to Table 5 ( or an approved abbrevlated schedule) through the post-mlnlng perlod.

In addltl-on to the ebove outlined monltorlng programr Bil HPDES dlscharge permlE

wllL be acqulred as necessary. ItonJ.torlng of all discharges w111 be conducted

ln accordance wLth thls permJ.t.

As requlred, water quality data collected from surface water monitorlng etatlons

w111 be eubrnltted to the regulatory authorlty (Utah Dlvislon of OLl, Gas, and

lltntng). Such reports wtll normally be subnltted wlthln 60 to 90 days of the

end of each quarter, dependlng upon the speed of the J.aboratory analyses.

rl
4

--
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GROIJND WATER HYDROLOGY

RegLonal,Ground I'Iater HydroloElg-Svs.tem

The prlncLple factor controlllng the occurrence and avallabtllty of ground

water ln any area Ls geology. As noted by Prlce and Waddell (1973), nearly

all of the regLon surroundtng the Skyltne Property ls underlain by rocks of

contLnental and marlne orlglnr conslstlng predominately of Lnterbedded sand-

Btones and ehales. Although some of the sandstones ln the reglon serve as

the prlnclple water bearlng sErata, thetr ablllry to yteld water for extended

perLods of tl.me ls largely controlled by the exlsEence of the relatlvely lm-

permeable lnterbeded shale layers, whtch prevenE the downward movement of a

signlfLcant amount of water,

Accordlng to the U.S. Geologlcal Survey (1979), ground water Ln the reglon

exLsts under water table, artesJ.an, and perched condltlons. Water table con-

dltlone extst prlmarlly ln shallow alluvla1 deposlts along larger perennlal

streans and tn relatlvely flat lylng sedLmentary rocks. ArtesLan condltlons

exlst at greater :d.pth" where a eonflnLng layer overlles a more permeable

member. However, pressures are generally not sufficient to produce flowlng

welIe. Perched or Lurpeded condltlons exLst where the conflnlng layer lLes

beneath the water bearlng strata.

Because of the high annual preclpttatfon, the Book Cllffs and the adJacent

Wasatch Plateau, where the Skyltne Property ls located, act as recharge areas

for reglonal ground water systems (Prlce and Arnow, 1974) . However,

o
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only I snall portlon of the annual preclpltatlon, probably much less than flve

percent, recharges the ground water supply (Prlce and Arnow, 1974; U.S,. Geo-

loglcal Survey, 1979). Although the depth of water lnftltraElng through the

Burface to Baturated beda le surall (due to the presence of the relatlvely

J.mpermeable ehale layers near the surf ace over nuch of the area), the total

recharge volume ls rather stgntflcant because of the areal extent of the zone

of recharge.

Price and Arnow (1974) Lndlcate that properly constructed wells ln the Price

and San Rafael Rlver BasLns would have only llmlted ylelds (normally Less

than 50 gallons per mfnute). Wells lnmnedlacely adjacent to the Skyllne Property

could norually be expected to yteld less than l0 gallons per minute. Increased

ytelds could be expected from wells penetratl-ng htghly fractured sandstones.

Rocke in lhe Eountalnoua areaa near the Skyllne ProPetty generally have lott

apeclflc ylelds (0.2 to 0.7 percent) and low hydraultc conductlvltleg (Prlce

and lfaddell, 1973). The volrne of recoverable ttatei ln the srea ts aaall,

averaSlng leea than 600 acre-feet Per square ulle in the upper 100 feet of sat-

urated rock (Prlce end Arnfr, 1974)

T:he qu.llty of ground rater 1! the Prlce and San Rafael Rlver laaln8 deterlorates

rtth dl.stgnce dflnstre€D Euch the 6aEe as surface uater. Dlsaolved sollds con-

tents !n Sround rater raage fron leaa than 250 o1l1lgrans Per llter near the Shyllne

Property to 3000 mLlllgrans per llter near the confluence of the rlvers wtth the

Green Rlver (Prlce and Waddell, 1973). Thls increase ln dlssolved sollds coneen-

tratlon ls the result of lncreased contact of waEer and rock as travel dLstance

lncreases, wtEh sallne shales contrlbutlng the maJor PortLon of the dissolved

consrl tuents .
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Characterl.stlce of Seeps and Sprlngs

a3 An lndex of ground sater hydrologlc condltlons ln the skyltne ProPerty area'

an lnventory was Dade of exlstlng seepa and sPrlngs on and adjaeent to the

lease area alurl.ng the Donths of sePtenbe! anil october, 1978 and agaln durlng

septeober, 1979 (t.e. the 1o!r flor season). Durlng thls tl.De, the lease ares

uas covered on foot and all seePs and sprLngs found were noted on a nap ' In

addlllon, an eatloate was nade of the dlscharge, a nater quallty sample was

collected, end deterElnatLons vere nade of water teEPerature and speclfLc

conductance. Based on these data, selected sanples were chosen whlch were

repEeaentatlve of florr, gualltyr and geographic varlations over the Property

end Bent to the laboratory to be anlayzed for calcltto, nagneslurn, potassfuul,

sodluu, bl.carbonate, chloride, sulfate, and total dlssolved eollds. The

reeults of the analyses can be found Ln Attachment C.

The results of the flelit lnvestigatlon and the cheulcal analyses are sunmarl'zed

on Plate 5. Also sholt! on thls Plate are geologic foroatlons, faults' etc'

rhlch uay have an lnfl.uence on the behavlor of seeps'and sprlngs' Note that

a value for totai dlssolved solids concentratlon ls reported for each sprlng

rether than speciflc conductance. This tranformatLon was made after estab-

llshtng a local telatlon between the ttto Paratneters for the sanples rhere

chernlcel analyseE were coopleted (eee Ftgure 20) ' A converslon factor of

0.54 ras used. Thls low factor ls probably the result of low sulfate

concentrations ln the area (Ileu, 19?0).

Because of the large number of springs ln

durlng the Lnventory. However, lt ls fel"t

were sanpled and rePresentatLve condl-tl-ons

the area, some were Posstbly missed

that the majorlty of the sPrl-ngs

were covered.
o
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Flgure 20. RelatLon between spectfic conductance and total dlssolved sollds
concentratlon for sprLngs in the Skyline Property area.

As shotm on Plate 5, L74 seeps. and springs were noted on end lrunedLately

adJaeent to the Skyltne Property. Thusr En average of one water source exLsts

f or approxlurately every .40 acres tn the erea r rot lnclrrding the perennLal

streatrs. As a result, the travel distance between water supplies is short for
the wt1dllfe and sheep whlch utIlIze the area. Therefore, should a frequently

used sprJ-ng dry uP as a reeult of mlnlng lmpaets, ete., those uslng the water

supply would nor be greatly affeeted.

bo
E
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Several observatlons should be made regarding

springs In the SkylLne Property area. Fl.rst,

sprlngs lssrre from rest facl,ng slopes. Thls

dtp of the strata prevlously dLscussed,

the occurrenee of seeps and

a najority of the seeps and

probably results from the westerly
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A Becond obserilatlon of rlgnlficance made l-n the fleld ts that Eany sprlngs

issue near the base of a eandstone lense (where conEact Ls made wlth a shale

ureuber) often a considerable dlstance (fron e few feet to tens of feeE) above

the adJ acent e treanb ed (nornally considere d the draln Ln a perennl.al water-

ehed) , Th{e lndl.cates that the shale layers ln the Blackhawk Fromatlon act

as lupedtng urenibers, carrylng at least a portLon of the water whlch Percolates

through the eol1 mantLe back to the surface where tt ls eventually discharged

into an adJacent stream, Thus, because of the Presence of a large amount of

shale ln the ProPerty area, deep ground water recharge ls ltkely slow.

A thtrd observatlon deals wlth the orlgln of the uater lssuing fron the seeps

anrl sprlogs. Plate 5 LDdlcates that a ur.orber of sprLngs are located at re-

latlvely hlgh elevatlons. Thls, together r'l. th the fict that the sandstone lenses

ln the Blackhawk Foruatl.on are very dlscontlnuous (see the previous dlscussion

on geology), luplies that uuch, lf not all' of the rrate! found ln a glven sprlng

orlglnate8 ln the suall eurface depreselon or basln lnnedlately adjacent to

the epring. Thul , .sprlngs are supplled by a bedrock nenber whlch la extrenely

local ln extentr: as opposed'to a larger, uore regional systen. The eane con-

:

dltlon presuEab ly applles to sprlngs et lower elevatLons.

A fourth obeervatlon to be sade concernlng location ls that very few 6eePs and

eprLngs appear io be fault:relaterl. Thl.s phenonenon has aleo been noled else-

rirete along the fasatctr Plateau. As noted by the U.S. Geologlcal Survey (1979),

the ehale layers' of the Blaekhawk fornatton are bentonltlc' tending to st'ell

when set and deconpoee Lnto air lnprevtous c1ay. Apparently, fractures Ln the

Blackhawk fotlatl.on seal teadlly because of the abtttty of the shaley layere

to awell and decoupose' provldlng a seal to ttater movenent.o
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Ae a flnal observation, travertl.ne deposits are often assoclated wirh eprLngs

ln the aree. Although thls Bay suggest a deeper. seated water source than a

locallzed eandstone, Hem (1970) lndlcates that thls may also resulr from the

htgh calcl.un blcarbonate content of Ehe water. This explanatLon Is felt to

be reasoneble, thereby not reJectlng the hypothesLs that faults ln rhe Black-

hawk FormatJ.on are not ready conveyors of water.

Flmrs from lndlvldual sprlngs $ere qulte small durlng the lnventory. 0n1y

four aprlngs were flowtng at rates greeter than or equal to 10 gallons per

nl.nute (L5-2 at 10 gallons per mlnute, 22-LL at 30 gallons per minute, 34-Lz

at L2 gallons per utnute, and 2-2 at LZ gallons per ml-nute). l{ost of the

sprlngs $ere flcrulng trlo gallons per minuEe or less. Approxlmately 30 percent

of the sources lndlcated Ln Plate 5 were seeps (wet on the surface wlth no

measurable flow), sone of whtch had drted up during the suuuer. Subsequent

sanpllngs durlng the srurmer of 1979 have lndlcated that flows at a gLven spring

utay vary by as much as an order of magnltude durlng the yeer, r.rl-th the hlgher

flmrs eoming near the s.nowuelt season. Thl-s further substantLaEes the theory

that water supplytng the sprl"ngs ls generally very local Ln orl-gin. Water

orlginating from a deeper, more reglonallzed source would llkely have a more

conetant flow. If also Lndlates that flows are qulte sensl-ttire to the amourrt

of preclpltatlon recel.ved durlng the prevlous wLnter. (For example, followJ-ng

the dry uJ.nter of tg77, local resldents lndlcated that most of the sprlngs in

the area had gone dry by ntd-euruler) ,

Afuuost w{thout exceptLon, the chemical anal-yses shorsn on Plate 5 lndlcate that

ground water ln the leaae arear BS indexed by sprlngs, ls of a strong calel-um
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bicarbonate Lype. The data show that three dis tinctJ.ve quall ttes of sprLng

water can be fonnd ln the property area, Springs LssuJ.ng ned'r the outcroP of

the castlegate Sandatone (norttoest corner of the ProPelty) have very 1or

dlssolved sollds contents' ranglng frou 17 to 64 tDtlllgraDs per llter durlng

the lnventory. These lon dissolved eolids concentratlons ePparently result

frm the lack of ehaley layers Ln the Castlegate Sandstone. Because ehales

aDd sllt8tonea tend to contal.n soluble nLnerals ln abundance and afford oore

surface contact to weter flottl.ng through then than would be expected 1n

coarse-tertufed rocke (Bently et a1., 1978), the lack of ehales ln lhe Castle-

gate ehould teault in a hlgher quallty sater than elselthere on lhe ProPerty

where ahales ate encor.nteled by PercolEtl.ng groundwater.

The few sprlngs lasutng La the headwaters of the Maln Fork of Ecclea creek

had the hlghest dlssolved solLds concentratlons found Ln the lease area during

the lnventory (noreoally gteateE than 300 ollll.grans per llter). These hlgher

concentratlone tikety result fron loca1 condltlons whLch cause prolonged eon-

tact of the nater wlth shsley layers prlor to dls chatge.

Sprfiige over the leual$der of the ProPerty area had dissolved sollds contents

rhictr varled quite coneletently beteeen about 180 to 260 |Dllltgraus Per llter'

averaglng eppro:d.Eately 220 Etlllgrals Per llter. Ttese sprlngs are aPparently

all affecced by bbout lhe eane geologlc condlllons, tesultlng ln the aane

approdrute contict tim and ealt plckup.

Nlne of the Eprlngs shorrn ln plate 5 were chosen for continued monLtorlng

of tf,ater quallty and quantlty. The selectlon of rePresentatlve sPrLngs ltas

t
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on varlatlons ln fLon, quality, and geographlc locatlon as noted ln

l0 and dlscrrseed prevLously. Prlorlty nas glven to developed and/or

floning sprlngs, siuce potentlal Lopacts would llkely be greatest on

Bources. A dlscussl.on of the data collected durlng subeequent sampllngs

be preeented ln the eectlon eoverLng ground rrater qualLty.

Low TDS content

Htgh flow, htgh TDS content

Developed

Htgh flow, develoPed, headwaters of Hultlngton
Creek

High flow, rnlddle of proPerty along Huntlngton
'Creek

Headwaters of Eccles CanYon

Htgh elevatlon, develoPed

Htgh flow, lower Huntlngton Creek

Hfgh f lcry, headvaters area

Streaur Seepage

Iorns et al. (1965) developed a uethod of estLuratlng the amount of ground water

contrLbuted to Btreatrs using flow duration curxres, They tndlcate that the

nethod applles prtnarLly to headwater strearne whose flows come largely from snow-

melt and ere affected ltttle by the actlvitles of man. Thus, the uethodology

applles to Skyllne Property streams,

Table 10. SprLngs selectdd for contLnued monitorLng

Statlon Nrruber Reason for Continued SamPltng

s l0-1

s 13-2

s 14-4

s15-3

s22- r I

s23-4

s26- I 3

s 34- 12

s 36-2

Note: The letter S ln the statLon nusiber indlcates that the source Ls a sprlng.
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Aceordlng to thli lethodology, the average tlue that flow ln a saowoelt-tyPe

atreaD ls affected by ground waEer dlschargi ean be aPProxloated by dtalt1ng

a llne tangeDt to the steep palt of the flow duratlon curve of the glream and

nottng the deParture Poht froE the lowe! Portion of the cutve. The flow

EepleoeBted by the part of the curve belos thls deParture Polnt consists Prfunarlly

of rater dlsdrarged frou ground water stotaSe. ArithmeEic lntegratlon betlteen

the depalture polot aDd the 100 percenc iluratlon Polnt i8 used to deteroLne the

gEor.rnd sater dl.acharge rate iluring baseflow condltions '

The average rete of grouod rtater dischaEge durlng the tlme that streams are

controlled by dl.rect runoff (1.e. durlng the anoumelt season) can be approxl-

uated by the flol duratlon curve dlscharge that ls equalled or exceeded 70

percent of the tlDe. By addtng thls value to that obtained by lntegratlng

the flor iluratlon curve below the departure polnt, the' average armual rate of

ground satE! allscharge contrlbuted to the strean ls obtained'

EsttEates of long-tern average annual grormd water dLsdrarge of Huntlngton

Creek above Burnout Ganyon and Eccles Greek above Pleasant valley creek

rere nade uetng ihe above outll'ned nethodology and the flow dutatlon curves

developed prevlouely (eee FLgures 10 and 14) ' the gro urrd water dlscharge of

uurrtlngtonCreekaboveBurnoutCanyonlsdescrlbedbyFl8,uie2landTablell.

Eccles Creek 1s deecrLbed by Flgure 22 and Table 12'

Theaverageatnualgrorm.lvateryleldtolluntlngtoncreekaboveBurnou!canyon

(2.43 cubtc feet per eecond) rePresents aPprotdnately 19 Percent of the total

annual flon (L2.84 cuble feet per second, eee table 2)' or 3'03 Lndree over

the 6944 acre w€itershed. By contrast, nearly 64 percent of the average annual
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Table 1l . computatlon of long- term average annual gror:nd Hater dLs charge
of Hurtlngton Creek above Burnout Canyon.

DuratLon Curve Percentage

Interval

DLsdrarge (cfs)

Llmt te
Hean oE
Lln{ ts

a for Hean
of Llmits

Increment
Ln Interval

o

0-2 1.0

21.0-25,0

25-35

3s-45

45-55

55-6s

65-7s

75-85

85-95

95-99

99.0-99 .6

99.6-99 . g

99.8-100.0

Total

21.0

4.0

10

10

10

t0

l0

10

10

4

0.6

0.2

0.2

100 .0

2.1

6,0

4.1

3.2

2.7

2.t+

2.L

1.5

1.05

0.76

0.55

0.62

0 .61

0 ,44

o.z4

0 .41

0.32

o .27

0.24

0.21

0 .16

0.1r

0.03

r 0.01

4 0.01

< 0.01

? .43

23.0

30

40

50

60

70

80

90

97

99.3

99 .7

99 .9
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Table !2. Computatl.on of long-term average annual grorrnd water dLscharge of
Eccles Creek above Pleasant Valley Creek.

Duratlon Curve Percentage

trnterval

( cfs)

Llml ts
Hean of
Interval

a for Hean ..

of LimLts In Interval

o

0- 15

15-25

25-35

35-45

45-55

5s-55

65-7s

75-85

85-95

9s-99

99-99,6

99 .5- 100.0

To tal

15

10

10

10

10

10

1.0

10

10

4.0

0.5

0.4

100

za

30

40

50

60

70

80

90

97

99 .3

99 .9

3.3

5.6

4.5

4.1

3.8

3.5

3.3

2.5

1.6

1.3

1.3

1.3

0 .50

0 .56

0.45

0 .41

0.38

0,36

0,33

0.2s

0, 15

0,05

0.01

0.01

3. t+7

o
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:.

flow of Eccles Creek above Pleasant valJ'ey Creek (3'47 cubLc feet Per second

or 8.59 lnches) Le contrLbuted by ground nater dlscharge. Although the

uethodologlee utllLzed Ln arrivlng at these values roay have resulted ln some

error, lt appears that the yJ-eld of gror:nd water per unlt area to strea-ns ln

the Eccles Creek dralnage basln is greater than Ln the Hr.rntLngton Creek dralnage

basl-n. As noted prevlously, the reverse ls true for total water ylelded wlthin

the two baslne, The prJ.nclpJ-e cause of the hfgh ground water yleld tn Eccles

Canyon relatlve to lluntlngton Creek ls llkely the Star PoinE Sandstone, whl'ch

ls present on the surface over approxJ.uately 25 percent of Eccles Canyon but

does not appear on the surface ln the Huntlngton Creek Basl-n. FLeld observa-

tLons lndlcate that thls sandstone ls nearly fut-l to the upper reaches of the

outcrop in Eccles Canyon and yieldlng water to the creek throughout the canyon

(i.e. mElny seeps and sprLngs can be found along the stream to thls Polnt). The

Blackhawk Formatlon whlch appears on the surface over mosE of the Huntington

Creek BasLnr or the other.hand, ylelds waEer essentLally only from thln, dLs-

contLnuoug sandstone lenses whlch are often sandtslched ln between shale layers.

Thus, ground water dlscharges lnto Huntington Creek are more localized and,

therefore, lower.

In order to better defLne ground rrater recharge-dlscharge condlEions on maJor

streams in the area, seepage studLes were conducted on the Hain Fork of Eccles

Greek, the

of Eccleg

Star PoLnt

Creek were

South Fork of Eccles Creek, and Huntlngton Creek. The }laln Fork

Creek was chosen to assess changes as the water flows across the
'

Sandsagr*, and usJor faults. Studies on the South Fork of Eccles

gndertaken to assess changes along the Connel-vllle Fault zone, which



the stream generallY

the water condl-tLons

Although HuntLngton

studles were made as

69

f ollows, thereby a1Low!-ng an estimate to be made of

whlch mtght be encountered in the ml-ne near the f ault' '

Creek ltself Eay not be undermined, HunElngton Creek

urtght be encountered

a measure of recharge-dlscharge condltions which

Ln the proposed mLnes near thls valley frll area.

rn conductrng the seepage studies, at selected points along the stream

segments and at poLnts of maJor trtbutary lnflow, flor.r rates were determl"ned

uslng er.ther a smarr, portabre parsharr- flume (z-inch or 6-lnch throat wtdth)

or a Harsh*HcBrrney current meter. Head measurements in the flumes were

converted to drscharges usr.ng tabl-es provr.ded by the u. s. Bureau of Recl-ama-

t,ion ( 19 74) . SmalL lnf low rates were measured vo r'-uet rically or us ing

floats (Buchanan and Somers, 1969) or vlsually estimaEed'

In addltlon to the flow Eeasurements, water qual-ity samples were collected

at each Beepage study statr-on. These samples were analyzed for the Paratreters

llsted ln Table 13. err constltuents uere analyzed in terms of total con-

centratlons. Attachment D contains the results of the analyses'

plate 6 suumarizes the cgncentratlons of major cheml-cal constltuents found

of the seepage study statr.ons utrrizlng catr.on-anlon diagrams. A1-

there is a gradual deterloratLon ln water qualtly ln each of the three

slth dl"stance downstreamr f,o major changes were noticeable from the

The increased travel trme arone may be sufficient to cause the gradual

at each

though

I tr eams

f J.gure.

lncreases ln dLssolved sollds whlch have been noted'
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I
Table 13, Iilater quallty analytical schedrrle used for seePage studles

Acldtty

Alkaltntty

Arsenic

Barlu.m

Blcarbonate

Boron

Cadmlum

Calclr:m

Chlorlde

Chroruirgt

Conductlvtty

Copper

Fluorlde

Iron

Lead

Hagnes 1 uu

Hanganese

Her cury

Potasslr.un

Selenlum

SLlver

Sodium

Sulfate

Suspended Sollds

Total Dissolved Sollds

ZLnc
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The concentratLons of slgntficant parerneters were converted to loads to

better as8eEs changes Ln the streans, By subtractlng out the loads con-

trlbuted by measured trlbutaries, only unmeasured gains or losses ln the

eubJect stream are left, thus givlng an Lndex of the effect of geologlc

cond Ltlons on a given s tre€rm s egment .

Flgure 23 et@arlzes the changes ln f low and constiEuent loads measured ln

the Hal.n Fork of Eccles Creek. The data presented ln the f lgure have been

corrected for maJor trLbutary lnflow (i. e. sources where water qualtty

samples were collected). That ls, the flgure shows the condLtLons whlch

would have existed tf all Lnflow at the measured trlbutaries had been stopped

durlng the seepage study.o
Changes above

tlon, appear

the result of

Blackhawk and

statLon SS24-l, as the stream flows across the Blackhawk Forma-

to be rather lnslgnLfLcant. The small- Losses noted may well be

water from the streaE enterLng local sandstone lenses ln the

':
followlng the dtp to the west.

The fact that llttle change

that the Connelvtlle fault

statLon, does not convey a

fault has presumably been

occurs between statlons SS13-1 and SS24-1 I'ndlcates

zone, whlch crosses the stream Just above the lower

significang amognt of water to the surface. ThLs

sealed to flow by the expanding shales.

Stgnlflcant changes occur

statlon SS24-1. As noted

accoupanled by a change ln

Ln the streamrs characteristj-cs near

Ln Plat,e 5 ! these hydrologlc changes

the surface geologlc formatLon (to

and below

are also

the Star Polnt
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Sandstone) and the exlstence of two major fault

segment (the OrConnor Fault near SS19-1 and the

ss17-1) .

zones which traverse the stream

Pleasant Valley Fault near

at a Blackhawk-Star PoLnE lnterface and,

a barrier than a conduir'. The llkelt-

by the rapid change in most constituents

Based on the nuuber of eprlngs along the strean, lt apPears that the or Gonnor

Fault ls dlacharglng l,!to Ecclea Creek, thus causlng the graPhLcal Peaks 1n

f 1ow and loads noted ln rtgure 23 at statlon ss19-1. As a check, the assumP-

tlon was Dsde that all of the change fotmd at ss19-1 was comlng fron the

Or Connor Fault and adJacent fractures. table 14 glves the results of calcula-

tton6 to detennlne the lndlvldual concentratlons of varlous Paraneters lthLch

nust be present to Produce the changes noted ln Flgure 23, based on the

neasured flow lnciease of 0.53 cubic foot per second. Also noted are the

resulls of two water quallty analyses: one of seepage fron the floor of the

o I connor l,llne at the or connor Fault (f10w equaled one ga110n Per ruinute)

collected on March i/7, LgTg and a eecond of a sprlng locatetl on the south slde

of Eccles creek near the orconnor Fault iollected on septenrber 10, 1979 and

labeled S-l (f1ow equaled 15 gallons per oinute). The resulcs conpare r'ell wlth

the calculations iD Eoat cesea. Ion exchange and/or dlssoclatJ.on nay well explaln

oost of the illscrepanclea. Thus, lt aPPeara reasonable to assrrne that the otconnor

Fault ls ectlng aa e corweya[ce structure in the fractured sandstone, thereby dls-

charglng lnto Eccles Creek and causLng a Dajor portlon of the changes noted by the

seepage etudy.

The Pleasant Valley Fault is present

as a resulL, probably serves more as

hood of thls haPPening ls borne outt
t
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Table 14. Computed concentratLons of major constituents flowlng lnto
Eciles Creek durLng seepage studlesr ES comPared wtth water
eollected along the O t Connor Fault Ln the O I Connor lllne and
a nearbY sPring.

Corrected Constltuent Load,
Ln pounds per day

Measured Conc. ,
in mg/l

Parameter
At

ss24-1
At

ss19-1 Increase

Cal culated
Inflow Conc.

ln mg/1
O 

I Connor
MLne s-1

B I carb onate

Calclun

Chlo r lde

Fluorlde

Iron

Magnesium

Hanganese

Potasslrn

Sodlun

Sulfate

Total Dlss.
So1lds

9s

20

0

0 .05

0

5

0

0 .05

4

0

75

t0 75

300

8.0

0 .52

I.94

18

0.14

7.8

66

84

1000

980

280

8.0

0.45

I,94

13

0 .14

7.3

62

84

925

342.4

97.8

2.8

0 .16

0 .68

4.5

0.05

2.55

2L. 7

29 .4

323

24L.5

82,4

2.0

0.17

25.9

2.2L

1. 84

118

33s

356 .2

1L0 .4

4.0

0.97

2.9

0.05

2.58

15. 2

30.0

345

o
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between SSlT-l and SS17-3 end the facc that the conputed lnflow concentratlons re-

qulred to produce the neasured load lncreas6 far exceed neasured concentratlons

froE the Alploe School Dl8trlct well, located at the Douth of Green Canyon adjacent

to the Pleasant Valley Fa.lt. It aPPears that subgurface water uay be flowlng be-

neath the creek and belng forced to the surface at the PleasanE Valley Fault due

to the presence of a barrler created by the lnperoeable Blackhanrk Foroatlon. lluch

of thls !.s llkety deeper sater whlch has not Prevlously ulxed nlth ltateE ln the

gtreaur above thls poLnt (note the dLlutlon-caused decrease above SSlT-l followed

by a large Lncrease lD total dlssolved sollds load shoon ln Flgure 23).

Flgure 24 presents a slmlLar stream loadlng analysis of the South Fork seePage

study results. The data gathered from thls stream are much more varlable

than encountered ln the main fork. However, a few general Patterns can be

s gen.o
Nearly all ParalDeEers e:(Perlenced an l-ncrease between

(SS25-1 and SS24-3). Hany seeps and sPrlngs aPpeared

sectLon, accountlng Presunably for most, lf not al-l'

the flrst two statl-ons

on the htllstde Ln t'hts

of the lncrease'

only a Bmall amount of lnflow from seeps (approxlmately 5 gallons per mLnute)

was noted on the ,surface between SS24-3 and SS24-4. The remainlng 20 gallons

per mlnute of the noted lncrease llkely resulted from diffuse lnflow whleh

follows the dip, flowlng from east to west towards the stream- Chemlcally, the

segmeng experlenced some exchangLng of sodl-um for calcium and magnesllxn.

No slgnlflcant flow changes srere noted between SS24-3 and SS24-7. Because of

thts, it is assumed. that the chemical changes noted ln Figure 24 resulted al-

mo6t entlrely from ion exchange, dissoclatLon, or Prectpltatlon. SmalJ-, loeaI

,o
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the flow decreased to about 25 gallons per mlnute.2 On the other hand, lf a

shale layer had been encountered by the mine at the fault, only a sltght Ln-

crease Ln the inflow rate to the rrlne would have been expected (as experLenced

by the inslgnlfLcant changes noted ln the seepage study). In elther case,

the Lncreased tnflow to the mLne probably has as lts source \ilater which was

stored behtnd the barrl-er created by the fault (stmllar to the condltion

lnplted at the Pleasant Valley Fault). Because of the discontLnuous nature

of the Blackhawk Formatlon and Lts apparent slow recharge rate, only an under-

ground area of local extent would be expected to yteld water at the fault,

thus e:rplalnlng the relatlvely rapld decrease Ln flow at the faulE noted Ln

the Belj.na No. I uine,

The results of the Huntlngton Creek seepage study are presented ln FLgure 25.

Because of spurlous flow data, information collected at the four stations

above SS22-2 was not lncluded in the stream loadlng calculatLons- In addttlon,

trtbutary lnflow at SS34-2 was below the lower station and ls, Eherefore, also

not lncluded here. The data are lncluded, however , in Attachnient D '

Heasurements of dLscharge rates from sprJ.ngs issuLng on the hlllslde east

the creek (fron the west facLng slope) accounted for nearly 90 percent of

measured flow ir"i."=" seen Ln Huntlngton Creek between SS22-2 and SS27-2.

of

the

2 Halcohn
Octob er

Dye, Valley
L2, 19 79 .

I
Canp of Utah, Inc. Personal communication dated
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changes in flow condLtions Eay have occurred Ln the sEretch also, causlng

sotre of the chenlcal change, but overall alteratLons tn flow were lnsLgnlfl-

cant. I

A large beaver pond has been built between SS24-7 and SS24-2. It is reasonable

to e:cpect that most changes noted below Ss24-7 have resulted eLther dlrectly

from the pond or from sprlngs locaEed ln the pond. Some change may have also

resulted where the Connelvtlle FauLt zone crosses the Srar Polnt Sandstone.

The nagnlfude of thts, however, ls expected to be smal-l sl-nce the Connelvtlle

Fault was not shown to be a slgntf l-cant contrlb utor of water to the mal-n f ork '

t Thus, lt aPPears that changes

Creek can be larelY accowrted

area and a large beaver Pond

apparently has ltttle effect

clusLon that the fault ls not

sealed ltself.

Although surface flow condLtLons

appear Eo be uniform, the a$ount

may vary, dePendl-ng uPon whether

by the advancing ulne face. For

east, ValleY CamP of Utah, Inc.

BeLlna No. L $ine Ln seetlon 24,

1000 gallons Per mlnute. In the

in conditions along the South Fork of Eceles

for by spr!.ngs which lssue l-n the headwacers

at the mouth, The Connevllle Fault zone ltself

on the stream. This confirms the prevlous CoIl*

actlng as a condult but, rather, has llkely

thror:ghout the length of the ConnelvtLle Fault

of water encountered in the ml-nes near the fault zon

shale or sandstone is encounted at the fault

example, ln approachl-ng the f ault f rom the

eneorrntered e sandstone lense at the fault in the

T. 13 S., R. 6 E- which yielded aPProximaEely

l0 weeks slnce the fault ldas flrst encountered,o
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Because of lnaccuracLes ln estimating sprlng dlscharge ratesn l-t ts llkely
that surface sources accotutted for all of the lncrease ln flow noted ln
FLgure 25. Cheml-cal changes presumably also resulted from lnflowtng sprLng

water.

Corrected flws between SS27-2 and SS34-1 decreased by 0.02 cublc foot per

second (g galLons Per rnlnute). A general decrease Ln constLtuent loads

aleo occurred ln thts etretch. In addltlonr approxlmately 30 gallons per

mlnute of sprlng dlscharge was measured ln Ehe segment. Thus, a total of

39 gallons per mfnute was lost Ln the segment.

streanslde vegetatlon Day account for a portlon of thls Loas through evapo-

transplratl,on. This, however, ,.s expected to be lnslgniflcant. It Ls,

therefore, agsuoed that the uaJorlty of the lose can be attrlbuted to recharge

of the alluvlura. Because of the tlght nature of the Blackhssrk Formatlon whlch

underlles the alluvlun, thle recharged lreter presunably travela belou the

eurface at the shale-ell$riuD Lnterface touards ElectrLc Lakb (i.e. water

llkely percolatea ,.nto the bedrock below at luch lower retes than ahown by

the neas ured lose).

ObeervatLon lfel1s

The tl.S. Geologlcal Survey and the U.S. forest Servlce (llantl-LaSal Natlonal Foreet)

gave pernLselon to drll1 a lloited number of coal exploratlon holes to augment the

drllltng that had been done 1n prl.or years. LocatLons were selected to

obteln the nos! useful geologLc Lnforraat.lon and nlnlmlze potentlal envlroimental

lnpacts resultlng froo rhe operation, Flve of the locatlons were eelected for
converglon to ground rater obeervatlo! wells. At eaeh of the flve sttes. 2-lnch

caelng was Lnstalled lnto the stei polnt sand6tone lrlth the lower 20 feet belng
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perforeted, thua provldlng a neesure of the pLezonetrlc head tn the Star Polnt.

Another shalloner.hole was drllled nearby, .nornally above the coal zone' and 2-lnch

cealn8, Perforated over the lower 20 feelr was lnst"lled. Geophyslcal logs

of each of the holes rttl be placed on flle wtth the u. s. Geologlcal survey,

Area ltlnlng Supervlaor, ln Salt Lake Clty, Utah by Coastal States Energy

coupany a6 soon a3 the data are complled and lnterPreted. GeoloSlscs who had

drllled exploratory holes on the skyllne ProPerty ln prlor yearg were consulted

regardlng the etablllty of an open hole in the Blackhaltk Fornatlon. They

were unenlnous ln thelr atatenenta that a hole genetally would not remaln

open longer than a day or t!to. For thls reason; lt was decLded that the

placenent of baskets and cernent to seal off foroatlons at the dePths regulred

(ranglng fron 108 to 2013 feet and averaglng over 700 feet) would be a dtfflcult

and uncertaln process. f,ence, the declslon was urade to drlll two holes at

eaeh el,te to obialn a Beasure of vertical water movement (one shallow and one

deep) rather then plaelng tlto Plezoneters ln a slngle hole (above and below a

cenenBed eeal) .'

Because the lower 20 feet of castng was perforated ln each hole, the wacer

level tn the hole ls a measure of the plezometric head near the botton of the

caslnS. Should vertlcal flon occur 1n the hole out;lde the caslng, the vertlcal

gradlent w111 be lesg Ln Dagnltude but unaltered Ln dlrectlon. lflth tlne.

eloughlngwilloccurlntheholeandthedlfferencelnthehead,lfany,bet!'een

the shall-ow and deep holes w111 be more pronounced.

Deep obaervatlon velle wlth 2-lnch caslng nere instil-led at each of the fl've

locatlona. shallow obeervatlon $ells wlth 2-tnch casLng were 1n6ta11ed at

four locations.t Eveo though Chree drllltng rl.gs were operatlng on the proPerty'



suffl,clent tlme tras

U.S. Forest Servlce

the couutencement of

ln the portal area.
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not avaLlable to drtll a deep

requLrement that all drllltng

the elk hunt (October 3) wlth

hole at I{26-1 due to the

operatLons be susPended bY

the exceptJ.on of s test welL

Ground Water Hovement

Pelzonetrr.c heads sere ueasured durlng the fall of 1979 tn the shallon and deep

obaervatlon rrella and Ln two open holes, one on and one eest of tbe property.

Data frou the shallou uella (see Plate 7) shor the graund uater floning ln a

ueat to aouthrrest dlrectl.on. The dlrectlon of ground water flow tn the uniler-

lylng Star Polnt Sandstone (as ueasured ln the deep holes) is essentlally the

saue as that neasured ln the shallou holes.

As 6een on Plate 7, an anooalous condltlon exLst.s between 1126-l and Il35-1.

lfhile grormd rater greall.entB ovea nuch of the rest of the property avera.ge

about 250 feet per nlle, the gradlent steepen6 to nearly 7O0 feet per nlle

beteeen the tuo holes. Thts anoualy ls llkely assocleted with the Valentlne

Fault zone, rrhlch paeses through lf35-t. Durlng drllllng oPeratlons, flors ln

excega of ll0 gallons per llnute uere dlscharged frou !f35-1, r hlghcr flor rate

than crprrhnced rny rrhcte clse on thr ProPcrty. ?hc corc conflrncd thrt thlB

hole crossed a hlgh angle fault. Apparently, the fracture has connected the

aandstone lenseg of the Sleckhask Fornatlon r'lth the star Polnt Sandstone'

thereby algnlflcantly Lncreaslng the rrater ylcld characterlstlcs of the rock

at thia polnt and lnfluenclng the plezoEetrlc head ln the area.

At Wl0-1, near the northwest corner of the lease area, the piezometrlc head

under the coal zone was 35 feet greater than above the coal. At 1,J22-2 to the
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south, the underlylng piezoDetrlc head uas 40 feet Sreater. At tJl4-2D about

3O0O feet west of the portal area ln Eccles. Canyon, the pJ.exonetrlc head t'aa

5 feet less under the coal than above Lt. Llkeulse, at W35-l near Electrlc

Lake. the piezobetrl.c head nas 15 feet less under the coal. Thus, the northwest

quadrant is experlencing up$ard flow fron the underlylng sandstone.

The uater level at lf35-l ls 165 feet belotr the grornd surface. Honever, two

Bprlnge occur 50 feet up on the hlllside aitJacent to the observatlon well.

Ttrtg further substantlates the th€ory that t ater lssulng frou sprLngs on the

lease area has a very locallzed source and Lndl.cates that tno ground rrater

B)zsteDa occur ln the erea of the Skyltne ProPerty. A shallou systeo Ls very

local ln extent and dlscontlnuous, Provldlng sater to nulerous seeps and sprlngs

through thln sandstone Iayer8 ln the llsckhawk Fornatlon (ranglng ln thlckness

froo about I foot to 60 feet). A deep ground uater systen Ls Present ln the

aeturated rocks surroundlng the coal. Thls systen has llttle effect on the

surface hydrolollc regiue of the Skyllne ProPerty' passlng far below the

perennlal atreana of the leaee area.

Deep holes, depth of water, and varlablltty of sandstone J-ayers made tt ln-

posstble to estlmate water yield from the hoLes during drilIing. As already

notedr alr rlgs were dlscharBtng over 110 gallons O:t Einure at deeper depths

in l{35-1, Ln other locations, flows were usually under 5 gallons per mlnute

and often zero.

The presence of Huntlngton Creek and Electrlc Lake appears to have lt'ttle

effect on the ground rrater contours thoun on Plate 7' At W35-1' less than 3000

feet nortbeaat of the upper end of Electrlc Lake, the ttater tabler at en elevatlon

of 8535 feet above lean sea level, lS 40 feet below the norEal Ltater 1eve1 ln the

lake at 8575 feet. Aesunlng that the ground water Sradlent remaLns as Plotted'

o



84

! the eater table 1.6 about l5O feet below the lake under lts upper end. Flou

neasureDents Ln Huntlngton Greek above Electrlc Lake do not ahow acretl'otrs 1n

excesg of surface inflows froD anall hlllslde sPrlngs. Thus, ground uater floulng

uestsard under the ProPerty aPPears to Pass under Huntidgton Creek and Electrlc

Lake, lndicatlng that tbese tuo water bodles are perched atoP inPedlng shale

layers and not contributlng slgntflcantly to the deePer ground water systeD.

However, one or Eore observatl.oo wells are needed ln the southwest Portlon of 'the

property to better deflne these condltfons. Because olnlng vlll not occur ln

thlE area for qulte sone time, the data can be collected durlng nornal, exPloratory

dllllng operet lons.

Aoulfer Test Results

Drs$dottn and recovery testa uere conducted at two dlfferent dePths I'n e teat

rrell located Ln the proposed Portal area (see Plate 7) ' Each test conslsled

of approxlnately 65 olnutes of drawdown testlng and an equal Perlod of recovery

testlng. l{ater nas dlecharged fron the well using a baller' The data were

analyzed over the stralght-Ilne portlon of the semllog ttne-draudown (or

tlue-reelduel drandown) curve uslng the Jacob equatlon (U'S' Bureau of Reclana-

tlon, 1977), whlch statea that

2.303 a
T=

( r0)4rr ) s/ D (1og t)

where T ls the transmissi+lty, q ls the flow rate from the well during the

drawdown test, s Ls the drawdown, end t is the Eime sLnce plrnping began. In

the case of a recovery testf s becomes s; (the resLdual.draudown or dlfference

bet'reen the measured head and the head prlor to the start of Punptng) and the

tfuue terE becoues t/tt, uhere tr Ls time sl,nce PunPing ceased (u.s. Bureau

of Reclamatl.on, lg77). For a partl.cular dtstance, equatlon IO is the equatLon



I'
85

of e strelght-llne Plot of a veraus log t (or sr versus log t/tr). For one log

cycle, ) log t (or ) 1og t/tr) ls eqlal to one. Wtth thls Ln n1nd, and eonvert lng

to the gellon-day-foot syateB of unlts, equatlon l0 can be wrltten as

J= 264 q
as

rhere r ie the transnlaglvt ty, ln gallons per day per foot; Q te the constant

dleeharge rate, Ln gallons per Dlnute; and As Le the drawdown dLfference per

log cycle of tlue, Ln feet. the recovery teat equatlon substltute5 sr for a'

Testa r'ere rr.ro ln the open hole at dePths of 200 feet (nlthln the coal zone

of the Blackhalrk FoEnatlon, above the Aberdeen Sandstone) and 300 feet (at the

bottou of the Blackhask Fotuatlon, below the Aberdeen Sandstone). The data are

plotted ln Flguree 26 atd 27. At the 200 foot depth, transEl.ssLvitles of 21.0

and 16.6 gallone per day per foot were calculated for the drawdown and recovery

teata, reapectlvely. Tranaoleelwltiee of 16.3 and 17.9 gallons Per day per foot

rere calculated for the tespectlve drawdorn and recovery tests at the 300 foot

depth.

Two obeervatlons can be uade regardl,ng the test results. FLrst, the low trans-

mJ.sslvltles and discharge rates lndlcate that the Blackhawk Formatlon ls, at

beet, a poor aqutfer, Water ie ylelded from dLscontlnuous, locallzed sandstone

J.ena ee whlch prohlbl t large I cale development.

The Eecond observatLon ls that no elgntflcant dtfferdnces exLst between the

aquLfer propertles'of the coal zone and those of the Aberdeen Sandstone. Thus,

the Aberdeen cannot be consldered a 11ajor ltater-bearlng zone'

( 11)

o
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the tegt well has shown that the Star PoinE Sandstone l"s

-Contlnued 
drtl-11n9 at

U, ^ r .,l -a Ar'6r tft .ro I 1if "f af ng over 70 ga]-lons per mlnute at the sL te even though tt ls not yet f ully

pentraged.ItapPealsthatthl.stlltlsarellableaqutferandhasthepotentlal

for ilevelopnent a3 a sater aupPly for use at the olne. ruture testlng of the

star Polnr w111 be conpleted at the 51te to aleBernlne irs long-telE yleld ProPertles'

Ground llater QualltY

Ag has been prevLously mentloneil, eouprehensLve waier quallty sanPles nere col-

lecteddurln8thesumerof|gTgfronthenlnesprlngsllstedlnTablel0andshown

onPlate5.AccessprobleucPteventedthecollectionofsarnplesdurlngther'inter

and aprlng follonlng the lultlal lnventory ' In addltlon' samples wete collected

for llnlted enalyses frou aeepage in the orConnor an.l the Bellna No. l }llnes,

located lEredlately to the east of the lease area and oPerated by Valley C€np

lf Ut"t . Inc., snd fron a well loceted in aectLon 8r T. 13 S' ' R' 7 E' Thls well

- le 6perated by the Alplne School Dlstrlct and ls conPleted ln the Blackhawk

EorDatlon.

ttigh coet precluded the collectlon of rellable water quallty data' fron the

obaervatlon ue1le whlch were drltled in the area. Becauee of downhole ln3tablllty

and rhe depth to rrhlch the holes $ere drtlled (varylng betlteen 108 and 2013 feeE)'

stenderd rdell constructlon practlceg nere not feasIble. The cost of propetly

constructing anil developl.ng the wells to obtaln relLable watir quallty data

wouldhavefarexceededthebeneflteofobtalnlngasdbsurfaceraterquallty

aample, conelderlng the dlecontlnuous nature of the Blackhawk Fornatlon and the

lack of ground lrater use ln the erea through nells (1.e. nearly all ground

-rater 
usage ln the area ls through sprlngs - Eee the followlng sectlon on

v.
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rrater rlghtg). Conslderabl,e ptmped ground water usage J.n the area may have

Juetif led the cos t. However, as wtl b e ehown , the sp rtngs wht ch were sampl'ed

rdere rellable lndexes of deeper ground water qualtty and, thus, 
"U*nuately

deecribe local condltlons. .

All sanples were collected and preserved as prevlousll outJ-lned.

whlchwere conpleted are noted J.n Table 5. Attachment E contaLns

of water quallty analyses of samples colLected from the sprlngs.

The analysis

the resulfs

As a oeasure of the sblllty of sprlng rtater to lndex the quallty of deeper water

ln the area, the average concenttaBlong of varlous constltuentst as Eeasured at

the nlne loot toreal sprlngs ! were conparedrlth the concenfrations of those same

conatltuents aaopleil in the o I Gonnor and Bellna No. l-lnes and the Alplne

school DlEtrtct welI. Theae data, rhlch are Presented ia rable 15 and ln Flgure

28, lndlcate that the sPrlngF do adequately lndex deeper water (l'e' the smplea

collecteat Ln the rdnes aud the well fall t.ithln the range of saryles collected

at the sprlngs). Thus, grotnil water quallty ln the property area hae presuneab ly

been adequatelY aauPled.

The patterns noted durlng the lnltial sprlng lnventory (see P1ate 5) dld not

vary slgntflcantly durlng subsequent Eeasurements' The geographlc varLatLons

dLecueeed prevl.ously remalned unchanged as dld the strong calcltrm blcarbonate

content of the water.
j

Unllke surf ace rJater guallty measirrements, changes ln ground rrater cons tLEuent

concentratlons wl-th tLme ehowed no consistent trends. Concentratlonn of a



Table 15. Results
from the
Dletrlct

of chemicsl- analYses
O|Connor HLne, the
well.

90

of water eamples
Bellna No ' I Mlne '

collected in Harch' 1979
and the AlPlne School

Concentratlon , ln ,ng / I

Pareneter O 
I Connor
lline

BeLlna
No. I }llne

Alplne
1{e1.1

Arsenic

Barl,uu

Blcarbonate

Cadnluu

CalcLum

Chlorlde

Chroulun

ConductlvttY

Fluorlde

Iron

Lead

l'[iagnesium

HercurY

Nltrate
0rthophosPhate

Po tasB l.us

SelenLum

Sl lver
Sod lun

Sulfate
TDS

pH

241.56

82. 40

2.0

510

0. 17

25.92

3L?.32

69.60

370

0. l1

2T .L2

0.836

l. 75

6.0

250

7.49

0,004

0.06

197.64

0.001

32.00

2.0
z 0.001

285

0. 84

0.530

L o. ool

9.60
1 o, oooz

1 0.02

1.289
1 0.001

2L.32

6.0

182

7 .39

2.2t3

1.84

118

335

7 .47

Notes: Conductlvlty ln mlcromhos Per centl-meter at 25oC; pH Ln standard units'
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- 
gLven constLtuent varl-ed.both directly and inversely wlth flow from sprlng

to eprlng'

llaxfiiun, olnlnrn, and neen concentratlong of varlous paraEeters neasured on the

property ere noted ln Teble 16. Concentratlons are generally lower than noted

for the aane constltuents ln surface nater aary1e6, although the dlfferences

donotaPPeartobeveryslgnlft'cant'As$asnotedprevtously'thehtghalkallnlty'

lowecldlty'ant|generalbaslcnatureofther'aterlndlcatesthataclddralnage

problens ehoulil not develoP ag a result of nLnlng on the lease area'

TabLe 16 . HaxLmr.ur, mlnlmtrn, and mean concentratLons of various
ground rtater constLtuents'

Parameter . QoncentraEl,on. - ln niF/ 1 .-
Maxlmtsn Minlmum Mean

14.0

290

0 .10

0.96

0 .050

0 .018

8.3

0.020

0.08

449

< 0.01

0 .06

0.01-0

:

5.9

0.02

64

0 .01

0,28

0.018

0.005

7.3

0 .001

0 .04

234

4.0

50 192

9.3Acldtty, 8e CaCOt

AlkaltnltY, as CaCo3

Arnmonla r unl'onlzed

Iron, Total

Iron, Dlssolved

Hanganese, Total

pH

Pheno 1

Phosphate, Total

Total Diss. SolLds
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Un-lonlzed amonla, phenol, end total phosphste concentratlone ueaaured durlng

the bagellne perl.od egeln exceeded the aEate water quallty atendards for the

ueea apeclfled for wster the the area, although not wtth the regularlty noted

ln eurface water [eaauae[ent9. An rm-ionlzed anmonig @ncentretlon of 0.10

Dllllgrrnr per ,llter (exceedlng the state standard by 0.08 nllllgrans per ltter)

was oeasured once at 334-12 on August 23, 1979. One phenol neesurenent

exceeded the standard of 0.01 ullllgrans Per llter by 0.01 ullllgrams Per llter

(etatlon 523-4 on Augug t 23' 1979).

Four total phosphate oeaaureEenta exceeded the state standird of 0.05 rdlllgrarns

per llter durlng the baeellne perlod (once at 323-4' tltl ce at 526-13' and once

at 334-12). Ilorever, the Esxltnur measured concentratlon was only 0.08 nllltgrans

per llter. It thus appears that surface phenonena are prlnarlly responslble

for the exceedanc;s noted Ln the aurface water samples as opposed to belng

Lndlgenous to the, Eeologlc characterl'a tlca, aa would be expected'

Although lron conceitratlons ln the area ground watere are not excessLvely hLgh'

total Lron often reaches concenEratlona varylng be$reen 0.5 and 
.1.0 

nllltgrans

per llter. The natural occurrence of these relatlvely hlgh concentratlons

probably reeulte fron the lron content of the cementlng agents Ln the Blackhaltk

Fornatlon' as prevlouely dlacussed.

Ae rag the caee wlth aurface rrstera ln the area, the concentratlons of other

constltuetrta eaupied at stetlons throughout the aree are generally qur.te lon.

In uany lnatancea ' trace letal concentratlons were consLgtently belolt the

detectlon llElt of routlne laboratory techni.qqes (esPeclally arsenLc, cadolun,

chronLun, lead, Dercury r aelenlrn and sllver)
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Moql_tortng ProFran

An ongolng grotnrd rrater mnttorlng program wtIl be conducted at each of the

ground water statLons shosn,on Plate 4. In addltLon, data w111 be collected

from the mlnes and the propoged water supply well belng drtlled ln the portal

8rga.

As has been shown, the qualLty of water issulng from sprlngs on the Skyllne

property Ls representatlve of deep water condLtlons. In addltlonr 8s wlLL be

diecueeed ln the water rlghte eection, gEound water usage ln the area consLsts

almost englrely of sprlngs. Thus, because of the deslre to monLtor Lrrpacts

at the site of use, the monltorlng of sprtngs ln the area takes on added

lmpor tance I

I 
ntnonsft streans ln the area uay be accesalble nost of the year, such is not the

caee wlth Dost te113 and eprlnga. ThuE, nater quallty data w111 be collected

once each year (durlng the Dnth of August) fron the sprl.ngs noted on.Plate 4t

the sater aupply well ,'$ the Portal area, and aeepage ln the ulnes ' The collee-

tlon of an earller aanp le uay reeult ln the lncluslon of a sLgnlfl.cant amorrnt

of Enowoel! runoff whereas a later sanple rould not norually allou the collectlon

of addi.tlonal data before gno|rfall lf unlque, urexPecEed condltlons are found.

Each of the neter quallty eanples rlll be analyzed as outllnerl by the coDPrehenslve

llEt contalned ln Table 5 or gn approved abbrevLated schedule' The dete collected

!t the Eprlngs w111 gl{e a ressure of the tnpact of nl.nlng on the Sround water

syateD at tts PrlDary polnt of use. The seasurenents taken frou the nlnee and

the well s111 gtve en lndlcatlon of, Lmpacts on the deep ground water 6ysteD.

O 
""a.t 

level data rtlll e13o be collected durlng August of each year frou each

of the we118 noted on Plate 4. The amount of water dlscharged from the ml-nes
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w111 also be nonltored at the nlne mouth through the use of a totallzlng flow

meter or sLrnl1ar devlce. Signlficant changes ln the source of water Ln the

mlnes wtl-l be noted durLng the perlod of operation.

In addltlon to the above outllned monttorlng programr Bn NPDES discharge permlt

wtll be acquired for mine water discharges as necessary. Honltorlng of all

dJ.echarges w111 be conducted l-n accbrdance with thls permlr.

As requLred, ground water quallty data collected from the property area vtll be

submltted to the Utah Divlslon of Ol1, Gas, and Hinlng. Such reports wtll

normally be submltted wlthtn 60 to 90 days o f Ehe end of each quarter,

depending upon the speed of laboratory analyses.



96

gurfaqe l.latgr Rtg_hts

Tables L7 and 18

Property whlch were

1979. The locatlons

Surface water rlghee ln the area are prlnarlly for stockwaterlng and lrrigatlon.

Slockwaterlng rLghts are elEost entl.rely directly on the strean. Irrigatlon rights

are centered around the Eo$n.of Scofleld and ln flat Canyon, southwest of fhe

center of the property. Irrlgaied lands consist aloos t, entirely of pasture. Only

stockraterLng rlghta.are Present on the lease area.

and trrlgatton (natnly lawns and gardens).

a flled water rlght. Only a llnlted number

Only one sPring on the lease area has

of ttells are located In the area.

Also shown on plate g arg exchanges of Scofleld Reservoir waLer for ground

warer Ln pLeasant Valley Greek Basin. These are lLsted Ln Table 2L' All ex-

ihanges are wells, wlth the exception of 91-940. Most of the exchanges serve

the LndusErial and domestlc needs of minLng companles in the area.

- Ground ltet"t Sfght"

Ground water rtghts on and adjacent to the Skyline Property, on record wlth

the Utah Dtvl,sion of l.later Rlghts as of September, 1979, are listed ln Table 19

and Z0 and presented on Plate 9. Agaln, rlghts are primarily for sLockwatering

WATER RIGHTS

llst the surface water rlghts on and adjacent to the Skyllne

on record wlth the Uuah DLvLsion of WaEer Rights as of September '

of these wat,er rlghts can be found on Plate I'



97

--F---Fl?ll't.tFt6a'tl'tFrFtaFtFt
LRr.Lrl.t.!.!.!.rllL-lrrlfqlatralir . t | | | | | | | | | 'l:!rlrtrettltEulteglrtJtluurrugeiI I t t t t 3 t ; t t t t
o I o o o o o o o o o o 'o o
-sitlrlJurlrlJU

o
-J---
ht\''FD\lr>.L'a.Ll'rh|rlrrlrLrLIt ! t ! ! ! i i ! ! i i I
E-aEE-cEdEcGEc;T ; ; ; ; ; ; ; ; ; ; ; ;

I
a!r
of
tl
5L

f,6 t !
=r5r,r,tE.f"f6ig'. -i ; i E r16iirer';-'-orl'ri. E e

oLl {'!rrtFi ! ! I i i I i iL-QLi: ; ! i;;: i I I t;;iE ; i i ! ; t i E ! I ! !J.i ; E E d 6 f a t ,; i, d 6

I
I
u
t
oal-
I
5ll3]tlll 999.Jr
'E!!!!!
=ar-'l.i !5 i _ , ", Lr br r'r

* .l'd a.e a^ l^ lA 
'A 

l* t^ l- 'a '^ 
l^ l^ l^

o {trl r!e Jv ds -!f ;t Jg ie rs Jv de ''rr ;ts
.-.sb rrr J. J. 4! ii- -r! .|1! 4' rt 'l' 't' r'

i ltit ii ii ii il Ii Ii il Il ii rt ir itr_-! ,o -E -i :F 'e -E -'c -: .I "5 c5 ci! !!i! I; I. I; I; i; I; l; f; i; E; ic !r

.E
o
I
J&

.it?;ttrE;fEE
-G;li-d*iidEE t I ! 5 5 ! i ! I ! ! !
aY9!UY--990JE"r I I i i i i i i; i i iE;EEgsutrusuuuuito0066accoooc
-LPt.tr-EerrrLHgr'avlvlvrvTvllrutglutvl

I
E

o
t

6tl
oFll

ll
6cttl

F'ri ?-r E I * 3 3 i E E E i Rnt T f y f f T i ! r i i ifllllr td
GGtrcrortreeo\t'rc\t\Gor

o-
a
a

It
=t'I
at

0,

IJ

ou
rJ
tr
o
U
rd

.f-l

"trql

'E
tr
G

tr
o

'E
Ur,
ru
U
o

r-t

tr.r{
gl
rU

Fq

t{
0,

.r{
&
a,
U
."{
H
F{

o
u
F

.F{

ou
b0..r{ F\t{ +J

t{
HOor
+JOrtt H
lF{
(u(u
OFti 'r{rH F{t{h
5J4tn u)

t

il
E
rt,
H



98

Ft a't |Jl Fr

'''.'.8883888*8898|rf.-
f|}J'trJi i.! i i !IiIIi!!I! i!i i I i i t i i i { ? 11i I1 t !i i i ! E 3 il:"iiiii1E iEe e il t o o r ; T Egfi,F,F,Ff .f,,;luJ!9,1
r :9 - o o I g g g g 3 gg I Io!
ibulfal r afr t l blrE E Drr i I f lii?i ?!i i ii
; ; I t F'.r Fri ; ; ri -t - 6 -' - Fr :l

E g g gE i FiFSSgHrEr Ff
! ! ! Ti i T I I E E i. i T T i ! T i: i i Ei i i i i i i i ! : : i : : ;
i i i s! ! i i i i i i i i I i i + IH E iiii 3 Ei 33E-gEEli .ii
# A fi lA d A ; d fi tt' vt v' tn .., vt tA t't tn

FTi I ri I I iiiiiiilli !ii i !; | | ii i i i i

l:cr;s(rgttoEE-'
e r r r r,.8 6 tr 6i '?n Fi? ; Er ! I; .;s..:ii ilI i ; ;; IEisE! f 5

!i I 's srli;il;;
'!; E'r i Eiiilierrrrtli i rr i i Ei::i;?;i;ii!r I I i 7 I I ,: I i r ,: 5 i i ii E it fi i' i i - F

l, lltr(t
rF
Jfuv,
a!
lro

tt
rn v7

9p

o
F' G'oo
ll

o\ ol

iiiEiiiiiiiiiii
ii iE ! l it ii i r I i i I E i ; i
I! rt : ,. r: r; i i i I i E I E I E

€i f ; ! ! i; I; j i 3 j j j j j i 3

i l ii i i iiii:iiiii
tr !r o+ $ ; tr c\ ; a 6 ot ar or o\ tt\ sr

o-
I
t

I€
o
J
F.r{
rr
tr
ou

a

F
F{

o
F.{

F
rtl
H



100

8R8888 R9 go fl
ooooooooov16

lr'l.l.|.l.t-bLLt.
st|ltJ||ltttllrlJt 1| I I t ! t f t ! i ! ! ! t I t; !; {fl r, rr o 3 ] .o l| 3€ E E 4 + 44 4 l' O O O r|d v erv ! or! o o o o o oo o L e! v u
r r Brq| c.! tl o.e e J d e rv r g u u lJ a
i. fl J i J I v t| t, r, g u u u q u u o c| o O l,
6 Vr |,t V' Ur rr: o vt vr o o o o e o c o v: utooo
o o o00 0 0 00 00 0 0 0 00 cl 0 us v o
.J fJ s aJ ! a, a v ! u 9 g t v ! s ! 

lo 
v

€\C
tlhSt\hctrtta)rtt

-t Fr -r Fr r.! Ft h

trt-t\t\hhht\t-t\t\aE
tttataaatazaaat
-r't'r i Fr h t -l n F Fl Fr F' -r -l

- .a a Is r s d s I $ t a c tc c d d I + *F A E E i c c c I E c E E c EE E e c c c tl
L |. r. l. L L L L lr l. l. lr I l. L t l. b L L rr ).
I ir - 1 tl tl tl r. J e rt tl o I t tr t t r-o l, tt
tyg9yJ-llr9d9*!J9gtu9
I |' t l a I i a | | a i | ! le t. a I tl It t t t t i i, i I ?.al I Ir r r r I t It t I t t t I t I t L .l .Y -l I I l. 1 1 -l J .I
E rJ! u! b u u u (, u tJ s s su I t u !J u I
6 d 6 6E o o 6 o 60 o o o oo oa o o o o
y ! ! v ! u 4 t I - 9 d d r 9v t u v e r -a4 A vt |,t ai ur vl vl vl rh !, v, vr vt v7 vt vl ut vr ut vt vl

,r33
l'1|ar,!Ff.Lttrl.l1uul5!
EEtJSlr
O.ltt,
E'A6E-5AlJ'{!99!.|IJ.I-- r$!3!33t trlFlrlrt.Llrilr''i
ooJJolJutJuooutJulJlJ{ + : : I i i'.; F R h h;;}.* + i F r r

t ! b f .5 u I I r. F ; r. I L 
'i 

t r T t' ! r L
..L |. - ; i | - ! ! ! !r!Ir| I r, 3I'l6 rl ! ; t € tt L'r ; t t i t 3 i €,5.: t € t €
J J a E i t==2 t E E e'f* '* 6 $ n r' 5

t E i i,i i i i':,1 i J J i i$ i g$ $ J .!

r r r t| o s tt t q r t u $ luu g 3 ! g t 3anuuusuusuiiiiiiiEiiEiiilrE;IEE s- I r., ? - a t r q; # t,; # # # i, # # $,;ut rrr vl 9r vt cl tat ut v1 q
s 9.. J J J! 9rc v u v9 Y! g I sP u g

F I r rF iF FFI I i i I Ii Ei ii I Iiairtl.L!!!E t E t f € I s I E r 3'g Ef 3 t I E t,9,!
rrl vt t'l at vl ul vt vl vl vL vl '/t 

tt\ ul vt u1 ul (n 
'n 

vr v' vt

9 = 
D D = 

i E, = = 
Er = 

P 
= = =r= 

b = = = 
D !f

a r|| F El !f, O l\ Fr {t .'t rO'\'O q g ..l Or N fi € f\
{'{{.|,.fhJF{'\'t{+r't'c't't
oo0000

F=
I ttt | | | rl I I | | lll I I ll I I

;;J-

lt\ gr !r !i 0r G^ cr + 6 Or (tr (i cr o\ g\ o1 g\ g\ g\ or (n gr

I

o-
I
a
IJ

E
o
J
tr.r{
t,
tr
o
TJ

a

o
F{s
ql
H



10r

f,
L
3I
ol
oz
0

Iu

I

8F
H ; !-t
'.r.tftr]ffAA''oooo
E;zzeooo

€!oo
Y9-

€€
'T̂TET

f,Hg
LLL
SllL!!tttooo
-'lz
ooo
9t!

iltiEZEFr I ',t

Ft6
hL
fcl 3
t11 ni=;;;
]Ll.tl
9far3,LLr.l.

| "st8 { {€#OUtOey!!eOOsr/urJg
-tocooo-

.TOOOOO
Fg>,-gedLqE
t-f--
tt\Aq.!!rC>h'\).; ;t; i ttl

o

T
L
tr

!|Irr!EljSr -..c,{'EcEEcEaEaEE-s
lidttiiiiL|rLLkr*|r|llr|*tli"rrrlrr,rlilrlro!5tE

-lrU-Usygggld!9I a I |r a t a a I | . t I e e ;,I f I t: | | t r i t t t i i I r! t r r. + + r .I t -t j. t t d. .L n; t 3 3l E 3 3 E 3 3 3 S 3 E f fa n, ; ;8 d a fr a a a a a i : : :

rC \O
o00

FT

ooo

J
T
I
I
.o
JE
urv
E'J

3'l:Er!rr,
'at.Olr.tE

ltrtlutt
r.JFl.|itlL
vlleorct|o
Vlt-|,lY.r'l.I|r(.'s.t.|

f.l||lllr,ta3lt
9lJtcErrrgtrO- 3 O C O ri r. O E r I J J .l
li'Fl.lri>(Jiig(,()rrroE.rdgiEAE<tira{tvt!tldotlesL!tr-r ? - _. (Jr - (J E - u - E c u u (J, tEslr|.tri
E l} a E cr I c 6 t c I g| 6 L L h3 I f d Lr. I 3 i e { tr I t e t ag I r ! ao |. a t E o h a $ e || al

- b O d A ls ! t F i O g d * d - A'|J tt tl ur |Jvr vt O g. I t rh F. r u (J t.J

ocut
6EE

.JEgIE 8EE
flrrdooS{ra,
U!s&otlss!
falirfaat 0 a l a s a tt vt e e y
rtlaraoaE,scn

E J O C ! ! E |rl P | ! tt^ tda trl
a |,l U H j l, I }. E E e i! t! 9

ae a - I * a f e I a n a r a G tt a ada a -r c r L b I E L ! tt lf Et ttt a
Et a J O O O * l I dL Ol. CL -1.4a tr . a l, I j i! ! E E bt EJ EtE s0 s
.El ts a E u lJ t9 , E aP !<v Fr ay UP O t O | { .a OC C E OE Out |l h O Fr o O O h .1 I .i .d -i nrrrdidattl,V? 

'ftt\a . t _! |J t ll E t i i Er.1 |rt lr trfi trL ! lrl 4 - t !l d E L l. l. E: ill\, o\ Cr E
IflEF 

= 
rJ -

a't
.t
It

o
tl

-
I

F{
g
0
f
Fl

Lt

5

€ O E Fl G (F O aE \O .ft \O E gi Ci Ft
f{Ffi.{'€Orl'r€.ttt\Fh

SFOOOO{.rtfrVrOr€iO\
- na Fa Fa t\| Gt t\r ft fia Fa R R .\a

| | | | t. r I r t I r I l I I l----; tr i i tr tr tr Cr G ti C\ gr t'\ Or g\ 6

o-
I
I

t
a

tl
t
t

,o

E
0,
a
tr.r{
+J
F
o(J

a

F
d

o
F{s
rd
Fo



t
ll
l.
ll
E

oi

(lt

.t

102

I I I I S I H g R R I R I B R B I I f, 8'H
! r L h L L l. L t l' L h h |. l. lr r F |. L k
J of r- -E r g n rlr??.,rl3 tr)I0i i i i i i i { ? i ! f t | ? ! ? ! ! ? ?i r ! ! i i i I t ; i i: i i:: igi;E i E tlg EE2iE-z2i-iiiEz
o oo oooooooocqoooooooo
9 9! eygvvtgg*duggvlgvg

f t 6 6 fr € E"t ! fi i i -v € F f fr t 6 6
; ; E E ; r ; i I t- i r L ! L L t I r' r' r'i ii i5srrlfrrrrrlr{f,ri

Ii

o
E
o

ll
A

T*BE
cE c cE c E E E I E E E E F E E E tr E c E
EI d 5a 6 5 6 5 E 6 6 6 E a a c E o o o o o
t-{-d ld{idiiii_{ 0r€d{d

E: i =ri E E i i i i i r E i -E -i r E r + 1 r
E'E ;f3 if i f r f i ! ! F i i F i F ; I i
L- L t! r. ! r r- L k i: L L F b L |. L b ! b |.
FiA H FlI F

L
I

o

R nE [.,qqqosieeegeq* !lBa O € .1r = 
a = O ; - a n rrt rn

ll
a c o <l ci o ct o o o o o g o't't { | | o

JJ.Tt33,5SE
' r I { i i i r i t'r t t i t'r t { i i is $; i$ j jii$ ji;JJ;$dEEs
: ii i;ii!!!!!!!!!!!f !E
d E6 E666C6d666E6C6df f f

tref.rt!EOii
i i; ,i o b

? ;? i,EF;iEiElE{ritli!: !: fillIii:Ea:liiiis;
: I: ;I !::"i:Ii{i1!i;*'.i.';
I -. I : s E = i g 

= 
n; d { 'l q E e- E e I; -.; ".i irF iF;!:ilf i EEEd

- vr .'l lll

:

r l3 EEESFEEEFEEo t'a€6ro
o\ o. 6 G 6 sr si q e'r ; c s q fi fi H $ S $ n
RG.naHF&Hft'vRF{RNN| | I | -i -a i t I -i'i -i I I I I | | | | |

-;)--ar fr {|r tr 
'r 

O G rt\ 6 
't 

tD G Er gi g\ cr or cr tt\ or o\

3.
aO)-
rl
-l
ld
I(J

B

E

.IJ
o
=F
'r{u
tr
ou

o

o
E
G
H



103

|rt

htt
ag

I
o

b,c
I

h

Ft a't rt fl
888nS..FFr.
! ! i ! !i{iif | |t f u u 3 !! iEi$atatbbooozrz-rgggg
oocoo
I!U9!--

.--DFbb
T E € E 6 t; E 

'ar).Lr.EEEEt ittr;;;;

I I f,f,8
LLLl.L
ItlllI f llr--lttt t. r D tooooo,----
ooooo
rrlaJla

q--

€ f, t€6
LIblrlr I ltl

tFt; f
dd-ddt ttrt!5!b i;radtt'.YYY-9

ii-rrevlrafl3 g i I g I I -t ! I
{tidiulJu(,U
iltr.lrkooooo
Lr.L|.l.rue!u
iFtsFHulvtvrvltt

i
ECEEE
oocoolrJira
UgUJt/
laala
----G{ilrald
}lll.l.L
LLLbL
HHFrtsfr

?t Fl ai3 3S3i !ll'd d; i: illlE lqq
€'ctcto

R
o

t

J!II'!
tSlrof
0fllff{ .:3,536

I
Llalaa('!5!55

I iigEliit I-oesc/sui.ruuthlllisrF
€ ! ! i. -! ! iScEo.51EtA..{
tEiitt,; itiij

i t i i n
rrllf
LbLlrl'Lr(,('(,c,

E T IEEe.D Faa
E 6 6E.i
5li€'E E EEEttttt

JEEE-6EEFiTE
?i?€;,i;ij EriE? Fi i!; El ; E !!'?iI t:t! I r E r : ; r !i E q

E- €- = | 
-E-1r r,.r.r! i ! ! ! I ; ; .-r.!. Ire :R i r li::: i;i; : i ; E i E E itu,;d :F I r ;i;;; :r!n i ; i ; ,i 1 I gl;i ;;E :q : : i5€i; iril ; -; i ; -; E 5 :eli i;-. ior i r if r,f -' ?n4r t. r'

ij E= i t EEie= 5EE= E d 6 d .; € r Fit! r

I TFRg=:Tg g
H HHH8888e Er IIIJltl.t +
;Gartrfrtrtio\trtr

FIorGrlt
aaOOC
S F RS8-t-ltll

--t-GGar

o-
I

o

I

'E'o
J
tr

T{u
Fo(J

ar\
Fl

o
Eqt
Ht



104

---d--d-a tt tt a't F H r.l 
"i 

l'l rt fi Fl t''l Ft I'l

i i !! iT T ! I ITI III| | rr ii i i i llt t!!
i i ii ii A X E f,tt tlt
g ! 93 9e s s I 399 939

------d-B b Db EF F E F iFE EFTi i ii ii i t i lli ll9.rcEETqqEEiEE:EEi ; ;i ;; ; ; ; ;;; F'--

! I ; t t E E i E E'f ; f f fi i ii ii i E E ElE lili i !l !! ! ; ' I- - r ! i; i ; i liE ;i.il^ t t fr 4 4 4 + i i u,!' -u s s-E E E! ss i e i is! s:s
Ya Ul rl ur Yl l't rt' l,' 6 ul vl vl u7 V7 u7

63 6 di{r'rlii rJi)(J9.' 3. 3,GEtrglEr3 3 r t i"!i FiFtE ! .i .i !.j,5 ;tjEt! tii fi E E EEE ;ii.' ' t :: ; ? F FF? tF 5-l lt ! ti i 5 .: is' ?E-Ei 5 5. f,l ti i ir EE { i i iit iii- i t I e E .A i i i,,n. ..-il d 6; ';6 ti

ili
i E lF e = i '! i i !i-E i !r':r :" t titi i ii ;? ;! :? I ! :i;i 6, ! I
ll II . E;E! 

-, iI ii iE II . i ;!iE i I .;i! iE ; ;irr ; i! :; :g i! E E i?;r E i g

ii l; i !EF! i !; I. i; i; i i E:i! E ; i

.; f, sn ,\E q E E iln 8Es
I I 8B qH E H F qsH 888
j ,t r: ]i I i I iII ++.t
-Gtrtr-GG;lilGtrlrnt|r

oz
I
a

l.
I
It

a

EI
U
a
F.r{
+,
Fou

a

t\

(u
Fl
F
GI
H



105

-FT FI

8sF t b
Lrrt.{fl
Sllllllf1?tiEDrtooooc
z,il-uI
OOO-a!vr

LL
r,!.J5t
ECIFElttal

Fi-'F-l-t

g f,8
LrJt
l|ltlt t€
t|.lfttooo
-z-
ooo
9-9

t\trt\i Ir
FTbbD
laaal.c
S''Aaau
EgIEEr.;;;;;l

r s r r 3 d E d s E! r.c E 4 r * E d r r
cEdeeeeEriaGtrctragoprr

d r. d ta rl i t * J d i * d I d d d J
r. ! t b b o; ii g I t E ! ! ! r. e l. k t' |.
a a il r r 6a r r r l o r ll 3 r, t, rl t 3 ll
y Y v e Yig I I s dq g Y ds 9 I 9 ! s

i i ; ; ; i; i i i i ii -; ii i i i i+E E I E v du s tr rl cr t t' g 1l

6 o ti o 6 i;o o o o o !i o o o € o o o o o
s - y J r Li t ! J - f. ! d s - ! { | I I
ct ut 6 ft t Hltr ttt tl {rr lr F l/t v7 sl v} tn vt m trl vl

a
-88BFrIFlr

t14l'lhr.tO3€1,.:€tf 5'.lJ.'It|,-tr>ot
'ooo20o--z-to ooovo
olgv9
v

rrrn60155EiEr-'Fr-:E-t

--frt .rl tt |tt ll
LLL..rRtlo||t{trtf ISJJ.,setuuuult E t t t l

oooooo-ggvs-o

ii illisllliill!
I
tl
3
Lur

"5i.,r,r, f ! i4 n.: I i?!?i li E! ti ! B i,5,555:
tr.e E E s E + i; {: F E E r {.rt EE.FFi;F iEiniHFE ;i;d$! r il i; ; i: j; t; i ! i;;; ig E F F ! E i i F t i i i 5 5 i I i: I
r r. J lr vt i U . tr f aJ t5 t r ut rrr u u lJ r

.idi i
El.lrLtr3 EE8 .:
dt ?i? !
i _ E 16.; ! !! h

e I e- E e- i, ! ! ! E i; i i i I I ! i E3tE?i t -n:i.ti;??
-5-:ur!!;;!it+E-I i i i i { : I I r ! E i iii", E i;
iiiiil iIEE igjdEiii"iE E

H A H H E H E N fi f H g F $f; + i + fl $
rttrrilltillltllllll

- 
a- - 

Or;;;;;;;;;;
arGGarGG|'lor'r

t

a

rd
o
J
tr."{
u
tr
o

CJ

a

F

o
E
qt
H



106

Ft Ft at Gl

LLLLrc'ff.i g8
tF l{ l
.JlfrlL}.
UIUIJUJIIt t a t a r €
oSooolieolrsuoo----oooilbDr.,e
lFilr-
aaat
EhCEE};l;; ; l!

..II{EE
E6'EdCEtddi-dd
r.l.LLLl.l,
3ef1l0|,
truvi|gJY
a a I a r* | I
t t t t ,e | ,
' ' ' 

I 
'G 

J Ig lJ u u ut u v
o o o o ol o ogeJteD-9
ut u lA vr vtF ut vr

A

t;
l, l,
CE
EE
d

lltrll
Eii
lev
iJOE
o-a|J.Jeaglvl
aL (,
.c!.1.1./.!llouutrtl

!.3|||lfitr
tlLtrLLl{-J(J(,uuu
!€Lr.Fr.r.taatafcl6arrrrral
YO-!iuto(,(,tuu

g
|r
Gg?

oi
|rI
!!I

clEi6ru!
avad!; € ;E

aJf
a I a a^ i g E
a i i dr r I Car t rr o o a
Ft.laligll

J h r}J lJ .I i. t l|, >.
- A I tv O .

rEl
E E E lq I ! d
.EAEEaaf-4 f, € iJ E E t

€ .t t'l ro F eerrDr!€Sn**H I gs
rlllall

A-

G|rGG'r6l'r

I
I

t
a
I

a

Eo
5
d

.f{

tl
tr
o

CJ

(u
FI
Iql
F



107

8B
9L
tt,tl|,fgs
6lilf
rfi ct
oo

f,8889
9Lt-l,'t'
|laraJ3rfltlrIA|,f
trglJrg!33tst
Cl tt Vt , l'l

3gs39

Rg
9f.
0lft
$frr!
l6
al
ut vt
oo

E ? E E i- F g 5 g 5 € i ; ; € 5 5 ,i ,i-
E T : E E E ! l E I i I I I I I I ;i ii
; i ; ; i i i i i i i i i r i i i ;i tiE ! i r i ; ; ; s ; ; s ; ; g ; i !; I;

o
o

8B8BRR
g...,btel'

rfttOtr0!iiriIIEiEiBA;s,ff;#;.;gg939ge

?iiiiiigiL h 'h t\ 
'r 

h \iEsEiEE

1i9v{;;Jlt..

i-[.r$i'$it =::igs;?:;iii iiHriiell5,5* s

i:E;::si lii E

E EE E i i ". r iii !I; E;;; i t E 3 i -'

j(trJ

EilE
ElJ"*
+feE
sOdE"*E!E:EJ
uuoo Et g
r?E,u
LYe?€ E

E i I g
gE;;
{.Etg'E=a

].(,
E
o
s
E

u
ct

o
J
I

f
ll
€
!

ll

Ll.
tru
EOoo
noIEC
dr,E5!E-
oo
JI
oo
Lr h.

icIrtl66
.JI'

ra rJ

I
u!;'.sJE !!EEu!!!uiiiEtiE ii;ir;rrE;,;; i n n; I i i.;;,i;;; i i :
irt:iEieli;i;r;;;I3$ i i ! E i f .,8 t i i; E I ! i i ''

j jiE jt=4:i j j j j j j j ji e

f

E

N F .' \c r q ?'1 + = : E ? ? R i 5 
=atAtAii+11IA+i{rAr i

or o G o\ o\ }i d d o 6 ; ; ; tr a G tr G G

o

u
tr
o
U
ql
.rl
€
Id

T'
F
rU

tr
o

'E(u
u
fil
U
o

F{

fr
'r{o
r0

tEl

l-.
o

.F{

fr
F{
OJ
cl

l+{
fit
fr
tr
rll
u)
(us
+J

a

dh.r{ +J
t{

ut(uur
-dob0 t..r{ F{
l{ otrF(ll.r{
ff F{cth
B,id

rn
oUO
i! -C${ rr
t{
=os: r,

I

@
d

(u
FJ
F
fil
H



108

;E;EEqEEEEHEs-.
El sl !! s! EE si si EE Ei sE iE 5i 5E 5E
r. rr ur i- J. :! t--t !i :r :! -r sr Yrr !'

sr rr s-r si li ii ti ri -ai ii ii ii ii ii;-H i-r iE lI f-I i-l E! EE Ei il is Es El rs
b!l-L!|

Fra tst't Ftrt tYt tsa Fta -A 
;A' ivr Htlt Eut -vl 

Fvl Htrt

!
I
tl,

lrlilt!=
tr;t;llE-tifir!s ! s;; E; E i !; i i i;;; i f I ! i::: z i;,r_-I!,F;E;E55iErt4EBr-iu,;1i!E{tlF;;E
E t E + i E E E !: r t sr !:;rEF;;virii;3:iil53iiE!

5$EJJEEEEqIE$r
i j i r d i,l gi;; i !:?lEtiEiEEi;i-i I E s t E r; a r r n i s

n*R3iTT;iflHr:AAriiiiii+AAAr
;ortri;srgri;ilotrrtoro16

I

t
a
=
|.
I
at

a

"d
0,

tr.r{
+J
tr
o(J

a

co
F{

U
F{

F
qt
H



109

8ofl88
c|1fr88Bf,BR8R8RBBs88

Lthr.rLl'l'r.LL|tLLal-arlotrr?tclt!i i i { t I f t 1t f t ! !;E5-5-----rr!3rtFitivtueJP.arserl'EEaEsBa+qqcBrs?fEg,F,Fg###.;.;#,;8:
ooooooooooooooo
JrFgvsveg!v9!gu

L L,' h I
lrlJLtlr||
;nr.8ftiotitrt3srlY!9gTL'4BA
OtOo1|.,.hEttu\u,
9ooooo

u9919
,o

tt\lJt\t\3ZE?E!
-)-th-rF-t

t\t\trt\trhAfiil:-a;.iEiz;?3
- { - Fr -t r -r F 

" 
-r }r Fl F: F. -r

- - s- i - t !f { c dq6 ts g! * d 4' i B d d
EFEEEEEEeeFeitrc c E EGE c
; ; ; d n ; i d 1r '!{ * i i i 4 € d € E Ib L l. tr r'r r r' t' ! L L L lr ! t' t. L E
r a t t l 5 a - tl t tl r''t'r l' $ tl t lJ'J o
9 d g L - t Y !' t! u J I d rU I s e I

; i i I I ! ! i i i i r i i iE i i i i i iE I ! E g ! g I H E s I s ! ii I .l .l i * !
vr vt ur .,r vt *, u, ut ut n vt v' ti vl "'8 i ; A i' ul vt

J
tl

!o
J9
tl cJ
l.
IJE

oE>.
OF
>'|!
clJ
t(JD
rloa
uFl

t
{,
l/
l.u
aI

3

Ejg
E5

I i i I I 'u E 'c i i 5 i;3 ,i5553i3d iE riiFiiEEgiii r gllg; .iiiEllEaEc*,:668F5sEiE:::ii iii! i E g E : .l i i i;5 s:: F i;

i!
-,i s.js i;$ii

d*tirq e sut;iEiu i'!rI:eq
E;; ;iiiiiist EiEi355Eb 5E;;#!EEE#* #EEIEE..:: E i i ";; i i i - * 

E s ..

r i ri:iliiiiiii E :;;: n i
r. t- L 7 : t tr lr rr E E i i rI',; tl i : ;1 

i d

E d; Ertddn Ie €€;1 4!:!ti
sl; lggi; is555; i i5ti5=

6O@S€OrfT|JtIERE;s$EEEFE+++ Est;n R

i 3 i i I i i ; i I * * .l "\ i A .r'r * A..l
or cr ar cr |^ a' d c tr cr ot c\ gr qr or or c\ (n o'r tr o.

o-
I
I
L'

I

'I'(u

=tr.r{
&r
tr
o
L'

I

co

U
Ff
E
(u
H



110

Ui
t,
CI
t
lt
o

:
t\
T

R

3tt
4
t
ia
o

3
I
=
o

,l *a

|l1 5
EI Fr

-
t
l.

II

rl.

i i f i ! i i ! E"i;;; i; i; i!i i i i s ; E ; IE
9 r/| ul v, ttl

iiiiiiii:B:

3

i
I
v,

! t!! lE
ydE
UrEi:;;Eiiii3iii,:.5.:,5i

F.*^ *'; E E E E !i; x r t\ i F H:SgqxSLru",s,r. E E : i i : ; ii E; i E E E i r

o(J

t:
.kd3Lt-h,liE=a3

's c 5
'q ., .,-r,.o.t o

:rr!.Q:oxtoEr.r
,ltis8ux!r
fG)!-.oEOi;ddjl:fii: 

= = :: x,l E

€E;!iEFili i E E t t i 6 3

aFFIFiEsF
*A*jAJ.l,A.\iiseorororo\(Fsr

o
=
I
I

'.;o
a
tr.r{
TJ
tr
ou

t

€o

o
Fl
Fqt
H



111

;;;;=E;'16r'r
B - - .. r. r. !r t 'L t L Li;i i;8{ { { i i i ii i t
-6-Ir.l-3rll'!!l.9itrlAr.EErtetrsrugsi|luuuiii i',!::: i:: t: i t-tSolorv!iYrgttd
od-;ozee
P-t

:g>=gg*FFFr*t9*fr\a.r.LE!tslliiiiiir'.;ad:t5112;-)lir.ELr\i i'i s, i { I ; ; ; ; r; 4 ;

E
o

rl-Err*Brfrrs*fHEEEEAEecSEtrE;n oi rE i E E ! ! E! i E
.-Sriritor'Jrtr'tt'lltJ t gi - u s v - g s r L e - ! si i i"r : i : i i i i i i. i i i iiEiE--;l:E E E 3 3 3 33 3 3

E E E: ; E ; ; ; fi 6 a ; ;, a ; a

-:
l'r

-dttEA
ft

Ltfs'. s3 g $ i S
L rl l' 

" 
11 6

itLtsr.bl.!'reoCoooo
'F-Ji tss-
-!lt|taltr't -()EEEE'r E E t : : : 

=oot;ttttt!i*aEocrq-EE*Gc
;ifE'"c..cEEeqec-E

'3€linYr;d+!rtdEI! FsF-E; F B; F FF; F

t\
cI
B
l-r0r,ft0sese

: : e^ ; € : ! !
t t 1i.J ? s t |' a
t I d! -i Do- E lii t'l Fr

6 v' 
- b 

g' 
I .^ -^ rr^ i^ .A r+ { !- qa l^

u r ae a e 'i JY n! ;-t JY i! -J 
-- te qe dei i 5i I F :, li iI il il 'rl '!g i ii ii tii i is E i ; i: i; i; ;: i: 5: ; ll lE i;

E a t .rI r.J *I r5 tJ 'a' t c* cd Et

"r 4 -! E "1, i -J; 3; I; i-- I" l-" 3 6r !-r E+
= = = 

I = 
tf 7-v -! i3 ;'- 7A 2v E 1v Frv rav

o
E
0

t
E

rorrlro9q!-aHBEn gEa; E 6 E q q;E 3 e
oooeaooooeoooooo

=s8 ;sEd il H E i E Aq E s;"+ T1YT f i T ! i -li i f
J.:..:..\:F
i|rtrtrCr$GtrtrlrG6OrgrOrOrOr

t-.O
=-.
Lt

-tald
a(,

I
L

o

o
l.r
Er00h
#+J
Ht{o
tfoorJH
td F{
!

(u.UF
tr 'r'l3F{O>.
t4 Jd(9 ra

I

g\

(u
F{

F
qt
H



1r2

8888F
6ctct

L L lr l. E r ft itt 6 rat 6 |.l lrt
lrt]JJL;f {ttf t 5 ! b t 5 ! 5 !"t

-Ot||0]t|.cDt.aEElE!IEvsedIOO6OOOOOO|l
f,o.BBAo'elp9tup-,
UU{J]SOUTJUUUUVUIJO
ru:U|t,|tavToOCOOOOOO-
E ooooooooooooooo
Osyuuee!99ri9s99

art art

|.r.ItffJI,UU3t
oo

ti
|lt
ta
FEtf

It

L
JI
f
It
o

t
at
c
I

t
I

,o
!
o
l.
l'
E

o(
c{
L
AvtE
EE

fttll||.nro,t--ir
60Fl
.rd
'E-ETE
;Er'i
r r r r r tt !| !p r rt { t r r F i'f t 1.

dEeeeccc-dccEEct.Eclt
i{iJ;$idrdiiitdr''E E r rii!.lEEiii,l ,ii i.ae6 re- ut tfi tn {t Y, ut ul tn vl v, ut u7 u! u v1 ln vt

f 3 f I 3 3 t O J 1 q 0 .J J l' ll l}'l
rrvOOaudlrat'uuuues! ! i tiiliillltrtEEEt5 ! sEIiIiI;;;i;;I;i;
a^ a^ a^ tdr tg lg I u g v I r v I .i u u v I v ! u

E! ii iF i I i F F I I ! s 3 I I I I i Iii -; ir c |. i b !' r. ! ! ! ti! 5i i! ; i i s f E E t I t t I 'l '3 3 'l-rEC!gi cJ cJ o .€; €; E; i 4 2 3 i ': !. i 2 i i : -q : : 2
hv..lv -lv E = 

!f:r D i I D 
= 

t - !t !t I F A

\o
lrl*h|J5?Ag

-] Ft -t >t

t\t\ht\lrt\t\tit\t\F
l--ddF--:aea2t2zattI -t Fr F rr -, -r -r -t -t F' -

-I€*S$$$E*ogilrilf**duE c t G E. G F tr E c c g c tr tr El c g c
drliiddldt*rriidji
r t t L L L L l. L t l. L L b ll b L L tr
t, f ll 0 (l l, o l, l, t o c o l, I a, [, ll 1l
tyyteugYdt9dl*gdllv
I a | ! |! l! rl | € al a { G .E r! { .! t! G
ttltrtrtrrtttrttllt!lrJrtllrxltlJltJtt
I U a/ tJ le l, I t, u s L !r s u ii U V U U
oooooooooocoooocoooYerJg9d-(9*9Y
tA Vf Ut Vl .tr gr V, Vt V, V. tn. |,l Vl llL tn e 6 C7 Vl

F d fr 6 tn F ./t 9'l 6 |^ 6 fi 6 9t rrt lA fl

--Fd-Fdooceooaooooooooooocr . 'loooo(>oo€ooooeooeooo

3

?
o

ul

.ft rO Or vt \Gt Fl |Yt rt 6 tO f- q q 
= 

Fl

r x * ;s5s3Er=1E=i:::lT T T T7 rT??rrriiriiir
d--

!t o\ cr a o\ gr G Or 6 Or g! (tr or o\ or or or gr oi

oz
I
ra

I
lL

a,
a
:f

|r
a
I

I

'Eo
J
tr.d
tt
tr
o
L'

I

o\
-1
o
Hs
rtt
H



Lr.ogoonE€IrESl.3Go|l-oLg€Ft|OEllacr|t toooaz
*9-

oCeI
hFLh
atE
t:ltJ
ctrgh
.titaFr-iFrt

IJ

9U
t-
|ll9
ti8l
.*rarqtddLqi

lll€b|.br.elrl.LtrtEl.Z-- Ertlarrrlssosl trou
i E r i; ; : ; ; i i ! i ! ' s u g tY
-. I i ; !, -? -l -l -l 3 1 i 1- : i i ; i Ei
i -t E E -3 E 3 3 E; t : i'n 3 I t i it
L;yrFJ--gFFe

- ul ut lrt vl vl ,rl ttt v, 6 tn tL vl l+ ; E I ; :;

3
a

g
3
E

I

E

c3d,*-rQE
hhooa't&L
J9EEA

tstlli46
E-tL

'iE'GC!Gt
Ldui/ll,f't
AtdEEtutt:rEc iLt

E E F F E E F E q F E F F qE H E ! iAEi ElIiEEilEi ii E E i;6
| 4 a e o a,i cr 4 a a o q .+ ir ; € o. o

t,

c
UI

E

t.Eclrtlong|EEtr tro
uTtt ErFuvlul
Eitrtr
LCtt
Oa .lA I I
lltj C9 h l.

!t tn t| o
ttlu qc rE E
crltr
€lr t ra .a

9sy
tg Lc ll lrql 3t i d
Lrt4l.
--.F O-F |{ d
lrJv Fv lrl Ir

!9uvgPuEGg.E CtrEalrtr,llg!-EaaEEEEll-tseyspYGNGSII||GtrIdarrtootlrrtt>r}trcttjE - i a tr c E t Ll-
F H F H I 

"ic F E E t c F ! .s- n ar fo tr ! r, I rr
E E E T E E P .i EiE - 5 - - o rt - ctr
{ Fr h Fr -t -t Ft O -:d

. o cfr
- E E E E E - * {}. tr oN
zz---zz

d
IJ

El|t
!

i.oa€
EAoOo;FuurJ

talrl
Ealft'1-t
l, .a lL
E I 13 i J s
J E oc
-r F -ei C E C

L+gg
..r'F')

I s t\ -a 3- | | I
- i Jv (, (J LJ

8gB;;e;;;;t €E
1rl.tr.|.FLl.r.Ltl
lltLsgttlllrtruL{€€'o€€€€€€t!
-lrltuvgPPluo
ttiuuuqr,s!rGrOoGOoOOO<)Otsu*z-o"ooooo-e
oooeglePleosuvt\F

113

Eisisid

e
L

Ft{i
LI
lr9l€f, IsO
IJOT
Olu oo-eO

lrY
|l-

aa,
CEtr
lal

t.'tE

a-
lllrrt|lrc{lart

*lhCCtrctEtrC-.!tJaA2StEQ
t-';,FrFt-t-!'rnF!-lt

* = | =: = x H I H S Fj R 6 = R H ? |
€ijlooooooocoo<:ooool
: ; i ; ; ; ; ; ; ; ; ; .; ci o c; c; d !

f;3$ ee;sE6Fe=:EE S q EE
ftdNNH

ltlllfllllllllllllt -or G Or Or O\ or g\ o\ gr or o\ or o\ o\ o\ o\ or ga 6

o-
a
a
(J

E

Il

l
a

!

It

,l

I

E
(u
a
H

.F{

U
d
ou

a

o\

o
F{s
qt

F{



114

;= ; ;;;= F

E b8 T ! T T I ittlt ?iEt tr 3 i E i J J I i
g 3;3 13 3I Ig-
13 I lrtE rii i i i i E E ESxts ;;*4 ;

:
; ii

iii ii ti!;!
s-Eia.iEq-E :*EEi! E:;i. F{EEEEEEI!iiE:E: iE;l IilEiitirii;; i i + iEr r-s-g-rr E E EE i ;;g ; F !E? i
;; i i i i;, a i;; a,;8 ; d d; F

F

da.
=.

t? ! i E 7
i57<Et|,{,,Fcr fif it i E :b

9;-!,*Elrtt'ertrE EE E E TT Ed'6Fgii,:ErEaEsFv'ErrE
-EFEEiF:SFi!+;l E i!! ri.EiF.iF;*i:*EEEE iE L,u c
rtr vr atr |/r v,

a d^ d^

|! ilJ rlr'
o oo orl
a q)e ti
c E7 gtr

g E 6 !q- r: E g : :E iET E 5 b E3 !EI ; ; E gr qF-
i { <E <Ei r E . '! +Et E o ! !9 s.E; ! ! ! i. !5

R

of
:,
oz
o

;it6fr/tFrln
LtLl'Ll!
Eirrrrtt'|Jtrr??t?ilaiuelrsiEEATEE
oocoooo
-gY9-Y

I
t, Ft
tLlot5oo-E
oo

o

|.t4t

lFtbrbB-tlirr!!rii;;;;I;

6 ', e 
= =: * == q E i;E=Eaqqqqqcqli ?

o e,oo odc;o-oodeoo oooo o
!

It

l.

]n

arF
!hh33 33

,\
t

.E.llEc-ero)FF.Ef:
EE I E r i i i E i !: i i
tJddiii;1I,.:.iii:iri;EEFi;Eiig
iEi!gi;!3iiiE i

0
ct

sRnF=tEEiiEE€g sEEt B

*RRRqAsFflTFE=+ iEnR n

i .l r .r i i i i + + i I i I'L : L':' r
o {tr li o sr ; ; ; o\ or ; o\ o\ o! o\ o\ (F o\ o\

o-
a
a
L)

t,
a
=
l|
a,

I

E
o
=tr.r{
r,
d
ou

a

o\

o
F
cl
H



115

FI

- - - - *i Ga G' ?' tt l! Fr G{ Fr F t' H G' t\'

EE; e E q q s. E s. q q q 
-E I q i.i.

;;;ddddcGt.'eooooooo

.9:::::i;;;;;";!,;,iiiilllliiiiiEi!!i;E:EEEEEE:EEEiiiiiriii.i {irritt!g;;;;;Ed;;E;EEi;;;

f
G
ab
oIJ:

.a
E

.v
I

;tE;i?tIlgiEEEs-H55-d rr rr tr T ; ; i n n'' t' d * l'

EEFFEEBFFFFF;FSSFF

jj.ijjjjjjjFl
JA'i-4TAdd.IAi!i:EEEEEEEiriitiisslj

TEEEEEEEEEE-a.l!! l E E 5 E'i I I I5iliiiiiiiii
EE

a'lEE: € i::.:.:!3i^Ei = 
i ! I i i

.h,ts'rJl|Jrt;j04A

; i i 1i H E

tdr;gI5s

t
I

5

- { G G' r i R X n P F F F E F E F EgfiIIHIABstHhsEs*ns
J .L J r: i I I i + I I I j l 'l J J
G G G G iD ; ; ; a G ; d sr cr cr or or or

t.ao2-
LIt-vat-
tt,

I

'Eo
J
trr{
+rco
c)

I

o\
F{

o
F{

F
rll
HI



117

B HgggB
rl.|rtrl.l.
Jlrt|lrato
€ €oEitts g3g!l
boooooi=-z-z
oooooou9v.Jv

I'
I
I

-
l,
b

r!
E
L
J
ItI
o
vl

I
I
I

I

sc
t
A-
1,}

-
-vl

I
E

*
f
!
lr
IJ

H

,]

.rtlolltEctrECG5raaaa-r*r--lhFl

coL*
1{
Llrl.b
LLLb

FHH

*
h
L

TdE*dt.*dld
ttl. rrL
LLlJLl-
a{tsF/t'

dsEdE
CEEEE
dt?aF{s
Fr.|rl.l.gtltrllll
rU999
.!o.tl!r n I t I
.JIJIJUgooooo
!lgygututvrut(,l

;?tfEEEqEEHEFHiritrirElIEE!iE----iiuur?ruttoi i I i: i i; i i s r e PEtEiiiiiiiiiiieuges;-srri9r9t
A 6 .6 tt 

" 

lrt tn 
'n 

vt vt itl vt vl tn

tc
tr

lJ

tv
Jt,lUI
98tnA

.\|

o
o

dt
E

EI
v1

!
I
e
tr
c

E
(J

2
Eu

t;

o
o\

I

o\

.t\IF'FIF'F'
NHF.F{F'ooooo
eoooo

E*sdd
CEgEE

'atfi!{LLl.lrl.
a4.lfa
tlur|,/iutv,
1r!.!9!!HH!I
ESEEE

I
ilNlj

E.-+!HC-inc.dN$gt/:SS
--;irttErt;;A*rrrEeeig*EE55'5{:;,Fif''tiEr. l..al. l'
Ao.dBBaa4+-+dvtalL,; Ji g 6 u, vi ttl. I r;r tr' I t v' v'

GG 'EESEE;IIEE; ! r.; E;; i n; x, E *vr ah vI v, vr

6ttt6tLl.L!tart=66666
v, .v1 an .A Vl

Eoeoq
JJ.rFfJ

{f+rnaft€
;N.thn

A A' .l' "t A
ga o\ ah c\ t'\

.5 rIoL).xuFSeci
dlr
OEH'Itlut,i 16

F|DO\Cl
€\O€r:AA.l'A
or6g+tr

il
o
U

siE6
stJu
3ccrlltotal El tJ

tlorotJStJ
C,.El

a!j9
orl
u+tf
n!CErt

FT8E
IJ CT

30oo99ttcoEI

Ht/l
FtsF

.!t A .[
6q\da

..t 6 \O
€rg\OAAJ
c\ o\ o\

60c.r€€Att
rDor'r

lfl88
t\ t\trl|
EEaa
vt tt

ro ro
A*
gr c\

,O

a

'E
ot
trr{
+r
tr
o()

ao(\
o
F
r€
Ht



119

o
BgBR

IJE
o
l,
o
o

I
I

I

I

l-r,.',',6rtr,.nfr
l-d
lsLLbLLrLLli{;{{{{{€

tlisuF-sesYgl s d d 3 3 5 3 3 3

:l e e I s 3 3, e s s
rri

il i E i H E H g E Hil ;;4;-i-,-,.,''
I
I

I
I

!l tr;FEEEFH
-l 

- 
< i I

sl t r r r. L L t. t ?.clrrorrlt';lrtlt'c;l : i : ; i i i i i:il i i i ; i i + i {EEl E E 3 3 E d 6 o .Erl i E fi a a a '; i ,;t
I
I

I

I

l^F.Nirta.
^liiiirut{H-j"l .qqq5.q::i
"l oeeoctoooo

I

I

I
l
Il.,t:l>t-
lF E" E E r ?; i fll F F F F F F n s I

3l .E!!!!vTPTOI E I E I i T E E E

IE E E E E E g 5 E

I
I

I

II ei H H

I FrSFI I .83
| 5 z i Ei'l I t€ t s
I--l!JJIT J ! i E T I

?l ii.EEE:iidl diiiilEii
li t:: i i i I i|2iEid5;5i
I

I
: .'l
::l B = R I ; E E { Eiil i i ; i i i i i i
i6l ; ii d or G o\ sr a or

ts

lL

I

rd
o
a
d.d
IJ
F
oq)

Io
N
o,

F
rd
Ho

I

tl!r.
tt|loll€ E t €
0lll|1,r>t>€ E I t
oooo
!9gY

.,lll|al
EEGC
a a ., tFr i .F! h

3
G,

taEc*4.rCoEEO!O{dEEcccgEctrc
-diFdYli 6b E." t t b t b b i.
yieiP-teg-!rg
c s.! dG F F !t s ! ! E*i ;i ri i i E i i i iE
irg!gve-ugYse
rn tstrt Frrt ui 6 A n v, vt rno

rllrHfisliroQoc'
liiddd.;

rol
qi
cll

at 0c
FE6€rr

tl.l. gor'8.6=:F.FEHE
;troi*'.ddE;t4srl'Lr'sEAiiE,r,F*o,F
; = = e i! r r T !ig H ia f itliE T E EiiEEE E
=|.;/tt/:B

rrh
EE|leAFoC
C)(J

E|GAE
ttb
I,U

'.i
x'qET?tJEtr
-\ t lr- tl tl

xx2=ctid E I 6 6'5 
-E}'>l

gi!4d.jd
;ElEE i .t j i;;

co..
G

€E€*3.8
EEI tt
v.!9
LEd.,oE
E r t

Fro.tXnFggi
P=tXF';b.e+FiA I J.tJA++.t
o\ {t\ gr or i. - rh 6 ot or



l2l

FFtradF
rf;bbLrL
3|||,aJcrot t€ €€ E €-.Elr,]sr,|JSTJ9t,LUA IE TT E A
ozococo
v(99

C
tc

xt\}\t\l.F
LLL!LL

iE I i E ! 3
iretrEcctaatltn

-t--!rr-!FlF]}

c
!t

j

-E
'Ltr

frlcrtggiu|J-U+U-U
J a t - i Li L! hi
glds9sggu

t t gE i 9f 3t t"i
E c =i s 1tE EE !EE a :t I :8 :E .:t

{!'
bL.l|ll

,-allr.h.

..'ooc
Oct.rt'F

Orotse=

It
B
cGin

id
!dJ
ltltil,urtr=

d-F
i-d
tlrirtt

,rr
o
C

.du4
?ir'uu
aLB g; l a
Oi=bF.J1'rle

E-!!rcc-E L g lrJ Ll
.rdlo-.'tot'|'sE
E-o'ocr0c'
" 

t'J
;-o'brl
LEI>3-
O{-ir.).h,v,ulLri;
3e*D-t!r: r.l s I ; ;
ii9-4E5 E; 3 i 3 E

€.tO.renaofro6i^F+or"rT'II TT T T
.'rl'16oro\c'cn

t..
3a

LC*(
aFtu

I

d
U!
$
h
l,
Ll
oa
o
tJ
Fr

u
d

h
3
rJ)

o
tr
tr

o
U
b0
tr
d
U
X
o
&,

oc.r{
lr
tt
o
IJ
r!
E

(\t:
o

..o
q,
H

o



,O

l?'3

Although the Blackhawk Pornatlon ls saturated above the nlne worklngs, a

relatlvely lnslgnlflcant quantlty of water wl1l llkely be encorntered in the

nlnes due to the luperneable nature of the foroatlon and tts tnablltty to yleld

water reedlly. Hansen(1979) reports that ml.nes Ln the Wasatch Plateau coal flelal

generally yleld less than 10 gallons per trinute pe! actlve face, wlth drLfts

dry approxiroately 500 feet up-dlp frorn the face. Once a sectlon drles up,

leaks reappear only very occasslonally ln the future. Thls condltlon has been

observed loca1ly ln the OrConnor and Bellna No, I [ines. Apparently, only a zone of

Baturated rock lnmedlately adjacent to the nlne ls dewatered by the drlft.

Should the tnlnea encourter eandstone lenses at the face of a fault, the Lnflow

rate to the nl.ne could change rapidly for a short pertod of tlne, as noted Ln che

nearby Bellna No. I ltine. Such a condltlon Ls expected at the Connelvllle Fau.l.t

(as occurred tn tire Belina No. 1 !11ne) anil at the Valentlne Fault (as noted ln

lncreased flons nhile drllltng 1.135-1). Under these condt tl.ons, tnflon ratea

could exceed 1O0O gallons per mlnute for a short perlod, ilecreaelng raptally

to a rnore normal r?te (10 to 25 gallons per nlnute)

In any case, water eucourtered ln the Eines wlll be utiilzed underground for

dust suppression, etc. As a result, only thoee inflows which tenporarlly

exceed storage and nlne use requlrenents should be dlscharg'ed to the surface.

Becauge of the eesterly dlp of the strata ln the area' thls rrater norrnally would

have been destLned for a basln west of Ehe Carbon-Enery Cormty llne. Thus,

dlecharglng thr.s itater to the surface ln Eccles Canyon should result ln a sma1l

depletlon Ln the anount of nater whlch would have reached another bssln.

However, because Eost bf the rrater will be reused ln the nlne, the vol@e of

thls dlscharged rtater w111 be inslgnl.flcant. As a result, nost of the water whlcho
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some distance away from the lease area. As

uuch more saline when

a result of these naEural condltLons,

lt finall-y discharges than when ltthls rilater ls ltkely

leaves the ProPertY area.

o

Because Dlnes ln the coal fields of the l{asatch Plateau act as interceptor dralns'

the ground ltater that ls brought to the surface has a lorer dlssolved sollds

content than would have exlsted 1f Ehe vater nas to conllnue its dorrNtard

novenent through shaley layers, dlssolvlng lncreased amotmts of 8a1t $lth

dlstance (Southeastern Utah Associatl.on of Governnents ' 1977; Hansen, 1979) '

As a result, the Skyllne Mlnes will have a sllghtly beneflclal iaPact on the chem-

lcal quallty of vater ln the reglonr because the snall amount of waEer whlch ls

brought to the surface w111 dissolve fewer constLtuents In the stream channel than

lC would have Ln the ehaley formations (Partlcularly the Mancos Sha1e belos the

Star Point Sandstone) whtch Lt would have encountered (Bentley et al.,1978) '

Although euSpended sedinent and o11 and grease may lncrease at the nlne mouth,

theee constituenCs w111 be renoved ln keeplng ltL th regulatory requlremenEs

prlor to any potentlal dlscharge lnto adJacent streans.

Because of the htgh alkallnltY and

(dlfferlng normally by two orders

not occur as a result of mlnlng.

the area has a low sulPhur content

low actdlty concentrations ln the area

o f rulgnl tude) , aci d dralnage prob lems should

This ls fortlfled by the fact that coal ln

(U.S. Geological SurveY, 1979)-

Cr:nula:ive Impac t

The Scofleld-Clear Creek area l-s one of the oldest

J.n the l.Iasatch Plateau coal fleld (Doelling, L977)

and mos t cons Ls tent rtinlng areas

. l'llnlng actj.vLtl,es should

contLnue ln the area Lnto the 21st century.
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Winter Ouarters Canyon
Data Adequacy

October 1992
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GOOSEBERRY CREEK HEAR SCOFIELBT UTAH STATION T 09510000
}IATER YEAR . 1978

OAY OCTOBEN NOVE}IBEF DECE}BEN JANIJAFY Ft3NU IY IIARC{ AFNIL AY JI'{E JI'LY AI'GI,3} SEPT
I 2.tO a,50 t.50 2.50 2.50 l.?Q ?.90 tt.00 lt{.00 tt.00 c.?0 1.90g 2.10 e.l0 1.20 2.50 t.50 1.50 ?.60 11.00 ltt.00 26.00 7it0 1.80
I ?.10 2.10 2.t0 2.50 ?,50 3.E0 t.to l{.00 ltl.00 t0.00 7.e0 1.80
e r.9o. e.to !.20 e.50 a.so 2.80 6.10 41.00 1c7.00 la.oo t.{0 3.50
5 t.ro 1.90 1.20 2,50 e.50 !.?0 6.70 !5.00 lEt.00 22.00 7.90 !'a0
6 3.20 t.90 !.80 ?.50 !.50 2.30 6.50 t0.00 170.00 10.00 c.t0 e.00
7 6.t0 t,90 !,20 e.50 8.50 2.5e 6.60 16.00 170.00 19.00 3.60 {.10
0 5.40 1.90 ?.ao 2.50 8.50 2.50 7.30 e{.00 170.00 1t.00 6.40 4.60
r 3.50 t.90 t.!0 a.50 2.50 4.50 8.10 21.00 163.00 1c.00 6.40 {.60

t0 2,50 t.90 t.to r.50 l.5o t.50 t0,00 11.00 16t.00 1c.00 6.90 l.Eo
lt e.ro t.90 2.t0 t.50 !.50 !.50 11.00 t7.00 160.00 17.00 6.0! 4'00
t2 2,t0 t.90 1.50 2.50 2.50 3.20 17.00 57.00 148.00 16.00 7.Q0 {.60
t! 2.ro t.90 2.50 2.50 2.50 !.20 2r.00 3!.00 1t7.00 16.00 9.00 +.70
te 2.r0 t.90 2.50 2.50 e.50 1.29 20.00 117.00 l{9,00 .1t.00 10.00 4.40
t5 1.90 t.90 2,50 2,50 2.50 2.60 21.00 152.00 t5t.00 1c.00 a.{0 {.10
16 r.9o r,eo 9.50 2.50 2.50 a.to e{.00 156.00 lia.00 11.00 7.20 4.10
t? t.9o 1.90 2.50 2.50 ?.so 9.80 21.00 ltl.00 13t.00 13.00 5.c0 1.90
l8 r.90 2,30 8.50 2.50 2.50 2.a0 tt.00 E5.00 t21.00 1e.00 5.60 5.70
t9 t.70 ?,60 2.50 2.80 2.s0 2.50 16.00 Et.00 ltl.00 12.00 5.40 5.90
z0 r.9o !,r0 s.50 2.50 z.ao s.80 15.00 ll?.00 97'00 11.00 5,20 5.40
2L 2.rO !.50 2.50 2.50 1.00 2.80 16,00 l{9.00 t2.00 11.00 5.00 5.40
22 ?.50 !.90 2.50 e.50 !.00 1.50 17.00 tE0.00 t2.00 11.00 t.80 5.30
2r 2,50 {.r0 2.50 2.50 !.00 !.3b 16.00 !68.00 5t,00 10.00 16.00 {.80
2q 2.50 !.80 8.50 2.50 3.00 1,50 16.00 18t.00 54.00 10.00 41.00 4.30
25 ?.30 !.80 2.50 a.50 !.00 l.ao 2t.00 l?5.00 48.00 9.60 11.00 1.90
26 2.!0 4.40 2.30 9.50 !.00 l.2l 12.00 174.00 47.00 t.60 11.00 3.90
2? 1.90 e,ao 2.50 a.50 l.0o e.to e2.00 171.00 {1.00 9.40 6.90 !'60
28 t.?0 4,ao 2.50 2.50 1.00 a.ao 1t,00 t69.00 1t.00 t.oo 5.10 :.50
29 l.to {.10 2.50 2.50 1.20 !1.00 t47.00 11.00 c'to {.q0 1.60
to 2.50 t.E0 2.50 2.50 {.10 10.00 !tl.00 10.00 t,60 t.lo 1.60
rl 2.80- !.50 2.50 5.a0 1t8.00 t.40 4.10

) AvG
t'lAx
HIH

?,44 ?,.7?
6,10 4,+0
I .70 1.90

I.IATER YEAR I97E

2.67 a.50 2,64
3,50 2,50 L00
2.50 e.50 9.50

TOTAL: G79l.0S

5.11 17.51 105.41 lel.66
5.4p +9.00 l9l.o0 189.00
e.50 6.40 a5.00 30.00
HAX r 191,00 l'llN =

14.85 8.BS 4. 29
es.00 41.00 5,90
E.40 4.10 3.50
1.70 Av6 = 24.08

E.tre r.16
6.90 3.80
!,!0 5.10

AVB E 16.+6
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GOOSEBERRY CREEK NEAR SCOFIEUII UTA}I STITIOH * CI9510000
IIATER YEAR - 1979

DAY OCIT'BER NOVEI'IBEI OECEIGEI JAT{'ANY FEBf,UANY TNc|| AMIL }IAY JI'{E JULY II'6IJST SEPT
I !.50 3.20 {.t0 e.8o 8.30 2.E0 2.60 26.00 121.00 15.00 5.{0 l.l0
a !.50 5.r0 4.10 r.r0 !.r0 l.ao t.s0 18.00 tct.00 1 , 11.00 t.lo 3.{0
! t.70 a.0o !.ao 2.!o t.80 2.40 e'to 27.00. 101.00. . 14.00 t.lo 1.50
{ .!4 6.?0 !.50 2.AO 8.AO e.ao l.to !t.00 t6.00 l{.00 5.00 1.60
5 . 16 5.70 r.!O ?.40 r.CO !.!0 t.ao +t.00 ta.00 lt.oo a.!0 1.50
6 .O? {.90 t.!0 e.a0 2.c0 2.t0 t.80 E7.00 . ct!00 11.00 t.t0 3.e0
7 ,07 e.{o r.60 2.80 r.ao 8.c0 !.00 tc.00 : tt.00 . t1.00 5.00 3.30
I .07 4.40 g.!0 g.r0 ?.80 t.co 4.r0 t8.00 " 76.00. ' 12.00 5.70 l.l0
9 .07 .t.2O 2.40 e.Eo 2.t0 ?.40 C.to 17.00 70.00 11.00 t.60 1.20

t0 .07 r.9o !.!0 g.80 !.80 a.ao 5.10 t3.00 6t.00 10.00. t.To 3.60
tr .07 e.60 2.a0 a.Eo 8.80 :.E0 t.90 11.00.. 5t.00 t.Eo . ,.ro l'50
t2 .07 5.E0 2.30 !.30 !.C0 2.80 +'r0 11.00 ' tt.00 t.co t.to l.?0
tt .07 7.00 2.s0 a.co !.p0 2.t0 t.00 !t.00 tt.o0 9.{0 6.6c !.e0
tr .0? 5.{o 2.30 2.80 i.00 ?.!0 {.00 tE.00 a4.00 9.00 6.40 l'20
15 .07 5,20 e.a0 2.60 !.80 2.80 a.lo 5?.00 . 41.00 4.70 6.90 1.20
t6 .07 r,80 2.80 2,E0 2.80 !.80 

'.20 
t4.00 !c.00 t.30 6.t0 3'20

l? .07 4.60 ?.80 e.8O t..90 2.30 7.60 tr{.OO !O.OO !.!0 6.60 l.?0
tE ,07 4.!0 ?.a0 2.40 t.'80 !.40 9.t0 1L.00 : !4.00. a.l! 6.70 1.20
19 .07 c.oo r.!0 2.ao r.bo e.ro lo.0o 156.00 3!.00 ?.90 6.{0 l.lo
?o .07 3.80 2.E0 ?.60 !.d0 l.to t.{0 16!.00 11.00 4.00 6.10 1.50
2L .t6 t.zo !,AO r.r0 !,!0 ?.a0 a.1o 171.00 1t.00 t.?0 6,00 l'50
,, .io :.ao z.co e.Eo t,ro i.ro t.oo t79.00 86.00 t1.00 t.70 !.60
2! ,t6 !.50 2.00 2.60 t.80 l.to t.to 17t.00 85.00 10.00 5.10 l.€0

'24 .16 r.5o a.oo 2.c0 t.ro t.to 11.00 142.00 !+.00 10.00 4.c0 1.50
2' ,16 !,t0 e.ao 2.80 e.80 2.80 11.00 173.00 e!.00 6.70 t.l0 3.60
26 .t6 !.50 2.80 ?.E0 !.40 l.to 18.00 l?{.00 ' 40.00 t.t0 4..1o 3.40
27 .16 r,5o 2.E0 2.ao !.80 a.t0 1t.00 1t7.00 I 19.00 ,.40 4.10 1.50
28 ,67 ?.50 ?.r0 2.ro !.80 l.a0 1t.00 109.00 l!.00 c.to 1.90 1.50
29 2. r0 2.70 2.!0 2.!O r.r0 2t.00 tr6.00 l!.00 6.40 !.10 l.l0
3o 2.50 !.60 2.60 4.30 !.c0 l{.00 t60.00 17.00 6.t0 !.50 l.?0
It !.!0 t.Co e.co r.rd. ll!.00 .' i ,.70 l.l0

AVG
t{Ax
11IH

.64 +.58
1.60 8.00
.07 ?,50

}IATER YEAR 1979

'.

e.8[ e.?i 8.79 2.ll 7.9{t 10e.19 ;-El,lg.:.,.,.t.?0
+,lo g.g0 a.80 a.Eo 84.00 " e0a.00 i'le3;00' .' 16.00
l.5O e.00 e.80 e.80 t.00 e6.00 - 17.00'.: ' F'70

ToTAL = 600A,39 ilAx r e0a.00 il$l ! .'.:i..il-,1,. 
. ..'.07

sI
i

-f
:l
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Winter Ouarters Canyon
Data Adequacy

October l ggz

U.S. FOREST SERVICE
MANTI LA SAL FOREST

DENNIS KELLY DATA FILES

ECCLES CANYON CREEK



Uniued Etates
Departnent of

:rtf s oL
Forest

iculture Servi

Reply to: Date:

Subject: Functional Status Report Skyline Mine Breakout

To: District Ranger, Price

The Skyllne MLne proposes to brealcout ln ttre South Fork of Eccles Canyon in
order to get additional ventilation in the Skyline Mine.

Ttre locati.on of the proposed breakout Is in the NE 1/4 SW 1/4, Sec 24, T. 13
S., R. 5 8., S[,B&IJ!.
Ttre proJect constrrrctl.on Ls estinated to take two reeks. It may take longer.

AFFEGIED ElWIRONlrlEl{f :

Drai.nage Network:
Ttre breakout would be tn a tributaqy of the Souttr Fork of Eccles Canyon. The
South Fork of Eccles Canyon is tributary to Eccles Canyon ttrhLch is tributary to
Pleasant Valley Creek which is tributary to Scofield Resenroir. Ttre outlet
fron ScofLeld Resernolr is Price River rhLctr is tributary to the Green River
which is tributary to the Colorado River whictr is tributary to the sea at the
GuIf of CaliforrrLa.

l{atershed Conditl.ons.
,; "'

The South Fork of Eccles Can5ron Ls a thlld orriler strean at the Forest
boundary. The proposed breakout Ls on one of 4 snal1 tributaries of the South
Fork. Ttre drainage anrea above ttre breakout is 135 acres. The stream is
perennial. The watershed is well vegetated.

Ttre only existing developnent is a netrork of roads that have revegetated.
Erosion and sediuent yteld rates are low.

I{ater Production:
The nean annual precipitation is J0 inctres. (Jeppsen, et.el , r 1968)
Ttre seasonal precipitation is 8.9 inctres. (ibid)
The nean annual water yield is LZ inches. (ibid)

Streans and springs.
Ttre project would affect about L/4 nile of stream channel on the National
Forest.

|uu uls Jar



Water quality:
Ttre Skyline and Balina Mines have together been nonitoring I stations in the
South Fork of Eccles Canyon since L979.

Ttre Forest ServLce nonltored the South Fork of Eccles Canyon at the Forest
boundary fron L977 to 1980, HLgh values of total Cadniun, total copper, and
total J.ron were r.eported by Kelly (1983). T\rrbidity ranged fron 470 to 3
n.t.u. A nj.ninum value of dissolved 0xygen at L.5 ng,/I was also reported.

Storns and floods

JLn laquinta (1985) reported on the recurrence of storns and calculated the
flood frequency of the l{oods Canyon Drainage.

Tab I e 1 . elillnter,+ Quanters; CaqyonvSub * watel:, l-"r.*
Bfffi'b'*and".-flOdds .:;' ;r*;; .-,,,.,

Recurrence
Interrral
(years )

Storm
Duration
(hours) '

Precip
Anount
( fnches )

2.9
3.2
3.6
4.4

1.9
2.L
2.3
2.8

25
.50
100
500

25
50

100
500

FIood
Flow
(cubic feet per second per sq.m:i. )

L3.72
20.94
?.9.58
49.3t

TtrLs LndLcates that the 100 Year flood flow would be less than L5 cfs.

Water rights:

The Forest Sertrice filed for instrean flows at ttre strean crossing of South
Fork of Ecc1es Cr€ek and the National Forest Boundary during the adJudication
of the PrLce River basin.

26. 18
34.90
48. z9
79.5L

24
24
24
24

6
6
6
6



Beneficial Uses:

Ttre nr:nerical standards incluie "Price River and tributaries, fron Castle Gate
below Price Ctty l,later Treatnent, Plant lntake to headwaters" with the
beneflcial use classes of 1C, 28, 3A, and 4.

C1ass 1C -- protected for donestic.purposes with prior treatment as
required by the Utatr Departnent of Health.

Class 2b -- Protected for recreational boatlng, water skiing, and sinilar
uses, excluding recreational bathing (swinntng).

Class 3A Protected for cold water species of garne fish and other cold
water aquatic life, including the necessary aquatic organisns in tfteir food
chain.

Class 4 Protected for agricultural ,uses including imigation of crops
and stockwatering.

Ttre strean Ls an antl.degradatl,on segEent f,or water qualfty.

EFFECIS 0F II'IPLEITENTATI0N:'

B. Effects of Inplenentatl.on Connon to alternatLves 2,3 and 4

Ttre upgrading of the road for U4 nile on the National Forest will increase ttre
potential for erosLon and sedinentation. Ttre upgraded road will have less
(no) vegetatLon and be uuch rore subJect to the erosion forces. Ttre nitigation
treasuFes will reduce ttrese irpacts but are not likely to prevent then
altogether. ,

The hauling of the coal necessary for the developnent of the brealcout will
cause a detachtng of soil and rock particles fron the noad surface wh:ich nay
reach the creek durl,ng erosion events (rainstorms, snownelt, and traffic). The
proposed nitigations will reduce the amount of sedinent that reaches t"he creek
but rill not totally prevent some sedinent from reaching the stream.

Ttre slope that will be dtsturbed by the construction is considered to be
unstable. Savanyo rated the slope as noderately turstable. If a slope failure
(lanAsLide) occur^s then sone erosion debris nay reach the strean Channel. 'This
would likely cause an increase in sediment production fron the subwatershed.



Pollution of the streamsi

Increased Sediment: Ttre purrent sedinent yields are considered to be low.
Sediment increases fron landslides, portal construction, road construction
and traffic is likely. The addition of sedinent nay cause accelerated
erosion of the strean channel.

Sedinent fron Soil Stoclcpiles: Part of the proposal is to stockpile
the topsoil arrd the fill uaterial for the strearn crossing. Ttrese
stockpLles of soll naterial are subJect to erosLon and should be
protected frou erosLon forces by vegetation and sedinent control
strttctures. firese are Lncluded in the nitigation neasures. It is
likely that sone sedinent will reach the strea.u in spite of the
mitigation efforts.

Sedinent fr'ou the Construction Site: fire nltigatlon measures are to
use nulch, tackifiers and silt fences to prevent material eroded fron
the construction disturbed areas from reaching the streem. It is
Iikely that sone sedinent wiII reach the strea.u anytuay and ttrat ttrere
wtII be a degradatl.on of ttre ability of the strean to produce aquatLc
organLsns that are inportant to ttre food chain of the gane flsh in the
drainage network.

Sedinent fron Road Use: Ttre traffic on the road will cause a
detachnent of sol.l and rock partl.cles that are ea"stly er oded by wind,
water and the traffic. Sone of ttrese partieles are likely to reach
the tgpslur. Ttre nitigation Eeasunes wilL contain nost of the sedinent
but sone inpact to ttre stream Ls likely.

Sedl.nent fr-on Slope Failrrres: If landsltde(sl occur and sedinent frou
the landslLdes reactres ttre creek ttren the Bedlnent loia of the strear
wtll be Lncreased. It Ls antlclpated that landslLdes tf any w1.11 be
snall sLzed and $111 not reach ttre stream.

Increase in Phosphate and Hitrate: Ttre Clean Lakes Study of the State of
Utah rated Scofield Reservoir as a ldgh priority for being cleaned up. Ttre
eutrofl.cation is caused bV higtr phosphate and nitrate loads. Studles to i

identlfy the source of Phosphate and nitrate associate these chemicals with
the ertsion products camied by the streans. l{hen sedirirent Ls reduced ttre
phosphate loading is also reduced. When sedinent is increased the
phosphate loading Ls also lncreased.

C. Effects of Culvert Left in the Creek for the Life of the Mine

The fill naterial placed over the culvert has the potential for eroding and
producing sedinent into the creek. Ttre proposed nitigation neasures will
control nost of the erosion and prevent nost of the sediment fron reaching the
creek. However, some sedinent is likely to reach the strean -- especlally
during the first three years following construction. Mitigation by using
nulches and tackifiers wilL greatly reduce the hazard.



D. Effect of 35 Inch Culvert Removed After Constnrction and Replaced for Final
Rehabilitation.

Ttre effect of installation will be the same as for the installation discussed
in C above. There will be some additional sedinent during the process of
renoving the culvert and again at ttre end of the project, when the culvert is
reinstalled and then renoved for a second tine.

By renoving the culvert follor+ing ttre tnitial construction the fill naterial is
renoved fron the innedLate proxinity of the creek and stockpiled along the
rrad. The slope of the stockpLled naterial nay be gentler than when it is in
place a.s a strea.m crossLng. Ttre stockplle wtll be revegetated. Between.the
stockpile and the creek wiil be a buffer of well vegetated slope that has the
potential of catching and holding arqr sedinent that is produced fron the
stockpLle. No such buffer would exist if the filL were left at the creek
crossLng.

Ttre strean will have an opportrurity to recover frpn the inpacts of the
constrtrctLon Lf the f111 is renoved. Many yeans later ttre reestablishnent of
the crossing wtIl create a nerd impact. If the ftll is left in place the
sedinent that Ls produced nl.ll reach ttre strea.n and the inpacts although
probable snall wtll be long tero.

E. Effects of a Bottonless Arch:
Ttre constnrctLon Lnpact w111 be greater. Ttrere wLll be nore dLsturbance at the
stream crossing because the constnrctl.on will require excavation for footLngs
for the pipe arch. After constnrctl.on the strean bed has the potential for
continuing as aquatic habitat until ttre final recl-amation when the arch would
be removed. The dLfference ln Lupact wtll be ttre effect on the strean bed for
the length of'the pLpe or ptpe arch. t

I

IIITIGATIOHS:

Page 3*54a 
' Ttre estLuates of disturbed area should include the acreage of ttre

road that wLll be opened.

PagF 3-64b reference ttre revegetatl.on plans described on page 4-25a.

Page 4-26a Soll stockpiles ehoul,d be revegetated and/or nulched to prevent
erosion until final recla.nation.

Page 4-90 Rip rap sizes should have few fines that could erode and add
sedinent to the creek. A gradation of sizes larger than fines is needed to
prevent gaps in the riprap that cotld erode.

Page 4-93 and 4-93a. Add "revegetation to acceptible standards."

The data collected for the project nonitoring should be conpared with the
historical data for the station to dlsplay what changes if any occur a-q a
result of the proJect.

The data should be compared with the data for the main stem of Eccles Creek to
determine if a correlation exists between the two streams.



The effects of the Skyline mine on the water quality in Eccles Canyon should be
evaluated to identify which effects nay occur in the South Fork of Eccles
Carryon. 

,

Sanples should be collected daily during the constructi.on period (estinated for
the I.D. Team to be about 2 weeks). Sanpling should be done above and beLow
the constrrrction activity.

The anotrnt of traffic on the old Forest Senrlce road should be descrtbed. The
I.D. Tean estlnated 300 truck loads of coal would be hauled out of the proJect
sLte. In a two week period that anounts to at least 2l round trips per day.
I{hat effect will that have on the road surface? How nuch erosion of the road
surface will reach the creek? l,lhat nitigation neasures are planned to prevent
the sedinent fron reachl.ng the creek from the road? I suggest straw bales and
sLlt fences will be needed along the road from the proJect to ttre Forest
Boundary. Accumulated sediment in these barriers should be seeded and nulched
along with the reclamation of the road. Ttle straw bales shouLd renain until
the vegetation is effective and then the itraw should be renoved. 0ther
nitigation nay be effective.

Hauling should not be alfowed Lh wet weather to avoid unacceptable nrtting.

TISTED REFERENCES:

Iaqul.nta, Janes. and G. Dennis Kelly. 1985. I{atershed Inve+tory qlrd 4nAlysis
for Price River Watershed. Manti-Lasa1 National Forest, Price, Utatr.

- Jeppson, €t.Bl . 1968. HydrgllFlc Atlas gf Utatr. Report wg-lg-l. Utah Hater
. Resources Laboratpry. Utah State UnLversity, Logan, ,Utatl.

Kelly. G. Dennls. 1983. Strean Water Ltn Data. -LaSal
Ha Forest. 1967-1 llsnti-Lesal National Forest, PrLce, Utah. FLIe

G. Deruris lfelty
Ilydrologist
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Untreo Srrres DeerntraEnT oF AcRrculruRE
FOFIEST SERVICE

l{anti-IaSal Hational Fonest
gS0 East l,lain Street
Price, Utah 94501

fi-\1

n^:fryoJ

2s3o FnoD Dfra.A

Maneh 28, lg?g

r

L

l[n. Richand DePaula
Coastal States Energy
I Gneenway Plaza'
Houston, Texas ffO+O

Dear Hr'. DePaula i

Encrosed are the peak flow data you requested fon the Eccles canyondnainage' These-Helre generated, using the s.c,s. nrrnoff cur'ye nrlnbennethod which is docrrmented in their frationar-nngin;;-irg-i-andbook,
Section 4: Hydnologr. Sevenal tnibutaries have potentilt fon influ-encing development I'n this drainage, fJ.ood peaks were genenated, foneach of these tnibutaries and, fon cornbinations of themlfr"t,my jointlyaffect development.

The attached rnaP and table pneseut tbe f].ood data with nuch of the in-fonmation that Has used to ibtain tue fJ.ood peaks. rdentifieation of
Ili^n,.^fi::^":^lT-Tl Tr accomprished usir,! aenial photographs to

HL1^ }:_Il:od peaks f?o individual subr+atensheds such as tn 'oil
, v \.r-qa.IlcrErr-

*"1-":: lll-t--lllil:, Pgiul 134s repnesents the'ninimum dnainage that con-;r'ffiffiE;';'fi"il;a.L.^ ^-r!-the eutire r*atenshed that contains .the South ronk and, main sten ofEccles cbeek above the juncture of the two stneams.

ff you have fiEthen guestious couceiTrxfng this inforuatlor, please feelfnee to contact our staff. e t

Sincerely,

fon
REED C. CTIRISTENSEII
Fonest Supenvison

Enclosunes

6200-rt lt/631
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fir(Glen A. Zumwalt

Vice President and
General Manager

r//z-rt\

,,fi-;Utah Fuel
\\=///Company:

^Em;'l'osr
tfrAY 1

ArIDsu0

P O. Box 719
Helper, Utah 84526 Vay 18 1984
(801) 637'7925 or
satt Lake {8Ol) 566 '7111

Reed Christensen, Forest Supervisor
599 l^lest Price Drive
Price, Utah 84501

Re: Eccl es Canyon Mudsl ide 1984

Dear Reed:

During the past week a number of mudsl ides have occurred in the
Eccles Creek drainages on Forest Service ground above the Skyline minesite.
One slide event occurring in the North Fork of the Eccles Creek drainage
completely filled a significant retention area behind our topsoil stockpi'le
with mud, rock and tree debris covering our newly-designed and imp'laced inlet
structures whjch should have handled events of the size occurring last year.
The slide occurred on Tuesday morning in an area at the head of the drainage
with a like amount of material still moving above that area. Additional
activity is occurring on other hillsides in this canyon, One such slump or
slide potential area is at least 150 yards wide by approximately 300 yards
1 ong.

Both the Middle Fork and the South Fork of the upper Eccles Creek
drainages remain snowpacked and will undoubtedly exhibit similar tendencies.
hlith the retentjon area above our stockpile filled, Utah Fuel is concerned
about the safety of the minesite facilities and the personnel working there.
l,le have taken initial precautionary steps to he'l p secure the property and
prevent further damage; however, our assessment of the potential slide hazard
can only be of a cursory nature because of our lack of expertise in the actual
nrechanics and history of such slide activity.

,5ince- the U-S. Forest Service has the surface controJ and responsi-
bil ities for the- lands immediately adjacent to and up drainage from our
minesiter wE are requesting your assistance in assessing potential sl ide
actjvity in_those drainages. Immediate evaluatjon by Forest Service experts
such as Earl 0lsen of your regional ofFice will be beneficial .

Your hel p wil I be greatly appreciated.

r--"J

'""i,1 , ,''' /1tE

GAZ:jsg
& General lt4anager



t,l
{r
r-l
ct

.r|
o
o
o
tl

cql'{l
tr
ait

=

io
a
(it

>\
trt
t
ot
d
Ao
t
lI.

u
ru

o

Q'

=iEFgf, F

{
e
E

-? -t (f) € € O cO to O \O t\ r{ O |r} f\ F F{ (\ ln O C) .J'l O r- -f, () .;f
r{ ttl o (fi u'r u1 T{ o o o (+l ?.{ cn Fl (\l ccl -t o. co o\ o\ Ff Fr o\ r\ *f fn F{ f\ rn

afatalaataataaalaaaaaaaltaaa"
c{ Fl u1 tn F{ st c{ cfi c{ (\t c{ (\l c{ (\l (f) Ft rt r{ F{ N e{ s c{ r-{ *o st Ft (\l u'r $l

rt

Fr
CI
E

(r) Ft cq€ -tf- COO f\ *f,@ Ar*O
-O€@gr rrr€r\(n O F{ r\ t\l@ frr-€qlr\Fl€ tntn{tO Flrn r\€ @ r{
rn Or F{ N O O f.\O\ rn cO € f- \o rr r+1r} *O -r c{ $ C'lOr €€ t-{ r\ CO r\ cO €

tttaaaaaaa aaaaattafa aaaaaaaa.a
(+l Ft Ft Fl C) r{OO O Q OO O FrOO C}Fl Fl Fl FIGIO O -lOO OO O

-
6f,
gP

{
CI
E

tr .$ O O'$ -O
-r 6 cnrn € O O t\ O cO -r cO O -r !n F OF OO .OC).O.f t\ ln O.O st O

a t a a a a a a a l o a a t l a l l l 
' " " " 

t 1 
"

@ rwr t\Gl .+o c) r\ t-l *f o (no(It F{lf} -lt\ -{o c\fro\tfl r\ F{ Fl o\ F Gl
F{ Fl l.{ F{ F{ F{ r{ r{ Fl rd Fl Fl Fl F{ Fl r-{

u,
ct
=v,

=crrJ

ET
E

t-l f{ F{ Fl F{
oooogoQoo.o odooooo()oo ooo(foooooo

. a a a a a I a a a a a a a I a a a a a a ' r. 
' 

| ' ' ' ,' I

€ F,f € ({ Ff ro\t c.l (\l Gl sr O r{ (\l Fl fJ (\l d r.lrJ € $l r-l f\f rl
v rrv El! V""'V--V'VV --V' V V

. ,r | .' | ' *' t' -.

fiu
r
E

sr {}tcl€\t Gt cl.O r\r.o Gr Fr -O O O O Cltrl OO c{ *f -;f Fl -if -t €.OOO
a a | | | .a a a t a t a a a t t a a a a I a a a 

' ' ' 
| 

' 'Ft F rrcF cldt S $'l F{ O\ ttrrn s. O q r.l nQ{O dr () q! d O *t (') q a q9
F- -ti]rftl *oF-.6t- J N :O- Or* 6-Or+r-.oo. r-rt OF\ r\ t\ r-€€\O

fiI*
E
E

€ r- rri rn d o\'fq,€ io rrr d d € tf'l Fl l\ +l ( ru € .t r{ ao o .s tfi fn @ co
araafaaoaaaataaaaotaaara"'rl

€c' F{.t (\l 6O. O *Oc' F l\ F{ r1 O\ *S ril€€-t O @ F{ ({} € O rl El O q}
6FUrl crt -f .*f.t cO crl oo rt Fr(fi *O Fl Fl rosrtff \t (F l\ (fr €u-l cO €n t\!n
N - (fr (fl c*t ot <*r st r\ t\t N N (\l (\t c/l Fl (fl (\l r{ (\ (\| (\l (\l $l N Gl rl

(t
rL ET;i-EOa-(Jg,

Eat
noE
E
=

rrt cO € c) c| rncl c}.f (ff b rnrn @ O qt ultfr o|fi Fl u'r t{ O (D O qq irr O
O.;6 r-ln rr + p- n Or O nc) "f cO *t rrCO 6}Q rr'! C) t\l (fl f\-(\| (fl O r\ *f
hij6inr'i.f <-ttt ; di' .*t'rtrr'rrq-t<.l .O rq-tt'r.f (n'*t$(rlr.i$

tn
d
F

E
E

ffi.f co € o\ n -t rf gr \t c) o o\ (t) n€(f} Nu'lF (} clr \t (\ o rr N q) (t'r 6'
rt €f.tO cO (fr c() |ln s| c| t-l f.lFr oo ot S ot€O(\| olt F{ F F) o| (\| fn c) c} (fi
(*l - r.l erf i c.t F{ Ff Fl Fl $l rl cr| r.{ r{ (\ N f't F{ rrl rl (\ o| Fl ctl clf sl Fl

lrl
{{jss
(n

EI
E

oooooooooo oooooooooo oooooooooo
.aataaaraa aaaaataaal aaaolaa'tt

*t u'l F{tOln cl 6I.f (O tE) € <*r€.S €O c{O\ CFrn CF -t -f O gr € c*r.O Q.-?
rtr tiri (\r r{ trl trl cl Gl rl Fl Fr il -t rl Fl F{ Fl Fl t{

-q
(n

a
rrr rr1

aa

f\ f\

ftrn@rn
tri *t ln Of\\O $-O rnln -O

raataeaaaaal\ r\ r\ r\ r\ r\ F t",".-" F. t r\

Fs
=F

(,
o

rJ-l
rFt\.Orn€€O\

*O
(Yi \t *t fi f\ U-l r,n rO f\

rl'l
rlrlo\.O.fC)f\

NF{

ln
a

-to
r{

tf'! u1 .$

=oJ
IL

E
CL
EI

(ll F{ (fl
@

ao
|rr (?r

e rt-lt-O
OO (n

O.(ft rn fn ao cl lrr({ rl\ . . .OO (\l lU .
F{O O.gtgt c/f O

F+"tl*tcti..-linl\t\**
r\t

lrl
F4
ct

cO
@@(o€€€€ co€co co.Dco € co(o(o@€q) '6€ cO@ € cO €o€ € r\
F t\ l\FFFF F r\ r\ F l'\ F f\ l\ l-\ l\r\ f\t\ r\ F F f\ r\ F l\ t\ r\ I
I I t | | t I I I r | | | | | t | | I | .l I I l l l l I l .O

ctcO O + @.f,cO.f,.f, tf .S-Sr\.$ -SFncOcOcO .O.O-o.Or- -Of\ l\ aO Gl
OOO r+O r{O F{ r{ F{ rl GIO Fl FIO O(f OO NO Fl (\l O (ll O O Fl I
I I I I t t | | | t | | | | | I | | | | | | t | | | l'l I o

cFC O\o\o|1 or('\ o|rct\ o\ o\C)c\ o\o\o\(FoN(Fo\ oohoo orr o o\g\ Cl Fl
' r{ F{F{ Ff

-g
F{
F
rn

rn O-r O (\l
Gl f{(\t("rl-1 .f,(n |fror\ q\F{!nFt-{F{fn.f ro-+ ro-{ $rrf, -{ r{flrca-r -ltltttrllll lllllllllr ltllllllll
c.t o (n fn .f .f, u'l rn u/1 fr rn rn Fr cl c\t (n (f) (n Fn -f, *f, u'l rn rn *o .o -f, -s

r{ Fl F{ r-{ r{ rl rl Fl rl F{ H $l fi Sl $l Fl $J (ll CJ (\l r\t Gl Fl N C\J t\t C\l tr'l 
"l

rr /Bov\f-\v
\t I -r,rIt\, \i

it
+

"t\si
{ 'rr
Sd

u
u
lu

o
tl
5{

-l
F{

J
tn

tltgl
rJ oO<ctr
Q+l

l{
>r O"
rt (,l
+l
Fl .lC

€tr
=qld o
}|O.tuoLto
dur
3

I

-l



't,
o
L)

o
oo
n

tro
vI
tr
ctt

dt
cI'
J
ql

>.
rn
E
o
t{
ql
O.o
t{

Af

L'
(,
(u

o
l{

A.

og
.F|
Fl

Jd
v)

HF
{
CI
E

r{O$O(\fr{.O@
aaaa

(rl .OFld

FE
GT

E

€o\rrtc)
€€.f,O\

aaaaoooo

fiE
gF CT

E

lnt\€F{
aaaa

-t€@('\t.l

lr,
ct
=s,ou,
=clIJ

C'
E

eooo
aaaa

V*VV'

=r

CI
E

O€.f@
aaaa

N€€c*rr*€€r-

Hl*
CI
E

t\L,| €rt
aaaa

Il.|Cq€rrn€(,'r.o
T\.\IGIr|

C'
EE
ts6o-(Jq,

Ett
ooE
Et

|ftcroo
F{O\@Fl\? Ff r.r -f

t
u,
d
F

CI
E

$C{ln?-t(rfFlOGl
({ ({ (\l r{

lrl
F
5Eo:'-trnDg,

q
E

oooo
.l|!a

Ct\OrrO
t\l fl Fl

-4
in
S .u'lF\

aal
l\ Ft\

Fs
=t+

(J
o

u.l
sr$ rrf
Fl *t

=oJ
l!

E
CL
CF

@
$lF .ifo

u,
F
ct

€((}cocor\|\FT\lr I r
€FrO.OOor{o| | | t.o\-o h s

zo
F{F
v,

Fl@Ft(rl
lrtlrnrn-O€

(fl (fl cn t.ft

I

ql v,
+r O0(Ild
A 'rf|{ho+, (a
.d
Fl lCqrF
3clg

|llt{ooo+to
cl tl
B *

I!
*
E
{
I

il
il
F

I
h,
'il

o\
I

cO
I



1

bsr

,.e

F.
?
d

.$
l
-Ll

- 8I88888T8I88T I88 EEEEEEEEEEEE E5oo6ooooo 6o o99 oQo 99o999 I 9oo9o o
=o('ooo 

-rog .c'OOO .OC9oe)9E)OQgO9o .i
E -r -r-ontoxFFo omi +oa o -ro g E r'o oo'89$ IZNo.Otrt ;F .'rirl .+clclgr .O rO r r r?1 ! ! rogulo
rrrri-r I .rtl;ld€fatll . . I Fl|{ .dNdddNtattlFa I aFl I

= oooooooooc}ocloeloe ee99Qe Qgog g9 g
5EE tE 88EE 88 888 8t8 88 88 8'.8 gttEB E
=oo6clf 

;()cl rirvoct r+O9ot)oo9-€l-.o |..o
E-r-reoOO iFtld-oGfNo .orO .. r . 

-.tl 
rClclo9€trr

'x dl it . f - r*r nr r ni o |rl ; € F rt fu r lr ct O O o' ur or . s O € Gl
-b aE srrlrn +?. o firr €l\t . fi{rl . fil€ .\|FrFrlfl o;'cld.\| ltl 'f

fi S [F*SIilHH}EHSSTfr Ifr ES Efr !FEE$Ei- i fr b ij iii i F irt li tv di + 6 |J| 
-o r- 6 rri 6 rr o _. Q F o o o 09 {

O O t- c) € 'i O Or rtr O O rV O O. nr t! F Q,fr O q |fr -. t {t Cl trl trl I -
=+b T o r -.iri i'i d . jo ql o € e t€ I € tvFfi s. QtF oFq!
. i .rvrrf rqru{'i rr1 .C'CD r .Oc' rFIn rO ! rO. . .O
f--j;;.Oni-r rF...G| r ro.r r -gr r.G|Ntrl€.o€Cl '
r/}

.rE:ror -roF'{*tt!oI|Fq Qf!ooo+9+f €.to F tl|rl{
e 6 A 6 arr dbts Ooo o9. + +9.o +rr oF I q i + 'ro.tl't gt.f;'i;F d 6 h;6+ -F+ iF€ t'rt'l o. tr +q q q 'ttTry.q- .b ijF;-F nlr+ rn lvrog-,.rs-a ry€ rrl q {-€ + fit qr * € {
ru- 5F+ -riicrb o o +n+ o ry I q q*,{.! tar:.t f € o sr. g'
urf iq6OiiruttiO'{ . f F rrllGl-l+ . . .-. -.o. ' "{Q(f a-; r I'l a ai.dGl .Fl . f .l.tr|dFlNffi. r{d} "L'

ur€ € F € t\r {{ o Q 6 (tr to a F O O € cOtrr O € fl 4 € o!g € q gr IF o O-|O N f{ O i O €, O O,{ O cl O O(\| O O fit O O O€tg O r O<{i\\\\\\\i{ir \\\\\\\\\\\\ \\\ \
o ci tv qt nl € € rl|rl n| N tll nl o tYrrt{\t fil o n| N 9N n| NnlN N r. nr

-f ,-f O *-f O Cl -r O .{ t{.{ Fl O -f d t{ .{.{ Fl Fa Fl Fl Ff Fl A Fl rl A Acl\\\\\\rr\\\\\ \\\\\\\\\\\\\\\ \
ZO O(F ctco oo)c}c)c} c) ol Or c}OO OO OOOO clOOOOO O
ru co (D F qt F t- o cp co € o i F € € € o o dt co o to cO 30 !o o ro 6 o
lu r oh or gr o\ or or or (F o o € € or € { €.n { € aq s € os or o. o r
t- rV w f{ (rl (\| NN N fl| N F{ rt| N tYfr| c| G|FI tl| N ({ -N !V NN |Yn| N fil<\ \\\\\\\\\\\\ \\\\\\\\\\\\\\ \\
c| o o s-.f o d o o or o o.o s $ o € € F e c9 tre e q9 e Q e q {-6 o bo b ooo o o oo ci o oo ooo ooP 9ooooo ot'\ i\r\\i\\ rr\\ \\\\\\\\\5\\\\\ \EF dF ct F p r- r FF FF F FFt- t* o F F oF F FFF FF o
O T- FF OFFFF FF FF P T-F F F6 tbF EF FFFF FF O

F{ fi rrt o o x { gFO5r S dtO (' €) I E €} I,lQ 9OO q Fi
z { rv d* w o w o .{ F-.sF rrr + I 9qlo o I I t-.' I 9o o grrr F
. t iri ;'6 -f € r-r s ui + 5 iv i - F 6 o sr o Q O tt.t I I o rr F o $
urnrt-O.6r. i lNrrr arad6* !rnrrtFPQS-.f OOar6.Q
=;-.-.6-tg.rfijrO 

rC)Qqllrr f glcl .F+tv.lle-.Gl ' r'1 €nttv . -.+ir i -r+f iaoFut-a roo r r r$ f O .Onr€O
+ iri -r r Cl rC O O ar f * r . |\| .{ r d n d Fl tn tn + Fl d tr|'{ t\|'

c * ct r\ s o o € or I1 € o € {\r 11 !r io 5r { Ul $r $ F 4 Gt E |\r t! rO f
E ra t\i s,i i-i n -t rrr cr o rrtnr rrl cl {rr Gl lY nl NN orGI trl fi rl "dtfz

.AoJ
rL 

= 
L J'lrc

z= - f-r JJrJ-JJJJJJJJTJJJEttc
E i raT : tii =r \\\r \\\!\\\\\\ \ \99 - :re t |! i tr Ed 6 d ct I'j(.'\ (9 tg 99(9t9 19 o 9lo tJt? C' o \
lrtIr-rhbD= i--foir-t=f=>=9:)r"4d tl

z, r{ --- \\ -
=itJ

FF J Qdor rJ JJ l-{. c}o€
calrZd ou.x-l !!OhFFl*FhEt'-fzrJ-tO
==666nr ci=A- oFo-oooclogozQurtr | !
rlurf -rrz 5- t i r.r ! -t-pFFpFF-F- | urb
Fl-[n5f if-f-C ig'.-r--tt- ]t<tq{

r' Fo tlt r r''J-F H
Lrrur od|r|orJ f,= , urSf 

-Jry,?y.ji ztr-t-*r'r--tad7| llrHOO= |

-r6U | | -{gZlFrf ruCf, Z,Zo LtO!1
<'. t orn rroutr.-o(Ldo!2{, x?- vt Jo o F J=(ado d crr < z Jt- LJ vt I
Fr!xZ 

= 
cl ) Jd<< f O uJ <rlrO utu., c.

dC o-Futr|.<6rJLrLt Jf'srFtt.d

eSHRS 8$fi 85F S$$fi nFd s8E
tE 388 8S t999 e93e9i3e8 3
o oooo oo o|o€}o oooo oo |rtmF F

Or
rro
?a+
{rl
c'
I

E\h
furfoFrOS
fr+Ft{.1+
luru o€z
ffoGr4O> .tl
.n .Z E
F{Or{ |
J|frr,J Z
|,e-th

-r tn rJ
r. UJ Ul-J c|O
.'{Ul d OO

-f Fl rJ lU Ct
rfr |{ u,
F r-rdFt/l
crCtr4:trcu,Fl .E< > - J61u1 Ct;_9xSrJ
oorL=fJc.u7ofiTIFdZOO
o+Foc}urlr-o
o dclJqrtfto
-t$ocFOd-rol+le+tJt!Fl

,.*
€
gr
FI

a

d.

f
rt
cl
zo
H
v7
E
lrJ

I

Fz
uJ

z

I

l or.* o € Ftrrt € rr nrdr +ro € -q fr|!!C I P etr g 99{ q il F
-rrr b F . 6 ;ii F ct nr ki iF to t € F I d O F I O r^v dr I fi {''{ -r-O 6'+ oF .g 1r1 

-€ F gl +OnO aorO O.r gt t!O ! + xClroO nrGI
- nrrr rv F . o.rb. w o onO or$Q Q rt q Q 99E E9+ tvrr q
ZF-iFiifio\ -.Fir-i-r -r{i+ -t.{+O rtnGu\O ! !e -' ' 'Qi'.9* r'i6olr-.iriFFl'{+-rG| r€}rvor . . f O€€OO(F'{O
F{o.rdFtr{brv r*Orrr I rho i .trfittf +-f t{tvl rf trltn '.A

lrr d o € + r.1 F O € G| O o€dr o fl o'-.€ I I 9!"ts 99 q ry { q
rJ ; € Ftit -;i$ € € to+ ao o o ciF o.{ o o oFq t\|o { o { *
=+clU<irr 

a60a-. IOFF.o€9o..tQulforr rO f ' !+Ii-rFo++€coi.{+ rnot€+-rI r*{!r\|t1 -f rAo|r-rEf e:i i rviv A d -f nO |r|rinrqi ru i o*!|f{ . .\| r9q r\O f d_rll Id€d i ro.n aNoicrtnrot-{ooE+ r9.fr|efiof sr!lo
et:trrJ-tif *f- ;firO'. r rtvd r rillr.Ft(\|F{.\|r{ rNdN '

f,Ed <<dF
urdururd(Jol
FHCd=fClI

d<<FFFO
4r - "/lv, z
FU
ul
r=il36F38t{8t88t88t400000c}00

-
UJ
E
v,

z
ID
E

A,

F

r\J
o
('r
o

€
|l,

{
J

lu
t
ul
d

UJ€
c}
F
IA

I

nan



rl, 4l 6 F o F G| € € cO Or Cr cO @ F O O 6 Cr + o Fl + q9 € tD E) !q s !E € o IF 6 o lro tvw o i g o o oo do oo o N crN !u -ooo o o 9o o..q
< i { \ \\ r \r \\ \ \\\\ rr\ \ \\ \ \}-\ \\ \\\\\
cr N N a rv $t € N tl Ntr N nrrv 6 nlNN rv O nl€ O Nrrrni eiri {t.-ifi; Fi I

A 7l O d O O,{ O Fa O tr F{ Fl O .{ d Fl d rl Fl O A 4 d t{ rr Fr O'{ i -l -lo {{ {ti\ rr\\\ \\\\ \\\\ \\\\\\\\ \\\\\
=o cior o !oo o cio oo ooo. o ooo o oo o ocrooo ocroo o
u, G o F € F t- co o 6 (o 6 co € r- € O to Q O € cO cD eD O € O € cO O cO O S

ul or o. Or O. Or Or Or f S Or O € O € g. .O O O |rl O O (fi O O € S € (F O' O O 0r
F N (\I r\| (\t (\| N N N t\J O N N N {V I\T {Y N f\| N t\I .v ry (v ry O TY .v O N ftI (\I .v<{{\\\\\\\\\ \\\\\\\\\\\\\\\\\\\\\
O O. ci Oi + 11 gIr Or or gr F qr € € E Or 6 € cg F qg ql F e I tl| o O 9 O q o +- oo o oo oO oooo ooo o ooo o I o9 99-roo oooo oo\{{rr\ rr\rr \\\\ \\\\\\\\}\\\ \\}\\EF O- F O F F F F FO F I*F TT F FF F O FF O!-!*O F F OFI\F O
- F F.F o F t* F F.F cs r- rF F F F F t+ E FF !o FF o F F 6F F F s

=EEg 
gE gB gEE g ggEE gEEEEggEggHE gBgEE

=65ol 
o6 ;cl 6 -.oo ooo looooQqEt09gqo _.99 :lE -r -r ; o - o € € + oo 6;- tv o oc) r oro o _.cloo e 999 I q

Znr+Orf ro I rral I .toc)OF .F. .O . . .O . I t IFOO€O
-|lf |Y-r .lflrf :r€dO\f. . I lr{tfl f FlNdtlfadd.{Fltad t .ta I
f

5EE E EEE g g g g gFEE EHgEE ggEEEEgEEEEEE
=OG)c)ol.-. 

lr€).€) I r{lg TOOC'c)O9OJO9O9_r-?g_.9
F-r-TOOOO rOillOO.HOra\Q r*cl .:c}J9 -f c' .c'OO ?OF
iirrrrri-r-rF6+ ib-rne rfil 6.ruru1.*+.OGl+ rg !Fr\(lGrfi
e tt 6 g| r\ * r| r{ l0 * o + |\| * . rfl f\l rH o + * Gr o'.d € t{ rl14o m .
f
df +€*o..sc}+r.r rr.{+Ftsrr1 €9dr+€tr:9 q9 qq€f-p*ssfts*F$ SFBESHStSS'HFSH E8 SSSE
o+;do-;6Nb+ rot-oalF.FtrroFndiilri oo msrrodl
EinFr<i+ldit- -loo+n{r.oO 

-.o.oF r41 oq 'ro+l!
=;-ir$fqoloo.i-. 

.(r-.c)O . aC|Odl !.{-!4€ rO -. ! -.Otrjtn';-;=li iqt -or.-. l€..r-rl'rr{.Fd}a f ' FGI$ r
IA

E€€o+rof\|++F $FP!':qrdt! qrtqtF I '-YAFq
=fri6dtrriiiF 

fotnetrv!|qo .osQ'rFro. n €€Gd
t;lt66oFO+f- FC*urd51c{to 6lnr+O'!F a €s€5t-i.iii.i-on5ri.-o €NrvFont6 rrOo!q*F o 6Fryi
u.b6oUFe*c|d rrtnif'r+nqo q-Et)4tl n F+l|\F
urFFEFb+Aoi\i -aaai-+- €f€r€. F .fd!
(l a a l-r r -r r-r-i wSdc{ . i a .ttl rrl rd . -. trN t7'
TJ

>dt.o.|'OoFFrordlor G|('rrr-fE!r$e)€49!-r|qs €9 fiq|rS
[=d66:dF;6- ir.oairvoEgOntpIrlqq o-'o E{Ng
ob 5iIrtvibrrrF Fit €ainrgrOFto*l:'l+9 dlo {{rrttt
-i 

=+o 
j.r.tOb. +Fo.rl+FEErrqgf -.E +o €lqr+N

ZF ..itir1 p-6-r i r.-rrr-.o\i!gl-.dS -tqo -.9 r ! !q'i'.o -. r.fr{ .in tvfif glOt'--rc'EF .tolfiio-o Oo ors€o
f-OJFr.FrNr<ttt -.gf Or|ll . ldl |(| r rirrOr .dtatu .v ' lrldtt 'IA

urNOSodFraFIJr F|O|JtA|O('4OQur-toqF!t Or€l €q'OF
uFiirrF r rehtF .1orO!!5rE{914+hn^'-o FQ {\locrt|\
=i\ii*i6.t-q-r*'r 

i;qP_.9qlO{vf {Nqt' Fo .F rrll
-O aFtt'lOsOoro NForA|$€9O_.CEl !4tr ro € rurq?
i-.o-oaii'f o6orn B\o€oq .oOe -.$PEil Fo tvtrry9
d€rrt . .*i .iri'i uir-oloono6o*€dl 6 r {o nofio
IFAirv.ril\|O.-;fn orv. r;f| r rf-tD rr\|l\|to + ' rl({tr '

F -. {'{ O rr Ul Fr .? O F .r € lA |rr F fi O O + O 9 q n I n O I I Fl € .n

= h F + F F rri .i t.. * e q rv F o q c^{ Ir o O n o. I {r I I + I I € |1l'.! tr- ir" in ri in rv rri o in + 6 it ii ; - + ni a o r.t + + n - g O € O o € lrl d o\
uro}€4..1 a-i+rq ro6+d€ !or€9t\|14Sry !Q9*8.!roO ?{|i-.-iFiig+6ru€o I lolrre .+Cr_.o.N:{oo !o9.oqtn-{\|5t'.-.5i-. i6-e orrultf C+G|Ff ro c-'*lE} ' rO 'Fd !|rlg

*gir'a-rnf mgrOfil€F{r.I-r . .|\|tl .t{+ald-filGt.'{f\|F rtv€Al r

E f\| i co * Ut or F r|' |rld$ @ + r ro t\| € (v r|} N |r dl €(\rd o s.{o OGrL.t
6rnrvi-r irr-rct rrTtvtrtdr|(rtGttv ntnl (rnl {r|cl Fllqt+|ir
@r
=z

t, oJ
r! 

= 
a cJJ\L

zz. - i-l JJJJJ- JJ=JJJJJJJJJJ -rurEtoi i.a T =o \ r \\\\\ J\ \\\\\\ \\\\ \\o g ?[ =rA - rr. i tr E ui A dd Lt tt tS\ t.r it tetl ct tctg !?!t9 tr tgtg r cr o \
rrr.Larui r-=i-tlrt=======f=>r?ni 9- Z .{ -- ' 

=- =\\ EEf,u

FF J qEC
r Ll 'JJ F- [ c|(o€

o.o.!IZut Q-ru-ri-r SotsF?Fts!EE!- h z!JnQ

==CI5vrnr ct<=4- oFooooooclo=Eo(ul+ | r
trEf Jg tJi-l-t tt l^FFF-Fr-FFvtrF<- | t'?F
FFEg-5f ibr-1.O ii--- -i--';- -q'HEt4E

Nso
?l+
FIo
$
c\FUldreo€.

{{F
G|7r$urr{ o€z
EOI
vtct> tt
arl rZ 6r{€< |
JI'rIJ =tn v,

'rr;f tldu, ul
J l\|O.{u E oo

r{'ttt U, O
Itt r{ lU
€ HdFra
oog-EulFl f d61€g1g_(lxfrJ
o.vll=odtao.$c)EFc(ieOO
O.||Fc)FUTLOc =oJur.no-o|Ct0FclddOflu'*Lr(9Fr

Fl
(o
gi
a

a

Gf
<t-

t
UJ
d
r/l

z
d
f

r
F\

lt
c'
zo
vl
t
u,

I

Fz
.Jl

z

I

t\to
+o

$
.rt

c

L'.|

E

u.,
d,

ui
t
o
IA

rtd iEof- s55g 1F<Ft.rF.tf^t1 qg=4qgrI
urrr ururdtJc]i Jo6O | | I <Ez=r'Et|JO lZzJLtLtodF;aE=S6E eItf mrrt tt.Qur!Eqqddttt,.rur< Ho

d < <FFF6- - - rnrnJogr-r5utEog +H1z zJ>ts1'ltlrr
'rrt vivr Z FrJr.rr;zX'OfJd!{Eq |r|{{u,ZO|rrurI
F lJ d,d o -aF-vtll.<o|-trJu Jtf vDHFlld
uri -'. O d c} ur Q} Q €} E g Q I ur O,i'l'-r t! F F {' ry 11 d f rA F I ?1 € o F
t .r i*r 5 o F sr o o Fr cl trr |(r N {i €} + .rt ci o w t f a rl ri u1 { o C' -. o o
* c 8Eec88 rr8EE8r8 tsSE EEEFEEiSiEeSFpc 5 o o 6 o o o o ooo oo o o o oo o oo ooo g oo.vrfl dfFF

tll,
^nFrr.rtrtl^AGn^^-tt\Fr'-r



tui'_ t

I '-t t' .*

"'''[' 
''y'!'

U. Keily

fz(fu't+':'
United States
Department of

iculture
Forest
Service Manti-LaS

2530 Date: 0ctober L2, 19BB

subject: water euarity rncident in Eccles canyon

Tol DistrLct Ranger, price R.D.

on october 11' 1988, r received a phone call from Rick Sunmers of the UtatrDivi'sion of 0i1, Gas and Mining cottcertting a water quality incident in Ecclescanyon belor* the stcyline Mine culvert outret.
Eccles canyon is trlbutary to Pleasant valley creek which is tributary toScofierd Reserrroir. Scofierd Reservoir suppti.s a portion of the nunicipalwater for Price and other nearby connunities. Scofield reservoir is highlyvalued as a recreation and fishing area. In recent years the eutrophLcationrate of ScofI'eld has been high atd nuch rrork has been done to reduce the argaegrowth in .the reservoir.

Rick reported that on Septenber 28, 1988, he detected a discharge of black slinefrom the Skyline lrline culvert. Further in*restigation shonred that thenacroinvertebrate populatLon had been greatly dininished, the fish populationhad been reduced fron previous readings of 3bo per nire of strean 6 B p*" niLeof strenm - Chenical analysis of water samples showed high readings for nitrate(13 ng/r) and nLtrite (0-6- ry/l). The crelk was, foa.uing fron barrtr to bank.ItsAS (a test ,for detergent) was hlgh,

Investigations contLnue to find and correct the cause of the problen. A neetinghas been calred for october 18, 1988, at z:00 p.;:--;; tt*-iii"t Division ofWtldlife Resources office in Price, Utah. Fisleries Biologists frou the DWR,UD0G['I, the Utah Bureau of Water Pollution Control, the Styfine Mine, and theItlanti-La.Sal Natl.onal Forest have been invited to attend.

ls/ C. Derurl.s Kelly

G. DENNIS KELLY
Hydrologist

CC:
J. Frandsen
A -. Honre
C. Reed
D. KeLLy /
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2530 Hydrologic surveys, Prescriptlons, and plans

Relocation of Eceles Creek

Sam A. IlotchkLss, Geologl.st

December 15, 1980

The plan, dated october 16, 1980, by Coaetal. Stares Energy Company for
the stream Lmprovement, from Eccles Creek to the portal at South Forkls only an amendment to an approved nLning. and reclauation plan already
subnitted by Coastal States Energy.

The proposal Lnvolved relocation of Eceles Creek because additLonal
sPace for separatLon of the road and conveyor facLl1ties down Eccles
Canyon was requLred. CoastaL States Energy stated they had uade
extenslve on-the-ground suriveys thf,s past sutrmer and have determiqed
Ehat certain sections of Eccles Creek are located dLfferently than
sholsn on the U.S. Geologic Surrrey.mps their origiual design was basedupon. Coastal States Energy felt that rather than proceeding ahead
with the origlnal" reclamation plan, constructlon should be deJ.ayed
untl.L the amended proposal be revLewed,

TLre amended reclamatLon plan for the relocatlon of Escles Creek reads
baeically the atue from 'a hSrdrologlc standpgtnt as the ortrglnel plan
submltted'on the creek relocatton. (V-f Section 4.Lg 4.19-4). ih"
onLy difference Ls that specLfLc stations where channel reclamatl.on is
required are specLffed:

Several statlons (17+80, 21+55, 26{{0 and 30+70) io rhe couments srare
uslng large rock (1 Eo 2.5 feet dLameter) for various channel work Lssuffici€rt.

In order to effectlvely Lncrease channel roughness and malntsfir channel
banks, the reclamatLon plan should specLfy rock spacing, conflguratloa
and slope (angular, subangular, rounded) because streErm flow velocities
vary signiflcantly with dlfferences in rock placeuent and conformatLon.

lsl Jeffrey M. Lucero

JEFFRE:T M. LUCERO
HydrologLs t

cc: D. Kelly
M. Call
J. Lucero
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TeUc l.l. -Bcn thh-inrtrt cbretc utdy*r o f rlccrtd rtrt rnr ri ler-f.ontinotd

Sit 29 - Ecclrr Cenyon-4ontirrurd Sitr 3a - Mud Crnlt-tontrnrd Sit tlz - Soldkr Crst-
Cootinud

$i+79 7-29g, lrtsr8{r 7-u.79 l}2&t9 7€OS tt}r0dl 7-r$79 $r&r!} t€r{}

Orgrnirm

Artrmpoee'+ontiilcd
. Inr*rr-4ontiqrd
,. Tri:qrm
... RhyroPhilid+
.. .. frhTtcophit .cror.l.t
.... frhrtcoqhih .E .litt
.... Fhruaphi/r rp. B
. -.. frhttcophi/r rp. C
.. . . frhrtcophi/r rp. D
... Hydropqahida
... . Arctoltlcht gnadit
.. .. Arctoqtrcht 4.
. ... Slnphitoprfcilr rp. A
... Hvdroptilidec
...,t.otrichir'p..
....Ochrctrichit4,
...8rrhtrcmtridr
. .. . Ettchynatrut tmtrinnut
.... flicnnmt *.
... L.pldoctiln.tidt
....ltFidotomt tp.
. .. Legtmrridar
....Orcrtirrp,
... Llmnrphilidm
... . Amphiconoacu, c.nax
.. .. Dicotmotcur.Eiqrt
.... Ecclilomfil w.
....lluForaqhiltx E.
... ,llmnwhilut *. A
... . frtothnmmt n,
. ,..Olitoghlttodrr rp.
.... Onocotmorcut t0.
.. Dlptsrr
.. . Tfpulidre
..,.Antochtw,
....0icronotttF,
. .. . Eriogtor, *.
....Oonomyfu sp.
..,,Htgptroconoparp.
...,Htxttomrsp.
. . ,. Linnophilt sp.
..,,Iinonh fi.
....OrmotitsF.
. ... Ptdici, tp.
, ... lipuh sp. A
....Tipulttp.E
.. . Prychodidae
....Ptricomt sp,
. . . Oixidao
. ,.. Oxr sp.

. . . Simuliidat
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0l-f{cv-89 xrI

SIJIIIIARY CF TfiTER IIIALITY
f,HALYSES - SITE C5-6

SAIIFLE DATE

PHYSIIil- PflRHIETERS

NIR TEIfERfiTffiE IC!
nllr tcFsi

HfiTER IEIIPERITIfrE IE}
sPEU. [0ilD, tUtfH0S/Ctt] FIEi_D

PH ISU} FIELD
TUREIOITY IIITU} FIELD

TI}TAL sUSP. SI}LIDS
TI]TAL OI5$. SOLII}S !IEAs.' 

orYEEil r0! 0iss

c0iltrot{ I0H5

[aL[IUil ([R!
ftA$HEStUr{ ttr6!

s00lufi {ilA}
P0TASSt|Jrl il{!

AIIDITY ftS [A[C3
f,Lrf,LIr{lTY fiS [AC$] tLAt!

8IIARBOIIATE (H[O3i {L$E}
SULFATE IsI}{i
THLIIRIDT UL}
FLllI}RIilE IF}

IIUTR!THTS

l{lTfi*IE tH03-}r} .

STATI0il L0[nTtI}r - E[[us

02/r7l88 0I/2I/88 0{/17/88

IREET frT USES 6A6IIIT sTfrTIOil

05/18/89 06/06/88 07/2rlH?; 0 l / 22/88

STfiTIOT Il}T
f,CCESSIBLE

,;

I
3. 83
3.5

105?
7.2
l?
l5

t06

-?

0.3
9{+
7.5
?.5

22
+80

t0
3.16
1.3
97+
7.5
6.I

I
5r0

209
ll{

16. I

B

9.8[
6.5
t07
7,5

25.5
7t

550

96
0. {B

25
2. t6

2t8
B6

35. I

:;.r{ rt
5.86 1.0f?.5 u&{9 tn

8. I 7.9
{,8 [.8
2I 11

359 360

84, g?

2?,33
fl.6s

3.?

1J7.6
7.2

58.85
+. {5

77
Itr.2

{6.25
{. l?

?6
1,2

21,11
?,7t

9i.l
20.64
20, &[

3,3

?B+
lt9
5t

25?
180
tb

?95
t0{

?0.f

285
t{6

59

TRAIE ELEIIEIITS

BfiHIU'I {8fi} IIiTAL
EAfiIUII IBR} DISS
BUROII IB} T|)TRL
80ft0il tBl lliss

Tt}PPEft {CU} TETRI.
EfIPPEft I[U} [IS5

IRI}H {FE} IOTAL
ln0t{ tFE! 0ts5

LEN|I IPB} TI}T*L
LEAD IPSI I}ISS

r{fit{ERHESE {ilr! T0TAL
ilAt{$Ar{ESE {ilil! 0tSS

IIIIC IIil} TIITAL

OREAHI[ Pf,RAIIETERS

I}RTAHIC CRRBI}H ITI}TAL!
PHE}II}LS

IIIL RI{D EREfiSE

IYfiIIIDT I[II} II}TRL

0.56

0. lJ0. ll

0.f0.380.?E0,65

0.t

0.{

0.I 0,03 0.[6

0.0[5
0.8

;T..
.1?

.t+
t

G':., -

fiLL EUA}ITITIE$ !I{ IIILTITRAfiS PER LIIER UIILE$S OIllEftIISE IIOTED,

cs-[. P*EE l{
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SUIIIIfiRY tlF TfiTEfr EUALITY
$IIALYSES - SIIE [5-6

SflNPLE DAIE

PHYSICftL PARIIiETERS
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FL0I lcrs)
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2. t6

7
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MililOH IDHS
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hAEilESIUil IilS!
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F0IASSIUIt ll{}
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CHLIIRIDE {[L}
FLUI}RII}E IF}

158.00
(0. l0
t2.7'l
3.u

85.90
41, ?l
?7. {5
5,85
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251
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lI7

!6. E
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$3.77
{?.31
38. 13
[.5?

82, +7

35. 85
?$,03
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?2.3
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l?. +
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??B
ll. +
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l5.l

TUTRIENIS

Iftf,CT ELEIIE}ITS

AARIUII IBH} TIITRL
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9OHBII IB} TI}TAL

Bt}f,cll tBl DIS$
IIIPPEB {[U} IOTf,L

CgPPEft I[U} DISS
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IftSlI IFE} IIISS
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IYS]ll[E tclll T0IAL
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0.9
t0.001

ALL SUAIITIIIES
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0.{
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0,f
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0.0t
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0.078
t0. cl
{0.}l

0.38
t0.03

t0.001
t0,001

0,0{
(0.04

8.78
t0.001

0.3
(0.001

0,fI
(0.otr

:I#

t0.001
0.6
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0.06

ilI IIILLIBAf,ilS PER LITER UIILES5 OTHERIIISE IIIITED,
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CRLCIUil IHI
ilR$ilEstuil nril

s0Drui lrfir
P0rAssillil txt

fiIIDIIT frS CfiIOT
NLKALIIIIil A5 [RCO3 [tfi8l

EID*R8tl}IfiTE IHSI}SI ILfi8I
SULFRTE ISI+I
CI|LONIDE ITL}

FLUORIDE IF}

IIUIRITTTS

IIITRfiIE IIIIIS-II, f,ilil0tftfr ililfi ns It
.IDTAL PIIOSPHRTE IPllII

sTfrTloil L0CtIItil - ECCIES mffX rI ES tfiStF STtII0t

0r/luto tt/tf/90 fz/l{/il 0e/1u9t 0?/17/91 lt/05/?t

T
3.59
5.5

Lnz
1.5?.tt

4l
{1

8tr
8.8

r8
2.n
10.8
l2r8
8.08

t5
?3

860
l l,l

2T
?.73
12.6
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8.17
80

2rB
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g,g

7.5
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5.5
8?5
8.3
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9?8
7.9
It
t8
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t
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16.32
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22.5

1.3f0
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65.70
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0.3[
0. l0
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0.120

t0.08
t0.2

J2?
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Il,5
2Bf
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209

18.7

??0
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20.6

0.09
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0.0[?
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(0.01
0.+5 0.?0

(0.0s
(0.00?
(0.002
0.0f 0.01
0.03

ts.5.{
?3. 16
7t.21
9.52

(0. l0
x59
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{05

2f.&
0,3l

1.80
0.?8
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0.060
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0.250
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(0,00f,
(0.006
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0.0?0

{0.003
(0.00I
0.s90
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l. Jl
{0,20

0.3
(0.100

0.lf 0.900.0+ t0,03
0.83
0. 13
0.ll

8rnruil ttf,l I0TH.
" BNRIUII IBA} DISS

Bt}RtlII (8I IDTA!
80n0il r8l DrSs
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0.6
(0.010
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PHEil0ts

OIL RTD EffNsE
[Yfiiltut t$il T0I$L
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0,1

II.I $NffIIIES III IIILLIETAIIS PER LITER UflI.TSS |}THEffISt TOIED.

r frESSICE OF FLIH IlNIfr ITDICfiTES IHfiT STBEfrII TfiS IEEII OVEft.
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frIF TEIIPERATME I[}
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sPE[. [0il0. illilHlls/flf! FIELB

PH r$!i ilEL!
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SFE;. .lll{l... it-TMHCS/C}d) f IELS'
FH (sui rIELD
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INTRODUCTION

lltre foll.owlng hydrologLc analysLs has been prepared Ln resPonse to a request
from the price DistrLct eoncernLng the proposed Skyline Coal Ulnlng ProJect.
Couments ln thLs report are directed to the'f 979 versl.on of the mLnlng
plau subnl.tted by Coastal States Energy Co, and Getty Hlneral Resources
Co. It Ls understood that thl.e report provl.des lnforuratlou to be Lncluded
la tbe larg€rr Eore comprehensl.ve Envlronmental Assessment Report.

ISSI'ES AI{D CONCERNS

Tlat acceptl.ble flood predictf.on technLques rrete utllLzed Ln establf'shing
ttre sl.ze of the deslgn flow.

l.

3.

2. T,trat the sed&nent coutaLnmeut bas{u wlll hold
the portal facl.ll.tl,es arear

ltat facl'lltiee desl.gn Ls adeguate should the
groundwateEq

the expected flow frou

-tne Lntercept 
"tib"t"otJ.a1

l.

4. ltat subsLdpqce does not adversly affect the hyqrologlc resouree.

5. Itat the proJect is uot'loeated Ln a 100 year flood plane.

DISCIISSION AIilD POSSIBLE }TTIGATIOT{S

Surface runoff appears to have been calculated by several contrf.butLng
dl.sciplLnes usLng varLous methods. The calculatlou of moet concem
relates to the capacl,ty of the culverts underneath the proposed mine
faclll.tLes. The flow has been calculated fron a 24 hour' 100 year stom'
equal to 2.25 lnches. Ttre compauy has estLmated runoff volume at 0.12
lnches wLth.a peak flow of 130 cfs (V-3r p. 4, t9). Our owa calculatLons'
usLng the identl.eal preclpLtatlon and runoff volume, indicated the peak
flow rsould be only 41 cfs (AppendLx, p. 7, SCS Runoff curve nrrnber
n/dfnensLonless hydrograph). Our lndependeut calculatLons usLng a 6

hour, 100 year storm of 2.29 Lnches yLelded 36 cfs, which is f elt to
be dlrectly comparable (Appendix, p. 4, SCS, Runoff cunre numbers).
Sl.nee the error Ls oue of overestLuatf.ng the runoff P€k, no adverse
ensl.romental l,mpacts rltl.l result. The proposed facllLtles, as
presentLy desLgned, wLll also pass our estlmate of the 247 year
flood (6f cfs) whLch Ls our preferred desLgn storm sl,nce Lt glves au
estlnated t5 perceut chance of fal.lure over the 40 year life of the
facill.ty (Gtrow, p. 9-59).



2. Because of the verY short tLme of
area (5.2 uLnutes)*, the Peak flow
rt*rte precLpltatl.on event of 0.3
eveat). ***

A. Ttre Bellna No. 4
LnLttally flowed
of the quautltY
tes week period

concentratlon on the
is only 4.8 cfs for

oortal facllttles
a maxlmum 5
to the 247 YearLnches ** (equJ.valent

fire maxfuorn runoff vofu-rue was cal"rr]"t"d lu resPouse to a 6 hour - 247

Jrear event eguLvalent to 2.65 lnches of rala'** I'hat voluge raa'

calculated as 3.5 acre-feet (SCS RCI[). (A RC]l pf 81 was utLllzed
Ln the maxlutru volume calculatlons aa an equLvalent to the RatJ'onal

coeffl.cLent of 0.4 that was used to calculate the f10w peaks-) These

extreme stoErB events should be contaLued Ln the sedl.ment basLn as

presentry descrlbed (cap . Lz ac-ft). rdeally, a free board suffLcl'ent
to contaln 3.5 acre-feet of water should always be maLntaLired"ri' ttre

sedlneut pond. TtrLs would contal,n a ?47 year event snd also Provide
storage for an un€::tq)ected occurance of groundwater rsl'thl'u the ulne'

Calculated uslng Hathawayf s lirne of concentratLon formula (Klrby'
1959, Glv.-Eng. V'Zgr P. 174)-

Frou f Estlmated return periods for short duratl.on precf'pl'tatiou lu
Utahf , E.A. Rlcbardsonr 1971- '

*** fhg f Ratioual Methodr rfas used to calculatb the nrnoff .peak I'u the
nine fac--area. See Appeudl':r p. 5.

3. ErnphasLs wLthlo the report Ls placed uPoa the hypothesls that the
' BlaclJrawk fo:matLon Ls vLrtually inperueable and that the local faults

do not transml.t large quantLtl.es of rrater. As a uinor polnt of 
- -

disagreenentr rre feef it "t whLle encounters wLth groundwater will be

Lufrequeut, itt"y w111 occur Ln substantlal vohme, several tlues durl'ng

the life of the ml.ne. During the miners flrst years, before adequate

underground storage ls ava{.lable, actlve dlscharge frou the portals
uay bE requLred. -HLne facLlltLes uust be capable of withstanding
a prolonged discharge.

Ttre ev1dence for malcing the assumptlon that sone substantLal guautlties
of groundwater rrlll be encountered I's as follows:

mLne eucountered one locallaed water souree that
an estluated t00O gal per ml.u. A rough estlmate

of $ater dlscharged showed 2.6 acre-feet over a
(Voluue A-1, P. 77-78) .

B. On the South Fork of Eccles, along the Co ne1vLlle Fault' atater
qualtty changes are attributed to the exLsteuce of a beaver dam'

Eowever, both bicprbonate ion and magnesLum show definite f-ncreases
in trensported load (Vol. A-1, figure 24) . Ttrls would not occur
soley as the result of beaver actlv!'ty and aeens to I'ndl'cate a nerr

sater source. Spriugs as lndLcated p.n the report' are the most

likely.



C. On page 73 Vol. A-I, the OrConner Fault ls seen actl.ng aa a conveyance
structure through fractured sandstone.

D. (On page 82, 83 , Vol. A-f ) . A.a observatLon well (W35- 1) dlscharged
110 gal/ul.n. OE page 82, thLs distharge was assoc{ated rdth a
htgh angle fault. t'Ihe fracture has connected the sandstone lenses
of the Blackhawk fomatLon wLth the Star PoLnt Sandstone, thereby
sLgnlfLcantly Lncreaslng the water yfeld characteristLcs of the
rock. '.tt

Interceptlon of large volunes of groundwater, while not colmont
wtll probably occur. The water storage facilities strdrild"Ee
desl.gned to handle several acre-feet, and to accomodate a contLnuous
dtscharge for several months. lte sedl.ment pondts spillway should
be aroored to the extent that a continuous florr rrll1 not undercut
the structure.

4. Subsl,denee Ls orpected to be wJ.despread and of lLttle specLfLc local
Lmpact. No adverse affects are autl.clpated,

5. Ttre
Ln

. are

STIHMARY

ul.n{'lg facl.Il.tLes are uot located Ln
the Forest SenrLce ldanual (2527.05a) ,
l.nvolved. the fact1.ity ls desl,gued

a flood plaf.o as descrLbed
sl.nce only. headwater streans;

to pass the 100 year flood.

Glven the sbort tLue
surxrey the subrn{tted

aval.lable to develop a
plan Ls adequate (rrj tb

couprehens Lve hydrologLc
the noted exceptLous).



APPM{DIX

Notg: The ueteorology aud hydrologic data ls lncluded aa a
comparl.son of our own estinates of these parameters.

'They are the values used for our calculations, except
rrere specLfically noted. Differences in the ueteor-
ology LnformatLon Ls uot deened to be sLgul.fl.cant.

. $urrno6slgs are Lncluded shouLd a revLew of procedures
be reqirlred. All calculatl.ons were doue using a T1-59
and custou prograns. ClarLftcatiou of procedures Ls
available upon request.
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}fETEOROLOGT DATA

Noroal Annua1

Hay
Oct.

PrecLp

Sept.
Aprtl

22 26 Lu./yr.

5tt
lg"

3ooF

6-oF

78oF

39oF

Hax. Jan. Teup'

Heau lti.n. Jan. TuP.

Hean Hax. July TmP.

Mean lfftr. July Tup.

Length of Freeze Free Seasou 50 days

(From: Juue 29 - Aug.

Hean Annual llate4 Tleld

Data Source:

18)

14 La.

Utah Bydrologlc
Atlas,
& StraLght CanYou
Barometer
hratershed Data

Iatensf.ty Daia for flootl frequeucy from
ffieturn perl.od for short-duratLon
preclpf.tation J.u Utahf . RLchardFonr 1971'



I{atershed

Area Ac.

RCN vl?;0 Tr

RClt w/50 Tr

RCti tI/ 100 Tr

RC'ts wl247 Tr

K

c

P

I.IATERSHED EVALUATION !4T4
( SCS-Runoff c"nt" nuurbers)

L-

377.6

54. 0

52.4

51.0

49.9

288. 0

63. 6

62.7

62.2

62..0

9s60

8600

5940

.171

e+
140.8

69.2

68. 2

67 .2

67 .O

9620

8600

3960

.257

.10

.026

1.0

Hax. ElevatLou 9655
Ft

l{tu. E1evatJ.on 8600
Ft

Grraunel 
":"*: 

7550

II. S. SloPe (AVC) .159
Ft/FI

(Inches) PZO 1.76

Pso 2.O7

Ptoo 2'?9

.P z4t i-65
:

Uuiversal SoLl
Loss Equatiou

Variables

.14

.008

1.0

.34

.012

l.o
t+i Factors Calculated frorn area a & peak

described Lu Fogel, Heckuan, & Duckstein'

flow as

L976. 'A

Stochastlc Sediment Yleld Hode'-1' Usl'ng' the Hod tfted USLEI



REST}LTS SI]HHART*

Water and SedLment Yte1d Off Eccles W. S.

Note: These results are our best eatLnate of potentlal flows dosm

Eccles
wLthLn

I{ATERSHED

Peak Flow q(20)
cFs

SedLnent S (20)
' toES

Concentrat. Est.
E/STL

Peak Flow q(50)
cFs

Sedlnent S (50)
toni

Concentrat. Est.
ng/t

Peak Flow q(100)
cFs

Sedirneut S (f OO)
tons

Couceitrat. Est.
Es/1

r

Peak Flow q(247)
grs

Sedirnent S (247)
tons

Conceatrat. Est.
ns/1

57, chance of

2Z chance of
2.0

.o27

30

17, chance of
3.1

.055

30

O.4Z chaace
7.1

. l5l

30

occurance

7.8

.867

130

occurauce
13.6'

1.768

r50

year storm

8.8'

1.355

180

year storm
.11.4

2.354

200

Cteek. The nethod used to estluate flows for culvert s{.zcs
the report Ls not clear.

c Total

16.8

2.2

27;A

4.1

36. 2

6.0

0.2

.002

30

20

50

occuranrce - 100 year storm
19.0 14.1

2.601 3.039

150. 210

of occrirance - 247 year storn
30.8 24.9 52.8

. 4.290 4.799 g .2

140 220

* (Inc1uded soley for procedural verl.fl,catiou)
SCS runoff curare urnbers used with dluensioal-ess
Eydrograph to geuerate peak flow est{.mates.



FLOOD ST]MHART FOR HINE FACILITIES AREA

(Included for procedural verLficatlon only)

A. Ratlonal uethod (R.H.) used to calculate the Peak Flow Rate (g) for
thc following reasons!

l. R.H. rtas developed to calculate runof f from sruall (< 5 rn1.21
dLsturbed watersheds.

2. Selected because of fts sensltl,vLty to high Lntenslty.'shor.t duratLon
precipitatlon events.

3. Time of concentratiou - 5 ul.nutes; greatest peak flow wlll occur
froa 5 nl.n. Lntensl,ty storu (sfnce tt wl'll yteld .the largest S'nl.E.
vol"me).

Peak Hlon Rate (Hiue faclll.tLes area)
- 5 nig. precLp - O.22 Lu.1 q - 3.5 cfs

-,5 ul.n. precf.p : 0.25 l-u. I q - 4-0 cfs

5 ml.r,. precip -, O.27 Ln., q - 4.3 cfs

5 uin. precip ., 0.30 Ln., q = 4.8 'cfs

Runoff Cunre No. Hethod to Calc. q. (Volume)

20 year

50 year

100year

247year

B. SCS

l.

20 year

50 year

100 year

247 year

2.

RC:l[ of 8l rlas calculated as coLncl.ding wl.th Ratl.onal coef . of 0.4.
It ls Ln the medLr:rlow rauge for a surface.of a heavily utLlized
site- Appendfu p, 7, descrl,bes this procedure.

RCI{ ras based upor tCt of .4. Ratioaal calculatLous coupleted
first.

lfiaxlmuu Volume (]fj.ne FacLll.tLes Area)
6 hour preclp - I.76 Ln. I Q - 1.5 Ac Ft.

6 hour preclp - 2.O7 1D., q - 2.2 Ac Ft,

5 hour precip = 2.29 J'n., Q = Z.l Ae Ft.

5 hour precf.p : 2.65 in., Q = 3.5.Ac Ft.

3. 6 hour storm 'used to uaxLmize runoff volume; SCS RCN uethod Ls
deslgued to ut{lize 6 hour events.
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Reply to Sectlon ,4.19, Volume 3

AssuuP tlou:

Assumptl.on:

CalculatLons:

100 Year, 24 hour eveut =
(As glven Lu report)

Area f.nches runoff = 0. 12
(A^s llsted Ln report, V-3

2.?5 ln.

lnc.
p. 4. 19)

l. Der{vatlon of RCI{ Used (Hawkl.ns, Utah State UnLv. ). ... :

Irt
s+5 (P+2q- (4qz+sPQ)T

RLl$-r0o0/(1o+5)

g-1.3036X5-6.518

RCN = t00o/(r0 + 6.518) = q+

2. Calculatto,lr of 24 hour Storm SeaF(SCS Runoff Cunre Numbere) ,

AssrrmptLous: Duration- 6 hours

RCII = 60.54, Fl00 E 2.25 llt*, Area - 820 Ac. (1.28 tl.z)

t = 7550t (ldax. Chanuel leugth In S.W. Watershed which ls the longest
of the three)

S r .196 (Avg. Slope of three rratersheds)
(For tlne of coucentratlon.

Kirby, I{. S. f 959 Ln Civ.
Eng., V 29, P. L74-)

T lt llsed = 5,oP

Result:

HydrologLc Fautly = 5.

Peak Flow Occurs e 3.6 hours
q = 4I cfq (Usl.ug Avg. CN Procedure)

Igtere;nglag to a 6 hour duration from a 24 hour duratLon wl.ll
result Ln higher speclfic raLnfall LntensLtLes wlth a
correspondlugly hlgher peak flow.
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Winter Ouarters Canyon
Data Adequacy

l OO YEAR FLOOD PLAN DETERMINATION OF ECCLES CREEK
SKYLINE MINES

MINING & RECLAMATION PLAN
APPENDIX VOLUME A.1 , 1986

October 1992
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IOO-YEAR FLOOD PI.AIN DETERHIIiATION

OF ECCLES CREEK

100-{ear Rqinfgll-Caused Flood of Eccles _Creek

In de temLning 100-year peak f lows near min ing f ac il i r ie s Ln Ecc les

Canyon' both precipitation caused floods and snor"rnelt floods were ex-

amined. The SCS curve number method was used for estimating the pre-

cipltatLon caused flood events. Preclpltation amounts for varLous

duration storms were obtained from the NOAA Atlas 2 for Utah. Ihe

100-year Z4-hour and 6-hour prec ipJ-tat ion values were 3 . 7 and 2 . 3 Lnches

resPectlvely. Curve numbers were determined from information obtained

in the Hydrologic Inventory of the Skyltne Property and Adjacent Areas,

Carbon and Enery Countles, Utah prepared previously by Vaughn Hansen

Assocl.ates. Curve numbers were determined to be 40 and 5? f or the

100-year 24-hour and 100 year 6-hour storms respeetively. The 6-hour

storms produced the heavlest runoff---7.9 cfs leaving the portal area

and 22.2 cfs at the uouth of the canyon near the loadout facLllty. ;-

(Appendtu( A) r

I00-Year lnor.mrelt Floo{ .o.f Ecc les Cr_eek

A correlatl-on of htgh flows on nearby Gooseberry Creek with flows

measured on the same day in the mouth of Eccles Creek was run. Tearly

flood peaks on Eccles Creek were estimated by usin! the resulting

regressLon equation and applying it to the yearly f l-ood peaks on Goose-

berry Creek for the 38 years of record. The resulting predicted peakst



were rir nked and then plot ted on I og-normal p 1ot t in g paPer , and a curve

rras druwn throug,h the points. Thts curve was.then extraPolated to

Elve an estimar,e of the 100-year peak fLow on Eccles Creek of about

25.7 cfs. An examl.natLon of the peak flows on Gooseberry Creek shows

that they occur during periods of high snowmelt runoff. Consequently''

the peak flow of 25.7 cfs Ls assumed to be an esEimate of the snowmelt

runoff flood (Appendlx B) .

1O0-Tear_ Flood Ghosen -For Flood Plain -Determination

The largest of the floods produced by these previously outlined

used as the approPriate 100-year flood peak flow. Conse-

the uouth of Eccles Canyon the snor^rmelt peak of 25-7 cfs

methods was

quently, in

? was used. In the portal area, the snowmelt peak flow was obtained by

dlvidlng the 25.7. cfs proportionally aecording to the drainage area

above the mouth of Eccles Canyon. The resulting flow was less than

the flows produced uslng the SCS curve number method for the 100-year

6-hour sto16. Cousequently, the f lows produced usLng the J.a tter method

were used in the Portal area-

Flood Plain _.C.-omPutat ions

In the mouth of Eccles Canyon, flood plain widths near proposed

factLlties were calculated using H,annings equation (APpendtx C). These

cross sections are shown on the enclosed map of the loadout facLlity.

Ttre flood plain was then interpolated between these cross sections and

shaded (plate 2) . ltre enclosed map shows that even in a l00-year flood,

the natural streatn course capacity is not exceeded.
t



3

ln thr. portal arear ES stated prevLously, the 100-year 6-hour Pre-

c ip t tatlon caused f lood rras used . As shown in Append lx A and on the

map of the portal area (Plate l), the 100-year peak flows for the three

small channels couing tnto the portal area are estLmated to be 3.6' 2.6,

and I.7 cfs. Ihey combl.ne to produce a flow of about 7.9 J.eavlng the

portal area. these flows are quite small and, ln the relatively steeP

channels in whLch they flow, are quite easiLy handled. Consequently'

the flood plaln ls about the same as the stream width and has therefore

not been drarsn ln otl the attached maP of the portal area.

Aceordlng to Coastal States, all culverts in both the porEal and

loadout areas have been desLgned to earry much more than the 100-year

peak flows to facilitate maintenance.
I

I

t

I

t

I

t

I



IOO-YEAR FLOOD PI.AIN DETERI-TI}iATION

OF HUD CREEK

100-T.ear. Rq lnf a ll-Caused Flood of Hud Creek

The 100-year peak flow for rainfall-caused flooding ln Hud Creek

tras computed similarly to the method described for Eccles Creek.

The SCS curve number nethod was used with curve numbers of 40 and 52

belng used f or the 24- and 6-hour storms respectively . The corDputat Lon

shee t ls conta ined J.n Appendix D, The 100-year 6-hour f lood wa s the

largest and lndicated a 100-year ftood peak of approximately 52.1 cfs

could be expecEed in Hud Creek immediately above the confluence with

Eccles Creek.

100-Year Snowmelt FLood of llud Creek

Inadequate flow measurements during spring runoff on Mud Creek were

avaLlable f or correlatJ.ng with other gaged streams. Because of thLs

sl.urLlartty between the Mud Creek and Eccles Greek drainage basi-ns r Brr

estlmate of Mud Creek runoff was made based on results from the Eccles

Creek flood estLmates explained previously. This estLuate ltas based

on the assumption that snor+uelt peak runoff rates between the two streams

are proportlonal to the size of the drainage. Based on this assr:mption,

the l00-year peak snowuelt runoff ln Hud Creek above Eccles Creek is

estLmated to b"l75 cfs. Because this ls larger than the flow of 52.I

cf s predicted f or ralnf all produced f l-ooditg, the 75 cf s value rras used

ln determinLng the f lood plain size.



.FIo-od. Plaln gomtruFatlons

Flood plaln wldths were calculated using HannJ.ngs equatlon at

varlous sectlons of Hud Creek (Appendix E). These cross-sections and

the flood plaLn widths are shown on Plates 3 and 4.

o
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Table 10.--Discharge and specific conducEance of water
at seepage study sites--Continued

SEream Site No.
(see p1. 1)

Discharge
(f t3/ s)

Specific
conductance

(Urnho/cm
at 25oC)

Date

trIhiskey Canyon

Eccles Canyon

Mud Creek

Green Canyon

I*lud Creek

I,linter quarters
Canyon

Soldier Creek

Unnamed

.:-
Sol-dier Creek

I{ud Creek basin--Continued

27 10- IL-79
9- 5-80

28 10-11-79
9- 5-80

30 10-11-79
9- 5-80

31 10-12-79
9- 5-80

32 10-12-79
9- 5-80

33 I 0-L2-79
9- 5-80

34 L0-L2-79
9- 5-80

3s r0-r2-79

9- s-80

Soldier Creek

38

39

40

42

drainage basin

10-10-79
9- 4-80

10-10-79
9- 4-80

10-10-79
9- 4-80

10-10-79
9- 5-80

10-1 0-79
9- 5-80 

'. "

10-10-79
9- 4-80

10-10-79
9- 4-80

10-10-79
9- 4-80

10-10-79
9- 4-80

I 0- 1 1-80

41

0.53
.2s
.93

r.7
1.0
2.L
2.5
4.1

.02
0
2.4
4.7
2.7
4.6

.30

.51

.20

.)/

.20

.61

.lg

.27
,01
,04
.'43
.92
.02
.03
.01
.04
.02
.03
.02
.05
.07

::
32A
495
475
490
495
510
o:!

500
500
475
580

600

43

44

45

46

880
910
800
870
830
720
700
6r0
830
800
590
580
540
480
530
5r0
530
435
500

Pine Canyon

Unnarned

Pine Canyon

hPruttrt ue- FePaAf tz'? I 5
27



*tftF^

Slte Ho: Sce Plete I'
Spectflc conduclance: Pfeld Earur€Ents.
pH: Fleld earurcrcata.

Table 12.--liutrlent analyses of

Slte
Ho.

D.Ec
of

eople

Speclflc
conducEaqce

(uohos/crl
rr 25'C)

pE
(ualtr)

Dirrolved
roltds r
rnE of

coastltucqta

Nftrogeo,
NoZ + No3

(er H)
Dlrrolvcd Totat

NttrogcE,
nltraEe

(rr H)
Dlrtolvcd Totrl

Gooreberry Crtck

Ftrh Grcck

Pondtmn Crcrk

Hud Crcek

-*faaE
Ecclce Crnyon

Itrd Crtrl --d

F-E+'7 
36

I

7-20-79
7-30-80

7- tE-79
11-15-79
t2-13-79

2- 2l-E0
4- 14-E0
5- 2t-t0
7- 15-60
8-20-80

to- t-Eo

7- 18-79
7- 29-80
7-r8-?9

1 r- 15- 79
l2-r3-79
2- 6-E0
4-24-80
5- 7-80
5- ?7-80
7- 15-80
B-20-80

7-t7-79
7-30-80
9- 5-80
9- 5-80
9- 5-80
9- 5-80
9- 5-60
7- t7- 79
7-30-80
9- 5-80

t-17-79
7- 29-80
9- 5-60
9- t-80
7-L7-t9

12-12-79
3- 4-80
4-13-80
5- t-80
5-22-80
6-16-30
7-16-80
8-18-80

9- ,5-80
9- 5-E0
9- 5-80
y17-t9

r2- 9-78
6-14-79
9-r3-79

u-16-79
l2-12-79
l2-f4-tt
2- 5-E0
3- 4-80
4-23-80
5- rE-80
6-16-80
7-16-80
r-1E-80

l(F16*60

1r- l5-?9
u-14-79
?- '6-EO
4-23-80
5-28-E0
7-15-80
8-20-to

.10

.00

.09

.05

.11
,{16
.?3
.52
.01
,00

lI€
95

191,i,

189
r89
,:t

e46

ztd
rlt

190
L77
?00
251
246

r59
190
233
zlL
346
2E6
301
262
236
306

265
zl0

335
3fo
405
425
330
330
330
330
300

420
470
415
550
530
440
320
305
345
425
430

295
330
405
415
580
500
530
465
460
530

8
1l
13
t6
18

l9

l0

2t
26
29

258
236
271
268
275
312
3E
t80
180
r61
209
zll
283

7SO ^,.
iltE
2E6
354
357
171
31i
391
388

:
3/t2

19r
190
154
2?9
33t

e.s
E.l
E.0

.10

.17

.15

.36

.15

.08

.00

lE4
16t
lBo
168

i, 495
520
510
5?0
620
320
530
6r0
650
620
5to
590
455
335
340
445
500
560

300
3ro
335
315
300
3Ut
e90

30
31
t3
34
l5

455
430
550
520
460
560
570
460
315
285
365
465
490

E.6

i

Ll
E.3
E.t
8.5

8.1

e.2

8./t

E.3

.01

.00

.00

.00

.03

.00

.00

.02

.00
,00

.98
1.1

.49
,00
.o?
.14
.16
.?E

1.2
1.1

.21

.20

.00

,an
.ut
,00
.16
.13
.27
.01
.05
.12
,1+
.15
.13
.53
,66
.09
.06
.oo
.00

,:,

ttt

I
8.2

8.3

:

:
E.t

8.1

8.2

0.19
.00

.1r

.03

.t7

.22

.32

.46

.05

:oo

0.00

.03

.19

.28

.32

.46

.05

:oo

,00

,ot
.06
.12
.46
.73
.52
.05
,00

.00

:

:
:00

1.0

:
.78

1.2
1,2

.20
,01

:

:
.05

.22

.16

.63

.57

.08

:oo

.11

.17

.15

.36

.ut

.09

.00

oloo o]oo

,03 .03
.16 .tt
.21 .27
.29 .31
.45 .46
.04 .04

:oo :oo

.00 .00

.04

.11

.43

.72

.51

.01

.00

.00

:

-
:oo

1.r

:
.14
.16
.76

1.2
r.2

.. .20
.19

'.00

:
.15
.12
.26
.00
.04
,t2.
. tit
.14
.13
.60
.66
.0t
.05

:o0

.ott

.16

.14

.32

.14

.o?

.oo

.00

.04

.rl

.45

.73

.51

.04

.00

.00

:

:
:oo

1.1

:

]r.
1.2
1.2

.19

.01'I

Il

.t

El.cc Rlvrr

l*
.21
.15

.62

.66

-07

:oo

.10

.16

.14

.32

.14

.08

.oo

160

SIT?- t7 -3h
OPIN Ftt-L AePo*f Yz'? 16

l. S . +eolnGt (A L sLela-I
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uater froE selected streaE stc€s

t{llltgras per Llter

Nitrogen'
trlErice
(as N)

Dissolved Total

Nltrogen,
a*onLa

plus orgaalc
(as N)

Dlssolved Total

Nltrogen,
a'oronia
(as N)

Discolved Total

Nl trogen,
orgaalc
(as N)

Dlssolved Total

Pbo*phorus,
Phosphonss, orthophosphate

(as P) (a's P)
Dfurolvcd lbtal Distofved Total

.00 .31 .32
1.2

,29
.80
.62
.70
.46

.02

.00

.06
,00
.01
.05
.02

.02

.05

.06
,08
.01
.06
.03

.29
1.1

.09

.t?.

.24

.64

.43

o-030
.010

.0r0

.000

.010

.000

.010

.010

.030

.000

]ooo
.010
.010
.050
-050
. r20
.010

o-030
.010 o.oc 0.00

.oo

.oo

.oo

.oo

.O'r
-ott
.oo

0.00 0.00 0.34 0.35 0.04 0.04 0.30 0.31

.00

.01

.01

.03

.00

.01

.00

.02 1.,I
.30 I

1.1

"23.72
.51
.64
.43

loo
.0r
.00
.00
.04
.02
.01

.01

.03
.15
.72

.00 .25

.01 .59

.00 .45

.00

.01

.01

.01

.03

.01

.01

.01

.00

.30

.51

lot
.7E
.57
.63
.52
,1.4

.38

.51

.97

.13
1.2
1.0

.95
.57
.46

.03

.03

lot
.06
.01
.04

.02

.03
.02
.03
.08
.07
.04
.05
.06

.27

.48

.oo

.36

.48

.95

.10

.93

.91

.52

.40

.030

.or0
,0?0
,000

.000

.010
,030
.020
.040
.010

.030

.020

loto

.020
,010
.000
.210
.150
.200
.050
-040

-0t0

loo

.ol

]oo
.ot
-03
.05
.07
-oo

.oo

.ot

.01

.01

.00

.01

.03

.06

.02

.o2

.01

.00

.01

.oo

.03
,01
.01
.00
.00

.05

.05

.72 1.1

.56

.59

.47

.38

loo ,oo ,to .tt loo lot ..0 '5f

.00.00 .21 .26
.010
.010 .040 .oo.03 .05 .18 .2L

.00 .00 1.8.871.8.9t .04 .04
2.700

.010 .010 .ot .01

.00

.00
,02
.01
.01
.01
,01
.00

-
.02
.01
.02

.01

.00

.04

.00

.07
,01

:
,07
.03
.0?

.03

.03

.33

.05
,15

.03

.01

.23

.00. .93 3.1
1.2 l-3
2.2 20

.0r0
- .010

.070
,050 1.600
.030 .@0
..040 1.300
- .390
.020 .040
,010 .020

-27 .36
.00 .35

1.0 3.?
r.2 1.3
1.2 20
.46 .64'
.?1 ,96
.24 .33

,43
.68 ,93
,22 ,30

.01
,03
.03
.02

.0r

.03

.00

.03

.05

,0t
.01

.oo

.ol
-m
-oo
-qI
.o?
-00

.01
,01
.01
.01
.01
.00
,01
.01
.00
.03
.00
.01
.01

:00

.01

.01

.01

.04

.01
,ot
.oo

:

.01

.01

.01

.03

.01

.01

:tn

.01

.01

.02

.04
.01
.01
.00

.15

.18

.37

.60
1.2

.43

.90

.lt

.62
1.2

.77
-rA
.60
.29
.39

,?3
t.3
t.0
.E1
.?E
.?l
-34

.33

.50

.62

.20
1.2

,52
1.0

.26
' .65
t.?

.54
.91

1.3
.29
.6s

.60
1.3
2.1

.14
1,1

.90

.5t

,15
,37
.60
.17

1.1
.37
.87
.17
.62

1.1
.24
,41
.59

:"
.58

l.t
1.7

.61

.69
,10
.3r

:
1.1

ltt
.23

1.1
,51

1.3
.26
.65

.58
1.1
1,7'
,62

1-0
.79
,47

.ol

.ol

.lo
-{}2
.ols: -or. -ut
.oo

-m
.00
.ot
.oo
-of
-ol
-ol
-00
-o:l
.ot
.03
-0:i
-oo
-oo

.00

.00

.00

.01

.11
,06
.03
r0l
,00
,08
.03
.03
.01

:03

.ls

.19
,24
.20
.09
,1r
.03

:
.11

lot
.03

.17

:ot
.03
.03
.00

.22
.19
.39
.22
.10
.11
.15

.020 .010
- .ll0
- .020
.020 .030
.010 .010
- .010
.010 .o40
.000 .030
- .O5O

.020 .130
,030 .090
- .0t0
.040 .050
.010 .020
.050 .270

,0lo .- -0r0
.oto .030
.000 .010
.ol0 .010
.010 -030
.05{r -050
.o{xt .030

.0r

.01

.01

.01

.04

.02

.01
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Table 13, -Discharge, specif i.c conduetance, and Eemperature
of water from seLected streaxn sites

Site No.: See plate 1.
Time: Military.
Discharge: InstanEaneous except for Price River (site 37), which is daiLy

mean from October 25, L979, Eo September L2, 1980.
Specific conductance: Field measuremenEs.

Stream
Site
No, Date Time

Specific
conductanee

(Urnho/cn
Temperature

(oc)
Discharge

(tr3/s)

Fish Creek

Pondtown Creek

EccLes Canyon

O Per) T ttz Fe,P a&'r Fz '1 I b

A .5 , Qeorn&tc-ht- 1uf-Uu/

29

10-25-79
6- 4-80
6- 6-80
6- 17-80
5-2s-80

s- 18-7 9
7 -L9-7 I
9- L9-7 I

IO-24-7 9
l0-25-79
5-r3-80
5-14-80
s-20-80
5-20-80
5-22-80
5-28-80
6- 4-80
6- 6-80
6- r r-80
6- 17-80
5-2s-80
7-20-80
7-29-80

5- L-80
5-12-80
5-14-80
5-1s-80
5-27-80
5-28-80
6- 4-80
6- 4-80
6- 6-80
6-13-80
6-17-80
6-25-80
9-r2-80

1345
1200
1010
1700
14 15

_

2235
1320
r440
2220
2235
1300
1415
1025
1930

L235

rooo

1445
L7 40
1515

1850
1330
1010
1730
0935
1215
1545
L720
1215

10
549
6s9
265
111

33
L.3
.3

1.3
1.3

32
26
44
62
99
44
50
55
29
r5
9.3
2.9
1.5

46
7.2
7.2
4.8

I7
13
23
22
26
32
24
1I
1.9

at 25oC

325
3r5
305
325
360

400
380

450
-:

340
335
325
350
380
405
425
430

-::

325
325
290
240
265
275
295
295
505

5,5
7.5
6.0

15.5
14.5

6.0
20. 0
12. 0
8.0

'i

8.0
10.5
5.5

15,0
15.5
L2.5
15.5
15.5

1'

4.5
7.5
4.5
5.5
4.0
6.5

11. 0
14. 0
8.5

38



Table 13.--Discharge, specific conductance, and temperature
of rirater from selected stream si-t,es--continued

Site
No. Date Time

Specific
conductance Temperature

(umho/ cm ( oc )
aE 250c)

S tream Di scharge
(rt3/s)

llud Creek

Price River

7 -L8-7 I
10-25-79
L2-L4-7 I
5- 1-80
6- 4-80
6- 6-80
6- l7-80
6-25-80

5-18-79
6-?7-7 9

ro-25-7 9
LZ-L4-7 9

3-25-80
6- 4-80
6- s-80
6- 6-80
6- 6-80
6- 7-80
6- 8-80
6- 9-80
6- 10-80
6- I l-80
6-r2-80
6- 13-80
6- 13-80
6-14-80
6- 15-80
6-16-80
6-17-80
6-r7-80
6-r8-80
6- I9-80
6-20-80
6-2 1-80
6-22-80
6-23-80
6-24-80
6-25-80
6-25-80
5-26-80
6-27-80
6-28-80
6-29-80
6- 30-80

36
rz ro
0930
1330
0915
0950
1610
1700

1000

::

0950
0840
0840
0900
0820
0820
0915
0825
0820
t225
08 r5
t425
0740
1030
0945
0845
1250
0835
0815
0800
0815
0810
0735
0840
0820
0845
0815
0820
0815
0810
082s

39

22
3.8
2.8

30
I15
135

79
46

2.. r
1,3
7.2
6.0

11
645
651
682
682
694
694
682
682
669
651
639
639
603
574
s38
491
49L
395
374
279
27r
?57
225
2L5
zAL
201
L92
186
185
203
195

32.5

520
620
410
270
260
290
325

19. 5
9.5
0. o
6.O
4.O
4.s

L2.5
l6-o

8.O
r4.5
10. 0
4.0
4.O
9.5

12.0
11. O

10.5
10. 0
12. O

10. o
12. O

12. o
14. O

14. O

12. O

11.O
15. O

12. O

14,0
13.O
14. O

16.0
14. O

14. O
14. O
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Surface-water sites" Soldier Creek drainage


